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Preface

The purpose o f  this book is to provide the practising engineer with 
details o f  as many m ethods as possible o f  treating and testing metals. 
While it will also be o f  interest to the specialist, it is not intended as a 
metallurgical or chemical treatise.

Much o f  the inform ation in the book is derived from personal 
experience; this has been supplem ented by exam ination o f  a wide 
range o f  published sources. Inevitably, however, there will be omissions, 
and it is hoped that where these are apparent, readers will help by 
providing details o f  processes and techniques which should be included  
in future editions.

In a number o f  cases it has been desirable to provide a qualitative 
assessment o f  a particular process or technique. These judgments are, 
o f  course, personal opinions and again based on past experience. There 
may be occasions when, because o f  local industrial or geographical 
conditions, a different interpretation would be appropriate.

Every effort has been made to  avoid ambiguities in the text, but 
there may be instances where difficulties are caused by the use o f  a 
word or phrase which has a num ber o f  alternative meanings, each one 
peculiar to a particular industry or area.

It is hoped that this first ed ition , whatever its shortcomings, will 
prove a useful com bination o f  information and com m ent. I will be 
glad to receive com m ents and criticisms from users.

ROBERT B. ROSS 
A p r i l  1 9 7 6





How to Use this Book
The processes, treatments and testing techniques covered in this book  
are listed in alphabetical order throughout. There is, therefore, no 
separate alphabetical index. However, it was obvious that readers would 
seldom be interested in only  one aspect o f  a treatment or test, and thus 
the decision was made to group together certain related processes. The 
purpose o f  this is to allow the reader to evaluate a com plete family o f  
processes or tests w ithout having to move backwards and forwards 
in the book; many therefore, appear twice.

Firstly, there is the alphabetical entry, which is limited to a brief 
definition. The reader is then referred to the section covering the rele
vant group o f  processes where further information can be obtained. 
Thus, for example, the entry for T e m p e r in g  explains that this is a 
m ethod o f  increasing the ductility  o f  steel and indicates that further 
information can be obtained in the section on H e a t T re a tm e n t.

There are eight o f  these major sections, as follows: B la s tin g , E le c tro 
plating-, H ardness T e s t in g ; H e a t T r e a tm e n t ; M ech a n ica l T e s t in g ; N o n 
d e s tr u c tiv e  T e s t in g ; P a in tin g ; and W elding . Each section has an 
introduction which describes the process as a whole and evaluates its 
general purpose.

At the back o f  the book are a number o f  indexes which will help 
the reader to isolate those treatments which will enable him to achieve 
a particular aim together with those which are relevant to a particular 
metal. Thus, there are lists o f  treatments which are useful for co rro sio n  
p r o te c t io n , for increasing h a rd n ess  or for w ear resistance . These indexes  
will also enable the reader to see which o f  the treatments can be applied 
lo  aluminium, steel and other individual metals.

It will be realized that these lists can only be approximate guides, 
but it is hoped that they will be useful in supplying the first steps in 
allowing the different processes for any one purpose or metal to be 
evaluated.

Finally, there is an index o f  the names and addresses (where these 
are known) o f  com panies w hose proprietary processes are listed. I 
hope to be forgiven by those com panies whose process is listed but 
whose name and address om itted . There is also an appendix o f  useful 
information relating to metals, such as strength-hardness relationship, 
and conversion charts or factors.

ix



HOW TO USE THI S BOOK

Whenever reference is made in the text to a process which is covered  
elsewhere in the book by an individual entry, the process name is given 
in italics. The reader is thus alerted to the fact that further information  
on this subject is available by reference to the relevant section.

X



Metal Treatment and Testing Processes
Listed below are all the metal treatm ent and testing processes covered in this book. 
The major sections which cover whole ‘families’ o f  processes are listed in capital 
letters.

Abrasive Blasting 
Abrasive Testing 
Accelerated Corrosion 

Testing 
Acid Descaling 
Acoustic Testing 
Activation 
Adhesion Testing 
Aerocase Process 
Age Hardening 
Ageing 
Air Blasting 
Air Hardening 
Air-pressure Testing 
Airomatic Welding 
Airless Blast 
Aid ip Process 
Al-fin Process 
Alkaline Descaling 
Alloy Plating 
Alloying
Almen Test (Almen 

Number)
Alochrom 
Alodine 
Alplate Process 
Alrak Process 
Aludip Process 
Alumilite Process 
Aluminium Plating 
Aluminium Soldering 
Aluminizing
Aluminotherinic Process 
Alzak Process 
Amalgamating 
Ammonia Carburizing 
Angus Smith Process 
Annealing 
Anodic Etching 
Anodic Oxidation

Anodic Protection 
Anodizing 
Anolok Process 
Antifouling 
Aquablast 
Arc Welding 
Argon Arc Welding 
Argon Shield 
Argonaut Welding 
Argonox 
Artificial Ageing 
Atomic Arc Welding 
Atrament Process 
Auruna Process 
Austempering 
Austenizing 
Autofrettage 
Autogenous Welding 
Autronex Process 
Back-etching 
Bailey’s Creep Test 
Balling
Banox Process
Bar-drawing
Barffing
Barr-Bardgett Creep Test 
Barrel Plating 
Barrelling
Bauer-Vogeỉ Process 
Bend Test
Bengough Stuart Process
Bethanizing
Bi-Ni
Bit Soldering 
Black Annealing 
Black Anodize 
Black Nickel 
Black Oxide 
Blackening

BLASTING 
Glass-bcad Blasting 
Grit Blasting 
Plum St one Blasting 
Shot Blasting 
Vapour Blasting 
Shot Peening 

Blue Annealing 
BNF Test 
Bonderizing 
Bond Film 
Borax Treatment 
Bonding
Bower Barff Process 
Box Annealing 
Brass Colouring 
Brass Plating 
Brassing 
Braze Welding 
Brazing 
Bright Anneal 
Bright Chrome Plating 
Brinell Hardness Test 
British Non-ferrous Jet 

Test (BNF Jet Test) 
Bronze Plating 
Bronze Welding 
Bronzing 
Browning Process 
Brunofix 
Brunorizing 
Brutonizing 
Brytal Process 
Buffing
Bullard Dunn Process 
Burnishing 
Butt Welding 
Buttering 
Buzzard Process

xi



M E T A L  T R E A T M E N T  A N D  T E S T I N G  P R O C E S S E S

Cadmium Plating 
Calorizing 
Carbo-nitride 
Carbon Arc Welding 
Carbon dioxide Welding 
Carburizing 
Case Hardening 
CASS Test (Copper

Accelerated Acetic Acid 
Salt-spray)

Castenite Process 
Casting
C athodic Etching 
Cathodic Protection  
Cem entation  
Centrifugal Casting 
Chapmanizing 
Charpy test 
Chasing
Chemag Process 
Chemical Deburring 
Chemical Polishing 
Chesterfield Process 
Chisel Test 
C hrom ate  Coating 
Chromating 
Chromic Acid Anodize 
Chrom ium  Plating 
Chromizing 
Cladding 
Cleaning 
Close Annealing 
Cloud-bursting 
Cobalt Plating 
Coining 
Cold-drawing 
Cold Galvanizing 
Cold Rolling 
Cold Welding 
Cold Working 
Colour Anodize 
Compression Test 
C ontac t Tin Plating 
Controlled-atm osphere 

Furnace Brazing 
Conversion Tin Plating

Copper Plating
Corrodekote Test
Corronizing
Corrosion Protection
Coslettizing
Crack Testing
Creep Test
Cromalin
Cromcote
Cromodizing
Cromylite
Cronak
Cupping Test
Cuprobond
Cuprodine
Cyanide Hardening
Cyclic Anneal
Dalic Plating
Damascening Process
Deburring
Decarburizing
Deep Anodize
Deep-drawing
Degreasing
Demagnetization
Deoxidine
Descaling
Dew-point Control 
Diabor
Diamond Pyramid Hardness 

Test 
Die-casting 
Die Welding 
Differential Heating 
Diffusion Bonding 
Dinanderie 
Dip Brazing 
Dip Moulding 
Dip Soldering 
Dispersion Hardening 
Dot Welding 
Double Refining 
Double Temper 
Drawing
Drawing-back Process 
Drifting Test

Dri-Loc 
Drop Forging 
Drop Stamping 
Drop Test 
Dry Blasting 
Dry Cyaniding 
Dry-drawing 
Dry-film Lubrication 
Dry film Painting 
Drying
Ductility Measurements 
Durionizing 
Dye-penetrant Crack 

Testing 
Eddy Current Sorting 
Eddy Current Testing 
Edgewick Hardness Test 
Efco-Udylite Process 
Elasticity Test 
Electric Arc Welding 
Electric Cleaning 
Electrochemical 

machining 
Electrocleaning 
Electrocolour Process 
Electrodeposition 
Electroforming 
Electrogalvanizing 
Electrogranodizing 
Electrography 
Electroless Plating 
Electroless Nickel 

Plating 
Electrolytic Etch 
Electrolytic Polishing 
Electron Beam Welding 
Electro-osmosis 
Electropercussion 

Welding 
Electrophoresis 
ELECTROPLATING 

Alloy Plating 
Aluminium Plating 
Barrel Plating 
Brass Plating 
Bronze Plating

xii



M E T A L  T R E A T M E N T  A N D  T E S T I N G  P R O C E S S E S

C a d m iu m  Plating  
C h r o m iu m  Plating  
C obalt P lating  
Copper Plating 
C o ld  P lating  
indium Plating 
Lead P lating  
L ea d -T in  Plating  
Levelling 
Nickel Plating 
Palladium  Plating  
P la tin u m  Plating  
Rhodanizing 
Rhodium Plating 
R u t h e n i u m  Plating  
Silver  P la ting  
S o ld er  P lating  
S p e c u lu m  P lating  
Tin Plating  
Tin-Copper Plating 
Tin-Nickel Plating 
T in -Z in c  P lating  
Zinc Plating 

Electroslag Welding 
Elongation 
Eloxal Process 
Elphal Process 
Embossing 
Emulsion Cleaning 
Enamel Plating 
Enamelling 
Endurance Process 
Endurance Test 
Endurion 
Erichsen Test 
Etching
Eutectrol Process 
Evaporation Process 
Explosive Riveting 
Explosive Welding 
Extrusion 
Fadgenizing 
Fafcote
Falling Weight Test 
Fasbond 
Fatigue Testing

Ferny ii Testing 
Ferrite Testing 
Ferrostan Process 
Fescolizing/Fescol Process 
File Test
Fingerprint Testing 
Fink Process 
Fire Gilt Process 
Firth Hardometer Hardness 

Test
Flame Annealing 
Flame Cleaning 
Flame Cutting 
Flame Descaling/

Flame Cleaning 
Flame Hardening 
Flame Plating 
Flame Scaling 
Flash Butt Welding 
Flattening Test 
Flaw Detection 
Flex Testing 
Flow Soldering 
Fluxing
Footner Process 
Foppl Test 
Forward Welding 
Forge Weld 
Forging 
Foslube 
Fracture Test 
Frem ont Test 
F rem ont Impact Test 
Friction Welding 
Frosting 
Full Anneal 
Furnace Brazing 
Fusch Testing 
Fusion Welding 
Galvanic Protection 
Galvanizing 
Galvannealing 
Gas Carburizing 
Gas Welding 
Gilding
Glass-bead Blasting

Gold Plating/Gilt Plating 
G oldschm idt Process 
G raduated  Hardening 
Grain Refining 
Granodizing 
Granosealing 
Graphitizing 
Green Gold 
Grit Blasting 
Haig Prism Test 
Ham m er Welding 
Hand Brazing 
Hanson-Van Winkle 

Munning Process 
Hard Chrome Plating 
Hard-Drawing 
Hard Facing 
Hard Plating 
Hard Soldering 
Hardas Process 
Hardening
HARDNESS TESTING 

Brinell Test 
Edge wick Test 
File Test
Firth Hardometer Test 
Foppl Test 
Fremont Test 
Haig Prism Test 
Herbert Test 
Jagger Test 
Keeps Test 
Kirsch Test 
K noop Test 
Ludwig Test 
Microhardness Test 
M ohs Test 
M onotron Test 
Muschenbrock Test 
Pell in ’s Test 
Poldi Test 
Pusey Test
Pyramid Diamond Test 
Rockw ell Test 
Scleroscope Test 
Scratch Test

xiii



M E T A L  T R E A T M E N T  A N D  T E S T I N G  P R O C E S S E S
Schore Test 
Tukon Test
Turner’s Sclerometer Test 
Vickers Test
Warman Penetrascope Test 

Harperizing 
Hausner Process 
Haworth Test 
Heat Tinting
HEAT TREATMENT/THER

MAL TREATMENT 
Anneal 
Austemper 
Austenizing 
Bright Annealing 
Carbonitride 
Carburize 
Classical Anneal 
Controlled Anneal 
Cyanide Harden 
Cyclic Anneal 
Double Temper 
Flame Harden 
Full Anneal 
Gas Carburize 
Graphitization 
Harden 
Homogenize 
Hydrogen Anneal 
Induction Harden 
Isothermal Anneal 
Magnetic Anneal 
Marage 
Marque rich 
Martemper 
Nitride 
Normalize 
Pack Anneal 
Pack Carburize 
Postheat
Precipitation Harden 
Pre Heat 
Quench Temper 
Refine
Secondary Harden 
Selective Anneal

Selective Carburize 
Selective Harden 
Self-Anneal 
Self-harden 
Skin Anneal 
Softening 
Solid Carburizing 
Solution Treat 
Spheroidal Anneal/ 

Spheruidization 
Stabilizing 
Stabilizing Anneal 
Step Anneal
Stress-equalization Anneal 
Stress-relieving/Stress- 

releasing 
Subcritical Anneal 
Subzero Treatment 
Tempering 

Heliarc Welding 
Herbert Hardness Test 
High-frequency Induction 

Welding 
Holiday Test 
Homocarb Process 
Homogenizing 
Hot Quenching 
Hot Working 
Hot-dip Coating 
Huey Test 
Hull Cell Test 
Humidity Testing 
Hydraulic Pressure Test 
Hydrogen Annealing 
Hydrogen Brazing 
Hydrogen Em brittlement 
Hydrogen Welding 
Hynac
Hydrocarb Process 
Ihrigizing
Immersion Coating 
Immersion Plating 
Impact Tests 
Impregnation
Impressed-Current Corrosion 

Protection

Imprest Process 
Inchrome Process 
Indium Plating 
Induction Brazing 
Induction Hardening 
Induction Heating 
Inert-atmosphere Furnace 

Brazing 
Inert-gas Shielded Metal 

Arc Welding 
Inertia Welding 
Integral Welding 
Interrupted Ageing 
Interrupted Quench 
Inverse Annealing 
Iron Plating 
Isothermal Annealing 
Izod Test 
Jacquet’s Method 
Jagger Test 
Japanning 
Jet Test 
Jetal
Jominy Test 
Kanigen Plating 
Kayeni Process 
Keep’s Hardness Test 
Keller’s Spark Test 
Kenmore Process 
Kephos
Kern’s Process/Kern’s 

Test 
Kirsh Test
Knoop Hardness Test 
Koldweld 
Kuftwork 
Lacquering 
Lap Welding 
Laser Welding 
Laxal Process 
Lead Annealing 
Lead Patenting 
Lead Plating 
Lead-Tin Plating 
Levelling 
Lime Coating

xiv



M E T A L  T R E A T M E N T  A N D  T E S T I N G  P R O C E S S E S
Liquid Honing 
Liquor Finishing 
Lithoform 
Loctite
Lost Wax Process 
Ludwig Test 
Luminous Painting 
Macroetch Test 
Madsenell Process 
Magna Flux 
Magnet Test 
Magnetic Anneal 
Magnetic Crack Test I 

Magnetic Particle 
Inspection 

Malcoinizing 
Malleabilizing 
Maraging 
Marquenehing 
Martempering 
MBV Process 
McQuaid Ehn Test 
Mechanical Alloying 
Mechanical Refining
MECHANICAL TESTING 

Bend Test 
Repeated Bend Test 
Reverse Bend Test 
Compression Test 
Creep Test 
Elasticity Test 
Elongation Test 
Fatigue Test 
Fracture Test 
Impact Test 
Nick Break Test 
Nicked Fracture Test 
N otch Bar Test 
Tensile Test 
Torsion Test 
Young's Modulus o f  

Elasticity 
Mechanical Working 
Mellozing 
Mercast Process 
Merilizing

Mesnager Test 
Metal-sorting 
Metal-spraying 
Metallic Arc Welding 
Metallic Cementation 
Metallic Coating 
Metallic Painting 
Metallization 
Metalock Process 
Metascope Testing 
Metcolizing 
Method X 
Microcharacter 
Microhardness Test 
Micro-Chem 
MIG Welding 
Modified Bauer Vogel 

Process 
Mohs Hardness Test 
Mollerizing 
Molykote 
M onotron Test 
Muschinbrock Hardness 

Test 
Natural Ageing 
NDT
Needle Descaling 
Negative Hardening 
Negative Quenching 
Nertalic Process 
Nervstar 
Ni-Carbing 
Nichem
Nick Break Test 
Nicked Fracture Test 
Nickel Ball Test 
Nickel Plating 
Nickelex 
Nirin
Nitralizing
Nitrarding
Nitration
Nitriding
Nitrogen Hardening

NONDESTRUCTIVE 
TESTING (NDT)
Acoustic Testing 
Air-pressure Testing 
Crack -detection Testing 
Dye-penetrant Crack 

Test
Eddy Current Testing 

(for defects)
Etching
Hydraulic Test/H y

draulic pressure Test 
Magnetic Crack Testing/ 

Magnetic Particle 
Inspection 

Porosity Test 
Pressure Test 
Radiographic Test 
Sonic Testing 
Spark Test (Porosity 

Testing)
Strain Gauging 
Thickness Testing 
Ultrasonic Flaw 

Detection  
Vibration Testing 

Normalize 
Noskuff 
Notch Bar Test 
Nubrite 
Oil Hardening 
Olsen Test 
Onera Process 
Osronaut 
Oven Soldering 
Overaging 
Overdrawing 
Oxalic Acid Anodize 
Oxyacetylene Welding 
Pack Anneal 
Pack Carburize
PAINTING

Paint Preparation 
Brush Painting 
Curtain painting 
Dip painting
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M E T A L  T R E A T M E N T  A N D  T E S T I N G  P R O C E S S E S
Electrophoresis/ 

Electroplating  
Electrostatic painting  
Enamelling 
Lacquering 
Powder Painting 
Roller Coating 
Spray Painting 
Stove Enamelling 

Palladium Plating 
Paraffin Test 
Parkerizing 
Passivation 
Patenting 
Peel Test 
Peen Plating 
Peening 
Pellin’s Test 
Penetrol Black Process 
Penybron  Plating 
Percussion Welding 
Pfanhausers Plating 
Phosphating 
Physical Testing 
Pickling 
Pillet Plating 
Planishing 
Plasma Cutting 
Plasma Heating 
Plasma Plating 
Plating 
Platinizing 
Platinum Plating 
Plug Weld 
P lum stone Blasting 
Poldi Hardness 
Polishing
Porcelain Enamelling 
Porosity Testing 
Postheating 
Pot Annealing 
Pot Quenching 
Powder Painting 
Precipitation Hardening 
Preece Test 
Preheating

Press Forging 
Pressure Test 
Pressure Welding 
Primer Painting 
Process Annealing 
Progrega
Progressive Ageing 
Projection Welding 
Proof Stress/Proof Strength/ 

Proof Test 
Protal Process 
Protolac Process 
Pull-off Test 
Punching 
Fusey Hardness 
Pylumin Method 
Pyramid Hardness Testing 
Pyro Black 
Quench Ageing 
Quench Hardening 
Quench Tempering 
Quicking 
Radiography 
Ransburg Process 
Recarburization 
Red Gilding 
Redux Process 
Refining
Reflectogage Testing 
Reflowing
Refrigerated Anodize 
Regenerative Quench 
Reheating
Repeated Bend Test 
Repouse Process 
Resistance Soldering 
Resistance Welding 
Reverse Bend Test 
Rhodanizing 
Rhodium Plating 
Rivet Test 
Rivet Weld
Rockwell Hardness Test 
Roller Spot Welding 
Roller-Tinning 
Root Bend Test

Rose Gilding 
Rumbling 
Rustproofing 
Ruthenium Plating 
Sacrificial Protection 
Salt-mist/Salt-spray Testimg 
Sand Blasting 
Sand Ford Process 
Sandberg Treatment 
Sanding 
Sankey Test 
Satin Finish 
Satin Kote Trea tm ent 
Satin Nickel Plating 
Satylite Nickel Plating 
Sawdust Drying 
Schnadt Test 
Sehoop Process 
Schori Process 
Scleroscope Hardness 

Test 
Scouring 
Scragging 
Scratch Brushing 
Scratch Test 
Sealing 
Seam Welding 
Seasoning 
Secondary Harden 
Selective Annealing 
Selective Carburizing 
Selective Hardening 
Selenious Acid Treatmenit 
Sell-annealing 
Self-hardening 
Sendzimir Process 
Sensitising 
Sennetal 
Sernietriding 
Servarizing Process 
Shallow Hardening 
Shape-strength Test 
Shell Moulding 
Shepherd Process 
Shepherd Test 
Sherardizing

xvi



M E T A L  T R E A T M E N T  A N D  T E S T I N G  P R O C E S S E S

Shielded Arc Welding Stabilizing Treatment Thickness Testing
Shimer Process Stannostar Thuriting
Shock Test Steam Blueing TIG Welding
Shore Hardness Steelascope Testing Tin Plating
Short-cycle Annealing Step Anneal Tin-Copper Plating
Shorter Process Step Quenching Tin-Lead Plating
Shot Blasting Stitch Weld Tin-Niekel Plating
Shot Peening Stop-off Tin-Zinc Plating
Shrink Fitting Stove Enamel Tinning
Sieve Test Straightening Tocco Process
Siliconizing Strain or Stress Ageing Tool Weld Process
Silk-Screen Printing Strain Gauging Torch Brazing
Silver Ball Test Strain Hardening Torch Hardening
Silver Plating Strauss Test T ouch Welding
Silver Soldering Stress-equalization Anneal Tri-Ni
Sintering Stress-relieving/Stress- Trisec Drying
Skin Annealing releasing Tufftride Process
Skin Pass Stress-rupture Test Tukon  Hardness Test
Skip Weld Stretcher Straining Tum bling
Smithing Stretching T u rn e r’s Sclerom eter
Snarl Test Stromeyer Test Twisting Test
Snead Process Stud Welding Ultrasonic Cleaning
Soaking Subcritical Anneal Ultrasonic Inspection/
Sodium Hydride Submerged Arc Welding Ultrasonic Crack
Soft Facing Subzero Treatment D etection
Softening Sulphinuz Ultrasonic Soldering
Solder Plating Sulphuric acid Anodize U nionm elt Welding
Solderability Testing Sulphur Printing Unshielded Metal Arc
Soldering Super Gleamax Welding
Solution Treat Superficial Hardness Test Upset Welding
Solvent Cleaning Supersonic Testing V acuum Brazing
Solvent Degreasing Surface Hardening V acuum-coating
Sonic Testing Swageing D eposition or Plating
Spark Erosion Sweating V acuum Metallization/
Spark Testing Swilling Evaporation

Speculum Plating Taber Abraser V apour Blasting
Spheroidize Anneal Tack Weld V apour Degreasing
Spin Hardening Taylor-White Process Vapour-phase
Spinning Techrotherm  Rokos Process Inhib itors  (VPI)
Spot Welding Temper Blueing V aqua Blast
Spra-bond Temper Hardening Vickers Hardness Test
Spread Test Tem per Rolling Vitreous Enamel
Spring-back Test Tempering Walnut Blasting
Sputtering Tensile Test Walter Black
Stabilize Anneal Thermal Treatment Walteri/.ing
Stabilizing Thermit Welding Warman Penetrascope

xvii



M E T A L  T R E A T M E N T  A N D  T E S T I N G  P R O C E S S E S

Water Gilding 
Water Hardening 
Watt Nickel Process 
Wave Soldering 
Weathering 
Weibel Process 
Weld Deposition 
Weld-decay Testing 
WELDING 

Argon Arc Welding 
Argonox Welding 
Argonshield Welding 
A to m ic  Arc Welding 
Carbon dioxide (C 0 2) 

Welding 
Electron Beam Welding 
Electropercussion Welding 
Electro slag Welding 
Explosive Welding 
Flash B utt Welding 
Forge Welding 
Friction Welding

Fusion Welding 
High-frequency Induction  

Welding 
Heliarc Welding 
Hydrogen Welding 
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Abrasive Blasting
A term used to distinguish the blasting technique which is designed to  cut and 
remove metal, from the alternative where shot impinges. This la tter  technique will 
efficiently remove brittle material from metallic surfaces such as millscale oxide, 
remains o f  paint, etc. The S h o t blasting technique will no t generally, however, 
remove metal and may -  as in the case o f  S h o t peening -  be designed to  produce 
a surface which has special characteristics. Abrasive blasting, on the o ther  hand, 
will cut. The process is more generally referred to  as Grit blasting. (F o r  additional 
information on both techniques, see Blasting.)

Abrasive Testing
A destructive testing technique designed to  measure the resistance o f  a surface to 
abrasion.

The surface being tested is subjected to  repeated movem ents either against the 
materials used for testing, or by being ro ta ted  or reciprocated under load. There 
are two specific tests: ‘H aw orth ’ and 'Taber', bu t very o ften  the Abrasive testing 
is not carried out to scientific levels, bu t  is in tended  simply to  give some indication 
o f  the capacity to resist abrasion.

Abrasion resistance is a function  o f  the hardness o f  the surface, and thus 
Hardness testing  itself may give results which preclude the necessity to  carry out 
specific tests to measure abrasion resistance. Therefore , the Abrasive test is more 
often required when the hardness o f  the abrading material or surface is unknow n. 
It is a fact that no softer material will cause a cu tting  action on a harder material. 
Thus, if  the hardness o f  the tw o com ponen ts  being abraded is accurately know n, 
there is no necessity for any o the r  Abrasive testing.

Accelerated Corrosion Testing
Techniques used to  ascertain w hether  materials or coatings give satisfactory 
corrosion protection.

The purpose is to produce a test which in itself is reproduceable and also gives 
results in a short period o f  time which reproduce the actual corrosion potential 
over a num ber o f  years. There is now  being built up a body  o f  experience to  relate 
the results o f  testing carried ou t over a period o f  days, or even hours, which clearly 
shows that the inform ation gained can be used to  predict the corrosion resistance 
over a period o f  years.

There are a num ber o f  A ccelerated Corrosion tests. At their simplest, these can 
take the form o f  Thickness testing , or in m ore sophisticated  form there is Salt-mist 
testing , where the salt drople ts  are contro lled  for size, chemical com position , 
tem perature , etc. There are simpler tests: the  relatively simple H um idity  test can 
also be a form o f  Accelerated Corrosion testing. In general, how ever, it must be 
stressed tha t Corrosion testing is a m e thod  o f  ensuring tha t the co rros ion -p ro tec tion
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system chosen is within specifications, rather than any long-term guarantee tha t 
the system being inspected will withstand a specific num ber o f  years under any 
condition. The reason for this is not that corrosion-resistance testing is variable, 
but that the conditions under which com ponents operate may vary. This variation 
may range from an industrial-type marine atmosphere with high humidity and 
temperature, where corrosion will be very severe, to an inland rural atmosphere, 
where humidity may be variable but will not be high, and where corrosion conditions 
will exist but probably at only one-tenth or one-twentieth the severity o f  the 
previous case. There is, finally, the condition o f  zero hum idity  and controlled, 
normally very low, temperature, where no appreciable corrosion o f  even u n 
protected mild steel will occur. It will be seen, therefore, that no single corrosion 
test can supply meaningful results which will always apply in this wide range o f  
conditions.

There will be found in this book a number o f  tests, such as the Salt-mist te s t , 
the Weld-decay test and the Copper, Acetic A cid  Accelerated Salt-spray test (CASS  
test), all o f  which a ttem pt to evaluate the corrosion resistance o f  metal or coating; 
it is possible to obtain exact information regarding corrosion resistance to specific 
chemicals from the many published charts and books which list various metals and 
their resistance to corrosion.

There can be no doubt that the life o f  a coating is not only to  some extent 
related to its thickness, but also to the technique o f  application and the lack o f  
porosity. It has now been shown conclusively that control o f  the variable para
meters which exist in the various coating treatments can result in coatings which 
are homogeneous, pore-free and give long-life corrosion resistance.

To summarize, Accelerated Corrosion testing is carried out in order to evaluate 
in hours the life o f  the coating. This evaluation should be used more to ensure 
that the coating treatm ent is within specification, rather than to guarantee any 
specific life.

Acid Descaling
An alternative name for pickling, a process using acid to dissolve oxide and scale.

Acoustic Testing
A form o f  Non-destructive Testing.

Activation
A term occasionally used in the Electroplating process to denote etching. This 
process removes the last trace o f  any oxide on the metal surface, and by removing 
a thin layer o f  the metal itself, ensures that the metal subjected to the plating 
process is in an active condition. (Further  details are given in the sections Electro
plating and E tching)
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Adhesion Testing
A destructive test applied to coatings o f  any type, including non-metallic.

There are four types o f  Adhesion testing, as follows:

(1 ) Scratch test In this test a ttem pts are made to cut the coating to assess 
the degree o f  adhesion by the ease or difficulty with which the coating can be 
peeled from the substrate. The usual m ethod is to scratch a rough triangle and to 
judge the ease o f  failure at the internal apex.

(2) Pull-off test In this test an adhesive is stuck to the surface o f  the film and 
the difficulty o f  removing it is assessed. This technique generally requires that the 
film is cut in order to give a positive evaluation. With paint, this technique can be 
quite sophisticated, supplying an exact measure o f  the adhesion o f  the film to the 
substrate. This is sometimes referred to  as the ‘Peel test’. It takes several forms, 
the simplest probably being the cross-hatch type: the paint film is scored with a 
number o f  parallel lines (usually 5) each approximately 0.15 in apart (3.7 m m 2). 
A second series o f  parallel lines are then scribed at right-anglcs to the first. This 
results in a number o f  squares each 0.15 in2 (3.7 m m 2). If failure o f  the paint 
film occurs during the scoring operation, some idea o f  the adhesion can be ob 
tained by noting when the failure occurred. Thus, if failure takes place during the 
first scoring, adhesion is very poor. If failure is o f  only a very few squares on 
completion o f  the cross-hatch, this indicates much better adhesion. If no failure 
can be seen, then the adhesion o f  the paint to  the substrate must be reasonable.

The cross-hatch is then subjected to a ‘pull-off  test by taking adhesive tape 
and placing this in intimate contact with the prepared cross hatch. It is important 
that all air bubbles are removed. The adhesive tape is then pulled in a manner such 
that the direction o f  pull applied to  the paint film is 45 degrees to the vertical. 
The surface o f  the adhesive can then be examined and will give a quantitative 
measurement o f  the adhesion. Where all the squares are removed adhesion is 
relatively poor, where no squares are removed adhesion is excellent.

Peel testing can also be applied as a destructive quality-assessment test by using 
some form o f  S to p -o ff  to prevent adhesion o f  the paint film locally. After any 
curing, etc., this local poor-adhesion film is carefully cut and removed to give a strip 
o f  paint which still remains connected to the remainder o f  the paint film. By using 
weights or a Tensile test machine on this strip, it is possible to  evaluate the adhesion 
o f  the film to the substrate. This test takes various forms some of which require 
that the test strip be cut. Accuracy will depend on a number o f  factors and dupli
cate tests should always be carried out.

(3) Visual examination test This test should always be carried out to examine 
for blisters or areas where adhesion is seen to be below standard.

(4 )  Blistering test This test is confined to electrodeposits o f  ductile material. 
The plated surface is rubbed, using a soft smooth metal, generally copper (a 
standard m ethod is to use a copper coin with a worn edge). The purpose o f  this 
test is to  cause expansion o f  the plated film by rubbing. Where adhesion is o f  a
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high standard, this will not be possible, whereas any poor adhesion will be shown 
by the formation o f  blisters.

Aerocase Process
A form o f  Cyanide hardening, in which the normal sodium potassium cyanide salt 
has additions o f  sodium and calcium chloride.

The result o f  this proccss is a case which is closer to a carburizing than nitriding  
case, in that there are less nitrides in the final case. This means that the case ob 
tained will be less brittle than with the normal Cyanide hardening technique. 
Apart from this slight advantage, this process suffers all the disadvantages o f  the 
basic technique, details o f  which will be found in the section Heat Treatment.

Age Hardening
An alternative term for Precipitation hardening, Precipitation treatment or Ageing. 
This process can be applied to a number o f  specific alloys o f  several metals and 
must always be preceded by some form o f  solution treatment. The com bination  o f  
this treatment and Ageing results in an increase in mechanical properties. Details 
are given under ‘Precipitation hardening’ in the section Heat Treatment.

Ageing
See Age Hardening.

A ir Blasting
The method by which shot or grit is given the necessary velocity to  carry out 
blasting. The term Air blasting is used more to differentiate between Airless blasting 
and Vapour blasting than as a specific form.

A ir Hardening
An alternative term for self-hardening; this process is described in the section 
Heat Treatment.

Air-pressure Testing
A form o f  Non-destructive testing.

Airom atic Welding
An alternative name for Electric Arc welding; this process is described in the section 
Welding.

Airless Blast
A m ethod where the velocity o f  the shot or grit used results from a centrifugal 
impeller. The blast material is fed at a controlled rate to  the impeller which has 
vanes to throw the blast material at right angles to  the direction o f  rotation. Using 
abrasive resistance materials for the guides, the shot or grit can be directed to  the 
area being blasted.
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In general, Airless blasting is confined to blasting inside cabinets. These cabinets 
can be o f  the walk-in type, the automatic type, where the components are rotated 
through the blast cabinet, or the hand-operated type. The term Airless blast refers 
to  the method o f  imparting velocity to the blast material and, thus, distinguishes 
it from A ir  and Vapour blasting; it is not, therefore, a blasting method.

'Aldip' Process
A process for coating ferrous materials with aluminium and its oxide for protection 
and heat-resistant purposes (see Corrosion protection).

After grease and dirt have been removed by an alkali cleaner, the parts are 
pickled  in acid, rinsed and furnace-dried. They are placed in a preheating salt bath 
at 690°C-760°C , for 4 min, then into a molten aluminium bath, covered with flux, 
for about 45 sec, and returned to the preliminary salt bath , slowly removed and 
air-cooled. An aluminium and aluminium oxide surface remains. Any excessive 
roughness or unwanted metal can be removed by Shot blasting.

This process is also called mollerizing. ĩt is one o f  the forms o f  aluminizing-, 
more details are given under that heading.

'Al-fin' Process
The hot-dipping o f  steel or cast iron to give a thin film o f aluminium.

The process is used prior to casting aluminium on to steel or cast iron. Casting 
follows immediately after the hot-dipping when the surface aluminium is still 
m olten , thus ensuring a good intermetallic bond. It is commonly used on internal- 
com bustion engine com ponents where aluminium cooling fins are an efficient 
means o f  dissipating the unwanted heat. This is a form o f Aluminizing, where an 
adherent surface layer o f  the intermetallic com pound o f  iron and aluminium is 
used as the bond between the steel or cast iron and the aluminium o f  the cast fins.

The Al-fin process is never used as an isolated method, but only as a p re
trea tm ent to the casting o f  aluminium on steel. Good bonding is essential as c o n 
duction o f  heat across the bond is necessary. This is a specialist type o f  process 
where alternatives are only possibly by varying one or more o f  the parameters 
involved.

Alkaline Descaling
A chemical process for removing scale.

This can be applied to any metal, but when certain materials such as aluminium 
are descaled additives are necessary to prevent excessive attack. The term Alkaline 
descaling generally means the use o f  straightforward chemical action, but under 
some circumstances electrolytic action is also used, and the Sodium Hydride 
process has been termed under the present heading.

The usual Alkaline descaling solution uses caustic soda as a base, sometimes 
with additives. At the correct strength and temperature, an alkali attack on steel, 
particularly iron oxide is possible, but is quite slow. With aluminium, the attack
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on the base metal would not stop and would be rapid. Thus, additions must be 
made to the solution to act as inhibitors. These are known as chelating agents.

The procedure is that the com ponents to be descaled are immersed in the 
alkaline solution. With steel and many other metals, the time o f  immersion is no t 
critical, but with metals such as aluminium and to a lesser extent certain copper 
alloys, magnesium and zinc, excessive time may result in a local undesirable pitting 
and over etching.

The alkaline solutions, which have considerable variations, will a ttack  the metal, 
and the attack will vary depending on the solution used and the metal involved. 
The reader is advised to obtain specialist advice before using this technique as the 
process is generally more expensive than pickling  and with some materials can 
lead to  local attack.

The advantage o f  Alkaline descaling is that there is no danger from hydrogen 
embrittlement. This means that com ponents with a relatively high tensile strength, 
in stressed condition, can be descaled. Very often com ponents such as springs 
cannot be pickled  using acid w ithout serious em brittlem ent problems, sometimes 
resulting in fracture during this latter operation. A second advantage is that the 
action is much more gentle and selective, and this can be useful under some 
circumstances.

The process almost invariably will be more expensive than acid pickling. A lter
native methods would include blasting to remove scale, though this can be difficult 
where complicated com ponents are involved, as for example pipe bores which 
require descaling. Also o f  use could be the Sodium hydride process, which is a 
more sophisticated, expensive process.

Alloy Plating
The Electrodeposition  o f  more than one metal at the same time. This includes 
Brass, Bronze and Speculum plating  and is described, with each o f  the alloys 
plated, in the section Electroplating.

Alloying
The addition to a metal o f  another metal or non-metal or com bination o f  metals.

As a rule, pure metals have limited applications outside their ability to w ith 
stand corrosion. In general, metal alloys are the most useful materials found in 
engineering.

The most common alloy used in engineering is steel. Steel is an alloy o f  iron 
and iron carbide. To this basic alloy, may be added all sorts o f  o ther materials, 
such as nickel, chromium, silicon, etc. Alloys can also be made by the addition 
o f  materials such as tungsten carbide, which are themselves com pounds.

With non-ferrous materials, the same conditions apply. Aluminium forms alloys 
with magnesium, manganese, silicon and copper, and also forms intermetallic com 
pounds with copper, zinc, etc.

Thus, it will be seen that alloying materials either can be other metals and
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non-metals, or a combination o f  a metal and non-metal or combinations o f  the 
metals themselves, known as intermetallics.

It is not always or usually possible to predict the properties o f  an alloy by 
extrapolating from the properties o f  the alloying materials. Thus, magnesium has 
poor sea-water corrosion properties, but when added to aluminium, it produces 
an alloy with marine corrosion resistance superior to other aluminium alloys. 
Many other similar examples exist. Reference should, therefore, always be made 
to  the specification o f  an alloy before assuming its properties. In case o f  difficulty 
the various metal associations can be contacted, for example the Aluminium 
Federation; Copper Development Association; etc., which are listed in Appendix 0.

Almen Test (Almen Number)
A test piece used in conjunction with the shot peening operation to evaluate the 
degree o f  work hardening which has been given. This is described in the section 
Blasting in this book and, in essence, is a technique to  increase the compressive 
strength on the surface o f  the com ponent being treated, and in this way increase 
the fatigue strength. In order to  evaluate the amount o f  peening carried out, it is 
necessary strictly to specify the variable parameters involved and then to ensure 
by use o f  the Almen Test that these achieve the correct effect. This is carried 
ou t using a strip o f  metal o f  thin gauge and approximately 2 in long by Viin wide. 
This is held rigidly in contact with a flat, hardened surface in such a manner that 
it cannot be readily moved.

This test strip is then subjected to the shot peening process exactly as laid 
down by the design requirements. This means that one surface only o f  the material 
is peened, and as the material involved is thin and soft and the test strip is re
stricted from moving, the surface peened will stretch. This results in the strip 
curving upwards. The height o f  the curve is measured before and after peening 
and the increase in height in thousands-part o f  an inch is termed the Almen 
number.

A standard Almen number for shot peening  o f  steel com ponents would be 
15-25, indicating that the increase in height or the degree o f  bending o f  the Almen 
test piece was 0 .015/0 .025  in (0 .37-0.5  mm).

Briefly, therefore, the Almen test is a means o f  measuring the am ount o f  cold 
work  which is applied by shot peering. The test requires that the strip o f  metal 
used is in a standard material, generally fully softened mild steel or aluminium.

'A lochrom '
A proprietary process applied to aluminium and its alloys to  improve corrosion 
resistance and to  act as a key to paint. There are several types available, which can 
be applied by brush, spray or dip, and are identified by a num ber following the 
‘A lochrom ’ name. The process results in the formation o f  an oxide film into which 
is absorbed some o f  the chromate. There are various spellings o f  the name, and to 
some extent ‘AlGcbram’ is the com m on name applied to  the Chromate conversion
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trea tm ent o f  aluminium. The process requires, first, thorough cleaning and removal 
o f  any existing corrosion products. For best results, it is recommended that the 
surface o f  the aluminium should be lightly etched either with the cleaning solution 
itself, or if this is not desirable or possible, with a separate etching solution of 
phosphoric acid. The surface must then be thoroughly washed and the ‘Alochrom’ 
solution applied to this clean, active surface by dipping, brushing or spraying. 
The ideal treatment is that the material should then be thoroughly washed, using 
a dipping or spraying process with copious application o f  running cold water. If 
this is not possible, then provided the material is warmed to  ensure complete 
drying, a satisfactory oxide can be produced. Care must then be taken to ensure 
tha t no pockets o f  liquid are present, and that the solution has not contacted 
o ther materials, such as paint or plastic which will be rotted.

The purpose o f  the ‘Alochrom’ treatment is to produce an adherent aluminium 
oxide which will absorb some chromate solution. This seals the surface and adds 
to  the corrosion resistance.

While this is not as satisfactory as the anodizing process, it is much cheaper to 
apply, and, where subsequent painting is correctly applied, will result in a high 
standard o f  corrosion resistance. Paint applied directly to  aluminium with no 
prior treatment will have poor adhesion. Details o f  ‘Alochrom’ can be obtained 
from  ICI Ltd.

'Alodine'
The name given to the 'Alochrom ' process in the USA.

Information can be obtained from the American Chemical Co. Ltd. Further 
details o f  the process, which is a chromate conversion treatm ent to improve the 
corrosion resistance and paint adhesion o f  aluminium, are given under Chromate 
Treatment.

'Alplate' Process
A proprietary process o f  the aluminizing type.

In general this process is only used on steel but it can be used on other materials, 
such as nickel alloys, when necessary. The surfaces to be treated are heated in a 
hydrogen atmosphere at 1000°c. The steel is immersed from this atmosphere into 
a bath  o f  molten aluminium at about 7 00°c .  This technique prevents the formation 
o f  surface oxides and, thus, allows the correct alloying o f  aluminium to the steel 
or nickel-chrome alloy.

With the advent o f  better control o f  standard aluminizing techniques, this 
m ethod is no longer commonly used. Further information on alternative methods 
will be found under Aluminizing.

'A lrak' Process
A m ethod o f  applying an oxide conversion coating to aluminium and its alloys to 
enhance corrosion resistance and improve paint adhesion, and to  some extent, 
friction characteristics.
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The process consists o f  thorough cleaning, removal o f  the natural oxide film in 
an aqueous phosphate solution and activation o f  the surface with dilute acid. The 
coating o f  sodium carbonate-potassium dichromate is normally applied by im m er
sion for 20 min. at a temperature o f  90 °c .  The parts are rinsed and dried usually 
above 7 0 °c ,  which increases the hardness and abrasion resistance, giving a grey- 
green coating which is suitable for painting and has improved corrosion resistance 
to  the natural aluminium oxide.

This process is applicable for all aluminium alloys and is convenient in that the 
solution may be applied by immersion, spraying, brushing or any wetting m ethod. 
It is similar to the 4Alochrom  * process.

'Aludip' Process
An alternative name for aluminizing, using the immersion process.

'Alum ilite' Process
An alternative term for anodizing, using the sulphuric acid process.

Alum inium  Plating
A very recent technique, not yet applied as a general production process as it uses 
m olten salt electrolytes. Further information is given in the section Electroplating.

Alum inium  Soldering
The joining o f  aluminium using a low-melting-point alloy (see Soldering).

To solder aluminium, it is necessary to remove the adherent oxide. Two methods 
are used:

(1 )w i th  active flux and specially alloyed solders, generally tin-zinc, t in— 
cadmium, tin-zinc aluminium. There are also more recently developed, more highly 
alloyed solders. These result in excellent solder joints, provided the m anufacturers’ 
instructions are followed. Care must be taken to remove all trace o f  flux as these 
will be corrosive and can result in joint failure during service. The fluxes used 
dissolve the aluminium oxide which prevents the wetting o f  the surface, and allows 
the special solder to alloy with the base material.

(2) with ultrasonic equipment. This uses a less active flux and ultrasonic energy, 
to break down the adherent oxide and allow the molten aluminium solder to alloy 
with the base material.

The joint achieved by both  methods is comparable and technically identical to 
tin-lead soldered joints. Method (1) requires simple treatm ent, and scrupulous care 
to remove all trace o f  flux. Method (2) requires more sophisticated equipment, 
but uses less active flux.

It is also possible to achieve a joint by mechanically cleaning and using active 
flux. With this m ethod, the skill o f  the operator is in reverse proportion to the 
activity o f  the flux for satisfactory joints. Again, however, thorough cleaning is
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essential after soldering to remove all traces o f  flux. The difficulty o f  cleaning will 
be directly proportional to the activity o f  flux used.

Soldering o f  aluminium using these techniques is now a satisfactory production  
process, but because o f  the activity o f  aluminium regarding oxidation, and the 
stability o f  the oxide formed, it will always be more difficult than conventional 
soldering o f  steel or copper alloys. Alternative joining methods include riveting, 
brazing and welding; also crimping and glueing.

Aluminizing
A process applied to cast iron and steel in which the surface o f  the material is im 
pregnated with aluminium and its oxide to  improve oxidation resistance in the 
medium temperature range o f  400°C-500°C.

There are three basic processes:

(1) The Molten-bath process The parts are first cleaned and dried. This can be 
achieved by the Grit blasting process, which ensures the complete removal o f  all 
scale and produces a satisfactory standard o f  cleanliness. Acid pickling  after alkaline 
cleaning is also satisfactory, but it is im portant that the parts are dried. The cleaned 
and dried components are immersed in a molten bath o f  aluminium, which may 
contain additives in certain proprietary methods.

(2) Metal-spraying The objects are first Grit blasted , and then sprayed with 
aluminium metal. The freshly-sprayed com ponents are then heated to  a high 
enough temperature to ensure that the aluminium surface is converted to  the 
oxide. The efficiency o f  the process relies on a good-quality metal spraying and 
careful control at the oxidation stage.

(3) The Sealed-box process The com ponents are placed in a heat-resistant 
box , separated by a proprietary powder. The com ponents must be thoroughly 
cleaned, and generally lightly blasted , to  produce an active surface, and handled 
with extreme care. Each com ponent is placed such that it is separated from its 
neighbour, and is then covered with at least 1 in o f  powder and the process re
peated until the box is filled. Normally com ponents are relatively small and a 
complete bath will seldom weigh more than 200 kg.

This box is then sealed either by welding, or by some other mechanical means, 
and is purged with argon or nitrogen and inserted into a furnace and brought to 
operating temperature. At the end o f  the appropriate time, which will be several 
hours, the box is removed from the furnace and, after cooling, the seal is broken 
and the components removed. A thin film o f  aluminium will be present, which 
will have an adherent oxide at the surface.

The first two Aluminizing processes are used on mind and low-alloy steels. 
They increase the resistance to hot oxidation and give some protection against 
corrosion. This can give them a useful life at 600°C-800°C  for considerable periods, 
provided the conditions are freely oxidizing. This allows the use o f  mild or low- 
alloy steel for articles such as furnace furniture, etc. when otherwise stainless steel
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would be required. The com ponent cannot withstand rough handling w ithout 
damage as the oxidation resistance is thus destroyed. The third process is generally 
applied to nickel alloys to increase the hot-corrosion resistance where free ox i
dizing conditions do not exist or where there is a sulphur-bearing atmosphere. 
The surface obtained is comparatively fragile and must be handled with consider
able care.

A variety o f  trade and descriptive names are applied to this process; these appear 
in this book under their appropriate headings, and include: ‘A ld ip \ *A l-fin \
*A lu d ip \ \Alplate\ Valorizing', *E l p h o l ‘F in k ’, ‘M etcolizing’, ‘Mollerizing’ and 
‘Servarizing’. Alternatives to Aluminizing will depend on the specific conditions, 
but will often use stainless steel instead o f  mild or low-carbon steel. Under some 
conditions Nickel plating , particularly Electroless N ickel, will give superior results 
economically. There are also now available high-temperature paints, some o f  which 
use fusible glass frits, which might be suitable and modern vitreous enamels may 
also be competitive.

Alum inotherm ic Process
An alternative name for the Thermit welding Process; details will be found in the 
section Welding.

'A lzak' Process
A proprietary electrochemical brightening process applied to aluminium to achieve 
a surface o f  high reflectivity, the process being frequently followed by anodizing 
for decorative purposes, such as jewellery. Colour anodizing can also be applied.

The bath contains 2-5 per cent fluoboric acid at a temperature o f  3 0 ° c  and uses 
15 V with a direct current density o f  1-2 A per square foot. The non-adherent 
film o f  oxide present on removal from the bath can be removed by a dip in caustic 
soda followed by rinsing.

This process is a form o f  Electropolishing.

Amalgamating
The name given to the alloys which are formed with mercury and many metals such 
as gold, silver, iron, copper and aluminium. When mercury is in contact with any 
o f  these metals in the finely powered condition, an alloy is formed. When the 
mercury is predominant, the alloy will be liquid, and when the mercury content 
is reduced, the alloy becomes solid. It is possible, by using special filter materials 
such as chamois, to  remove excess m ercury, leaving a solid or plastic material.

Amalgams were at one time com monly used for a variety o f  purposes. With 
knowledge o f  the highly toxic nature o f  mercury and most o f  its com pounds, there 
is much less use o f  the technique today. Amalgamating has now largely been re
placed either by Electroplating o f  silver or gold, or by employing metal alloys 
or plastics.
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Ammonia Carburizing
A process applied only to certain specific types o f  steel; it is a specialist form o f  
surface hardening.

By this process the carburizing atmosphere is enriched with ammonia gas w ith  
the result that the atmosphere contains the carburizing potential plus the nitriding 
atmosphere. The process is now more commonly called Carbonitriding and is 
described in more detail under this heading in the section Heat Treatment.

Angus Smith Process
A process for the prevention o f  corrosion, applied to  sanitary ironwork.

The metal is heated to 6 0 0 °c  after casting, then plunged into a hot mixture 
o f  coal-tar and paranaphthalene. This results in the formation o f  an adherent 
oxide which is immediately sealed and impregnated with bituminous compounds. 
The corrosion resistance relies on the retention o f  this barrier to  prevent the for
mation o f  corrosion products.

The processed articles have little eye-appeal; corrosion resistance is comparable 
to high-quality painting. This process is seldom applied to modern equipment 
which will either be stainless steel or vitreous (enamel, if  it is not ceramic).

Annealing
A heat treatment process applied to all metals. There are several forms of annealing, 
but in general it can be stated that to ‘anneal’ is to ‘soften'. The different forms o f  
annealing are variations on the softening  process but cover a range o f  processing, 
achieving a variety o f  purposes, all o f  which include a reduction in hardness.

There are four heat processes covered by the general term Annealing: (1) full 
anneal; (2) subcritical anneal; (3) cyclic anneal; and (4) stress-relieving anneal. To 
some extent the meaning o f the term used will vary between different districts, 
different industries and even within the same industry, specialized names are often 
applied to the annealing o f  different forms o f  metals, and variations o f  each o f  the 
above four basic operations also exist. These names appear under their own heading 
in this book, and are also listed with the appropriate treatm ent listed above. The 
various methods o f  heat treating metals, including the four basic forms o f  
annealing, are discussed in detail under Heat Treatment.

Anodic Etching
A specific form o f  electrolytic etching where the component being etched is anodic 
in the electrolytic circuit.

Thus, metal will be removed from the surface, and oxygen formed at the surface. 
This may result in reducing the size o f  the com ponent and electrolytic polishing is 
generally a form o f  Anodic etching. Further information will be found under Etchirg.

Anodic Oxidation
See Anodizing.
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A nodic Protection
This term is inexact and is generally used to describe the methods o f  protecting 
aluminium.

Such methods rely on the protection of an oxide film which is produced by 
making the com ponent the anode in an electrical circuit. This results in the pro
duction o f  atomic oxygen and the active material forms an oxide which is adherent 
on the surface o f  the aluminium. The same process can be applied to  magnesium, 
but is used to a lesser extent. There appears some possibility that Anodic protec
tion could also be applied to titanium. (Further details appear under Anodizing.)

Anodizing
A process principally applied to aluminium and its alloys, but also to magnesium. It 
results in the formation o f  an adherent oxide film produced by an electrolytic 
process. The purpose o f  this is to  improve the corrosion resistance, to act as a key 
for paint, and in some circumstances, to act as a form of crack detection. It can 
also be used to  increase the surface hardness of aluminium and its alloys.

The process makes use o f  the fact that, when an electric current is passed 
through an electrolyte, hydrogen is produced at the cathode and oxygen at the 
anode. The oxygen is in the atomic state and is, thus, extremely active and will 
immediately a ttem pt to  combine with any material with which it is brought into 
contact. The com ponent to  be treated therefore, is made the anode in the electric 
circuit and is immersed in a suitable electrolyte. This results in the production of 
atomic oxygen, which reacts with the cleaned, active surface metal anode to form 
an adherent metal oxide.

As the process continues the current applied to the cell will be seen to drop. 
This is because the oxide which forms is a non-conductor and, thus, the objects 
being treated gradually become insulated. When it is seen that no further current 
is flowing, the process has been completed.

A num ber o f  different processes exist, using different solutions and application 
o f  the current, but only two basic procedures are in com m on use for aluminium, 
together with a num ber o f  specialized processes based on these two methods.

First and by far the most com mon method o f  Anodizing aluminium is the 
Sulphuric acid process. It uses sulphuric acid o f  appox. 10 per cent strength with 
a voltage between 10-20 V. This results in a surface where the anodic film depth 
varies depending on the alloy used and the temperature o f  the sulphuric acid. With 
a temperature in excess o f  30°c, little or no Anodizing will take place, since the 
sulphuric acid dissolves the oxide at approximately the same rate or faster than 
it is produced. As the temperature is reduced to about 20°c, an oxide film in the 
region o f  0 .0005 in (0 .0 1 m m ) is produced. It is im portant to  realize that the 
temperature involved is at the liquid-solid interface, and it is at this interface that 
heating is produced as part o f  the process. It is, thus, essential to ensure adequate 
agitation o f  the solution to dissipate the locally formed heat as efficiently as 
possible.
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As the temperature is lowered to  an optim um  of 3 °c ,  measured at the liquid- 
solid interface, a very hard anodic film is produced, an occurrence made use o f  in 
the Hard anodizing, Black anodizing or Refrigerated anodizing  process. With this, 
a film o f  up to 0.0075 in (0.15 mm) can be produced, which in turn produces a 
dark oxide and, with certain aluminium alloys, will appear almost black, hence its 
name.

A surface hardness in excess o f  Rockwell C50 can be achieved with this process. 
It is once again im portant to realize, however, that the hardness on the surface 
produced will depend on the aluminium alloy used.

The second most im portant form of anodizing uses chromic acid. This is at a 
strength o f  approximately 3 5 g/1. The temperature in this case is held at approxi
mately 20°c, and it is not normal to  use refrigerant to  produce Hard anodizing 
with chromic acid. With this process, it is usual for the voltage applied to  start 
at about 8 or 10 V, and as the current falls to almost zero, for the voltage to be 
increased in small steps to a maximum o f  approximately 60 V. This means that 
with the chromic acid Anodizing process an oxide film capable o f  withstanding 
a 60 V potential will have been applied, as compared with oxide film capable of 
withstanding lO V in  the Sulphuric acid process.

One reason for using the chromic acid process is that chromic acid, being yellow 
in colour, acts as a dye, and during the anodic process it will penetrate any surface 
imperfections such as porosity, cracks or other defects which might exist. On re
moval from the chromic acid and washing in cold water, most o f  the chromic acid 
is removed. When, however, the components are left standing, any chromic acid 
which has been absorbed into a defect comes to the surface causing staining, 
rendering the defect easily identifiable. Advances in the technique o f  dye-penetrant 
crack detection  have reduced the importance o f  this aspect, as it is now possible 
to  detect minute surface defects using this system.

Oxalic acid is sometimes used for the anodic process but to  a much lesser extent 
than those described above. There is the danger that under certain circumstances 
explosive com pounds can be formed, and considerable care is necessary to  ensure 
that the temperature is kept below a certain critical figure during the process.

Anodizing also acts as a mordant for dyeing and Colour anodizing , described 
under that related process, consists o f  removing the anodizing solution, usually 
sulphuric acid, by washing in cold water and immersing the com ponents in the 
appropriate dye. After removal from the dye bath , the com ponent should be 
immersed in cold water and sealed in boiling water. It is then impossible to  remove 
the colour from the aluminium surface w ithout mechanically removing the metal.

Anodized aluminium has the best corrosion resistance o f  all the aluminium 
surface treatments. It is superior to  the Chromate process ( ‘Alochrom ') and also 
acts as an excellent key for painting, but there are relatively few instances when 
painting will improve the corrosion protection  o f  the anodic film if it is required 
for aesthetic reasons. Anodizing will improve the wear resistance o f  the aluminium 
surface and even normal room anodizing will reduce the tendency of galling to
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occur. The use o f  Hard anodizing results in surfaces as hard as Rockwell C50 and, 
thus, aluminium can be used in place o f  steel or o f  similar surface hardness; it can 
under some circumstances, be used in lieu o f  Hard Chromium plating or similar 
hard surface treatments.

The corrosion resistance o f  aluminium is better in the low pH range, that is 
where acid conditions are known to exist. This is the range where steel has accelera
ted corrosion. As the pH rises, that is becomes alkaline, aluminium tends to  corrode 
more rapidly while steel will be protected. Anodizing helps to protect aluminium 
from alkali attack, but such resistance depends on the quality o f  the process and 
the aggressive nature o f  the alkaline corrosion agent.

By the use o f  correctly Anodized aluminium, corrosion resistance at least com
parable with plated or painted steel can be achieved. The surface wear is also 
improved to a marked ex tent and this can be enhanced further by the use o f  Hard 
anodizing. The various Anodizing processes appear under their own headings in 
this book, and are listed here: ‘A lum ilite ’, *.A n o l o k ‘Bengough S tuart’, Black 
anodize , ‘BrytaV , 4Buzzard \ Chromic acid, Deep anodize, ‘E loxal’, Enamel plating, 
'Hardas \ ‘M B V ’, *M odified Bauer Vogel\ Oxalic acid Refrigerated anodize, 'Sand 
F ord\ *.Shepherd* and Sulphuric acid.

'Anolok' process
A proprietary sulphuric anodizing process; further information can be supplied by 
Alcan of  Banbury Ltd.

Antifouling
A process generally applied to  steel, but also wood. It is used in conditions where 
underwater marine growth causes drag on ships’ hulls and incrustation o f  w ood
work. Earlier Antifouling methods utilized copper, and in the days o f  wooden 
ships, hulls were copper-sheathed as it was discovered that marine growths did not 
form on copper or copper alloys.

Modern techniques use paint or com pounds containing copper salts which are 
insoluble, or specially formulated paints which do not themselves dry as long as 
they are below the surface o f  the water. Compounds o f  arsenic and mercury are 
also used.

These paints inhibit growths, by allowing the toxic material to leach out slowly, 
thus preventing the formation o f  organic growth. Readers are advised to contact 
one o f  the companies specializing in the production o f  Antifouling compounds for 
further information.

Aquablast
An alternative name for the process o f  Vapour blasting, which is described in the 
section Blasting.

15



A R C  W E L D I N G

A rc Welding
An alternative name for Electric Arc welding. The energy to  produce fusion is 
supplied by the electric discharge arc, generally with air being ionized. It is, 
however, possible to  use other gases such as argon or carbon dioxide, but the 
welding process is then usually referred to  as Inert-gas Shielded Electric Arc , 
Argon Arc, or Carbon dioxide welding. These are, however variations on the Arc 
welding process and are described in more detail under their appropriate headings; 
the section Welding lists and evaluates all the major welding techniques.

Argon A rc Welding
See Inert-gas Shielded Metal Arc welding. This is a form o f  Arc welding where the 
arc is struck in argon, which also shields the weld area and prevents oxide forming. 
This process appears with the other techniques in the section Welding.

'Argon Shield'
A form of Shielded Arc welding where a percentage o f  argon is added to  air; further 
information is given in the section Welding.

'Argonaut' Welding
An alternative term for automatic Argon Arc welding; the process is described 
under ‘Inert-gas Shielded Metal Arc welding’ in the section Welding.

'Argonox'
The proprietary name o f  a mixture o f  gases, oxygen and argon used for Shielded 
Arc Welding (see the section Welding).

Artificial Ageing
A technique o f  through hardening which can be applied to specific alloys having 
certain well-defined metallurgical characteristics. This process requires reasonably 
low temperature for a specified time, generally longer than four hours and must 
always be preceded by some form o f solution treatm ent; for further details, see 
‘Precipitation Hardening’ in the section Heat Treatment.

Atom ic A rc Welding
A heat source used for fusion welding, where electrical discharge energy is used to 
ionize various gases. It is now seldom used. The technique is briefly described under 
its own heading in the section Welding.

'Atrament' Process
This is a corrosion-resistant process applied to  steel and zinc. The surface is con
verted to  a complex manganese phosphate by immersion in a boiling or hot 
solution. This is a form of phosphate treatment.
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'Auruna' process
A proprietary name for a specific type o f  gold plating , using a cyanide-free solution. 
It is used for decorative purposes, and is a form o f white gold. Further information 
can be obtained from Sel-Rex Ltd.

Austempering
A form of delayed Quench hardening used on alloy steels. It is very similar to 
Martempering and Marquenching, and is discussed in some detail under the appro
priate heading in the section Heat Treatment.

Austenizing
A term used when steel com ponents are heated to  above their upper critical limit; 
details o f  this and other treatm ents will be found in the section Heat Treatment.

Autofrettage
A work hardening m ethod o f  strengthening Steel tubes, which is generally only 
carried out on gun barrels and similar objects.

A mandrel or ball is forced through the tube or gun barrel, such that the surface 
o f  the bore is compressed. In addition to  giving considerable increase in tensile 
strength to the tube, the process can be used to impart a high-quality surface 
finish.

Autofrettage is different from cold-drawn tube in that only the internal surface 
is worked. Generally the wall thickness o f  the tube involved precludes a normal 
cold-drawing operation.

blectroless N ickel plating  may be a suitable alternative. Under certain conditions 
modern high-frequency hardening might also be considered.

Autogenous Welding
A name given to  Fusion welding, where the com ponents are designed in such a way 
that they have an integral filler. The process can be applied to any metal.

This integral filler can also be used for location purposes. During the welding 
process which uses an inert elcctrode such as tungsten, or in some cases gas heating, 
the filler melts and acts in the same way as the filler rod with the conventional 
technique. It is generally confined to high-quality, high-production fusion welds, 
where weld integrity is essential. The assembly o f  gas turbine blades uses this 
technique, where good-quality welding and elimination o f  excess weight are 
im portant.

'Autronex' process
A proprietary name o f  a gold Electroplating process for particular use in the 
electronics industry. Information can be obtained from Sel-Rex Ltd.
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Back-etching
A specialized etch which is applied only to  electrodeposition o f  Chromium.

Chromium plating is carried out using chromic acid as the electrolyte. This acid 
has excellent cleaning and etching  characteristics, and there is the practice under 
certain conditions o f  placing the clean components in the plating solution and 
reversing the polarity so making the com ponent to be plated the anode when first 
placed in the solution. Thus, by Anodic etching , the surface o f  the steel will be 
activated or etched  in the normal manner. Immediately after com pletion o f  the 
specified time, the polarity is reversed and plating commences. This means that 
the ‘ideal’ situation can exist in that delay between the etch and plating is non
existent.

The problems with Back-etching are that the solution used for plating becomes 
contaminated with iron from the surface o f  the com ponent and any other con tam i
nant which might be on the surface, and also the ratio o f  anode to ca thode  will 
generally be undesirable for good control. This results in the build up o f  oxide or 
iron and chromium in the plating solution which affects the life o f  the solution.

Bailey's Creep Test
A specific type o f  creep test which attem pts to evaluate the life period o f  com po
nents over 100 000 h.

With this, creep determinations are carried out with a series o f  loads at various 
temperatures. By plotting each stress, it is possible to obtain inform ation on the 
possible creep strength o f  the material over this period (lOOOOOh). This test is, 
therefore, an a ttem pt to predict the creep strength o f  the material. Fu rther  in
formation on creep testing  will be found under this heading in the section 
Mechanical Testing.

Balling
A term used for a specific type o f  annealing o f  steel. In this process the steel is 
treated in such a manner that the carbides, in whatever form they exist prior to 
trea tm ent, are converted into spheroids, generally on a pearlitic or pearlitic-ferritic 
matrix.

Further detaiis o f  this process are given under the heading Spheroidal anneal, 
and the process o f  Cyclic annealing will generally produce this type o f  structure. 
These are discussed in the section Heat Treatment.

'Banox' Process
The name given to  a phosphate process used to coat wire prior to final drawing. 
The wire is treated immediately after semi-finish drawing, as described under 
Phosphate, but will not normally be chromate sealed. The resultant phosphate 
film protects the freshly-drawn wire from surface corrosion for a short period, 
but the prime purpose is to act as a dry-film lubricant for the final drawing. This pre
vents the die tearing the surface and, thus, produces a finished drawn wire free of 
surface blemishes.
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It is superior to most liquid lubricants as they can be difficult to  apply to ensure 
complete coverage. There are other methods o f  treating the surface with dry 
lubricants but they tend to  be more difficult to apply. The use o f  high-pressure 
metallic soaps applied to  the wire immediately prior to  the die gives comparable 
results. There is also a trea tm ent, where the wire is dipped in a Borax solution 
which leaves a thin coating on the wire surface. This is cheaper but not as effective 
as phosphating.

Bar-drawing
A manufacturing technique, which does not come within the remit o f  this book. It 
is a technique for the production o f  narrow-bore stainless tubing, where the tube 
is drawn across a bar, and can be used for seamless tubes with a very narrow bore 
and tightly held tolerances.

'Barffing'
A m ethod o f  controlled oxidation o f  steel to produce an adherent oxide. The parts 
are cleaned to remove oil, grease and loose solid m atter, then heated to 500°C- 
6 0 0 °c  in a closed container into which steam is injected for a short period. This 
ensures that the surface layer is fully oxidized to Fe3 0 4 -  magnetic oxide. This is 
the most stable oxide and, if the process is correctly controlled, is reasonably 
adherent. Immediately after cooling and removal from the reaction vessel, the 
parts can be oiled or waxed, and this will be absorbed into, and retained by, the 
oxide film, thus considerably enhancing the corrosion resistance.

The process is similar to and comparable with Steam Blueing  and Black Oxide, 
and can also be compared technically to  phosphating. None o f  these processes re
sults in high-quality corrosion-resistant films as the layer is porous, thus the 
substrate o f  unoxidized steel is capable o f  corroding unless a completely airtight 
surface layer o f  oil, grease or paint is present.

‘Barffing’ is generally used where the com ponent bears a light oil film during its 
service life, and will not usually give a corrosive-free service life when used in the 
dry state.

Barr-Bardgett Creep Test
A form o f  Creep test which attem pts to predict the ‘creep strength’ o f  a material 
using a shorter-term test.

This is a relatively complicated test and the reader is advised to obtain further 
information regarding the test itself and the interpretation o f  the test results in 
specific cases. (See also ‘Creep testing’ in the section Mechanical Testing.)

Barrel Plating
This is the Electroplating process carried out in a rotating barrel.
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Barrelling
A name given to the Barrel plating process and also to  Barrel tumbling. Barrel 
plating is described under Electroplating, and only Barrel tumbling  is described here.

The process essentially is the tumbling action o f  com ponents in any material, 
including non-metallic, in contact with chips o f  inert materials, fine abrasive com 
pounds such as sand, and liquids, usually water with detergent or wetting agents 
added, but also paraffin, etc. The purpose is io deburr or produce a smooth finish.

The process relies on the inert chip, lubricated by the liquid, vibrating or moving 
relative to  the com ponent with the abrasive material carried on the inert chip. It 
is, thus, the abrasive material which removes metal from the com ponent, but it is 
the shape o f  the inert chip which largely decides the part o f  the com ponent which 
will be abraded. It will be seen that the first areas to be abraded are the edges, with 
flat areas or convex areas o f  large radius next. Concave and re-entrant angles are 
the least affected, unless the chips are carefully chosen.

The process has been used in one form or another for many years, and initially 
consisted o f  circular barrels, o f  the wooden beer-barrel type, rotating at an angle 
o f  approximately 45°. Components were tumbled in contact only with each other, 
using either no lubricant, or water or paraffin. This process was lengthy — up to
5 days -  and while giving successful deburring o f  simple shapes could not produce 
high-quality finishes and was largely uncontrollable.

The biggest advance in Barrel deburring was the use o f  horizontal, hexagonal 
barrels with inert chips to  separate the components. Again this was a lengthy p ro
cess, but higher-quality finishes could be achieved. In most cases use was made o f  
natural materials, and some abrasive action was obtained by the breakdown o f  this 
material. It was not, however, until separate abrasive com pounds were added under 
controlled conditions that the m odern rapid -debarring, high-quality finishes were 
obtained.

It is now known that,  in the horizontal, hexagonal barrel, deburring is confined 
to  the period when the com ponents are falling down the slope against the direction 
o f  the barrel movement. As long as the com ponent is buried in the chips, there is 
little or no relative movement between part and chips, thus no deburring takes 
place.

Using this knowledge, vibrating barrels were produced. These bear little resem
blance to  the original ‘beer barrel’, bu t are in the form o f  bathtubs. These are 
filled with approximately 25 per cent com ponent, 50 per cent chips and the re
mainder abrasive matter and water. The ‘b a th tu b ’ is spring-mounted with a motor- 
driven eccentric which imparts a vibrating m otion. This can be controlled and is 
designed to give a corkscrew action to  the com ponents which are in constant 
vibrating contact with the chips and abrasive material. The deburring takes l - 3 h  
for most components, compared with 4 -8  h w ith horizontal barrels.

The fact that with modern barrelling techniques the components never contact 
each other, means that the possibility o f  damage is negligible. By the correct choice 
o f  chip shape and size, the correct abrasive com pound and the control o f  wetting
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agents, it is possible to  deburr any type o f  com ponent, and to produce a variety o f
surface finishes, to  fine microinch limits. Modern chips are preformed ceramics in
a large variety o f  shapes and sizes. Using jigs to  hold and rotate components, selec
tive deburring can be successfully achieved.

Production barrel deburring has largely supplanted hand-trimming and, in some 
cases, hand-polishing. It is unfortunate that the possibilities o f  controlled barrel 
deburring are not yet fully appreciated, and there are many examples o f  inefficient 
barrels, producing substandard work.

Chemical Polishing and Electropolishing can be used for deburring, but is more 
difficult to  control and generally more expensive. Dry Blasting and Vapour Blasting 
can also be used for this purpose, but again are more specialist and expensive.

The Harperizing process is an advanced form o f  barrelling, where the barrel is 
rotated through an arc, while rotating on its own axis. This gives high centrifugal
forces, resulting in very rapid deburring, and also the formation o f  a controlled
radius in areas o f  difficult access.

Bauer-Vogel Process
A form o f  chromate treatment for aluminium to increase its corrosion resistance 
and paint adhesion. The procedure is described under Chromate. See Modified 
Bauer- Vogel process.

Bend Test
A form o f  Mechanical testing where the test specimen varies considerably, and the 
type o f  bending applied has several variations. It is a measure o f  the ductility o f  a 
local area.

'Bengough Stuart' Process
A chromic acid anodizing technique, using an approximately 3 per cent (30g/1) 
chromic acid solution. The process is only applied to aluminium alloys -  certain 
aluminium alloys, however, are not satisfactory. Unless the correct alloy is used, 
incorrect anodizing  will occur and the appearance o f  the finished com ponent will 
be patchy. The process starts with a low voltage which is progressively increased 
to about 50 -60  V over a period o f  about 1 h. For further details, see Anodizing.

Bethanizing
An acid Zinc plating process, applied to steel wire.

The difference between Bethanizing and electrolytic Sulphuric acid zinc plating 
is tha t,  instead o f  zinc anodes, inert mild-steel anodes are used, and the electrolyte 
itself is manufactured from zinc-oxide dross which is dissolved in sulphuric acid, 
filtered and pH adjusted.

The deposit will not normally be o f  a standard as high as that obtained using 
zinc-cyanide solution, or a controlled acid zinc-sulphate solution, both  o f  which 
are discussed under Zinc plating. The hot-dip galvanizing process, with continuous
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wiping o f  the wire as it leaves the molten zinc, will probably be as econom ical, and 
is certainly technically superior.

The use o f  paints, under certain conditions, should also be considered as an 
alternative. These would probably be o f  the zinc-rich etch primer type, bu t many 
o ther  forms o f  paint film might be satisfactory depending on the service use.

'B i-N i'
A name given to multi layer nickel chrome plating, where two types o f  nickel, dull 
or semi bright and bright, are deposited prior to chromium plating. This gives 
improved corrosion resistance.

This is a proprietary name for an Oxy Metal Finishers process; further details 
can be obtained from the company.

Bit Soldering
A soldering technique; it appears in the section Soldering. A solid piece or ‘b i t ’ o f  
m etal is heated, either externally or internally, and the heated ‘b it’ used to  conduct 
hea t to the joint being soldered.

Black Annealing
A process usually applied to  strip or thin sheet metal, but also applied to  any form 
o f  steel which is in the oxide-free condition. The process is that the steel surface is 
given an adherent oxide, formed by means o f  controlled oxidation by heating the 
material inside a closed box so that free oxidizing conditions are not present. With 
this, a thin adherent layer o f  iron oxide is produced.

The process is not normal for corrosion protection  purposes, but under some 
circumstances, the end-product may have sufficient adherent oxide for reasonable 
corrosion resistance. This will no t,  however, be o f  a high standard.

The colour produced is not black bu t varies from a very dark blue to  light grey, 
depending on the surface condition and cleanliness o f  the raw material and the 
am ount o f  oxide present during annealing. The time at temperature can also affect 
the colour, which is a function o f  the thickness o f  the oxide film. See ‘Annealing’ 
and ‘Pack annealing’, described in the section Heat Treatm ent; further inform ation 
m ay be found in the section Heat Tinting.

Black Anodize
A process applied to aluminium and certain o f  its alloys, it is also know n as Hard 
anodizing, Deep anodizing or Refrigerated Anodizing. The term is sometimes used 
where components are anodized and dyed black, but technically this is Colour 
anodizing  and not Black anodizing, where the colour is produced as part o f  the 
anodizing  process.

The solution used is sulphuric acid at a temperature o f  not more than 3 °c .  It is 
essential that this low tem perature is maintained at the surface o f  the material 
during the anodizing process, and unless this temperature is m aintained, then 
correct Black anodizing will not occur.
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The process results in the formation o f  aluminium oxide in an adherent form. 
With pure aluminium and certain o f  the low alloys, the colour obtained is almost 
black. The colour becomes a lighter grey with more alloying content, and certain 
materials will have a colour very little different from that with normal Sulphuric 
anodizing.

From the process a very hard film o f  measurable depth results, up to 0.001 in 
(0.025 m m ), and a hardness up to Rockwell C50. For further details, see anodizing.

Black Nickel
A form o f  N ickel plating  where, by the use o f  additives, careful control o f  current 
density and temperature, a dark form o f  nickel can be produced.

The process is difficult to control in order to obtain consistent results, but is 
sometimes used where a black, non-reflective surface is required on steel together 
with good corrosion resistance. It can also be used on copper and its alloys and, 
with the correct pre-treatment, on aluminium, but in general its use is confined to  
steel com ponents. It will give superior corrosion resistance to painting  treatments, 
and is superior to phusphating or ‘Black Oxide'. It is also used for its decorative 
appearance.

Details o f  Nickel plating appear in the section Electroplating. The reader is 
advised to contact a reputable plating supply house for further information.

'Black Oxide'
Proprietary processes applied to steel, resulting in a surface which not only has 
some corrosion resistance in its own right, but also the added ability to absorb and 
retain oil, thus considerably enhancing the corrosion resistance o f  steel. The process 
uses a solution containing chromates and dichromates generally as the sodium or 
potassium salts. The solution is extremely alkaline and is used at a temperature 
close to  or above 100°c. The ‘Black Oxide’ proprietary processes all use strong 
caustic solution with variation in the makeup o f  the added chromates and diehro- 
mates. The process forms an adherent oxide film on all surfaces. Provided this is 
kept oiled and undamaged, no further oxidation (rusting) will occur.

The ‘Black Oxide’ solution is used close to  or above the boiling point o f  water, 
thus any moisture trapped in the components before immersion will result in the 
immediate formation o f  steam, which can cause explosive emptying o f  the ‘Black 
Oxide’ container. Some o f  the proprietary solutions are two-stage, the components 
being immersed in two separate solutions. The first stage will be below boiling 
water tem perature, acting as a surface activater to ensure that when the parts are 
transferred to  the bath , no moisture is carried over. On removal from the black 
oxide solution, the com ponents should be washed in cold and hot water, dried 
either in hot oil or an oven, and immediately immersed in oil.

The process has been used for several hundred years in the gunsmith industry, 
where gun barrels have been blued or blackened using this technique. Some o f  the 
Spanish processes were extremely complex in nature , but the result was the
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formation o f  an adherent dark iron oxide which was capable o f  absorbing oil. The 
m odern processes result in an identical surface finish at a much reduced cost.

While it is possible for the solutions to be made up from basic chemicals, it is 
generally found that the use o f  proprietary solutions result in an end-product o f  
superior quality. Provided the parts are oiled and the surface kept dry, or dried and 
reoiled after use, many years o f  corrosion resistance can be expected. For 
toolroom-type operations, where components are used within the factory and not 
liable to become damp, the use o f  ‘Black Oxide’ is becoming a com m on m ethod 
o f  ensuring corrosion-free tools.

On completion o f  machining, the components are Oxidized and oiled, and 
during service this oil film is maintained by wiping with oily rags or use o f  oil- 
coolant at the machining operations.

The ‘Black Oxide’ finish is not comparable to any form of plating and will not 
give results as good as those obtained by Zinc  or Nickel plating. ‘Black’ is to some 
extent misleading as the finish is very seldom true black, but varies from very dark 
blue to brownish or even light grey in some instances. It is not as good as a 
correctly applied paint f i lm , but has the advantage that it does not interfere with 
the size o f  the com ponent. ‘Black Oxide’ is technically superior to Phosphating, 
Tenoer Blueing and Chromating and has a better visual appearance.
Alternative and proprietary names for ‘Black Oxide’ include: ‘B runofix \ *Chemag\ 
‘Je ta l’ and ‘PenetroV.

Blackening
One o f  the terms commonly found with surface treatments o f  metal; it can mean 
different processes under different circumstances. In essence Blackening is any 
process which results in the metal becoming black or dark in colour. It covers the 
1 Black Oxide', Black annealing and Black anodizing processes, and also other forms 
o f  Blackening produced by dyeing, painting or various chemical treatments. It is 
no t  confined to a single metal, bu t covers steel, aluminium, magnesium, copper 
alloys, etc.

B L A S T IN G

A term covering Abrasive, Dry, Grit, Sand, Shot and Vapour blasting: Shot peering, 
etc. all o f  which processes are listed under their separate headings in this book , 
b u t  deserve fuller treatment in this section. Blasting may be used on any materials 
and covers three distinct processes: (i) removal o f  scale, undesirable paint or other 
surface contaminants which are adhering to  a surface; (ii) preparation o f  a surface 
for further surface treatm ent; and (iii) treatm ent o f  a surface for certain specific 
reasons such as deburring, shot peening  or improvement o f  surface finish.

The process is carried out by three distinct techniques:
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(1) Using air as the means o f  adding velocity to the shot or grit.
(2) Using an impeller to  increase the velocity o f  the grit or shot.
(3) Using a liquid, almost invariably water, as a means o f  carrying the grit or shot.

The shot used will vary considerably, depending on the process itself, the indus
try and the articles being treated. Types o f  shot include cast iron and cast steel 
both o f  which can be controlled to  very tight limits, depending on whether or not 
it is required that the shot will be very hard and sharp, and cut the com ponents, 
or whether a softer more gentle action is needed. Hard-drawn steel wire cut to the 
desired size may be used for specific applications, when no cutting action is 
required.

Aluminium oxide, know n as bauxite or alumina, is also used. This can be iron- 
free when used for non-ferrous blasting under highly controlled conditions, but is 
very often a crude form o f  bauxite containing a considerable quantity  o f  impurities. 
Silicon carbide is a similar type o f  abrasive.

These materials are used for the production  o f  many grinding wheels and are 
hard and abrasive. Also used are many other forms o f  abrasive but it is now illegal, 
in the UK at least, to use any form o f  material containing free silica (sand) for 
enclosed blasting, as it has been found tha t breathing in the dust formed during 
the blasting process can result in the lung disease silicosis. It is, therefore, a legal 
requirement that all blasting grits have a stated maximum quantity  o f  free silica. 
Under some outdoor conditions the use of free silica (see Sand blasting) is per
missible. Roughly sieved abrasive grit from slagheaps, etc. may also be used, usually 
for crude blasting, where the abrasive is em ployed once then rejected, and operators 
are protected with special clothing and breathing apparatus. These slag abrasives 
can, however, be o f  controlled grit size and homogeneous chemical composition, 
and under controlled conditions may be reused. Also in use are glass beads and 
materials such as crushed walnuts and plumstones. These processes are described 
below.

The parameters to  be controlled during any blasting process are as follows.

(a) In many cases it is necessary to control the analysis o f  the grit to  very high 
standards. This will apply to  aircraft -  and nuclear-type work where any contam i
nation from the blasting grit may cause problems. The size and shape o f  the grit 
particle may also be controlled. Again, the type o f  control will depend on the 
article being blasted, bu t  generally the grit size is quoted according to mesh size.

Thus, 120-220 grit indicates the size o f  the particles which will be retained on a 
mesh containing 220 holes per square inch, b u t  pass through a mesh having 120 
holes per square inch. 3 0 -60  indicates a larger, coarser grade, the grit passing 
through a 30 holes per square inch mesh, and being retained on a 60 holes per 
square inch mesh. Under some circumstances, as already stated, the particle shape 
will also be controlled. Thus, where cutting action is required, it will be necessary 
to  specify tha t the grit has cutting edges, whereas in the case o f  peering, a rounded 
shot is necessary. Details o f  grit size testing are given under Sieve Testing.
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(b) The m ethod o f  imparting velocity to the shot also requires to  be specified. 

In the case o f  A ir blasting the air pressure used, the method o f  inserting the grit 
in to the air stream and the size o f  the nozzle will all be detailed.

(c) In the  case o f  Airless blasting the size o f  the impeller, the speed o f  rotation 
and the distance o f  the impeller from the work will require to be specified.

(d) In the case o f  Liquid blasting the makeup of  the slurry and the air pressure 
used will be detailed.

(e) The distance between the nozzle and the article being blasted may be 
specified.

( 0  The intervals when the grit or shot requires to be changed will often  be part 
o f  the specification.

Blasting equipm ent will generally require to be self-contained, that is, all the 
shot or grit, and the resulting debris produced during the blasting process, are re
tained within the blast area, or precautions must be taken to contain the dust 
produced.

There are available ‘walk-in’ types o f  blast cabinet, where the operator, wearing 
protective clothing and with his own air suppiy, carries out the Blasting treatment 
in a confined space, thus containing all the blast media and the debris. This, ob 
viously, has limited application and results in some problems regarding visibility 
because o f  dust,  and in some cases, the subsequent separation o f  debris from shot 
for reuse.

More com m only blasting is carried out from outside the cabinet, the operator 
using a viewing window and wearing specially designed gloves which are inserted 
into the cabinet. There are many variations on this design, some o f which have 
controlled dust extraction, shot separation and cleaning for recycling. This m ethod, 
when correctly used, results in a minimum of dust escaping to the atmosphere.

Equipm ent, using the A ir blast system , is also available, where the nozzle has a 
concentric  ring o f  flexible material with suction applied. This has the dual purpose 
o f  controlling the distance between the nozzle and the part being blasted, and also 
o f  collecting the spent grit for reuse. However, the method is only effective on 
reasonably Hat surfaces and with equipment which is well maintained.

When Blasting is carried out w ithout precautions for collecting dust,  or where 
poor  maintenance allows dust to escape, there is a danger o f  dust contamination 
o f  surrounding equipment. There is the obvious problem o f  abrasive material en
tering moving parts, and the less obvious one, o f  dust contamination, resulting in 
serious corrosion where the active small particles contact painted, plated or any 
unpro tec ted  steel. Blasting under these conditions is often an environmental prob
lem, in tha t the dust and debris produced are a health hazard, can cause corrosion 
and will result in an unsightly area associated with the process.

There m ay, however, be no technical or economical alternative to  the blast 
process. Use must then be made o f  dust screens and water sprays, together with 
a general intention to  reduce the hazard. Modern environmental awareness
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and laws may gradually ensure that such precautions become standard.
One advantage o f  Vapour blasting is that the grit, and the debris p roduced , are 

kept wet, thus reducing or eliminating the dust problem. Using this technique, it 
is possible to use higher velocities than with any form o f  Dry blasting. This means 
that, using the same size and standard o f  grit, faster metal removal can be achieved. 
At the same time, because o f  the lubrication effect o f  the liquid, a superior surface 
finish results which gives better fatigue strength than that supplied by polishing , 
and is comparable to that o f  barrelling.

To summarize, blasting is used to remove metal and scale, to prepare or alter 
the surface for subsequent trea tm ent, and to  increase fatigue strength. The different 
blasting techniques are described in some detail in alphabetical order as follows: 

Glass-bead blasting 
Grit blasting 
Plumstone blasting 
Shot blasting 
Vapour blasting 
Shot peening
The more general terms, Dry blasting, A ir blasting, Airless blasting, 1A quablast ' 

and ‘Vaquablast’, are listed and briefly described in the alphabetical section.

Glass-bead Blasting
A form o f  blasting which uses very small glass spheres. It will result in the removal 
o f  brittle burrs, but no surface material. Thus, the Glass Blasting process should not 
be used if  a specific type o f  surface finish is necessary. There will, however, be a 
different visual appearance as the surface will become m att and this process can be 
used to  produce a typical frosted  finish which is visually attractive.

The fact that no surface material is removed, means that there is no improve
ment to  the surface finish and no radii are produced. The process can be compared 
in some ways to Vapour blasting and normal Grit blasting, but bo th  these pro
cesses will result in some metal removal which can be measured by ascertaining the 
loss o f  weight and measurable difference in surface finish.

It is used to deburr plastic com ponents w ithout affecting the soft plastic surface, 
and to give the necessary m att finish to some moulding dyes.

Grit Blasting
A process which can be carried out on any material. Grit blasting is a relatively 
vague term where the material used for blasting is in the dry state, b u t  uses no 
specific material such as cast-iron shot or aluminium oxide (alumina). It is now 
illegal, in the UK at least, to use any free silica material such as sand for the purpose 
o f  blasting indoors, as this results in serious hazard to health.

It is, however, still commonly found that Sand  and S ho t blasting are equated 
with Grit blasting. The term Grit blasting should be taken to  cover the  blasting 
technique designed to remove scale, corrosion, paint and other surface films by a
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cutting action. It may also be required to produce a specific type o f  surface finish, 
again by a free cutting action. For descaling, pickling  in acid can be an alternative, 
but this will not produce the type o f  surface finish necessary for subsequent p ro 
cesses such as painting or metal-spraying, etc.

Plumstone Blasting
A form of blasting where the ‘grit’ used is ground plumstones, a material not unlike 
sawdust but with unique characteristics regarding its ability to  first act as an 
abrasive and, secondly, an absorbent. These two characteristics allow the use o f  
plumstones in a specialist field where relatively soft metals such as aluminium or 
magnesium have some contaminant either paint, or an adherent soil such as carbon 
or burnt oil from the products o f  combustion.

Typical components are diesel-engine pistons. Plumstone blasting is carried out 
after initial washing to remove excess oil and sludge. With the correct equipm ent, 
which will generally be as for Air blasting, using pressures up to  15 lb in 2 and a 
nozzle diameter o f  approximately 0.5 in (10 mm) and a distance o f  approxim ately
6 in (150 cm), then provided the carbon or paint is hard and brittle, Plumstone 
blasting will efficiently remove the contaminant without in any way damaging 
the soft metal o f  the pistons.

This blasting technique appears to  have unique characteristics which are not 
readily reproducable by any other materials. Walnut blasting, using the husks o f  
walnuts, has been shown to give similar results but w ithout the same degree o f  
efficiency. Experiments with various forms o f  sawdust and other abrasive absor
bent materials have not as yet produced a material giving results comparable to 
Plumstone blasting. Alternative m ethods o f  cleaning include those based on solvent 
action, such as paint strippers or organic solvents.

Shot Blasting
A general name used for a specialist process, bu t more often the generic name 
applied to  any process where shot or rounded particles are impacted on to  the 
surface o f  the material being blasted. This should be distinguished from Grit 
blasting, where the material being used is abrasive, and is designed to  cu t  the 
surface.

Under many circumstances this process and Grit blasting are designed to  achieve 
the same end-effect, the removal o f  scale. Grit blasting achieves this by impacting 
plus cutting, whereas the present m ethod is purely by impacting the brittle scale. 
As stated, there is a blurring o f  the two processes under many circumstances. 
Sho t peening  is a variation where specific properties are required as a result o f  
the process, and this is described separately in this section.

Shot blasting should no t be used for the pretreatm ent o f  surfaces for painting, 
plating, etc. This generally requires that the surface has a roughened type of finish 
and Shot blasting (using rounded shot)  will no t normally achieve any cutting effect 
on the surface, and may result in debris being impacted into the surface. Shot
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blasting is, however, sometimes used for this purpose, when it will generally be 
found that to  achieve a satisfactory finish, the shot is broken up, resulting in a 
sharp cutting action in addition to the ball-type material. The generic term 
‘blasting’ covers this process and the reader is referred to the inform ation given 
in the in troduction  to this section.

Shot blasting may be used as an alternative to  pickling  using acids, or paint 
removal by solvents or wire-brushing, bu t none o f  these gives the key which is 
necessary for good adhesion o f  paint or metal-spray deposit. Here the reader is 
referred to  the section Painting for inform ation on the use o f  Shot blasting for 
paint preparation.

Vapour Blasting
A process, which can be applied to  any material, where the abrasive material is in 
a suspension in water. This slurry is pressurized and ejected through a nozzle in 
the conventional manner o f  blasting. It is found tha t,  with Vapour blasting, higher 
pressures can be used than with conventional Dry blasting. This results in faster 
metal removal and at the same time a good surface finish can be obtained.

Tw o basic types o f  equipm ent are involved. First, is the more or less conven
tional blasting type o f  machine, where the suspended material in water is fed by a 
pum p at low pressure to  the nozzle or, using the venturi principle, is sucked to 
the nozzle. At the nozzle, high-pressure air is injected to give the necessary velocity 
to  the slurry. This air pressure can be 60-80  lb i n 2 , and with a sharp grit, in the 
200  to  80 mesh size, considerable metal removal can be obtained on mild or low- 
alloy steel. With harder materials this metal removal will, o f  course, be less, bu t it 
will still be in excess of that achieved using the same grade of grit with Dry blasting; 
in addition, surface finish will also be superior.

The second technique is a modification o f  the above, where the slurry is pumped 
through the nozzle at high pressure and air is then injected into the slurry which has 
already considerable velocity. It will be seen tha t this technique results in even 
faster metal removal, and it has been shown tha t there is no reduction in the stan
dard o f  surface finish which can be achieved.

The m ethod  is more expensive regarding equipment than Dry blasting bu t,  since 
considerably higher rates o f  metal removal and improved surface finish can be 
achieved, it will generally be an economical blasting method when the purpose is to 
improve the surface finish. This technique can be used to  increase the fatigue strength 
o f  high-integrity com ponents by removing the stress-raisers produced during normal 
machining or polishing operations. Provided the grit is carefully controlled, Vapour 
blasting results in a free cutting action with no danger o f  any cold working  and, 
thus, this is desirable in areas where fatigue problems are know n to  exist.

V apour blasting is used as a m ethod  o f  deburring where com ponents, because o f  
their geom etry or the small numbers involved, are no t suitable for Barrel deburring\ 
however, it will seldom be more economical where the la tter process is technically 
possible.
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V apour blasting is comparable to polishing , but has the considerable advantage 
that the resultant surface will have no directional properties -polishing  almost 
invariably results in some directional characteristics. The surface finish can be as 
low as 4 -1 0  /1 in and using coarser grit can be up to 3 0 / i in .  This will be h o m o 
geneous in all directions.

The grit used for Vapour blasting must be largely free o f  iron, otherwise 
corrosion will obviously occur. The most com mon material is aluminium oxide 
(bauxite),  bu t carborundum powder can also be used, and there is no reason why 
o ther  suitable abrasive material should be excluded. As the abrasive particles break 
up, or are w orn, a very fine powder is formed. An improvement o f  finish, then , 
is achieved, bu t necessary metal removal will, o f  course, take longer. This aspect 
m ust be controlled  by use o f  laboratory techniques, or more generally, the rejection 
and renewal o f  the slurry at stated intervals o f  time, or blasting o f  com ponents. 
The choice will depend on the technical requirements o f  the finished com ponents , 
and the econom ics involved.

V apour blasting is seldom a technically or economically desirable m ethod o f  
paint p reparation , but is often  used as a method o f  producing an attractive visual 
finish before and after Electroplating. Where laboratory control o f  the grit is used, 
a sample is taken and allowed to settle in a Crow receiver. This allows the variation 
in grit size to  be examined and quantified. Considerable care is required to  ensure 
a good representative sample is obtained.

Shot Peening
A process w hich, in theory, can be applied to any reasonably ductile material which 
will work harden , but in practice is restricted to steels and aluminium alloys.

The process uses either rounded ball or cut wire which has been treated to  round 
the ends. This shot or wire receives velocity, either in an airstream or by means o f  a 
centrifugal-type impeller, the distance between the shot leaving the nozzle or im 
peller and the com ponent being treated being tightly controlled.

The purpose is to  form a compressive skin on either the whole surface, or more 
generally, on a selected area o f  the com ponent, so increasing fatigue strength. This 
is achieved because the presence o f  the compressive skin necessitates the appli
cation o f  a tensile load to this area before a null stress is achieved. Thus, it will 
be seen th a t  an area o f  a com ponent which has been correctly Shot Peened will 
require a higher tensile stress to produce a fatigue crack than when no such com 
pressive stress exists.

The shot peening requirement will be laid down in a specification, produced as 
part o f  the  design. Almost invariably the process is controlled by means o f  a trial 
peening carried out on a standard test piece. This is known as the Alm en gauge, a 
thin  strip o f  metal, either aluminium or mild steel, which is held -  to  prevent it 
s tretching -  by four screws on a hardened steel surface. This strip is then Shot 
Peened under identical conditions to those required for the com ponent area. Now 
it will be found that some bending has occurred, and by use o f  a height gauge the 
ex ten t o f  the bend is indicated as a measure o f  the cold work applied to the surface.
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The reason for this is that, since the strip is thin and only one side is Shot 
Peened stress applied to this one surface is, therefore, sufficient in s tretch  only 
this side, and the reverse side being unaffected, the strip bends. The quo ted  A lm en  
number is the extent o f  the bend measured in thousandsth o f  an inch, thus an 
Alm en number o f  20 indicates that the gauge piece has bent to give an increase in 
height o f  0.020 in (0.5 mm).

The design requirement should be that the size and type o f  shot particles is 
specified. In some cases hardened spherical balls are used, but the most com m on 
material is cold-drawn wire, commonly called ‘piano wire1, which has a specified 
diameter and is cut to  the same length as its diameter; the cut ends are trea ted  by 
a tumbling process to remove any sharp corners. The two most com m only specified 
wire diameters are 1/32 in and 1 /1 6 in. It is also necessary to specify the m ethod  
o f  imparting energy to the shot particles. One o f  two methods is involved, first, 
using air pressure, where the shot is injected or sucked into an airstream, the air 
pressure and nozzle size being specified and tightly controlled; or, alternatively, 
using centrifugal force, where the impeller diameter, type and speed must also 
be specified and controlled. In addition, it is necessary to define the distance 
between the nozzle or edge o f  the impeller and the area being peened. The final 
design requirement specifies the number o f  passes: a typical design specification 
would be that the specified area for Shot Peening using 1 /16 in d iam eter piano- 
wire-type shot at a nozzle distance o f  6 in (150 cm) and an air pressure o f  151b 
in 2 with a 0 .750 in (20 mm) diameter nozzle, held at a distance o f  6 in (150  cm) 
from the com ponent, requires 4 passes to achieve an Alm en num ber o f  20 
minimum.

Shot Peening is a more controlled m ethod o f  applying surface work hardening 
than burnishing, and there is no real alternative to this technique o ther  than a 
major design change o f  the material or surface treatm ent. It must be emphasized 
that the increase in fatigue strength is on the existing surface. It is, therefore, 
necessary to produce, by mechanical means, a high quality surface finish prior to 
Peening.

Blue Annealing
A process used on steel com ponents where spring quality is involved. The term 
is applied to the tempering operation carried out after hardening and results in 
a blue-black finish. This term, however, is technically incorrect as the operation  
is a temper to increase ductility after hardening. The term ‘annealing' should 
properly be reserved for operations where an increase in softness is the prime 
consideration.

Blue annealing is similar in all respects, therefore, to the process Temper 
blueing ; and is a specific form o f  spring tempering. The processes o f  ‘Tempering 
and ‘Annealing’ are described in the section Heat Treatm ent; and the reader is 
also referred to the section Heat Tinting.
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BN F Test
An inspection process to measure the thickness o f  Electroplated deposits; it is 
described under British Non-ferrous Jet Test in the section Non-destructive Testing.

'Bonderizing'
A proprietary name given to a steel pretreatment which provides a high standard o f  
corrosion protection  where final components are damaged after painting , lacquer
ing; enamelling, etc. Components may range from small steel panels to  car bodies. 
The treatm ent also provides a key for all types o f  organic finishes.

The term most commonly applies to the phosphate coating o f  steel, bu t may be 
used for ‘Chromate* treatment o f  steel and aluminium, or similar metal p re
treatm ent processes. Caution is, therefore, necessary when interpretating this term. 
Further information may be obtained from Pyrene Ltd.

'Bond Film'
The proprietary name given to a combined pretreatm ent and organic finish for 
corrosion protection. The first stage is a phosphate system which is immediately 
followed by immersion in quick drying lacquer. This lacquer will be absorbed into 
the phosphate film, supplying the necessary protection. Subsequent trea tm en t can 
include normal air drying or stoving enamel.

The process can be used where there will be known delays between com ponents 
being phosphated and the application o f  the final corrosion resisting paint film. 
Further information will be found in this book on phosphating, paint preparation 
and painting.

Details o f  the process can be obtained from Pyrene Ltd.

Borax Treatment
A method of coating steel with a thin film of dry lubricant.

The material to  be treated is cleaned, and very often acid p ickled , to  remove 
scale or corrosion. Immediately after the subsequent swill, the material is immersed 
in a hot or boiling solution o f  borax, allowed to come to  the solution tem perature, 
then removed and allowed to air dry. Where necessary, hot air or oven drying can 
be used.

The adherent thin film achieved will be sufficient to  supply some lubrication for 
subsequent light drawing operations on wire or straightening or light forming. The 
coating is alkaline in nature and will supply some corrosion protection , bu t this 
will not be o f  a high standard. The method provides a cheaper, but less effective, 
alternative to  phosphating.

Bonding
A form o f  surface hardening which can only be applied to  mild low carbon or low 
alloy steels. This uses the fact that given the correct conditions and temperatures, 
iron will combine with boron to  form iron boride, which is extremely hard in its

32



B O W E R  B A R F F  P R O C E S S

own right and has the ability to diffuse into the surface o f  the com ponent. The 
process is carried out by packing the clean and preferably blasted components in 
the activated material. The components should be placed in such a manner that 
the boron rich material supports them and has at least 2 in (50 mm) o f  material 
between any part o f  the components. The treatm ent is carried out at up to 9 5 0 °c  
but some effect can be achieved as low as 850°c . The higher the temperature, the 
more rapid the treatment but the greater the grain growth. The time o f  treatment 
will vary depending on the case depth required, being approximately two hours 
for a case o f  0.005 in (0.1 mm) and eight hours for 0.010 in (0.25 mm). It will 
thus be seen that the process is relatively expensive.

Like nitriding , Boriding produces an intrinsically hard sufrace. If the com po
nents can be slowly cooled, removed from the com pound, and cleaned they will 
have an extremely hard surface. If desired, components can be removed and 
quenched directly from the boriding com pound, but this will result in a relatively 
coarse grain structure depending on the time and temperature used. It is possible 
to reheat the com ponent to  obtain grain refining, and then to  quench. This should 
be carried out under neutral or slightly reducing conditions, such as are obtained 
in a correctly controlled salt bath. Care must also be taken to prevent the very hard 
case cracking because o f  too rapid heating or because the design o f  the component 
includes stress raisers.

Where desired local Boriding can be achieved by copper plating areas required 
to be soft. Boriding is a relatively modern technique which is expensive but will 
produce a surface harder than any other commonly used technique, such as carbu- 
rizing or nitriding. It is difficult or impossible to machine the surface achieved 
as the hardness is claimed to be greater than 1,400 DPN. Abrasive polishing can be 
achieved bu t grinding will invariably result in cracking.

Because Bơriding requires no subsequent quenching operation it can be 
produced w ithout severe distortion. Some growth will be found but provided the 
com ponents  are designed to have a minimum o f  stress raisers, have no rapid changes 
in section and are relatively homogeneous throughout, reasonably stable results will 
be achieved. This necessitates the correct condition prior to Boriding and it is 
recommended that com ponents should be normalised immediately prior to the 
Boriding operation and final dimensions should then be produced using only light 
stressing such as is achieved with grinding.

Boriding is, therefore, a form o f  surface hardening which should be considered 
only as an alternative to  nitriding or forms o f  additive surface hardening such as 
chromium plating  or metal spraying using tungsten carbide.

Bower Barff Process
A corrosion resistance process used on steel components. The parts are heated in 
a sealed container, and when they have reachcd approximately 9 0 0 ° c  and the 
available oxygen is exhausted, steam at the same temperature is injected. This 
results in the formation o f  two oxides o f  iron, Fe2 (>3 and Fe3 04 . This steam cycle
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is followed by carbon monoxide which converts the Fe2 0 3 into F e3 0 4 . These 
cycles are repeated until the desired thickness o f  adherent oxide has been produced. 
This film o f magnetic iron oxide, Fe3 0 4 , gives excellent corrosion resistance, 
provided the film is not broken.

The corrosion resistance is equal to, or better than, a good-quality paint film, 
bu t lacks the galvanic protection qualities o f  zinc and cadmium plating and cannot 
have any colour variation. The colour will generally be a m att dark grey, but this 
will vary with the conditions. The advantage is that complicated steel com ponents  
can have a homogeneous corrosion protection  film applied, difficult w ith  conven
tional Electroplating or painting o f  complicated shapes.

The process requires specialized equipment and, thus, will only be economical 
when the above requirements are m andatory and sufficient com ponents  are re
quired. It cannot be used with heat treatment equipment, and should not be 
a ttem pted  w ithout technical control.

Box Annealing
A m ethod identical to  Black annealing, and covering all annealing processes carried 
ou t  in a closed box, to reduce the am ount o f  oxygen in contact with com ponents . 
Com ponents with an adherent, or semiadherent oxide invariably result. It is most 
com monly applied to strip- or sheet-metal com ponents, but there is no reason why 
bo th  term and process cannot be applied to any form o f  annealing carried out as 
described on any metal or alloy. For further discussion o f  annealing, see the section 
Heat Treatment.

Brass Colouring
A term sometimes used to denote that steel has been treated to  give a brass colour. 
This should be properly termed brassing and is described under that heading. Brass 
colouring is the term used when a brass object is treated to alter the natural colour 
for any reason. Brass objects are sometimes treated to  simulate bronze, see under 
bronzing. A darker colour, black or steel grey, is usually required to m atch  a brass 
com ponent to its neighbours on an assembly.

It should be noted that Brass colouring will seldom improve the corrosion resis
tance o f  brass to any degree, and may under some circumstances actually reduce 
protection. In addition, the coating only affects the surface and has no abrasion 
resistance, thus any cleaning or polishing  operations will remove the  colour, 
exposing the underlying brass. The process is now seldom em ployed for these 
reasons, together with the expense o f  copper alloys. Alternatives include Electro
plated  or painted  steel, plastic, and anodized  aluminium. There are, however, some 
ornamental components, cast or fabricated in brass, which are trea ted  to alter 
surface colour. The process requires that the com ponents are thoroughly cleaned 
using any conventional m ethod , but wiping with a cloth is not sufficient. The 
subsequent operation will depend on the colour required, and some trials and 
considerable experience are necessary to  produce high-quality work.
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When a dark grey or black colour is required, a copper oxide is produced by 

immersing the parts in coppcr sulphate with sufficient ammonia added to redissolve 
the green precipitate which forms when insufficient ammonia is added. The 
solution is used at approximately 60°c . The part should be removed after approx i
mately half a minute, and after washing is immersed in hot caustic solution, then 
finally washed and dried.

For the production o f  a steel grey colour, the cleaned com ponent is immersed in 
a solution o f  arsenious oxide, ammonium chloride and hydrochloric acid. This 
solution is used cold, and takes several minutes, with best results obtained when 
the parts are brushed with a soft brush during immersion; followed by washing 
and drying. A blue-black colour can be obtained using sodium thiosulphate and 
lead acetate at 80°c . Again brushing with a soft brush during immersion, gives 
best results. The colour obtained can be varied by altering the solution, the te m 
perature and brushing technique.

Brass Plating
The electrodeposition o f  the alloys o f  copper and zinc, carried out for decorative 
reasons; see Electroplating.

Brassing
A term given to the production o f  a brass appearance on steel, now com monly 
replaced by Brass plating.

The process requires that the com ponents are cleaned, and where necessary 
fluxed, then immersed in molten brass. As with all molten immersion treatm ents, 
the termperature o f  the molten metal and time o f immersion is critical in achieving 
adhesion and in controlling the thickness o f  the coating. The adhesion is seldom 
satisfactory and the process has been confined to low-cost articles.

Braze Welding
A term sometimes applied to brazing, and used for a specific type o f  welding 
where, for example, the temperature used is lower than that required in normal 
methods. In general, however, the term can be assumed to imply brazing.

Brazing
A form o f joining which can be applied to any metal, where the two metals or 
com ponents do not themselves fuse but the joining material is melted and, thus, 
acts as a form o f  metallic glue, holding the two components together.

It is commonly considered that Brazing is the process where copper, zinc and tin 
alloys are used to join cast iron or steel. This is the historic form o f  Brazing, but 
technically the process can be carried out at any temperature and, as stated above, 
is the process o f  joining two metals which need not be similar, by the use o f  a third 
metal, and only this latter material is melted in the process. The same definition 
can be applied to the process known as soldering, but here it is also vague as
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traditionally tin and lead alloys were used as the joining medium. With the advent 
o f  lower melting-point braze materials, and the addition o f  silver to copper alloys, 
the Brazing process became known as Silver soldering, thus linking traditional 
copper alloy Brazing to the tin and lead soldering operation.

For good-quality Brazing two factors are o f  vital importance. First, the clearance 
between the mating com ponents should be such that the molten braze metal will 
rise by capillary action. Successful Brazing requires that the am ount o f  braze metal 
is not more than approximately 0.001 in (0.025 mm) thick. With this ideal th ick 
ness, the strongest possible joint is obtained. With an increase in the thickness o f  
braze metal, the jo int strength is reduced until, with excessively thick braze metal, 
the strength o f  the joint is equal to  the tensile strength o f  the braze metal itself, 
and this is generally o f  a relatively low order. It is essential that the design and 
planning department are aware o f  this fact and that the correct dimensions are 
applied to the com ponents being produced. For repair Brazing, the same criteria 
exist, and it must be appreciated that if  good results are to  be achieved, tight 
control must be maintained on any components repaired by this method.

The second factor controlling good quality is cleanliness. It is essential tha t all 
dirt and grease, and as much oxide as possible, are removed from the surfaces prior 
to them being brought together. At the stage when the com ponents  are separate, 
it should be relatively easy to ensure a high standard o f  cleanliness, and the be tte r  
the cleaning, the easier it will be for the operator to ensure a good-quality braze. 
With repair Brazing, cleaning is more difficult, but every effort must be made to 
ensure that these surfaces which require to be wetted by the molten braze metal 
are perfectly clean. There is no doubt whatever that any dirt on the surfaces to  be 
brazed will either prevent wetting completely, or will not allow complete wetting.

The use o f  fluxes is general when Brazing is carried out. The purpose is to  
remove the last trace o f  oxide which cannot be removed by conventional cleaning 
processes, or by chcmical or mechanical means. The flux required will be a function 
o f  the metals being joined and the braze metal itself. The activity o f  flux depends 
on several factors, including the standard o f  cleanliness achieved and the skill o f  the 
operator and the type o f  metal being joined. The cleaner the components, and the 
simpler the metal (for example, mild steel or copper alloys rather than cast iron 
or aluminium), the less active the flux need be, and the less need for the opera to r’s 
skills. The more active the flux, then the lower the skill required or the dirtier the 
metal or the more difficult the metal which can be brazed. Unfortunately, the 
active fluxes are extremely corrosive and, unless considerable care is taken subse
quent to Brazing, then corrosion will be encountered in service.

The Brazing process itself consists o f  cleaning the com ponents, fluxing  the 
surface to be brazed, applying the heat and feeding the braze metal. Simplest 
forms, where the operator uses a hand-held torch and feeds the braze with a feeder 
rod, are that the clean com ponents have flux painted on both faces prior to fitting, 
and are heated gently to the required temperature and, ideally, the braze metal 
is fed such that the joint is filled from the bo ttom  upwards by capillary action.
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Using this technique, a self-inspecting process can be carried out. Unless braze metal 
appears at the upper surface all round the jo int, a successful braze has not been 
achieved. The braze filler rod is often dipped in flux during the process, thus 
keeping the surface covered with flux. Where braze metal does not appear at the 
upper surface, this may be caused by excessive clearance. It could also be that the 
components are not clean enough, and thus the surfaces will not wet, or that 
excessive or insufficient heat has been applied. It is appreciated that in many 
circumstances the use o f  capillary feeding will not be possible, and under these 
circumstances a tighter control o f  all the parameters noted above will be necessary 
for high-quality Brazing.

A variation on this simple method uses a preformed filler material. This can be 
applied as a ring or washer, or as a special shape. The com ponents are cleaned and 
fluxed  (or pickled  to  remove oxide), then dried and assembled with the braze 
metal in the desired location. This should be such tha t,  on the melting o f  the filler 
metal, the area being joined is fed by capillary action. The m ethod o f  heating will 
be appropriate to  the com ponents and the braze metal. It may be by torch, furnace 
or induction , or any other suitable m ethod, but the temperature chosen should not 
be more than approximately 100°C-150°C maximum above the melting point o f  
the braze filter metal. Use can also be made o f  brazing paste. This will be the 
chosen braze metal in powder form, converted into a paste or paint. This vehicle 
can, i f  desired, incorporate flux, but the technique is more often used in controlled- 
atmosphere Furnace or Vacuum brazing. Neither o f  these heating methods are 
suitable for use with active fluxes, since gases are given off which would contam i
nate the furnace atmosphere. Where the braze metal chosen can be Electroplated , 
it is possible to use this technique to deposit selectively the desired thickness o f  
braze metal in the area o f  the bra/e . The components can then be assembled, using 
the plated deposit corrcctly to locate the pieces and hold them in position prior to 
heating. This m ethod is confined to readily plated materials, generally pure metals 
such as copper, gold and silver, but certain alloys such as bronze (copper and tin) 
are used.

Heating methods often give the title to the type o f  brazing. Thus, Torch, 
Furnace, Controlled atmosphere, Hydrogen, Vacuum, Salt-bath , Induction  and 
Resistance brazing.

Filler metals will largely depend on the use o f  the finished assembly. Where 
steel and cast iron are used, the filler will generally be a copper, zinc or tin alloy, 
but there are a large num ber o f  different alloys in this range, including the silver 
braze metals often called ‘silver solder', having a lower melting range than 
conventional braze metals.

As stated above, the strength o f  a good braze joint is more a function o f  the 
design and fit o f  the assembly than the strength o f  the braze metal. Thus, the 
choice o f  braze metal will depend on the temperature at which the assembly will 
be operated and on the corrosive environment as much as, if  not more than, on the 
mechanical properties o f  the braze metal. The designer has a choice o f  filler metals
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with a melting range below 100°c to above 1200°c, including metals such as pure 
gold which are virtually non-corrodable.

The temperature and technique used to  apply the heat must be carefully chosen 
and controlled. This will depend on the filler metal, but should not be more than 
100-150degC  above the top end o f  the melting range. Thus, the use o f  oxy- 
acetylene  as a source o f  heat, with a possible temperature in excess o f  3 0 0 0 ° c ,  
should no t be used to braze copper alloys, which have a melting range between 
5 0 0 ° c  and 1000°c, unless special precautions are taken.

Brazing is a method o f  joining metals which has been employed for very many 
years, and a wide range o f  techniques and filler metals are available for specialized 
purposes. To some extent the process is being supplanted by welding as techniques 
improve, but this can never cover the full range o f  capabilities open to Brazing. 
Modern glue is also competing with braze jointing, particularly for room tem p era 
ture use, but again Brazing is the more flexible process. For further inform ation, 
see under Soldering and Welding. Companies such as Englehard Industries and 
Johnson  Matthey Ltd, who supply filler materials, are available for technical advice.

Bright Anneal
A process which is generally applied only to steel, but may be used for any 
annealing operation which results in the material being softened, while remaining 
scale-free. Further information is given ơn this, and annealing, in the section Heat 
Treatment.

Bright Chrome Plating
The decorative deposition o f  chromium on nickel.

Details o f  this process will be found in the section Electroplating , under 
‘Chromium plating’.

Brinell Hardness Test
A standard m ethod o f  hardness testing , using a hardened ball. The principle is that 
a known load is applied and the size o f  the impression formed is measured. More 
inform ation will be found in the section Hardness Testing.

British Non-ferrous Jet Test (BN F Jet Test)
An inspection process used to measure the thickness o f  Electroplated  deposits.

The test works on the principle that a standard chemical will take a specific time 
to  dissolve a certain thickness o f  metal. It is carried out by the impingement o f  a jet 
o f  a specified liquid on the plated surface being tested, and measuring the time 
which this solution takes to remove the Electroplated  deposit. The end o f  the 
reaction is noted by a colour change which occurs on the surface.

•The apparatus consists o f  a laboratory stand with a calibrated glass column 
into which the appropriate liquid is placed. The height between the object being 
tested and the apparatus is controlled. Each metal deposited and bare metal will 
have a specified test liquid, and the temperature o f  the test liquid m ust be
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controlled. It should be realized that this test is selective, in that only the area 
tested will be accurately measured for thickness. It is, thus, essential that careful 
consideration is given to the test spot, and that a number o f  these spots are tested 
in the case o f  important components with peculiar shapes. Graphs are used to 
convert the time taken to dissolve the coating into thickness o f  metal deposited.

The test, in the correct hands, has a high degree o f  accuracy which is easily 
reproduced. It is, still therefore, a thickness test which is specified for im portant 
articles and is in use by national organizations. The different methods o f  m ea
suring coating deposits will be found under the heading Thickness testing in the 
section Non-destructive Testing. Further information can be obtained from the 
British Non-ferrous Metals Association.

Bronze Plating
The electrodeposition  o f  the tin -copper alloy, bronze.

It is used on a limited scale for decorative purposes, and in engineering for 
stopping o f f  at nitriding\ it is used to  produce interference fit on assemblies. 
See also under Electroplating.

Bronze Welding
An alternative name for brazing. While, in welding, the materials being joined and 
the filler metal are all involved in a ‘massive mingling', to ensure that adequate 
fusion  or forging  occurs, in brazing, the metal melts, but not the metals being 
joined, and acts as a metallic glue.

In Bronze welding the filler metal will generally be a copper-tin  alloy, but often 
with modern techniques it is a brass, i.e. a copper-zinc alloy.

On the rare occasions when bronze com ponents are welded together, using any 
fusion  or forging  process, this is correctly termed Bronze welding.

Bronzing
A chemical process generally applied to steel; in some circumstances, it can be 
applied to  copper alloys.

The process is a chemical conversion, whereby the surface o f  the metal is treated 
in such a manner that the resultant finish has the appearance o f  bronze. Bronze is 
a relatively expensive copper-tin  alloy which has excellent corrosion resistance and 
weathers well. It has an attractive appearance and is com monly used for nam e
plates, furniture, architectural articles, etc. It is, therefore, quite common that 
cheaper materials are often treated to have the appearance o f  bronze. The process 
o f  Bronzing can be divided into two systems, one o f  which is applied to mild steel 
and the other to  copper alloys such as brass.

The m ethod o f  treating steel is that thorough cleaning o f  the surface is carried 
out to remove all evidence o f  oxide and ensure that the surface has a homogeneous 
finish. Either scratch polishing or blasting with a fine grit will give satisfactory 
results. Immediately after this preparatory process, the com ponents  should be
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immersed in the appropriate bronze solution. The process can also be carried out 
by wiping, and for many articles, superior results are obtained using this swabbing 
method.

It must be appreciated that, with steel particularly, the finish obtained has a 
bronze appearance, while having none o f  the corrosion-resistant characteristics o f  
bronze metal. This, then, is not a suitable process for outside architectural 
purposes, but is rather for producing a satisfactory bronze-type finish on articles 
to be used indoors in low humidity conditions.

The solution used for Bronzing steel is antimony chloride in hydrochloric acid 
with a subsequent treatm ent containing ammonium chloride in dilute acetic acid 
to give alternative colouring.

The treatment o f  copper alloys such as brass results in a more satisfactory type 
o f  finish, having superior corrosion-resistant characteristics over Bronzed steel. 
Again, however, it must be appreciated that Bronzing is a superficial finish, and 
any abrasive cleaning or corrosive conditions, such as marine atmospheres, will 
attack the surface and either remove or discolour the Bronzing.

The bronzing solutions which can be applied require careful application and will 
not generally result in a homogeneous finish. The solutions vary and include h y d ro 
chloric acid with potassium permanganate. By heating the solution, or by co n 
trolled heating o f  the treated brass, variations o f  the bronze colour can be obtained. 
Other solutions are lead acetate and sodium thiosulphate.

Zinc-metal and zinc-alloy die castings can be given a bronze colour by trea tm ent 
with ammonium chloride, and potassium oxalate in dilute acetic acid. These chem i
cal Bronzing processes are a cheap m ethod of  producing an attractive colour, but 
have few technical advantages, and unless carefully controlled can actually result 
in local corrosion. With modern paints and lacquers, the use o f  plastics and Colour 
anodized  aluminium, the same attractive visual appearance can be achieved, very 
often at low cost, and certainly with considerable technical advantage.

Bronze plating  will result in a true bronze surface, superior to Bronzing, but 
since this is only a surface film, it will be subject to failure if  abrasion is present.

Browning Process
A process which can be applied to  steel components, but generally only o f  the mild- 
steel type. It is, in essence, the production o f  an adherent rusted film. Like many 
terms, the method covers a wide variety o f  treatments which result in a brown 
finish. The composition o f  the mixture can vary considerably, but is generally 
based on a ferric-chloride-nitric-acid mixture with or w ithout alcohol and the 
chlorides o f  antimony, bismuth, copper or mercury and other materials. A com 
mon treatment consists o f  cleaning the com ponents and then treating them in the 
Browning solution at a temperature of approximately 40°c to 60°c.

The components are washed after removal from the solution, and left in a 
humidity cabinet where corrosion will occur. After a period, measured in hours, 
the corroded components are dried and then washed in clean boiling water. This
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complicated process is then repeated with occasional wire brushing to remove any 
loose adherent rust which forms.

The procedure can be compared with some o f  the (Black O xide ’ treatments 
where the conditions are designed to  give full oxidation o f  steel, resulting in a black 
finish. The Browning process is essentially a method o f  controlled oxidation with 
attempts made to produce an adherent low-oxide film. As with ‘Black O xide’ the 
corrosion resistance is relatively low, but by ensuring that com ponents are oiled at 
all times, an attractive visual appearance can be obtained.

With m odern materials and treatments, the Browning process is seldom or never 
used. Comparable corrosion resistance can be obtained with high-quality phospha- 
ting\ and with modern painting  techniques a full range o f  colours on steel can be 
achieved with excellent corrosion resistance. Colour anodizing and electroplating 
o f  various metals are also aesthetic alternatives, which give superior corrosion 
resistance.

'Brunofix'
A proprietary name for one o f  the * Black Oxide' treatments for steel, which makes 
use o f  a h o t ,  strong alkaline solution with oxidizing agent.

'Brunorizing'
A proprietary name for a specialist heat treatment which is applied to rails. These 
are heated to  above the critical temperature required for hardening and held at a 
controlled tem perature prior to being reheated to above the hardening temperature. 
This is followed by cooling in air, with the ends o f  the rails being quenched with 
jets o f  compressed air, resulting in each structure being ‘Spheroidized ' and the ends 
being in a slightly harder condition.

With the advent o f  continuously welded rails, this treatm ent is no longer applied; 
the reader is referred to ‘Spheroidal annealing' in the section Heat Treatment.

'Brutonizing'
A term applied to the specialized process o f  hot-dip galvanizing o f  wire which is 
followed by a drawing operation. This has the dual purpose o f  overcoming the 
problem o f  tears on the zinc, which can result in an uneven surface finish and un 
attractive appearance, and also the technical problem which arises when the thicker 
coating sometimes cracks, placing an undue stress on the adhesion.

In addition to eliminating these drawbacks, and giving a wire with an even 
coating o f  zinc with an attractive finish, there is no doubt that the subsequent 
cold-drawing operation will find any defect in the adhesion o f  the zinc.

'Brytal' Process
A proprietary dual process for brightening and anodizing aluminium. It is generally 
confined to  pure aluminium or special-purpose, low-aluminium alloys which have 
been developed for the specific purpose o f  electropolishing and anodizing.
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The parts for the ‘Brytal’ process are anodically etched  in a solution o f  sodium 
phosphate and carbonate, which chemically polishes the raw material, provided it 
has been supplied in reasonably good condition. After washing, the parts are sub 
sequently anodized to protect the chemically polished surface.

There are now a range o f  proprietary chemical polishing solutions based on 
phosphoric acid. These are used in conjunction with the sulphuric anodizing  p ro 
cess and produce comparable results. It is also possible, with modern techniques, 
to  produce a bright aluminium surface comparable to the above by means o f  
vacuum deposition o f  aluminium. This will require that the parts are used out o f  
contact with air, for example, under vacuum or are lacquered to prevent the 
vacuum-deposited aluminium from dulling by oxidation.

Buffing
A specific type o f  Polishing, using a high-speed disc, made from layers o f  cloth, 
leather or plastic. This is impregnated with an abrasive in liquid slurry or solid 
form, and the metal article being polished, or Buffed, is pressed against the disc.

Buffing should be a free cutting operation, where the surface metal is removed 
by the action o f  the abrasive carried on the revolving disc. No cold working or 
smearing o f  the metallic surface should occur with correct Buffing.

The term is sometimes applied to  the local grinding o f  forging  or welding flash, 
etc.

Bullard Dunn Process
A descaling process for steel only, and in general only applied to sheet steel; it is 
not normally found with modern production processes.

The material is first cleaned, and then electrolytically treated in a bath  o f  
sulphuric acid with approximately 1 g/1 o f  tin. The solution is used warm, at ap
proximately 60°C-70°C at a current density o f  60-75  A f t2 (6.5-8.1 A dm 2). 
The sheet steel is made the cathode, when hydrogen forms at the interface. This 
reduces or removes any oxidized scale and, at the same time as the basic steel is 
freed o f  oxide, a coating o f  tin is produced which is then electrolytically deposi
ted. While this tin will have little or no adhesion, its presence on the fresh surface 
o f  steel will reduce the corrosion potential.

On removal from the solution, the steel must be thoroughly washed and dried, 
and in many circumstances the tin will be removed prior to  final processing by 
reversing the electrolytic action to  make the steel anodic, thus removing the tin 
and taking this back into solution in the sulphuric acid. However, the presence 
o f  a minute quantity o f  tin, or tin com pounds, helps to reduce the tendency of  
freshly descaled steel to rapidly corrode.

The process is o f  limited application with modern technology, where h o t sul
phuric acid with an inhibitor is used with success. Alternatively, the acid treat
ment is followed by immersion in a solution such as borax, or some o ther alkali, 
as a m ethod o f  ensuring that the corrosion potential o f  the freshly descaled  steel
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is reduced. However, other methods o f  scale removal such as blasting, alkaline 
descaling, Sodium Hydride trea tm ent, wire-brushing, etc., will now be more com 
monly used. The Bullard Dunn process does not result in any positive corrosion 
resistance, and is a relatively expensive method o f  scale removal.

Burnishing
A process which can be applied to any type o f  metal. It is a form o f  metal finishing, 
where the surface is treated mechanically in such a manner that no appreciable 
metal is removed but is smoothed. The term Burnishing is often misused for a form 
o f  polishing , but technically the operation can be applied either with a rotary or a 
reciprocating motion, using hardened polished steel tools, which do not themselves 
cut into the surface o f  the metal but produce a smooth finish. This finish has the 
advantage that it will be free o f  stress raisers, caused by the normal cutting o f  
machining operations, and at the same time it will have a thin surface layer of 
material which has been cold worked , thus enhancing the fatigue strength o f  the 
com ponent, as the layer will have a higher tensile strength than the material itself. 
The process, then, is commonly used where a high-quality fatigue-resistant surface 
is required, with excellent visual appearance. It will be appreciated that the harder 
the basic material, the more difficult the Burnishing operation will be, and also the 
less effective the result.

To some extent Burnishing can be compared to shot peering  as a means of 
increasing fatigue strength. Burnishing is generally more expensive on a production 
scale, but for a limited number o f  com ponents, it can be an economic proposition. 
However, the method is more difficult to control, as the skill o f  the operator is 
the effective factor, and it is also a more difficult process to autom ate under most 
circumstances than shot peening.

Burnishing can also achieve a high-quality finish, comparable to  polishing , where 
the fatigue strength is improved by the removal o f  all stress raisers. The method, 
correctly carried out, has the advantage over polishing  that the work hardening 
layer produced will positively add to the fatigue strength.

The state o f  the surface prior to Burnishing can be critical. If this is very rough, 
the operation can result in bending of  the peaks to  fill in the valleys, rather than a 
true smoothing. This will leave a series o f  stress raisers which will have poor fatigue 
characteristics, and a preliminary inspection o f  the surface o f  high-duty 
com ponents is essential.

Butt Welding
A type o f  Welding which may be applied to all metals. The two components or 
pieces are joined by butting against each other. The term is generally used to differ
entiate between fillet and bu tt  welds. The welding process itself will vary according 
to  the technical requirements, see under Welding.
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Buttering
The application o f  a high-ductility weld deposit prior to further welding. Buttering 
is generally applied by the Electric Arc  system with fluxed rods, the purpose is to 
increase the ductility o f  the weld.

In general, Buttering is carried out only as a means o f  increasing local ductility  
when problems are envisaged. The term is, on occasion, used to denote a type  o f  
welding technique where the deposit is spread across an area rather than filling a 
prepared weld section.

'Buzzard' Process
A term, used in the USA, for Chromic Acid anodizing. It uses 100g/l solution of  
chromic acid in water.

Cadmium Plating
A process which is similar to, but more expensive than, Zinc plating. It is used to 
protect steel in contact with aluminium; further details appear under Electro
polishing.

'Calorizing'
A proprietary name for a form o f  aluminizing  which coats the surface o f  steel with 
aluminium oxide, giving increased corrosion and oxidation resistance at tem pera
tures up to 700°c. The com ponents  are treated in a rotating cylinder filled with 
the calorizing mixture, which is aluminium suspended in aluminium oxide. The 
main use is in the coating o f  heat-treatm ent pots, furnace com ponents, ladles, etc. 
Details are available from the Calorizing Co.; see also Aluminizing.

Carbonitride
A surface hardening process, applied only to  steel for comparatively shallow case 
depths -  up to 0.005 in (0.01 mm). It is discussed in more detail under the relevant 
heading in the section Heat Treatment.

Carbon A rc Welding
A seldom-used form o f  welding, where the arc is produced between two carbon 
electrodes. Under some circumstances, the arc may be produced between a carbon 
electrode and the material being welded. The arc produced has certain characteris
tics, the heat being intense, the arc difficult to  control and the atm osphere 
reducing. While this last factor can be useful, the advent o f  Inert-Gas Shielded  
Metal Arc Welding ( ‘Argon A r c ’) has largely made the Carbon Arc Weld redundant.

Carbon dioxide Welding
A form o f  high-production Electric Arc welding where the welding arc is shrouded 
by carbon dioxide; it is generally only used on steel. (See also under Welding. )
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Carburizing
Probably the most im portant m ethod o f  surface hardening o f  steel, to prevent wear. 
(Sec under Heat Treatment.)

Case Hardening
Case hardening, in general, is applied only to  steels, but the term may be used to 
indicate any process where a surface hardness is produced. The most common 
forms are those applied by the carburizing and nitriding processes and their varia
tions. Thus, there is the carburize process itself, whereby the surface carbon is 
increased to produce a bimetal steel with high carbon at the surface and low carbon 
at the core. The terms ‘case harden’ and kcarburize\ then, are often assumed to 
mean the same. Nitriding  is a form using nitrogen, where iron nitrides are formed 
at the surface, producing a case in many respects similar to  carburizing.

With steels, the cheapest method o f  surface hardening using this process will be 
the carbonitride and cyanide processes. With these, the surface has carbon and 
nitrogen introduced in the form o f  iron carbides and iron nitrides. With carbo- 
nitride , the process is gaseous, while Cyanide hardening employs a liquid salt bath. 
Both have economical advantages over carburizing and nitriding, but neither pro
duce technically as good a surface case.

O ther forms o f  surface hardening which may be categorized as Case hardening 
processes include Chromium plating , where a hard deposit o f  chromium is Electro
plated  and can be finally ground to give a hard, low-friction surface. This is an 
additive process, where the material is added to the surface, as distinct from the 
carburizing process, where the com ponent remains at basically the same size before 
and after treatment.

S h o t peening  produces a surface which can be seen under microexamination to 
include a layer o f  hardened material which results from work hardening. This, 
together with burnishing and autofrettage, is a process giving a very thin surface 
hardness, which is the result o f  a specialist process designed to improve the fatigue 
strength o f  the material. This improvement is usually local, but these methods are 
used when the more conventional forms o f  Case hardening, such as those described 
above, cannot be carried out for geometrical or technical reasons.

Case hardening also includes those forms o f  Electroplating where the deposit is 
hard and, thus, can be said to cause surface hardening. The modern process o f  
Electroless Nickel plating will produce a hardened surface after necessary heat 
treatm ent.

For comparative purposes, the following information may be useful. Cyanide 
hardening  on a production basis is probably the cheapest form of Case hardening 
where a heat-treatable case is required. With modern effluent control, however, the 
use o f  cyanide is discouraged, and where a cyanide-effluent treatment plant is 
required solely because o f  Cyanide hardening, then the economics o f  the process 
are such that Carbonitriding is probably cheaper. Both are ideal for producing a 
tilin hardened case less than 0.005 in (0.01 mm) for mass-production components.
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If the equipment is available, it can also be used for ‘one-o ff  jobs. The case p ro 
duced, however, will be slightly more brittle than that produced by carburizing, 
and hardness and fatigue resistance will be less than with Nitriding.

For general engineering purposes, where case depth in excess o f  0.025 in 
(0.06 m m ) is required, then carburizing is accepted as being the most economical 
method. Nitriding  is the most expensive process but results in a case o f  unique 
properties, in that it has a high compressive strength, and this considerably im
proves the fatigue resistance o f  the com ponents. In addition, the process is superior 
with regard to distortion problems as there is no subsequent quenching operation. 
Finally, a case is achieved which can be used at temperatures up to approximately 
350°C-400°C w ithout any appreciable reduction in hardness. The cyanide, carbo- 
nitride and carburizing methods all s tart to lose their hardness at temperatures in 
excess o f  200°c . Bonding is expensive bu t  will produce a case harder than nitriding.

Chromium plating is comparable in hardness and has better low-friction charac
teristics than carburizing or nitriding. However, since less ductility is achieved and 
it is essentially more suited to  ‘o n e -o ff  methods, there is greater difficulty in 
controlling the process for high-quality continuous production. In addition, the 
case produced is more brittle than w ith either o f  the above processes and, thus, it 
is not generally regarded as an alternative at the design stage. There is, however, 
an argument for considering the use o f  thin Chromium plating up to thicknesses 
o f  0 .001-0 .002 (0 .025-0.05 mm) where the stress on the surface is low. Thus, 
where conditions produce more frettage than actual wear, the presence o f  a thin 
chromium deposit can have considerable advantages, since in many cases no subse
quent grinding is required and chrom ium  has unique characteristics o f  hardness 
and low friction. (It should be noted that Chromium plating , together with the 
forms described below, can be applied to  materials other than steel.)

Burnishing and S ho t peening  are generally applied where it is necessary to 
improve the fatigue resistance locally. They are relatively cheap processes from 
the point o f  view o f both  capital and operating costs, but require considerable 
control to ensure that they are correctly  carried out. From the design engineer’s 
point o f  view, they do not as a rule com pete with Case Hardening by heat trea t
ment or with Chromium plating .

Electroless N ickel plating  is now regarded as an alternative to  Chromium plating 
under many circumstances, and metal-spraying and weld deposition o f  hard 
materials, including ceramics, may be classed as Case hardening processes as they 
result in a hard surface.

The design engineer must evaluate the available processes, taking into consider
ation the load involved, bending stresses, life expected, corrosion conditions and 
economy.

C A SS  Test (Copper Accelerated A cetic Acid Salt-spray)
This is a form o f  accelerated corrosion test which uses the ‘salt mist’ method, 
but the solution contains cupric chloride and acetic acid.

46



' C A S T E N I T E '  P R O C E S S

The solution is 5 per cent sodium chloride, 0.025 per cent cupric chloride, and 
is acidified with acetic acid to  a pH o f 3.2. The test is carried out at 50°c.

This test is more corrosive than the straightforward 5 per cent sodium chloride 
Salt-mist te st , and therefore, the results can be expected to show more scatter. It 
is possible, however, to achieve results in hours rather than days, when testing 
good-quality plating deposits. The reader is referred to the section Accelerated 
Corrosion Testing for further information.

'Castenite' Process
A proprietary name given to the impregnation process used to salvage porous metal. 

Casting
A general term covering the production technique whereby any metal is heated 
until it is molten and then poured into a mould, where it is allowed to cool and 
solidify.

In practice, considerable difficulties are encountered because o f  the general 
affinity o f  all molten metals for oxygen, in particular, and many other atmospheric 
gases. There is, in addition, the problem o f cooling contraction, the possibility of 
reaction between the molten or hot solid metal with the mould material and any 
fluxes which might be used. Therefore, a relatively limited range o f  metals are 
normally cast.

There are, however, certain metals which cannot be produced by any other 
technique, notably the cobalt alloys. The best known cast metals are the range o f  
cast irons. Casting can be a highly economical m ethod o f  producing intricate 
shapes, but in general a casting will not have the mechanical properties which can 
be obtained from the same material in the wrought condition. The reader is advised 
to  obtain detailed information on the properties o f  castings from relevant technical 
sources.

Cathodic Etching
A technique generally applied only to steel components, but there is no technical 
reason why, if  necessary, it may not be applied to many other metals.

The process makes the com ponent the cathode in an electrolytic cell, usually 
with sulphuric acid as the electrolyte. The anode will generally be lead, but may be 
stainless steel or, under certain circumstances, titanium. When the com ponent is 
the cathode, hydrogen will be evolved at the com ponent surface, and this can result 
in the surface being reduced, that is any oxides will be removed. This technique is, 
therefore, sometimes applied immediately prior to electrodeposition when the 
surface o f  the metal will be presented to  the Electroplating solution in the ideal 
condition for good bonding. Other reasons can exist for preparing the surface in 
this manner, and there is an inspection technique whereby certain surface defects 
are accentuated using this procedure.

This is generally used on high-integrity carburized or fully hardened com
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ponents which have been subjected to  grinding. It is well known that grinding 
abuse o f  fully hardened steel surfaces can result in the formation o f  grinding cracks 
bu t prior to  the actual production o f  a crack there may be serious metallurgical 
defects at the surface because o f  local high-temperature effects. These result in 
metallurgical changes to the surfaces which, because o f  their very local nature, 
can act as serious stress raisers, causing failure in service. The use o f  Cathodic 
etching with approximately 50 per cent sulphuric acid at room tem perature 
followed by thorough swilling in water, then oiling in ho t oil, can give a surface 
etch  which accentuates these defects, allowing their visual identification.

A similar, much simpler, technique is the use o f  nitric acid etching , where the 
components are immersed non-electrolytically in dilute nitric acid again followed 
by swilling and oiling.

These etching techniques are unique in identifying the metallurgical changes 
which can and do occur during grinding o f  hardened steel. These defects will n o t  
be identified by any other form o f  Non-destructive testing.

Cathodic Protection
A technique applied only to  steel, where by the use o f  metals such as zinc, 
aluminium and magnesium, which are anodic to  iron, corrosion protection  is 
achieved. This is also known as sacrificial corrosion protection , as the process 
relies on the fact that,  where any cell exists between two different metals w ith 
an electrolyte, one o f  these metals will corrode and in the process o f  corrosion 
protect the second metal. The metal which corrodes is the anode, and, thus, it 
sacrifices’ itself, while the protected metal is the cathode.

By reference to  the electrochemical series o f  metals, the potential voltage 
difference can be found, and any metal which is above or cathodic to  the second 
metal will be protected. The higher the voltage between the metals chosen, the 
greater the corrosion which will occur on the anodic metal; thus, the anode will be 
more rapidly used up.

In its simplest form, Cathodic protection has pieces o f  metallic zinc, aluminium 
or magnesium bolted in contact with the metal to  be protected . This is the tech
nique commonly applied to large structures such as ships, piers or pylons, immersed 
in water. Careful siting o f  the anode is necessary, and where, for example, a third 
metal is involved, as occurs with shipping where bronze propellers and shafts 
historically have resulted in severe corrosion o f  ships’ sterns, then considerable 
care is necessary.

An advance or variation o f  the simple Cathodic protection is the use o f  im
pressed current. With this, the anode is unreactive bu t conductive. Commonly it 
is titanium, bu t under laboratory conditions it will be platinum or gold. The anode 
has a current imposed to ensure tha t it is, in fact, anodic to  the com ponent or 
structure being protected.

It is now com mon practice, with large expensive structures in hostile environ
mental conditions, that no single corrosion protection  technique is used, but tha t
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the assembly is first painted  or protected by metal-spraying, this initial protection 
being backed up by cathodic or impressed current protection. The reader is advised 
to obtain specialist advice on the technique used, and also to ensure that the correct 
material is applied under stringently controlled conditions, including monitoring 
during useful life.

Following is the Electromotive Series for metals commonly used in engineering. 
Each metal is protected by the ‘sacrificial’ action o f  any metal which appears 
below it on the list:

Gold Iron Chromium
Platinum Lead Zinc
Silver Tin Aluminium
Mercury Nickel Magnesium
Copper Cadmium Lithium

The lower metal will always ‘sacrifice’ itself to protect a higher metal, and the 
farther apart the metals, the greater the corrosion potential.

Cementation
A process where carbon is diffused into steel. The term was originally applied to 
the process o f  converting wrought iron into steel by placing relatively thin sections 
o f  the iron in a carbon-containing material, commonly charcoal, and heating to 
above 9 0 0 °c .  The term is also occasionally used as an alternative to ‘carbunzing’ 
which is described in more detail in the section Heat Treatment.

Centrifugal Casting
A specialized casting technique, where the mould is rotated during the process. 
Under some circumstances there will be no inner wall, thus the casting is produced 
by control o f  the metal tlow and the speed o f  rotation.

It will be appreciated that only relatively simple shapes can be produced by this 
method, but as these will be hollow, considerable saving in machining costs are 
possible. However, continuous Centrifugal casting o f  pipes and tubes is now carried 
out and, with certain materials, relatively complex shapes are possible. The reader 
is advised to obtain specialist advice prior to designing any com ponent.

Chapmanizing
A salt-bath form o f  surface hardening, applied only to steel. It is a form o f 
nitriding , using a liquid salt which is heated by electrodes passing through the salt. 
This same electric current is used to decompose compounds within the salt, pro
ducing nitrogen in the atomic state and releasing hydrogen which burns at the 
surface o f  the salt.

The treatm ent temperature is about 8 0 0 °c ,  and a case depth in the order o f  
0.002 in (0.05 mm) can be produced in approximately 2 h .  Deeper case depths up 
to 0.1 in (2.5 mm) are claimed with this process.

The com ponents, on removal from the salt bath , are hard and no subsequent
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quenching or other heat treatment is necessary. This is, therefore, similar in many 
respects to  nitriding and has some similarity to the ‘Tufftriding’process. However, 
it has been largely replaced by the gaseous nitriding process which, while expensive, 
is cheaper than Chapmanizing. For most components, the process o f  Carbo- 
nitriding will give comparable results at a much lower cost. An alternative name for 
Chapmanizing is Wet nitriding.

Charpy Test
A form o f  Im pact testing  which can be applied to  any metal, but generally confined 
to  the testing o f  steel.

The specimen is machined to  a square section, usually 10 m m 2 and approxi
mately 50 m m  long, with a notch machined at the centre. The standard and shape 
o f  this notch are critical, and unless tightly controlled the results o f  the test will be 
meaningless. The specimen is held horizontally at bo th  ends and the pendulum load 
strikes the specimen at the centre. The energy absorbed will be a function o f  the 
impact resistance o f  the material. For further inform ation, see 4Impact Testing’ 
under Mechanical Testing.

Chasing
A machining operation, not strictly a metal process or treatment.

The operation can be applied to any material. Little or no difference in dimen
sion is implied, but the cutting operation, usually carried out on a turning machine, 
ensures that the existing form is true. It is commonly carried out on threads and 
similar shapes. It is sometimes applied to  the production o f  shapes in sheet metal 
using hand tools as a form o f  embossing.

'Chemag' Process
A proprietary process using hot, strong alkaline agents containing chrom ate as the 
oxidizing agent, applied only to  steel; it is a form o f  ‘Black O xide’ treatment.

Chemical Deburring
See Chemical Polishing.

Chemical Polishing
A term occasionally used in place o f  electrolytic polishing , but should be reserved 
for the treatment where a surface finish is improved by chemical action alone.

This process can be carried out, to  a limited extent, on mild- and low-alloy 
steel and is often used on stainless steel and aluminium. Special solutions have been 
devised which attack the surfaces o f  these metals in such a manner tha t the peaks 
or corners are affected in preference to the valleys or concave surfaces. The theory 
is similar to that used in levelling, where the solution gives o ff  a gas having electrical 
insulation properties. The gas, generally hydrogen, is attracted and retained in 
hollows in contact with the surface, thus preventing or slowing down the attack 
in the valleys and allowing it to proceed at the peaks. This, therefore, results in a 
general smoothing o f  the surface.

50



C H E S T E R F I E L D  P R O C E S S

Chemical polishing is generally reserved for those com ponents which for some 
reason cannot be Electrolytically polished , or where barrelling is not justified 
because o f  the small quantities involved.

Chemical polishing is occasionally used in conjunction with chemical attack to 
reduce size o f  components and produce an improved surface finish.

Some o f the proprietary solutions used are complex, and interested readers are 
advised to contact plating supply houses for details o f  specific solutions used for 
the metals mentioned.

Chesterfield Process
A specialist hardening and tempering process, applied to steel strip.

The coil is heated to  the necessary hardening temperature, and the strip is then 
pulled out o f  the heating furnace between to water-cooled blocks. This results in 
a full hardening o f  the steel. Immediately after the block-quenching, the strip is 
oiled, the quantity  being controlled, and then ignited. This results in heating of  
the strip material and tempering.

This technique o f  heat treating strip material has largely been replaced by more 
conventional m ethods, using controlled furnaces or salt baths.

Chisel Test
A destructive test, used to  evaluate the quality o f  Resistance welding.

The test may be carried out on com ponents normally required for use but this 
results in their being scrapped, and more generally, test pieces are produced which 
are then destroyed. Where test pieces are used, these must, o f  course, employ 
exactly the same material, thickness and welding conditions as those carried out on 
the actual com ponent. Unless complete standardization o f  all parameters is used, 
there is little point in producing the test pieces.

Depending on the importance o f  the com ponents being produced, the num ber o f  
test pieces will vary. For high-integrity parts there will generally be a requirement 
that com ponents  themselves are tested and the frequency of  this test will be speci
fied. In addition to the com ponent, test pieces will also be required. The frequency 
o f  the test pieces will vary from one per hour to a certain ratio o f  com ponents to 
the test piece, required at the beginning and end o f  each operator shift; for less 
im portan t com ponents the test piece will be produced on a daily basis or perhaps 
a t less frequent intervals.

Where Resistance welding is used, it is strongly recommended that test pieces 
are produced at least once per week, and certainly when any adjustment is made 
to any o f  the welding parameters. The test itself uses a chisel to prise apart the 
weld. Once the weld has been parted, it is visually inspected and a slug o f  the m ater
ial must be able to  be torn out o f  one o f  the com ponents for the welding to be 
considered satisfactory.

If  the weld is found to part along the join line, this indicates faulty welding. 
Further  examination o f  the faulty weld should clearly indicate whether the
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problem has been caused by too much heat, causing fusion  instead o f  forging of 
the weld, or too little heat,  resulting in incomplete forging. With this information, 
it is possible to make adjustments to  the weld settings and further testing must then 
be carried out until a satisfactory Chisel test is obtained.

Chromate Coating
A corrosion protection  technique which has many variations and can be applied to 
steel, aluminium, magnesium and zinc. It is also applied to  cadmium and may have 
applications to other metals.

It is well known tha t chromates are materials which resist further oxidation. Gener
ally, Chromating results in the formation o f  metallic oxides o f  the metal being consi
dered, and this then absorbs into itself some o f  the chromate solution. This results in 
a sealing o f  the oxide and a formation o f  some o f  the metallic chrom ate.

With steel, Chromating has little permanence, but will add to  o the r  forms of 
corrosion prevention and is commonly used following phosphating  and as an 
additive to  zinc-rich primer paints.

The Chromating o f  aluminium and magnesium considerably enhances their 
resistance to  corrosion and improves to  a high degree paint adhesion to  the metal 
surface. With zinc and cadmium, Chromating will also considerably increase resis
tance to  corrosion, and this is particularly the case with electrodeposited  metals. 
Almost w ithout exception high-quality electrodeposition o f  zinc and cadmium on 
steel will specify that the deposit is finally passivated using one o f  the many pro
prietary Chromating processes. Galvanizing and zinc die casting are also commonly 
Chromated.

This process is often referred to as Passivation, but it should be no ted  that other 
techniques unrelated to  Chromating also use this term. Chromating will almost 
invariably improve corrosion protection  bu t does not withstand im pact damage. 
There is now considerable data available on the standard of corrosion protection 
achieved by Chromating, and the user is advised to  obtain detailed information 
where necessary.

Alternative proprietary names used in Chromating include: 4A lochrom \ \Alo- 
chrom e\ \Alocrom\ \Alrac\ ‘Bauer Vogel\ \B o n d e r iz in g ‘Cromodizing\ *Cronak\ 
‘GramoseaV, ‘ProtaV, ‘Pro to lac’ and ‘Pylum in\

Chromating
See Chromate Coating.

Chrom ic Acid Anodize
A form o f anodizing, where the solution used is dilute chromic acid.

The technique was at one time popular as the anodizing process is at least as 
good as the sulphuric acid anodize, and can with certain llloys produce a thicker 
anodic film. In addition, it can be used for crack detection. For further information 
on this technique, see Anodize.

52



C H R O M I U M  P L A T I N G

Chromium Plating
A plating process for decorative purposes on nickel, and as a hard, low-friction 
metal for engineering purposes; see Electroplating.

Chromizing
A treatm ent applied to mild steel and low-alloy steel only. It is a surface diffusion 
process, whereby chromium is alloyed with iron to give a chromium-rich surface 
layer. The process is analagous in many ways to carburizing, but is more similar 
to certain types o f  aluminizing and other techniques where a metal is diffused into 
the surface o f  steel.

The process generally involves the thorough cleaning o f  the components, which 
are then placed in a heat-resistant box with a proprietary powder o f  an unstable 
chromium com pound. This box is then sealed and taken to above 1000°c. The 
com pound is decomposed, releasting chromium in an active state which will then 
react with iron, producing the necessary alloy. This will diffuse away from the 
surface towards the core.

The time involved and, to a certain extent, the temperature controls the depth 
o f  the chromium-rich layer. With treatments in excess o f  4 h ,  the layer at the 
surface will contain up to 30 per cent chromium with an even merge to the core 
which contains no chromium. As any alloy o f  steel with more than 12 per cent 
chromium has excellent corrosion resistance, it will be seen that the Chromizing 
process results in a corrosion-resistant surface. Steel with chromium above about 25 
per cent is austenitic and, thus, has excellent corrosion resistance, comparable to 
tha t o f  the 18-8 austenitic steels, and at the same time can have the mechanical 
strength o f  low-alloy medium-carbon steel.

On completion o f  the treatm ent, the components are removed from the powder 
which can be regenerated for further use. Under certain circumstances the com po
nents can, if  desired, be welded , and provided distortion is not a serious problem, 
the com ponent can be hardened and tempered. In general however, Chromizing 
is used on com ponents with a relatively high surface area, such as sheet-metal 
com ponents  or studs or fasteners, where corrosion resistance o f  a high standard 
is essential. On sheet metal, it is possible to  carry out some work hardening on the 
treated  strip, provided the dies used are in good condition, and thus do not damage 
the surface.

Tile Chromizing process can result in the production o f  com ponents with a 
corrosion resistance at least equal to that obtained from 12 per cent chromium 
stainless steel and, provided the loading o f  the chambers used is efficient, the cost 
can be less than with use o f  stainless steel. There is also the disadvantage with the 
la tter m ethod that ‘machinability’ o f  12 per cent chromium steels presents consi
derable difficulties where high productivity is essential, while with the present 
m e th o d  it is possible to  efficiently machine intricate shapes using free machining 
mild steel, with subsequent Chromizing. An alternative m ethod o f  Chromizing, 
giving a less efficient surface, is Chromium plating and subsequent heat treatment
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o f  the plated com ponents, using a controlled atmosphere to prevent oxidation. 
Chromizing then, is a method where, under many circumstances, it is possible to 
produce stainless steel com ponents at an economical cost, provided the surface is 
n o t  subjected to serious mechanical damage.

Alternatives to Chromizing include any o f  the standard methods used for corro
sion protection , such as Nickel plating, Electroless N ickel plating, Chromium  
plating  and, under certain circumstances, Zinc  or Cadmium plating together with 
various forms o f painting. Metal-spraying o f  aluminium and zinc may also result in 
a technically comparable surface. An alternative name for Chromizing is the Cinera 
Process.

Cladding
A process which can be applied to any material, bu t for technical and economical 
reasons, is generally applied only to  a limited num ber o f  metals. The purpose is to 
produce a surface with certain specific characteristics, whereas the basic material 
has different characteristics.

Probably the most commonly used Cladding applies stainless steel to  mild steel 
and pure aluminium to aluminium alloy. In bo th  cases the purpose is to  produce a 
surface with corrosion-resistant characteristics superior to the base material. The 
reason in both  cases is generally that the base material has attractive mechanical 
properties which cannot be obtained with the corrosion-resistant material and, 
thus, the bimetal is a compromise.

Cladding is not carried out as part o f  a fabricating process, as a general rule, but 
is part o f  the process o f  manufacturing the metal itself.

Steel cladding will only be o f  stainless steel on top o f  mild or low-alloy steel. 
The type o f  stainless steel used is dependent on corrosion-resistant characteristics. 
It must be noted, too, that the Cladding will be relatively thin and, thus, may be 
damaged either during fabrication, or subsequently in use. If the clad material is 
removed locally, the underlying steel will be prone to corrosion, and as the area 
available for corrosion is relatively small, such corrosion can be very serious.

It is possible to  produce a form o f  Cladding either by weld deposition  or metal- 
spraying; these process are described separately. The Cladding process will generally 
produce a skin which is much thicker than tha t obtained by the normal electro
chemical deposition , and also galvanizing or metal-spraying.

With stainless-steel Cladding, there will be no danger arising from porosity. 
However, it must be noted that the clad material will be relatively simple in shape, 
and the process o f  forming and working can result in the clad skin being distorted, 
damaged or in some cases removed. With the correct choice o f  clad steel, it is possi
ble to carry out a range o f  metal-making processes such as forming, flanging, and 
bending, bu t again some care is required to  prevent damage.

Aluminium alloys are generally clad with pure aluminium which has a very high 
corrosion resistance, particularly to acid conditions; but as alloys are added to alu
minium to increase its mechanical properties, the corrosion resistance is decreased.
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With some o f the heat-treatable, highly alloyed materials with tensile strength 
commensurate to mild or low-alloy steel, the corrosion resistance is sometimes 
at a low enough level to  require permanent protection. If the components are o f  
simple shape, an economical method o f  improving the corrosion resistance is for 
the components to be made from sheet in the correct alloy for mechanical p u r 
poses and clad with a thin film o f  pure aluminium. This will be to the order o f  
0 .005-0.025 in (0 .01-0 .06  mm) thick. This will result in corrosion pro tection , 
comparable with the alloy itself being anodized  or painted  to a very high-quality 
finish. It must, however, be stressed that considerable care must be taken during 
any manufacturing processes to ensure that damage does not occur on the alu
minium-clad surfaces as pure aluminium is extremely soft and thus easily 
damaged.

Some aluminium materials or com ponents are clad with high-silicon aluminium 
alloys. This has a low melting point and acts as an integral braze filler metal in 
addition to improving the corrosion resistance. Other examples o f  Cladding are to 
be found in some o f  the more exotic materials, where either because o f  expense 
or the presence o f  certain properties, these materials are clad with a specific 
material to withstand specific atmospheres. Examples include stainless steels o f  
the austenitic variety which may be clad with cobalt alloys in order to improve 
the wear characteristics. In this case comparison must be made with Chromium  
plating  or other similar processes. It is also known that materials such as hafnium 
can be clad with other materials such as zirconium in the nuclear industry.

In summary, it can be stated that Cladding should be looked upon as a possible 
means o f  compromise, regarding surface protection o f  a metal with the correct 
mechanical properties, when either the material is too  large to  be protected by 
normal means or when the corrosion conditions are highly specialist. It should be 
added that with aluminium alloys, provided they are simple enough and do not 
have complicated manufacturing techniques, Cladding with pure aluminium can be 
an economic and technically desirable alternative to conventional corrosion pro
tection  by anodizing or painting.

Cleaning
Cleaning can be applied to any material, and while often required in its own right, 
it is more often considered to  be a part o f  other processes. Cleaning o f  metals is 
the basic process considered here, but there is no obvious reason why the same 
techniques cannot be applied to  non-metallic materials, provided the solutions 
used do not cause chemical attack.

Industrial cleaning costs considerable am ounts o f  m oney, and the lack o f  correct 
cleaning is the probable cause o f  many serious problems. For example, early failure 
in engines with moving com ponents which are built w ithout adequate cleaning, 
resulting in excessive wear. Inadequate cleaning prior to painting  and plating  is 
the prime cause o f  failure in bo th  these areas.

It thus, cannot be overstressed that Cleaning can contribute, first, to
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improvements in the economics o f  many processes and, secondly, to  the technical 
improvement o f  several processes.

When Cleaning requires to be considered, it must be realized that there are four 
forms o f  soil or contamination. It is seldom tha t all four o f  these are found in any 
one instance, but equally seldom will a single form o f  con tam ina tion  be present. 
The four different types are: grease soil; loosely adherent soil; adherent soil; and 
moisture. Examples o f  each o f  these are as follows.

(1 ) Grease soil Includes normal lubricating oils, oil used during machining, 
grease used in protecting com ponents during storage and natural oils in fingerprint 
contamination.

(2 ) Loose soil Includes dust, fine turning and grinding debris produced  during 
machining. These are very often found in conjunction with machining oil. This 
form o f  contamination can be considered as the chalk present on a blackboard.

(3) Adherent soil Commonly scale or rust, but might include burn t-on  oil or 
paint which has served its purpose and requires to  be removed. To continue the 
analogy o f  chalk and blackboard, this soil might be considered to  be the paint on 
the blackboard.

(4 ) Moisture Normally present in the atmosphere, and appearing on engineer
ing components as condensation. It will also exist when com ponents  are machined 
using soluble oil. Other obvious examples o f  moisture con tam ination  include 
natural rainfall, accidental spillage, leaking equipment and buildings and, o f  course, 
in any process where com ponents are subjected to water washing in any form. 
What is often not appreciated is that compressed air contains appreciable q u an ti
ties o f  moisture, too. In the large areas o f  the world outside desert and arctic 
conditions, the air contains moisture. When it is compressed, the m oisture is not 
removed, and as the compressed air expands and strikes cold metal the moisture 
will be deposited as a fine mist. It is relatively difficult to remove m oisture from 
compressed air and experience shows that the standard m ethods o f  m oisture re
moval are either inefficient, or incorrectly maintained as a general rule.

The only technical method by which moisture can be efficiently removed 
involves refrigeration o f  the air and filtering out the frozen particles o f  moisture. 
This is expensive and seldom justified. It m ust, therefore, be appreciated that 
either components will be in danger o f  being dam p, or considerable effort must 
be made to remove moisture using the standard moisture-trapping techniques. 
Under many circumstances, the above remarks apply to oil which is com m only 
found in compressed air, but in general oil is more easily removed.

Another common source o f  moisture contam ination is fingerprinting, and this 
will normally be associated with oil or grease naturally occurring on the hum an 
skin.

To take each o f  these types o f  contamination in turn , the m ethods for removing 
any one o f  them appearing singly are described below. However, as stated above, 
a single form o f  contamination will seldom be found to  be the case in practice, and
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below (p. 57) is an evaluation o f  economical methods o f  Cleaning components 
which are m ulticontam inated .

(a) Oil and grease The classical m ethod for removal is the vapour or solvent 
degreasing technique. (F u r th e r  detailed information on this will be found under the 
appropriate heading in this book.) Briefly, it consists o f  boiling a solvent cleaner, 
generally one o f  the chlorinated hydrocarbons, resulting in a heated vapour phase 
into which the con tam ina ted  components are inserted. The vapour then condenses 
on the cold com ponen ts ,  to produce a clean, hot solvent which dissolves the oil 
and grease, and as further solvent condenses, these will be removed by the normal 
condensation action.

Immersion cleaning is also used for grease and oil removal. It has the disadvan
tage tha t,  as the con tam ina ted  com ponents are immersed in the hot or cold solvent, 
this itself becom es contam inated , and as the com ponents are removed solvent 
containing con tam ina tion  is left in contact with the surface layer. This contam i
nant is left behind after the  solvent has evaporated. Under some circumstances, 
this technique, instead o f  cleaning the com ponent, can result in a uniform contam i
nation, where previously the com ponent was partially clean with only local 
contam ination. The problem  is reduced by use o f  multistage cleaners, where the 
com ponents  are transferred to successively cleaner solvents. The ideal situation 
is that tw o or three immersion dips are carried out followed by a vapour degreaser.

Wiping, using solvents, has the same disadvantage to a much greater degree than 
the dipping or immersion process. The cloth, brush or pad becomes rapidly 
contam inated , and there is a considerable history o f  technical problems which 
have been caused solely by the misuse o f  wiping methods.

Choice o f  solvent will, o f  course, depend on the type o f  contamination present. 
With m odern emulsion o r  alkali-type cleaners, it is possible to remove oil and grease 
by what is probably  n o t  a true solvent cleaner, but which will result in a high stan
dard o f  cleaning. But even these can result in the com ponents being contaminated 
with water.

(b) Loose adherent dirt This is removed by first wetting with the cleaning solu
tion. This generally requires a soap or alkali cleaner but many o f  the modern emulsion- 
type cleaners will also succeed. Once the particles have been correctly wetted, 
then they can be floated from the surface being treated. This will usually require 
a high level o f  agitation, preferably mechanical, where the com ponents are moved 
in relation to  the so lu tion , rather than air agitation, where the solution itself is 
moved. As an alternative it is possible to use multistage cleaners, where the conta
minated but wet material is removed from one solution into a second solution 
which will have a lower degree o f  contamination. This can then be followed by 
w ater washing w hich, i f  correctly carried out, completely removes all trace o f  the 
con tam ina tion .

Again it is obviously possible to  remove this type o f  contamination by mechani
cal means. To revert to  the blackboard, this is normally cleaned with a duster
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which removes a large percentage o f  the chalk but spreads the chalk evenly across 
the surface. Only by using successively cleaner dusters can the blackboard be 
shown to be clean.

(c) Adherent contamination  Normally, there are two methods o f  removing 
this contamination: first, by blasting or wire-brushing; and second, by chemical 
means.

Blasting is probably the most economical m ethod, everything else being equal, 
and under most circumstances will be the most efficient. (The different m ethods 
are discussed in the section Blasting, and the reader must evaluate the problem 
involved and then choose the correct technique, whether this is the sophisticated 
Vapour blasting or the relatively simple and cheap Grit blasting, using some form 
of slag as the abrasive. It is essential that the correct technique is chosen for the 
material involved, for the contamination present and, probably most im portan t,  
for the subsequent treatm ent. Where any form o f  painting or metal-spraying is 
involved, there will be little doubt that Abrasive blasting is technically the best 
method, and at the same time the most economical choice. Where Cleaning requires 
to be followed by some form of wet process such as Electroplating, the economics 
o f  blasting are more doubtful.

In most cases the material to be removed will be scale or oxide o f  some form: 
the procedure, then, will be that the com ponent is pickled. It must be appreciated 
that with most metals and steel in particular, there will be considerable danger 
o f  corrosion occurring immediately after the pickling  operation. It is, thus, essential 
that tight control is maintained between the removal o f  the com ponent from the 
active solution, through the subsequent swilling operations, and until any subse
quent treatment is applied. Wherever possible, the delay between these treatm ents 
should be held to minutes rather than hours and certainly must be hours rather 
than days.

Chemical removal o f  adherent soil can also apply to the use o f  solvents where 
paint and such like materials become a contam inant. It is not possible in a book  o f  
this type to list all the possible solvents for each contaminant. It can, however, be 
stated that there are now available solvents which are almost universally used for 
paint removal. These tend to  be relatively expensive and it will, therefore, be more 
economical always to use the specific solvent which has proven the most econom i
cal for any one type o f  contam inant and specialist advice should be sought in 
this area.

(d ) Removal o f  moisture  Traditionally, removal o f  this type o f  contam ination 
used warm sawdust with the com ponent or com ponents being rolled in this 
material. The sawdust absorbed the moisture and, being warm, then dispersed it 
by evaporation. This technique is now seldom used as experience has shown that 
the danger o f  sawdust contamination, particularly in oil holes and on various 
surfaces, was such that failures were found from this cause.

Components can be successfully dried by immersion in any oil or liquid held 
above 100°c. While this removes moisture, the com ponents remain contam inated
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with the material used for its heating properties. With many engineering products, 
this is no disadvantage, but it will be appreciated that there are many occasions 
when oil cannot be considered.

It is also possible to ‘d ry ’ com ponents by heating in an oven. This is often more 
difficult than at first realized, since, unless the oven has some form o f  vent to allow 
the moisture to be removed, very often the oven will merely become a humidity 
cabinet with the com ponents being held in a warm, highly humid atmosphere. 
While simple shapes will dry rapidly on removal, assemblies and complicated 
shapes will readily trap moisture which can result in subsequent corrosion. There 
is also the possibility o f  using hot water as a means o f  drying. Provided the water 
is boiled during the process, and that the com ponents are held in the water long 
enough to reach the tem perature o f  the boiling water, then on removal satisfactory 
drying can result, particularly with com ponents having a reasonable mass and 
simple shape. This form o f  drying  will not be satisfactory with com ponents having 
a large surface area and little mass, or com ponents having complicated shapes where 
moisture will be trapped and thus the heat in the com ponent will be insufficient 
to  drive o ff  the moisture.

There is also the disadvantage that most natural water contains considerable 
quantities o f  solid m atter in solution. With hot-water tanks, this solid matter will 
be concentrated in the water itself owing to the natural evaporation from the 
surface. This contam inated water will be present on the surface o f  the components 
on removal, and the water itself will evaporate leaving behind the solid matter 
which was in solution. This leaves the well-known drying stains which for some 
purposes will be unacceptable.

There are now available two proprietary methods o f  stain-free drying both o f  
which achieve highly sophisticated dried components. The first is the ‘Trisec’ 
process , which acts basically as a vapour degreaser. This contains an additive which 
reduces the boiling point o f  water so that it will condense on the com ponent along 
w ith the solvent. This is then removed to the outside o f  the degreaser and the 
com bined liquid o f  solvent and water passes through a separator, whereby the 
w ater  is rejected and sent to drain while the solvent is returned to  the vapour de
greaser sump. Handled correctly, this treatm ent is technically a highly efficient 
m e thod  o f  removing water.

The second m ethod uses liquids, recently developed, which have a revulsion to 
water. These liquids cannot mix with water and will, in fact, reject water in such a 
m anner tha t,  if  they are placed on a smooth surface in conjunction with water, 
there will always be a gap between the water phase and the liquids. These water- 
repellent liquids are now m arketed by several companies, and the reader is advised 
to  con tact any o f  the larger plating supply houses for further information.

The technique with these is that the tank is filled with the liquid and the parts to 
be dried are immersed for several seconds, then removed and allowed to drain. The 
water-repellent liquid replaces the water almost immediately and the water sinks 
to the bo ttom  o f  the tank; on removal from the tank the liquid will either drain
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back into the tank or evaporate. It is generally necessary to modify the tank to  have 
a sight glass to monitor the level o f  water and to drain this from the bottom  o f  the 
tank as necessary. Additives may be used such that, when the water-repellent liquid 
itself evaporates, a thin film o f  corrosion-resistant material is left. As stated, there 
is a variety o f  these liquids on the market, some supplying corrosion resistance o f  a 
low standard for short periods, others developed to  withstand more corrosive 
atmospheres.

It is seldom found that only one o f  the above four contaminants exists at any 
one time, and it will be seldom economic to  achieve separate Cleaning systems to 
remove the different types o f  soil. For example, a steel com ponent which has been 
oiled and contains grinding soil with soluble oil as the final contam inant, would not 
be economically cleaned by vapour degreasing, followed by pickling  in hydrochloric 
acid, then washing with a detergent-type cleaner followed by drying with one o f  
the proprietary liquids described above. It would be more reasonable to clean the 
com ponent using a soap-detergent cleaner then pickling , and finally, drying with 
hot oil.

Alkaline descaling agents can be used to clean and descale, and sophisticated 
techniques such as sodium hydride  are available for the same purpose. Part o f  the 
process will ensure drying  and as a bonus any loose soil will be eliminated.

For most engineering purposes, the choice is generally between solvent-vapour- 
type degreasing, and aqueous-type cleaning. While there are many instances where 
the vapour degreaser is preferable, because o f  its convenience and the fact tha t the 
components on removal are dry, this is seldom the most economical m ethod o f  
cleaning in a modern engineering factory.

In recent years there has been considerable advantage in the use o f  detergent, 
soap, electrocleaning and emulsion cleaning. All o f  these techniques can be em 
ployed to remove normal engineering soil with its associated solid contaminant and, 
when correctly handled, result in a surface having a satisfactory standard o f  cleanli
ness which will not rapidly corrode.

It is possible, with the more sophisticated types o f  cleaner, to  use additives in 
the solution, which remain on the cleaned surface and can inhibit corrosion over a 
wide range o f  conditions for relatively lengthy periods. These techniques can ensure 
a high standard o f  Cleaning with less danger o f  subsequent corrosion than is ex
perienced using the vapour degreasers, which remove all surface oils and leave steel 
in particular in a condition very prone to  corrosion.

Electrocleaning is a technique using the electrolysis o f  water to  give a form o f 
gas-scrubbing on the surface o f  com ponents and can achieve highly efficient 
cleaning.

Ultrasonic cleaning uses the energy o f  the ultrasonic beam to impart a surface 
pressure, followed immediately by suction or vacuum to the surface o f  the com 
ponent. This will rapidly remove loosely adherent soil, and will efficiently remove 
the less adherent loose soil, but will not normally remove material such as adherent 
paint or scale.
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Cleaning, then, is a very im portant aspect o f  modern engineering and industry in 
general. The reader is strongly advised to examine the soil and the mechanism of 
contamination and to  choose the most efficient method o f  Cleaning, first, to 
remove the soil and, second, to ensure that the resultant surface is in a satisfactory 
condition for subsequent processing. There is available a relatively simple technique 
for assessing the efficiency o f  cleaning solutions. This uses the wire mesh normally 
found in laboratory equipment which can be smeared with the contaminant to be 
removed. The contaminated mesh is then submitted to the technique which is 
being evaluated and the efficiency o f  contaminant removal is quantified by measur
ing the time taken to free all the holes from contamination.

Close Annealing
A specific form o f heat treatm ent, applied to  steel strip in the form o f  coil. 
However, there is no reason why the term should not be applied to  any strip 
material in coil form.

The annealing involved is the standard softening  process for the specific material, 
but because this is in the form o f  a tightly wound coil, atmosphere will obviously 
be excluded from any surface except that on the outside o f  the coil. This means that 
the finished material has an oxide-free surface and thus, Close annealing can be 
compared to  Box  or Pack annealing or various types o f  Bright annealing using 
specific atmospheres. The 4Bright annealing’ and ‘Annealing’ processes are described 
in more detail in the section Heat Treatment.

Cloud-bursting
An inspection process used to identify hard spots on soft material or soft spots on 
hard material.

Basically the process is a Shot blasting operation, where the material being 
inspected is blasted with hard, abrasive grit. Inspection o f  the newly-blasted surface 
will show distinct differences o f  texture between soft material and hard material, 
provided the difference in hardness is appreciable, that is at least 200 points on the 
Diamond Hardness scale or 20 points on the Rockwell c  scale. When soft spots are 
identified on Case hardened material, they will show as a darker, duller surface on 
a relatively bright, reflective background. Where the process is used to show hard 
spots on soft material, these will be indicated as brighter areas on a duller, matt 
background.

The advantage o f  this inspection technique is that it can be carried out very 
often as part o f  the cleaning procedure, provided the shot-blast grit is kept in good 
condition, and thus the inspection process is made part o f  the normal production 
routine. As an alternative, etching  techniques can be used to show different 
metallurgical structures, but these can be relatively expensive and require a good 
standard regarding surface finish prior to the process being applied.

In general, the process is related only to steel, but there is no obvious reason 
why it may not be used for other materials; however, there are very few processes
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which result in non-ferrous materials having hard or soft spots which are not 
readily visible by themselves.

Cobalt Plating
For details o f  this process, see Electroplating. This metal, when deposited has 
similar characteristics to nickel. Its use is limited, since it is more expensive and 
m ore difficult to  plate than nickel.

Coining
Essentially a material-producing m ethod; it is part o f  the forging process. Coining 
can be applied to any material which can be cold-formed.

On occasion, however, this can be used to replace machining operations. The 
Coining procedure requires that the previously hot -forged com ponent has all scale 
and oxide removed either mechanically, by machining, or by chemical means. The 
forging is then restruck cold in machined dies which have the exact form required 
on  the com ponent. Using this process, it is possible to produce very tight tolerances 
on mass-produced components. It is also possible to impress designs and relatively 
simple shapes into the surface o f  the com ponent. The importance o f  the process 
will depend on the material being used, as the harder or tougher the material o f  
the com ponent, the shorter is the life o f  the dies. For most purposes, therefore, 
the coining process will not be economical, but with materials like aluminium, 
titanium  and many o f  the low-alloy steels, it is possible to have relatively long runs 
w ithout deforming the dies and, thus, the process is an economical proposition.

Coining, then, is a suitable alternative to  machining where the material is rela
tively soft and will accept cold w ork , and where the shape is relatively simple.

Cold-drawing
A general term applied to  the manufacture o f  wire or rod materials, where the final 
drawing operation is carried out with the wire in the cold condition.

This relies on the fact that many materials can be cold w orked , resulting in an 
increase in the tensile properties o f  the material and an improvement o f  the surface 
finish.

The term Cold-drawing is confined to the manufacture o f  wire as the final 
drawing operation which, in most cases, is designed to  give an improved, high- 
quality surface rather than any dramatic increase in mechanical strength. Further 
details o f  the process o f  ‘cold working' is given under the heading Work Hardening.

Cold Galvanizing
A term which is sometimes used to describe Electroplating o f  zinc on steel. This is 
m eant to distinguish it from the hot-dipping o f  steel into molten zinc which is 
normally known as galvanizing. The term Cold galvanizing is also applied to a form 
o f  painting  with specialized paints which results in a film o f  up to  90 per cent 
powdered zinc, which remains on the surface bound with some form of air-drying
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paint. Chlorinated rubber in organic solvents has sometimes been used as the 
material for binding the zinc to the steel surface. The purpose o f  the process is to 
apply zinc to steel, thus giving excellent corrosion protection  o f  the underlying 
steel.

Cold Rolling
A technique applied to any material, usually in strip form; it is the final operation. 
It is comparable to cold-drawing, carried out on wire, and is similarly designed to 
give an improved surface finish rather than any increase in mechanical strength. 
Further information on ‘cold working’ is given under Work Hardening.

Cold Welding
A term covering a form of Forge welding, where no heating is applied. It can also 
refer to various types o f  relatively soft metals which have little tendency to work 
harden. Metals such as pure lead, gold, aluminium, etc. which do not cold work  
under any circumstances can be Cold welded by the application o f  sufficient 
pressure. The result is a metallurgical joint which cannot be identified and, thus, 
can be seen to be an ‘ideal’ join. Other materials, such as mild steel and a large 
range o f  soft materials including most o f  the non-heat-treatable aluminium alloys, 
tin alloys, zinc, etc., can be Cold welded to a limited extent. The extent to which 
this can be achieved will depend on the amount o f  impurities or alloying elements 
present, causing the material in question to cold work. In order to produce a 
satisfactory Cold weld, it is essential that the level o f  cold work applied is such tha t 
a successful weld is achieved before the degree o f  work hardening produces 
distorted grains, resulting in an appreciable increase in material hardness. Where 
the materials being welded have not the ability to  absorb cold work w ithout 
hardening, then it will be found that the interfaces, instead o f  forming a satis
factory weld, produce cold-work areas, and thus form pockets where satisfactory 
welding has not taken place.

U nfortunately, the process is o f  little use with the majority o f  materials, since 
when Cold Working is applied to them, poor welding results. When, however, a 
suitable material can be used, such as pure aluminium and lead or gold, then Cold 
Welding produces very high-quality joints, which, as stated above, cannot be identi
fied and, thus, achieves a ‘perfect jo in ’.

Cold Working
A term applied to the working o f  any material to cause distortion of  the grain 
structure.

Certain materials such as pure gold, aluminium and lead do not Cold work at 
room temperature, which means that they can accept plastic deformation to an 
infinite degree w ithout any increase in hardness.

The vast majority o f  metals, however, when plastically deformed, increase in 
hardness, and this may, on the one hand, be used to  improve the mechanical
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properties o f  components, or on the o ther, may cause difficulties in regard to Cold 
working. The material will increase in hardness, but ductility will be decreased to  
an unacceptable level. There are materials, notably cobalt alloys and certain copper 
and nickel alloys, which cannot be Cold worked without fracturing as they do no t 
plastically deform to any appreciable degree at room temperature.

To some extent Cold working is an alternative to hardening and tempering , b u t  
it will be appreciated that the size, shape and form o f the material exerts severe 
limitations on the application o f  this technique. With a suitable material, surface 
hardening can be achieved with controlled Cold work.

As a general rule for steels, the greater the ‘hardenability’ by heat-treatment 
techniques, the greater the hardness possible by Cold working. (F u rthe r  inform a
tion is given under Work Hardening).

Colour Anodize
A process for aluminium and its alloys only, using certain dyes to  colour the 
anodic film.

The anodic process results in the formation of a tightly adherent oxide film on 
the surface o f  aluminium. When freshly produced, this film is porous and acts as 
a mordant in a very similar manner to  cloths such as cotton and wool.

The procedure used is that the com ponents are anodized , using the Sulphuric 
acid process and, on removal from the acid at the end o f  the cycle, are swilled in 
clean, cold water then immediately immersed in the dye. The dye is absorbed into 
the porous anodic film and, on removal from the dye bath, is again swilled in cold 
water and immediately immersed in hot, almost boiling clean water. This heat 
immersion seals the anodic film and the surface is, thus, permanently coloured. 
Colour anodizing, then, is not an additive surface film, but a true dye; it can be 
removed only by removal o f  the actual metal.

By the correct choice o f  dye, and provided that anodizing is correctly carried 
out, an attractively coloured material, capable o f  withstanding normal abrasion 
and abuse (e.g. ashtrays, etc.), is produced. Using standard s to p -o ff techniques, 
and repeated anodize and dyeing, several colours and intricate designs can be 
achieved.

Compression Test
A destructive, mechanical test, basically opposite to the Tensile test. Metals will 
very seldom fail because o f  compressive loading, thus the test is no t commonly 
used. Some information on the test is given in the section Mechanical Testing.

Contact Tin Plating
An alternative name for Immersion Tin Plating. The component is immersed in a 
hot chemical solution which is unstable and, thus breaks down to produce metallic 
tin which then adheres to the surface being plated.

This method is com monly used in the printed-circuit and general electronics
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industries to improve the ‘solderability' o f  components. It is also used to  improve 
appearance, as an attractive matt-white deposit can be achieved.

Proprietary solutions are available from the plating supply houses, and these are 
recommended rather than ‘do-it-yourself solutions. For further details o f  this 
technique, see Electroless Plating and Immersion Plating.

Controlled-atmosphere Furnace Brazing
A m ethod o f  brazing which uses a furnace to supply the necessary heat and a 
controlled atmosphere to  prevent oxidation o f  the com ponent. The technique of 
Hydrogen brazing is in fact a form o f  fumace-atmosphere brazing. Reference to 
controlled atmosphere, however, is generally assumed to mean a reducing type o f  
atmosphere. This will usually be o f  the hydrocarbon type, the atmosphere being 
controlled, generally by the dew-point m ethod, to be neutral or slightly reducing.

With this technique, it is possible to carry out Furnace brazing, using fluxes 
which are relatively inactive, and under certain circumstances, w ithout flux. This 
means that the com ponent must be thoroughly cleaned and free o f  oxide, prior 
to  assembly.

Controlled-atmosphere Furnace brazing can be used for any o f  the standard 
materials and the reader is referred to the section brazing for further information. 
The use o f  an inert gas such as argon or, under certain circumstances, helium, is 
normally referred to as Inert Atmosphere brazing.

Conversion T in  Plating
See Contact Tin Plating

Copper Plating
Details o f  the use o f  Copper plating, and the solutions employed, will be found 
in this book in the section Electroplating.

Copper was one o f  the original metals to be deposited by electrolysis and has a 
history o f  usefulness to engineers. With the high cost o f  copper relative to  other 
metals, many o f  these uses are being replaced by other techniques. These alterna
tives arc discussed in the section Electroplating.

'Corroderkote Test'
A form o f  Accelerated Corrosion testing , using a paste rather than the conventional 
spray.

This has the advantage that no special equipment is required, but the disadvan
tage tha t accurate reproduction of  results is difficult or impossible, and it is time- 
consuming in labour. The paste uses kaolin, with copper nitrate, ferric chloride and 
am m onium  chloride. It is applied to  coat the articles, which are then allowed to  dry 
before being placed in a humidity cabinet at 3 8 °c  and 90-95  per cent humidity. 
The time of the test will be specified, when the coating is washed o ff  and the 
surface examined.
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Corronizing
A specialist form o f Electroplating o f  nickel and tin, generally applied only to steel.

The technique involves the electrodeposition  o f  a coating o f  high-ductility 
nickel, in the order o f  0.005 in (0.125 mm). On top o f  this nickel layer is then 
plated a layer o f  tin.

This bimetal deposit is heated in either a liquid, or preferably, an inert a tm os
phere to a temperature above 175°c, but below 230°c, the melting point o f  tin. 
This results in the tin diffusing into the nickel, giving a coating with excellent 
corrosion-resistant properties.

With the advent o f  codeposition o f  nickel and tin, this process is no longer 
commonly used. Further information on ‘Tin Nickel plating’ is given under 
Electroplating.

Corrosion Protection
This is required on all metals at some time. There has been considerable research 
and development in this area, and it is now known that corrosion takes four forms. 
These are:

(1 ) Room-temperature oxidation  By far the most common corrosion is by 
oxidation. This applies to all metals, although it is much more obvious with mild 
and low-alloy steels. It is also a fact that oxidation corrosion will be accelerated to  
a dramatic degree by the presence o f  comparatively small amounts o f  contaminants, 
with chloride, sulphate and fluoride being high in the list o f  accelerating media.

(2) High-temperature corrosion This will almost invariably be oxidation 
corrosion, but again it will be accelerated by the presence o f  other elements or 
factors.

(3) Chemical corrosion Here acids or alkalis are the predominant media causing 
the attack. In laboratories acids and alkalis are used to dissolve metals and this is a 
form o f  corrosion.

(4) Electrolytic corrosion Here two metals in contact with each other are at 
different electrode potentials. It is now realized that electrolytic corrosion is either 
the main reason, or a major contributory  reason, for most o f  the corrosion o f  steel. 
It is also appreciated that the corrosion found on many other metals can be attri
buted either wholly or in part to this electrolytic action. The dry battery  action 
where two different metals are connected via an electrolyte, resulting in the p ro 
duction o f  usable electric power, and the corrosion o f  one o f  the metals, is an 
example o f  this electrolytic corrosion.

Some measure o f  the tendency o f  a metal to sacrifice itself (corrode) to  protect 
another metal in contact with it can be derived from the tabie o f  electrode 
potentials given opposite. The ‘noble’ metals are most positive, the ‘base’ metals 
m ost negative. The more negative the metal, the greater its tendency to sacrifice 
itself to  protect a more positive metal.
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Volts
Gold +1.5
Platinum + 1.2
Silver +0.799
Copper + 0 3 3 7
Lead -0 .1 2 6
Tin -0 .1 3 6
Nickel - 0 .2 5 0
Cadmium -0 .4 0 3
Iron -0 .4 4 0
Chromium - 0  71
Zinc - 0  763
Aluminium - 1 .6 6
Magnesium - 2 .3 7
Lithium - 3 .0 2

Some confusion can be caused when the above table is used or consulted when 
cathodic or galvanic protection is discussed. In an electrolytic circuit it will always 
be the anode or positive element which will corrode and the cathode or negative 
element which is protected.

Confusion arose bccause the early electroplaters believed that the current passed 
from the anode to  the cathode, as the metal appeared to  be transferred in this 
manner, and it is always the cathode which is plated. It is now known that the 
current, in fact, flows out at the anode. To prevent confusion, it is best to 
remember that the anode corrodes, the cathode is protected and the metals at the 
top o f  the table will always be protected by the metals below them sacrificing 
themselves. In this table, the farther apart the metals, the greater the corrosion 
potential o f  the lower metal, and the better the protection o f  the higher metal.

The four metals most commonly used in engineering are aluminium and its 
alloys, copper and its alloys, steel and zinc. In this section each o f  these metals 
will be discussed briefly, with information on protection against each o f  the four 
methods o f  corrosion.

Aluminium
To take aluminium first, it is seldom necessary to protect this from room-tempera- 
ture oxidation as aluminium forms a natural adherent oxide. Long-term corrosion 
resistance can be achieved either by chromating , or anodizing.

Chemical attack will generally be from alkaline or high-pH conditions. Unlike 
steel, aluminium can resist neutral or slightly acid attack better than it can resist 
alkali attack. Thus, any material with a pH value higher than 8 will tend to attack 
aluminium. The oxide formed by anodizing will successfully resist some alkali attack 
but will not resist severe attack. Chromating o f  aluminium will also assist in resis
ting this chemical a ttack but only to a limited extent.

High-temperature oxidation is not a serious problem with aluminium, as the
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higher the temperature the better the oxide which is produced; and aluminium will 
not normally be used under conditions where temperatures are considered high as 
the melting point o f  aluminium is below 600°c  with most o f  the alloys used.

Electrolytic corrosion is the most serious problem concerning aluminium. 
Aluminium is low in the table o f  electrode potentials and thus, will tend to sacrifice 
itself to protect most other metals.

The methods o f  protecting aluminium from electrolytic corrosion are the usual 
methods, either removing the electrolyte or preventing the second metal from 
making electrical contact with the aluminium. In this field it is, therefore, fortunate 
that the oxide o f  aluminium, produced naturally and by the anodizing process, is 
a non-conductor. This, then, considerably aids the ability o f  aluminium to  resist 
electrolytic attack, provided the contact pressures are sufficiently low not to  break 
down the oxide film. Where any doubt exists, aluminium should be protected 
by painting.

Where aluminium is used in contact with steel, it is essential that either a good 
film o f  aluminium oxide is produced, or complete electrical insulation is achieved 
either by a paint film or plastic. Where vibration is involved, it will seldom be 
sufficient for the aluminium to be anodized.

Pure aluminium has good corrosion resistance over a wide range o f  conditions 
but low mechanical strength. All the aluminium alloys have lower corrosion resis
tance, with the manganese and magnesium aluminium alloys having the best ratio 
o f  corrosion and strength.

Copper
Second, there is copper and its alloys. There is seldom any serious problem o f  
oxidation with copper and its alloys as the oxides or compounds formed are stable 
and relatively adhesive. For centuries now copper has been used in thin sheet form 
as an attractive roofing material, where the copper gradually turns green as it 
oxidizes and produces complex com pounds on its surface. These seal the surface 
and prevent further corrosion occurring. Where electrical contacts are involved, 
the surfaces are commonly silver plated , and for soldering tin or solder is generally 
applied, either electrolytically or by hot-dipping. With tin containing alloys, known 
as bronze, there is some resistance to  the production o f  these green colours and 
the bronzes retain their attractive brownish colour over a wide range o f  oxidizing 
conditions.

Brasses, on the o ther hand, will generally darken and, under some conditions o f  
oxidation, intergranular attack can occur.

For protection, therefore, it is only necessary to  coat the surface o f  copper and 
its alloys with a clear lacquer to  retain the colour. With brass, this is essential to 
prevent the possibility o f  intergranular oxidation.

Copper and its alloys can be used at relatively high temperatures and for many 
years were the sole material which could be used under conditions o f  high tem per
ature, for example, in fireboxes and associated com ponents in steam engines.
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This applied to certain copper alloys, to  pure copper and to low alloys o f  specific 
types; bronzes were found more useful than the brasses.

Regarding chemical attack, copper is excellent under corrosive conditions where 
alkalis are involved, and is satisfactory against sulphate, chloride and fluoride 
corrosion. It is unable to w ithstand attack by nitrates.

Electrolytically copper is fortunate in being relatively high in the table o f  elec
trode potentials (see p. 67). When in con tact with steel, iron and steel will sacri
fice themselves to protect copper. Thus, it is necessary to insulate copper and its 
alloys from iron and steel, not to  protect the copper, but to protect the iron and 
steel. This is usually achieved -  as is pro tection  from high-temperature and chemical 
attack -  by either Electroplating or painting.

In general, however, because o f  the high cost o f  copper in modern industry, it 
will be found that either copper and its alloys may be used successfully without 
protection, or some alternative metal is p rotected from corrosion. Such an alternative 
might be 12 per cent chrome and austenitic stainless steel, copper nickel or nickel 
chrome alloy. Where lower corrosion resistance is required mild or low alloy steel 
plated with nickel, zinc or cadmium might be used.

Steel
The third metal is steel, which will be considered with cast iron. By far the most 
effort on corrosion pro tection  is applied to  steel in all its forms. It is difficult with 
steel to  differentiate between oxidation and chemical and electrolytic corrosion, 
since in the vast majority o f  instances all three will be present to  a greater or lesser 
extent.

Methods o f  protection are wide-ranging. Probably the simplest technique is to 
increase the alkalinity in contact with steel, which reduces the corrosion potential 
under normal atmospheric conditions. This can be said to be a form o f  protection 
by chemical action in tha t it has been found tha t acid conditions, even as slight as 
to  a pH value o f  6, will result in some corrosion, whereas a pH o f  8 or 10 will 
inhibit this corrosion. This is evident in the differing rates o f  steel corrosion found 
in the UK between soft- and hard-water areas.

The various techniques o f  corrosion pro tection  appear under their respective head
ings in this book, and the Index lists the available m ethods. The different techniques 
take several forms, the simplest being the production o f  adherent oxides. The best 
know n is * Black O xide \  This will be successful, provided the oxide remains sealed 
to  prevent an attack  o f  the underlying steel. Along the same lines is the Chromating 
or Passivation m ethod, where the surface o f  the steel is given a film o f  iron 
chromate or iron oxide which absorbs some chrom ate. Slightly better than this is 
the technique o f  phosphating , which forms a measurable thickness o f  absorbent 
material on the surface o f  the steel. This has some corrosion resistance in its own 
right which is considerably enhanced, first, by chromating , and then either by 
sealing with oil or using one o f  the many paint systems.

O ther methods o f  preventing oxidation are based on elimination o f  the
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atmosphere. The simplest m ethod , o f  course, uses oil or grease. Some care is neces
sary to ensure that the com ponent being oiled is relatively clean and tha t the oil 
or grease does not trap liquid or moist air in contact with the steel surface. This 
can result in severe corrosion locally by the formation o f  high humidity  conditions 
under slight pressure, where the air and water are trapped by the oil or grease. 
There are now available some very sophisticated oils and greases which give 
corrosion resistance over a wide range o f  conditions, including outside storage over 
a period o f  time which can be measured in months. It will be obvious th a t  the more 
severe the conditions, then the shorter the time for successful corrosion resistance. 
Unfortunately, one o f  the problems in this area is that the methods used to  prevent 
corrosion also prevent the ready examination o f  the steel surface for slight evidence 
o f  corrosion.

A series o f  materials known as Vapour-phase Inhibitors ( VPI) is available which 
gives the same standard o f  corrosion protection as that outlined above. All give off 
a vapour which inhibits the corrosion, and share the characteristic o f  having low 
vapour pressure. Some raise the pH o f  the atmosphere to make it alkaline, thus 
reducing the corrosion potential o f  the steel, others reduce the corrosion potential 
o f  the atmosphere adjacent to the steel. They are o f  most use in storage or 
transport situations where atmosphere change is limited and, thus, there is little 
danger o f  the vapour contact being dissipated or blown away.

Where these relatively simple methods o f  corrosion prevention are shown to  be 
unsuccessful, it will be necessary to make use o f  either painting or plating  to  elimi
nate atmospheric or chemical oxidation, or to consider a change in material. Where 
electrolytic corrosion is the major factor, it is possible to make use o f  electrodes 
to protect the steel. There are two basic types. First is the use o f  a metal lower in 
the table o f  electrode potentials than iron (see p. 67) which will sacrifice itself to 
protect the steel. The most com m on m ethod here is the use o f  zinc or aluminium. 
This ‘sacrificial’ corrosion protection can be applied either by galvanizing, Electro
plating or Aluminizing. There are also available a number o f  paints which are rich 
in zinc or aluminium and therefore aid corrosion resistance, particularly if  the 
paint film becomes damaged.

Second, is the use o f  anodes — commonly zinc and aluminium which are 
fitted in specially selected areas. These are designed to corrode while protecting 
the major com ponent, and must be electrically connected to  the pro tec ted  area 
and an electrolyte must be present. The anodes are commonly used in situations 
where steel and copper are in close proximity and, provided they are correctly 
applied, will protect the steel. Considerable care is necessary in choosing the cor
rect metal, placing it in the correct location, with the correct ratio o f  anode to 
cathode size, and constantly monitoring the efficiency o f  the system. It is also 
possible to use inert anodes, generally titanium, which have an impressed current 
applied to ensure that they are always anodic to the areas being p ro tected . Specia
list advice must always be obtained before applying this type o f  system.

The most common m ethod o f  electrolytically protecting steel is the use o f  zinc.
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This is plated, usually to a thickness o f  less than 0.005 in (0 .01m m ). With most 
modern equipment, as soon as plating is completed, the component is passivated 
by chromating. It has been found that a properly applied chromate film will in
crease the corrosion resistance by a marked degree.

Cadmium plating is still used but to a much lesser extent, and is only techni
cally required when the steel com ponent will be in contact with aluminium. There 
is some indication that cadmium has slightly be tte r  corrosion resistance in marine 
atmospheres and has better ‘solderability’ than zinc, but the higher cost of 
cadmium compared to zinc means that this metal is seldom called for on modern 
components.

Nickel plating is commonly used when the metal is required to operate in rela
tively severe conditions. Nickel has excellent corrosion resistance in its own right 
and it is this chemical resistance which is used. The deposit must be completely 
non-porous and in general requires to be at least 0.001 in (0.05 mm) in thickness. 
For purposes o f  appearance, the nickel very often has a bright deposit o f  chromium 
on the surfacc. (Further details o f  this and other metais used for corrosion p ro
tection will be found in the section Electroplating.)

Steel is also corrosion protected by hot-dip galvanizing and by the zinc impreg
nation process o f  Sherardizing.

Painting is now used for the corrosion protection o f  the largest surface areas o f  
steel. (Information on the various methods is given in the section Painting.) The 
purpose o f  the paint itself is to prevent the atmosphere contacting the steel sub
strate. As it is generally acknowledged that most engineering com ponents at least 
will be damaged during service, it is essential that some positive corrosion protec
tion  is given, thus excluding the danger o f  corrosion creeping under the paint film 
from damage marks. This is generally achieved by phosphating  or by the use of 
zinc-rich primers. (Information on these techniques is given under Painting.)

At higher temperatures, corrosion resistance by Electroplating o f  zinc and cad
mium is o f  limited use, and while nickel gives some protection, will not be satis
factory where cyclic heating is involved.

The process o f  Aluminizing  is commonly used where temperatures up to 500°c  
or 6 0 0 °c  are used. Temperatures up to 7 0 0 °c  for short periods, can be used with 
correctly applied Aluminizing.

The process o f  Chromizing is similar in many ways to Aluminizing  but is more 
expensive and, in addition to giving some hot oxidation resistance, successfully 
coats the surface o f  steel with chromium, giving corrosion resistance at least equal 
to  tha t o f  12 per cent chromium steel.

Zinc
Finally, there is the protection o f  zinc and zinc alloy components. Zinc has 
excellent corrosion resistance in its own right but has a tendency to form a rather 
unsightly bulky white oxide. Since this does no t have good adhesion to the zinc 
substrate it can be washed away, leaving the underlying zinc ready for further
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oxidation. This formation o f  the loose bulky deposit o f  zinc is not nearly as serious 
as that o f  the loose oxide on steel.

The oxide formation can be prevented or its speed considerably reduced by 
Chromating, and many zinc com ponents are now used with the well-known yellow 
ish sheen given by the chromate process. This will considerably enhance the 
corrosion resistance o f  zinc, provided the chromate film is not damaged.

Zinc can be Electroplated but this requires some care. There are, however, a 
considerable number o f  zinc die-cast com ponents which have been Nickel or 
Chromium plated  to give the appearance o f  similar com ponents in brass or steel.

Zinc can only be painted successfully when the surface is etched  to give a key 
to the paint and special primers are used (see the section Painting). Provided these 
precautions are taken, excellent paint adhesion can be obtained on zinc.

There are probably more treatm ents designed to  prevent metal corrosion than 
any other treatment o f  metals. Many o f  these treatm ents can be very successful, 
provided they are correctly applied, and almost w ithout exception the cost o f  
repairing or salvaging the effects o f  faulty corrosion protection will be much higher 
than the cost o f  correct application in the first place.

Coslettizing
The name given to a form of phosphating  o f  steel. This uses a relatively simple 
solution, with the purpose o f  forming iron phosphate on the surface o f  the 
component.

Crack Testing
An inspection technique used to  find material defects, generally, but not always, 
on the surface; the various techniques used are given in some detail under the title 
‘Crack Testing’ in the section Non-destructive Testing.

Creep Test
A destructive, mechanical test which can be applied to any metal. It is designed to 
identify the ability o f  the metal to withstand stretching (creeping) under its own 
weight over periods o f  time at different temperatures. It is described under this 
heading in the section Mechanical Testing.

'Cromalin'
A proprietary process used for the electrodeposition o f  metals on aluminium and 
aluminium alloys.

The general technique employed at present for Electroplating aluminium makes 
use o f  an electroless deposit o f  zinc, and it is the zinc coating which is then electro
plated in the normal manner with, initially, the deposition o f  a copper layer. This 
is generally referred to as the Zincate process.

Cromcote
The proprietary name given to Chromating processes supplied by Walterisation Ltd. 
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Cromodizing
The name given to the Chromating o f  steel, whereby a film o f iron chromate is 
formed on the surface. This gives the surface of the steel some corrosion protection , 
but this is o f  a relatively low order. Phosphating, * Black Oxide* and even oiling will 
probably give superior corrosion resistance. Further information on the technique 
is given under passivation.

'Cromylite'
A proprietary chromium plating process using a mixed ‘catalyst' to give an even 
deposit. Further information can be obtained from Oxy-Metal Finishers Ltd.

'Cronak'
A proprietary form o f  chromate treatment which is applied to zinc and zinc-based 
alloys. With this technique, the parts are cleaned and immersed in a hot solution o f  
dichromate which is acid in order to etch the zinc metal. Further information is 
given under Chromating; see also passivation

Cupping Test
A form o f  mechanical testing which is applied only to sheet-metal components in 
all materials. The test economically examines the ductility o f  the material with 
particular reference to its ability to accept work hardening and, thus, its capability 
for deep-drawing. An alternative name is the Erichsen test.

'Cuprobond'
A technique for applying a thin coating o f  copper on wire. This is a non-electrolytic 
process, a form o f  Electroless plating. The purpose is to supply a lubricant prior to 
the final drawing o f  wire and at the same time produce an attractive copper 
coloured finish for decorative purposes. Further information on the Cuprobond 
process can be supplied by Pyrene Ltd.

it should be noted that the copper, while attractive in colour, will not supply
any appreciable corrosion protection. Any break in the film will allow a cell to be
produced when moisture is present. This cell will have the steel as the anode 
a ttem pting to protect the copper surface. There will thus be a tendency for corro
sion to be accentuated on the steel. Further information on this will be found in 
the section on Cathodic Protection.

'Cuprodine'
A proprietary name for an electroless plating process to produce a thin film of
copper on steel wire prior to the final wire drawing.

Detailed information on the Cuprodine process can be obtained from ICI Ltd.

Cyanide Hardening
A surface hardening method which uses cyanide salts to give a case containing

73



C Y C L I C  A N N E A L

carbon and nitrogen; this is described in more detail under this heading in the 
section Heat Treatment.

Cyclic  Anneal
A specialized annealing procedure for higher carbon and alloy steels, and applied 
only to  steel; additional information is given under this heading in the section 
Heat Treatment.

'Dalic Plating'
An Electroplating process in which any conventional metal can be deposited 
locally, using equipment which is portable. The process has been devised, and is 
marketed by the Metachem Company.

The principle uses normal plating techniques, but the electrolyte is present on 
an absorbent pad surrounding the electrode. Briefly, the equipment consists o f  a 
rectifier transformer, supplying plating current at the normal low voltages. The 
output from this equipment is fed to two electrodes, one o f  which is in the form 
o f  a clamp or crocodile-clip, while the other is a probe type o f  stainless steel or 
other inactive material. This electrode will vary depending on the purpose and the 
com ponent, but will be designed to hold the absorbent pad in position round the 
electrode. Built into the equipment is a changeover switch allowing either electrode 
to  be positive or negative in relation to the other.

The procedure is that the crocodile-clip or clamp electrode is connected to the 
còrnpơrient to be treated. This connection will be on an area which ensures good 
electrical contact with the area being plated. The second electrode or probe is 
held in the operator’s hand.

Initially the area to be treated is thoroughly cleaned using swabbing methods 
with the necessary solutions. Generally these will consist o f  solvent cleaners to 
remove greases followed by wiping with detergent where necessary to remove all 
loose deposits. As with Electroplating the importance o f  cleaning cannot be over
emphasized.

When the area has a satisfactory standard o f  cleanness, the probe electrode will 
be made negative or cathodic, the com ponents being treated will be positive or 
anodic. The portable electrode will then have the absorbent pad fitted and this will 
be dipped into the etchant solution. A variety o f  these proprietary solutions are 
available for various metals, bo th  that o f  the com ponent and the metal deposited. 
The most com mon etchant is sulphuric acid. Using the probe electrode in a similar 
manner to  a felt pen, the area is gently stroked to ensure that the pad is soaked 
with electrolyte at all times. This etching  should continue until the area has been 
etched continuously for at least 30 s. It will be appreciated that only relatively 
small areas can be treated at one time using this technique, and these areas will 
vary depending on the type o f  probe electrode used and to  some extent the 
operato r’s skill.

When the area to  be treated has been etched the equipment is switched off,
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the area is thoroughly and quickly washed with clean water to ensure complete 
elimination o f  all etchant. The absorbent pad must be removed and rejected, the 
probe electrode thoroughly washed and a fresh absorbent pad fitted. This probe 
then becomes the anode, by reversing the polarity, with the com ponent being 
plated the cathode. The probe electrode is dipped into the proprietary solution 
o f  the deposit metal. The area to be plated is stroked gently with the probe elec
trode, which is kept wet continuously with the electrolyte.

Given the correct conditions, it is possible to use fcDalic plating’ for a variety of 
purposes. These include the correction o f  faulty plating, where local defects have 
been identified over the whole range o f  metals normally deposited, or salvage 
operations on large com ponents which cannot normally be subjected to Electro
plating. Small components, and components with electrodeposits can also be 
salvaged or treated using this procedure. It is commonly used for components 
such as printed circuits boards, where defects occur either during manufacture 
or in service, resulting in breaking o f  the conducting surfaces. Using the ‘Dalic’ 
process, tin-lead alloys, tin, nickel or gold plate can be used to carry out necessary 
salvage.

While this is an excellent piece o f  equipment in skilled hands, it should be 
pointed out that, unless correctly controlled, serious defects can occur. These 
defects may often be identified during or after the process itself, but may not 
become apparent until weeks or months after. These incipient detects will most 
commonly be caused by incorrect removal by washing and neutralization o f  the 
liquids used during the plating process. It should also be emphasized that if any 
appreciable thickness o f  deposit is required, the plating time involved can be 
several hours, and skill and care must be exercised during the whole o f  this period. 
This puts a considerable onus on the operato r’s technique.

Damascening process
A m ethod o f  ornamenting iron and steel which obtained its name in the Middle 
Ages from the swords produced in Damascus decorated by this process.

Basically the method is to draw out rods or wires o f  iron and steel and to inter
twine these in such a manner that a product is produced with a typical snake-like 
design. This requires considerable skill in the manipulation o f  the iron and steel 
rods as during this initial stage there is no obvious difference between them. These 
may then be beaten or rolled to form a solid, apparently homogeneous, article. 
This is then treated in acid, which attacks the steel com ponent at a faster rate 
than the relatively pure iron, and at the same time will result in an etching or 
darkening o f  the steel. The final result, therefore, will be the relatively bright iron 
in the unetched  or polished condition and the darker roughened surface o f  the 
steel. Designs using this process can be inlaid with other materials, such as brass or 
copper, to  give further contrast and more intricate patterns.

The process is also known as K u ft work and has been much copied by other 
techniques, such as painting, enamelling and acid etching o f  bimetal sheet, or
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metal-coated plastic. Modern craft-workers in metal still use Damascening for the 
production o f  high-quality jewellery and ornaments.

Deburring
A procedure which covers many different types o f  finishing, where the burrs p ro 
duced by any type o f  machining operation are removed.

There are five methods com monly employed to remove burrs all o f  which can, 
in theory at least, be used on all materials bu t,  in fact, are generally restricted to 
the materials commonly used in engineering. These are:

(1) Hand deburring This uses the normal type o f  equipm ent, including files, 
rotary tools, sandpaper, emery paper and similar techniques. Each com ponent is 
individually handled and the skill o f  the operator is the deciding factor in the 
quality o f  the end product. With this technique, in addition to removing burrs, it 
is possible by operator training to ensure that an adequate radius is produced.

(2 ) Mechanical deburring This uses the range o f  equipment in a normal 
polishing shop, including rotary and flat grinding, wire-brushing, and polishing 
mops o f  various types. In this case, while the skill o f  the operator is still o f  para
mount importance, much o f  the effort is transferred to  the machine. Again this 
technique can be used to ensure that an adequate radius is produced in addition to 
the removal o f  all burrs.

(3 ) Barrel deburring This uses the rumbling or tumbling  abrasive effect 
achieved by rotating or shaking the com ponents in contact with abrasive chips, 
abrasive dust and water. This m ethod can be used to produce a radius in addition 
to burr removal and, with correct control, can achieve a satisfactory homogeneous 
finish on all available surfaces. The technique is now highly developed and is dis
cussed under Barrelling.

(4) Abrasive blasting Using one o f  the several types o f  blasting techniques 
now available, it is possible to successfully deburr components. This will not 
normally achieve any form of radius but will generally remove burrs in a techni
cally efficient manner. Blasting can be used to  alter the surface finish on the 
component and a controlled, non-directional type o f  finish is possible. The 
techniques are discussed in the section Blasting.

(5) Chemical deburring Using carefully chosen chemicals, and in some cases, 
electrolytic action, it is possible to  selectively attack  the burrs on components. 
This method in general relies on the fact that burrs will, first, be more work har
dened  than other adjacent areas o f  the same metal, and this generally means that 
they will be chemically attacked more rapidly than materials with a lower standard 
o f  stress. Second, the burrs will usually occur in areas where the chemicals, particu
larly when electrolytic action is used, will be able to concentrate. Third, chemical 
attack will often concentrate naturally at corners, and this effect will be accentua
ted by the electrolytic attack. (See also Chemical Polishing.)
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Deburring using mechanical aids, while efficient technically, is open to certain 
variations. To some extent, the same applies to the use o f  blasting techniques 
where, unless the burr is standardized, which is seldom economically possible, 
the time will be variable and, thus, inadequate deburring may occur under certain 
circumstances.

With the use o f  barrelling techniques, it is possible to lay down control para
meters covering batch production, which will cope with a variety o f  burr types 
and sizes and result in a reasonably controlled end-product. This technique, with 
the vast majority o f  engineering batch-produced com ponents, will give the most 
economical and technically satisfactory method.

Chemical deburring in general can be applied only to specific components in 
certain materials but, given the correct combination o f  circumstances, and parti
cularly i f  subsequent processing is involved, it can be the best method technically 
and economically.

Deburring, then, can be successfully used to remove burrs and can sometimes 
result in the formation o f  a larger radius. Further information on this technique is 
given in the sections Electrolytic Polishing and Chemical Polishing.

Decarburizing
This process only applies to steel and is more commonly found as a defect than as 
a desirable attribute.

The process is, o f  course, the exact opposite o f  carburizing and results in a 
surface with a lower carbon content than the remainder o f  the com ponent. There 
are very few occasions, as stated, when this is a desirable property , but there are 
occasional requirements where a surface o f  softer, more ductile condition than the 
core is required.

The process can also be used as a recovery or salvage operation where, for some 
reason, the surface o f  a component has more carbon than is desirable. This could be 
because o f  faulty control during carburizing or other heat-treatment processes, 
for example the use o f  a carburizing salt bath in place o f  a neutral salt bath, result
ing in a high-carbon skin. Alternatively the defect could be caused by an un
desirably high carbon gaseous atmosphere in normal electric or gas furnaces.

Before the Decarburizing process can be correctly carried out under these 
circumstances, it is necessary to identify the quantity o f  excess carbon which exists. 
This is essential in order to control the process to ensure that the resultant surface 
does not suffer from excess Decarburization. Where production parts are Deearbu- 
rized for design reasons, and not as a result o f  excessive carburization, then this 
control will not normally be to the same high standard.

The Decarburizing process itself is carried out in a similar manner to Carburizing, 
but the atmosphere in contact with the com ponents being treated is o f  an oxidizing 
nature. In order to ensure that carbon removed from the surface o f  the com ponent 
is fixed, and thus does not return to the com ponent, the process will be carried out 
in a gas furnace, or, with pack-Decarburizing, the material used must be carefully
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chosen such that the carbon is combined in the material in contact with the 
com ponent.

The process is carried out above 9 0 0 ° c  in a gas atmosphere in equipment very 
similar or identical to  the Gas carburizing furnace. Gas carburizers are available 
which can be used to control the degree o f  Decarburization. They operate by 
altering the carbon potential o f  the atmosphere. This can be controlled au tom a
tically by various means, one o f  which is to monitor the electrical resistance o f  a 
pure iron wire continuously passing through the furnace. This resistance will vary 
with the carburizing occurring and can be used to alter the potential o f  the gases.

Continuously monitoring infrared analysers can also be used to control the 
carbon potential, but normally this technique will be found only on equipment 
designed to  carburize, not for controlling Decarburization.

This process is relatively unusual and should not be attem pted  w ithout con 
siderable investigation regarding the capabilities o f  equipment and personnel 
involved. It can be used as a m ethod o f  softening , but as the surface only will be 
affected, it cannot legitimately be com pared with normal annealing operations 
(see the section Heat Treatment).

The process o f  Malleabilizing cast iron is a Decarburizing process, where the 
carbon is extracted throughout the section o f  the com ponent.

Deep Anodize
An alternative name o f  Hard or Refrigerated anodizing , using sulphuric acid at a 
low temperature; further details are given under Anodize.

Deep-drawing
A metallurgical production process applied only to those metals, such as mild 
steel, brass, aluminium, etc., which can accept considerable quantities o f  cold work. 
To some extent it is a relative term, for example, a com ponent in brass can be 
considerably more Deep-drawn than any steel com ponent.

Degreasing
This can be applied to all metals. It is part o f  the general cleaning process and is 
described in some detail under that heading in this book. Technically and simply, 
it is that part o f  the cleaning process which removes grease, and a com mon form 
o f  Degreasing uses hot chlorinated solvents. Very often this is in the form o f 
vapour degreasing.

Demagnetization
An operation carried out only on ferritic steels; its purpose is to  remove all direc
tional magnetism from com ponents  undergoing treatment. Demagnetization is 
carried out by passing the com ponent or assembly through a solenoid-type coil 
carrying an alternating current.

It is necessary to demagnetize for three reasons:
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(1) As part o f  the Magnetic Crack test , where between operations it is essential 
that all magnetic force is removed prior to remagnetizing in another direction. 
Unless this is carried out, it is possible that the remagnetization will result in lesser 
magnetic forces than are desirable and, thus, some sensitivity will be lost.

(2) To ensure that all magentic forces are removed from components which will 
be in service where these magnetic forces may cause undesirable reactions with 
electronic or other types o f  equipment. This is the most com mon reason for 
Demagnetizing and its importance is obvious, because electronic equipment is 
relatively widespread today.

(3) Because com ponents are magnetic -  however slight -  resulting in the attrac
tion and adhesion o f  minute metallic particles. These particles can often result in 
excessive abrasion and wear. Where com ponents must be maintained at a high stan
dard o f  cleanliness, Demagnetization is also important.

There are several methods by which com ponents can result in being magnetized. 
The obvious m ethod is by using Magnetic Crack Test equipm ent, where components 
are held either on purpose, or accidentally, in an electrical field. This will result in 
some directional magnetism being induced and the degree o f  induction will depend 
on a large num ber o f  variables.

In addition to  this m ethod, it should be realized that vibration o f  steel which is 
held or placed within the earth ’s magnetic field, that is, in a north -sou th  direction, 
will also result in magnetization. This means that any static engine which has a 
vibration will result in certain com ponents gradually becoming magnetic. This 
also applies to  components being machined, e.g. where there is long-cycle 
machining, causing vibrations in the com ponents being manufactured. It is, there
fore, essential that with com ponents where magnetism must be absent, these 
should be Demagnetized after all machining. There are also com ponents which 
require Demagnetization at intervals during their life cycle.

'Deoxidine'
A proprietary name for a series o f  solutions which are de-rusters and also inhibit 
the metal surface generally by producing a phosphate coating. The same solutions 
are also used as etchants for aluminium to produce a satisfactory surface prior to 
Painting or the ‘A lacrom 9 process.

The solutions can be used neat or diluted for dip, immersion, brushing or spray
ing. It is preferable that they be washed and dried by oven, hot air or hot water, 
bu t in general the importance o f  removing these solutions is no t as critical as with 
normal de-rusting solutions since they are based on phosphoric acid, which is not 
a serious corrosive.

Further information will be found in this book under the heading o f  Cleaning. 
Detailed inform ation can be obtained from ICI Ltd.
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Descaling
A process which can be applied to all materials. The term covers any m ethod by 
which scale is removed. The scale will generally be produced  during the m anu
facturing process or in service and may either be o f  the type which is visually 
extremely obvious in the form o f  rust or millscale, or be visually unobtrusive.

The various methods o f  Descaling are blasting, pickling , e i ther  acid  or alkaline, 
sodium hydride treatment, polishing and barrelling. Each o f  these processes is 
described under the relevant headings in this book.

Dew-point Control
A m ethod applied to certain processes where the com position  o f  gas requires 
control. It is also a means o f  controlling hum idity , and thus where corrosion 
conditions are strictly monitored, the Dew point is recorded.

The Dew point is the tem perature at which w ater vapour in the atmosphere 
precipitates, and, thus, dew begins to form.

As gas -  whether air atmosphere or a controlled atm osphere  containing mois
ture -  is cooled, the Dew point is noted with the visible presence o f  droplets o f  
moisture, and is recorded in degrees centigrade.

The method is o f  particular use in controlled atm ospheres during heat treatment 
which is designed to prevent oxidation. These atmospheres will invariably contain 
water vapour and it is the ratio o f  water vapour to  o ther  consti tuen ts  in the gas 
which very often decides whether or not the atmosphere is oxidixing.

This form of control, therefore, has use in certain metallurgical processes. It 
requires special equipment and will often be included as part o f  the control equip
m ent o f  the furnaces.

'Diabor'
A proprietary name for the process o f  Bonding.

Further information on this will be found in the section on heat treatm ent; 
details o f ‘Diabor’ can be obtained from ICI Ltd.

Diamond Pyramid Hardness Test
A hardness test, using a diamond-shaped indenter (usually made from a diamond). 
The load is commonly applied via levers, and the resultant impression measured -  
the larger the mark, the softer is the material. The test is also know n simply as the 
‘Pyramid hardness test’; it is described in detail in the section Hardness Testing.

Die-casting
A m ethod o f  casting which, briefly, covers the process where m olten  metal is 
poured, sometimes under pressure (injection or pressure die-casting) into  a mould 
or die. This will be made o f  metal and immediately on solidification will open to 
eject the casting. It is only o f  use on long production runs but can produce castings 
o f  a very high standard o f  integrity and surface finish. All metals which are capable 
o f  casting can be Die-cast.
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Die Welding
A form o f  welding which, in theory at least, can be used to join any metal. In 
practice, it is generally confined to  sheet metal.

The process achieves overlapping o f  the metal sheets, using heated dies which 
hold the sheets together during welding. This is, therefore, a form o f  Forge welding , 
where the heat to  raise the metal temperature is by conduction from the dies. The 
necessary pressure to  cause the weld is applied by conventional means to the heated 
dies. Further inform ation  on Forge welding is given in the section Welding.

Differential Heating
A specialized form o f  heat treatment in which one portion of  the com ponent is 
heated either at a different rate, or to a different temperature, and where the rate 
o f  cooling following the heating will generally control the type o f  treatment being 
applied. This specialist procedure will usually required an individual specification 
being written. (See the section Heat Treatment.)

Diffusion Bonding
A method o f  join ing similar or certain specifically different metals, generally using 
pressure.

The materials to  be bonded  are thoroughly cleaned , then have the surface oxide 
removed either by chemical or mechanical means. To ensure a good bond, the 
surfaces to be joined must have a reasonably good surface finish, the standard o f  
which will depend on the metal being bonded. The surfaces are brought into con 
tact with each o the r  and pressure applied. This will either be static or rolling, 
depending on the com ponen ts  and materials involved.

With materials such as pure lead, gold, tin, etc., Diffusion bonding takes place 
at room tem peratu re ,  at atm ospheric pressure, provided the surfaces are clean and 
oxide-free, and sufficient time is allowed. By increasing the temperature, the bond 
will be achieved in a shorter  time. The temperature involved will be relatively low 
as the form ation o f  an oxide layer inhibits the bonding. The process is only appli
cable to metals which can be cold worked  without becoming too brittle.

Diffusion bonding  results in a form o f welding, covering Cold welding and 
Pressure welding, and can also be applied to any Forge welding operation. It is, 
however, generally reserved for operations where either static or rolling pressure is 
involved.

The resultant bond , when applied to identical metals, cannot be identified by 
any metallurgical m e thod  -  in o ther  words, it is an ‘ideal jo in t’. When dissimilar 
metals are jo ined , the  result is a homogeneous, diffused merge o f  the two metals 
involved. It will, therefore , be seen that this process produces a high-standard weld, 
but the technique can only be applied to components o f  relatively simple shape. 
The process o f  cladding sheet is a variation o f  Diffusion bonding.
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Dinanderie
A form o f  metal craftmanship which takes its name from an area in Belgium.

The process is applied to copper, brass and bronze and consists o f  decorating 
these by working them with specially shaped hammers and anvils, resulting in a 
raising o f  the metal surface, which is then decorated. The name applies more to 
the type o f  design rather than to  any specific type o f  metal working.

Dip Brazing
A form o f  brazing where the com ponent or assembly is immersed in a m olten  bath . 
The liquid may be molten salts bu t,  under certain circumstances, can be m olten 
metal or, under some specific circumstances, some other liquid such as high 
temperature heat transfer liquids. A fluidized bed may also be used. The process is 
described in more detail under Brazing, and Salt-bath Brazing.

Dip Moulding
A technique which can be applied to  all materials, where the com ponent is dipped 
into liquid plastic. On removal either by the action o f  air, with air-curing plastics, 
but more generally, by heating, the plastic solidifies to give a plastic coating to  the 
component. There are a large num ber o f  variations o f  this basic technique and 
many purposes are served by Dip moulding.

Many high-quality com ponents, particularly tooling, are protected during transit 
and storage by a thin, tough plastic coating which is applied by dipping the tooling 
and then allowing the solvent to evaporate. In this case, the plastic material 
generally has an additive oil which gives protection from corrosion and at the same 
time prevents the plastic material from adhering to  the metal. When required, the 
material is cut with a knife and removed.

Other forms o f  Dip moulding would use more conventional plastics and may 
require that good adhesion is necessary between the metal and the plastic. D epen
ding on the quality o f  this adhesion and the plastic chosen, it may be necessary 
either to  blast or etch the surface and to use a special primer.

Dip moulding has many similarities to  the dry-powder painting  technique, 
especially where the heated com ponents  are dipped into a fluidized bath o f  plastic 
powder. This same technique o f  heating the components prior to dipping in the 
molten plastic, can achieve excellent results regarding control o f  thickness and 
adhesion. Dip moulding can also be used with processes where a pattern  or series 
o f  patterns is used, these being dipped to  give the required thickness o f  plastic, 
and the finished article after curing is stripped from the mould. These will be 
hollow plastic components. The thickness o f  the coating can be controlled either 
with the viscosity o f  the plastic, the heat of the component (lipped in the plastic, 
or by the application o f  several coatings.

Dip Soldering
A method o f  joining; it is similar to Dip brazing. (See the section Soldering.)
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Dispersion Hardening
An alternative name for Age hardening or Precipitation hardening (see the section 
Heat Treatment).

Dot Welding
A Fusion welding process, generally confined to cast iron or cast steel for salvage 
purposes, which can also be used for joining. It uses a pistol type o f  equipment 
which controls the feed o f  the electrode, the pulse o f  the relatively low current 
required for the weld ‘d o t ’ or ‘spo t’ and also the subsequent air supply which 
rapidly cools the molten weld. Advances in the use o f  standard Electric welding 
equipment have made this specialized technique unusual with modern equipment.

It is, in effect, a S p o t or Tack weld process; further information is given in the 
section Welding.

Double Refining
A term occasionally applied to the Lwo hardening operations which follow 
carburizing in high-quality Case hardening.

The first operation refines the core o f  the com ponent, and this is followed by a 
second operation to  harden the case. This second refining results in the core being 
tempered. In modern industry it is more common to use the terms ‘Carburizing 
refine' and ‘Carburizing harden’ rather than ‘Double refine’. Further details of 
these techniques are given in the section Heat Treatment.

Double Temper
A heat-treatment operation which has the alternative name ‘Secondary hardening’ 
(see the section Heat Treatment).

Drawing
This process has two distinct meanings in the metallurgical context. The term is 
still correctly used in the modern sense, where wire is drawn to a smaller diameter. 
Wire-drawing takes large-diameter wire and passes it through a die to produce a wire 
o f  smaller diameter. Additionally the term is used, although it is relatively old- 
fashioned now, as an alternative to tempering (see the section Heat Treatment). 
Here the term ‘draw back’ means to reduce the hardness.

Drawing-back process
An old-fashioned name for the heat treatment which reduces hardness and increases 
ductility. This is now referred to as tempering (see the section Heat Treatment).

Drifting Test
An inspection process applied to raw material and, in particular, to  copper and 
copper alloys. It is a measure o f  the ductility of the material.

The test consists o f  punching the sheet metal with a punch or drift of
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predetermined size. The am ount or size o f  the ‘cup ’ produced is a measure o f  the 
ductility o f  the sheet metals involved.

The test is comparable to the Cupping test and is similarly subject to  individual 
interpretation regarding details o f  the test and results obtained.

The term is also sometimes applied to a similar ductility test for tube or pipe. 
With this, a punch or ‘drift’ is used to expand the mouth o f  the pipe. The am ount 
o f  expansion which must be achieved without cracking or bursting will be stated 
as part o f  the specification, as will the angle o f  the ‘bell m ou th ’.

This is an economical, simple, destructive test to give an indication o f  ductility.

'Dri-Loc'
A proprietary process and a variation on the ‘L o c tite* process, where liquid resins 
harden in the absence o f  air and are, thus, used as a method o f  retaining nuts on 
threaded studs, or in o ther forms o f  glue jointing. With the ‘Dri-Loc’ process, the 
resin is encapsulated in microdrop form. This means that minute drops o f  the 
‘L o ctite9 liquid are surrounded by a second resin which prevents the droplet being 
affected.

The result is a liquid which can be applied to threaded com ponents when the 
liquid on the outer surfaces o f  the microdroplet will dry to give a form o f  lacquer 
which is dry to the touch. When the screw is assembled, the action o f  the thread 
being twisted inside the nut results in this touch-dry, encapsulating material fractu
ring, thus releasing the resin which then acts in the same manner as a glue holding 
the nut in position.

This has the advantage over the normal ‘L o c tite ’ process and o ther forms o f  
glueing that the com ponents are already pretreated and there are, thus, no prob
lems regarding the correct application, which under many circumstances can be in 
difficult conditions. The lacquer can always be applied under the desired
conditions. Further information can be obtained from the Loctite Co.

Drop Forging
A manufacturing forging process and, therefore, outside the remit o f  this book. 
Briefly, the bo ttom  half o f  the die is static and the com ponent is forged when it is 
forced into the die by the ham mer dropping. Alternatively, force can be applied 
by the moving section itself being a die and, thus, imparting form to the com po
nent. The term Drop forging is also used where anvil and hammer are involved and
the desired shape is produced by the skill o f  the operator.

Drop Stamping
A manufacturing process similar in many respects to  Drop forging ; the user is 
advised to  obtain further information from a specialist.

Drop Test
A quality-control operation, usually applied to finished components or assemblies.
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With one technique, a known weight is dropped from a standard height on to the 

test piece or com ponent, and the result is noted. Generally no cracking or fracture 
will be accepted and the maximum degree o f  deformation will be specified.

More generally, with modern equipment, the com ponent or assembly itself is 
dropped, and the test is required to show any weakness identified by subsequent 
inspection.

With wheel-type components, the drop is carried out twice, with the wheel 
turned 90 degrees between the two tests, and the subsequent examination carried 
out tor distortion as well as cracking.

With modern electronic equipment, the Drop test is carried out to find any 
mechanical weakness and to  identify any component which has poor electrical 
conductivity or broken connection. The height o f  the drop, the number o f  tests 
and the angle or angles o f  impact will all require to be specified, together with the 
subsequent electrical and mechanical details.

As stated, the Drop test should always be a quality-control operation, and not 
an inspection method carried out on a routine basis as an integral pait o f  any pro
duction process.

There are now available a number o f  detailed specifications covering the Drop 
and Bump testing o f  electronic equipment, and users are advised to contact the 
British Standards Institution or the American Society for Testing and Materials 
for further information.

Dry Blasting
The general name given to any form o f  blasting where the abrasive metal is dry; 
the term should be qualified with the type o f  grit or shot used. (See the section 
Blasting.)

Dry Cyaniding
A process o f  locally hardening the surface o f  steel components.

The com ponent is heated either in a furnace, or by flame, to  above red heat, 
then immersed into a dry, cyanide-rich powder. The com ponent should be rubbed 
in the powder, when it will be found that some o f  the powder fuses and adheres 
to the surface. The com ponent is then removed and the process repeated.

The process is essentially identical to that described under Cyanide hardening 
but can be carried out on site and does not require the relatively sophisticated 
equipment o f  the latter process.

It must be emphasized that the salts or powders used are rich in cyanide and are, 
thus, extremely poisonous. The gases given off, containing hydrocyanic, are also 
poisonous. The water used to wash the components on completion o f  the process 
will be high in cyanide and will be unacceptable for disposal to local authority 
drains. It will, therefore, be seen that this local hardening m ethod is not to be 
a t tem pted  except under high controlled conditions.

This process is generally confined either to treatment o f  individual components
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or very small-batch production, or to local areas which require to be hardened. 
It is difficult, if not impossible, to achieve accurate control o f  case d ep th ,  and 
generally temperature control is non-existent or o f  a low standard.

The term ‘Dry cyanide5' can also be used to refer to the gas process o f  Carbo- 
nitriding as a means o f  distinguishing this from the normal cyanide process which 
uses molten salt.

Dry-drawing
A finishing technique where wire is drawn through a lubricant. This results in a 
high-quality finish, which is generally bright. The name is used to distinguish it 
from the wet-drawing process where the wire is drawn through a liquid.

Dry-film Lubrication
A relatively modern technique -  a form o f  painting -  which became available with 
the advent o f  high-strength paint films with excellent adhesion to steel. It can also 
be applied to certain surface treatments such as Phosphate, 'Borax’, ‘Su lp h in u z ' 
and ‘Tufftride\ These coatings are generally applied only to steel bu t there is no 
technical reason why other materials should not also be treated.

The purpose o f  Dry-film lubrication is to coat the surface o f  com ponents  sub
jected to wear or light abrasion where standard lubricating techniques for some 
reason are not possible. There are two basic types both  using the same vehicle, 
generally some form o f  phenolic resin. These are colloidal graphite and m oly
bdenum disulphide. These materials are produced as extremely fine powders which 
are then used in the same manner as a pigment with the phenolic resin being used 
as the vehicle.

The method o f  application is that the components are first thoroughly cleaned 
to a high standard and are then subjected to carefully controlled blasting using a 
fine grit in the range o f  120-220 holes per inch mesh size. Immediately afterwards, 
the paint is applied in the form o f  an extremely thin even coating. This must be 
by the standard m ethod o f  spray-painting with considerable skill on the  part o f  
the operator where high-quality Dry-film lubrication is required.

When the technique is successfully applied, the film will have excellent adhesion 
and will withstand considerable wear, provided this is within the hardness range o f  
the paint film. If  abrasive particles or pressure using a harder material than the 
paint film are applied, the film will be cut. Because the pigment, either graphite or 
m olybdenum disulphide, is a self-lubricating material, disastrous breakdown may be 
delayed but further deterioration will not be prevented. Provided the loading 
applied does not result in cutting, extremely long life can be obtained using this 
technique.

The com ponents to which Dry-film lubrication is applied include items such as 
ball or roller bearings used in corrosive atmospheres or temperatures above tha t at 
which normal oil or grease operate. Provided the loads applied are w ithin the 
limits stated above, then long service can be obtained. Other instances are moving
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components which cannot be lubricated for any reason such as the danger o f  
contamination.

For room temperature purposes, the graphite impregnation is probably superior, 
with the molybdenum disulphide being more useful at the higher temperature 
range. There is considerable overlap and the user is advised to obtain specialist 
advice in this area. As with other processes, it has been shown conclusively that an 
incorrect treatment here will result in early failure. Dry-film lubrication to some 
extent is competing with the ‘Sulphinuz ’ and ‘Tufftride* processes, but is probably 
used at a lower temperature than either o f  these treatments. Phosphating, particu
larly when lubricated, is also a competing process.

Dry-film Painting
A method o f  coating articles with epoxy powder; it is an alternative name for 
Powder painting (see the section Painting).

Drying
Drying means the removal o f  moisture. Various standards o f  Drying are used either 
regarding the extent o f  water removal, or the standard o f  cleanness which remains 
following the operation.

Water boils at 100°c and its vapour pressure at much lower temperatures is 
relatively low. Thus, com ponents raised above 100°c will dry, because any 
moisture in contact with the surface will evaporate. Care must be taken, however, 
that closed containers do not dry as on cooling any water vapour trapped within a 
cham ber will condense and reappear as moisture. This can also occur on hollow, 
cup-shaped articles which are incorrectly loaded during the drying operation.

It should also be realized that with com ponents placed in a closed oven at 
temperatures slightly above 100°c, any water will be converted into steam or 
water vapour and unless this is forced out o f  the oven, some condensation will 
result on removal and cooling. Thus, where Drying is im portant, the oven should 
have ventilation and preferably a fan.

O ther methods o f  Drying are carried out by warming in absorbent material such 
as sawdust. This can be extremely efficient but care is required that the sawdust 
does not block oil passages or become trapped in the mechanism o f  assemblies.

Drying by immersing in hot liquid is extremely efficient regarding the removal 
o f  moisture but will, o f  course, result in the com ponent being contaminated with 
the liquid. It is also essential that the liquid has no compatibility with moisture, 
as this results in the surface being contaminated with the liquid which might 
contain some water.

Drying is also possible by the use o f  boiling water. Provided the water is actually 
boiling, the com ponents being dried will rapidly attain the temperature o f  the 
water, and on removal, the surface water immediately evaporates. It is obvious that 
this m ethod is possibly only where the com ponents have, first, a reasonable mass 
com pared to the surface area and, second, where they are o f  a relatively
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simple shape with no pockets which will trap water.

One o f  the problems o f  Drying using either water or ho t air is tha t w ater 
evaporates from the com ponents and leaves behind any solids which are in solution 
in the water. For most engineering purposes, this very slight surface con tam ina tion  
is o f  no importance. With many parts however, a water-free, chemically clean 
surface is essential. Use should then be made o f  ‘Trisec*, which is a p roprie tary  
m e thod  (discussed in this book under its own heading), or water-repellent liquids 
w hich have recently been developed. These liquids are completely incom patib le  
w ith  water and, when any com ponent containing w ater is immersed, the w ater is 
immediately removed and falls to  the b o tto m  o f  the  vessel. On removal from the 
vessel, the water-repellent liquid evaporates, leaving a surface free o f  contam ination . 
Drying is discussed further in the section Cleaning.

D ucility  Measurements
Ductility is a mechanical property which is im portan t for all metals. It is the 
ability to  withstand plastic deformation w ithout cracking or fracture.

A large percentage o f  the research and developm ent carried out on  metals is 
searching for an increase in ductility, or re ten tion  o f  the  available ductility  while 
improving other mechanical properties, such as the tensile strength. Almost in
variably as tensile strength increases, so ductili ty  decreases. The im portance o f  
ductility in engineering com ponents is their need to  w ithstand slight am ounts  o f  
stretching or deformation w ithout cracking, and this means tha t when any material 
is taken outside its yield point or elastic limit it will no t immediately crack or 
fracture, bu t that some stretching will take place.

Many manufacturing processes also rely on the fact th a t  metals are ductile, and 
the  choice o f  a metal may in fact be based on  the  fact tha t it can be shaped by 
working. There are materials which would find considerably more use in engineer
ing if  they possessed measurable ductility.

The practical m ethod o f  assessing ductility is to  m ake use o f  the tensile test 
piece by measuring the ‘elongation’ or the reduction  in area. These tests show the 
am ount o f  stretching, or plastic deform ation betw een the elastic limit and fracture. 
This test is expensive and for a rapid assessment o f  ductility  a variety o f  o ther  tests 
based on bending have been used. When any m etal is ben t to cause permanent 
deflection, then the outer surface o f  the bend  has been plastically deformed. 
Depending on the type o f  test, the shape o f  the test pice, the radius applied to the 
edges o f  the test piece and, in some instances, the rate o f  deform ation, information 
can be made available regarding the ductility  o f  the material. There is no doubt 
th a t  while the Bend tests are extremely useful, the  results obtained should be 
assessed with some caution. There are no circumstances in engineering where Bend 
testing  will exactly reproduce the stresses applied. O ther forms o f  ductility 
measurements are the Wrapping test and Cupping test. These ductility tests are 
usually o f  service for sheet metal which will be used for cold-forming  operations.
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(The methods o f  assessing ductility and the Bend tests are described further in the 
section Mechanical Testing.)

Durionizing
A Chromium plating  process, giving a hard deposited coat. It is generally applied 
only to  steel bu t,  under certain circumstances, can be applied to copper alloys 
and, under very limited circumstances, to aluminium. The process is described 
under Chromium Plating in the section Electroplating.

Dye-penetrant Crack Testing
A non-destructive form o f  Crack test which can be applied to all metals and many 
non-metals. It uses a penetrating dye to  highlight surface cracking.

Eddy Current Sorting
A technique used for metal sorting where use is made o f  two balanced coils through 
which is passed a direct cu rren t .  The o u tp u t  from these coils is fed to  an oscilloscope 
w ith each coil feeding a different plate. This results in a balanced picture on the 
oscilloscope. When any metal object is placed in one o f  the coils, this will upset the 
balance. If, however, an identical object is placed in the second coil, then the 
ou tpu t will again be balanced. Any variation between the objects in each coil will 
show on the oscilloscope.

Further details o f  this and o the r  m ethods o f  determining differences in metals 
are given in the section M etal Sorting', this eddy current technique can also be used 
as a means o f  flaw  detec tion , and details o f  this will be found in the section N on
destructive Testing.

Eddy Current Testing
A m ethod o f  flo w  detection  described in the section Non-destructive Testing. 

Edgewick Hardness Test
A Vickers-type hardness test with an applied load rapidly variable throughout the 
complete range.

'Efco-Udylite' Process
A proprietary bright nickel plating process; for details see Nickel Plating in the 
section Electro-plating. Fu rther  inform ation  can be obtained from Oxy Ltd.

Elasticity Test
A test seldom carried out in isolation, and a stage in the Tensile test', details o f  
this and its relationship with o ther  tests are given under Mechanical Testing.
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Electric A rc Welding
A general name given to  any o f  the welding processes where the source o f  heat 
is obtained by an arc o f  electric energy.

This electric arc, most com m only, will be struck between the electrode and 
the com ponent being welded, and the arc will result in the ionization o f  air. The 
term Electric Arc welding, however, can also be used to cover Carbon dioxide 
welding and any o f  the o ther techniques such as Argon Arc welding  or even 
Submerged Arc welding all o f  which make use o f  the electric arc.

The terms Electric Arc welding, Arc welding and Electric welding are generally 
taken to  cover the same process and, as stated above, in general, will be taken to 
mean the relatively simple air arc; the reader is referred to  the section Welding 
for general information.

Electric Cleaning
see Electrocleaning.

Electrochemical machining
An electrochemical process which, in theory at least, can be applied to  any metal. 
The technique makes used o f  all the principles o f  electroplating , w ith the 
com ponents in this instance being made the anode in the electric circuit and, thus, 
having some metal removed. The cathode will be the ‘too l’ which may or may not 
be destroyed or altered during the electrochemical procedure, b u t  in general will 
be non-active. The com m on electrolyte used with m odern Electrochemical 
machining is brine.

The technique was developed to  produce relatively intricate shapes on materials 
difficult to machine, and it appears that it will remain restricted to  these fields 
because o f  the expense o f  the equipm ent, and the high degree o f  control necessary.

Briefly the procedure is that, using a development programme, a shape is 
produced and an electrode formed exactly to this shape. This electrode is then 
made the cathode in an electric circuit, the raw material, sometimes rough-formed 
by conventional machining, being the anode. The electroyte is brine and is cir
culated past the gap between the anode and cathode at a relatively high velocity. 
A direct-current electrical circuit is then completed with the distance between the 
anode and cathode being controlled electronically, usually by the electrical 
resistance in the circuit. This results in metal being removed from the anode and, 
provided the correct material is chosen for the cathode, it will be removed in the 
fast-flowing electrolyte and n o t  deposited on the cathode.

Under m any  circumstances, however, there will be some dissolution o f  the 
cathode, hence the necessity to commence with the cathode o f  a shape different 
from that o f  the finished article. At the end o f  the process, the anode will have 
the desired shape -  it will be appreciated that this, in general, will be on one plane 
only, and thus com ponents o f  a complex nature require two or more operations 
to  produce the finished article.
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This procedure, being a true electrochemical action, leaves a surface with a 
generally smooth finish and, except in exceptional circumstances, the surface 
finish will be suitable for use on com ponents under fatigue conditions.

Comparable processes are conventional machining and, as stated above, Electro
chemical machining will seldom be economically justified if a conventional 
machining technique can readily produce the required shape. To some extent 
Spark erosion is competitive, but while this is considerably cheaper, it will not 
produce intricate shapes, and leaves a surface which requires further machining 
to  remove the poor fatigue surface.

Electrocleaning
A name given to the cleaning process in which an electric current is passed between 
the com ponents  being plated and an inert electrode. All metals can be cleaned 
using this technique, which is a particularly effective method.

Solutions used vary widely depending on the type o f  soil involved and, in 
particular, the metal being cleaned. The principle is that the com ponents  have 
electrical conductors  attached either by wiring or jigging, or by o ther  means, and 
are then immersed in the cleaning solution and the contact connected to the 
power source. This often will be capable o f  being reversed, so that com ponents  can 
be altered to  become the anode or cathode.

When the com ponents are anodic, oxygen will be produced at the com ponent 
surface and released. This is the result o f  the electrolysis o f  water. This release o f  
oxygen gas acts in a manner not unlike mechanical scrubbing and, as the gas will be 
released at the interface o f  the metal and the contaminating material, there will be 
a tendency to  blow o ff  the contaminant from the surface. The solution used will 
generally be alkaline when steel com ponents are involved and, thus, oil and grease 
will tend to  be saponified and taken into solution at the same time.

When the com ponent is made the cathode, then hydrogen will be given o ff  at 
the interface. This will generally be a more active scrubbing action than the oxygen 
given o f f  when the com ponent is anodic. There will also be attracted to  the surface 
many o f  the contam inants contained in the cleaning solution. These will not 
normally adhere to  the surface, but will result in an unsightly, badly contam inated 
surface, w ith  the contam ination very loosely adherent. For this reason it is essential 
tha t,  when Electrocleaning is used, the cathodic stage is always followed by a final 
anodic clean.

Correctly used, this technique will result in higher standards than simple 
immersion cleaning , and under many circumstances will be comparable with ultra
sonic cleaning; the process o f  Qeaning  is discussed under its own heading.

Electrocolour Process
A technique used to  deposit copper oxides, generally on steel, to  give an attractive 
finish. Low-voltage, direct current is used and the colour o f  the resultant film will
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vary, depending on the surface finish o f  the com ponent being treated, and the 
thickness and type o f  the film produced. These parameters will vary with the 
solution chosen, generally an organic copper solution, the strength o f  the solution 
and the current density used.

The deposit produced can be pink, blue and green o f  various shades, or a dark 
grey almost black. It will no t protect steel from corrosion, and unless lacquered 
will have a very short life.

Modern techniques o f  coloured lacquers, electrodeposit o f  metals with various 
shades, and the use o f  Colour anodizing  o f  aluminium, are more easily controlled, 
giving a wide range o f  colours and achieving much better corrosion resistance. These 
have supplanted Electrocolouring as a production process.

Electrodeposition
The general term used to describe the process where direct electrical current is used 
to  electrolyse a solution with the resultant plating or depositing o f  a metal as an 
adherent film on the article being treated; see Electroplating.

Electroforming
A specific form o f  Electroplating. There is no theoretical reason why any metal 
which is plated cannot be Electroformed, bu t in general only certain metals such as 
nickel, copper and some o f  the precious metals are used in this process. Electro
forming is normally confined to  use with special-purpose materials where intricate 
shapes are required and relatively thin metal deposits involved.

With the process, a mould o f  the article required is produced. This may be in the 
form o f  a plastic or in some cases a wax impression is produced or it can be metal. 
This mould is then made conductive by any o f  several methods. In the case o f  metal 
moulds, special coatings can be applied which will ensure that Electroplating will 
occur but the adhesion o f  the plating to the metal substrate will be relatively poor.

In the case o f  plastic or wax or o ther non-metallic moulds, these can be made 
conductive by spraying with carbon or  a metallic powder or by one o f  the Elecữoless 
plating  processes. Once the mould has been prepared and is conductive, then the 
metal to be Electroformed will be deposited under the identical conditions de
scribed under the metal plating process.

As stated above, the most com m on metals used for this m ethod are nickel and 
copper. Nickel is used for many purposes the best known being that o f  mass- 
produced gramophone records. With this, the original sound is encapsulated on a 
form o f  wax. This wax is then N ickel plated  to produce an exact replica o f  the 
form cut into the wax during the recording session. Other intricate shapes can be 
produced in a similar manner, in many cases using materials such as thermosetting 
or chemically setting plastics or plaster o f  Paris. There is no reason why materials 
such as wood cannot be used as the mould for Electroforming, and it is now 
possible using this technique to reproduce the exact form o f  leaves, flowers, babies’
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bootees, etc. The metal plated will depend on the purpose to which the product 
is 10 be put. Thus, nickel will be used where excellent corrosion resistance with 
limited mechanical strength is required. Precious metals such as gold or platinum 
can be used, and there are very attractive intricate jewellery pieces which are 
produced by this method.

On completion o f  the plating cycle, the com ponents are removed from the 
standard Electroplating solutions, washed and dried in the normal manner. 
Depending on the material o f  the m ould, will also depend the subsequent 
operations. It is generally necessary to  remove the mould completely, and in the 
case o f  the master gramophone record, this is readily achieved by a low-temperature 
oven treatm ent which results in the wax melting and being removed. The nickel 
master mould suitably stiffened is then used to mass-produce the plastic records.

Other materials will have a variety o f  methods o f  eliminating the mould, 
depending o f  course on the mould material. Thus, there is a jewellery process which 
uses low-melting point, lead-based alloys as the mould. These are plated with gold 
or platinum and the mouỉd is then removed by heating to  above the melting point 
o f  the lead-based alloy, approx. 2 0 0 ° c  -  3 0 0 ° c .  The efficiency o f  the electro- 
forming will to a large extent depend on the choice o f  the moulding material 
and the readiness by which this can be removed after Electroplating.

The technique can be compared to  the competing process o f  Elecữoplating 
directly on top o f  a cheaper base metal which has been previously formed by 
casting or pressing operations. It is also competitive, under many circumstances, 
with modern types o f  casting such as the Lost wax process or Shell moulding. For 
many purposes, however, Electroforming will have no real economic com petitor. 
This is where thin metal o f  low strength is required in an intricate shape difficult 
to machine, and here Electroforming will be a uniquely suitable process.

Electrogalvanizing
An alternative term {ox Zinc plating.

'Electrogranodizing'
A specific and proprietary form o f  phosphating  where electrolysis is used. With 
m odern solutions, a high standard o f  phosphate coating can be achieved using 
conventional phosphating. Further details can be obtained from ICI Ltd.

Electrography
An inspection technique to show microporosity in metallic or non-metallic coatings. 
The com ponent being tested is made the anode in a direct-current electric circuit, 
with a moistened, sensitized paper supplying the electrolyte, and a metallic electrode 
clamping the paper to the com ponent as the cathode.

This technique can be used as a relatively simple device to  show porosity, when 
the paper will generally be sensitized with dilute sulphuric acid. The existence o f
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any porosity will be shown by the presence o f  dark spots or marks on the paper 
where the base metal has been allowed to react with the sulphuric acid.

The current density used will vary depending on the sensitivity required and 
the type o f  coating being tested. The higher the current density, the smaller the 
pore size which will be identified. A higher current density can be used with non- 
metallic coatings such as paint than with Electroplated deposits. With these rruetal 
coatings, there will be some reaction with any acid electrolyte, and while this will 
generally be less than with steel, clear indications o f  fine porosity will be difficult 
to  identify.

This can be overcome by using carefully chosen chemicals to sensitize the 
electrolyte paper. Thus, for example, cadmium sulphide paper can be used to 
identify porosity in gold or nickel plated on to a copper or copper-alloy substrate. 
The porosity is shown as black spots where the yellow cadmium sulphide is 
converted to black copper sulphide and oxide. By the judicious choice o f  o the r  
electrolytes, which must be stable, water-soluble and rapid-acting, a range o f  bimetal 
combinations can be inspected. Proprietary equipment and sensitized papers are 
available commercially.

This inspection m ethod is only possible with com ponents o f  a simple shape; it 
requires some skill and is relatively slow. It is, thus, seldom applied as a routine 
means o f  inspection, but is commonly applied as a quality-control technique to 
articles o f  high value, or where technical integrity is essential.

Alternative inspection methods are visual inspection, which requires to  be 
carried out at high magnification to be meaningful; thickness checking -  below a 
specified thickness, most coatings will exhibit porosity; and Accelerated Corrosion 
testing such as the H um idity  or Salt-mist tests which will destroy the sample being 
tested but clearly show the presence o f  pores. Often all o f  these techniques are used 
in modern quality-control sample checking.

The Holiday testing  o f  paint is based on the same principle, using water as an 
electrolyte. This technique generally feeds the current through an amplifier to  ring 
a buzzer. Thus, any low resistance in the paint film from pores will increase the 
current and sound the buzzer.

Electroless Plating
This can be applied to almost any material, metallic and non-metallic. In practice, 
the process is generally confined to  a relatively small num ber o f  plastic materials 
and certain metal alloys which, because o f  their chemistry or metallurgy, are not 
suitable forViormal Elecữoplating  direct. The exception to  this is Electroless Nickel 
plating on steel. The most com m on metal which uses an electroless process is 
aluminium, where, because o f  the extremely rapid formation o f  aluminium oxide 
which prevents bonding using normal electrolysis, use is made o f  an electroless 
deposit o f  zinc. This zinc deposit is subsequently Electroplated.

There are the two basic mechanisms under the general heading o f  Electroless
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plating. The simplest o f  these is the displacement o f  one metal by another. On the 
table o f  electrical activities o f  metal (see p. 67), gold and precious metals appear 
at the top and the base metals such as aluminium, magnesium, lithium, etc. at the 
bottom . It 'one metal is immersed in a solution o f  a metal appearing higher in the 
table, then Electroless plating takes place; the higher metal will try to displace the 
lower metal. This explains the well-known pheom enon, where a piece o f  steel 
immersed in a copper sulphate solution will be copper plated. For this form o f  
Electroless plating to be successful, certain conditions are necessary regarding the 
material in solution. The range o f  conditions is relatively wide and it is, thus, 
comparatively easy to produce deposits o f  a higher electrochemical metal on top of 
a lower one. However, adhesion under these circumstances will generally be o f  a 
low order.

Processes which make use o f  this electroless deposit involve gold, silver, platinum, 
etc., at the top end o f  the range, which are deposited on to  lower metals, the most 
com m on of which is copper on steel. The deposits invariably will be very thin and 
have porosity . Tin is also a common deposit for cosmetic and technical reasons and 
is used on top o f  solder to a considerable ex tent in the electronics industry. In 
engineering, copper sulphate solution is employed to deposit a very thin coating o f  
copper on steel. At one time this was a popular method o f  colouring steel, since it 
could be readily marked by scratching for ‘marking-off’ purposes during machining. 
One problem with this is a tendency for corrosion to  occur. This is partly caused by 
the acid nature o f  the solution, added to  which is the fact that copper and steel in 
contact with each other will increase the corrosion o f  steel. As stated, electroless 
coatings will normally be very thin and easily damaged. Again, the exception is 
Electroless Nickel plating, where solutions have been developed to  give coatings up 
to 0*010 in (0*25 m m ) and thicker.

The o ther form of Electroless plating to some extent overlaps, but in this 
instance much more complex chemistry is involved in addition. With this form, the 
base material is generally a non-conductive plastic or similar material. The initial 
process requires that the plastic is first chemically etched so that a key can be 
produced . After thorough washing, an unstable solution deposits very thin 
palladium. This deposit is then used to absorb tin ions in the form o f  stannous 
chloride, and it is this tin-compound deposit which is subsequently used in a similar 
m anner to  the electroless deposit described above.

By far the m ost com mon metal deposited is copper, this is used to a considerable 
ex ten t in the electronics industry in the production o f  printed circuits, and under 
similar circumstances in photoprin ting; in addition, many useful and decorative 
plastic com ponents  are now made to appear metallic, generally being chrome plated, 
using this technique. After copper the most com mon metal deposited is nickel, 
usually an alloy o f  nickel and phosphorus which can be hardened by a Precipitation 
ageing trea tm ent, to  give relatively good mechanical properties. Electroless Nickel 
has unique characteristics and applications in the electroless plating field. Further 
details o f  the process and its uses are given under the heading Electroless Nickel 
Plating.
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Electroless Nickel Plating
This process can be carried out on almost any metal, sometimes with specialized 
prior trea tm ent, and can also be applied to many plastic materials including glass. 
The deposit plated is an alloy o f  nickel and phosphorous.

The procedure is that the com ponent to be plated is thoroughly cleaned to  a 
very high standard and is then etched  or otherwise prepared, if it is not a norm al 
metal. This preparation may take the form o f  plating on plastic. Immediately after 
the etching  or sensitizing , the com ponent is immersed in the Electroless Nickel 
plating solution. This is a relatively complex solution, but there are satisfactory 
proprietary solutions on the market. It is possible for manufacturers to  produce 
from raw chemicals their own plating solution. If this procedure is followed, it is 
necessary to ensure that com petent laboratory personnel and equipment are avail
able at all times. It should be appreciated that under these circumstances the 
manufacturer will not have recource to the research and development which is being 
carried out in this field and which has resulted in considerable technical advances 
over recent years.

It must also be realized that the plating process is carried out at a tem perature in 
excess o f  80 ° c .  If  the com ponent being plated is kept cool during the previous 
processes o f  etching or sensitizing , with subsequent swilling, then there will be 
considerable chilling at the plating interface which will result in faulty deposits and 
poor adhesion. It is, therefore, advisable that all com ponents with any appreciable 
mass, particularly where the surface area is relatively large, should be preheated 
during the etching or sensitizing and subsequent swilling. This preheating must not 
interfere with the rapid transfer o f  the com ponent from the etch to the plating 
solution; as with Electropiating, this is essential for good-quality adhesion. Thus, it 
is not possible to use ho t air as a means o f  preheating.

The plating process itself will immediately commence when the com ponent 
reaches the temperature o f  the solution. This is a true electroless process, the 
solution is so formulated that not only will the nickel be deposited on steel, etc., 
but that the procedure continues once the base metal has been fully covered by the 
nickel deposit. Most solutions will plate at a speed o f  approx. 0 0001 - 0  001 in 
(0  0025 -  0 025 mm) per hour. The rate o f  deposit, to  some ex ten t,  will depend on 
the solution analysis, but in the main is controlled by the tem perature o f  the plating.

The problem encountered with Electroless Nickel plating is that,  by definition, 
the solution is unstable and, therfore, tends to  deposit nickel on all materials with 
which it comes into contact, such as filters, pumps, holding tanks, etc. Modern 
solutions are more stable, and provided that they are correctly handled and kept 
filtered and free o f  all suspended material, and in addition, when not in use, are 
kept below the critical tem perature, then it will be found that solution stability is 
generally satisfactory.

In some cases, it will be suitable to  have what can be termed ‘one-shot’ solutions. 
For components such as intricate moulding dies, it is possible to  use the die itself
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as a plating tank, to heat the die to  the desired temperature, to clean and etch the 
surfaces and then to pour in the required quantity o f  Electroless Nickel solution. 
This will have the necessary strength and volume to  deposit the required thickness 
o f  metal. On completion o f  the process -  which will be when the solution has 
been depleted below a certain level — this solution is rejected.

While this procedure has certain obvious advantages, it must be used with 
caution as another o f  the problems with the Electroless Nickel solution is the 
difficulty o f  chemically stripping the deposit, which is much less chemically active 
than the steel substrate. Thus, if  the calculations regarding the surface area are 
wrong, or i f  the temperature o f  the solution drops, a faulty deposit may be 
obtained. Also as the solution is depleted in nickel when plating takes place, the 
conditions for satisfactory plating become more critical, and so there is a greater 
danger o f  a faulty deposit.

The deposit as plated has a hardness and adhesion similar to electrolytic Nickel 
plating. Hardness, however, can be considerably increased by an Ageing ox Precipi
tation hardening treatment. This requires that the com ponent, after plating, is 
heated to a temperature o f  400 °c  for 1 h. This results in an increase in hardness to 
approx. 700-860  DPN, Rockwell c 59-64 , from a hardness o f  approx. 200 DPN. 
If  a lesser hardness is required for any reason, this can be achieved either by a lower 
temperature for the same time, or continuing heating at 400 °c .  This precipitation 
trea tm ent is identical in all respects to that described under this heading in this 
book. While a dramatic increase in hardness is achieved, from approx. 200 DPN to 
above 850 DPN, there is an accompanying reduction in ductility, as would be 
expected. This treatment also acts as a very successful adhesion check, and any 
faulty adhesion will be shown by bursting or peeling during or immediately after 
the treatm ent.

While Electroless Nickel plating is a comparatively recent innovation, it is finding 
considerable use in two distinct fields. First, it is being employed where good 
corrosion resistance is required on intricate shapes or in crevices, blind holes and 
deep cavities where normal electrolytic plating is either not possible, or 
uneconomical. While the corrosion resistance o f  Electroless Nickel plating is less 
than that o f  the electrolytic process, it is still vastly superior to normal steel and is 
at least comparable to the best austenitic stainless steel. In addition, there is the 
considerable advantage that the Electroless Nickel deposits in a homogeneous, 
uniform m anner on all surfaces, and here it differs from electrolytic plating, where 
there will always be a discrepancy in the thickness deposited between areas o f  high- 
current density such as edges and points and areas o f  low-current density such as 
recesses. For this purpose, it is finding use and replacing other forms o f  Corrosion 
protection  such as Electrolytic Nickel and, in some cases, Nickel, Chromium  or 
Zinc plating. Under certain circumstances, mild-steel pressings can be Electroless 
Nickel plated as an economical substitute for austenitic stainless-steel components.

Second, Electroless Nickel plating is being put to use today in situations where,
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subsequent to plating, heat-treatment is em ployed to give a high surface hardness. 
Tests have indicated that this deposit is comparable to Hard Chromium plating , 
consequently there is now a choice where wear resistance is required, particularly 
with corrosion resistance, between the two forms. Electroless Nickel in the hardened 
condition can be compared under many circumstances to carburizing, although 
there is some evidence that the friction characteristics for the same surface finish 
are that the latter will be superior to  the present process. However, where any 
corrosive atmospheres or liquids are involved then normal carburizing will break
down from corrosion, thus resulting in poor frictional characteristics which in a 
very short time can become much worse than with Electroless Nickel, which will 
not be affected by normal engineering corrosive atmospheres.

‘Kanigen’ plating is a proprietary form o f  Electroless Nickel. Briefly, it can be 
said that this deposit should be considered at the design stage, where corrosion 
resistance o f  a high standard is required on intricate shapes difficult to plate by 
conventional methods. It should also be considered where surface hardness is 
required. Where superior corrosion resistance and hardness are necessary, Electro- 
less Nickel has very little com petition. This will be 12 per cent chromium steels in 
the hardened condition and metal-spraying or weld deposit of high cobalt-nickel 
complex alloys.

Electrolytic Etch
An etching technique which can be applied, in theory, to all metals. In general, i t  is 
confined to steel com ponents and is differentiated from Electrolytic polishing 
in that no attem pt is made to sm ooth the surface, but rather the etching is designed 
to  attack the surface to produce a clean, oxide-free material and at the same time to 
accentuate any surface defects.

Electrolytic etching is sometimes used prior to Electroplating and is a popular 
etch prior to Chromium plating. It is also used as an inspection technique, where 
minute surface cracks are enlarged by the actions o f  the etch. This is because the 
etch will concentrate at the corners and, thus, in effect open up a m inute crack. 
The method is also occasionally used to  identify abuse o f  hardened steel surfaces. 
This abuse will commonly be the result o f  faulty grinding, and the Electrolytic 
etch, in a manner identical to  tha t o f  metallurgical etches, will show up  the 
different structures which have been produced. A correctly hardened and ground 
surface will have a homogeneous martensitic structure which will show as a m att 
even grey. Any abuse at grinding, or for any other reason, will result in softening o f  
this martensite, or in extreme cases can result in rehardening o f  the surface 
martensite. This local tempering o f  the surface will show as a different colouration 
with the Electrolytic etch. A similar technique is to use dilute nitric acid. This and 
other techniques are described under Etching. The two forms o f  Electrolytic 
etching, anodic and cathodic, are also separately discussed.
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Electrolytic Polishing
An electrochemical process which, in theory, can be applied to any metal or alloy. 
In practice, it is confined to materials such as stainless steels, low-alloy and plain- 
carbon steels, aluminium and its alloys and, to a lesser extent, copper and some 
nickel alloys.

The purpose is to produce a bright surface with a high reflective finish. In most 
instances this is for decorative purposes and often is associated with some other 
form o f  metal finishing such as anodizing or subsequent plating  or lacquering.

The principle o f  Electropolishing is, that when a metal is subjected to a direct 
current in an electrolyte, and is made the anode, the Electro plating  process will 
result in metal being removed from the anode, which in this instance is the 
com ponent.

It is also a fact that the current applied will concentrate at corners and peaks. 
This is a well-known phenom enon and is one o f  the problems associated with 
metal plating. This concentration o f  the current at peaks is made use o f  in 
Electrolytic polishing, since this means that more metal will be removed from peaks 
than from valleys.

By the judicious choice o f  electrolytes, this smoothing action can be accentuated 
and the resultant components on completion o f  Electrolytic polishing will have a 
sm ooth  finish with a bright, reflective finish. The solutions used vary considerably 
as do the current and voltage requirements. Generally, however, the solutions are 
acid, com monly being phosphoric acid, sulphuric acid and sometimes chromic 
acid. There are a large variety o f  proprietary solutions, most o f  which are based on 
one o f  these acids or acid mixtures but with additives which improve the efficiency 
o f  the process. Users are advised to contact one o f  the plating supply houses for 
further information.

Alternatives to  Hlectropolishing include Barrelling or mechanical polishing, and 
consideration should be given to processes such as Vapour blasting, which can 
achieve high-quality surface finishes o f  an attractive visual nature.

Electron Beam Welding
A specialist weld m ethod, using a vacuum chamber and high-energy electron beam; 
the procedure is discussed in the section Welding.

Electro-osmosis
Similar to the Electrophoresis process, but applied where solutions o f  liquids are 
involved, whereas Electrophoresis is applied to colloidal solutions, which contain 
solids in suspension. Electro-osmosis is used to separate similar liquids from each 
o ther,  or to  separate a solvent, generally water, from solution, leaving a more 
concentrated  solution.

This makes the process o f  considerable use in the medical field, which is no part 
o f  this book. Electro-osmosis, however, is now being commonly used in the
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preparation  o f  process water and, under certain circumstances, as part o f  the 
eff luen t- trea tm ent process.

The theory  o f  Electro-osmosis is that ions in solution are attracted to an 
electrical charge which is located on the other side o f  a m em brane, generally a 
plastic. These selected ions will be persuaded to  pass through the membrane, thus 
separating them  from the o ther ions. Under specialized conditions, ions o f  solids in 
solution can pass through this plastic membrane. Thus, it is possible to  take water 
which is saline, or salty, and by the correct choice o f  membrane, to  achieve water 
on the o the r  side o f  the membrane which is o f  much lower salinity.

With Electro-osmosis, it is no t yet possible economically to  achieve water o f  
high purity  from high-salinity liquids, but brackish water, which is not suitable for 
drinking, can be used to produce a liquid which can be safely used by humans 
and o ther  animals.

In industry , the use o f  Electro-osmosis at present is mostly in the water- 
preparation field, where water o f  extremely high purity is required. The electronics 
industry  and certain branches o f  the food processing and pharmaceutical industries 
also require high-purity water. Under these circumstances, it is usual for Electro
osmosis to  be used in conjunction with the more conventional ion exchange.

This process, then, is in com petition with ion exchange and flash distillation in 
the p roduction  o f  large quantities o f  potable water. By itself, at present, it cannot 
be used for the production o f  high-purity water, but in conjunction with other 
processes such as ion exchange, high-purity water can be produced.

Electropercussion Welding
A form  o f  Electric resistance welding used on high-conductivity metals; it is dis
cussed under this heading in the section Welding.

Electrophoresis
The industrial application o f  this technique is confined to  painting ; the process is, 
therefore , described under tha t section in this book.

E L E C T R O P L A T IN G

Electroplating can, in theory at least, be applied to every metal, and the electro
deposition o f  every metal itself can theoretically be carried out.

In practice, however, there are chemical, electrochemical and metallurgical 
considerations which considerably limit the num ber o f  metals which can be satis
factorily and economically electrodeposited. There are also a number o f  metals 
which w ith  the present state o f  knowledge are extremely difficult or impossible to 
Electroplate. The capability o f  each metal with respect to  this process, and to  have 
o the r  metals electrodeposited on to itself, are described in this section, and briefly
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referred to under their appropriate headings in the alphabetical section o f  this book.
The process o f  Electroplating or the Electrodeposition o f  metals is com para

tively recent. The theory was examined and postulated by Faraday w ho is known 
as the father o f  Electroplating. Briefly, the process relies on the fact that when a 
direct current o f  electricity is passed between electrodes immersed in a solution 
containing a metallic salt, electrolysis will occur. This will result in all metals, as 
ions, migrating to the negative or cathodic electrodes. The non-metal part o f  the 
electrolyte, again in the form o f  ions, will migrate to the positive or anodic 
electrode. Water will be involved with all practical electrolysis which is the solvent 
used for the metallic salts. There is, however, considerable research and developm ent 
at present into the uses o f  non-aqueous, organic solutions. Further inform ation o f  
the more technical type is also available through bodies such as the Institu te  o f  
Metal Finishing, but it must be admitted that it is difficult readily to  obtain 
practical information which is published and available under very many headings. 
One reason for this may be the comparatively wide gulf which appears to  exist 
at present between shopfloor technology and research, development and contro l 
laboratories.

The Electroplating process itself should not be isolated from its accompanying 
processes. It is vitally im portant that components to be plated are first thoroughly  
cleaned. The standard o f  cleanliness necessary is very high, since the com ponents  
must be chemically clean and this is difficult to achieve. Modern plating shops no r
mally use a two-stage aqueous clean. The first stage involves a hot immersion soak, and 
this is followed immediately by a second clean generally o f  the same type but in 
many instances this will involve an electrolytic cleaner. (These processes are des
cribed under the appropriate headings.) However, while the standard o f  cleaning 
will never vary in that the com ponents must as stated be chemically clean, the 
m ethod o f  cleaning will vary considerably, depending on the type and quan tity  
o f  the soil and the shapố. o f  the com ponent and, indeed, the kind o f  establishment 
involved. Thus, com ponents which have been previously cleaned for some o ther 
processes or for inspection purposes will require relatively little prior cleaning, 
but com ponents  which have been subjected to polishing operations, press shop or 
heavy machining, or any o f  the multitude o f  mechanical processes, will require 
considerable efforts before they are in a satisfactory state. There is no dou b t that 
unless this high standard o f  cleanliness is achieved problems will occur at plating: 
there is considerable evidence to show that an insufficient clean is the major cause 
o f  plating faults.

The com ponents must now be thoroughly washed to ensure that all traces o f  the 
cleaning liquid is removed. At this stage it will be possible to check that a 
satisfactory clean has been achieved. Any water breaks, that is, d iscontinuity o f  the 
thin w ater film on the surface o f  the com ponent, clearly indicate an unsatisfactory 
state o f  cleanliness. Any obvious soil discolouration or evidence of even loosely 
adherent solid particles must be returned for a further clean, if  a satisfactory high 
standard o f  plating is to be achieved.
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immediately after this swilling operation the components now require tc be 
etched. This process is sometimes termed pickling  or activation. The purpose £ to 
ensure that the cleaned surface is free o f  any remaining oxide. This allows the 
Electrodeposition o f  the metallic ions and ensures a high-quality, intermetillic 
bond. This etching or activating process will not be used as a means o f  removing 
visible corrosion. While light fingerprint corrosion and a limited amount o f  Ight 
active corrosion will be successfully removed with the etch, it is not the piime 
purpose o f  the process to act as a deruster and, when necessary, this should )e a 
separate, controlled process. Etching  must be carried out immediately prio to 
Electroplating, and no delays must occur between the commencement o f  the ftch 
and the time the components enter the plating tank.

It is possible to  hold components in the cleaning-tanks or in the subseqient 
cold swill for periods o f  approx 1 -2  h w ithout causing any damage. Any dela/ in 
excess o f  5 min at this stage, however, will result in a plated deposit which will 
have less than perfect adhesion. The longer the delay, especially if  the delay tikes 
place subsequent to the etch, the greater will be the danger o f  faulty adhesion.

The actual etch solution will vary depending on the metal being plated and ,to  a 
lesser extent, on the metal being deposited. The common etches are as follows:

Steel 10-20 per cent hydrochloric acid at room temperature up to 2 min imner- 
sion. Sulphuric acid can alse be used and a 50 per cent electrolytic sulphuric etch is 
commonly used where high-integrity com ponents are involved or where p o d  
adhesion o f  Chromium plating is essential.
Stainless steel and nickel alloys Ferric chloride used warm up to 3 0 °c  for perods 
o f  up to 5 min.
Copper alloys Sulphuric acid used cold at approximately 50 per cent streigth. 
Etches with nitric and/or hydrochloric acid added to  sulphuric acid are also ised 
for copper alloy.

The user is advised to obtain technical advice for other metals or special albys.
Some indication o f  the solution makeup, the temperature range and current 

density requirements is given under the separate headings for each metal in this 
section. Some plating solutions can stand considerable abuse and give reasordble 
deposits. Cyanide solutions in general are very tolerant to abuse but have effhent 
problems. Other solutions will permit little or no deviation from specificatioi. It 
is advisable to  treat a plating specification as an im portant document.

The plating process itself relies on the two Faraday laws which state, first,that 
the metal will be deposited in proportion by weight to the current used. Thus the 
higher the current density achieved, the thicker the deposit within any given ime 
unit. Second, that the rate o f  deposition will be controlled by the chemical equivdent 
o f  the metal being p la ted . It is, th e n , impossible to p la te , for exam ple, the same wiight 
o f  silver under the same conditions o f  current density and time as copper or any (ther 
metal having a different chemical equivalent. This second law has less significance 
than the first but bo th  are o f  considerable importance to the practical plater.

102



E L E C T R O P L A T I N G  -  A L L O Y  P L A T I N G
The thickness o f  the deposit will be seen from the above to depend on the 

current used and the metal being plated, other things being equal. It is, therefore, 
possible to predict accurately the thickness o f  the achieved deposit. This requires 
that the other parameters are within control. Finally, it must be appreciated that 
hydrogen is a metal, and as soon as the conditions are suitable for the electrolysis 
o f  water, then some current will be used to produce hydrogen at the cathode 
together with, or in some cases instead of, the desired metal.

To summarize, the im portant stages o f  Electroplating are:

(1) Cleaning.
(2) Etching.
(3) Minimum delay between etching and plating.
(4) Control o f  chemical analysis o f  solutions.
(5) Temperature control.
(6) Current density control.

If these six points are carefully controlled with efficient swilling between solutions, 
then good Electroplated deposits will be obtained. It should be appreciated that a 
detailed specification is essential, which must be written in a sensible manner and 
adhered to in the spirit rather than the letter. No basic deviation from the specifi
cation should be countenanced. In addition reasonable quality control must exist. 
This will m onitor the six stages and measure thickness o f  deposit, adhesion and 
general appearance. Excellent control o f  plating can be achieved by an initial esti
mation o f  the surface area to be plated. This is essential for control o f  current 
density, and can also be used to make regular additions to the cleaning, etching 
and plating chemicals and to estimate accurately the effective life o f  solutions. 
Chemical analysis becomes a monitor o f  the solutions to ensure that they are in 
control, rather than conventionally its use to instruct the necessary additions. 
Following are the headings in this section o f  all the metals known to be deposited 
by Electroplating together with information on techniques used:

Alloy plating 
Aluminium plating 
Barrel plating 
Brass plating 
Bronze plating 
Cadmium plating 
Chromium plating 
Cobalt plating 
Copper plating 
Gold plating

Indium plating 
Lead plating 
Lead-Tin plating 
Levelling 
Nickel plating 
Palladium plating 
Platinum plating 
Rhodanizing 
Rhodium plating

Ruthenium plating 
Silver plating 
Solder plating 
Speculum plating 
Tin plating 
Tin-Copper plating 
Tin-Nickel plating 
Tin-Zinc plating 
Zinc plating

A lloy Plating
The Electroplating o f  any alloy on to any substrate. The process is used for decora
tive purposes and for the production o f  technical equipment. The term is used
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when two or more metals are codeposited from solution, and does not apply when 
two or more metals are deposited on top o f  each other. For example, nickel- 
chromium decorative plating is not Alloy plating, whereas Tin-lead solder plating is.

The process uses conventional equipment, with the electrolyte containing the 
metals being deposited. The anodes are either alloy, or the separate metals making 
up the deposit, or on rare occasions may be inert.

Examples o f  alloy plating com monly found are:
Brass plating — copper-zinc alloy — for decorative purposes.
Bronze plating — copper-tin  alloy — for decorative purposes and for buildup or 
salvage purposes.
Solder plating -  tin-lead alloy — stop -o ff at Nitriding and for com ponents to  be 
soldered.
Speculum plating — copper-tin  alloy — for decorative purposes.
Tin-nickel alloy — for electronic devices and for decorative purposes.
Tin-zinc alloy — alloy for electronic devices to  give constant contact response. 
Tin-copper solder alloy — for electronic devices to prevent whisker growth.
The reason and some details o f  the solutions used for each are given under the 
alloy names in this section.

Considerable research has been and is being carried out into the plating o f  alloys. 
This is generally in the field o f  decorative, corrosion-resistant coatings, bu t also 
applies to  other fields. This is, therefore, a field in which considerable advances are 
being made and users are advised to  contact some com petent technical authority  
for up-to-date information. The metal associations are listed in the Appendix, 
universities and private companies are also engaged in this area o f  research.

Aluminium Plating
Carried out almost solely on steel for corrosion protection. The electrolyte used 
is a fused mixture o f  aluminium chloride and alkali chlorides in a ratio o f  approx. 
4 :1 , with the anode being pure aluminium. Before plating all impurities must be 
removed from the bath , usually by electrolysis. The need for a contaminant-free 
solution necessitates the use o f  containers made from aluminium.

Nominal operating conditions are to plate from a solution at 175°c  using a 
current density o f  15 A f t  2 (1.6 A dm 2). It will, thus, be seen that the process is 
highly specialized and requires sophisticated equipm ent; it is only used when 
alternative treatments are not suitable. Correctly carried out, the resultant coating 
is similar to but better than the standard aluminized coating and considerably more 
expensive. It is rarely used at present but is the subject o f  research and develop
m ent because o f  the technical advantage o f  an aluminium deposit, and the fact 
tha t the relative cost o f  aluminium is reducing compared to  other com m on metals.

Barrel Plating
An Electroplating process for small, relatively uniform com ponents where the parts 
are placed in a rotating perforated drum, which is then immersed in the plating
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solution. Electrical contact is made by dangling arms inside the barrel, and the 
normal anodes outside the barrel. The process requires higher voltage than jig plating 
to overcome relatively poor contact resistance. It has the advantage that the high 
current density areas are also the mechanical contact areas, thus there is a tendency 
for the plating to be worn off; and as these are the points where generally excess 
plating is achieved a more even than normal metal deposit can be produced.

There are also barrels which contain the solution itself. These operate at an 
angle, with the anode just below the surface. The solution and plated parts are 
emptied out at the end o f  each cycle. The problems with Barrel plating are that 
handling damage is more com mon and with many parts there is a danger o f  
tangling, resulting in high handling costs for subsequent separation. It is generally 
unsatisfactory, but still quite com m on that only the Electroplating stage in the 
plating sequence makes use o f  a barrel, the remaining stages using baskets. The 
use o f  fully automatic Barrel plating equipment, where the labour content o f  the 
operation is very low, is becoming increasingly popular, but has a high capital 
cost. With this, a controlled batch o f  parts are loaded in the barrel which then 
progresses through all the stages o f  the plating process. This technique can achieve 
excellent results.

Brass Plating
The electrodeposition  o f  a copper-zinc alloy. The principle use is for decorative 
purposes, where mild-steel articles are plated to give an attractive brass finish. A 
limited am ount o f  Brass plating is carried out on steel which subsequently will be 
rubber-bonded.

For decorative purposes the alloy deposited is 60-40  copper-zinc, and for 
rubber-bonding 70-30 . The solution for decorative purposes has the typical 
analysis o f  9 g/1 copper, 3 g/1 zinc and 8 g/1 sodium cyanide, used at room tem 
perature at a current density o f  4 A f t2 (0.4 A dm 2). Some variation in this analysis 
will be found and variations in the current density, solution makeup and tem
perature o f  the solution will give a different alloy deposit. This will be readily 
seen as quite  small variations in the copper-zinc ratio will result in different colours: 
the higher the copper the redder the brass, the higher the zinc the more yellow the 
deposit. There are available proprietary solutions with additives which give consis
tent alloy deposits and a high-lustre, as plated finish can also be achieved.

Colour anodizing is now a serious com petitor with Brass plating for decorative 
purposes. However, there is no comparison between the finish obtained by the 
present m ethod and the brass colouring which produces a colour on the surface o f  
steel. This has no effective depth and is readily damaged.

The solution for depositing brass which is used to bond rubber will have the 
typical analysis o f  copper 12 g/1, zinc 4g /l ,  and sodium cyanide 12 g/1. This is 
used a t3  current density o f  10 A f t2 (1.25 A d m 2) at a temperature o f  35°c .

It will be appreciated that any bad adhesion can result in failure o f  the rubber 
bond , thus with this application it is essential that preplating procedures are
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correctly applied. As the bond o f  the rubber to the brass relies on a clean, oxide- 
free surface, the rubber bonding must be applied as soon as possible after plating, 
and care m ust be taken to  prevent contamination o f  the plated surface. There 
have been recent advances in the technology of  rubber bonding to steel and up-to- 
date inform ation  should be obtained where necessary.

Bronze Plating
A deposit o f  copper and tin, with the tin content generally held below 10 per cent 
bu t above 3 per cent. The result is a deposit with the pleasing appearance o f  bronze, 
which is darker than brass and does not have the red colouration o f  copper. The 
deposit retains its original colour better than copper or brass, but for permanent use 
a lacquer should be applied after plating.

The deposit is principally used for decorative purposes, but engineering uses 
include the stopping-off steel to prevent Nitriding , where it is an alternative to tin, 
and for build up to replace wear under some circumstances.

Other uses are for corrosion protection  under special circumstances, for 
example, marine conditions where appearance is im portant, and as a m ethod of 
preventing slip. It is possible to  deposit under 0.001 in (0.025 mm) on a shaft, for 
instance, which is then pressed into a bore to  ensure an interference fit. The plated 
bronze is soft enough to  be cut where necessary, and thus acts like a glue. Bronze 
presents no  serious corrosion problems when in contact with steel.

The solution used is the cyanide type with a typical analysis giving copper 
32 g/1, tin 16g/l,  sodium cyanide 15 g/1 and sodium hydroxide 10g/l. The plating 
can be carried ou t over a range o f  temperatures up to 65°c at a current density o f  
25 A f t2 (2.7  A d m 2). This should give a deposit o f  0.001 in (0.025 mm) in approxi
mately 3 0 m in .  Bronze plating is relatively easy to control and is probably the tin 
alloy which gives the least trouble.

Alternatives would be brass or copper for decorative purposes, and it is possible 
to  treat steel chemically to  give it a bronze appearance, where this is required for 
short-term purposes. For buildup and similar engineering purposes tin and nickel 
could be considered, and comparative corrosion resistance can be achieved with 
the same metals. It is now possible to produce plastic and Colour anodized alumin
ium com ponen ts  which are identical in appearance to those achieved by the present 
m ethod and, thus, are competitive where decorative purposes only are involved.

Cadmium  Plating
This process is applied to  steel to  prevent corrosion. It is comparable in many ways 
to  Zinc plating , and under most circumstances there will be no visual difference 
between the tw o techniques.

Cadmium metal is more expensive than zinc and is much more toxic. For these 
two reasons, the use o f  cadm ium is decreasing in relation to zinc for corrosion 
p ro tec tion  purposes. Cadmium metal, and many o f  its salts, present a serious health 
hazard at low levels.
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Cadmium has some advantage over zinc in marine atmospheres, where corrosion 
is lessened, and for many purposes is still specified in place o f  zinc, but this is 
becoming less noticeable. Where steel requires ‘galvanic’ protection, and is in 
contact with aluminium, cadmium will generally be specified in place o f  zinc, 
because the corrosion resulting is much less and the corrosion products which can 
form are much less bulky. The aircraft industry has, thus, standardized on 
Cadmium plating. Cadmium solders slightly better than zinc, and at one time a 
considerable am ount o f  cadmium was deposited for this reason in the electronics 
industry, but because o f  price increases, and the toxicity problems, there is now 
comparatively little cadmium plated.

A typical solution is cadmium 15 g/1, sodium cyanide 40 g/1, and sodium h y d ro x 
ide 6g/l.  This is used at room temperature and a current density o f  12 A f t2 
(1.2 A dm 2) to  give a deposit o f  0 .0006 in (0.015 mm) in approximately 3 0 m in .

Cyanide-free acid and low-cyanide solutions are now available which reduce 
or eliminate effluent problems. It is also possible with additives to produce a bright 
deposit, but there is some indication that these reduce by some degree the co rro 
sion resistance o f  the deposit. Most cadmium deposits are now ‘Passivated* 
immediately after plating as it has been shown that this considerably increases 
the corrosion resistance.

Chromium Plating
This electrodeposition  o f  chromium is generally applied to steel in all its forms. 
There are occasions when copper alloys are plated and metals such as nickel alloys 
may also be plated directly. Direct Chromium plating o f  aluminium and its alloys 
on to the base metal is not possible at present but can be achieved with specific 
prior treatment. Becausc o f  the nature o f  the chemicals used during the plating 
process, most metals which have a tendency to rapidly form surface oxides are 
difficult or impossible to  plate directly.

Chromium is deposited for two specific reasons. First, is the well-known decora
tive deposit. This is applied because o f  the bright, attractive appearance o f  chrom ium  
chromium metal. This deposit is invariably on top o f  nickel, and it is the nickel 
deposit which supplies the necessary corrosion resistance. Details o f  the procedure 
are given below.

Second, chromium is deposited as a hard surface for engineering purposes. Use 
is made o f  a different type o f  solution and the plating conditions vary slightly 
but in essence both techniques are similar. While it is often desirable and always 
possible to plate nickel below the hard chromium deposit, this is not essential and 
in most cases the chromium deposit is applied directly on to steel.

Chromium plating is one o f  the metals which makes use o f  inert anodes during 
the operation. Apart from this it obeys all the other rules and requirements, details 
o f  which are given under the heading Electroplating at the start o f  this section.
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When decorative chromium is required, the preliminary operation prior to 
N ickel plating will very often include levelling using copper to give a sm ooth, 
bright surface. The type o f  plating and the thickness deposited will vary depending 
on the service requirement o f  the com ponent. This can be as thin as 0 .0002 in 
(0.005 mm) o f  bright nickel plating or, where very adverse conditions are present, 
as thick as 0.005 in (0.02 mm). Under certain circumstances two deposits o f  nickel, 
one o f  dull or semi-bright and the second o f  bright nickel, may be specified. The 
user is advised to obtain specialist advice on the type and thickness o f  metal 
depending on the service required. British Standards have now produced a specifi
cation which gives some assistance in this area.

Immediately after the Nickel plating the com ponents  are swilled and then 
Chromium plated. The solution used will be o f  chromic acid with some sulphuric 
acid present, the nominal strength being approx. 500 g/1 o f  chromic acid with 
a ratio o f  chromic-sulphuric acid o f  100:1. It is this ratio that is im portant rather 
than any specific strength o f  chemicals. Proprietary additives to  solutions which 
are based on the above are now available. They improve the throwing power and 
control o f  the Chromium plating.

The current density required is in the region o f  350 A f t 2 (38 A dm 2) and the 
thickness o f  the deposit will seldom be above 0.0001 in (0.0025 mm); it will very 
often be considerably less. The solution is used at approx. 50 °c .  The purpose o f  
this deposit is purely to give the necessary attractive surface, the substrate nickel 
will supply corrosion resistance. The thickness o f  this deposit and the quality o f  
the nickel, then, will largely decide the resistance to corrosion o f  the finished 
com ponent. Hard Chromium plating is also carried out using chromic acid as the 
solution, and again it is im portant that the ratio o f  chromic to  sulphuric acid is 
maintained at 100-1. In this instance the strength o f  the chromic acid is nominally 
2 5 0 g/1. The current required is in the region o f  400  A f t2 ( 4 3 A d m 2 ), tem per
ature 50°c.

As with bright chromium, there are now additives available which help to 
regulate the solution and to help the distribution o f  current. With the hard 
chromium deposit, it is com mon practice for plating to be carried out directly on 
the substrate. This is readily possible with steel, nickel alloys, copper and its alloys, 
but seldom possible with other metals, most o f  which tend to oxidize too rapidly 
and, thus, form a barrier o f  metal oxide between the metal substrate and the 
chromium deposit.

Special etching techniques are required. A technically efficient m ethod is to  use 
cathodic etching , where the com ponent to  be plated is etched in 50 per cent 
sulphuric acid and is made the cathode in an electrical circuit at approx. 10 V. 
Other etches include the normal hydrochloric acid bu t very great care is essential 
as chlorides will invariably contaminate the chromic acid plating solution and, thus, 
any dragout o f  the etch into the solution may give problems. Sulphuric acid etching 
alone, under some circumstances, will be satisfactory but again care is necessary 
to ensure that the com ponent is free o f  all oxide and scale. With Chromium plating,
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it is possible to back-etch in the plating solution. After cleaning the parts are placed 
directly into the plating solution and are made the anode for up to 1 min. By 
reversing the polarity, plating commences.

When being used, all Chromium plating solutions will give o ff  a spray unless a 
suppressant is added. This is the result o f  electrolysis, which causes the gases 
oxygen and hydrogen to  be given off. In the UK it is necessary either to have effi
cient fume-extraction or to use an efficient proprietary spray suppressants to 
comply with factory act regulations.

Bright chromium plating is now competing with aluminium com ponents which 
have been electropolished and anodized , and to a lesser e x te n t , Silver plating. In 
the m otorcar industry chromium is in com petition with stainless steel and plastic. 
There has recently been a return to bright chrome finish for cars, very often with 
plastic or zinc as the substrate material. Bright zinc plating is an alternative which 
can give comparable or better corrosion resistance and is much cheaper.

With Hard Chromium , there is serious com petition from Electroless Nickel 
which is deposited homogeneously and can, thus, be plated in areas not reached 
by chrome, which has poor throwing power. This again has equal or better corro
sion resistance than Chrome plating. Hard facing  either by weld deposit or metal- 
spray is also possible.

At the design stage the use o f  carburizing or other surface hardening techniques 
can be considered, but these will not give the corrosion resistance supplied by 
Chrome plating.

Cobalt Plating
A seldom-used specialist electrodeposit, for the characteristics o f  cobalt, while in 
many ways superior to nickel, do not justify the expense o f  the metal itself and the 
difficulties involved in plating.

Cobalt is a very stable metal, capable o f  resisting chemical attack over a wide 
range o f  conditions. As stated above, it is comparable in many ways to  nickel but 
has certain advantages. One o f  these is in the stability o f  a relatively high reflective 
surface. When nickel is polished and maintained in a normal atmosphere, it will 
gradually produce a yellow surface patina. Cobalt has a lesser tendency for this to 
happen. It, therefore, finds some specialist application in this field. At one time it 
was plated on steel then polished as the reflector in carbon arclamps.

Copper Plating
Copper is one o f  the earliest metals to be Electrodeposited and there is a consider
able history o f  its use. It is still used for decorative purposes, being one o f  the two 
truly ‘co loured’ metals, the other being gold. A considerable quantity  o f  copper is 
still deposited on steel for decoration and there is a large industry using copper in 
various forms as foil on metallic and non-metallic substrates where chemical pro
cesses are used to manufacture decorative plaques and articles o f  various types. 
To a large ex ten t,  however, copper for dccorative purposes is being replaced by
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techniques such as Colour anodizing and to a lesser extent the use o f  modern 
paint finishes.

Copper is elecừodeposited  for conductivity reasons and the printed-circuit 
industry and the electrical industry in general are making increasing use o f  copper 
deposited in this way. With the increasing price o f  copper in relation to  other 
metals, particularly steel, there is a tendency for Copper plating to be carried out as 
a surface conductor with steel supplying the mechanical strength o f  the com ponent.

Copper is used as an electrodeposit to  ‘s to p -o ff  Carburizing. It was found 
that the gases could not penetrate a thin , non-porous layer o f  copper and this was 
the traditional method o f  selectively carburizing. To a very large extent this tech
nique has been replaced, first, by the use o f  copper-rich paints which exactly 
reproduced the plating process and, second, by techniques such as carburizing 
all over, annealing, and selectively hardening the chosen area by Induction heating. 
The use o f  copper as an electrodeposit is still found in the printing industry to 
produce high-standard printing plates. This is now on a much-reduced scale with 
the advent o f  photocopying and other new methods o f  printing.

Copper is also deposited in the manufacture o f  embossed rolls which are then 
used to produce cartons and various metal objects with raised decoration. This 
uses the same basic technique as the printing process, in which the steel roll sub
strate has a mask applied which will ‘s to p -o ff  certain areas to give the desired 
design. The rolls are then electrodeposited  with a thick coating o f  copper having the 
design the reverse o f  what will be embossed on the finished article. Copper has been 
found to be a suitable m ethod with its efficient plating technique and at the end o f  
each production run, which tends to  be relatively short, the copper is stripped from 
the roll by chemical action ready for the next design.

By far the most com mon deposition o f  copper is for levelling purposes, in which 
a relatively poor surface finish can be improved using specially developed plating 
deposits. The original solution used was the copper cyanide solution bu t this is 
relatively inefficient and has effluent problems.

There are four basic types o f  copper plating solutions. These are: Copper 
sulphate; Copper cyanide; Copper pyro-phosphate; and Copper fluoborate.

(1 ) Copper sulphate This too is an old technique; it is probably the simplest form 
o f  plating which unfortunately cannot be used directly on steel as the initial deposit 
will be o f  the electroless type, where the adhesion o f  the copper to steel is very 
poor. The electrolytic deposit will normally adhere in a satisfactory manner to this 
first deposit, but failure in service will almost invariably occur by peeling of the 
electroless deposit.

The traditional copper sulphate solution has a chemical analysis o f  copper 
sulphate 200 g/1, sulphuric acid 30 m/1 and potassium 12 g/1 and is used at room 
temperature with a current density o f  10 A f t2 (1.1 A d m 2), giving a deposit o f  
0.001 in (0.025 mm) in 2 h.

With modern solutions containing proprietary additions, it is possible to slate
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at higher temperatures to produce a deposit with a high levelling action. These 
solutions can be used to deposit copper at the rate o f  0.001 in (0.025 mm) in less 
than 10 min, using current densities o f  140 A ft 2 (15.5 A dm 2).
(2) Copper cyanide This is the solution normally used when steel requires to be 
copper plated. The com ponent is first plated in the copper cyanide solution to 
produce a thick, dense, non-porous film. As soon as this has been produced, to a 
thickness o f  approx. 0 .0005 in (0.0125 mm), the com ponents are removed, 
swilled and plated to  the desired thickness using the copper sulphate procedure.

A typical copper cyanide solution used at room temperature would be copper 
8 g/1, free sodium cyanide 5g/l.  Plating at a current density o f  10 A f t2 (1 A dm 2), 
a deposit o f  0.001 in (0.025 mm) can be obtained in 1 h. Using a highspeed plating 
solution at a temperature o f  5 0 °c ,  the speed o f  deposit would be 0.001 in 
(0.025 m m ) in 30m in  at current density o f  40  A ft2 (4.3 A d m 2). There is no 
doubt, however, that these modern solutions require more laboratory control 
than is necessary with the old method.
(3 ) Copper pyrophosphate  Like cyanide, this solution can be used for plating 
directly on to steel, but an initial ‘strike’ is necessary. This ‘strike’ solution will 
be copper 5 g/1, pyrophosphate 60 g/1 and will contain oxalate at 5 g/1 and chloride 
at 10g/l. This can be used at 5 0 °c ,  with a current density o f  15 A f t2 (1.7 A dm 2). 
The deposit required is very thin, and a normal plating time o f  15 min is generally 
satisfactory. The parts are removed then placed directly in the standard solution 
w ithout any necessity to swill.

This solution will have copper 20 g/1, pyrophosphate 160 g/1, with oxalate 
at 17 g/1 and some ammonia at approx. 6g/l.  This solution requires constant 
control to  maintain the correct pH value o f  8.4. Additives are generally present 
to  give good levelling. It is essential to maintain the ratio o f  pyrophosphate to 
copper between 7 -8 :1 .  The copper pryophosphate solution requires careful control 
and is probably more expensive in chemicals than either sulphate or cyanide. It 
gives a bright, dense deposit with good ‘throwing’ power and an even film. When 
plated on zinc, a ‘strike’ o f  copper cyanide or nickel is necessary. To some extent 
the copper pyrosulphate solution is being replaced by modern fast-levelling p ro 
prietary copper sulphate solutions.
(4) Copper fluoborate  This solution is used when a rapid build up o f  thick 
deposits is necessary. This will be required for electro form ing  and the prsduction 
o f  rolls used for embossing. Like the pyrophosphate solution, the fluoborate system 
is finding com petition from modern high-speed levelling copper sulphate solutions.

The copper fluoborate solution will only be used when high-speed plating is 
required and, thus, tight control o f  all plating parameters is necessary to ensure that 
op tim um  plating conditions exist. Laboratory control is generally required. The 
solution will contain copper 120 g/1, fluboric acid 30 g/1 and will be used at tempera
ture 4 5 ° c .  The current density will be up to 400  A f t2 (43 A d m 2), when a deposit of 
0.001 in (0.025 mm) will be plated in less than 5m in . This solution contains free 
fluoboric acid which is extremely active and requires to be handled w ith care.
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Gold Plating
Gold has two specific attractions: first, it resists oxidation and corrosion to a very 
high degree, while second, it has an attractive colour, being with copper one o f  the 
tw o ‘coloured’ metals. Whereas copper in a normal atmosphere darkness, and in the 
presence o f  moisture becomes discoloured, gold retains its attractive appearance 
under these and more arduous conditions. Gold plating is, therefore, widely used 
where appearance and corrosion resistance are o f  paramount importance, and there 
is no doubt that but for the very high cost o f  this metal it would find considerably 
more application.

In industry gold is now finding considerable use in the electronics and electrical 
fields. While gold only has conductivity o f  approx. 60 per cent that o f  copper, it 
has the advantage that it will retain its contact resistance over a very wide range o f  
conditions, unlike the oxides and other surface compounds formed by copper 
which seriously interfere with the contact resistance.

In addition to restricting the actual application of  Gold plating, the cost also 
contributes in some way to  the difficulty o f  plating as there is emphasis on the 
application o f  very thin deposits which must be wherever possible completely free 
o f  pores. This means that control o f  the deposit must be at a high level. T radition
ally gold was plated from high cyanide solutions very often produced by the simple 
expedient o f  immersing a gold com ponent in cyanide, which dissolved the metal 
to  form gold cyanide, and using this solution as the electrolyte with an inert anode. 
In general the most im portant factor o f  Gold plating will be that the deposit is 
free o f  pores, since the purpose is generally to  protect from corrosion in addition 
to  other factors such as appearance or contact conductivity. Any pores will allow 
the atmosphere to attack the substrate and the corrosion product will then appear 
on the surface o f  the gold.

Because o f  this necessity, and the high cost inhibiting the use o f  th ick  deposits, 
it is generally essential to control the solution parameters particularly closely and 
to  ensure that any contaminants which might be present are kept at a much lower 
level than is normally required in plating. For the same reason there is greater 
emphasis on an even deposit o f  gold than with most metals. Freedom from pores 
and thickness are strictly related, and while with other materials the minimum 
deposit might be accepted, since it would not be a serious disadvantage that some 
areas o f  the com ponent had a thickness four or five times the minimum deposit, 
with gold this is not normally acceptable.

In addition to  the plating o f  pure gold, there are now alloys containing small 
am ounts o f  nickel, platinum and sometimes copper which alter the characteristic 
o f  the gold deposit. As the alloy content is generally quite low, it has little impact 
on the parameters o f  gold plating. It will, however, be essential to maintain a more 
rigid control, as variation in current density can lead to  selective plating out o f  the 
alloy content. A wide range o f  other conditions are possible where the control o f  
thickness and porosity are not important.

Proprietary solutions are now available which range from the standard cyanide
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contcnt to solutions with very low cyanide, and some solutions are cyanide-free. 
Some examples o f  these solutions and the current control and plating speeds are 
as follows. A typical high-cyanide solution contains approx. potassium cyanide 
6 0 g/1 and gold 10g/l. It can be operated at a temperature up to 3 0 ° c  but generally 
room temperature is used. At 3 A f t2 (0.3 A dm 2 ) a deposit o f  0.0001 in (0.0025 m m ) 
is plated in approx. 15 min. With this solution additives can be used to give a bright 
deposit, and also increase the hardness. This solution is used for decorative deposits.

The lower-cyanide and acid solutions are more complex, and it is advised tha t 
use is made either o f  the proprietary solutions or specialist advice sought. These 
solutions operate at lower levels o f  gold, 2-8  g/1 being the usual concentration, 
and the cyanide is complexed. Cyanide-free acid solutions are readily available. 
These modern solutions give the same approxim ate rate o f  deposition, bu t a thinner 
pore-free deposit is possible and more homogeneous plating.

Indium Plating
Indium is a metal not unlike lead but with certain friction and corrosion resistant 
characteristics which appear to be unique, and is in fact plated for the sole purpose 
o f  improving the friction characteristic o f  very high-rated bearings.

The technique is that the bearings have a shell o f  the required mechanical 
strength which supports a conventional high-quality bearing material such as t in -  
bronze. This is then Lead plated  to give improved friction characteristics, and the 
surface o f  the lead is plated with a thin film o f  indium metal. Subsequent to this 
plating there is a heat treatment at 170°c  for 2 h ,  when the indium diffuses into 
the lead, forming a lead-indium alloy which has been shown to have excellent wear 
and friction characteristics. This would appear to be related to the ability o f  the 
indium deposit to resist corrosion.

The solution used is an acid sulphate containing indium sulphate 15 g/1, gener
ally with additives to prevent build up at high current density areas. Plating is 
carried out at room temperature using 10 A f t  2 (1.1 A dm 2). The speed o f  plating 
will be approx. 0.0001 in (0.0025 mm) in 10 min.

This metal is expensive and as it will be seen tha t the complete process is com pli
cated, it will be appreciated that Indium plating is only used where very high- 
integrity com ponents are required. This was the case o f  the main bearings on 
aircraft engines o f  the reciprocating type.

Lead Plating
This is not a common metal for electrodeposition , for although relatively cheap and 
easy to  plate, the deposit cannot be used for corrosion protection  o f  steel as it is 
not galvanic and, thus, any ‘pinholes’ in the deposit or damage during service result 
in the active corrosion o f  the steel in an a t tem pt to protect the lead film. Lead is 
an extremely toxic metal and this has also inhibited its use.

Lead plating is carried out to produce com ponents such as the electrodes for
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lead acid batteries. Steel which has been plated with lead will be much stronger 
mechanically and lighter than the same thickness o f  pure lead. The fact that lead 
has excellent resistance to sulphuric acid gives it some limited application in this 
field, where com ponents are manufactured from steel to give mechanical strength 
and then Lead plated to  prevent corrosion when in contact with sulphuric acid. 
Some types o f  the stainless steels and titanium and its alloys are now competing 
w ith  Lead plating in this area.

Lead is still deposited as a bearing metal and the user is referred to  the heading 
Indium  plating where reference is made to the lead-indium plating technique. 
With this, lead is deposited on the surface o f  the bearing, and on top  o f  the lead 
a thin layer o f  indium metal is deposited which then diffuses into the lead.

Lead plating solution contains approx. lead 100g/l, approx. fluoboric acid 
4 0 g / l  together with additives. The plating is normally carried out at room tem 
perature and current density o f  approx. 20 A f t  2 (2.2 A dm 2). This gives a plating 
thickness o f  0.001 in (0.025 mm) in approx. 20 min.

Lead-Tin Plating
This is an unusual alloy for plating, but it is possible to deposit a 10 per cent t in -  
lead alloy (approx.) which is used for bearing purposes. The solution is o f  the fluo- 
borate type with a typical nominal analysis o f  total tin 7g/l,  tin in the stannous 
state 6 g/1, lead 88 g/1 and fluoboric acid between 40  and 100 g/1.

Usually, plating is at room temperature but can be carried out at up to 35 c. 
A current density o f  30 A f t  2 (3.2 A dm 2) will give a deposit o f  0.001 in (0.025 
m m ) in 15 min. Unless the correct additives are present, only very thin granular 
deposits will be possible. With additives, much thicker deposits can be plated 
successfully.

An alternative to  this alloy would be to manufacture bearings from solid 
material such as bronze or white metal. Cast white-metal lining is also possible. 
The choice will depend on the type o f  bearing, the quanitites and loading involved. 
O ther alternatives include a deposit o f  tin or lead, which would not be as satisfac
to ry  a bearing material. A deposit o f  lead, into which Indium is diffused would 
give superior bearing properties under most conditions, bu t is a m ore expensive 
process.

Consideration should also be given to coatings applied by other means, such as 
PTFE and graphite-impregnated films, applied for dry-film lubrication. Metal- 
spraying can also be used to  apply coatings o f  bearing material.

Levelling
A term, in the metal-treatm ent context, confined to  Electroplating and to the 
metal being deposited.

It is a fact that electrodeposited  metals will tend to become concentrated  at 
sharp corners, peaks and ridges. The reason for this is that metals are deposited 
according to the current available, and it is also an electrical fact tha t the current
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distributed on any surface will tend to concentrate on sharp corners and be much 
less inside a concave surface and at the bo ttom  o f  a valley. Thus, any object which 
is submitted for Electroplating which has a rough, machined surface will tend to  
have this surface accentuated by the normal plating process.

Because o f  the expense o f  subsequent polishing operations, considerable research 
has been carried out in this area and use is now made o f  certain constituents that 
can be added to an Electroplating electrolyte which will concentrate at the high 
current-density areas. These substances produce a polarization effect which will 
prevent or reduce the electrodeposition o f  the metal involved. When correctly 
controlled additions are made, then high current-density areas, instead o f  having 
an excess o f  plating, will have less plating deposited, while the low current-density 
areas will continue to  plate at their normal speed. This results in a ‘levelling’ o f  the 
surface to be plated.

It must be appreciated that it is possible to produce a level deposited metal 
which is not bright and shiny. With modern techniques, the tendency is to ensure 
not only that the surfacc is level and smooth, but also blight. This is achieved by 
the addition o f  brightening agents. Much o f  the economy and new technology 
offered by research and development in modern Electroplating solutions is related 
to  the use o f  ‘brighteners’, or additives which result in a level deposit which also 
has a good reflectivity.

Nickel Plating
A very com m on form o f  electrolytic metal deposition, but seldom seen as an end- 
product. It is the Nickel plating deposit which is applied prior to Chromium plating 
which gives this process its corrosion-resistant character, and it is also the latter 
deposit applied on top o f  the nickel which gives the bright, hard bluish finish.

There are two com m on forms o f  electrolytic Nickel plating. Solutions used are 
W att’s solution, and nickel sulphamate; and nickel can also be deposited by the 
electro less process.

(1) Watt's solution  This is the traditional Nickel plating solution which has been 
in use for many years and is based on a formula containing nickel sulphate, nickel 
chloride and boric acid. The different constituents are necessary because nickel 
sulphate has a relatively low conductivity, while nickel chloride tends to  deposit 
out ra ther then plate, thus by blending the two salts satisfactory plating can be 
achieved over a relatively wide range. The boric acid is necessary as a buffer to 
prevent the solution from becoming too acid with use. Without the addition o f  
boric acid, it would be necessary to  feed an alkali material continuously to  the 
Nickel plating solution to  prevent the plating conditions moving out o f  the speci
fication range, by going acid.

A typical W att’s solution would be nickel sulphate 300 g/1, nickel chloride 
50 g/1 and boric acid 35 g/1. Considerable variation on this will be found with 
the sulphate reducing as the chloride content increases. These solutions can be
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used over a wide range o f  current dens ity , from 10 A ft 2 (1.1 A dm 2) to  80 A ft 2 
(8.5 A dm 2). The temperature used is 40°c. Under these conditions the speed o f  
the deposit will vary from 2 h  per 0.001 in (0 .025m m ) to 15 min per 0.001 in 
(0.025 mm).
(2 ) N ickel sulphamate This is a relatively modern solution and is based on the 
single salt-nickel sulphamate with certain additions. A typical solution would be 
nickel suphamate 500 ml/1 concentrate , boric acid 30 g/1 and nickel chloride 5g/l. 
At a current density o f  400 A f t2 (43 d m 2), 0.025 in (0.52 mm) can be deposited 
in 1 h. Variations in hardness o f  the deposit can be achieved with current control,  
the lower the current density the harder the deposit. Both Watt’s and sulphamate 
solutions are supplied ready mixed, and can have additives to  give a bright, shiny 
deposit.

Nickel plating at present is seldom carried out to produce a dull, stress-free 
deposit but it is almost invariably plated in the bright condition. This achieves 
two purposes, first, the deposit is reflective, and is thus pleasing to  the eye and can 
accept the Chromium plating  deposit w ithout any further mechanical polishing; 
and, second, the bright solution can be made to act as a levelling material. This will 
remove, or reduce, the surface imperfections which occur on normal sheet-metal 
components or after normal high-quality machining.

This levelling can be achieved w ithout giving a high reflective surface, bu t for 
most purposes the Nickel plating solutions are bright and generally know n as 
Bright Nickel. Because o f  the high cost o f  nickel, it is now common that the initial 
levelling is achieved by the use o f  a Bright Copper deposit.

The technology involved in producing these solutions is o f  a high order and more 
care is necessary in maintaining the correct level o f  brightener than any o ther  single 
parameter in plating. Information on  the technique o f  levelling is given under the 
appropriate heading in this book. Nickel plating is, as stated above, used invariably 
below the chromium deposit when this is applied for decorative purposes. Nickel 
itself is non-corrosive, and can be plated with thin deposits in a non-porous con
dition, thus preventing any attack o f  the substrate by the atmosphere. However, 
it is essential that the nickel deposit is o f  sufficient thickness to w ithstand the 
corrosive conditions which will be applied to the component in question.

This will vary considerably depending on the use o f  the com ponent, and the 
British Standard on Chromium plating  now lays down the thickness o f  nickel which 
must exist below the chromium before it can be said that this complies to  specifi
cation. This will vary for the substrate metal and the conditions o f  use. Some 
details are that the service conditions are graded into four types, with grade 1 being 
for adverse conditions, such as those encountered on the exterior o f  motorcars, 
and grade 4 for indoor, low-humidity conditions, such as living rooms or offices. 
The minimum nickel deposit for each grade is shown in the table at the top o f  
the opposite page.
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Further information on this, with recommendations on the chrome deposit, 

is given in B.s. 1224.

Substrate
metal Grade 1 Grade 2 Grade 3 Grade 4

Steel 0.0012 in 0.0012 in 0.0008 in 0.0004 in
(0.03 mm) (0.03 mm) (0.02 mm) (0.01 mm)

Zinc 0.001 in 0.0010 in 0.0006 in 0.0003 in
(0.025 mm) (0.025 mm) (0.015 mm) (0.008 mm)

Copper 0.0009 in 0.0009 in 0.0006 in 0.0003 in
(0.023 mm) (0.023 mm) (0.023 mm) (0.008 mm)

In addition to  this, Nickel plating is still used occasionally in its own right as 
a means o f  corrosion protection. Under these circumstances it is advisable that 
dull nickel is used, as there is a considerable history to  show that bright nickel 
deposits have less corrosion resistance than the dull nickel deposits. In addition, 
the dull nickel deposit will almost invariably be more ductile than the bright 
deposit, and if  Nickel plating thicknesses greater than 0.001 in (0.025 mm) are 
required, this higher ductility and better corrosion resistance can be a considerable 
advantage. This dull nickel, generally the sulphamate solution, is used for electro
form ing , where articles such as record masters and hollow ware are manufactured. 
Further details o f  this are given under this heading.

The Electroless N ickel plating process is now commonly used. While this has less 
corrosion resistance, by a marked degree than the electrolytic deposit, particularly 
the dull ductile deposit, the electroless deposit has the considerable advantage in 
that it can be hardened by a simple heat treatment after plating to a high degree 
o f  hardness, thus enhancing the wear-resistant properties. It is this high hardness o f  
the electroless deposit which is finding considerable use in modern industry, but it 
is as an alternative to Chromium plating  rather than the conventional Nickel plating 
that the electroless deposit is being used.

Electroless plating has the added advantage that the deposit will be homogeneous 
in thickness, whereas electrolytic deposits will be thicker at corners or points where 
the plating current concentrates. While this effect is reduced with bright or level 
solutions it cannot be eliminated, and will not affect internal bores.

Palladium Plating
Palladium is a metal in the platinum group. It is, therefore, relatively inert, quite 
heavy and is resistant to most acids. Palladium is attacked by nitric acid and will 
oxidize when heated, but apart from this will resist tarnishing and discolouration. 
It is chcaper than platinum and is, thus, used as a substitute for this metal, parti
cularly in jewellery.
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The plating makes use o f  a solution o f  tetraamino palladium nitrate. This will 
contain approx. 10g/l o f  palladium. The solution is used at an approx. tem pera
ture o f  7 0 °c  at current densities o f  approx. 5 A ft2 (0.5 A dm 2). At this a deposit 
o f  0 .000012 in (0.0002 mm) will be plated per minute. This solution will require 
to  be held in a glass or plastic tank and will make use o f  platinum inert anodes.

Platinum Plating
Platinum is a precious metal which has excellent corrosion resistance, will not 
tarnish under the most severe corrosion conditions and is, thus, used for industrial 
purposes where these requirements are essential. It is also a popular metal for 
electrodeposition on o ther materials in jewellery and for decorative purposes 
where a white tarnish-resistant colour is required.

Under many circumstances, it can be replaced by Rhodium  plating  which is a 
harder material with comparable but not quite as good corrosion resistance. 
Rhodium is cheaper than platinum.

Platinum is soft and has reasonably good electrical conductivity and, because 
o f  its resistance to  tarnishing, will retain its contact resistance over a wide range of  
atmospheric and tem perature conditions.

The Electroplating solution used is a complex sulphatodinitrito platinous acid 
with a nominal metal concentration o f  5g/l. The solution is very acid and can 
only be retained in glass or plastic containers. It is used at a tem perature  o f  30°c 
and current density o f  5 A f t2 (0.5 A dm 2). Under these conditions a deposit o f  
0.0001 in (0.0025 mm) is plated in approx. 2 h.

This metal is now finding some use in the printed-circuit industry where the 
stable contact conditions are o f  a considerable advantage. There is a proprietary 
Platinum plating solution known as ‘Pfanhauner's solution\

Rhodanizing
The name given to  the technique o f  Electroplating silver or gold com ponents  with 
a very thin coating o f  rhodium.

In the case o f  silver the purpose o f  the coating is to  prevent tarnishing, and a 
large number o f  Silver plated  objects which are not subjected to  abrasion in their 
life are now Rhodium  plated  during manufacture, and then do  not require any 
cleaning or polishing throughout their life. The rhodium coating is extremely 
thin and cannot be visually identified bu t is sufficient to prevent oxidation or the 
formation o f  sulphide on the silver surface. Rhodium is hard enough to  withstand 
normal handling wear and wiping with soft cloths, but cleaning with abrasive 
polishes will eventually result in the removal o f  this very thin film. It is, thus, 
essential that silver com ponents plated with rhodium are not cleaned using conven
tional methods.

In the case o f  gold com ponents  there is no need for rhodium  to prevent 
tarnishing, as gold will not tarnish under normal conditions, and conditions which
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would tarnish gold would probably also result in some tarnishing o f  the rhodium. 
Gold, however, is a soft metal and when used for contact switching purposes b e 
comes seriously indented and malfunctioning can result. By applying a thin film 
o f  rhodium to the gold contact surface, better impact resistance is obtained. 
Further details are given under Rhodium  Plating.

Rhodium Plating
This is the most commonly plated metal o f  the platinum group. It is white in 
colour, has good tarnish resistance and can be plated at a high hardness. In addition 
it has a reasonably low contact resistance, which because o f  the excellent corrosion 
resistance, remains constant over a very wide range o f  atmospheric conditions. 
Rhodium plating, thus, finds considerable application in the electrical and 
electronics industries, where switches require make-and-break-type contact, and 
where the atm osphere is either oxidizing or corrosive. Rhodium plating is com m on
ly applied on top o f  silver for this purpose.

Silver for decorative purposes is very often plated with a very thin film o f 
rhodium, which acts as a tarnish-resistant layer w ithout detracting from the a t trac
tive visual appearance o f  silver. The same technique can be used for industrial 
mirrors and reflectors and similar types o f  equipment where high reflectivity is 
necessary under corrosive conditions.

The solution used is generally acid, containing approx. 2 g/1 rhodium and 
20 ml/1 o f  concentra ted  sulphuric acid. The rhodium is generally present as a 
phosphate, and it is not advised that rhodium solutions are made from basic m ater
ials, but tha t they are purchased as ready-made solutions from a proprietary source. 
The solution requires inert anodes which are generally platinized titanium.

The conditions o f  plating are that the solution is used at temperatures up to  
50°c with a curren t density o f  10 A f t2 (1 A d m 2). This current density can be 
increased where simple com ponents are involved.

The coating thickness will be very thin with a satisfactory plate for preventing 
tarnishing o f  silver being as low as 0.000005 in (0.000125 mm). Where resistance 
or con tact problem s are involved, a deposit o f  ten times that thickness will be 
normally used. For industrial use, the copper or copper alloy normally involved 
will very o ften  have a nickel deposit prior to  the rhodium.

Ruthenium  Plating
One o f  the metals o f  the platinum group which has properties very similar to 
those o f  rhodium . It is only recently that plating solutions have been devised which 
can allow the electrodeposition  o f  this metal. The solution involved is o f  a complex 
nature bu t  several proprietary solutions are now available. They contain ruthenium 
at approx. 10g/l and are used in the strongly acid condition at the comparatively 
high tem perature  o f  70°c and a current density in the order o f  10 A f t2 (1 A dm 2). 
As with rhodium the anodes used are platinized titanium.

The deposit obta ined is relatively bright and, as stated, has a hardness in excess
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o f  800 DPN. The coating thickness is very thin again, being 0 .000005  in (0 .000125 
mm). Thicker deposits are possible but the control becomes m uch more difficult. 
These solutions require agitation which is best achieved by mechanical m ovements 
o f  the parts being plated. Ruthenium plating is still being developed, bu t would 
appear to be a very useful com petitor to  Rhodium  plating.

Silver Plating
Silver and copper are the earliest metals to  have been electroplated. Silver is deposi
ted for decorative purposes and is still the most com m on electrodeposit for 
tableware and decorative household articles. It is generally deposited on a substrate 
o f  nickel silver, which is a copper-nickel-zinc alloy containing no silver b u t  having 
an attractive silverlike appearance; thus, it backs up the silver deposit if  this is 
polished away during service.

In addition, and on an increasing scale, silver is used in the electrical industry 
and to  a lesser extent electronics for contact purposes. Copper is the  normal con 
ducting material and is considerably cheaper than silver, b u t  in normal atmospheres 
an oxide is formed which has a high resistance. It is the most com m on form o f  
heating the contact points on switches and plugs. Silver deposited on the surface 
o f  copper contact considerably improves contact resistance as an oxide is not 
formed under most circumstances. The majority o f  industrial switchgear is now 
Silver plated and quite commonly fuse contacts etc. in household  electrical plugs. 
Silver is not suitable where sulphide atmospheres exist as black sulphide is readily 
formed, giving poor contact resistance. Silver still finds a limited application for 
bearings but this is on a reducing scale with the advent o f  o the r  materials such as 
lead, aluminium alloys and plastics such as PTFE. Finally, silver is now being used 
to  prevent hot seizure: it is found tha t a thin deposit on either the male or female 
components o f  fasteners required to  operate in relatively high-temperature oxidi
zing conditions prevents the seizure o f  these com ponents. This is a com m on prob
lem on studs on the exhaust manifold o f  internal-combustion engines.

The plated deposit will have a brilliant white finish bu t unless special brighteners 
are added it will have no lustre and requires polishing. It is now possible that an 
as plated deposit is produced with high reflectivity, but this to o  will often require 
a final polishing to satisfy the high standards o f  eye-appeal necessary in many 
products.

Silver has probably the best ‘throwing’ power o f  any electrodeposit. While this 
is a considerable advantage in that the deposit can find its way in to  deep recesses 
w ithout the use o f  special anodes, it can under some circumstances cause problems 
where stopping-off is required as the silver deposit is notorious for finding its way 
behind conventional mediums.

A typical solution for Silver plating has the following formula:
Silver cyanide — 19 g/1 

Potassium cyanide — 15 g/1 
Potassium carbonate — 25 g/1
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This is used at a curren t density o f  3 A f t2 (0.3 A d m 2) and will give a deposit o f  
0.001 in (0.025 m m ) in approx. 2 h .  Using proprietary solutions it is possible to 
considerably increase the speed o f  plating and with a good-quality solution with 
brighteners added to  give a high reflective deposit and excellent throwing power, 
it is possible to use a current density as high as 20 A f t2 (2.2 A dm 2) to give a 
deposit o f  0.003 in (0 .075 mm ) in 1 h. The first solution will operate over a wide 
range o f  conditions, while the second high-speed solution requires that all para
meters are carefully controlled and should only be attem pted with good laboratory 
control.

Silver plating requires an underlay o f  copper or nickel between itself and the 
steel to prevent electroless deposition and poor adhesion. A ‘strike’ with low 
current density, low stress plating is also advisable where thick deposits are 
required. Silver is a precious metal and deposits will seldom be thicker than the 
essential m inim um . For uses on cutlery, for instance, a good-quality deposit would 
be to 0 .002 in (0.05 m m ) and this would be expected to give up to twenty years’ 
life under canteen, e tc. conditions. Household cutlery is generally considered 
satisfactory with ha lf  this thickness. Thickness, then, will be a function o f  the 
service conditions, and in particular the number o f  times that a cleaning cycle is 
applied as each time the silver is cleaned the surface is abraded.

For engineering purposes, that is, where contact resistance is required, a deposit 
o f  0.001 in (0.025 m m ) is again generally considered satisfactory, but deposits up 
to  0 .050 in (1.25 m m ) will be required under certain conditions. For prevention o f  
seizure, the  thickness deposited is seldom above 0.0002 in (0.005 mm) and this 
thin deposit will result in a satisfactory coating.

Alternatives are Speculum  and Bronze plating for household use and there is no 
doubt tha t austenitic stainless steel is competing successfully with Silver plating in 
this area. On electrical contacts, gold and rhodium are finding application particu
larly where the conditions  are unsuitable for silver. For seizure application, dry- 
film  lubricants using molybdenum  disulphide and graphite-impregnated paint have 
been found to  be successful. At present decorative silverware is often given a very 
thin deposit o f  rhodium  to prevent oxidation or the formation o f  the black sul
phide. This in essence is a clear lacquer which is hard and becomes part o f  the 
electrodeposit film, successfully giving longer life w ithout polishing, particularly 
for articles which are purely decorative (see Rhodanizing).

Solder Plating
The term covers the deposition o f  tin-lead alloys over the range 50-90 per cent 
tin, the remainder being lead. By far the most com mon alloy specified will be 
60 per cent tin, 40  per cent lead, which is the solder generally used in the electrical 
and electronics industries. Where corrosion resistance is required together with 
‘solderability’, this is also the most economical material. Tin-zinc deposits will be 
cheaper, but have m uch lower ‘solderability’.

The solution used will almost invariably be a tin-lead fluoborate, a typical
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analysis being total tin 60 g/1, tin 55 g/1 in the stannous condition, lead 25 g/1 
and the free fluoboric acid varying between 40 and 100g/l. Invariably additive 
agents o f  an organic nature to  prevent excess granular deposits are present. Glue is 
a com m on additive. This solution can be used at room temperature, but some 
solutions are used at up to 40°c. The anodes are an alloy of tin and lead.

The current density must be rigidly controlled to prevent excess build up and 
fluctuation o f  the alloy composition. This will be in the range 28-30  A f t2 (3 -3 .2  
A d m 2). With this, a deposit o f  0.001 in (0.025 mm) can be deposited in approx. 
15 min.

The control o f  solution analysis, additive and current density is im portan t for 
a dense deposit free o f ‘trees’ at corners, and control o f  the alloy composition.

As the deposit is often plated for the dual purpose o f  acting as an etch resist 
(s to p -o ff agent) and soldering, it will be appreciated that it is essential tha t it is 
free o f  pores and excess granular deposit, while remaining close to the desired 
alloy o f  60-40  tin-lead. Good ‘solderability’ relies on a consistant 6 0 -40  alloy, 
free o f  ‘trees’ and pores. The plating o f  pure tin, or tin-copper (2 per cent copper) 
and tin-nickel deposits are now alternatives to  this solder alloy. These deposits, 
however, can present more problems regarding ‘solderability’ or as stop -o ff agents 
under many circumstances than the tin-lead alloy. At present, many advances in 
these deposits are being developed and the user is advised to contact the Tin 
Research Institute for up-to-date information.

Speculum Plating
Speculum is an alloy o f  copper and tin, containing approx. 40 per cent tin. It is 
relatively hard and can be given a good lustre either by polishing, or by the use o f  
additives to the plating solution.

The deposit is used for decorative purposes, usually as an economical com peti
to r  to  silver. It is non-toxic and, thus, can be used for the same range o f  items as 
silver. The solution is based on a mixture o f  sodium stannate and copper cyanide 
and the anodes can be an alloy or a balance o f  pure copper and tin. Further details 
can be obtained from the Tin Research Institute.

Tin  Plating
This is carried out for several distinct reasons. There is a considerable am ount o f  
Tin plating on copper alloys which will be subsequently soldered, the purpose 
being to produce a ‘solderable’ surface. To a lesser extent Tin plating is carried 
ou t on steel for the same reason.

Tin plating is employed on the most extensive scale on sheet metal to  prevent 
corrosion in contact with foodstuffs. In tin-plate mills this is now conducted with 
highly sophisticated equipment where it is a continuous process with all plating 
carried out with the steel strip moving at speeds in excess o f  30m .p .h .  The end- 
product is used to manufacture the tin used in canning foodstuffs.

Tin plating is also carried out in order to ‘tin’ the base material prior to  the 
casting o f  white metal bearings.
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Finally, Tin plating is still used, but on a limited scale, with modern metals, to 
prevent nitriding o f  steel components. In this way it is analogous to the use o f  
coppcr at carburizing, and like Copper plating  is being replaced by alternative 
processing. In the case o f  tin this will be Bronze plating  or commonly the use o f  
bronze-rich paints.

T  .1 is plated from three distinct solutions but only two o f  these are frequently 
used: the alkaline sodium or potassium stannate solutions and the acid stannous 
solutions. The third technique uses the fluoborate acid stannous solution. The 
alkali stannate solution is probably the simplest to operate, particularly where thick 
tin deposits are required and where the necessity to have a pore-free coating is not 
essential. The acid stannous plating solutions are normally used where the integrity 
o f  the deposit must be high, particularly regarding porosity, which is essential 
either for the use o f  thin deposits in contact with food or deposits which have to 
be subsequently soldered.

The three types o f  solutions have the following nominal compositions:

(1) The alkali stannate solution contains approx. tin 80 g/1 and free sodium hydox- 
ide 20 g/1. The solution is generally operated warm at temperature 60-75°C  when 
the current density will be at approx. 15 A f t2 (1 .6 A d m 2). Under these conditions 
a coating o f  0.001 in (0.025 mm) will require approx. one and a half hours o f  
plating. There is a considerable spread in the plating time o f  tin with this solution 
and this will vary considerably, depending on conditions. The faster the required 
rate o f  plating, the greater the control necessary.
(2) The acid solution contains approx. tin 3 0 g/1 and free sulphuric acid 9 0 g/1. 
This will invariably include additives to  prevent excessive build up and maintain 
an even deposit. This solution is operated at room temperature and at current 
density 10 A f t2 (1.1 A d m 2). A plating speed o f  0.001 in (0 .0 2 5 m m ) in under 
1 h can be achieved.
(3) The tin fluoboric solution contains tin 80 g/1 and fluoboric acid 50 g/1. This 
is used in warm conditions up to 4 0 ° c  with a widely varying range o f  current 
density conditions. At 3 0 A f t 2 (3.1 A d m 2), a deposit o f  0.001 in (0 .0 2 5 m m ) 
will be obtained in approx. 15 min.

The different solutions all give a thin deposit which is capable o f  being used for 
any o f  the uses listed above. The alkaline stannate solution is the slowest deposit 
bu t has excellent ‘throwing’ power and is, w ithout doubt, the simplest to control. 
It should, in fact, be stated that all Tin plating solutions are relatively difficult to  
control, and with high-speed deposits it is essential that laboratory control o f  all 
parameters is strictly carried out.

The following nominal thicknesses are listed for the uses listed above. For 
contact with foodstuffs or where first-class corrosion resistance o f  steel is necessary 
in contact w ith water, then 0.0012 in (0 .030 mm) minimum is essential. For p ro tec
tion against normal atmospheric corrosion on a long-life basis on steel, the mini
m um  requirements are 0 .0008 in (0 .020  mm). For corrosion conditions under
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moderate environments with occasional condensation, the minimum requirement 
on steel is 0 .0004 in (0 .010 mm).

For ‘solderability’ purposes on copper, bronze or brass underlays, where the 
storage conditions and shelf-life are m oderate, a deposit o f  0.002 in (0 .05 m m ) is 
considered sufficient. For coating on brass in particular, or steel where ‘solderability’ 
is required, it is essential that storage conditions are tightly controlled, i f  a deposit 
o f  copper or preferably nickel between the steel or brass and the tin plate does not 
exist. By doubling the above figure, reasonable ‘solderability’ can be achieved on 
the base metal, but this will decrease with time and, thus, storage time and con
ditions must also be controlled. For stopping-off nitriding, the m inim um  require
ment is 0.002 in (0.05 mm).

It should be noted that where plated deposits are flowed by fusion in absence o f  
air, generally by immersing in hot oil, then a lower thickness is acceptable. The 
reason for this is that the as plated deposit will have pores o f  a certain dep th ,  and 
so by plating to a certain thickness, it is possible to  guarantee a pore-free surface. 
The pores are initiated in a random manner as plating proceeds and, thus, all pores 
do not penetrate to  the substrate surface. The subsequent flowing by fusion elimini- 
nates the problem.

Without doubt, Tin plating would be used on a wider scale for general corrosion 
protection , if  the metal were cheaper. With the continuing increase in the cost o f  
tin relative to  other metals, it is unlikely that its use will increase outside the fields 
o f  corrosion resistance where foodstuffs are involved and ‘solderability’ where 
high standards are necessary. Tin is one o f  the few metals which are non-toxic and 
have good corrosion resistance. It is finding increasing competition in this field 
from aluminium, where deep-drawn cans are being used to  replace the conventional 
tin-coated, mild-steel rolled and soldered ones. Plastics are also com peting  with 
tin in the packaging o f  food. For ‘solderability’, there are less economical alterna
tives but the use o f  tin-nickel and tin-zinc deposits are indications o f  the search 
for suitable alternatives.

Tin-Copper Plating
An electrodeposit confined to use in the electronics industry, where the com po
nents are subsequently to  be soldered. The deposit is, thus, invariably on top o f  
copper or copper alloy conductors; but it may have a thin layer o f  nickel, or pure 
copper, between the substrate and the tin -copper deposit to prevent diffusion o f  
undesirable elements such as zinc into the tin, so reducing the ‘solderability’.

The deposited alloy has between 1 and 3 per cent copper in the  tin, and the 
purpose is to  prevent the formation o f  ‘tin whiskers’ during service. Experience 
has shown that a pure tin deposit subjected to certain conditions o f  stress can 
result in dislocations occurring in the tin lattice structure which give rise to  hairlike 
growths on the tin surface. With modern electronic equipment where the size is 
limited, this can result in current leakage between conductors. Over 1 per cent 
copper in the deposit will inhibit this whisker growth, but over approx. 5 per cent
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copper, while still inhibiting this growth, can give rise to  ‘solderability’ problems. 
O ther contaminants in tin also preclude whisker formation, but most o f  these such 
as zinc and aluminium can again give rise to ‘solderability’ problems. Tin-lead 
alloys are no t prone to whisker growth. The solution used is a standard stannate 
type to which is added copper.

Tin-N ickel Plating
An alloy deposit which is a recent development achieved by the Tin Research 
Institute. It is used on a limited scale by the electronics industry as an alternative 
to  pure tin and tin-lead where consistent ‘solderability’ is o f  more importance 
than actual ‘solderability’. The deposit requires active fluxes, but the ‘solderability’ 
remains constant over a wide range o f  storage conditions and time.

The alloy is also plated for decorative purposes, having an attractive high reflec
tive sheen with a slightly reddish or pink colour. It retains its high lustre over a wide 
range o f  conditions.

The solution contains tin and nickel and is used at a high temperature. It is 
highly corrosive, thus presenting some difficulty in the equipment used, the choice 
o f  substrate metal, and when any selective plating necessitates stopping-off.

The anodes used are an alloy o f  tin and nickel, and the user is advised to  contact 
the Tin Research Institute for up-to-date information.

T in -Z in c  Plating
An electrodeposit which is generally applied to  steel com ponents to supply corro
sion resistance. The protection achieved is be tte r  than the normal zinc or cadmium, 
thus a thinner deposit can be accepted for the same standard o f  protection. With 
the increase in cost o f  tin, however, this alloy is seldom used as it is more economi
cal to  plate slightly thicker zinc or cadmium than the tin-zinc alloy. Where, for 
technical reasons, a very thin deposit is necessary, this alloy could be considered.

The tin-zinc alloy also had better ‘solderability’ than zinc, but it is not really 
comparable to  pure tin or clean copper and will not be considered ‘solderable’ 
by electronics standards, where non-active fluxes are essential.

The alloy deposited is 75 per cent tin, 25 per cent zinc. The solution used has 
zinc and tin present and is o f  the cyanide type. A typical solution analysis would 
be tin 30 g/1, zinc 2.5 g/1, sodium cyanide 30 g/1 and sodium hydroxide 5g/l. The 
anodes are zinc-tin alloys and must be removed from the solution when not in 
use. With a current density o f  15 A f t2 (1 .5 A d m 2), a deposit o f  0.0005 in (0.0025 
m m ) can be plated in 30m in .

Technical difficulties may be encountered in controlling tin-zinc plating to 
give a consistent deposit, particularly when the solution is used with internal 
anodes. The deposit can be chromate Passivated when the corrosion resistance 
is o f  a very high standard, and where corrosion resistance is the prime considera
tion, zinc plating can be an economical, technical alternative. Where ‘solderability’
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is a serious problem, and economics rule out the use o f  tin or tin-lead, then t in — 
zinc is a possible alternative. The latter deposit will have marginal advantages in 
both cases.

Zinc Plating
This is now probably the most popular method for electrodeposition , and the sole
purpose is to improve the corrosion resistance o f  steel components.

For many years industry has successfully used hot-dip galvanizing, which coats 
the steel with zinc, and also sheradizing, which again coats the steel surface with 
zinc. The advantage of  zinc as a material for corrosion protection  is that it is
‘galvanic’, or anodic to the steel substrate. This means that when the coating is
damaged for any reason, the zinc will sacrifice itself to protect the underlying 
steel. This ‘galvanic’ or ‘sacrificial’ corrosion gives excellent protection to steel 
and is the reason that zinc is popular.

The deposition o f  zinc uses three basic types o f  solution, two o f  which are based 
on cyanide. There is, first, the high cyanide solution which contains zinc 30 g/1, 
sodium cyanide 85 g/1 and caustic soda 25 g/1. Used at room temperature and 
15 A f t2 (1 .6 A d m 2), a deposit o f  0.0001 in (0.025 mm) can be plated in 1 hr. 
This solution requires very little technical control and will continue to produce a 
zinc deposit over a wide range o f  conditions, bo th  chemically and current 
distributionally.

The second solution is the low-cyanide solution. This contains 8 g/1 zinc, 8 g/1 
sodium cyanide and 65 g/1 caustic soda and requires more care regarding control 
o f  solution and current. This solution requires considerably more control than the 
high-cyanide variety and unless both  the current and the chemical analysis are kept 
within the correct limits, then there will either be a wide spread o f  thickness over 
any one com ponent or over the com ponents plated in the one batch. In addition 
there is a problem that with variation o f  the ratio o f  zinc to cyanide, a situation can 
arise where very little zinc is deposited, while the current is used to decompose the 
caustic solution giving o ff  hydrogen and oxygen instead o f  deposition metallic 
zinc.

The third solution is the more recently developed acid zinc. This is free o f  
cyanide and has a typical chemical makeup of  zinc 30 g/1, sodium chloride 25 g/1 
and boric acid 15g/l. At a current density o f  lO A f t2 (1.1 A d m 2), 0 .0 0 0 7 in 
(0.02 mm) is plated in 1 h. It will be seen that the deposit o f  zinc is slower than 
with the high-cyanide solution, but the effluent problem is much less. Again, like 
the low-cyanide solution, this requires more control in order to ensure tha t a good 
deposit is obtained.

There has recently been considerable development at work on the corrosion 
resistance achieved with Zinc plating. This has shown that by ‘passivation’ or 
chromating immediately after depositing the zinc, an increase in the corrosion 
resistance is achieved which almost equals that o f  the original deposit, and this 
technique is now almost universally applied to Zinc plated components. Develop
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mental work has shown at the same time that,  unless the various parameters which 
exist at Zinc plating are correctly controlled, the deposit will have inferior corro
sion resistance. These parameters are the chemical composition o f  the solution, 
current density to within reasonably tight limits and the thickness o f  the deposit. 
The thickness o f  deposit is a function o f  time and current density. Where high
speed plating is carried out, there can be some danger o f  the quality o f  the plating 
suffering but there is no doubt that with adequate control the deposit can equal 
the standard o f  the slower solution. Where quality plating is essential, then, 
laboratory-type control is necessary. Considering the high cost o f  Electroplating 
and the disastrous consequences o f  faulty deposits, it is strongly recommended 
that Zinc plating and chromating are always carried out under controlled con 
ditions. The period o f  time over which Zinc plating will provide protection is a 
function o f  the thickness, other things being equal: the thicker the deposit, the 
longer corrosion resistance will last.

As electrodeposited  zinc will seldom have a thickness greater than 0.0015 in 
(0.027 mm) and will commonly be little in excess o f  0 .0003 in (0.0075 mm). For 
ou tdoor use electrodeposited  zinc is not a serious com petitor to Hot-dip galvanized 
components, where the thickness will seldom be less than 0.003 in (0.075 mm) and 
is commonly in excess o f  0 .010 in (0.25 mm). There is now considerable data 
available on the life expectation o f  zinc coating and for up-to-date information 
users are advised to  contact the Zinc Development Association.

Electrodeposition  o f  zinc is com monly carried out on com ponents which will 
be subjected to  indoor conditions. The electrical and electronics industries, and 
the communications industry, are all large users o f  electrodeposited  zinc and have 
been instigators in the improvement o f  control to  guarantee thickness o f  deposit 
and quality.

The quality is generally assessed by a series o f  tests including thickness tests, 
salt-mist accelerated corrosion tests, adhesion tests and fingerprint tests to assess 
the ability o f  the coating to withstand handling corrosion. All o f  these are discussed 
under their own headings in this book.

Because o f  the relatively even coating which can be applied as distinct from 
hot-dip galvanizing, Zinc electroplating is now the most com m on m ethod o f  
corrosion protection  applied to  nuts and bolts. These will generally have a thicker 
coating than tha t for indoor purposes.

Electroslag Welding
A high-productivity type o f  welding usually applied to mild steel, and applying only 
to  relatively simple welds such as straight vertical runs; it is similar in many respects 
to  Submerged Arc welding..

Elongation
One o f  the mechanical properties evaluated during the destructive Tensile test. 
It is described under its own heading in the section Mechanical Testing.
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'Eloxal' Process
An anodizing process to  producing an oxidized film on aluminium. Details o f  this 
are given under Anodizing. It has proved impossible to discover any inform ation 
on the source o f  the name ‘Eloxal’.

'E lphar Process
A proprietary process developed by the British Iron and Steel Research Association, 
where steel strip which has been degreased is passed through a suspension o f  fine 
aluminium dust, in a methylated spirits-water mixture.

Using a direct electric current,  the aluminium particles are attracted and made to  
adhere loosely to the steel surface. The liquid is then evaporated by heating and the 
loosely adherent dry powder is then rolled in contact with the steel. Depending on 
the type o f  rolls used, will also depend the finish achieved at this stage. The coating 
is then heat treated to cause sintering , but no alloying o f  the aluminium and the 
steel. A thickness o f  up to 0 .0015 in (0.037 mm) is possible.

This process results in a coating o f  aluminium, almost free o f  oxide on the 
surface o f  the steel strip. The steel strip can be bent and drawn w ithou t the 
breaking o f  this aluminium film. While similar in many ways to aluminizing , then, 
this method differs in that it is a coating o f  aluminium rather than aluminium 
oxide, and no diffusion occurs. It results in excellent corrosion resistance, but is 
relatively expensive, and is applicable only to sheet metal.

Embossing
A method o f  producing surface designs on sheet-metal components. Any material 
com ponent capable o f  being produced in, or from, sheet-form can be Embossed.

The technique o f  Embossing means that the sheet metal is cold worked  by 
indentation, resulting in a raised design appearing on the reverse side. This work 
will result in the material being stretched, thus it is necessary that the material 
used must have the necessary ductility to  cope with this stretching w ithout cracking 
or being too brittle.

In general the term Embossing covers relatively slight work often applied by 
passing the sheet through rolls which have the design raised or cut on the rolls. 
Frequently, these rolls are Embossed themselves, and this can be by electro
deposition , metal-spray or etching. The term is not normally used to cover these 
techniques or the methods o f  machining or engraving to produce raised designs.

Emulsion Cleaning
A cleaning technique, using special liquids, which are themselves emulsions, and 
very often act because they emulsify the contaminant. Emulsions are mixtures 
o f  two liquids, one liquid holding the other in suspension. Emulsions are similar 
in many respects to  colloids.

Emulsion cleaners, therefore, have two separate liquids which clean selectively. 
These are highly technical materials and for correct use the manufacturers’ in
structions must be carefully followed. These instructions will vary depending on
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the type o f  cleaner involved, the metal being cleaned and the soil to be removed. 
It is not possible, therefore, to generalize on the techniques required. It can be 
stated tha t correctly used Emulsion cleaning can give extremely long life and result 
in cleaning o f  a high technical standard. The user is referred to the section Cleaning 
for further information.

Enamel Plating
A term which was at one time applied to the Colour anodizing o f  aluminium. 
With this, the aluminium is first anodized  then the fresh surface is immediately 
dyed.

Enamelling
A painting  technique applied to all metals. True enamel is a glass frit which is 
fused to give a vitreous finish. The term ‘enamel’ has now been accepted to have 
a m uch wider meaning and, thus, it is included with other forms o f  Painting under 
tha t section in this book.

'Endurance' Process
A proprietary name, covering a metal-spray or weld-deposit technique. Further 
details can be obtained from Dewrance Ltd., and the process is described in the 
section Metal-spraying.

Endurance Test
This term can be applied to any form o f  testing designed to find the life o f  a 
com ponen t,  or more generally, an assembly or complete unit or engine. The con 
dition o f  testing, length o f  test and loads applied will be given in the test schedule. 
‘Endurance Testing’ applied to metals is an alternative name for fatigue testing , 
described as such in this book, in the section Mechanical Testing.

'Endurion'
A conversion coating applied only to  steel and not applicable to stainless steels, 
which will considerably improve the corrosion and wear resistance o f  a phosphate 
coating.

The com ponent is cleaned and phosphated  in the normal manner and, after 
cold and warm water rinsing, immersed in the ‘Endurion’ solution. The immersion 
time is between two and five minutes. The solution is used boiling, hence the 
necessity to  pre-heat the com ponents prior to immersion. No delay should occur 
betw een Phosphating  and ‘Endurion’ treatm ent and the phosphate process should 
not include any chromate seal.

The ‘Endurion’ process results in the conversion o f  the phosphate coating to a 
harder, more homogeneous surface. It can be used as the normal pre-treatment for 
paint, b u t  will only be necessary when a very high corrosion resistance is required 
in the  event o f  paint damage.
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‘Endurion’ surfaces can be made to absorb oil; it is claimed that the resultant 
surface will have low friction characteristics and the ability to withstand galling 
and pick-up. This characteristic is used on fasteners which require torque loading, 
as there is some indication that the ‘Endurion’ process, correctly carried out. will 
give superior results to other forms o f  phosphating.

The ‘EnduriorT process will also accept thin films o f  dye or lacquer which can 
be used to colour the surface. Because this is relatively dark the tendency will 
always be to use reasonably dark shades and some use has been found for this 
process where a m att non-reflective material which is also high corrosion resistant 
is required. Further details on this process can be obtained from the Pvrene 
Company Ltd.

Erichsen Test
A destructive test to evaluate the ductility o f  sheet metal, it is also known as the 
Cupping test or the Erichsen Cupping test. It can be applied to  any sheet metal but is 
generally reserved for materials which are to  be used for deep-drawing purposes.

The procedure is that a ball o f  known diameter is impressed under a standard 
load on to a sample o f  the sheet metal. This results in a cup being formed, of the 
approximate diameter and depth o f  the diameter o f  the ball. On completion o f  
the test, the cup produced is carefully examined for bursts or cracks or any wrink
ling o f  the material locally which would indicate failure. Since this is a standard 
test, a system o f  comparing the material under test with previous batches is avail
able to the inspector.

The test is a cheaper method than Tensile testing, giving slightly more specialist 
information under certain circumstances. It can be compared with the procedure 
now  carried out by some users o f  high-quality sheet-metal in mass-producing 
difficult pressings. There are occasions when such users reach an agreement with 
the material suppliers that the material in question must make a specific pressing. 
Each delivery is then tested by producing a pressing, and in the case o f  any defect 
appearing, the material will be rejected. A nother method of  assessing the suitability 
o f  sheet metal for deep-drawing purposes is the ratio o f  ‘yield’ or ‘p roof stress’ to 
the ‘ultimate tensile strength’ : the greater the difference, the better the material 
will be for deep drawing. Other ductility tests such as reverse bending and drifting 
testing are comparable under specified conditions and generally cheaper but are not 
as readily evaluated between different batches as the Cupping test.

Etching
A term covering a variety o f  vastly different techniques which achieve completely 
different purposes.

Briefly, the term covers the following six techniques:

(1) Etching as surface preparation fo r  Electroplating, etc. In this context the 
term denotes that metal is chemically removed, and generally means that the sur-
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surface is left in an active condition. This is alternatively referred to , under certain 
conditions, as activation (see the section Electroplating).
(2) Etching as removal o f  metal This is used, in the printed-circuit industry in 
particular, to denote that stage where material not required on the finished printed 
circuit is removed by chemical solution. Again, then. Etching here is a chemical 
means o f  removing metal.
(3) Etching to highlight surface defects This again is a chemical process which, 
under some circumstances, may be electrochemical. The technique here makes use 
o f  the fact that corners or edges will normally be more active than flat surfaces. 
This effect can be accentuated by the electrolytic action and is used as a means o f  
opening cracks or surface defects. This means that minute surface defects such as 
cracks or slag stringers will be highlighted because the edges are attacked, and the 
width o f  the crack increased, making it easier to identify by visual examination.
(4 ) E tching to show metallurgical structure This can be on a ‘macro ' scale, where 
the com ponent is subjected to  one o f  several etches to  highlight surface conditions. 
After use the surface o f  the com ponent is examined, and this non-destructive 
testing technique is to highlight several types o f  defect, most o f  which are the result 
o f  grinding or similar processes where the surface layer o f  the material, generally 
hardened steel, has been affected very locally (see the section Non-destructive 
Testing).

Alternatively, this is also used as a destructive test, where the components are 
cut and the surface prepared and then subjected to Etching. This technique ind i
cates the m ethod o f  forging  and any defects present. It will also show any gross 
lack o f  homogeneity in a metal structure (see Macroetch).
(5) Micro etching This is a laboratory technique, used on the polished m icro
specimen to  show the different structures which indicate the metallurgical state 
o f  the material. Details o f  these etches are readily available and do not come within 
the scope o f  this book.
(6) Etching fo r  identification This technique uses needles, electric-spark marking, 
acid Etching or, under some circumstances, stamping. The purpose is to mark the 
surface for identification purposes. Acids are seldom used in modern industry 
because o f  the danger o f  corrosion. Some marking materials are still available but 
it must be ensured either that the material is self-destroying, or that some subse
quent process removes all evidence o f  the corrosive liquid, since it is obvious tha t 
any liquid capable o f  Etching or marking the surface must also be capable o f  
causing corrosion.

Where marking is achieved by simple painting  or stencilling, this is not normally 
referred to as Etching, but inks are available which have a corrosive content and, 
thus, e tch  or stain the surface giving permanent marking.

Acid etching was replaced, first, by the electric-discharge m ethod in which a 
hardened steel or tungsten-carbide needle was used to produce sparks using an 
electric current. This method was shown to  be dangerous where hardened steel
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com ponents were involved as the high temperatures required for the spark dis
charge also softened and, in some cases, rehardened and cracked, the surface o f  
the steel. The modern technique o f  marking uses a tungsten-carbide needle which is 
connected to a vibrator, and the surface o f  the steel is marked by this vibration 
against the steel. It will be appreciated that this m ethod is not possible on hardened  
steel surfaces, and this is considered an advantage as marking on these surfaces will 
always present the danger o f  forming stress-raisers and the probable propagation 
o f  cracking.

'Eutectrol' Process
A continuous Gas carburizing process.

With this, there is a furnace using some form o f  moving belt or track which 
continuously moves the com ponents being treated. These enter at the cold end 
o f  the furnace, are gradually heated in a carburizing atm osphere, which may or 
may not vary with the temperature requirement, and with the track to give com 
plete control o f  the carbon potential. During the whole o f  the cycle, the co m p o 
nents are moving and are in carbon-rich gas. More details o f  the carburizing 
procedure are given in the section on Heat Treatment.

Evaporation Process
An alternative term for vacuum deposition , where the metal to be deposited and 
the article to be treated are taken to  high vacuum. The metal is then heated, boils 
and on cooling is homogeneously deposited on all surfaces.

Explosive Riveting
A m ethod o f  riveting where an explosive charge is used to  form the rivet head. It 
is obviously o f  highly specialized significance and is generally used only when it 
is impossible to  have access to  the portion o f  the rivet which forms the head. The 
explosive charge is shaped to  the desired head-form and inserted against the shank, 
normally on the inaccessible inside o f  the two skins to be riveted. The m ethod o f  
initiating the explosion, the am ount o f  explosive charge, etc., will be a function o f  
the materials and geometry o f  the parts involved.

Explosive Welding
A form o f  Forge welding where, using explosive forces, the process is achieved by 
high-impact force. It can only be applied to  a limited num ber o f  materials (see 
the section Welding).

Extrusion
A manufacturing process, not a metal treatm ent. It is a specific type o f  forging 
where the material is forced through a shaped die o f  requisite shape. Extrusion 
can be carried out in various stages but, in general, the process is limited to 
materials which are readily forged and the economies o f  the process largely rely
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on large usage, relatively simple, easily forged materials and the production of 
intricate shapes.

It will be appreciated that the more intricate the shape, the higher the cost of 
the dies, etc., but the greater the saving in subsequent machining. The materials 
most commonly Extruded at present are austenitic stainless steels, aluminium 
alloys, copper alloys, with a limited num ber o f  more exotic materials such as 
nickel-chrome alloys. Use o f  the relatively simple steels is unusual, since these 
are quite readily hot-worked using conventional rolling techniques. Extrusion can 
be carried out cold or hot. Users are advised to  obtain specialist advice prior to 
designing com ponents which are to be Extruded.

Fadgenizing
A mechanical surface treatment applied to  zinc die castings prior to  Electroplating.

With this, each casting is invidivually m ounted and rotated in a slurry o f  silica 
flour (fine sand) with other additives. The purpose is to polish the surface without 
breaking the surface skin, prior to plating. Experience has shown that normal 
buffing  and grinding causes damage to  the surface, resulting in faulty plating.

The m odern barrelling process, correctly controlled, can be used instead of 
Fadgenizing. There are also chemical and electrochemical treatments for zinc-alloy 
castings which give satisfactory results at plating.

'Fafcote'
An alternative name for the ‘Endurion’ process.

Falling Weight Test
An inspection or quality-control technique which, in its simplest form, consists o f  
dropping a weight on to the com ponent and examining the result. The shape and 
weight o f  the material being dropped, the height and acceptable damage, require 
to  be specified. A variation is that the com ponent being tested is held at different 
angles and the height and weight also varied. The number o f  drops can also be 
varied, and the impact surface altered.

This test can also be applied to assemblies and is now a com mon part o f  the 
testing carried out on electrical and electronic assemblies. These are then subjected 
to electrical testing. These are generally specialized tests, carried out after all 
normal Non-destructive tests have been completed. It is comparable in many ways 
to  the Drop test , where the com ponent itself is dropped.

'Fasbond'
A proprietary name for phosphating. Further information can be obtained from 
Walterisation Ltd.

Fatigue Testing
A long-term mechanical test which is destructive. It is not a normal part o f  the
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material specification, but the fatigue strength o f  com ponents is o f  vital importance 
to engineers. The test and its implications are discussed in the section Mechanical 
Testing.

'Fero x ir Testing
A form o f  non-destructive testing  which ensures that any austenitic stainless steel is 
free from surface ferrite.

During manufacturing processes which include any heating, such as welding or 
annealing, the surface o f  austenitic stainless steel components are converted to 
oxides which contain iron in the ferritic state. This means that any corrosive 
liquid such as water or foodstuffs which come in contact with the surface o f  the 
stainless steel can become contam inated , or the surface can give the appearance o f  
rusting. In order to prevent this, stainless-steel containers must be treated by 
passivation. This can either take the form of nitric acid treatm ent, or some lesser 
acid such as citric acid, the purpose o f  which is to dissolve the free ferrite from the 
surface. The Feroxil test is designed to show that passivation trea tm ent has been 
successful and that the surface is free from ferrite.

The test solution consists o f  potassium ferricyanide in a solution o f  water which 
has been slightly acidified with hydrochloric acid. The technique is tha t the surface 
being tested is cleaned using a solvent such as trichloroethylene and, using a glass 
dropper, spots o f  the test solution are dropped on to the test spot. If any free 
ferrite is present, the test solution will immediately turn to  a bright dark blue — 
Prussian blue. If no such colouration is shown after a 10-30 s contact, the surface 
is free from contamination.

Usually, it will not be necessary to test complete surfaces, but areas such as 
welds must always be tested and edges or drilled or punched holes should also be 
carefully examined.

If the material has been annealed , it will require pickling  to remove the free 
surface ferrite, and in this case, spot checks at random areas on both  sides o f  the 
surface, and in particular edges, should be carried out.

Electronic instruments are available which can determine the am ount o f  ferrite 
in stainless steel. These ferrite m eters are very useful for determining whether or 
not a weld or a mass o f  stainless steel is in the fully ferritic condition. However, 
the instruments are not sensitive enough to identify the extremely thin film o f  
free ferrite which may exist and can cause serious contamination. The use o f  
meters is discussed under the heading Ferrite Testing.

Ferrite Testing
A test applied only to the austenitic type o f  stainless steel. When these steels are 
heated or welded, a percentage o f  ferrite is produced.

Stainless steel is a single-phase material, where by adjusting the chemical analysis 
with the addition o f  chromium and nickel in particular, it is possible to  depress 
the change point o f  steel to  below room  temperature. This means that the austenitic
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phase will exist at room temperature, whereas in the case o f  plain carbon and low- 
alloy steel, it is necessary to heat to above at least 6 5 0 ° c  to produce this austenitic 
phase.

The austenitic phase is non-magnetic, as the change point from magnetic iron to 
non*magnetic iron occurs at a lower temperature than the changc from ferrite to 
austenite. This change in the magnetic properties allows the use o f  instruments to 
assess the percentage o f  ferrite which exists in any austenitic stainless steel. The 
necessity for this is that the corrosion resistance o f  austenitic steel relies largely 
on the fact that it is free from ferrite and is, in fact, a single-phase material. There
fore, where corrosion resistance o f  a high standard is required, it is commonly 
specified that the ferrite percentage must be at a low level.

The Ferrite test makes use o f  equipment which measures the amount o f  magne
tism in the metal. The same equipment which is used to measure the thickness o f  
paint or Electroplating deposits on steel can be calibrated and used to estimate 
the ferrite content.

It is usual that an agreement is reached between supplier and client regarding 
the method o f  testing, equipment used and level o f  magnetism (ferrite content) 
which is acceptable.

It is possible using chemical analysis to accurately estimate the composition of 
the alloy and, thus, to  predict the am ount o f  ferrite theoretically present. Since any 
welding, work hardening or heating can also produce ferrite, the use o f  the 
magnetic measuring instruments is generally accepted as being more meaningful 
than chemical analysis. The Ferrite test can identify local areas where, because of 
welding or for some other reason, free ferrite is present.

'Ferrostan' Process
A method o f  continuous Electrolytic Tin plating o f  steel strip.

The finally cold, reduced strip is continuously fed through cleaning, etching, 
plating  and smiling  processes required in Electroplating. The solution is generally 
an acid sulphate which gives a matt finish. This can be brightened by flow ing  the 
coating by subsequent heating to above the melting point o f  tin, but more 
com m only, use is now made o f  brightening additives included in the plating 
solution, giving a bright deposit as plated.

This is a standard Tin electroplating system, carried out continuously with the 
strip moving through the necessary solution at up to  30 mph.

'Fescolizing'/'Fescol' Process
A proprietary form o f  Hard Chromium plating , and may or may not include an un 
underlay o f  nickel.

The process is used on new production parts to  produce a hard-wearing, low- 
friction surface. It also finds considerable use as a salvage process where hardened 
parts have become worn in service.

Details o f  this process can be obtained from the Fescol Co., and further
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information on Chrome and N ickel plating  are given in the section Electroplating. 

File Test
A form o f  hardness testing using the scratch principle, that the test material can 
only be cut by a material harder than itself. See section on Mohs Testing  in the 
section Hardness Testing.

Fingerprint Testing
A destructive test which is applied to  plated components, most generally Zinc  
plating , to  assess the ability o f  the deposit to  withstand corrosion caused by 
handling.

The test consists o f  placing a drop o f  the solution on the test surface. This is 
then examined and the time taken for gassing to  commence is measured. Plating 
deposits which can withstand longer than 30 s w ithout gassing are considered 
satisfactory.

The solutions used are as follows:
Fingerprint testing :
Lactic acid (80 per cent solution) 25 ml
Sodium chloride 5 g
Distilled or demineralized Water 75 ml
Care must be taken to avoid contam ination with copper and nickel. Solution only 
stable 1 week.
Alternatives:
Solution A, sodium chloride 10 g dissolved in water (distilled or demineralized) 
to 100 ml
Solution B, lactic Acid (80 per cent solution) 50 per cent by volume with water 
(distilled or demineralized)
Mix equal volumes o f  solutions A and B immediately before use. Solutions A and 
B are stable up to 6 months.

Fink Process
A form o f  aluminizing, where the steel com ponents  are, first, treated in a hydrogen 
atmosphere to  remove any oxide, and then immediately immersed in m olten  alumi
nium. This results in an alloy forming between the steel surface and the aluminium.

With this process, then, corrosion protection  is given by this alloy, rather than 
production o f  aluminium oxide as in most forms o f  aluminizing. The use o f  hydro 
gen increases the cost and difficulty o f  control, thus other methods o { aluminizing 
are generally considered more satisfactory for most purposes.

Fire G ilt Process
A m ethod o f  producing a coating o f  gold on a metallic substrate.

The process uses the fact that gold can be dissolved in mercury (gold amalgum) 
to  give a paste, which can be wiped or smeared on the surfaces to be treated. When 
the article is heated, the mercury is driven o ff  leaving a gold film. The process is
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confined to the jewellery trade, and with the advances in techniques o f  electro
plating , is becoming less common.

The am ount o f  gold deposited will be a function o f  the percentage o f  gold in 
the amalgum and the thickness o f  the amalgum applied. The adhesion of the 
deposit will always be suspect, and depends on the cleanness o f  the substrate and 
to  a large ex ten t the metal used.

A very considerable health hazard arises from the use o f  mercury, and this 
process is no t advised except under carefully controlled conditions.

Firth Hardometer Hardness Test
A Brinell-type test, described in the section Hardness Testing.

Flame Annealing
A term used to describe the m ethod o f  softening  using a gas flame for heating. All 
the com m ents which apply to annealing, apply here. Very often this process is used 
to locally soften or stress-relieve, since this heating m ethod can be extremely 
flexible.

Care must be taken as the flame can heat to  well above the critical temperatures 
required for the hardening o f  steel, and it is essential to ensure that if the steel is 
heated to above red heat, it is slowly cooled otherwise the part will fail to anneal.

This can be extremely dangerous, if  local heating is employed, and the adjacent 
metal is cold, and can act as a quench, resulting in local hardening. Further infor
mation o f  annealing and hardening is given in the section Heat Treatment.

Flame Cleaning
A m ethod o f  removing paint and oxide from stee! using a gas-air flame (see Flame 
Descaling).

Flame Cutting
A m ethod o f  cutting metal, usually steel, using a high-temperature flame. While 
the term may be applied to the use o f  the oxyacetylene hand-held torch method, 
it is generally applied only to the production o f  shapes from metal plate, using 
equipm ent which automatically guides the nozzle.

Sophisticated pieces o f  equipment are now available, using laser beams to  accu
rately follow lines on drawings, and flames which utilize modern technology with 
a variety o f  gases from hydrogen lancing, propane, oxyacetylene to plasma cutting. 
Multihead cutters can produce simultaneously a number o f  identical shapes. Plate 
thickness in excess o f  4 in (100 cm ) can be cut to  produce intricate shapes with 
surface finish and tolerance comparable to  that produced by machining techniques.

However, an oxide will be produced on the surface, and this may be adherent 
and abrasive, thus, it will aid corrosion resistance, but may interfere with subse
quent welding or painting.

With some steels, flame cutting can result in local surface hardening which may
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cause cracking. Where high-integrity components are involved, it is always advisaUe 
to  consider pre- or postheating. This can usually be achieved with a second flane, 
e ither before o r  after the cutting nozzle. The importance o f  this will depend on tie 
steel used, the thickness involved, the speed o f  cutting and the uses to whbh 
com ponen ts  are put.

Flam e Descaling/Flame Cleaning
A process confined to mild steel and to a limited ex ten t wrought and cast iron. 
It uses oxyacetylene and o ther gas burners which are specially designed to  prodice 
a flame having a large area, and used with the high-velocity flame in the higlly 
oxidizing condition . This is used to  burn o ff  all existing paint and, if  any oxide or 
rust is present, it also will be removed. While the process can sometimes be auo- 
m a ted ,  it is generally used for salvage or cleaning purposes and, thus, the abilty 
to  au tom ate  is severely limited. Usually the torches are hand-held, and m a y b e  
used in conjunction  with wire-brushing.

The procedure is that the equipm ent is brought on site and the flame lit aid 
adjusted to  a predetermined limit to give a hard oxidizing, very hot flame. Speciiily 
designed burners  can be used to  give flames o f  considerable area. Oxyacetyleneor 
bu tane  gas give equal results, provided the correct burners are used.

The process can conveniently descale or clean structures such as mild-sfcel 
bridges or o the r  large areas which have been allowed to  deteoriate. The resultng 
surface is o f  a high standard, free o f  all loose paint and corrosion products, aid, 
provided the flame is in the correct condition, the surface will have too  a reasm- 
ably adherent oxide film which can be sealed by treatment with modern pãnt 
systems (see Painting). These must be applied immediately after the Flame cleanng 
process.

This m e th o d  o f  descaling is usually cheaper than blasting but does not achiĩve 
satisfactory blast pattern , thus the subsequent paint system will require to inclide 
some form o f  active primer. It has the advantage over blasting tha t inaccessble 
areas can be reached. Other m ethods such as Acid pickling  will be cheaper md 
m ore efficient when they can be applied.

Flam e Hardening
A form  o f  Surface hardening, very similar to Induction hardening, which can bt an 
alternative to  o ther forms o f  Case hardening. Further information is given urder 
this heading in the section H eat Treatment.

'Flam e Plating'
A form o f  metal-spraying which is carried out by the Union Carbide Co. It is not 
possible, at the time of  writing, to  purchase any equipment for the Flame plaing 
process, b u t  it is possible to  have the process carried out by the Union Carbide Co., 
w ho  have set up equipment at strategic points, for the engineering industry.

The process can be used for the metal-spraying o f  any o f  the com m on meals,
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alloys, oxides or ceramics on to any com mon metal. The process, in many respects, 
can be likened to  the tiring o f  a gun. The spray material in powder form is loaded 
into the breech, together with the propellant which will be in the form o f  an 
explosive gas.

The process is controlled so that exactly the same amount o f  material is deposi
ted with each explosion, and the explosive gas can be monitored to  be such tha t the 
combustion products are inert; the explosion is caused by electrical discharge. The 
process is capable o f  being repeated several times a second.

The distance o f  the material being sprayed from the nozzle o f  the gun is p re
determined, thus the impact force o f  the powder on to the metal is tightly co n 
trolled. Since the gas is o f  an inert nature, it will be seen that the sprayed metal 
impacting on to the com ponent is free o f  oxidation, which is the usual cause o f  
porosity with conventional spraying. The amount o f  metal deposited with each 
explosion can be controlled within fairly narrow limits, and in general will be 
0.00075 in (0.02 mm ) thick by approx. 1 in (25 mm) diameter. With this m ethod , 
it is possible to achieve high spraying temperatures, and at the same time high 
impact pressures with excellent control o f  the propellant gases. Whereas again, 
with more conventional forms, as impact pressures rise, control o f  the propellant 
gases is usually lessened, and the danger o f  oxide trapping is increased. With Flame 
plating, it is possible to  deposit all the normal metals. However, it is unlikely that 
the process will be economical where low-quality metal-spraying for purposes o f  
corrosion protection  is required, but with ceramic-type materials or material such 
as tungsten carbide and the Stellite range, where the resultant product is required 
to be o f  very high integrity, the m ethod will have considerable economical and 
technical advantages. The only comparable technique is the plasma m e thod ,  which 
is described under its own heading in this book.

With Flame plating, then, it is possible to deposit a controlled thickness o f  
metal from under 0.001 in (0.025 mm ) to  over 0.025 in (0.5 mm) with outstanding  
adhesion and an absence o f  porosity or oxide trapping. The process is expensive 
and, thus, only justifiable when high quality is essential.

Flame Scaling
An alternative name to Flame cleaning, where the fierce, oxidizing flame is used 
to remove scale from any com ponent. The process can also be used during the 
steel-manufacturing process to  remove scale formed during previous processes and, 
thus, eliminate the danger o f  scale being trapped at subsequent rolling or forging  
operations.

The term is also used to describe a process for Zinc coating o f  wire. The wire is 
annealed, pickled , flu xed  and galvanized in the normal manner by passing through 
a bath o f  m olten  zinc. While molten, the zinc galvanizing is wiped to give an even 
coating and is then passed through the oxyacetylene flame which remelts the zinc 
to  give be tte r  adhesion.
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Flash Butt Welding
A form o f  Forge welding which uses an electric arc discharge to supply the 
necessary heat. It can be used for a large variety o f  metals and is one o f  the welding 
techniques used to join dissimilar metals. The technique is described under this 
heading in the section Welding.

Flanening Test
A form o f  Bend test which is applied to  tube, and while the test could theoretically 
be applied to  any tube material, it is in the main used only on mild steel.

The test uses a length o f  tube, and sometimes the length will be related to  the 
diameter, or the wall thickness o f  the tube, with some specification. The test piece 
is then squeezed to cause flattening. For tube manufactured from longtidudinal 
welded materials, the weld must be at the point where maximum bend will occur, 
and this will be at 90 degrees from the part being flattened.

The specification will detail the degree o f  flattening required, and this can vary 
from as little as one-third o f  the diameter to complete closure with thin walled 
tubing. The specification may also require that a record is kept o f  the difference 
between the size with the load applied and the size when the load is removed. This 
difference will give some information on the elasticity o f  the material.

On removal from the device, causing flattening, the tube is visually examined 
for evidence o f  bursting or cracks at the area o f  maximum bend. Some specifica
tions will require that all edges are radiused, while others allow slight bursts at 
the edges.

It will, thus, be seen that this test, like the other Bend tests, requires consider
able specification and it should not be carried out unless all this inform ation is 
available, otherwise the results obtained may well be meaningless.

Flaw Detection
An alternative name for non-destructive testing ; the different techniques appear 
under that section in this book.

Flex Testing
A method o f  testing sheet metal to ascertain its capability to accept bending  and 
drawing stresses. In its simplest form, it consists o f  turning back a corner o f  the 
sheet metal to be used, the operator assessing its stiffness. A Flex tester can be 
used to  quantify this resistance bending.

Metal which can be readily bent round a small radius will be more capable o f  
deep-drawing than materials which are stiff or crack. The radius must be such that 
stretching o f  the metal surface occurs.

This is a specialist, locally destructive, but highly economic test, and it is a 
cheaper alternative to  the Erichson Cupping test, and certainly much cheaper than 
a full Tensile test. It does, however, rely heavily on the skill o f  the operator and 
this has obvious disadvantages.
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Flow Soldering
A high-production technique, where the assemblies to be soldered pass or tlow 
across the molten solder.

Fluxing
Seldom a process in its own right and commonly part o f  other processes. These 
processes will almost invariably involve heating o f  metals and the purpose o f  
Fluxing is, first, to remove or prevent oxidation occurring; second, to alter or 
control the oxidation products so that they do not interfere with the end-product; 
and finally, to  reduce the melting point o f  the material to give improved fluidity. 
There are four main processes using fluxes:

(1) Casting Fluxes are used to reduce or eliminate oxidation, and at the same 
time to  confine the products o f  oxidation and reduce their melting point. They 
may also be used to  improve the fluidity o f  the surface layer and, thus, allow the 
undesirable solids to float to the surface. Fluxing may also be used to deoxidize, 
where additives may be included in the flux.
(2) Welding Fluxes are very commonly used during welding and brazing. The 
purpose here is, first, to  remove surface oxidation and to prevent further oxidation 
occurring. This means the flux must be able to  attack, and dissolve, the surface 
oxides, and to  prevent further attack must be applied as a liquid, non-porous 
blanket covering the affected area.

Second, fluxes are designed under some circumstances to increase the fluidity 
o f  the cast weld metal. This allows the solid oxide particles to  rise and float to 
the surface and, thus, not become trapped in the finished weld. The increased 
fluidity may also result in a reduction in gas proosity as the trapped gases can also 
readily rise to  the surface.

Third, under some circumstances, fluxes are used as an insulating blanket to 
reduce the rate o f  cooling. This is often desirable in welding.

Finally, the flux can be used to  add any necessary alloy element to the weld 
metal. It is sometimes easier to weld with a simple filler rod than an alloy material 
bu t, for purposes o f  mechanical strength, the weld itself requires to be alloyed.
(3) Soldering Fluxes are used in soldering, first, to scavenge any remaining oxide 
from the surface and, second, to prevent oxidation occurring. This means that the 
choice o f  flux will depend on the state o f  the surface. With normal engineering- 
type soldering, and to some extent brazing, the flux will be an active agent con
taining free acid which attacks oxide and dirt on the surface. For high-integrity 
soldering in the electronics and electrical industries, these fluxes are not permitted, 
since a serious problem with corrosion will exist and easy washing o f  electronic 
equipment is not always possible. The electronic fluxes are, therefore, inactive and 
this means that the com ponent must be presented for the solder or braze 
thoroughly clean and free o f  oxidation.
(4) Galvanizing Immediately after pickling  and prior to hot-dip galvanizing,
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components must be Fluxed to give the nécessary alloying of  the zinc and iron. 
The most com mon flux used is ammonium chloride, which may be applied as a 
liquid solution or as a ho t dip or, in some cases, as a blanket on the molten zinc.

From the above, then, it will be seen that fluxes are used for cleaning, for 
removal o f  oxides and for reducing the melting point to  act as a ‘b lanket’ to  prevent 
oxidation. Consequently, reference to  Fluxing will be found with many metal 
processes.

Footner Process
A corrosion-resistance technique, applied to steel only. It is a method for removing 
fairly severe corrosion, or light scale, and producing a surface suitable for paint 
adhesion.

The technique is that the com ponents are first pickled  in hot 5 per cent 
sulphuric acid for up to  30 m in .  They are then removed, washed and rinsed in hot 
water, then immersed in phosphoric acid usually containing some iron. This results 
in the production o f  iron phosphate on the metal surface.

It will, therefore, be seen that this process is a com bination o f  standard sulphuric 
acid pickling  and phosphating. There is no reason why pickling  in other acids 
should not give the same success, if  followed by any o f  the standard phosphating  
methods.

Foppl Test
A hardness testing technique now seldom used; it is listed in the section Hardness 
Testing.

Forward Welding
Also called ‘Forehand welding’. This is the name given to  that welding which 
proceeds in the direction most suitable to the welder, most com monly from left 
to right. The term, then, is applied only to  hand-welding, and in general is re
stricted to the Electric Arc  process; but there is no reason why it should not be 
applied to Gas welding.

Forge Weld
The original method o f  welding, carried out by the skilled blacksmith. With this, 
the metal being joined does not melt or fuse, bu t is joined by a genuine forging 
or ‘massive mingling’ o f  the metal. The resultant join very often cannot be detected 
by any means and is, thus, the ‘ideal jo in t’. The procedure is described under this 
heading in the section Welding.

Forging
A manufacturing production technique which can be applied to  most, but not all, 
engineering components; it is, thus, not a metal trea tm ent.
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Briefly, Forging covers any method where work is applied to the material. 
Billets o f  cast material can be forged but this is also commonly applied to  bar 
material which is already in the forged condition. The techniques o f  rolling, 
drawing, extruding  are all forms o f  Forging.

Forging will invariably eliminate all evidence o f  cast structure, and is carried out 
over a range o f  temperatures, from room tem perature to just below the liquefaca- 
tion temperatures.

Certain materials, notably cobalt alloys, and some pure metals such as chro
mium, cannot accept any form o f  working without shattering and, therefore, 
cannot be considered for this technique by design engineers. The user is advised 
to obtain specialist advice, if  the choice between the present method and casting 
is important.

'Foslube'
A proprietary, organic-type lubricant which is impregnated into the phosphated  
surfaces o f  Steel. In order to be successful, this impregnation must be carried out 
immediately following that operation. The technique is described in more detail 
under the heading Phosphating.

Fracture Test
A simple, destructive Mechanical test , designed to  furnish information on ductility, 
and can be used as an assessment o f  welding. Information can also be obtained on 
serious material defects by examination o f  the fracture face. (See also under this 
heading in the section Mechanical Testing.)

Fremont Test
A Hardness test, described in this book in the sections Im pact Testing and 
Hardness Testing.

Fremont Impact Test
A former type o f  Impact test where a known weight was allowed to fall from a 
known height on to a test piece to  cause fracture. The test piece was 3 cm long, 
0.8 cm by 1 cm in section, with an underside notch 0.1 cm deep and 0.1 cm wide. 
The test piece was supported in a horizontal manner over a gap 2 cm wide, with 
the notch on the underside.

The test relied on a copper cylinder being struck immediately after the fracture 
o f  the test piece by the same weight used to cause fracture. The more brittle the 
material, the greater the compression o f  the copper.

The test has been replaced by the Charpie or Izod  method. Impact testing is 
discussed in the section Mechanical Testing.

Friction Welding
A form o f  Forge welding where the heat required is obtained from friction when
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two surfaces are rubbed together under pressure. At the appropriate time, upset 
pressure is applied. The technique is discussed in the section Welding.

Frosting
A type o f  metal finishing where a fine matt finish is produced. The term  is general 
and includes the use o f  single techniques such as acid -etching, blasting , or under 
certain conditions, scratch-brushing or even barrelling.

The finish produced may be made more permanent either by the anodizing 
m ethod , or in some cases, by a thin electrodeposit very often chromium bu t som e
times nickel or zinc. Painting can also be used to  produce this finish.

Full Anneal
The term now generally used when steel com ponents  are heated to above the upper 
critical temperature and slowly cooled. Further information is given under this 
heading in the section Heat Treatment.

Furnace Brazing
A form of brazing which uses a standard furnace set at the required tem perature 
to  cause melting o f  the braze material. Since no a t tem pt is made to  alter the a tm os
phere o f  the furnace, conditions will be oxidizing, thus assemblies m ust be fluxed 
to  allow brazing to  proceed under these conditions.

The method, therefore, is very similar to Hand brazing using either a gas torch, 
or the Induction  technique, and the same problems exist (see the section Brazing).

The advantage here over the above m ethods, is that a batch o f  com ponents  can 
be brazed simultaneously. This means that the com ponents must either be jigged 
or, more commonly, located in the assembled condition by using a tight fit. 
Copper brazing is commonly carried out with this technique and very often the 
copper braze material is applied by Electroplating. The com ponents can then be 
assembled using the copper to  give an interference fit and, thus, hold com ponents  
in the correct position.

On removal from the furnace, the com ponents  must be treated in some manner 
to  remove all evidence o f  flux, which being corrosive will result in corrosion o f  the 
assembly during service. While blasting under certain circumstances can successfully 
clean components from flux, it is possible tha t the blast will not reach all recesses 
where flux may be trapped, and washing with a dissolving liquid is recommended.

Furnace brazing may also be carried out with a controlled neutral or reducing 
atmosphere. Provided the com ponents are clean, no flux is required. This m ethod 
will be similar to Hydrogen or Vacuum brazing.

Fluxes are now available which are active at low temperatures and , therefore, 
will successfully prevent oxidation and remove slight traces o f  surface contam ina
tion, which above a certain tem perature become non-active, thus leaving no corro
sive deposit. Provided that these are used, no washing or cleaning for flux removal 
is necessary after Furnace brazing. This removal o f  corrosion products from the
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heated braze area is an advantage over Hand or Induction brazing, but flux which 
has not been taken to  above the critical temperature will, o f  course, remain co rro 
sive. With Furnace brazing, the complete com ponent is taken to the brazing 
temperature.

Fusch Testing
A method using the spark discharge technique o f  identifying different metals or 
alloys.

Further information will be found on this technique under the heading o f  M etal 
sorting.

Fusion Welding
The original welding method was carried out by the blacksmith w ithout any melting 
or fusion. With the advent o f  Oxyacetylene  and later Electric Arc welding, metals 
were fused together by melting the filler material and the adjacent metal. The 
term is general and is discussed in relation to other forms in the section Welding.

Galvanic Protection
A general term used in the corrosion protection  o f  steel, where the surface is 
protected by a galvanic metal, or has a lower electrode potential than iron. By far 
the most com m on metal used is zinc. The process o f  coating steel with hot molten 
zinc is known as galvanizing and the Electroplating o f  steel with zinc is often  
referred to as FAectrogalvanizing.

Technically, any metal used to protect a metal higher than itself in the electrode 
potential series (see p. 67) would supply galvanic protection but, in practice, only 
zinc is referred to in this context. Further details o f  this m ethod will be found 
under the headings Zinc Coating and Corrosion Protection.

Galvanizing
Applied only to  mild steel, cast iron and steel alloys. It is the application o f  zinc to  
the surface o f  steel to prevent corrosion. The temperature o f  molten zinc is above 
5 0 0 °c ,  and this precludes the use o f  Galvanizing on any steel which is tempered 
below that temperature, since the process will result in softening.

The procedure requires that the com ponents are in a moderate state o f  clean
ness, i.e. that all excess oil and grease is removed, and any oxide or scale which is 
not eliminated with light acid pickling  must be removed by blasting or some o ther 
method.

The com ponents  which are to  the required standard o f  cleanliness are subjected 
to an acid pickle either with hydrochloric acid, generally to a strength o f  10-20 
per cent used cold, or hot sulphuric acid, generally to a strength o f  20-50  per cent. 
The choice o f  acid for the pickle will depend on various factors, such as econom y, 
capital equipm ent, etc. (These are discussed in more detail under Pickling).

On removal o f  the com ponents from the pickling-tank after the required time,
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which will depend on the degree o f  corrosion, scale or oxide which is present, the 
parts are washed in cold, running water. This wash is not as critical as with o ther 
processes, bu t it is im portant that excess acid is removed as quickly as possible 
and the parts  passed to  the next operation o f  fluxing. Under certain circumstances, 
for example, where work o f  a relatively low technical standard is required, and the 
com ponents are o f  a relatively high standard regarding surface contam ination , then 
no flux ing  will be required. The com ponents will be immediately immersed in the 
molten zinc. In general, however, it is necessary that all parts are fluxed, the 
purpose being to  remove the last traces o f  oxide or corrosion and to remove in the 
molten zinc these oxides as a slag.

The m e thod  o f  fluxing  will vary under many circumstances and can be applied 
as a pow der to  dried, warm com ponents  or to  cold, damp com ponents. It can also 
be applied as a solution in water or, under some circumstances, the m olten  flux is 
floated on the surface o f  the m olten zinc and the components are fluxed as they 
pass through this blanket (see Fluxing).

It is vitally im portant that the com ponents are thoroughly dried to  remove all 
the last traces o f  moisture prior to entering the molten zinc. This is generally 
achieved by the com ponents being removed from the flux solution and oven-dried. 
This can be varied by the com ponents  being preheated in the flue o f  the molten 
zinc equ ipm ent,  or with small com ponents  o f  a simple shape, by slowly immersing 
in the flux blanket floating on the m olten  zinc.

As the Galvanizing process is carried out at temperatures above 450°c, any 
moisture which enters the m olten zinc will immediately be converted to steam 
with explosive results, which are highly dangerous as the molten zinc is ejected 
from the bath . The dried, flu xed  com ponents are gently lowered in to  the zinc, 
with the operator positioned behind a protective barrier.

The com ponents  are left in the molten zinc for a specified time. This will gener
ally be long enough for them to reach the temperature o f  the zinc. If  the com po
nents are removed before they reach this temperature, the zinc coating will be 
relatively th ick  and can be patchy w ith poor adhesion. If the com ponents  are left 
too long in the molten zinc, there will be a tendency for the iron-zinc alloy, which 
forms at the interface and is relatively brittle, to  be excessively thick with resultant 
poor-quality Galvanizing.

On removal from the zinc, considerable skill is required to reduce the tears 
which form on the bo ttom  corners. Apart from being unsightly, these tears can 
cause considerable problems at subsequent machining operations, and with high- 
quality Galvanizing, must be reduced to the minimum. The com ponents , under 
some circumstances, can be quenched.

The tem perature at which Galvanizing is carried out is relatively critical and 
should be controlled. Various additions can be made to the liquid zinc to improve 
adhesion and appearance. One o f  the com m on additions is that o f  small quanitities 
o f  aluminium which, when correctly  controlled, gives a bright, even zinc deposit. 
U nfortunate ly , excessive aluminium can result in brittleness.
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Galvanic coatings will have a corrosion-resistant life depending on the thickness 
and the atmosphere under which the com ponent is used. It is generally agreed that 
Galvanizing gives a high standard o f  corrosion resistance, particularly when used 
under rural conditions. When used in a marine or industrial environment, corrosion 
resistance is reduced but this applies to  other comparative processes in a p ro p o r
tional manner. Galvanized coatings o f  0.005 in (0.01 mm) will give a life o f  over 
10 years in industrial and marine atmospheres under most conditions, and over 
20 years o f  rural life is normal. When it is considered necessary to paint Galvanized 
com ponents, special etch treatments or etch primers are necessary otherwise paint 
adhesion will be found to be extremely poor.

Galvanizing results in corrosion resistance superior to  Electroplating  o f  zinc as 
the coating is appreciably thicker. The protection is comparable to tha t achieved 
by a good painting  system, using for example zinc-rich primers applied to  a blasted 
surface and finally sealed with a high-quality top coat. The appearance is not 
particularly attractive and as stated above the evenness o f  the coating can be 
variable, thus precluding the use o f  Galvanizing for com ponents which require to 
have good visual finish and fine limits. Galvanized components should no t be 
welded  or brazed as this will destroy the zinc film. There is also a health hazard 
to  operators as zinc fumes can be toxic.

Galvannealing
A modification o f  the galvanizing process. On removal from the molten zinc, in 
place o f  cooling the components are retained at a temperature o f  approx. 4 5 0 ° c .  
This results in the zinc forming an alloy with the surface o f  the steel. The time for 
this to  take place will be short and is a function o f  the zinc thickness, and to  a 
lesser ex ten t the galvanizing conditions, the steel or iron being treated and its sur
face condition. Excess time will be more damaging than the retention o f  free zinc 
on the surface.

The end-product has a more homogeneous deposit than with galvanizing, and 
being m att grey is more visually attractive than the normal finish. The deposit is 
brittle ,  however, and will crack if  any bending m om ent is applied. Where prior 
cleaning and fluxing  have been carried out, the adhesion o f  the zinc-iron alloy will 
be good and flaking should not occur. The cracking will reduce the corrosion 
resistance o f  the coating, which is slightly inferior to the conventional galvanized 
zinc deposit.

This process is more expensive than galvanizing and results in a lower standard 
o f  corrosion resistance, but the homogeneous deposit is more attractive. The 
deposit can be coated with standard paints, the surface cracking and oxides en
suring good adhesion.

Gas Carburizing
A specific type o f  carburizing which can be applied only to  certain steels. This 
restriction applies to  all carburize types.
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The process uses furnaces into which is fed the necessary gas a tm osphere. The 
process results in a case very similar to  that achieved by the Pack carburizing 
process but with certain advantages, particularly economical, bu t also technical. 
The process is described in more detail under the heading Carburizing in the section 
Heat Treatment.

Gas Welding
A process applied to a number o f  metals but most commonly to  the welding  o f  
steel. The gases used most generally are oxygen and acetylene giving the well- 
known Oxyacetylene process. There is, however, no reason why any o ther  gas or 
gases which can burn to  give out the necessary energy in the form o f  heat should 
no t be used. The use o f  town gas and air for welding materials such as lead or tin 
is quite common, and the use o f  hot air for welding plastics is possible.

Gilding
A process in which gold is coated on the surface o f  another metal. The range o f  
metals available for Gilding is large and there are few metals which cannot be 
gilded by one o f  the following methods:

(1 )G o ld  leaf can be applied to metals and other materials. Pure gold is normally 
used but certain alloys o f  gold are possible alternatives. The gold is rolled or beaten 
into very thin sheet, and this can be o f  such thinness that it is porous to  light. It 
is one o f  the properties o f  gold that even at this extreme thinness the material 
retains its colour. There are two methods o f  gold leafing. Most com m only  the leaf 
is glued to the surface o f  the article. The second method makes use o f  the ductile 
properties o f  gold and the leaf is beaten on to the article being treated. Obviously 
the second method generally requires a thicker leaf and greater manipulative skill. 
As stated any metallic or non-metallic material can be Gilded b u t  considerable 
skill is required to give a high quality treatment.
(2) The second traditional method uses very fine gold powder which is then mixed 
with a liquid, e.g. ether, which is flammable. This mixture is then  applied in a 
similar manner to paint and, on completion, the ether is allowed to  evaporate or 
in some circumstances can be ignited.

A similar method applies the gold powder as a pigment in paint. The vehicle for 
adherence o f  the gold powder is a clear lacquer which may be air- or oven-dried.
(3) Another traditional method is to use a gold amalgam. Amalgams are alloys o f  
metals formed with mercury. One o f  the properties o f  mercury is tha t it forms 
alloys with many other metals and gold is one o f  these. It is applied to  the article 
as a paste which can be gilded and, on com pletion, the mercury is dissolved out by 
acid treatment leaving the gold coating. The mercury can also be driven o ff  by 
heat. This produces toxic fumes and is no longer commonly used.
(4) This and the following are more modern methods. The first uses standard 
Electroplating, and is commonly applied to many articles such as watches, personal
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jewellery and so on. The deposit can be extremely thin or to a reasonable thickness 
and high-quality plated articles will be to  a thickness in excess o f  0.005 in (0.1 mm). 
Gold will ‘co lou r’ white metals with a thickness o f  only 0.0001 in (0.0025 m m ) 
and, when the substrate is copper or copper alloy, the gold can be thinner than  
0.00005 in (0 .0 0 1 m m ). These thin deposits are generally porous but still retain 
the gold colour. The process is described under Gold plating.
(5) The second modern m ethod is the chemical deposition o f  gold. This makes use 
o f  an unstable gold solution which breaks down in contact with certain metals and 
deposits a very thin layer o f  pure gold. This is Electroless Gold plating  or Im m er
sion plating , and is described under Electroless plating.
(6) The Gilding process can be compared to  rolled gold where a very thin layer o f  
gold is rolled or forged to the surface, generally copper alloy, and the resultant 
material is used to  m anufacture articles such as jewellery. The gold may be rolled 
on to the copper and the bimetal is then reduced in size, thus giving a very thin 
gold layer. This will generally be an alloy o f  copper.

Gilding can be a high-quality process and the quality will be a function o f  the 
m ethod and the thickness applied. However, particularly with electrodeposition o f  
gold, there is no obvious advantage to deposits above a certain critical thickness: 
below this thickness the deposited gold should be free o f  pores to achieve a satis
factory corrosion-free surface. Obviously, where articles are designed to be handled 
or used continuously , the thicker the deposit, the longer the life o f  the coating. 
Gold is a very soft metal which will not stand abrasion. It does not oxidize, and 
thus requires no polishing.

The quality  o f  the process will depend to a large extent on the skill o f  the 
operator. It can, however, be stated that gold leaf correctly applied will generally 
give a higher-quality product than any other method o f  applying gold metal 
directly. Electrodeposition results in Gilding o f  a high standard, while the electro- 
less deposit will invariably result in a relatively lower standard for the deposit is 
extremely thin and the process is difficult to control. The technique using am al
gams or gold paints will give inferior Gilding.

Glass-bead Blasting
A specialized technique, using glass balls. This gentle type o f  Blasting is discussed 
under that heading in this book.

Gold Plating/Gilt Plating
Gold is plated for decorative purposes, but also for its excellent corrosion resistance 
and constant electrical-contact conductivity. The process is described in the section 
Electroplating.

Goldschm idt Process
A process using oxidation o f  aluminium powder to aluminium oxide in the presence
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o f  iron oxide or, in some cases, magnesium and chrom ium  oxide to  achieve a high- 
quantity ou tpu t o f  concentrated heat and reduction o f  the iron, chrom ium  or 
magnesium oxides to the metal. The process is used by mixing the finely powdered 
aluminium with the finely powdered oxide and igniting the mixed pow der. D epen
ding on the process used, the mixed materials are held in a refractory mould or by 
some similar m ethod. The process is commenced by igniting the m ixture  either by 
immersing in a powder, such as gunpowder, or using electric resistance heating.

Once ignition has commenced the oxidation o f  the aluminium pow der results 
in the release o f  considerable energy as heat. As the powders are in tim ately  mixed 
the oxidation o f  the aluminium makes use o f  the oxidized iron, chrom ium  or 
magnesium, and these metals are therefore reduced from the oxidized state to  that 
o f  a relatively pure metal. The aluminium oxide formed will rise to  the surface o f  
the molten metal, and it is impossible to obtain the metal in a relatively high state 
o f  purity with little or no  contamination by its own oxide or the oxidized 
aluminium. Very little use is made of the process with chrom ium  or magnesium or 
other metal oxides. The process using iron oxide is described in more detail under 
‘Thermit Welding’ in the section Welding. This is a m ethod  o f  joining steel under 
certain circumstances and has the advantage o f  being extrem ely portable.

Graduated Hardening
An alternative name for Interrupted quenching , austempering or martempering  
(see the section Heat Treatment). With this the steel, which will generally be a tool 
steel o f  high or medium-high carbon with alloying contents , is quenched into a hot 
liquid, usually salt, bu t very often a molten metal such as lead. The steel is held in 
the quenching medium for a specific time and is then cooled to  room  tem perature 
either in air or oil.

Grain Refining
In theory, this process can be applied to almost any metal, b u t  in practice, it is 
only o f  significance with heat-treatable steels. With other metals, the grain refine
ment will generally require some form o f  working in order to  break down the 
grain structure. With steels which are capable o f  being recrystallized by heat 
treatment alone, the procedure is that the material is heated to  above the critical 
temperature where recrystallization will take place. In practice, only carburized 
steel is subjected to  this operation.

When steel is Carburized, it is held at a tem perature o f  approxim ately  9 0 0 ° c  
for several hours. During this time grain growth is a continuing process, and at the 
end o f  the carburizing cycle, it will be found that the steel has an excessively large 
grain and will, therefore, be brittle. This brittleness will apply to  bo th  the  case and 
the core, but if  only the case is hardened, then  the core is not taken above the 
critical tem perature which causes recrystallization to  occur. It is, therefore, essen
tial that a separate operation is carried out to  improve the ductility  o f  the core 
where high-integrity com ponents  are involved. (Further  inform ation on this
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process is given in the section Heat Treatm ent, where the process is referred to as 
‘Refining’.)

The Normalizing process, to o ,  is used for Grain refining, but this operation will 
in addition remove any evidence o f  work hardening, and the prime reason for using 
the method is to achieve a homogeneous grain size rather than a small grain. Grain 
refinement on materials o ther than  steel is not normally carried out in its own right, 
but will almost invariably be achieved when heat treating, such as hardening or 
solution treatm ent, is carried ou t.

'Granodizing'
A proprietary name given to  a phosphating  process and the complete associated pro
cesses, covering cleaning, phosphating  and chromate sealing. Information can be 
obtained from ICI Ltd. Fu rther  details on the Phosphating process are given under 
that heading.

'Granosealing'
A process applied to steel only; it is the proprietary name given to the chromate 
seal which can be carried out following the phosphating  process. This generally 
follows the 'Granodizing* process.

The purpose o f  the chrom ate  seal is to impregnate the phosphate film as this has 
been found to considerably enhance corrosion-resisting properties o f  the phosphate 
w ithout in any way affecting the quality o f  paint adhesion. Information on this 
process can be obtained from ICI Ltd. See also Chromating.

Graphitizing
An annealing process, applied to  cast iron and certain specialist steels. It is designed 
to convert iron carbide to  graphite, thus, softening the metal. Further details are 
given under this heading in the section Heat Treatment.

Green Gold
An electrodeposit o f  gold; it is an alloy containing small am ounts o f  cadmium or 
silver.

Addition o f  silver to  gold tends to  convert the reddish-yellow colour into green, 
and gold containing 25 per cent silver is a definite green. 12 per cent cadmium will 
give the same effect and an alloy o f  gold, cadmium and silver also gives green. It 
is also possible to  achieve a green colour by alloying with nickel.

The solutions used are generally proprietary, and the user is advised to obtain 
specialist advice regarding the conditions o f  plating. Information on ‘Gold plating’ 
will be found under tha t heading in the section Electroplating.

Grit Blasting
A technique o f  abrasive cleaning or surface preparation using sharp particles. This is 
a relatively vague term and is discussed in more detail in the section Blasting.
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Haig Prism Test
A test for hardness, seldom used today. Some details are given in the section 
Hardness Testing.

Hammer Welding
In theory at least, this process can be applied to any metal. It is an alternative name 
for forge welding, and is described under that heading in the section Welding.

Hand Brazing
A form o f  brazing, usually carried out with hand-held torch to supply the necessary 
heat. The term, however, may refer to the induction brazing technique, where the 
induction coil is used as a means o f  heating individual components, these being fed 
through the coil by hand. This term, then, does not a ttem pt to specify the brazing 
material used or the m ethod o f  heating. The reader is referred to the section 
Brazing for further information.

Hanson-Van Winkle Munning Process
A descaling method for steel.

The com ponent, or material, is first made the cathode in a warm 10-20 per cent 
sulphuric acid solution at 100-150 A /ft2 . The temperature and amperage are not 
critical, but the strength o f  the solution must be maintained within the required 
range. If the acid strength falls, the attack on the steel will increase and may cause 
pitting. Any increase in the strength will reduce the attack, and may not remove 
the scale.

When the scale has been removed, which takes several minutes, the parts are 
removed from the solution, drained or swilled, then immediately made the anode 
in a 4 0 -50  per cent sulphuric acid solution at room temperature. This results in a 
matt-silver finish, which will rapidly corrode unless thoroughly washed imme
diately, neutralized, dried and protected.

As a method o f  producing an attractive surface finish, this process has been 
superseded by various Grit blasting techniques, notably Dry blasting, with fine- 
mesh grit, and Vapour blasting. Barrelling techniques will produce a comparable 
finish. However, this technique of  double Electrolytic etching in sulphuric acid 
is still practised as a method o f  preparing steel surfaces prior to Electroplating 
where adhesion o f  a high standard is essential.

Hard Chrome Plating
The term used to denote the deposit by electrolytic action o f  chromium which is 
used for engineering purposes. This distinguishes the deposit from the decorative 
bright chrome plating. It is very often deposited directly on to the com ponent, 
b u t  can have an undercoating of  nickel.

Hard Chromium plating will generally be deposited to give a thickness o f  at 
least 0.001 in (0.025 mm) and can be to a thickness o f  0.030 in (0.75 mm).
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Details o f  this deposit will be found in the entry on chromium plating in the section 
Electroplating.

Hard-Drawing
A manufacturing process, and not a metal trea tm ent, which can be applied to  the 
majority o f  materials and certainly to all wrought materials. The process is generally 
applied to wire-drawing bu t can be loosely applied to any wrought form.

Briefly, the material is ‘drawn’ through a die or in some cases may be ‘ex truded’ 
through a die, or rollers can be used. As the material is reduced in section, it is 
cold worked and, thus, increases in hardness. Depending on the material used, this 
increase in tensile strength will be a function o f  the cold work applied. This will 
always be accompanied by a decrease in ductility, and with some material this will 
be unacceptable.

The process can result in comparable tensile properties to  that obtained by 
hardening and tempering. With steel products, there is a relationship between the 
‘hardenability’ by heat treatment and the ability to accept cold work by the 
‘drawing’ process. Additional information is given in the section Work Hardening.

Hard Facing
A process which can be applied to almost all metals used in general engineering; 
it is usually appled by either metal-spraying, or more commonly at present, by 
weld deposition. The term is occasionally used to  describe the chromium plating 
and electroless nickel plating process. In addition, the deposition of a corrosion- 
resistant film is sometimes referred to by this term, since most Hard facing deposits 
are also corrosion-resistant.

Hard facing using metal-spraying techniques is described in some detail under 
that heading.

Hard facing weld deposition  is most commonly applied to  materials such as mild 
steel or stainless steel which have cither relatively poor corrosion resistance, or 
more generally, have low surface hardness, and the purpose o f  Hard facing is to give 
a wear-resistant surface. The process is, in essence, a welding process, usually 
applied by hand and using the skill o f  the welder, although it is possible to use 
automatic techniques for higher productivity, provided the shape o f  the component 
lends itself to  this type o f  operation, and there are sufficient quantities involved to 
warrant the capital costs involved. The technique will usually use oxyacetylene  or 
electric arc welding methods with hand-held rods o f  the desired composition. The 
most commonly applied Hard fad ing  materials are the cobalt metals under the 
general name o f  ‘Stellite’, o f  ‘Haynes alloys’.

With oxyacetylene welding, the base metal is brought to temperature and 
flu xed , and the Hard facing metal is then melted and deposited on the surface of 
the com ponent. Under many circumstances, it is undesirable to have excessive or 
even limited weld penetration, since it is found that excessive weld penetration 
results in dilution o f  the Hard facing material by the base inetal and, thus, the
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technique requires that the hard deposit is laid on to the metal with the m inim um  
am ount o f  puddling or working. As this is generally recognized as being poor 
technique, it is often found that the use o f  skilled welders for Hard facing 
operations is unsatisfactory. These remarks apply to the relatively thin Hard facing 
deposits commonly found in engineering, where the purpose is to act as a bearing 
diameter or a sealing diameter on relatively small components.

There are now large chemical and civil-engineering com ponents in the form  o f  
vessels and heavy com ponents o f  various types where Hard facing is required, and 
the deposition will be by the higher-productivity electric arc welding. Using this 
technique, the rod will be flux-coated in the normal manner and deeper pene tra 
tion welds than with gas welding are normally accomplished.

To obviate the problem o f  diffusion o f  the base material into the facing material, 
it is com mon to apply two layers o f  the Hard facing material. In some c ircum stan
ces the first layer will be o f  a different chemical makeup to the top  layer, or layers. 
This initial deposit is sometimes referred to as buttering.

The Hard facing technique is identical to  that o f  depositing a corrosion-resistant 
surface, and in many instances the same materials are used, the purpose o f  the 
deposit being to  improve resistance to corrosion and wear. However, it is possible 
to  deposit an austenitic-type stainless steel with this technique and, since this does 
nothing to enhance wear resistance, it should not strictly be referred to  as a Hard 
facing.

Distortion problems exist with Hard facing using the welding technique, and this 
distortion will be greater than that found with the metal-spraying technique. The 
control o f  surface dimensions on the as deposited component will also be better 
with spraying, but it is more economical to deposit a thick layer w ith welding , 
and the adhesion will generally be better than with most o f  the former techniques.

Hard facing, then, is an economical m ethod o f  achieving a wear-resistant surface, 
either locally or over a complete surface. It is generally cheaper than o ther  m ethods 
o f  producing a hard surface, such as carburizing, nitriding, chrome p lating , etc.» 
bu t is generally chosen either because the size o f  the com ponent precludes these 
m ethods, or because some corrosion resistance is also required. It can be applied 
on site and, thus, has the advantage o f  portability. Since it is a Welding process 
and, thus, prone to all the disadvantages o f  that method regarding stressing and 
cracking, it should be helpful to refer to  the remarks on these problem s under the 
section Welding before it is contemplated to  subject an unknown material to  Hard 
facing by weld deposition.

Hard Plating
A term which generally refers to  the hard chromium plating deposit, b u t  strictly 
speaking covers any form o f  plating where surface hardness is increased. Conse
quently , it includes facing  by one o f  the metal-spraying techniques. This, then, 
can be applied to any metal which can accommodate the plating process, and the 
term is seldom used except to cover electro- or electroless deposition. Iditionally,
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it may be found in specialized use or related to a local area o f  a company.
The most common methods o f  Hard plating, in order o f  popularity, are as 

follows: hard chrome plating, electroless nickel plating, ‘flame plating9 using any 
o f  the hard metals deposited by this technique and deposition by metal-spraying 
and welding.

Hard Soldering
A term used for solder with a higher melting point than the com mon variety. 
Solders melting at about 250-270°C  are termed ‘soft solder’, whereas those melting 
in the region o f  3 0 0 °c  or upward are termed ‘hard solders’. The actual increase in 
hardness is not to a great extent. These solders are the tin-lead variety with 
additions o f  indium and other elements.

They are used in the same way as normal tin solder and have two prime uses. 
First, when two solder joints are required comparatively close to each other, then  
the first o f  these joints will be made with the hard solder, and when this is co m 
pleted, the second is made using the soft or lower melting-point solder with less 
danger o f  the first joint failing during the soldering operation. The second use is 
where jo ints o f  slightly greater strength than the tin-lead are required, and the hard 
solders are generally found in use in the electronics industry, or to a lesser ex ten t 
in engineering assemblies.

'Hardas' Process
A proprietary hard anodizing process, also known as Deep anodizing and Black 
anodizing , used on aluminium.

The process uses refrigerated sulphuric acid as the electrolyte and increases the 
surface hardness o f  aluminium and its alloys, with a resultant dark grey or black 
surface finish. The process is described in more detail under Anodizing.

Hardening
The most im portant o f  the heat-treatment processes, which increases the tensile 
properties o f  metals (see the section Heat Treatment).

H A R D N E S S  T E S T IN G

An inspection procedure which can be applied to all metals. It is a measure o f  
m etals’ resistance to indentation or cutting and as such there is a relationship 
between Hardness testing and the ‘ultimate tensile strength’ o f  the material.

There is no exact formula for the conversion o f  Hardness testing to  ultimate 
tensile strength, but various factors are available which give approximate figures. 
A conversion chart for various Hardness testing techniques is given in the Appendix. 
The different Hardness testing techniques can be divided into six types:
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(1) Using a machine with a penetrator which is loaded and impressed in to  the 
component being tested. The diameter o f  the impression is measured, and the 
larger the diameter, the softer the material. When the standard material used for 
testing approaches the hardness o f  the actual material being tested, then the size 
o f  the impression will be reduced.
(2) Using a machine with a diamond (which is infinitely hard, of course, in relation 
to most materials). The diamond is loaded in a similar manner to the penetra to r ,  
described above, and cuts the material. The size o f  the diamond impression is then 
measured, and again the larger the impression, the softer the material.
(3) Using a hardened indenter (diamond, etc.) to  make an impression, and 
measuring the permanent depth o f  impression.
(4) Using abrasion as a means o f  indenting or cutting. Since no material can be cut 
or scratched by a softer material than itself, it is possible to assess hardness by 
noting whether or not the material is scratched by a series o f  standards.
(5) Using ultrasonic vibrations, the difference between the material being tested 
and standard test pieces are assessed.
(6) Using the reaction principle, that a weight o f  standard hardness will bounce 
higher from a hard surface than from a soft. The height obtained is measured.

The technique requires considerable care in order to ensure that a sensible result 
is obtained. It must, o f  course, be realized that Hardness testing measures only the 
surface o f  the material or com ponent in question. It is possible, by using heavier 
loads, to  average the hardness found over a thicker layer, but unless precautions 
are taken and any surface peculiarities removed prior to  the test, unsatisfactory 
results will be obtained. Any removal will be by careful grinding or filing o f  surface 
layers which are not considered to be an essential part o f  the material. Where, o f  
course, parts are Case hardened or have some intended surface effect, then in 
general the test will be to  find the hardness o f  the surface layer and no surface re
moval is possible. In these cases, it is necessary to  be very careful regarding the 
depth o f  the impression and, thus, the load applied to  the penetrator must be 
well chosen.

Again, the preparation o f  the surface must be carried out carefully, so that 
this does not affect the hardness to be measured; thus, grinding m ust not generate 
heat and any other cutting m ethod must not cause cold working.

The impression obtained with Hardness testing is usually minute and demands 
painstaking measurement. It is, therefore, necessary that the finish obtained on the 
surface is relatively smooth otherwise the impression will be distorted. The surface 
must also be flat as eliptical impressions or elongated diamonds will no t result in 
an accurate result. The material being tested should be well supported , otherwise 
when the load is applied, there will be bending or movement instead o f  cutting or 
impressing, and this will result in small impressions and a misleading appearance 
of  high hardness.

The thickness o f  the material undergoing testing is also o f  critical importance.
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If  this is too  thin, the anvil on which it rests will be reflected through the 
com ponent and will affect the hardness figures obtained. It is a general rule that the 
thickness o f  the material being tested must be at least five times the depth o f  the 
hardness impression.

The type o f  penetrator and load used will vary for different materials. The 
following points must be attended to , prior to  attem pting Hardness testing. The 
material must have a smooth flat finish, must be held rigidly on a firm base, and the 
load chosen must be suitable for the material being tested and the type o f  indenter 
used and light enough not to penetrate deeply into a thin com ponent.

The accuracy o f  Hardness testing relies on the above factors and their control. 
It is, however, essential that constant calibration o f  all testing machines is carried 
out by the operator. This is readily accomplished by the use o f  standard test pieces 
which have a guaranteed hardness, a high quality surface finish and are optically 
flat, and calibration using standard test pieces is essential before setting up a 
hardness test. The calibration should be carried out at least once per day, or imme
diately prior to Hardness testing where infrequent testing is used. The test piece 
used should be in the same range o f  hardness as the material being tested. It is 
recom mended that test pieces should be employed which are below and above the 
hardness o f  the material, and for laboratory conditions this is essential. Periodically 
the hardness tester should be subjected to  a series o f  standard test pieces covering 
the com plete range o f  hardness carried out, and the results noted. It is recommen
ded tha t test pieces should be available at approximately every 100-200 points o f  
hardness on the Diamond scale, and where high-integrity results are required the 
daily calibration should ensure that test pieces are used below and above the 
hardness o f  the com ponent being tested.

In addition to these relatively simple methods o f  checking the accuracy o f  the 
machine, it is recommended that production machines are compared to  laboratory- 
type machines at frequent intervals and that the laboratory machine is either 
calibrated against a master machine or is checked at least twice per year by in
dependent experts.

Hardness testing makes use o f  scientific equipment which is relatively delicate 
and, thus, can easily sustain damage. In many cases the result o f  the test will be o f  
critical importance to the com ponent being tested and if  wrong can result in 
disastrous failure.

Where accurate results are essential, a number o f  tests on the one area should 
always be carried out. The first test is rejected as this will very often be affected by 
the bedding down o f  the com ponent. An average over three or four impressions 
should be taken, and if  this average varies more than approximately 5 per cent, 
then the situation should be investigated.

One o f  the more im portant points to realize with this test is that it is an accurate 
measure o f  the hardness, and as stated above, there is a relationship between hard
ness and the ‘ultimate tensile strength’. Where hardness is required for wear 
resistance, the Hardness test is a correct means o f  assessing this material property.
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However, where the test is used as a means o f  estimating the tensile properties o f  
a material, it should be realized that the test does not measure the 'p ro o f' or y ie ld  
strength* o f  the material, which in general is the im portant factor associated with 
tensile properties. This is lower than the ultimate tensile strength and can be varied 
to  a degree w ithout affecting the ultimate tensile strength, by heat treatm ent in 
the case o f  steel and cold working  in all o ther metals.

Where relatively low-strength materials are involved as is the case with mild 
steels and most non-ferrous alloys, then the design safety-factor will generally be 
sufficient so that any variation in the elastic limit will not result in failure. 
However, with many alloy steels which are heat treatable the wrong trea tm en t can 
result in an appreciable lowering o f  the yield strength or elastic limit with no appre
ciable difference in the hardness obtained. The only accurate measure o f  the yield 
or elastic limit property is the tensile test. This is a destructive test and requires 
expensive machining o f  test pieces.

A num ber o f  textbooks have been written on the difficulties and control o f  
Hardness testing. The British Standards Institution supplies considerable inform a
tion on this subject.

The following are the methods o f  Hardness testing commonly used together with 
less common ones. The techniques used by industry are based on the diamond  
penetration (Vickers), the Rockwell or the Brinell tests which are almost universally 
used by material laboratories and industry at present. Each type o f  test is listed 
under its own heading in the alphabetical section of  this book, and are collected 
in this section where a brief description is given. The tests are:

Brinell Kirsh Pyramid diam ond
Edgewick Knoop Rockwell
File Ludwig Scleroscope
‘Firth hardom eter’ Micro Scratch
Foppl Mohs Shore
Fremont Monotron Tukon
Haigh prism Muschenbrock Turner’s sclerometer
Herbert Pellin’s Vickers
Jagger Poldi ‘Warman Penetrascope’
Keeps Pusey

Brinell Test
One o f  the original scientific methods o f  assessing hardness. It is applied to all 
metals but is limited to the relatively soft range. The reason for this is that the 
Brinell test uses a hardened steel ball o f  specified size. The load is applied directly 
to  this ball and the diameter o f  the impression measured. It will be seen that the 
larger the diameter o f  the impression, the softer is the material being tested. It 
will also be appreciated tha t the hardened steel ball itself has a specific hardness,
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and this ball will distort as the hardness o f  the material being tested approaches 
the hardness o f  the ball itself.

Tile Brinell method together with the Diamond (Vickers) test and the Rockwell 
hardness test are the three most commonly specified in the UK. However, the 
Brincll test is not now commonly carried out as it is relatively slow and, as stated 
above, has limitations regarding the range o f  hardness which can be measured. It 
is usually replaced by the Vickers test, which uses a diamond and is based on 
basically the same principle as the Brinell, that is, measurement o f  the size 
o f  the impression: the larger the impression, the softer the material being 
tested.

There is a relationship between Hardness testing and ‘tensile strength’ (see 
Appendix), bu t the relationship should be treated with caution as the ratio varies 
under certain circumstances. It is, however, a useful guide. The same comments 
apply to the relationship between the different methods o f  Hardness testing, which 
again should always be approached with caution. A table showing the relationship 
between Brinell testing, ‘ultimate tensile strength’ o f  steel and various other types 
o f  Hardness testing is given in the Appendix.

Edgewick Test
The tester uses the Vickers principle, with a diamond or ball penetrator. This is 
held on a hinged device which, on completion o f  the load, is removed and the 
impression then projected on to a screen in front o f  the operator. This screen has 
graticules to  allow rapid estimation o f  the impression size.

With this tester, the load can be infinitely varied by the use o f  a lever, and it 
is for this reason that the device is not permitted by several inspection authorities, 
since it is considered too difficult -  if  not impossible -  to ensure accurate appli
cation o f  the desired load.

File Test
A test based on the Mohs technique. This relies on the fact that a material cannot 
be scratched or filed by a softer material. With the Mohs test, a range o f  materials 
is used to  classify the material being tested. With the File test, materials are tested 
in relation to  the hardness o f  a sharp hardened file. The test is usually restricted to 
surface hardened  com ponents which have been subsequently machined or treated 
by some heat treatm ent, which can result in an extremely thin, relatively soft layer 
on the surface o f  the carburized com ponent. Because the layer is so thin, it cannot 
normally be identified using conventional testing techniques.

However, with a file, in the hands o f  a skilled operator, it is possible to identify 
this th in ,  softened layer because the file will bite the surface, whereas with 
correctly hardened material, which will be as hard or harder than the file, it will 
skid o ff  the surface. This is an extremely critical test, and there is no simple alter
native m ethod  o f  identifying this very thin layer o f  soft material.

During service, the softened layer can result in pickup, or galling, with subsequent
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pitting, and in serious cases, where high loads are involved, failure o f  im portan t 
components.

'Firth  Hardometer' Test
A machine based on the Brinell principle and using a ball or diamond. The head 
holding the indenter is borne on a swivel and, on completion o f  the load appli
cation, the head is swivelled ou t o f  position and a projection-type microscope 
replaces the indenter automatically. This means that the operator is not required 
to  search for the impression projected on to  the screen, for this can have an 
engraved graticule which allows estimation o f  the impression size.

Foppl Test
The test is confined to round bars and is seldom used in modern industry. The 
technique is that two o f  the round com ponents  or short lengths o f  bar are placed 
at right angles to each o ther and a predetermined load is then applied and held for 
a set time. On removal, a circular impression should appear on both  com ponents; 
the softer the material, the larger the impression. Provided both  com ponents have 
the same hardness, the impression produced will be completely circular and identi
cal on each com ponent. This test is now replaced by one o f  the standard 
production techniques discussed in this section.

Fremont Test
An obsolete test in which a weight with a pointed tip is allowed to fall from a 
known height on to the test piece.

Haigh Prism Test
A test where it is necessary to prepare special specimens cut to  form 90° prisms. 
These are held at right angles to their edges under a set load. The indentation 
thus formed is measured, and gives an indication of  the hardness.

This hardness technique is now very seldom used, but has the advantage that 
no special equipment is necessary. The hardness value is obtained from the formula

Load applied _ . , .
------------- ------------  =  Prism hardness.
Width of indentation

There is a relationship between this and the Brinell hardness figure.

Herbert Test
A specialized test using the pendulum principle: a ball indenter is allowed to  swing 
after it has made an impression under the specified load. The pendulum stroke is 
timed and measured for an indication o f  hardness. This is seldom, if ever, used in 
modern industry.

Jagger Test
A specialist, and seldom used, test using a diamond-pointed drill under a load o f  
10 rotated in contact with the test piece. The number o f  rotations is counted to
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achieve a depth o f  0.01 mm. The higher the number o f  revolutions, the harder 
the material.

Keeps Test
A test where use is made o f  a rotating drill with a standard bit revolving at a known 
speed with a standard load applied. A material o f  the same hardness as the drill will 
result in no cutting occurring, while the softest material will result in the drill 
reaching the maximum depth.

The Keeps system uses a diagram where the hardness o f  the drill is indicated by 
a vertical line, and the hardness o f  the soft material, for example, 50 DPN, is the 
horizontal line. The angle o f  the material being tested will indicate the relative 
hardness.

This test has certain advantageous factors where hardness is required to  be 
known for assessing ‘machinability’ but has limited application with today’s 
m odern testing machines and knowledge o f  ‘machinability’ problems.

Kirsch Test
A test which can be applied to any material. It makes use o f  a steel punch 5 mm in 
diameter to which a load is applied to cause a depression o f  1 mm in the test 
material. It will be appreciated that,  with a material o f  the same hardness or harder 
than the punch, it will not be possible to  cause any depression and, thus, an infi
nite hardness will be recorded by this m ethod.

This test has very limited application in modern engineering and has generally 
been replaced by the Brinell, Vickers or Rockwell tests. For portable tests, the 
Scleroscope or Poldi are now commonly used.

Knoop Test
Based on the Brinell or Vickers principle, in which an indenter is loaded and cuts 
the test material. A diamond is used, but the indenter is rhombic in shape.

In general the Knoop test is confined to light loads and is usually applied to 
very thin sheets o f  material; it is also employed for Microhardness testing.

Ludwig Test
In this test the indenter has a 90° cone. The load is applied to this to form a conical 
impression, and the hardness o f  the material is found by a formula where the load 
applied is divided by the area o f  the impression. This has now been replaced by the 
more conventional Brinell, Vickers or Rockwell tests.

Microhardness Test
In essence, this m ethod is identical to  the standard hardness testing  technique with 
the Vickers principle. The difference here is that a metallurgical microscope is 
used and the object being tested is usually a microspecimen, specially prepared 
for metallurgical examination. The loads applied are very low, varying from 1 g to 
200 g and, in some circumstances, 500 g.
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Apart from the above modifications, the technique uses the norm al Hardness 
testing method, where an impression is made by applying a known load to  a dia
m ond indentor for a specified time, and the impression accurately measured. The 
larger the diamond impression, the softer is the material.

With this technique, it is possible to carry out comparative tests on actual 
grains within the metallurgical structure. With the lighter loads, below 100 or 50 g, 
the accuracy o f  the result obtained is reduced, but it is possible to  obtain results 
which give meaningful comparison.

Mohs Test
This testing technique is more com monly applied to rocks by geologists than as a 
trea tm ent o f  metals. The technique uses the fact that a material can only be scored 
by  a material harder than itself. Thus, a diamond can produce a scratch on glass, 
bu t glass cannot score the harder diamond. In the field o f  metal testing, this test is 
normally applied only on carburized or nitrided  components.

Where the surface hardening technique results in a very thin case, or where in 
carburizing subsequent heat treatment processes result in an extrem ely thin surface 
or film o f softer material on the hardened case, then conventional testing 
techniques will not be sufficiently accurate. Use is made o f  a new, sharp, hardened 
file o f  approximately the same hardness as the carburized case, and if  the case is 
correctly treated, it will not be possible to  file the surface. Any softening o f  the 
surface will be identified by the file scratching or holding rather than  slipping o ff  
the surface.

This in skilled hands provides an inspection technique which will identify  surface 
defects which cannot be found by any conventional testing, and which are only 
identifiable by destructive metallurgical examination. The Mohs hardness scale used 
by geologists is as follows:

Mohs number
Material used 
as standard Similar materials

10 Diamond

9
914 Carborundum

Sapphire
8 Topaz

Quartz

5
4
3
2

6

7
616.

5VỈ
Apatite
Fluorite
Calcite
Gypsum
Talc

Felspar

Carburised steel 
Garnet — Steel file 
orthoclase
Pumice — com m on glass 
Opal

Rock salt
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Monotron Test
A test seldom used today which uses a diamond ball penetrator to a diameter o f  
0 .75 mm.

A load is applied to the penetrator by means o f  pressure, until the penetrator 
has reached a standard depth o f  0 .0018 in (0 .028 mm). On achieving this, the 
pressure required indicates the hardness. This can be read directly from the 
calibrated gauge. It will be appreciated that the harder the material being tested, 
then the higher is the pressure required to achieve the necessary penetration.

Muschenbrock Test
A very early test, no longer used.

A knife o f  standardized type was swung with a pendulum m otion, no t unlike 
that o f  a present day Impact testing machine. The num ber o f  blows required to  cut 
a standard test piece to  failure was recorded and this gave the hardness number.

Pellin's Test
A form in which a ball in a specially designed frame is allowed to  fall from a known 
height on to the specimen being tested. The hardness is then measured from the 
diameter o f  the impression obtained.

This test is no longer commonly used, being replaced by the more conventional 
R o ckw ell Vickers or Brinell tests.

Poldi Test
A portable m ethod o f  estimating hardness. With this, an impact is applied to  a 
spring-loaded punch by a firm hammer blow. This results in an impression being 
produced on the test bar, at approximately the mid-section o f  the punch, and at 
the same time the nose o f  the punch forms an impression on the actual material 
being tested. As the ham m er blow is used to  trigger the spring, it is the load on the 
spring which produces the impressions, they are not related to the energy o f  the 
ham m er blow.

Two impressions are always formed, one on a test bar o f  known hardness simul
taneously with the test impression, and it is possible by measuring the test im 
pression to be certain that reasonable accuracy is obtained. Charts are available 
to convert the impression size into hardness figures, with suitable allowances being 
made depending on the hardness o f  the material being tested.

As stated, the ‘Poldi’ tester is one o f  the most portable o f  all hardness test 
methods. The accuracy o f  individual impressions, in skilled hands, can be o f  a high 
order, b u t  the value o f  this lies more in the facility o f  carrying out a survey across 
a surface to  identify any change in hardness, rather than to produce accurate 
figures. The technique is not normally accepted as a m ethod o f  producing hardness 
figures for certification purposes.

163



H A R D N E S S  T E S T I N G  -  P U S E Y  T E S T

Pusey Test
A test used on rubber. This requires tha t the part being tested is o f  a reasonably 
homogeneous shape and it is tested by applying a load o f  1 kg to  a ball o f  ị  in 
diameter. The depth o f  penetration after 15s is a measure o f  the hardness. The 
diameter o f  the ball may vary, depending on the type o f  rubber, and the time o f  
application o f  the load will also vary.

It will be appreciated tha t the penetration m ust be measured while the load is 
applied, since, unlike metals, rubber recovers more or less completely on removal 
o f  the load.

This form o f  Hardness test on rubbers has been largely replaced by the Duro- 
meter m ethod, which, while basically the same process, is less complicated.

Pyramid Diamond Test
A term covering the various forms o f  testing where a load is applied to  a diamond 
to obtain an impression to  indicate the m eta l’s hardness. This can be applied to 
any metal and is probably the standard reference m ethod o f  testing for hardness. 
It is also known as the Vickers hardness test as it most com m only uses the machine 
o f  that name.

The load is normally applied through a series o f  levers with an initial preload. 
This remains in contact for a specified time, usually approx. 15 s, and is removed 
automatically. The size o f  the resultant impression is measured using a movable 
graticule which will be calibrated. The apex o f  the pyramid shape is measured in 
each direction and care is required tha t the difference in measurement between the 
two opposite sides is small. This will otherwise be an indication that the test piece 
is not flat and the impression must be retaken. The load applied can be as low as 
1 g with the microhardness technique and as high as 3000 kg using special machines.

The hardness value is arrived at by dividing the load applied by the area o f  the 
impression. This is generally achieved using supplied tables which give the results 
in the appropriate form. The value is known either as the Vickers Pyramidal 
number (VPN), or the Diamond Pyramidal num ber (DPN) but there are other 
systems using this basic technique. While in theory the same results will be ob 
tained using any load, there can in fact be slight variations and it is the normal 
convention to  report the load used when reporting the hardness obtained. For 
accurate results, it is essential tha t the surface finish being tested is o f  a reasonably 
high standard. The higher the load applied, the larger the impression and, generally, 
the more accurate the result obtained.

It is, however, im portant to  realize tha t the diamond impression can be a serious 
stress-raiser, and it  is general practice to  make use o f  as small a diamond impression 
as is reasonable, where the impression must be left on stressed high-duty, high- 
integrity components. Probably the m ost com m only applied load for steel com 
ponents is 30 kg, with 5-10 kg loads being usual with surface hardened components.

As with all Hardness testing, it is essential to  have sufficient material to  support 
the load applied: if  this is not the case, some reflection o f  the supporting base is
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obtained. It is generally accepted that the depth o f  the diamond impression must 
always be less than one-fifth o f  the thickness o f  the material being, tested; this 
ruling also applies when surface hardened cases are tested.

In general any error in Hardness testing using the diamond-indenter method 
will result in a high reading. Any movement o f  the com ponent, any wrong appli
cation o f  the load, will result either in a seriously distorted diamond impression, 
or one which has not achieved full depth. The only way in which a softer, that is, 
a larger, impression will be achieved is by using the wrong load or impacting the 
diamond indenter into the surface o f  the test com ponent.

The Pyramidal Diamond hardness test is relatively slow; unless specialized 
equipment is used, each hardness test will occupy approx. 0.75 to  1.5min. It is, 
therefore, usually found that the present test is the standard reference method or is 
applied only to high-integrity components. While it is standard for microhardness 
testing, the Rockw ell hardness test or one o f  the many modified versions o f  the 
Brinell are used for production purposes.

Rockwell Test
A form o f  inspection test which can be applied under one o f  its many forms to 
all metals.

The principle o f  the Rockwell test is that a shaped indenter, generally a dia
m ond , but under some circumstances hardened steel, is impressed into the surface 
o f  the metal being tested. This is carried out by applying first a preset load, and 
then the full load. It is the depth o f  the impression which is measured in the Rock
well test, and this is distinct and different from the generally applied laboratory 
type  o f  test, where the diameter or the width o f  the impression is measured.

The Rockwell principle o f  measuring the depth o f  the impression allows the use o f  
normal inspection equipment in the form o f  a depth gauge to give a more or less 
immediate result. This is shown as a reading on the dial which is directly calibrated 
in the scale being used. The Rockv/ell test is, therefore, commonly used for 
production-type inspection, where hardness figures o f  a reasonably high standard of 
accuracy can be obtained at a rate o f  up to 5 or 6 per minute, depending on the 
skill o f  the operator and the shape and size o f  the com ponents being tested.

The Rockwell hardness test has a series o f  scales which employ different types 
o f  inden ter  and different loads. This allows the technique to  be employed with 
relatively thin carburized com ponents where a very light load, known as the 
Superficial Rockwell tester, is used up to a 120 kg load, which gives accurate 
results on through-hardened components. As with other forms o f  Hardness testing, 
there is a relationship between the different Rockwell systems, but care must be 
taken in interpreting this and in general it is essential to quote the Rockwell system 
used together with the hardness obtained, otherwise the figure obtained will be 
meaningless. In general, the heavier the load used, the more accurate will be the fi
gure. There are various tables for converting Rockwell to  other hardness types, but 
these must be used with caution.
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Scleroscope Test
A test which can be applied to  all metals. It uses the principle that the rebound o f  a 
hardened ball will give an indication o f  the hardness o f  the surface from which the 
ball rebounds. A variation is that a hardened steel hammer o f  constant weight can 
be used in place o f  balls. In bo th  cases the principle o f  the test is the same: the 
harder the surface which is struck, the higher the rebound.

With the balls, a glass cylinder w ith  the outside calibrated is used. By means o f  
a simple hand-pump, the balls are d ropped  from the top o f  the cylinder and the 
height o f  the rebound is estimated visually. The hammer is held, often  with an 
electromagnet, released, strikes the surface and rebounds. The height o f  the re
bound is measured. Depending on th e  weight o f  the ham mer and the weight o f  
the balls, hardness is estimated using calibration charts. The Scleroscope test is 
o f  limited use and accuracy but, because o f  its extreme portability, has certain 
advantages over o ther more conventional tests.

Scratch Test
With this test, by using a material o f  known hardness, it is possible to  assess 
whether the material being tested is harder o f  softer, since it is impossible to cut 
a material harder than the cutting m edium.

The test, in its scientific form is know n as the Mohs test. The file  test is also 
based on this method. In engineering, it is commonly applied to  carburized or 
nitrided components, where a hardened file is used, and provided the file is unable 
to  mark or grip the com ponent, then it is considered to be satisfactory. It is essen
tial that the file has not been previously used for other purposes, otherwise the 
sharp cutting edge will be lost and this, o f  course, will have a serious effect on the 
test itself.

If a com ponent has been correctly  hardened, a sharp file will slide o ff  the 
surface. If there is any appreciable reduction in surface hardness, the file will grip 
the surface, and when further pressure is applied, fine scratches will be noted. The 
Scratch hardness test can be modified to  suit particular purposes, for example, the 
anodized coating o f  aluminium can be assessed with this technique.

Shore Test
This test is similar in principle to  the Scleroscopè and can be applied to  any metal. 
With this, a hammer with a hardened tip, either o f  diamond or tungsten carbide, 
is allowed to  drop from a known height and the rebound is measured: the harder 
the material being tested the higher th e  rebound, the softer the metal the lower the 
rebound.

It is doubtful if  this technique results in accurate hardness figures being obtained 
in their own right. It is, however, a useful portable m ethod o f  obtaining com para
tive hardness figures and, as it can be applied to  massive objects which cannot be 
tested by conventional testers, it is useful in showing any variation in hardness 
across the surface. Meaningful results can only be obtained on a horizontal
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surface, but the tester is extremely flexible and economical when used under 
these conditions.

Tukon Test
A technique using the pyramid diamond technique in the microhardness region. 
It is com m only used for geological Hardness testing but is also used metallurgically. 
It was developed by the u s  Bureau o f  Standards, and the test is expressed as the 
‘K noop hardness num ber' which has similarity with the Brinell technique. In the 
UK the Tukon test has been replaced by  the standard Microhardness technique, 
using the ‘Pyramid Diamond num ber’ and the Vickers system.

Turner's Sclerometer Test
A test which, like the Mohs system, relies on the fact that no material can cut a 
material harder than itself.

With the Turner’s Sclerometer, the com ponent or material being tested must be 
reasonably flat and the test surface polished. A diamond is loaded with a known 
weight and is moved once backwards and forwards on the surface in a straight line. 
If no scratch is seen under conditions o f  side lighting, or felt with a fine point, the 
load on the diamond is increased and the test repeated. If, on the other hand, the 
surface has a well-defined scratch or score, the load on the diamond is decreased. 
The load is varied until a scratch is produced which can be seen only as a very 
slight marking with side illumination, or felt when a fine needle is drawn at right 
angles across the surface. The hardness is recorded as the weight required to 
produce this scratch. It will be seen that this m ethod  o f  testing is slow and there 
will be problems regarding standardization. It has been largely replaced by the 
standard Rockw ell, Diamond hardness and Brinell systems all o f  which are dis
cussed in this section.

Vickers Test
This shares the same basic principle o f  the Brinell test. It was the first machine to 
make use o f  diamond penetrators, thus reducing the inaccuracy caused by the 
distortion o f  the ball penetrator.

With the Vickers machine the load in the form o f  weights is placed on one arm 
o f  a lever. The material is held on a movable platform which is placed under the 
penetra tor and carefully adjusted for height so tha t the diamond or ball is almost 
touching. The load is then applied in two stages and is held automatically for the 
required time. It is removed w ithout any further action by the operator. The 
material is then  moved on the platform under the microscope and by means o f  an 
adjustable, calibrated graticule the size o f  the indent is measured.

The variables involved with the Vickers hardness tester are load and magnifica
tion, and some care is required when the occular reading is translated, using the 
charts supplied, into  the ‘Vickers hardness num ber’ (VHN) or the ‘Vickers Pyrami
dal num ber’ (VPN). It is now standard tha t the ‘Diamond Pyramidal num ber’ 
(DPN) is used in place o f  the older VPN.

167



H A R D N E S S  T E S T I N G  -  ' WARM AN PEN E T R  A S C O P E '  T E S T
'Warman Penetrascope' Test
A portable Hardness tester where the machine is clamped to  the com ponent. It 
is based on the Diamond Pyramid test, the load being applied hydraulically by 
means o f  a hand wheel. On removal o f  the load, the diamond is measured in the 
same manner as with the normal Vickers technique. This machine is not now 
com monly used, having been replaced by the portable Rockw ell machines.

'Harperizing'
A proprietary form o f  Barrel deburring, using the technique o f  having two rela
tively small barrels o f  the conventional type which are held between revolving 
parallel large-diameter plates. The barrels are each made to  revolve epicyclically 
in the opposite direction, thus achieving conditions o f  high centrifugal force. 
The barrels contain the com ponent to be deburred together with conventional 
ceramic chips, abrasive material and water.

The process is the fastest m ethod o f  barrel deburring normally carried out,
and further information on the ‘Harperizer’ can be obtained from w. Canning 
Ltd. (See also Barrelling).

Hausner Process
A hard chrome plating process using the conventional solution, but where low- 
voltage alternating current is superimposed on the direct-current plating. This 
has the effect o f  reducing the polarizing effect o f  the hydrogen deposited at the
plating surface, and thus speeds up the rate o f  chromium deposition.

This codeposited hydrogen produces an electrical insulation effect on the 
surface which slows down the rate o f  chromium deposition and increases the 
the thickness o f  deposit ratio between the high current density areas (corners, 
etc.) and the low current density areas (centre o f  flat surfaces). The alternating 
current helps to reduce the quantity  o f  hydrogen at the plating surface, this im
proves the rate o f  deposit and at the same time reduces the difference between 
the deposit at corners and centres o f  flat areas. The technique requires special 
equipment and control.

Haworth Test
A quality-control technique to  estimate the resistance o f  a surface to  abrasion.

The com ponent being tested is brought into contact with a revolving disk o f  
metal or rubber and the chosen abrasive is fed on to  the contact faces. The contact 
pressure, abrasive type and quantity  are rigidly controlled. Use can be made o f  
either an abrasive slurry or dry abrasive powder. The assessment will be carried 
out on a time basis for any one set o f  variables and uses visible damage as the 
m ethod o f  assessment.

This test can be used to  control any o f  the techniques for improving surface 
wear. It is, however, more expensive and time-consuming than either hardness 
testing  or thickness measurement, and this is not normally used when these
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methods are possible, as with carburizing, chromium plating , etc. With techniques 
such as Anodizing, ‘Sulphinuz\ *Tufftrid ing\ etc., or to assess the effect o f  altering 
surface finish, this type o f  abrasive test can give excellent control. It is essential 
that the parameters o f  pressure, abrasive quantity , grit size and time are controlled 
for meaningful results. The taber abrasive test is similar but less flexible.

Heat Tinting
Applied to  certain metals, generally steel and copper alloys. Other materials such as 
silver and nickel are very occasionally coloured using this process.

The process uses coloured oxides, independent o f  the colour o f  the materials 
themselves, resulting from temperature application and to  some extent the texture 
o f  the surface o f  the components. In addition, the Heat tinting process can on 
occasion be used to  improve corrosion resistance.

The surface is cleaned to a relatively high standard and is then heated either in 
air or a relatively simple controlled atmosphere such as steam. (Heat colouration 
achieved bv other means is generally referred to  as a specified treatm ent. The 
‘black o x id e ' trea tm ent o f  steel is a form o f Heat tinting even though it is carried 
out by immersing the com ponent in a liquid medium.)

The colour achieved by the process varies for the following reasons:

(1) Tem perature used.
(2) Atmosphere achieved: if  the material is heated in an air-circulating furnace, the 
colour achieved varies to a limited ex ten t from that achieved under conditions o f  
static air at the same temperature. It will be appreciated that the use o f  gas heating 
can give a considerable variation to  the atmosphere in contact with the 
com p o n en t’s surface to affect the colour achieved.
(3) Time at temperature: the time and temperature are generally related such that 
the higher the tem perature the lower the time, and vice versa, but the range o f  tem 
perature will in fact be relatively slight. However, visual differences will occur in 
com ponents  with a rapid change in section, where a thin section achieves the 
desired tem perature quicker, and results in slightly more intense colouration than 
the remainder o f  the com ponent.
(4) Surface texture: a very rough machined surface will not result in the same 
visual appearance as a polished surface finish, and this again may considerably 
differ from a finely ground finish.
(5) Surface cleanness: this can have considerable effect on the colour achieved for 
two reasons. First, under some circumstances the surface contamination may in
hibit the form ation o f  the oxide tinting, and second, the contamination may con
tain some constituent which contributes to the surface oxidation colour. This will 
com m only be the case when oil is a contaminant on the surface.
(6) Time-lag: the time between preparing the surface and carrying out the trea t
ment may have some effect, as the surface itself may become slightly oxidized, 
resulting in a passive or semi-passive surface. Reaction will not be as rapid as with a 
freshly ground or polished surface.
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With steel, the process is tha t the clean com ponent is heated to tem perature  
under contro lled  conditions. The colour range is from straw or very light yellow 
to  dark blue, almost black. The latter colour is most easily controlled and when 
4steam blueing ' is used a perm anent surface colour with some degree o f  corrosion 
resistance is obtained.

With copper alloys, the most com mon materials for colouration are the bronzes 
where, by  the judicious use o f  heat, attractive shading can be achieved, and this 
again will result in some increase in corrosion resistance.

Since the  Heat tinting process is essentially used for decorative purposes, the 
finish is n o t  o f  high quality. The improvement in corrosion resistance is relatively 
slight and applies only to  indoor conditions with relatively well-controlled hum i
dity. Where ‘black o x id e ' and to  a lesser ex tent ‘steam blueing ' trea tm ent is used, 
corrosion resistance is superior to  Heat tinting proper but, again, this cannot be 
com pared w ith any form o f  plating  or painting.

Under ideal, controlled conditions, i.e., with a high-quality, clean surface in a 
free oxidizing atmosphere, the tem per colour range for steel is as follows:

From the above it can be seen that critical control is essential, if  a homogeneous 
colour is required. Heat tinting is more com monly used as a method o f  assessing the 
tem perature  the surface o f  steel has reached.

The term  used to cover all forms o f  Heat or Thermal treatment o f  metals. It is 
considerably abused in tha t it is very often loosely applied to  any one specific and 
com m only em ployed form o f  trea tm ent in any one industry, firm or geographical 
area: th u s  ‘Heat trea tm en t’ will be found to  cover a wide range o f  techniques and 
care m ust be exercised in using the term. However, a practical definition would 
be: tha t process where the metal being treated is placed in a furnace, etc., heated to 
a controlled tem perature and subsequently cooled under known conditions.

The various types o f  Heat trea tm ent are listed alphabetically and very briefly 
described under  their appropriate heading in this book. Each o f  these treatments 
appears in alphabetical order in this seciton with a fuller description. These can be 
conveniently divided into two types.

°c
2 2 0 -2 3 0 pale yellow 

dark yellow 
yellow/brown 
brown/red 
purple 
violet 
light blue 
dark blue

240 
255 
265 
275 
285 
295 
315 +
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(1) treatments which are designed to  increase the hardness o f  the material;
(2) treatments which are designed to reduce the hardness or remove stresses.

The treatments in this section are listed below (there are alternative names for 
some o f the treatments, which again will be found under these headings in the 
alphabetical section o f  this book).

Anneal 2 Pack anneal 2
Austemper 1 Pack carburize 1
Austenizing 1 & 2 Postheat 2
Bright annealing 2 Precipitation harden 1
Carbonitride 1 Preheat 2
Carburize 1 Quench temper 2
Classical anneal 2 Refine 1
Controlled anneal 2 Secondary harden 1
Cyanide harden 1 Selective anneal 2
Cyclic anneal 2 Selective carburize 1
Double temper 2 Selective harden 1
Flame harden 1 Self-anneal 2
Full anneal 2 Self-harden 1
Gas carburize 1 Skin anneal 2
Graphitize 2 Softening 2
Harden 1 Solid carburize 1
Homogenize 2 Solution treat 1 & 2
Hydrogen anneal 2 Spheroidal anneal/Spheroidization 2
Induction harden 1 Stabilizing 2
Isothermal anneal 2 Stabilizing anneal 2
Magnetic anneal 2 Step anneal 2
Marage 1 Stress-equalization anneal 2
Marquench 1 Stress-relieving/Stress-releasing 2
Martemper 2 Subcritical anneal 2
Nitride 1 Subzero treatment 1
Normalize 2 Tempering 2

Anneal
An abused term. ‘Anneal’ covers a number o f  variations where in general the 
intention is to soften the material. Annealing can be carried out on all forms of  
metal. Description o f  the various processes will be found under the headings 
Classical anneal Cyclic anneal, Full anneal Spheroidal anneal, Stress-release anneal, 
and Subcritical anneal

Austemper
A specialized form o f  hardening and tempering which uses two furnaces at different 
temperatures to  ensure the complete transformation o f  all the austenite to
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m artensite , and which then has the tem per characteristics required by the design 
engineer. It can be applied to  a relatively small range o f  alloy steels. The te rm  is 
also used to  describe any form o f  delayed quench using liquid metals or salt baths, 
and can thus be synonymous with martemper and marquench. This means tha t 
instead o f  oil-quenching to  convert the austenite into martensite and then  re
heating to  the desired tem perature to  temper the martensite, the same end-product 
is obtained w ithout cooling to  room temperature.

With Austempering, one furnace is at the hardening temperature and the parts 
are held at the correct tem perature for sufficient time to  ensure the com plete 
form ation o f  austenite. The tem perature required will be in the range 720-900°C , 
depending on the steel analysis. The time at temperature will be in the region 
1 0 -20m in  per inch o f  ruling section. At the end o f  this time the parts are trans
ferred to  a second furnace which should be o f  the forced-air convection type to 
ensure that the parts attain the correct temperature rapidly. Molten salt or metal 
m ay be used instead o f  the furnace at this stage. The temperature will be in the 
range 250-500°C  and the time at tem perature is measured in minutes. It is this 
tim e-tem perature range which must be tightly controlled, and makes the process 
difficult to  carry out. The time or tem perature requires to  be varied as the size 
o f  the work load is varied, and the difference in time between good- and bad- 
quality  Austempering can be measured in minutes.

The process is, therefore, confined to high-quality mass production , where 
batches can be standardized. The result o f  good Austempering is controlled heat 
trea tm ent o f  a standard at least equal to that attained by hardening and tempering 
and, with certain materials, improved tensile-ductility characteristics. At the same 
tim e there is a reduction in distortion, as there is no drastic quench, and an im 
provem ent in heating economies can be achieved.

The martemper or marquench process is similar in many respects to Austeinper, 
w ith the parts being transferred to  a liquid medium such as molten lead or more 
generally a conventional salt bath. The term Austemper is sometimes used to  des
cribe a hardening and tempering process where the com ponents receive a delayed 
quench. This can result in considerable reduction in distortion, while achieving the 
desired hardness range. However, unless the conditions are controlled to  ensure the 
correct conversion o f  austenite to  martensite, there will be a reduction in the yield 
strength and ductility o f  the com ponents  involved. The term is also sometimes 
applied to  a form o f  hardening using a delayed quench, where adequate mechanical 
properties are obtained by the use o f  a more sophisticated steel than is necessary, 
and then reducing the rate o f  quenching to  control distortion. With m odern know 
ledge and the correct use o f  equipm ent, it is doubtful if  this procedure can now 
be justified.

Austenizing
An alternative term for the initial part o f  the hardening, normalizing or fu ll  anneal
ing operation. During any o f  these Heat trea tm ent operations, all o f  which are
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confined to  steel, the components are taken to above the upper critical tem per
ature and at this temperature the steel structure is fully austenitic. Austenizing, 
then, is the term  sometimes used for this operation.

For hardening , the steel is rapidly quenched after Austenizing; for normalizing, 
the steel is air-cooled; and for fu ll annealing, the steel is cooled very slowly.

Further inform ation on each o f  these treatments, and other forms o f  heat 
treating, will be found elsewhere in this section on Heat Treatment.

Bright Annealing
A term covering the annealing o f  any metal whereby the com ponent is removed 
from the furnace in an oxide-free condition. While it is sometimes possible to  
produce a surface which is bright and shiny, this criterion is not essential for the 
correct use o f  the term. Provided the components are removed with no free scale 
and a limited am ount o f  adherent oxide, then it can be stated that the parts have 
been Bright annealed. This process can be applied to  any material.

There would appear, then, to  be some difficulty in defining the term ‘anneal’, 
but any softening  operation in which the com ponents are placed in a furnace and 
removed in a softer condition with no evidence o f  scale can be said to be a Bright 
anneal.

The process can be carried out by various means, either simply by placing in a 
box and ensuring that the am ount o f  oxygen available is limited, by filling the box 
with com ponents ,  or by placing in the box some other material which will absorb 
the oxygen faster than steel. Thus, a few chips o f  charcoal placed in a box filled 
with com ponen ts  and taken to  above 9 0 0 ° c  will result in a form o f  annealing 
for steel which, i f  the control is correct will have little or no scale and will thus be 
a Bright anneal.

There is a danger with incorrectly controlled atmospheres that the oxygen 
con ten t during the annealing will not form a complete surface film, but will be 
sufficient to  give intergranular oxidation. With this, it is possible to produce an 
oxide-free surface, but with the surface grains having oxidized boundaries. This 
intergranular oxidation can penetrate to  a considerable depth , 0.025 in (0.5 mm) 
being quite com m on, and results in a low fatigue strength and relatively brittle 
surface layer. It can occur on all types o f  metal. This is a potentially much more 
dangerous defect than the formation o f  a thin visibly unsightly surface oxide, and 
can seriously reduce the mechanical properties o f  the com ponents or material 
treated . If  the correct control equipment is not available to  m onitor nuetral or 
reducing furnace atmosphere, it is advised that Bright annealing is not attem pted 
on high-duty com ponents.

Variations on Bright annealing are black and box annealing, where a controlled 
adherent oxide is the desired effect.

Carbonitride
A surface hardening technique which is applied to  certain types o f  steel. The
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process in many respects is similar to  cyanide hardening and results in a surface 
case containing carbon and nitrogen. The process is carried out in a sophisticated 
gas atmosphere in special-purpose furnaces.

The furnaces used can be relatively simple, but generally are two-stage, with a 
preheat area used to bring the com ponents  to temperature. This area is sealed from 
the active area and also from the air atmosphere. When the components are at a 
predetermined temperature, the inner door o f  the furnace is opened and the com 
ponents are pushed into the controlled atmosphere o f  the furnace itself. This 
atmosphere will be manufactured from propane or butane or, in some circum 
stances, towns or natural gas. Into this, is injected ammonia, which results in the 
required atmosphere to produce the  necessary am ount o f  atomic carbon and n itro 
gen which will then react with the surface o f  the steel to produce iron carbides and 
iron nitrides.

One advantage o f  using Carbonitriding is that the range o f  temperatures at which 
the process can occur is wider than with either the nitriding or the carburizing 
processes. This allows the use o f  a single temperature which can be used as the 
hardening temperature and, under many circumstances, the com ponents are 
quenched directly from the Carbonitriding atmosphere. This is known as the 
‘sealed quench’ furnace.

The temperature used will range from 700°C-850°C  with in some cases 
extension to  these temperatures, bu t the most com mon will be in the 720-800°C  
range. The time o f  the process will vary, depending on the case depth required, 
the temperature chosen and to  some extent the steel being treated. A case depth 
o f  approx. 0.005 in (0.01 m m ) can be achieved in approx. 30 min.

In general, the process is used for shallow case depths on relatively small 
com ponents where the use o f  a single temperature sealed-quench furnace shows 
considerable econom y over all o ther forms o f  surface hardening. From the point 
of view o f flexibility, the Carbonitriding process can be compared to  cyanide 
hardening. This has considerable dangers regarding toxicity, and with modern 
effluent control, there is generally a requirement for trea tm ent, and the economics 
of  this process can then become such tha t Carbonitriding is competetive. For case 
depth up to  0.010 in (0.25 mm), this is an economical process when compared with 
carburizing, since Carbonitriding requires only single quenching under the majority 
o f  circumstances. Somewhere above 0 .010 ill (0.25 mm) and certainly below 0.050 
in (1 .2m m ), carburizing becomes economical when continuous processing is con
sidered. The reason for this is the high cost o f  the ammonia requires to  generate 
the nitrogen. It will thus be seen that Carbonitriding will almost invariably be more 
economical than the nitriding process, where ammonia is the sole source o f  the 
nitrogen atmosphere.

Technically the Carbonitrided case is slightly inferior to  the carburized regarding 
brittleness, but will be comparable regarding hardness. Except in instances where 
technical requirements o f  core hardness, case hardness, core ductility and case 
ductility are param ount, then Carbonitriding will be technically comparable, and
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at low case depths has a considerable economic advantage. Nitriding , however will 
have a technical advantage over the present process in that the case produced will 
be harder, will retain its hardness at slightly higher temperatures and will produce 
a superior fatigue-resistant surface. It is, again, a more expensive method for, being 
a lower-temperature process, it takes longer to produce the same case depth and 
uses more ammonia.

Carburize
A process which can be applied only to certain specific types o f  Steel. It is a method 
in which a surface hardness o f  a very high order can be produced on a ductile, rela
tively cheap steel. Surface hardness up to 700 DPN (Rockwell c  6 0 -65 )  can be 
achieved, while the core will have a hardness in the range approx. 100-300 DPN 
(Rockwell c  10-30).

The process relies on the fact that the iron contained in steel will react with 
carbon in a controlled gaseous form, as carbon monoxide, and results in the pro
duction o f  iron carbide (F e 3 C), or cementite. This newly formed iron carbide or 
ceinentite on the surface o f  the com ponent then diffuses from the surface towards 
the core. Provided the correct conditions exist, the result is a surface with a carbon 
content o f  approx. 1.0 per cent, giving a saturated iron carbide structure. As the 
‘hardenability’ o f  steel is proportional to the iron carbide content, this means that 
the structure at the surface is capable o f  being hardened to a very high figure. The 
high surface hardness caused by the high carbon will drop to the hardness and 
carbon content o f  the material in the core, which is the basic steel used to  manu
facture the com ponent.

There are two separate forms o f  this process. First, is the original Pack 
carburizing m ethod, whereby the com ponents are placed in a heat-resistant box, 
covered with charcoal in the form o f  small pellets and activated by the addition o f  
carbonates, generally o f  barium, sodium and calcium. When the box is filled to  the 
brim with com ponents and charcoal in the ratio o f  approx. 1 :4 , a lid is fitted and 
the box heated to  920°c .  Carburizing commences at approx. 830°C-850°C, and is 
ideally carried out in the range 900°C-920°C. Below 900°c Carburizing will be 
slow, and as diffusion occurs at this temperature it is difficult, if  not impossible, 
to  obtain more than 0 .5 -0 .7  per cent carbon at the surface. Above 920°c the 
Carburizing process will continue at a faster rate; that is, the formation o f  the iron 
carbide at the surface will proceed at a more rapid rate. Unfortunately, the speed 
o f  diffusion o f  this carbon from the surface to  the core will not increase at the same 
speed. Instead o f  obtaining the ideal condition in which the carbon content falls 
in a proportional manner from approx. 1 per cent at the surface, to the core carbon 
content, it will be found that the carbon content falls from 1 per cent to  that o f  
the core material over a very short distance. This means that a stress zone exists, 
with case and core being relatively easily parted at this sharp demarcation line.

Second, is gas carburizing, the more modern process, where in place o f  the box 
and charcoal, it is now com m on that a carbon-rich gas is used. This results in
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exactly  the same process with the same conditions regarding tem perature , b u t  in 
this instance the gas is produced artificially, either town gas, boosted with an active 
gas, o r  m ore  com monly at present propane or butane. There is also the ‘Homocarb 
process ', where a liquid o f  controlled composition is allowed to drip into  the hot 
furnace. The end-product is again a gas containing carbon m onoxide, carbon 
dioxide, w ater vapour, methane, hydrogen and butane. Provided the ratios o f  the 
above gases are correct, then Carburizing will take place.

At the end o f  the desired Carburizing cycle, the com ponents are removed from 
the  furnace and allowed to  cool slowly. In some cases cooling can be carried ou t in 
the  furnace, but this involves expensive capital equipment and it is no t normally 
an econom ical proposition. The com ponents in the Carburizing basket are generally 
placed in an insulated container which is sealed and allowed to  cool relatively 
slowly. U nder some circumstances where quality o f  the finished com ponent is not 
o f  pa ram oun t importance, then quenching directly from the basket can be carried 
out. Considerable care is necessary as the Carburizing tem perature will not coincide 
with the  ideal hardening temperature. This is known as p o t quenching  and is not 
recom m ended  for quality com ponents.

A fter cooling the pack carburized parts are removed from the box ,  cleaned o f  
the excess com pound and are then in the same condition as the com ponents  from 
the gas process, these la tter are also cooled to room temperature. The metallurgical 
condition  o f  the com ponents will now  be large-grained, since they have been taken 
above the  cirtical tem perature for a considerable time; they will also be soft 
following slow cooling through the critical temperature. It is, therefore, necessary 
tha t the com ponents  now receive a specific type o f  Heat trea tm ent.

Core-refining is first carried ou t at the temperature specified for hardening the 
core. Depending on the alloy used, this will be in the range 840°C -900°C . This 
results in the core being ‘refined’, that is, the grain will be reformed to give a fine
grained s tructure , and as the heating is followed by quenching will further result 
in com plete  hardening o f  the core. The case, however, will be taken above the  ideal 
tem pera tu re  for treating high-carbon steel and this will result in excessive grain 
grow th and brittleness.

It is necessary, then, to  retreat the Carburized components, heating them to the 
ideal hardening  tem perature for high-carbon materials, that is, in the range o f  
700°C -740°C , and when quenched the steel o f  the case will have an ideal fine
grained structure. The core material, which has been hardened and refined  at the 
previous operation , will now be in the fully tempered condition, with a limited 
am oun t o f  the carbides being taken back into solution. This will have no appre
ciable effect on either grain size or ‘hardenability’. Finally, it is necessary to 
tem per  the  case in order to  obtain the maximum ductility. This will be carried out 
at a tem perature  o f  150°C-250°C, depending on the application. This trea tm ent 
will have no  effect whatever on the core.

The postCarburizing treatm ents described above are necessary when a good- 
quality operation on high-duty com ponents  is required. Where, however, optim um
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properties are unnecessary, particularly in the core, the single-quench process can 
be satisfactory. This consists o f  cooling slowly from the Carburizing tem perature  
and then reheating to  the temperature required for hardening o f  the case. After 
quenching a tempering  operation is essential.

Adequate hardness o f  the case will be obtained by this single-quench t re a t
m ent, but there will be reduction in ductility o f  the core as this will be in a rela
tively coarse-grained, thus brittle, condition. With the use o f  grain-controlled m a te r 
ials, the grain grow th during Carburizing can be reduced and, thus, the use o f  
these materials will result in a more satisfactory core condition than with normal 
steels which do no t contain grain-refining elements; however, it is not possible to 
obtain the same high-standard case and core. Normally, it is not economically 
justified to  use grain-controlled materials where refining is to be carried out.

The case properties achieved by Carburizing are comparable to  those produced 
by nitriding, carbonitriding and the cyanide processes. N it riding results in a harder 
case with be tte r  fatigue resistance, and a greater ability to operate at higher tem 
peratures w ithou t losing hardness. The Carburized case is generally superior to 
carbonitriding and cyaniding , however, and certainly for a case depth greater than 
approx. 0 .050  in (1 .2 mm), the present process is more economical.

The purpose o f  Carburizing is to  produce a surface which is capable o f  w ith 
standing wear and abrasion, and also a certain am ount o f  deflection. The degree o f  
deflection which the case will accept will depend on the thickness o f  the  case i t 
self and the toughness and hardness o f  the supporting core. It is essential tha t the 
core to  case ratio is always greater than 3 :1 . The core, then, must be at least three 
times the case dep th . Unless this minimum ratio exists, the case will be unable to  
‘b reathe’ in the correct manner and, thus, there will be little advantage over a 
through-hardened material, and brittle failure will result when any bending m ove
ment is applied.

It is the design engineer’s responsibility to call for the correct core conditions, 
with sufficient case to  withstand the action o f  the com ponent in service, allowing 
for enough ductility  for ‘breathing’ or movement to  take place. These characteris
tics are particularly im portant with the design o f  gears where the teeth mesh with 
each other. As they are driven, movement will take place at the root o f  the  gear 
teeth . With high-quality, high-duty gears, a sufficient case depth is necessary to 
ensure that cracking or failure by scuffing is avoided. It is further essential tha t the 
case depth  is low enough to  allow movement. The core, therefore, must be designed 
strong enough to  support the case so that it will not crack by too much m ovem ent. 
The core must not be too brittle or o f  too  high a hardness since this would prevent 
m ovem ent o f  the case.

It is essential to  appreciate that the Carburizing process results in a relatively 
th in , high-carbon surface. Even with a total case depth o f  0 .0 7 5 in (2 m m ) ,  the 
effective high-carbon case will be no greater than 0.20in (0.5 mm). With a total 
case depth  o f  0 .010  in (0.025 mm), the effective high-carbon case will not be any 
greater than 0 .003 -0 .005  in (0 .075-0 .015 mm). It must, therefore, be realised that
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when distortion takes place, as it must during the Carburizing and subsequent 
processes, this distortion will result in some areas having more metal m achined o ff  
at any subsequent grinding operation. It is not good practice to allow for this 
distortion during Carburizing by increasing the case depth as the result will be that 
the  areas with the greatest am ount o f  distortion will have the effective case 
removed in subsequent grinding. It is good engineering practice to ensure tha t dis
to rtion  is held to an absolute minimum during the Carburizing itself. The single 
m ost im portant aspect is to  ensure that com ponents  going to the present operation 
are in a stress-free condition, and that distortion results only from the Carburizing 
process. It is im portant therefore, that the com ponents are normalized in the as- 
received condition. This will ensure that all forging stresses are removed prior to  
Carburizing. It has now been proved tha t the use o f  normalizing at the forging  or 
rough-machining stage has done more to reduce distortion at Carburizing than  any 
o the r  process.

It will be the planning engineer’s responsibility to use his knowledge when 
necessary to call for some form o f  stress-relieving operation, at 6 5 0 ° c  for approx. 
2 h ,  prior to Carburizing, if  between it and normalizing there is a considerable 
am ount o f  heavy machining giving rise to  work hardening. This again can result 
in distortion at the present process. It should be appreciated that Carburizing for 
several hours at 900°c is itself an excellent form o f  stress-relieving and any dis
to rt ion  which would result from a stress relief will be found here.

The planning engineer, in conjunction with the design engineers, can also help 
to  reduce distortion by ensuring tha t no rapid change o f  section occurs at 
Carburizing. Finally, the heat trea tm ent operator will help to  reduce distortion by 
holding or placing the com ponents in a proper manner in the furnace such that 
stresses will not result. The tensile strength o f  steel at 9 0 0 ° c  is very low, thus 
stress at a low level can cause distortion.

Classical Anneal
This is generally applied only to  steels, bu t may be used on o ther metals.

The technique used is to  load the furnace while cold with the com ponents , and 
to  heat the furnace and its load to  the desired temperature. This will be at the same 
tem perature as for fu ll anneal o f  steel, or in the case o f  other metals the tem pera
ture required to remove all traces o f  cold work or previous forms o f  Heat 
trea tm ent. The furnace is held until all the com ponents have reached the 
tem perature and then for a further period which may be as short as 20 min or as 
long as 2 h .  The heat source is then removed and furnace and load allowed to  cool.

This technique will ensure tha t the com ponent are in the fully softened, stress- 
free condition. There will, however, be considerable grain growth as the parts will 
invariably be held for a considerable time above the temperature at which this 
occurs. This can result in machining problems, since large grains result in a poor 
finish, and there will be a reduction in the ductility as a large-grained structure will 
generally be more brittle than a fine-grained structure o f  the same hardness.
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The technique is expensive in capital equipment as the furnace will be occupied 
for long periods, and will have a shorter life because o f  the repeated heating and 
cooling stresses. Finally, this annealing method is expensive in fuel as the furnace 
has to be heated from cold with each load o f  work. Provided the rate o f  cooling is 
correctly controlled, and the heating rate adjusted when necessary, there is seldom 
any technical advantage over the fu ll anneal with this method.

Controlled Anneal
The term generally applied to variations o f  the fu ll annealing procedure, where 
either for the purpose o f  further cold working , but more generally where the 
magnetic properties o f  the material in question must be controlled, the rate o f  
heating, and more particularly the rate o f  cooling is carefully controlled; it can 
refer to  any metal.

This operation , very often in addition to  requiring control o f  the speed o f  
heating and cooling, will necessitate the use o f  some form o f  controlled a tm os
phere. Where iron, or very low carbon steel is used in transformer manufacture, or 
where the steel in question is being used for armatures or cores in electrical relays, 
then the annealing will specify a rate o f  heating which is reasonable, and will 
tightly control the rate o f  cooling through various temperature ranges. For example 
it is com m only required that the material be heated to 870°c plus or minus 10 °c  
and held there for 3 -5  h. This is to allow a certain grain growth which in some cases 
will be preferential, depending on the previous work hardening history. The com po
nents will then be cooled from 870°c to , for example, 500°c at a rate o f  5 0 °c  per 
hour, and then continued to cool at a slightly faster rate to  approx. 300°c .  The 
com ponents  can then be cooled at any desired rate. As stated, this whole process 
will be carried out in a controlled atmosphere which may be o f  a neutral type such 
as produced by normal hydrocarbon gases, or contain nitrogen and hydrogen to  
give a specific am ount o f  decarburization at the surface o f  the material being 
treated.

Many o f  the Controlled annealing operations are proprietary, and are used to 
produce specific properties on highly controlled materials. The term can be applied 
to  non-ferrous materials, but generally there is less scope for controlling grain size 
and producing directional properties.

Cyanide Harden
A form o f  surface hardening which uses the cyanide salt bath as the medium to 
impregnate the surface o f  steel having the carbon and nitrogen necessary to  give 
this hardening.

The process can be used with a wide range o f  plain-carbon and low-alloy steels, 
provided the carbon content is below approximately 0.25 per cent. The process 
is essentially a compromise between carburizing and nitriding. With the carburiz- 
ing process, the iron on the surface combines with carbon at a temperature in 
excess o f  8 0 0 °c ,  and the process will always result in excessive grain growth,
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requiring a subsequent refine trea tm ent to recover the grain size and also to  achieve 
the necessary surface hardening. The Nitriding  process is carried out at a tem pera
ture o f  approx. 500°c , where the surface iron combines with nitrogen to form the 
hard iron nitride. This process makes use o f  relatively expensive ammonia gas and 
is a long-term Heat treatm ent com monly requiring a time in excess o f  50 h at 
temperature. With this, there is no grain growth and the surface is inherently hard 
requiring no subsequent treatment.

The Cyanide treatm ent makes use o f  salts o f  mixed sodium and potassium 
cyanide which are melted by heating, generally by gas. The cyanide com pound 
consists o f  an atom o f carbon combined with an atom o f  nitrogen, and a third 
radical will be present, such as sodium or potassium, to give the solid salt or hydro
gen to form the gas hydrocyanic, HCN. If  the salt bath is used at a high tempera
ture in excess o f  8 0 0 °c ,  the case produced will contain very little nitrogen and will 
be, in essence, a carburized case. If on the o ther hand the salt bath is used at a 
temperature as low as 5 0 0 °c ,  the case produced will contain  very little carbon, 
and will be almost equivalent to  a nitrided case requiring the same long-term 
immersion to achieve any appreciable case depth. It is this ability to choose any 
temperature between approx. 6 5 0 °c  and 8 0 0 °c  which makes Cyanide hardening 
an attractive m ethod of  surface hardening. This means tha t the method can be used 
as a flexible tool, with the tem perature chosen to  coincide with the hardening 
temperature o f  the alloy steel being surface hardened if desired. In the case o f  plain 
carbon steel the chosen temperature can be low enough to  prevent the full harden 
and inhibit grain growth. Thus, direct quenching from the Cyanide hardening 
temperature will result in a hard case with generally acceptable grain growth, with 
a core having no excessive grain growth and considerable ductility.

The technique is that the mixed cyanide salts are m elted, the components to 
be treated are cleaned and thoroughly dried and immersed in the molten salt at 
the desired temperature which will generally be in the range 700°C-780°C. The 
higher the temperature, the faster the rate o f  cyanide penetration; but the greater 
the grain growth, the lower the ductility o f  the case and the higher the brittleness 
o f  the case. Case depth of 0.005 in (0.125 mm ) can be achieved in approx. 
20 -30  min. The com ponents are removed from the salt at the Cyanide hardening 
temperature and are quenched in water or oil to  achieve full surface hardening and 
are then tempered. The case will have hardness comparable to  that achieved with 
the Carburizing but will be more brittle. Normally the core properties will not be 
o f  the same high standard as obtained with a fully treated carburized com ponent.

Cyanide hardening is extremely convenient, with relatively low capital costs 
for equipment. It has a short process time and achieves a case o f  satisfactory 
hardness for most medium-duty purposes. This would not include components 
such as gears, where hardness plus ductility o f  the case and core are essential. 
The major disadvantage o f  the process is the high toxicity o f  the salt itself and 
the problem of treating the quench water. Most local authorities will not now 
accept cyanide at levels above five parts per million, and many authorities with
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sophisticated sewage plants will have limits o f  one part per million cyanide. These 
limits will generally preclude the use o f  a cyanide salt bath unless an effluent- 
treatment plant is available. The cost o f  effluent treatment will be expensive, and 
if  the plant is required for the sole purpose of treating the effluent from the 
Cyanide hardening section, then it will generally be more economical to carry out 
some alternative treatment. The nearest alternative is carbonitriding with carburiz- 
ing being an obvious second if suitable plant is already available.

Cyclic Anneal
This process is used only on alloy steels. It is a two-stage process which is very 
useful with materials which are difficult to soften. These are the more highly 
alloyed steels, in particular the relatively high-chromium steels containing nickel, 
m olybdenum or tungsten. If these are hardened by any previous treatment, it will 
be found either that they require excessively long times at temperature, or that an 
excessively high temperature is necessary in order to reduce the hardness to a 
satisfactory level for machining.

The Cyclic annealing process takes the components to above the upper critical 
temperature, probably 850°C-950°C, holds them there for approx. 1 h and then 
transfers the components to  a second furnace held at 650°c .  The components are 
heated at 6 5 0 °c  for 2 h  and then transferred to the original furnace above the 
upper critical temperature for a further period o f  approximately 1 h. The com po
nents are then retransferred to the furnace at 6 5 0 °c  and held there for a further 
2 h .  With the majority o f  steels, the two cycles are sufficient and the components 
can then be cooled to room temperature.

With some of the more complex high-tungsten, high-carbon materials, further 
cycles may be necessary. This procedure results in balling or spheroidizing o f  the 
carbides involved, and tempering the matrix of the steel. This means that the 
cutting tools can more or less ignore the spheres or balls o f  hard carbide and cut 
their way through the tempered martensite. Cyclic annealing will almost always 
be used to improve ‘machinability’ and there will then be a final hardening and 
tempering. The fact that the Cyclic anneal when correctly carried out results in 
fine, well-dispersed carbides, means that this subsequent hardening can be 
efficiently carried out. The treatm ent is also known as spheroidal anneal.

Double Temper
A Heat treatm ent technique, required only on steels which are highly alloyed, and 
thus have slow transformation times. This can result in an increase in hardness 
which is considered to result from the final transformation o f  any retained 
austenite to martensite.

The treatm ent is most im portant when the materials involved are used to manu
facture any com ponent which must be dimensionally stable throughout its life. 
The transformation o f  austenite to martensite results in dimensional changes.

It is considered that the Double temper is required because the quench following
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hardening has been too severe and, thus, by controlling the quench rate, the second 
temper will not be necessary. There is, however, the possibility that, w ithout a 
rapid enough quench, the best possible properties will not be obtained from the 
steel, and thus ‘overhardening’ followed by Double tempering will be the most 
satisfactory procedure.

For some steels which are less highly alloyed the Double temper is used to 
ensure that no stresses remain following the hardening operation.

Flame Harden
A form o f  surface hardening which is generally applied only to  specific steels. The 
steels involved are o f  the medium-carbon variety; but it is possible to  use this 
process in a less efficient m anner on low-carbon steels, where the degree o f  
hardening will be relatively slight, and also on higher-carbon alloy steels, where 
there is some danger that their ‘hardenability’ will result in too rapid a demarcation 
between the case produced and the core.

The process uses the normal flame either with oxyacetylene or any o f  the other 
hydrocarbon gases, with oxygen, which gives a high enough temperature. The 
principle o f  the operation is tha t the flame temperature is considerably above 
the required hardening tem perature and, thus, the surface o f  the com ponent will 
reach the critical temperature before the core can be heated by conduction. As 
discussed in detail in this book under Hardening, this requires that the steel in 
question has a certain critical am ount o f  carbon and is taken to  above a specific 
temperature, which depends on the analysis o f  the steel but will be in the region 
750 C-900 c.

To achieve full ‘hardenability’, it is then necessary to rapidly cool the steel. 
It will be seen that with Flame hardening the time to bring the surface to  the 
required temperature will be critical. The longer the time involved, the greater the 
thickness o f  steel which will be above the critical temperature as conduction will 
ensure that the heat is taken inwards. In addition, the surface o f  the steel will be 
taken well above the critical tem perature, resulting in undesirable grain growth 
which can give excessive brittleness. It will also be seen that, if  the correct time 
is chosen, then very efficient quenching can be achieved as the core o f  the material 
will be below the critical hardening temperature. This can be used to dissipate the 
heat, ensuring a highly efficient quench, with the heat being removed from the sur
face by the quench and drawn to the core by the mass o f  cold steel at the centre.

The advantage o f  this process is that components can be hardened locally in an 
economical manner. Of all m ethods o f  local surface hardening, Flame hardening 
is the cheapest. Provided that the distance o f  the flame tip from the com ponent 
and the speed o f  movement between the flame and the com ponent relative to  each 
other is controlled, and the flame temperature is maintained, then com ponents  
will be hardened in a reasonaly reproducable manner. It must, however, be appre
ciated that control o f  the flame to within the normal temperature limits used by 
heat treaters is impossible. When it is realized that the difference between good
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and poor-quality hardening can be to  the order o f  ± 20°c ,  it is seen that the range of 
temperature with the oxyacetylene flame is unacceptable for a high-quality process. 
The temperature o f  the flame, with the best possible control, can vary from 
30 0 0 °C -3 1 0 0 °c  and, with normal control, will vary between 3000°C-3350°C. 
When these figures are accepted, the difficulty o f  controlling Flame hardening 
is appreciated.

The process can be compared with carburizing, cyanide hardening and induction  
hardening. It will always be much cheaper than any o f  the above, and particularly 
so regarding the cyanide process or carburizing for small-quantity production. 
Flame hardening is technically and economically comparable to  induction hardening, 
where it is possible to achieve much tighter control o f  the temperature required on 
a mass-production basis; but because o f  the relatively sophisticated equipment 
required, the capital cost will generally be more than with Flame hardening. Because 
o f  the relative inflexibility o f  induction-heating coils, there will always be a 
demand for the process where com ponents are large or awkward in shape.

Steels used are generally in the 0.3-0 .5  per cent carbon range. With these, there 
is sufficient khardenability’ and the reaction time is low. With alloy steels, parti
cularly those containing appreciable amounts o f  chromium, it generally is found 
that they are too sluggish and, thus, are not ideal where this rapid process is desired.

Under some circumstances it can be technically and economically desirable to 
Flame harden com ponents which have been previously carburized. This is most 
often the case when an all-over process is economically desirable but for technical 
reasons only specific local areas are needed in the hardened condition.

Flame hardening, therefore, is a useful method for com ponents o f  reasonably 
low mechanical duty which are not produced in high numbers and which have 
peculiar geometrical shapes or are large in size. Where high-production quantities 
are involved, then Induction hardening will generally be found to be more econo
mical, and permitting higher technical control. Where mechanical integrity is 
essential, com ponents  should be hardened using carburizing or nitriding processes. 
Flame hardening should never be used where any serious consequence may arise 
from failure o f  the hardened surface.

Full Anneal
The term implies that the material in question has had all cold working removed 
and where possible has been fully recrystaliized. It can be applied to all metals. 
With steel, this means that the parts in question have been taken above the upper 
critical temperature and held there for approximately 4 5 m in  to l h  and then 
cooled under conditions o f  equilibrium. This means that the cooling rate is such 
that no iron carbide is retained in solution and, thus, the material is in its softest 
possible condition. It will generally be found that considerable grain growth occurs 
during this operation. This means that the material will be in a weaker condition 
with, in some instances, a reduction in ductility over the ideal.
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The rate o f  heating will not in itself be critical, but with complex components 
and some o f  the more highly alloyed steels it will be necessary to  heat at a reason
ably slow rate in order to obviate any danger o f  cracking due to  heat shock. The 
common methods o f  slow heating are either to  heat in the furnace from room 
temperature, which is expensive and seldom essential or, more economical and 
satisfactory in the majority o f  cases, to preheat in a furnace in the range 500°C- 
6 5 0 °c  and transfer the com ponents from this furnace to the annealing tempera
ture. These two stages will ensure that the rate o f  heating is slow enough to prevent 
cracking or excessive distortion.

The annealing range for steel will be between 7 0 0 °c  for high-carbon materials 
to approx. 9 5 0 °c  for low-carbon materials and highly alloyed materials, and is 
identical or slightly higher than the hardening and normalizing temperature range. 
The time at temperature will vary, again depending on the alloy content. For 
plain-carbon steels and simple alloys where no element such as chromium, 
molybdenum, vanadium, tungsten, etc., are present a time at temperature o f  30 
min per inch o f  ruling section will be sufficient. With more highly alloyed materials, 
this time may require to  be considerably increased, and for certain complex tool- 
type steels times in excess o f  24 h may be necessary. This time can be reduced by 
increasing the temperature where possible, and the skill o f  the heat treater is 
required in this instance to balance the undesirability o f  excessive time or ex
cessively high temperature.

The rate o f  cooling will also depend on the alloy element present. This can 
vary from cooling the com ponents in the furnace itself, which in general is un
economical and comes within the heading Classical anneal, to, with low-carbon 
mild steel containing no alloying elements, cooling in sand or ashes. With alloy 
steels containing small am ounts o f  nickel or chromium, a satisfactory method 
is to heat the com ponents in containers with sand, ashes, turnings or some other 
suitable inert material. This procedure regulates the rate o f  heating, and when the 
container is removed ensures that cooling is carried out at a reasonable speed to 
prevent the formation o f  any undesirable metallurgical structure.

This Full annealing procedure will be required when com ponents are subjected 
to  excessive cold work such as deep-drawing operations, which then require to be 
further drawn or cold worked. A Full anneal ensures complete recrystallization o f  
the grain structure.

Gas Carburize
A treatment to produce a high carbon surface, which can be applied only to steel.

The components are loaded into a specially designed furnace into which is fed 
the gas used to produce the carbon-rich atmosphere. The furnace can be heated by 
any conventional method, but will o f  course be gastight and almost invariably will 
have forced circulation. The gas may be produced from town gas, natural gas or a 
manufactured gas, which will normally require to be enriched; it is more usual 
with modern equipment to  use propane gas. The enriched gas in contact with the
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com ponent will be a mixture containing carbon monoxide, carbon dioxide, hydro 
gen, water vapour, methane and butane. Unless these are present in controlled 
proportions and carburizing potential will not be achieved. Further information 
will be found under this heading in this section Heat Treatment.

Graphitization
A heat treatment process o f  a specialized nature which is applied to steel and, 
under some circumstances, to cast iron.

The process, in essence, is a form o f  annealing in which the carbon present as 
iron carbide, and therefore hard or hardenable, is converted to graphite which 
has certain ‘machinability’ characteristics and does not take part in any hardening 
operations either by heating or by work hardening. The difference between con 
ventional annealing of steel and Graphitization is that with the former process 
the structure formed will generally be ferrite and pearlite, where the carbon re
mains as iron carbide but in a soft condition, but Graphitization converts the iron 
carbide to ferrite and graphite and, thus, permanently softens the material. With 
normal annealing the structure can be converted into a harder material by some 
form o f  Heat treatment.

Graphitization requires that certain constituents are present in the material 
being treated, and that specific temperatures are used. It can, thus, be carried out 
only i f  the chemical analysis o f  the material is correct. It is a specialist treatment 
not com m only carried out with modern materials where the same effect can gen
erally be obtained by alternative and more economical methods. An exception to 
this is spheroidal cast iron, which, provided the analysis is correct, can have iron 
carbides converted to graphite by controlled heat treating. With steel, an alternative 
would include the addition o f  free machining constituents such as sulphur or lead 
during steel manufacture. With cast iron, control o f  the analysis will result in the 
desired am ount o f  graphite, but as stated above this may require a controlled heat 
treatment to  ensure that the carbide breaks down without the graphite already 
present altering its form.

The process requires that the com ponent is taken above the upper critical 
tem perature o f  approx. 850°C-900°C and after a specified time transferred to a 
furnace at 6 5 0 °c .  Thus, it has some similarity to cyclic annealing. Because o f  the 
variety o f  materials involved, especially with cast iron, users are advised to contact 
the technical authorities for detailed information. The British Cast Iron Research 
Association (BCIRA) are suggested for cast irons.

Hardening
Hardening is generally accepted as being applied only to  steel and describes the 
Thermal trea tm ent, using quenching as a means o f  Hardening. Under certain 
circumstances Hardening can be achieved by cold working , and it is possible that 
the term ‘Hardening’ is on occasion loosely applied in this context. The following 
inform ation, however, is restricted to the thermal hardening o f  steel. Information
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on Hardening by cold work, is given under the heading Work Hardening, and the 
hardening o f  non-ferrous materials under Precipitation Hardening.

Steel is an alloy o f  iron and iron carbide, and it is because iron exists in several 
states, one o f  which is capable o f  dissolving iron carbide, that Hardening of  steel 
is possible. It is this ability o f  steel to vary its mechanical properties through a wide 
range o f  conditions that allows engineers to design and manufacture the large range 
o f  products which exists at present.

The procedure for Hardening requires that the steel being treated has a carbon 
con ten t in excess o f  0.05 per cent and that the carbon present in the steel exists 
as the compound iron carbide, com m only called cementite, with the chemical 
formula Fe3 C. When the steel is heated below 6 0 0 °c ,  no reactions occur, and the 
steel will consist o f  iron in the alpha or ferritic state and iron carbide. When the 
steel reaches a temperature o f  approx. 700°c, the iron starts to be convened to 
the state known as gamma or austenitic iron. It is this austenitic iron which is 
capable o f  dissolving the iron carbide, and dissolving or iron carbide in the austeni- 
tic iron continues as the alpha iron is converted to  the austenitic state. A second 
critical temperature exists above which no alpha iron can exist and all iron ibove 
this temperature will be in the austenitic state and is thus capable o f  dissolv.ng all 
the iron carbide.

One o f  the complications o f  heat trea tm ent o f  steel is that this second critical 
tem perature is a variable depending on the carbon content o f  the steel and varies 
from approx. 900°c with 0.05 per cent carbon to  approx. 700°c, where it meets 
the initial temperature o f  conversion o f  alpha iron to austenite at approx. 0 8 per 
cen t carbon. This is shown in a well-known diagram for iron carbon.

900° c V Gamma 7  iron-
austenite

7 0 0 °c Alpha a  iron-
ferrite
0 .8%c

If  the steel is held for the necessary am ount o f  time in the austenitic state, tken all 
the iron carbide present in the steel will be dissolved and held in solution in the 
austenite.

I f  now the steel is slowly cooled, the iron carbide will be allowed to  drop 3Ut of 
solution and will return to  its normal soft s tate, where alpha iron and iron cirbide 
exist. If, however, the steel is cooled rapidly by quenching in water or oil, then 
the  iron carbide will be trapped in solution in the  alpha iron and this sets up 1 state 
o f  strain, resulting in an increase in hardness and tensile properties, thus firming 
a new metallurgical condition known as martensite .

The skill o f  the hardener is employed to  ensure that,  first, all the availabe iron 
carbide is taken into solution in the austenitic iron. This requires that the irate rial 
m ust be above the critical tem perature where all the alpha iron is converted to  the
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austenitic state. Secondly, he must ensure that the steel is held at this temperature 
for sufficient time to allow all the iron or alloy carbide which may be present to 
become dissolved. With some alloy steels this can be a relatively lengthy process. It 
is undesirable to hold the steel at too high a temperature, or for too long at the 
correct temperature, as grain growth will then occur, resulting in brittleness in the 
finished com ponent.

The heat treater must, therefore, carefully judge the size o f  the com ponent, the 
material being heat treated, and assess the dimensions to ensure that all these 
critical factors are looked after. In many cases the heat treater will be able to follow 
specific instructions supplied by the planning department or the laboratory, inform
ing him o f  the temperatures and times necessary for each steel. While this reduces 
the responsibility o f  the heat-treatment operator to some extent, different sizes o f  
component will o f  course require different Hardening times and the handling o f  
the com ponents during quenching requires considerable skill.

The choice o f  quenching medium whether it is water or brine, or a slower type 
such as oil or even air, will probably be decided by the material being used. There 
is, however, some flexibility depending on the size o f  the com ponent, and the 
operator should be skilled enough to  realize, for example, whether the com ponent 
is softer than desired and the correct material and temperature have been used. 
It will be possible to increase hardness by altering the quenching medium from, for 
example, oil to water.

Immediately after Hardening the majority o f  steels will be in a brittle, hard 
condition. Many o f  the medium- and high-carbon steel alloys will be so brittle that 
they will fracture with very little abuse and certain o f  the more exotic steels can in 
fact fracture from the internal stresses resulting from the Hardening operation. It 
is, thus, essential that all com ponents are tempered as soon as possible after 
Hardening and certainly tempering  o f  all medium- and high-carbon steels with or 
without alloy elements should be carried out within hours o f  quenching.

It is good practice that one com ponent in a heat-treatment batch should be 
hardness tested in the as-quenched condition, to test whether or not good 
hardening has been achieved. The hardness will vary within relatively wide limits 
for any one material, depending on the geometry and size o f  the com ponent. It 
should, however, be possible to obtain the same hardness value within very narrow 
limits from all com ponents o f  the same shape in the same material at any time and, 
it is desirable that the ideal figure should be ascertained during the planning stage, 
and this should be the lowest acceptable figure throughout. This practice will 
ensure that good-quality Hardening is carried out at all times. Any reduction in 
hardness from the standard would indicate faulty quenching, incorrect material 
or temperature, and should result in the parts being rehardened or the material 
queried. Any increase in hardness from the norm will indicate problems and should 
be investigated as it could result in brittle or too-soft components.

The importance o f  making sure that the com ponent is in the hardest possible 
condition is not always appreciated as the temper which should invariably follow
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the Hardening operation results in a reduction in the hardness o f  the com ponent. 
It must, however, be appreciated that the hardness value measured is some indica
tion o f  the ‘ultimate tensile s trength’ o f  the steel. It is not an accurate measurement 
o f  the ‘p ro o f ’ or ‘yield stress’ o f  the material, and this property  can vary co n 
siderably depending on the efficiency o f  the Hardening operation. It is not possible 
to measure the 4p ro o f 9 or y ie ld  strength9 o f  any material by any means except 
tensile testing. This is expensive and there can be considerable difficulty in making 
certain that the tensile test piece does in fact represent the com ponent being tested.

Hardening o f  steel is a unique metallurgical process o f  considerable im portance. 
If surface hardening is all tha t is required, then alternative methods are chromium  
plating , various forms o f  metal-spray or electroless nickel plating Hardening by 
work hardening with materials or com ponents o f  simple shape is possible, but will 
never be as flexible, and seldom as satisfactory, as Thermal Hardening.

Hardening has the unique ability to  increase the ‘elastic lim it’, \yield p o in t’ or 
4p ro o f strength9 o f  steel and also to increase the hardness or ‘ultimate tensile 
strength’ o f  the material. Correct choice o f  material affects the possibility o f  
increasing tensile properties, w ithout at the same time reducing the ductility 
o f  the steel involved. No other process can effect this improvement in the range o f  
steel properties.

It is possible with good-quality hardening, and tempering, to obtain mechanical 
properties with mild or low-alloy steels identical to those obtained with poor 
quality heat-treatment or no heat trea tm ent at all on more expensive higher-alloy 
steels. G ood design, planning and quality control ensure that the correct quality 
steel is chosen and then correctly treated.

Homogenize
A form o f  Heat treatment applied to  any metal; it is an alternative term to 
normalize , where steel is taken to  above the upper critical point, causing recrystal
lization, and held at that temperature for sufficient time to ensure complete 
recrystallization, then cooled at a reasonable rate in air.

The term Homogenizing can be applied to any material, in fact, which can be 
recrystallized and, thus, the effect o f  variations in cold work and heat treating 
are eliminated. Homogenizing should not be used as an alternative term for 
annealing, which, while usually resulting in Homogenizing, is intended as a 
softening process. Homogenizing may no t result in complete softening since cooling 
in air under m any circumstances will result in some degree o f  hardening being 
achieved.

Hydrogen Anneal
A form of Heat treatment applied to a range of  materials, including steel, copper 
alloys, nickel alloys and, under some circumstances, aluminium alloys. This pro
cedure is not suitable for use with titanium or its alloys as these materials form 
brittle com pounds with hydrogen which diffuse into the matrix. With this
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exception Hydrogen Annealing can be used for all common metals used in 
engineering.

The process results in an identical metallurgical condition to that obtained by 
standard annealing, while being carried out in a hydrogen atmosphere. Thus, no 
air is in contact with the material and oxidation is eliminated. Given the correct 
conditions of time and temperature, the components will be removed from the 
Hydrogen Annealing process in the soft condition, the surface being either free o f  
oxide, or in the same condition as when the components entered the furnace. 
However, it is possible with this process for oxide on the surface to  be removed 
by reduction and, thus, the material can be removed from the furnace in a brighter 
condition than it entered. This is not a recommended practice as peculiar condi
tions o f  intergranular attack may occur under certain circumstances. It is, there
fore, advisable that com ponents are thoroughly cleaned, with particular emphasis 
on the removal o f  oxides and any oil. The com ponents are then placed in the 
hydrogen furnace, taken to the required temperature and then slowly cooled to 
comply with normal annealing conditions.

The annealing furnace can be o f  the ‘hum p-back’ type, whereby a conveyor 
enters the furnace and moves up a slope into the hydrogen atmosphere as it enters 
the heated zone. Hydrogen is fed in at the bo ttom  o f  the hill and leaves at the 
peak, being burned at the exit. The com ponents increase in temperature to the 
maximum at the peak o f  the slope and are reduced in temperature as they move 
downwards, leaving the hydrogen atmosphere. This equipment is ideal for small 
mass-production-type components. Alternatively, the com ponents can be installed 
in a heat-resistant box with the lid either welded in position, or clamped. Con
siderable care must be taken to ensure gastight seals, as hydrogen and air form an 
explosive mixture. The use o f  specially designed furnaces is recommended where 
high production and efficiency are required.

If steel is maintained for any length o f  time above approximately 800°C- 
900°c in dry hydrogen, then a limited amount o f  decarburization will occur. 
This will be to a lesser extent than in an oxidizing atmosphere, but it is a defect 
which must be accepted if  long-time Hydrogen annealing is essential. With high- 
duty  com ponents subsequent machining o f  the surface is essential, thus reducing 
some o f  the advantages o f  Hydrogen annealing.

Hydrogen annealing is comparable with annealing in inert atmospheres, such as 
nitrogen or argon, where there is no danger o f  decarburization , but at the same 
time some positive reduction o f  oxides can be achieved using hydrogen. Vacuum 
annealing is also comparable, the same remarks applying as to inert gas annealing. 
Nitrogen annealing is probably the cheapest form with the Hydrogen process next 
cheapest, vacuum  and argon annealing are the most expensive.

Induction Harden
A form of hardening which can be applied only to a limited number o f  steels. 
It makes use o f  the technique o f  Induction heating and will be technically similar
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or identical to  flam e hardening, while the m e th o d  can be used to  harden steel 
throughout its section, this will seldom or never be econom ical, and in the m ajority  
o f  cases the result o f  Induction hardening is tha t only the surface o f  the steel is 
heated.

As stated under the heading Induction heating in this book , where the frequency 
used is high, then this will have the effect o f  heating only the skin or surface o f  the 
steel. As frequency is reduced, so this skin effect becom es less. It will, therefore, 
be seen that where case hardening is required, high-frequency Induction  heating 
is the more useful, and as with normal steels, it is a requ irem ent tha t this takes the 
surface o f  the steel to  above the necessary critical tem peratu re .  The steel, then, 
must be heated to above the critical tem perature to  ensure tha t all the carbides are 
in solution, and is cooled rapidly enough to  form  the unstable, hard  consti tuen t 
known as martensite.

Because Induction heating is a very rapid m e thod  o f  heating  steel, the surface 
temperature is rapidly increased to  above the critical po in t,  while the core or 
centre o f  the steel is still cold. Thus, when the source o f  heating is removed, by 
switching o ff  the heater or removing the steel from  the induction  coil, the metal 
surface is quenched and the actual rate o f  cooling will be very rapid as the cold 
core material will also remove heat from the surface. Thus, Induction  heating can 
be used as a means o f  surface hardening where the surface is very efficiently 
quenched. This can only be effectively applied to  a relatively narrow  range o f  steels. 
With the carbon content below 0.2 per cent, the effective ‘h ardenab ili ty ’ is too  low, 
and with carbon above 0.7 per cent, the ‘hardenab ili ty ’ is such tha t cracking is a 
high probability, exfoliation o f  the case is also possible, and  the core ductility  will 
be too low to  support this brittle case.

When any alloy content, such as chrom ium , m o lybdenum  and to  a lesser extent 
vanadium and nickel are present, then there can be sharp dem arcation  between the 
hard case and the soft core: with the increase in ‘hardenab ili ty ’, there is a lessened 
area o f  steel which will be incorrectly hardened. Unless good dem arcation  exists 
between case and core there will be a plane or weakness, and this can result in 
flaking o f  the hard case, called exfoliation, along this plane o f  weakness which is 
parallel with the surface. This is particularly dangerous with shallow case depths.

Induction hardening is, therefore, o f  m ost use w ith m edium -carbon steels with 
little or no alloy content. Steels in the range 0 .3 -0 .5  per cent carbon are those 
most popularly used. Case depths from 0.005 in (0 .125  m m ) up  to  0.1 in (2.5 mm) 
are commonly found, and in some circumstances, cases o f  greater dep th  are used.

Where alloy steels with high ‘hardenability’ are required to  have a high surface 
hardness, it is recommended that consideration is given to  the double-hardening 
technique, in which two successive heating cycles are em ployed. The first cycle 
will be slightly longer, and on removal from the hea t source, the steel is air-cooled. 
This is followed by the second, shorter cycle and quenching. The contro lled  tech
nique ensures that a good demarcation is in fact produced .

In addition to Induction hardening o f  plain carbon steels, this m e thod  can be
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used to  locally harden com ponents  which have been carburized all over. This is a 
form o f  selective hardening. Using the same idea, Induction heating can also be 
used for selective annealing.

The technique, then, is similar to  flam e hardening as a m ethod of  heating, but 
here greater control o f  the variable parameters is possible.

Isothermal Anneal
A form o f  softening applied only to  steel. With this, the material is taken to above 
the upper critical tem perature , and held at this temperature for between 20 and 
3 0m in  per inch o f  section. The furnace is then cooled to just below the lower 
critical tem peratu re ,  or the parts transferred to a second furnace at this tem 
perature. They are held at this tem perature for sufficient time to  ensure the com
plete transform ation  o f  all the austenitic  phase to pearlite.

This annealing form is usually applied to those steels which are difficult to 
soften. It has the advantage over the classical method, where the parts are cooled 
to am bient inside the furnace, that expensive furnace equipment is not tied up for 
long periods. There is also greater control o f  grain size and less danger o f  producing 
undesirably large grains. Superior results can generally be achieved more econom i
cally used cyclic  or spheroidal annealing.

Magnetic Anneal
A specific type o f  Heat trea tm en t which is applied to a series o f  iron-nickel alloys. 
This results in the production  o f  a magnetic effect where the hysteresis loop is 
almost rectangular. The procedure is that the material is heated to above a certain 
critical tem peratu re  which will vary depending on the alloy used. It will be above 
600°c and can be as high as 8 0 0 °c .

It is then cooled to  a tem pera tu re  o f  approximately 5 0 0 °c  and is held at that 
tem perature in a magnetic field, then slowly cooled to room temperature while 
held in this magnetic field.

The result is tha t the material has greater permeability, that is, it will be a 
stronger magnet, than if the trea tm en t had not been applied, but o f  equal if not 
greater im portance , is the fact tha t the material will then have a lower coercivity, 
tha t is, the magnetism remaining when the magnetic source is removed will be 
lower. It is these tw o properties which result in the rectangular hysteresis loop. 
It is also o f  im portance tha t the magnetic field drops rapidly to zero on removal 
o f  the magnetic force.

The material is then m ore valuable for com ponents such as the core in trans
former windings which require to  have high permeability for a very short period 
and as the magnetic force is reversed or removed must immediately lose their 
magnetism. The same property  is required for the armature o f  a contact type of 
mechanism which operates by magnetic attraction, but which must be released 
either to  open or close a circuit im mediately the magnetic field is removed.

Materials and processes are now  available which do not required that the
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material being treated is held in a magnetic force during the cooling cycle. These 
can be o f  the very low-carbon-steel type and the process applied is again referred 
to  as Magnetic annealing. In this case the material will be taken to  above the Curie 
point (the temperature where iron becomes non-magnetic). This will be approxi
mately 8 0 0 °c  and is then subjected to  a controlled cooling cycle. The details o f  
this will vary depending on the material involved and the magnetic requirements, 
but can involve controlled cooling over a 24-hour period.

Marage
A term applied to  a very narrow range o f  ferrous alloys known as Maraging steel. 
These contain approx. 20 per cent nickel, are very low in carbon, in the range o f  
0 .01-0.05 per cent, with other alloying elements such as cobalt being essential. 
This is a heat treating term for these specific steels. When these steels are hardened 
using quenching techniques, they form martensite in the normal manner, but 
because o f  the very small am ount o f  carbon present, this is o f  a relatively tough, 
ductile nature rather than hard. This means that it can be machined and shaped 
using the normal techniques available for production engineering.

When this fully hardened material is taken and held at a tem perature in the 
region 350°C-450°C, then precipitation occurs within the martensite, and will be 
similar in most respects to  tha t achieved in the precipitation hardening or ageing 
process, but in this instance achieves a dramatic increase in mechanical properties. 
The steel in the as quenched condition will be in the 4 0 -6 0  to n f in "2 tensile range 
(350 -500  DPN) and by the Maraging process these mechanical properties are in
creased to  120-140 ton fin"2 with 0.2 per cent p roof in excess o f  110 ton fin"2 , 
but with ductility measured as elongation in the 5-10  per cent range. This results 
in the strongest metal available for engineering use which has any measurable 
ductility.

These mechanical properties are comparable with many surface hardening 
processes, or materials in the through-hardened condition which would normally 
result in a very low ductility, o f  less than 1 per cent elongation.

The materials are expensive to produce and require carefully controlled heat 
treating, with attention paid to  the temperatures and time involved. Care is also 
necessary to ensure that only a limited am ount o f  cold work  is applied between 
the quench and the Maraging operation. Controlled cold work at this stage can 
improve the mechanical properties o f  the fully Maraged steel.

When correctly carried out, there is no comparable material which has the 
strength and ductility approaching that achieved by Maraging steels.

Marquench
A process applied only to steel and the term used for a specialist Heat treatment 
form. It is similar in many respects to austempering and martempering and, under 
many circumstances, these three terms are interchangeable. With Marquenching, 
the material is taken to above the upper critical temperature at which all the
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structure is transformed to  austenite, and then cooled to a temperature which 
allows the transformation o f  austenite to the desired martensitic type o f  structure. 
This very often involves quenching in hot oil or molten metals such as lead, or 
using modern techniques such as some form of salt bath.

As with austempering, the problem is that unless tight control is maintained 
over the mass o f  material being treated at any one time, then a very large range of 
metallurgical structures will be obtained and many o f  these either will be 
undesirably hard, or too soft and ductile. Again, as with austempering and martem- 
peringy the present process should only be used after considerable laboratory ex
periments have been carried out and the conditions required carefully recorded and 
a procedure instituted to  ensure that these are maintained at all times.

This is a sophisticated form of hardening and tempering and, when correctly 
carried out, will result in less distortion, slightly or considerably better mechanical 
properties, depending on the alloys involved and the dimensions o f  the component. 
It is an economical means o f  achieving the same end-product but, as stated above, 
considerable control is necessary. The technique is not advised for the jobbing type 
o f  Heat treatments or where batch-size control is not possible.

Martemper
A specialist Heat treatment applied only to  readily hardenable steel. It is similar to 
austempering and marquenching and, under many circumstances, these three 
terms can be used to  describe the same process or a very similar process.

In essence, the com ponents are taken to above their upper critical temperature 
at which the structure is converted to austenite. The material is then quenched in 
a liquid salt bath. One difference accepted between austempering and the present 
process, is that here liquid media are used for the conversion o f  austenite to marten- 
site while the former uses air. This rule, however, has many exceptions, depending 
on the geography and industry involved.

As with austempering and marquenching , the problem is tha t the mass o f  
material being treated is very critical and, thus, specific conditions must be found 
and held within very fine limits with different masses, and for most types o f  Heat 
trea tm ent, these conditions preclude the use o f  Martempering as an economic 
proposition. However, where it is economically and technically possible to  have 
tight control over the size o f  batches, then the process can result in an economical 
m ethod of Heat treatment which will result in improved mechanical conditions 
when compared with conventional forms of  hardening and tempering.

Nitride
A surface hardening process which is applied only to certain qualities o f  steel. The 
result is the hardest surface to which steel can be taken by Heat treatment.

The process consists o f  holding the components in an atmosphere rich in atomic 
nitrogen, this being obtained from ammonia at a temperature o f  approximately 
5 0 0 °c .  The process is lengthy, taking anything up to lOOh o f  continuous pro
cessing at the correct temperature.
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In theory the Nitriding process can be applied to any steel, but in practice it 

will be found that a large num ber o f  steels either will not Nitride at all, or the 
result will be a patchy surface with soft areas.

The theory is very similar to that which applies to carburizing, where by e n 
riching the temperature at the steel surface with active carbon the com pound iron 
carbide is formed and diffuses into the steel. With the Nitriding process the a tm os
phere at the surface is enriched with atomic nitrogen and, provided the conditions 
o f  the steel surface are correct, this nitrogen will combine with the surface iron to  
form iron nitride, which then diffuses away from the surface. This iron nitride 
has the chemical formula Fe3 N, is a very hard substance and once formed requires 
no  further heat treating to achieve a high degree o f  hardness, this hardness being a 
function o f  the am ount o f  iron nitride which has formed at the surface. The ex ten t 
o f  the hardening, that is, the case depth, will depend to a limited ex tent on the 
temperature used, but will be highly dependent on the length o f  time that the co m 
ponents have been held at the correct temperature and proper control o f  the 
ammonia gas.

The Nitriding process is expensive and, thus, must be carefully controlled at all 
stages. As stated, only a limited number o f  steels can be guaranteed to Nitride 
correctly. These steels are generally in the medium-carbon range, 0 .25-0 .35 per 
cent carbon, and must contain some vanadium or aluminium to ensure that correct 
Nitriding occurs. In general the steels will also contain chromium, molybdenum and 
very often nickel. A British Standard now specifies those steels which are suitable 
for Nitriding, under B.s. 970.

While other steels, particularly plain carbon steel, are often used for Nitriding, 
it will be found that where careful checking is carried out subsequent to Nitriding, 
soft spots are commonly produced where the iron nitride has not formed correctly. 
The Nitriding process is occasionally used to  produce a very thin case, and under 
these circumstances, a satisfactory though patchy case can be achieved with steels 
o ther than the alloy steels mentioned above.

When the process is applied, the chosen steel, usually in forging  form, should 
be normalized , then hardened and tempered  to  give the correct properties required 
for the core. These will generally be in the range 250-350  DPN (60 -80  to n f in -2) 
tensile strength. The chosen steel must be tempered  at a temperature not lower 
than approx. 550°c.

The hardened and tempered  com ponents are then machined to within 0.010 in 
(0.25 mm ) of  the finished size on all areas where these final dimensions will be held 
to  a tight tolerance. At this stage the com ponents are then stabilized. This is a form 
o f  stress-releasing, carried out for 2 h  at a temperature o f  520°C-530°C. As this is 
below the tempering temperature, it will not affect the final mechanical properties 
o f  the core, but as it is above the Nitriding temperature, it will ensure that this does 
not remove any o f  the stresses imposed during the machining cycle. The com po
nents are then returned to the machine shop and finish-machined, with great care 
being taken that no stress is imposed. Wherever possible this final machining either
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should be o f  a grinding type, or high-quality turning, using carefully controlled 
feeds and speeds to  ensure an absence of surface work hardening.

The com ponents should be machined to the finished dimensions, and it must 
be appreciated that the Nitriding process will result in some increase in size. This 
increase in size is o f  the order o f  0.00075 in (0.02 mm) in diameter and, since it is 
caused by the formation o f  the iron nitride during the process, it will be realized 
that the growth is a surface phenom enon and the overall dimension o f  the c o m p o 
nent has no effect on this growth. If no machining subsequent to Nitriding is to  be 
carried out, then allowances must be made for this growth and where necessary 
the com ponent must be machined to dimensions smaller than the drawing 
requirements.

The com ponents in the stabilized , fully machined condition must then  be 
cleaned. There is considerable experience to show that oily surfaces can inhibit the 
process, and it would appear that when an oxide film o f a certain type forms on 
the com ponent surface at an early stage of the process, then this will prevent 
Nitriding occurring. This oxide film need not be visible to  the eye.

The cleaned and dried com ponents are then placed in the furnace, and it will be 
appreciated that they must be carefully supported to  prevent distortion occurring. 
The tensile strength o f  steel at 5 0 0 °c  is relatively low, and thus unless correctly  
supported, it is possible that sagging or twisting can occur. There are several types 
o f  Nitriding furnace, the most com m on being the ‘top h a t ’ type. With this system , 
the com ponents are placed on a flat hearth and built up using supports to produce 
the furnace load. When this has been completed the ‘top h a t ’ or bell is then lowered 
to  cover all the com ponents and the seal at the rim is made. The seal can be one o f  
a number o f  types, but must be an excellent gas seal.

The sealed furnace is then heated and ammonia gas is passed into the cham ber. 
The critical temperature for the process is approx. 4 7 0 ° c ,  below which no a p p re 
ciable Nitriding occurs. Very little Nitriding will, in fact, take place until the 
com ponents  are at a temperature o f  4 9 0 °c ,  and most good-quality Nitriding is 
carried out between 4 9 0 ° c  and 500°C; it is possible to use temperatures up  to 
5 2 0 ° c  bu t there is some indication that above this temperature the case is less 
than satisfactory.

The control o f  the process is by temperature and the dissociation o f  the am 
monia gas. Ammonia has the formula NH3, and when an ammonia atm osphere 
is heated ‘dissociation' occurs. This means that a reaction which is reversible 
under normal circumstances occurs, to  give atomic nitrogen in constant co n tac t  
w ith the other constituents. It is the presence o f  this atomic nitrogen in the a tm o s 
phere in contact with the cleaned and active surface o f  the com ponent which allows 
Nitriding to  proceed. As stated above, this results in the formation at the surface 
o f  iron nitride and this com pound o f  iron and nitrogen can then diffuse tow ards 
the core o f  the com ponent.

At the end o f  the desired time the temperature is reduced while the gas is still 
in contact, and only when the temperature has dropped to  below approx .
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200°C-300°C should the gas be stopped and the furnace opened. Any earlier 
opening or reduction o f  the gas will result in the com ponents being blued.

On removal o f  the com ponents after correct Nitriding, it will be seen that they  
are bright in appearance and have little surface difference from the com ponents  
which entered the furnace.

Subsequent processing o f  a nitrided case must be carefully carried out. The case 
produced is extremely hard, being in the region 800-900  DPN as nitrided. This very 
high hardness means that the surface is extremely brittle, and on high-integrity 
components at least, no a t tem pt must be made to  grind w ithout removing by 
chemical means the extremely brittle surface layer. Lapping is a satisfactory 
m ethod, and it is common practice for com ponents to  be machined to finished size 
prior to Nitriding and for this lapping m ethod to  be used to  bring the nitrided 
com ponent to the finished size, tha t is, to remove by lapping the 0.00075 in 
(0.02 mm) o f  growth which should have occurred during the process.

The nitrided case in addition to being very hard is also compressive, and it is 
this high compressive stress which gives the correctly nitrided com ponent the im 
provement in fatigue characteristics. This also makes the finding o f  grinding cracks 
on a nitrided surface extremely difficult.

Any grinding carried out on the as nitrided surface will almost invariably result 
in grinding cracking. The surface is so brittle that, even with the greatest care, it is 
virtually impossible not to produce grinding cracks. This cracking may initially be 
only in the very hard, very thin, very brittle surface layer bu t will invariably propo- 
gate from this area into the underlying layer which will no t have sufficient ductility 
to  absorb these cracks. The fact that the nitrided case is so compressive, means 
that the cracks will be held shut and, thus, will be extremely difficult to  identify 
by all the normal means o f  crack detection. It will also mean, however, that the 
advantages regarding fatigue strength have been eliminated.

Where it is essential to grind subsequent to Nitriding, this very brittle thin layer 
must first be removed. This can be achieved by the lapping process described 
above, but can be more economically removed by chemical etching. This may be 
one o f  several processes, sulphuric acid etching  being the most commonly used. 
This is a form o f electropolishing whereby the surface layer o f  0.0005 in (0.012 
mm) is removed.

The advantages o f  Nitriding over o ther forms o f  surface hardening are that the 
hard surface is produced with no subsequent Heat treatm ent operations, thus there 
is a minimum o f  distortion. This is the principle reason why the process is used 
at present.

It is a fact, however, that the Nitrided surface is harder than with conventional 
case hardened processes such as carburizing or carbonitriding and has a higher 
compressive stress. In addition, the softening temperature o f  a Nitride case is con
siderably above that o f  these two alternatives. This softening temperature is in the 
region o f  300°c or even up to 4 0 0 ° c  for short periods.

Nitriding, being a lengthy process using ammonia, which is relatively costly, is
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an expensive case hardening method and wherever possible, alternatives should be 
considered. Some care is required in that the process o f  carbonitriding is sometimes 
referred to as ‘Nitriding’, and although this process can produce a satisfactory case 
for many conditions, there is no question that it is comparable in all aspects to the 
nitrided case.

Normalize
This treatm ent is only technically applied to  steel but the term is, on occasion, used 
for other purposes including the solution treatment o f  non-ferrous alloys. This is a 
misnomer, since the procedure recrystallizes, and ensures that the grain structure of 
steel forging  and casting is o f  a homogeneous nature.

The necessity o f  Normalizing results from the different treatments applied to 
steel during the forging operations, or the varying rate o f  cooling after casting. 
This will vary from batch to batch and, in many instances, within the same batch. 
These variations include the temperature used at the forge operation, dependent on 
the temperature o f  the forge ham mer, and the temperature o f  the billet at the 
beginning and end o f  the operation. This again will vary and in some cases can 
result in work hardening.

When the operation is completed, the forgings are allowed to  air-cool. This also 
causes considerable variation between components. Some are rapidly cooled, for a 
variety o f  reasons, others are held at the temperature for a considerable time and 
cooled very slowly because o f  the large mass o f  material in a pile o f  ho t forgings 
held in a still atmosphere. The forge structure, then, can contain a considerable 
am ount o f  the hard, brittle martensite, which gives steel its hardness, or have very 
large grain structure o f  ferrite and pearlite, comparable to that obtained in the 
fu lly  annealed condition. There can also be a considerable am ount o f  cold working , 
resulting in distorted grains.

Castings also vary, depending on the temperature at which the casting is knocked 
out o f  the mould and the m ethod of  cooling to room temperature. These hetero
geneous structures will exhibit different ‘machinability’ characteristics and can 
result in distortion occurring during service and have been blamed as the reason 
for excessive distortion during subsequent Heat treatment operations, in particular 
carburizing.

The Normalize treatment consists o f  taking the com ponents to  above the upper 
critical temperature, that is, the same temperature used fox annealing and hardening 
in the range 700°C-900°C, depending on the composition o f  the steel. The com po
nents must be carefully placed in the furnace so that they heat at an even rate. 
They are held at temperature for approx. 20-30  min per inch o f  ruling section and 
are then removed from the furnace and allowed to cool in still air.

This treatment results in the complete recrystallization o f  the grain structure, 
and as the time at temperature is controlled, and the rate o f  cooling from above 
the crystallization point is quite rapid, the grain growth is held to a reasonable 
am ount. As the com ponents cool in the air the rate o f  cooling will decrease by a
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measurable am ount at temperature approx. 6 5 0 °c  and, thus, there is little danger 
o f  cooling stresses remaining. These stresses will have time to relieve themselves 
during the relatively slow cooling from red heat to room temperature.

Normalizing is a valuable and economical treatm ent which should be carried 
out by the forging com pany or at the foundry. With many steels containing small 
am ounts o f  chromium and nickel at the 1 per cent level, the operation may result 
in the formation o f  some martensite to increase the hardness by an undesirable 
am ount. In these instances the Normalize should be followed by a subcritical 
anneal, or temper at 6 5 0 °c  for 2 h.

Pack Anneal
A m ethod of  annealing which can be applied to  all materials which are normally 
softened. The term covers two types o f  processes. First, there is the specialist 
process where sheet material is packed together so that air is excluded between 
the separate sheets, and where necessary, the sheets are bound together to ensure 
the absence o f  air. The pack o f  sheets is then heated in a furnace to  the necessary 
temperature, and because little or no air is now in contact with the surface, no 
oxidation will take place. This annealing m ethod is com monly applied to  inass- 
production processes.

Second, there is the process where individual com ponents are packed in a heat- 
resistant box together with cast-iron cuttings, sand or some other inert material. 
The box, with a close-fitting lid, is then inserted into a furnace and annealing is 
carried out at the appropriate temperature. Again, the result will be that the com 
ponents are softened with little or no oxidation at the surface. Care must be taken 
to  ensure that the com ponents are clean and dry prior to insertion, since any con 
tamination o f  the com ponents’ surface in the sealed box may result in serious 
surface damage. The choice o f  the inert material requires some care and, again, 
this material must be clean and dry.

The Pack annealing process is analogous in all ways to  o ther types o f  annealing 
with the exception that an effort is made w ithout using sophisticated equipment 
to  exclude air from contact with the surfaces during the heating cycle.

Pack Carburize
The traditional m ethod o f  carburizing, where the com ponents are packed in a 
heat-resisting box together with compounds, consisting o f  small pieces o f  charcoal, 
which have been surface-activated with carbonates. The loading in the box is to  a 
ratio o f  approximately four charcoal to  one o f  com ponents, and care is taken to 
ensure that a layer o f  charcoal separates the components. The box must be com 
pletely filled and fitted with a lid.

The furnace is heated to a temperature between 9 0 0 ° c  and 9 2 0 °c ,  the 
carburizing o f  the steel is the result o f  reaction between the activated charcoal and 
the air in the box to produce the essential gases which induce the formation o f  
iron carbides at the surface o f  the steel. Pack carburizing has now largely been 
superseded by gas carburizing.

H E A T  T R E A T M E N T  -  P A C K  A N N E A L
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Postheat
A general term which can be applied to any form o f  Heat treatment following on 
a previous process. In the main, however, the term is confined to that treatment 
carried ou t on many com ponents and assemblies following welding.

This Postheating will very often be referred to as stress-relieving and, in effect, 
results in the removal o f  all expansion and contraction stresses, or at least the 
majority o f  these stresses which occur during the welding process. This relieving of 
stresses is brought about by the fact that as the temperature o f  the part being 
heated is increased, so its yield strength is decreased. Any stress within the assembly 
greater than the yield strength, will result in ‘yielding’ or movement o f  the 
assembly. As this is a plastic deformation the movement will be permanent, but 
the stress will be removed. Considerable care is required in the temperature chosen, 
which, whenever possible, must be above that at which the assemblv will operate. 
It is also essential that the assembly is allowed to yield and that no mechanical re
striction is placed on the assembly during the stress-relieving operation.

Postheating can also act as a tempering operation. If, during welding, the rate 
o f  cooling is faster than a certain critical temperature, which will vary with the 
carbon con ten t and alloying elements, then the hardening achieved can be con
siderable. Unless this is removed, the assembly will have a brittle zone associated 
with this hardening, which can result in failure during service.

The tempering operation must be carried out at a higher temperature than the 
material will be used during service, and with alloy steel some care must be taken 
in the choice o f  temperature, particularly if  previous heat treatment has been 
carried ou t for mechanical properties. Users are advised to  obtain specialist advice 
on im portan t components. Further information is given under Stress-relieving in 
this section.

Precipitation Harden
A m odern term covering the process o f  age hardening. It applies to a number of 
alloys including certain steels, aluminium, copper, titanium, magnesium and nickel 
alloys.

It is necessary that certain metallurgical conditions exist before an alloy can take 
part in the Precipitation hardening process. Briefly, there must form within the 
alloy certain compounds which can be taken into solution in the matrix o f  the 
alloy. These compounds are known as ‘intermetallics’. The resultant solution must 
be unstable, and allow the intermetallic compounds to  precipitate from the solution 
in such a manner that the lattice o f  the alloy is strained, and it is this straining 
which results in the increase in hardness.

The Precipitation hardening process invariably has a prior solution treatment. 
This means that the alloy must be taken to  above a certain critical temperature 
and m ust be held for sufficient time for the intermetallic com pound to be taken 
into solution. This is a solid-solid reaction, and in many cases the solution treat- 
m ent is achieved during cooling after casting or following welding, but the actual
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dissolving o f  the intermetallic com pound is achieved while the material is in the 
solid state.

When any o f  the materials which take part in this process are in the fully solu
tion treated , condition the alloy is at its softest and most ductile state. It is, the re 
fore, the ideal condition for any deep-drawing operation or the application o f  
other heavy cold work.

The Precipitation hardening operation in some cases, particularly with certain 
aluminium alloys, takes place at room temperature, and it is this which allows an 
increase in tensile properties with time, giving rise to  ageing or age hardening. 
With the majority o f  modern alloys, it is necessary that they are heated to  a certain 
tightly controlled temperature for a specified time for the precipitation  to occur, 
which results in the hardening.

Only by holding the material at the correct temperature for the correct time 
will the maximum hardness or ‘tensile strength’ be obtained. The difficulty o f  
controlling Precipitation hardening is that the time and tem perature are in ter
dependant in that the higher the temperature, within a reasonably wide range, 
the shorter is the time required to achieve the same mechanical properties. Thus, 
an aluminium alloy which can be Precipitation hardened following solution treat
m ent at a temperature o f  120°c for 8 h  could achieve the same mechanical 
properties by, for example heated to  160°c  for 2 h.

All Precipitation hardening alloys have the com mon property  that holding at 
temperature for too long a time, or heating to too high a temperature, will result 
in a decrease in the ultimate hardness and tensile strength. Errors in the choice o f  
temperatures or time result in softening, which makes the choice o f  reasonably 
low temperatures for reasonably long periods o f  time preferable to  higher tem 
peratures for shorter times. Without further information it will not be possible to 
ascertain whether this low hardness is the result o f  under- or overageing.

Details o f  the alloys which take part in this process are as follows:

Alum inium  — 4% copper, with other additions
1% silicon, 1% magnesium
4% zinc with additions o f  silicon, magnesium

and chromium
Copper 1.5% berylium with nickel or cobalt. This alloy 

can result in the strongest non-ferrous material, 
with tensile strengths up to 100 ton f in"2 . 
6-10%  A l,Z n ,M nMagnesium
Rare earths + Zn and Mg.

N ickel 15% chromium, with additions o f  titanium, 
vanadium and cobalt

Stainless steel By adding copper and nitrogen to  austenitic 
stainless steel, Precipitation hardening is made 
possible
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Titanium — 4% Al, 3% Mo, i / v  1% with other additions

4% Al, 3% Mn 
6% Al, 4% V

PreHeat
This term may be used to cover any Heat treatm ent which is applied prior to 
further processing, but is usually confined to  that prior to further heat processes, 
and to heating prior to welding or burning operations.

Preheating, with Heat treatm ent is generally carried out in a furnace which will 
be at a temperature lower than the critical temperature for the subsequent operation. 
This is only necessary for those materials capable of rapid change in metallurgical 
structure as this results in a volume change. These are generally high-chrome, high- 
carbon or tool-steel materials. If  the com ponents are placed directly in the furnace 
at a temperature in the region 9 0 0 ° c  or higher, and the com ponents have consider
able change in section, then there is a possibility o f  cracking as certain sections go 
through the change point, because o f  stresses set up in these very brittle materials.

To prevent this, use is made o f  a second furnace held in the range 500°C-650°C 
as a Preheat. Because this temperature is below the critical change points, the 
com ponents can be placed in the furnace and when they reach this range are trans
ferred to the higher temperature. The speed at which the metal rises in temperature 
is a function of  its surface area and the temperature o f  the furnace. Thus, with the 
lower furnace temperature, the rate o f  heating is reduced. The parts must be held 
at this lower temperature for sufficient time to stabilize at temperature and are 
then transferred to the furnace, held at the final temperature. For welding, or in 
some cases brazing, the Preheating operation is necessary to produce a sufficient 
heat sink to ensure that when these latter operations have been completed, the 
rate o f  cooling o f  the area adjacent to the weld or braze will be sufficiently slow 
to ensure that no brittle structure is produced. This Preheating can be carried out 
in a furnace, but will very often be by the use o f  a gas flame, or resistance heaters 
in contact with the area to be treated.

The temperature required should be specified and controlled. Control will most 
com m only be achieved with heat-sensitive materials, either a paint which changes 
colour at a specific temperature, or materials which have some other property, 
such as a softening or melting point.

It is im portant that the welding or brazing operations are carried out while the 
com ponents  are at the specified temperature, and no delay is permitted between 
removing the source o f  heat and commencing o f  these processes.

Preheating prior to flam e cutting  will only be necessary for materials which 
have air-hardening characteristics, or where a very large mass o f  metal is cut while 
cold, for example, under ou tdoor  winter conditions.

There is no real alternative to Preheating; but where a controlled Heat treatment 
operation is carried out immediately after welding, brazing or flam e cutting , it will 
not normally be essential. When pre-heating is required prior to hardening there is 
no real alternative for satisfactory results.
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Quench Temper
A form o f  Heat treatm ent applied only to steel. With this, the steel is quenched  
from the required hardening temperature into oil, or some o the r  liquid such as 
molten salt or liquid metal held at the required temperature. As this always will be 
a reasonably low temperature, this will in addition give a form  o f  tempering. This 
technique is not advised when high-quality heat treating is necessary, and is not 
possible when different sized batches are involved, since the best mechanical 
properties are not achieved.

The term is sometimes applied to  the technique o f  quenching  in oil and 
removing the components while still ho t, thus allowing them  to  cool from the 
tempering temperature at a reasonably slow rate. This again is n o t  advised where 
superior heat treating is required as it will be impossible to  con tro l accurately  the 
temperature at which the com ponents are removed from the  quench . The m e thod , 
then, is an uncontrolled form o f  hardening and tempering.

Refine
A Heat treatm ent process applied only to a limited num ber o f  steels during the 
carburizing cycle, and properly termed ‘Refining the co re ’. Unless special grain- 
controlled steels are used in carburizing, then considerable grain grow th will occur 
and this will affect the mechanical properties o f  the finished com ponen ts ,  pa r ticu 
larly the ductility o f  the core, if  the defect is not rectified.

Refining is, therefore, carried out after the com ponents have been removed from 
the carburizing atmosphere. This consists in taking the co m p o n en ts  to  the correct 
tem perature for hardening the core material or base material and the com ponent 
must be left at this temperature for sufficient time to  allow recrystallization to 
occur but insufficient time for grain growth to occur. Refining o f  the core is 
identical to hardening o f  the material in the uncarburized condition .

The term Refining has a much wider application in ex trac tion  and production  
metallurgy, where various techniques are applied to  many o f  the smelting processes 
for different metals for removal o f  undesirable elements, oxides or gases. These, of 
course, are outside the scope o f  this book.

Secondary Harden
The term applied to  the phenom enon which occurs with certa in  steels, in particular 
tool steels, where after hardening and tempering , a second tem per results in an in
crease in hardness. This is now considered to be caused by the re ten tion  o f  
austenite at room temperature after quenching. This austenite is n o t  fully destroyed 
during the first tempering operation, and on the subsequent opera tion  at the same 
temperature, the remaining austenite decomposes to  form  m artensite . There is an 
appreciable increase in hardness as martensite is considerably harder than  austenite.

It is sometimes considered when this secondary hardening  occurs tha t this is an 
indication o f  overquenching; and had the operation been correctly  controlled , no 
austenite would have been retained, with no Secondary hardening. Whether or
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not an ideal quench rate is economically possible, is open to debate.
Where com ponen ts  have fine limit tolerances which must remain stable during 

service, secondary hardening  is essential as the change from austenite to  martensite 
also results in a volume change. This means that if  the breakdown o f  austenite 
occurs during service, as is quite likely to happen, then there will be a change in 
dimensions. As the steels com m only used for gauges are among those most likely 
to have retained austenite the importance either o f  controlling correctly the 
hardening operation , or having a second tem per , will be appreciated. In most 
instances the use o f  a double temper will be the most economical and technically 
satisfactory m e thod  o f  ensuring a fully hardened and dimensionally stable 
com ponent.

Selective Anneal
A Heat trea tm en t process which is generally applied only to  steel and involves the 
softening o f  local areas on components.

Use is made either o f  a welding-iype flame or induction heating to achieve the 
local effect. With bo th  techniques some care is necessary to ensure sufficient heat 
is applied only to  cause softening, and that no area o f  the com ponent is taken 
above the critical tem peratu re  and then rapidly cooled. This tempering method 
is com m only applied to  mass-production components. The operation is identical 
to annealing and involves the same wide variations covered by that term. Any 
softening process involving only specific areas on com ponents is said to  be 
Selective annealing.

Selective Carburize
This term is applied when a com ponent is partially carburized. There are three 
methods o f  achieving this:

(1) Using a s topping-off medium This is either by electrolytic copper plating or 
by the application o f  copper-rich paint or some other proprietary medium to  the 
areas where carburizing  is not required. This must be carried out immediately 
prior to the process, and it is necessary to  ensure that the stop -o ff medium is 
correctly applied, particularly  in areas where stress concentrations are likely as any 
local hardened  spots in these areas could result in fatigue failure.
(2) By machining With this, the entire com ponent is carburized, followed by 
refining to  harden  the core. The com ponent is then softened by holding at 6 5 0 °c  
for at least 2 h .  The surfaces required to be soft are then surface-machined to 
remove metal and ensure tha t no high carbon remains. This usually means that 
twice the designed case dep th  is removed, that is, with a 0 .050 in (1.25 mm) case 
the d iam eter will be reduced by 0.20 in (5 mm). This is much more expensive than 
stopping-off as an oversized forging is usually required. The increase in machining 
costs can be considerable bu t this does ensure the elimination o f  local hard spots 
on the finished com ponen t.  Because o f  distortion problems and the importance of
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ensuring even removal o f  metal, this technique often demands extrem ely  accurate 
machining to very tight tolerances. It is usually applied to aircraft com ponen ts  
and other high-integrity parts.
(3 ) Selective hardening With this, the entire com ponent is carburized and , where 
necessary, refined  in the normal manner, but instead o f  hardening the  whole sur
face, only the selected areas are reheated. This makes use o f  flam e  or induction  
hardening, and can be the cheapest m ethod o f  Selective carburizing for high- 
production parts.

Selective carburizing is required when wear resistance is necessary on certain 
areas, with high ductility on other areas. Alternative methods o f  achieving a similar 
local hardening involve the higher-carbon steels again by flam e  or induction  
hardening. Chromium plating  is possible, but this will not norm ally  permit the 
gradual change from hard to  soft, it thus can present design problems. It is also 
possible to carburize and harden com ponents in entirety, than locally soften 
specified areas by selective annealing. Metal-spraying and weld deposition  o f  
hard metal can be employed under some circumstances. Selective carburizing, 
however, probably achieves a better compromise o f  a hard abrasive-resistant sur
face, associated with high-ductility areas where high integrity is necessary.

Selective Harden
This uses the flame hardening or induction hardening techniques applied to local 
areas. In general the term is not applied to surface hardened  com ponents  but, 
under some circumstances, this may occur. Components which have been locally 
carburized, carbonitrided, cyanided  or nitrided will be included under this heading. 
It is used, then, when a through -hardening type o f  steel is treated locally. The 
process obeys all the laws o f  conventional hardening o f  steel. A lternatives are not 
possible where through-hardness is required, but chromium plating  and selective 
carburizing are alternatives for surface treatm ent. Metal-spraying and weld deposit 
of hard metal are also possible, if the design parameters permit.

Self-anneal
This term is applied to the softening  process which can be applied to  all metals 
when there is a sufficient mass o f  material to ensure that the rate o f  cooling will 
result in the com ponents being reduced in hardness.

As only steel is hardened by the use o f  a critical cooling rate, it is obvious that 
steel components must be handled carefully when removed from  a normalizing  or 
annealing furnace. The fu ll anneal uses the furnace, and the heat sink o f  the furnace 
bricks, etc. to achieve the required slow rate o f  cooling. When the com ponents  
reach the desired temperature, the furncae is switched off and the com ponents  
and furnace are cooled together. With Self-annealing the com ponents  are removed 
from the furnace and it is then essential that a large enough mass o f  material is 
present to ensure a sufficiently slow rate o f  cooling.
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Another use o f  this term is where electrical conductors are softened  in service 

because o f  the resistance heating which may occur with overloads. Thus, the con
ductor is heated, any work hardening is removed and the conducting material is 
softened. O ften  electrical conductivity is improved as any work hardening increases 
the electrical resistance.

Self-harden
An alternative term  for air hardening. With this, it is necessary that certain con
stituents are present in the steel, these in the main being a minimum carbon content 
o f  at least 0 .3 -0 .4  per cent together with hardening elements, particularly chro
mium, and also nickel, m olybdenum or vanadium. When these are present in a 
significant am oun t,  and the mass o f  the material is low enough, then on removal of 
the steel from the hardening temperature, the cooling rate o f  air is sufficient to 
cause hardening. Fu rther  details are given under ‘Hardening’ in this section Heat 
Treatment.

Skin Anneal
A term used o f  certain nickel-chromium alloys to describe the process o f  removal 
o f  cold w ork  o ften  produced during the manufacture o f  these components. The 
process is, in fact, a short-term solution treatment.

The com ponen ts  in the heavily work hardened condition will not be capable 
o f  accepting further cold work w ithout causing damage to the tooling, or em 
brittlem ent or cracking o f  the com ponents themselves. In addition, because o f  the 
very local w ork hardened  skin, there is some possibility that surface cracking can 
occur during the final machining operation.

The Skin anneal operation itself is carried out at, approximately the solution 
treatment tem pera tu re  for the particular alloy. With the nickel-chromium alloys 
this will be in the region o f  1050°C -1200°c. A salt bath is usually employed but 
any means o f  achieving relatively rapid heating will be successful. The time at 
tem perature will be as short as lOmin and will never be in excess o f  30m in .  If 
conventional furnaces are used, it is difficult when a number o f  com ponents are 
involved to  con tro l this short time at temperature as those at the outer edge o f  the 
furnace will reach tem perature before those at the centre. The rate o f  cooling is 
im portant. If it is too  slow, some precipitation hardening will occur, and apart 
from being undesirable where further machining is necessary, this can also inter
fere with the efficiency o f  the final treatment.

Skin Annealing is, then, a form o f annealing specifically applied to a range of 
n ickel-chrom ium  alloys which are subjected to relatively heavy machining. The 
process is carried ou t between the solution treatment operation and final precipi
tation treatm ent. With some o f  the nickel-chromium alloys, better ‘machinability’ 
has been identified when they are in the partially precipitated condition. This, 
however, will no t eliminate the work hardening and Skin annealing will still be 
necessary. With these alloys, the necessity to control the time and temperature
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under very rigid conditions is essential otherwise the final com ponent will be 
overaged. The term can be applied to  o ther techniques where only the surface is 
affected, though this is more generally referred to as local softening  or annealing.

Softening
See Annealing in Heat Treatment section.

Solid Carburizing
An alternative term, not now com m only used, for the Pack carburizing process, 
details o f  which appear in this section.

Solution Treatment
The metallurgical term used to describe a specific form o f  Heat treatm ent which 
can only be carried out on a limited number o f  alloys. These are alloys o f  
aluminium, magnesium, titanium, nickel, copper and some special stainless-steel 
materials. The process requires that the constitutional diagram o f  the material has 
certain characteristics in that the material contains compounds, known as ‘inter- 
metallics’, which can be dissolved in the matrix o f  the alloy.

The Solution treatm ent will be the first o f  a two-part process. The Solution 
treatm ent itself will invariably result in the alloy achieving a soft condition, and 
if the treatm ent is correctly carried ou t,  then it will be in its softest possible con
dition. The second part o f  the trea tm ent is called ageing, or precipitation treat
ment.

It is in the first condition that the material should be subjected to any deep- 
drawing or other forms o f  cold-forging operations where maximum ductility is 
required. A satisfactorily treated material will be softer and more ductile than in 
the annealed condition, although the difference might not be to any great extent.

The process requires that the material is taken to  a specified temperature and 
held for sufficient time for the necessary metallurgical reactions to take place. 
These reactions are the taking into solution o f  the intermetallic compounds which 
effect the treatment. The solution achieved will be relatively unstable, and this will 
result in the precipitation from solution o f  these compounds: it is this which results 
in an increase in the mechanical properties o f  the material for which treatm ent is 
carried out.

Under some circumstances the term Solution treatment is used to describe the 
metallurgical reaction which occurs when other compounds, such as iron carbide, 
are taken into and retained in solution. These include the hardening o f  steel, where 
this is occasionally referred to  as ‘Solutionizing’ or ‘Austenizing’, and some o f the 
annealing operations. The com mon definition, however, will be that given above, 
where compounds are taken into solution and this solution is unstable.

The taking o f  intermetallic com pounds into solution occurs in the solid state 
and is a solid-solid reaction but otherwise identical in all other respects to the 
more conventional meaning o f  solution as dissolving, as when, e.g. solid sugar is
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dissolved in tea or coffee. The process uses conventional furnaces generally with 
good temperature control but controlled atmospheres are seldom required.

The temperature, o f  course, will depend on the alloy, and in most cases will 
be critical. If too low a temperature is used, the com pounds will not all be taken 
into solution resulting in an unsatisfactory treatment. If too  high a temperature 
is used, grain growth at the least will occur and this results always in a more brittle 
material. There is also the possibility o f  some liquefaction at the grain boundaries 
or actual melting o f  the com ponents as it is quite com mon for the Solution treat
ment temperature to be relatively close to the melting range. As stated, the ideal 
temperature varies to a considerable extent particularly, for example, between 
copper alloys and aluminium alloys. Even within the latter, wide variations exist 
and can result in the defects described unless the correct temperature is employed.

The material must be held at temperature for a specific time. Again, if  insuffi
cient time is used, the compounds will not all be taken into solution; and holding 
for an excess time, while not resulting in any melting problems, can cause excessive 
grain growth.

On completion o f  heating, the components are quenched. This, in high-quality 
processes, will generally be in water or oil, but air-quenching either by blasting with 
cold air or even the use o f  still air is commonly applied. The choice o f  quenching 
speed will depend on requirements and to a large extent on the geometry o f  the 
com ponent or assembly. This may often preclude the correct and efficient use o f  
a quench.

Only by ensuring that all the intermetallic compounds are retained in solution 
will the full effects o f  Solution treatm ent be realized. The more the quench is 
delayed, the less compounds will be held in solution, and if  the quench is slow 
enough, an annealing type o f  operation will result with a considerable reduction in 
the hardness achieved by ageing. This, however, will often be acceptable, since the 
alternative is to have no form o f  Solution treatment at all.

This will be the case when the Solution treatment is only part o f  another 
process. For example, during casting the metal will be at a temperature in excess of 
that required for the present process, but if the com ponent can be cooled rapidly 
enough, a reasonably efficient treatm ent will result. This is com monly practised, 
particularly with aluminium and magnesium alloys, where by careful design o f  the 
moulds relative to the size o f  the casting, and with careful placing of  the castings 
within one mould, satisfactory results are obtained. This, o f  course, will not be as 
satisfactory as removing the casting from the mould, reheating to the correct tem 
perature and then efficiently quenching  in water. However, the difference in the 
mechanical properties achieved may not be sufficient to justify the expense 
involved.

The same comments apply to welding, for com ponents which have been 
correctly Solution treated and aged are very often joined by this. Ageing is des
troyed locally but, provided the weld is correctly designed, the heat o f  the process 
and the rapid cooling achieved by the adjacent metal can give a successful

207



H E A T  T R E A T M E N T  -  S P H E R O I D A L  AN N E A L/SPH E R o IDI z A T  IO N
treatm ent. This means that the weld area will be in a soft, ductile condition and, 
thus, capable o f  accepting the stresses imposed during cooling. Here the welded  
com ponents are a more attractive proposition than when the process is carried 
out where rapid cooling results in hardening o f  the steel and the danger o f  brittle- 
cracking. However, it will be realized that somewhere in the weld zone there will 
be an area lacking the full mechanical properties, even allowing for subsequent 
ageing o f  the welded assembly, because this has been overheated to  soften p re 
viously aged material or insufficiently heated Solution treatm ent to occur.

The Solution treatment process will not be carried out in isolation and there 
will always be subsequent ageing or precipitation  treatment. This might be a 
suitable room-temperature age or a furnace or oven treatment. The process is 
further described under the heading precipitation hardening , where the different 
alloys which can be subjected to  this form of hardening are listed together w ith  
information on the temperature range for Solution treatm ent and precipitation  
hardening.

Spheroidal Anneal/Spheroidization
A specific form o f  annealing which is applied only to certain alloy steels, usually 
medium or high carbon with chromium additions. The result is that the material 
is softened and made more machinable than with the conventional operations.

The technique results in the carbides present in steel, either as a separate phase 
or in solution, being altered to round, small, discrete particles which are held in 
the matrix, this almost invariably being pearlite, or tempered martensite.

The treatment consists o f  heating the components to  above their upper critical 
temperature for a period o f  approx. 20m in  to  1 h. The com ponents  are then 
transferred to a second furnace and held at 6 5 0 °c .  On removal after approx. 2 h ,  
they are transferred to a furnace at the original temperature. After a period o f  up 
to 1 h, the components are returned to the lower-temperature furnace at 6 5 0 ° c .  
This cycling, also referred to  as cyclic annealing, results in full softening o f  the 
material’s matrix by the form ation o f  pearlite or tempered martensite, and as the 
time held above the upper critical temperature is reasonably short, there will be 
much less tendency for excessive grain growth. Holding the com ponent at 6 5 0 ° c ,  
will temper the martensite w ithout resulting in any grain growth.

With lower-alloy steels, satisfactory Spheroidization can be produced either 
with a single high tem perature-low  temperature cycle or, under some c ircum 
stances, with a longer trea tm ent at 650°c .  With high-carbon, high-chromium steels, 
particularly when other alloying elements such as nickel are also present, m ore than 
two cycles may be necessary to  produce the desired degree o f  softening.

This annealing operation is useful, first, for softening steel in order that 
machining can be carried out, but the technique has also been found useful with 
high-chromium steels in that the resulting material has considerable advantages in 
ductility and hardness over the conventional methods. Second, it also enhances 
the ‘hardenability’ o f  the material as the fine spheroidal carbides will go into
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solution more easily at the hardening operation and will, thus, be available for the 
production of  the hard martensite. Where a cutting edge is necessary, the high- 
chromium, high-carbon steels in the spheroidal condition have been found to  have 
certain advantages over o ther forms of  treatment regarding ductility, hardness 
and wear resistance.

This Spheroidization as an annealing operation has considerable advantages over 
conventional high-temperature methods, where in order to achieve the same stan
dard o f  softness there will be very considerable grain growth. It is doubtful whether 
holding at 6 5 0 °c  alone will achieve the same degree o f  softness as the 
spheroidization process.

Stabilizing
This usually indicates the treatm ent o f  com ponents which are to  be nitrided, 
where sufficient machining allowances remain to  remove any distortion which 
might occur during this subsequent process. It is obvious that the term Stabilize, 
or Stabilizing treatm ent, can be used to define other forms of  processing where 
the article is more stable after the treatm ent than before. These, however, will be 
local definitions.

Com ponents which are to be nitrided are normalized then hardened and 
tempered  at a temperature in the region 550°C-600°C at an early stage in their 
manufacture. The com ponents are then machined to within 0.010 in (0.25 mm) o f  
finished dimensions, and at this stage they will be Stabilized at a temperature in 
the region 520°C-450°C , which is above the nitriding temperature but below that 
o f  tempering. This treatment will, therefore, effectively remove all stresses with
out affecting the hardness.

The com ponents are then finish-machined with care being taken that no stresses 
are imposed, particularly on fine-limit diameters. The com ponents are then 
nitrided , and as the temperature will be in the range 490°C-510°C , it will be seen 
that no stresses will exist which can be removed during this process, thus no dimen
sional changes should occur.

The Stabilizing treatm ent is, then, a specific form of stress-releasing. When the 
process is used in conjunction with low-stress machining between Stabilizing and 
nitriding, no movement or distortion o f  the components will occur at the latter 
operation.

Stabilizing Anneal
The term applied to the specific treatment applied to austenitic stainless steels to 
take carbides into solution and to hold them in this condition. The term can also 
be applied to any other softening  treatment where metallurgical or dimensional 
stabilization is achieved, but it is most com monly used for stainless steels.

This eliminates the danger o f  intergranular corrosion which is known as weld 
decay and is caused by the precipitation o f  chromium carbides at the grain boun
daries. When straightforward 18-8 chrome-nickel steels are held at temperatures
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between approximately 300° and 8 0 0 °c  for any length o f  time, the chrom ium  
carbides will precipitate from solution and appear as a separate phase at grain 
boundaries. The most critical temperature for this reaction to  occur is 6 5 0 ° c .  
The appearance o f  this second phase reduces the corrosion resistance, thus inter- 
granular corrosion will occur. This is known as weld decay.

The Stabilize anneal is carried out at 1000°C-1050°C at which tem perature 
the carbides are redissolved and held in solution. Provided the cooling rate is above 
a specified minimum, no reprecipitation will occur, thus the material will remain 
as a single-phase metal with excellent corrosion resistance. The rate o f  cooling is 
not critical, and normal air cooling is satisfactory, provided the com ponents  are 
correctly spaced to  allow air movement and are o f  a reasonable mass.

Two other techniques are available as alternatives to  the Stabilize anneal bo th  
o f  which involve the material itself rather than being treatments. By controlling 
the carbon content o f  the stainless steel to a low level, less carbides are formed and, 
thus, the problem o f carbide precipitation can be controlled. These steels are often  
classified with an ‘L’ suffix, denoting low carbon. This is generally at the level o f  
0 .03-0 .06  per cent, and it will be obvious that at the higher carbon levels more 
carbide precipitation will be possible than at the lower levels. This means tha t some 
precipitation can occur if  the com ponent is held for sufficient time at the critical 
temperature o f  650°c .  This precludes the use o f  these steels for brazing where a 
large mass is involved, if they are to be used under agressive corrosion conditions.

The second method is to  stabilize the carbides in the steel by the addition o f  
elements such as niobium (columbium), titanium or molybdenum. These elements 
form stable carbides which do not precipitate and, provided that all the carbon is 
combined with the stabilizing element, no precipitation can occur; thus, weld 
decay is eliminated.

To summarize, Stabilize annealing is used to remove precipitated carbides in 
stainless steel. This trea tm ent is necessary to prevent weld decay which can also 
be prevented by reducing the carbon content, or adding a stabilizing element. 
Details o f  a testing technique to evaluate this problem appear under the heading 
Weld Decay Test.

Step Anneal
A form o f  annealing which should more correctly be termed a stress-releasing 
operation. It is required for com ponents which generally have an intricate shape, 
and reasonably thin sections and which have had work hardening applied. These 
parts therefore, are capable o f  distorting at reasonably low temperatures.

In order to reduce the distortion which might occur at the stress-releasing 
operation, the anneal is carried out in steps or stages with the temperature being 
raised between each step. Depending on the material involved, the components, 
their shape and dimension, etc., these temperature steps will vary and can in fact 
be o f  different durations as the tem perature increases. Commonly the stages will 
be between 5 0 °c  and 100°c with the com ponents  being held at each stage for
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sufficient time to equalize the temperature throughout the com ponent. This 
technique ensures that the com ponent is taken gradually to  temperature, and that 
the stresses which might be imposed owing to change o f  section are kept to a 
minimum. With this process, it is generally advisable that cooling should either 
be carried out by steps, or at least should be controlled to a slow, steady rate. 
The temperature involved, times at each stage or step, and total heating and cooling 
time, will all depend on the com ponen t’s shape and size and the known history of 
distortion.

Stress-equalization Anneal
This term is applied to  nickel and its alloys; it is a low-temperature stress-releasing 
operation which ensures minimum distortion at any subsequent machining. At the 
same time the treatment is intended to develop some mechanical properties by a 
form o f  ageing. It is assumed that the com ponents have previously been cooled at a 
reasonably rapid rate from a high temperature and are, thus, either correctly 
solution treated  or that the intermetallic com pounds which might be present are 
mostly in solution.

The mechanical properties o f  nickel alloys at room temperature are not 
markedly increased by the conventional solution treat and ageing processes but 
some o f the high-temperature properties, particularly creep strength, are improved. 
If  this property  is o f  importance, then Stress-equalization annealing will not nor
mally be carried out.

This is a compromise process designed to  give some improvement in mechanical 
properties and simultaneously to  reduce the tendency to distortion during service. 
It is a form o f  stress-releasing but, depending on the alloy involved, some improve
m ent in mechanical properties can be obtained.

Stress-relieving/Stress-releasing
A form o f  Heat treatment which can be applied to any metal. The purpose is to 
relieve stress which, for whatever reason, may be locked up in the com ponent or 
material. These stresses can be caused by work hardening, by welding resulting in 
expansion and contraction stresses by other forms o f  heating and treatment 
distortion.

Strictly speaking, a Stress-relieving operation should not affect the metallurgical 
structure o f  the com ponent; (where this is not the case, the term tempering , etc. 
should be applied.) The Stress-relieving operation chooses a temperature which is 
above that at which the com ponent will be used in service, but below the tem
perature o f  previous metallurgical operations. With high-quality engineering com
ponents, the tempering or ageing carried out after hardening or solution treatment 
will generally be the limiting tem perature regarding the metallurgical structure 
which has been produced. If possible, the Stress-relieving operation should use a 
tem perature between 10 and 20 degC lower than the tempering  or ageing tempera
ture for a period o f  approximately 2 h.
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The term Stress-relieving is now com monly applied where com ponents  have 
been welded  and where it is known tha t the operation has resulted in the form ation 
o f  certain specific metallurgical structures, for example, in the case o f  steel, the 
formation o f  martensite. The postweld Stress-relieving operation is then designed 
to  alter this metallurgical structure and so is, in fact, a form o f  tempering. It is p ro 
bably more vital that this should be carried out than a normal Stress-relieving 
operation, which will merely remove the stresses imposed by contraction and ex
pansion during heating and cooling at welding, while the formation o f  the brittle 
martensite can result in disastrous failure from fracture.

With steels, there is the general rule that when in doubt Stress-relieving should 
be carried out at 600°C-650°C  for 2 h .  This may result in the softening o f  alloy 
steels which have been tempered  at a lower temperature, bu t failure for this reason 
will be by ductile fracture and this will be less dangerous than brittle fracture 
arising from the martensitic condition. Stress-relieving should always be treated as 
an im portant metallurgical process and as much information as possible must be 
obtained regarding the previous history o f  the com ponent and the operating con
ditions under which it will be used.

Stress-relieving is advisable on all engineering com ponents after finish machining 
or at a very late stage in machining if the com ponents are going to  be used at above 
room temperature. It is generally accepted that it is the m anufacturer’s responsi
bility to ensure that machining stresses are not removed during service running as 
this can cause slight distortion, resulting at the worst in engine seizure and at best 
undue wear.

During the operation it is im portan t that the com ponents are taken to tempera
ture at a slow enough rate to ensure that equal heating occurs and consequently 
that there will be no danger o f  additional stresses being imposed owing to  different 
expansion rates from different dimensions. It is also im portant that the com ponent 
or assembly should be supported, since a Stress-relieving temperature in the region 
o f  600°c will result in serious reduction in mechanical strength and distortion.

In practice it is this reduction in the tensile strength o f  the material at the 
Stress-relieving temperature which allows the stresses to  relieve themselves. As the 
temperature is increased so the mechanical strength o f  the material being treated 
is decreased, and if  any stresses are present in the com ponent or assembly which 
are greater than the yield strength at the Stress-relieving temperature, then these 
stresses will result in the material yielding, thus the stresses are removed.

It is, therefore, true to  state that,  if  in mass production there is no measurable 
movement in com ponents during routine Stress-relieving, then the operation is not 
achieving any purpose and can be removed. It is unfortunate  that there is no simple 
m ethod o f  measuring the internal stress on a com ponent and, thus, there is little 
doubt that a very large num ber o f  com ponents and assemblies are subjected to 
unnecessary operations. However, there is no argument tha t this Stress-relieving is 
necessary in order to protect com ponents  or assemblies during service, and it is 
much cheaper to carry out a purposeless operation than tha t one com ponent should
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fail in service. The only alternative to Stress-relieving would be to treat components 
during manufacture with such care that no stresses are imposed. Normally this will 
never be economically possible in engineering and so the alternative is not valid.

Subcritical Anneal
A softening  process which can only be carried out on steel which is capable o f  
being hardened. The term is specific to  the annealing carried out at a temperature 
o f  approximately 6 5 0 °c .  Normally the time at temperature will be 2 h.

The term is derived from the fact that the temperature here is slightly lower 
than the first critical temperature used in the heat treating o f  steel. This is the 
temperature at which the necessary reactions required to harden steel commence 
to  take place. Below this no solution o f  iron carbide in the iron can take place as 
it is at this temperature that iron begins to be converted into that material which 
can successfully dissolve iron carbide. At the temperature o f  6 5 0 °c  all the 
martensite -  which is the structure giving steel its hardness -  is fully converted to 
the pearlitic state. This means that no hardening remains. At the same time any work 
hardening will be removed, as cold work  is removed by increase o f  temperature. 
This can be noted  in the microstructure by the removal o f  the grain distortion 
caused by the work hardening.

This Subcritical annealing, then, is the treatment generally used when materials 
are required in the soft condition for ‘machinability’. It has the considerable advan
tage over the fu ll anneal, which is carried out at above the upper critical tem pera
ture, in that no grain growth can occur and, thus, no undesirable increase in the 
grain size results in undesirable brittleness. However, where sheet-metal com po
nents have been subjected to  deep-drawing operations, and further drawing is 
required, then the present operation will not result in a material capable o f  accept
ing further work hardening on a considerable scale. Apart from this exception, the 
process results in a fully softened  material.

In general the process is referred to simply as ‘annealing’. The stress-relieving 
operation, commonly applied at this temperature following welding, is also in 
effect a Subcritical anneal. It is further true that the present process is a full 
tempering. The term stress-relieving, under many circumstances, will be taken to 
mean Subcritical anneal. It must be appreciated that in the metallurgical sense they 
are quite distinct processes. Stress-relieving, in theory at least, should never result 
in any metallurgical changes to the structure, while the subcritical anneal always 
results in metallurgical changes and resultant structure will be fully pearlitic in most 
cases. Provided it is understood what the process should achieve, the nomenclature 
applied is irrelevant.

Subzero Treatment
A form o f  Heat treatment which is applied to  certain alloy steels, where because o f  
the alloying elements present, there is a possibility o f  retaining austenite after 
quenching. Austenite is the phase which is obtained when iron is heated to above
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the upper critical temperature, and is the material which is capable o f  dissolving 
and holding carbides in solution. The hardening process requires that all the  austen- 
ite is converted into the metallurgical structure known as martensite in order to 
achieve full ‘hardenability’. If  for any reason some austenite remains, unconverted  
to  martensite, then this will have a double disadvantage in tha t the steel will not be 
in the fully hardened condition, and the com ponents will be dimensionally un 
stable as there will be a tendency for the austenite to  convert to  m artensite during 
service with a resultant change in dimensions.

The Subzero treatm ent is carried ou t after hardening and tempering  at tem pera
tures below zero, and solid carbon dioxide in a chlorinated hydrocarbon liquid is 
the most common m ethod, but deep-freeze units can be used. A time o f  approx. 
2 h is required. The treatm ent must be followed by a further tempering operation.

This operation is necessary when alloy steels with a high or medium high carbon 
content are used. It is relatively difficult to  retain austenite at room tem perature , 
and is only possible with steels which have elements such as chromium, since these 
result in reducing the critical quenching rate necessary to  convert austenite to 
martensite.

It is particularly im portant to  carry out the Subzero treatment on com ponents  
such as gauges or similar pieces which require to  be dimensionally stable over a 
range o f  very fine tolerances. These com ponents are commonly m anufactured in 
high-chromium, high-carbon materials which are most prone to  retain austenite 
after hardening.

There is some evidence to indicate that, provided the correct quenching rate is 
chosen for the steel in question, no  retained austenite is possible. Thus, for high- 
production com ponents it may be more economical to control the quenching rate 
rather than carry out the relatively expensive treatm ent. Many steels are double 
tempered to eliminate retained austenite, this being known as secondary hardening, 
and described in this section. All steels which are subjected to Subzero treatment 
must be double tempered , and generally the low-temperature trea tm ent is only 
carried out on very im portant com ponents  in a highly alloyed steel, where maxi
mum stability is essential.

Tempering
The treatment which follows the hardening o f  steel, and one o f  the most im portant 
metallurgical treatments. It is not possible to discuss this operation w ithout des
cribing the hardening process, and vice versa.

When steel is hardened , it is taken to above the upper critical tem perature and 
quenched when the austenite produced will be converted into martensite . This is 
the hard, unstable metallurgical structure which ensures that the steel is in the fully 
hardened condition.

Steel can also be work hardened. In this case the grain structure is distorted, 
straining the lattice, and resulting in an increase in hardness. For all practical 
purposes it can be assumed that the result o f  work hardening is identical to  thermal
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hardening, but seldom achieves the dramatic increase in properties, and is certainly 
a much less flexible process.

The martensite which is produced at hardening is a very brittle constituent. 
When proper hardening has been achieved and the carbon and alloy content are 
high enough, then the actual metallurgical constituent will be alpha-martensite. 
This, in addition to being hard, is also brittle, thus failure can occur with only 
slight movement, which will result in cracking. By heating to approx. 150°c, this 
alpha-martensite is converted into beta-martensite, again hard and brittle but having 
a measurable reduction in brittleness over the former constituent. This treatment 
o f  heating hardened steel, to convert alpha to beta martensite is Tempering and will 
be the lowest temperature at which the operation is carried out. It will not cause 
any measurable reduction in the hardness o f  the steel.

As the temperature is increased, the metallurgical structure will be altered. The 
martensitic structure is essentially an extremely hard and brittle needlelike material. 
The size o f  the needle is controlled at the hardening operation. The purpose of 
Tempering is to produce a structure giving the maximum ductility together with 
the desired degree o f  hardness. It cannot be overemphasized that unless the steel 
has been correctly hardened , and is fully martensitic, then the ideal mechanical 
properties cannot be obtained by subsequent Tempering.

It is the design engineer’s responsibility to specify the mechanical conditions, 
normally given as the desired hardness range. The assumption is made that this specific 
range indicates the ‘ultimate tensile strength’ and that this in turn is related to the 
‘p r o o f  or ‘yield strength’ o f  the steel in question. It must be appreciated, then, 
particularly by the heat-treatment personnel, that while Tempering can be carried 
out to achieve the specified hardness figures, the maximum possible ‘p ro o f  or 
‘yield strength’, which is the design criterion for failure, may not have been 
achieved because o f  insufficient hardening. Thus, both  hardening and Tempering 
operations require to be rigidly controlled to  ensure, first, that steel is in the fully hard 
condition and, second, that Tempering achieves the desired mechanical properties.

As the temperature is increased, the metallurgical structure is gradually altered 
from the needlelike appearance o f  martensite, first, to  an indeterminate structure, 
then by further gradual changes in which the needles form into spheres, and finally 
achieve the lammelar structure o f  pearlite. This pearlite structure indicates the full 
temper and is achieved at a temperature o f  approx. 650°C-750°C; it is, thus, iden
tical to the process known as subcritical annealing. The final structure achieved at 
this tem perature will be a function o f  the steel analysis. The various structures 
produced at different temperatures are generally named after the metallurgist who 
first identified them. It should be realized that no dramatic demarcation exists 
between these structures, a new structure gradually forms as the original structure 
disappears. The modern tendency in metallurgy is not to use these names, but to 
describe the different structures as temper products o f  martensite. The structures 
achieved are alpha- and beta-martensite, troostite, bainite and sorbite, the final 
s tructure being pearlite.
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One im portant aspect o f  Tempering is that the process produces a certain 
structure and, provided the steel is not heated to above the temperature, no alter
ation to  the structure takes place no matter how long the steel is held at or below tha t 
temperature. This makes steel trea tm ent markedly different from the ageing alloys, 
where that process is time as well as temperature dependent. Once a steel has been 
held at temperature for approx. 2 h ,  the metallurgical condition for that tem pera
ture will have been stabilized, and the com ponent can be held at the tem perature 
for an infinite time without any further changes in the metallurgical condition.

The Tempering process is carried out below red heat, and this means that the 
furnaces will have some difficulty in controlling the temperature as only convection 
heating is possible. Tempering furnaces should, therefore, be designed with some 
mechanical agitation o f  the air, or use should be made o f  liquid-heat transfer. The 
most common furnace employed is the forced-air circulation furnace, which is 
circular in shape with a fan in the base or lid which forces the heated air through 
the mass o f  material then across the heating elements. In this way economical 
heating is achieved in that the com ponent can be relatively rapidly brought to 
temperature, and also a temperature gradient between the heating element and the 
cold com ponent is eliminated. Liquid heating using salt baths, molten metal or 
other heat-transfer liquids such as oil and stable chemicals are also successful, but 
these are normally usable only at the lower Tempering temperatures.

The speed o f  cooling following the operation is not generally critical, unless 
too rapid cooling is a ttem pted  when some distortion will be found on com ponents 
which have a rapid change in section, or other geometrical peculiarities. Invariably 
no metallurgical changes take place between room temperature and 650°c which 
makes this aspect o f  cooling o f  no importance.

There are, however, a series o f  steels which require to be rapidly cooled after 
Tempering. These are the chromium and nickel-chromium steels, particularly 
those with more than 2-3 per cent chromium. When these steels are held at approx. 
300°C-400°C for any length o f  time, there is considerable danger o f  precipitation 
at the grain boundaries o f  chromium carbides. This precipitation o f  carbides is 
known as ‘temper brittleness’ and can produce a material which is extremely 
brittle indeed and can fail in service below the design limits. With these steels it 
is, therefore, essential to  temper below this critical range, and where high hard
ness is necessary the operation generally takes place at the range 150°C-250°C 
to  avoid problems. Where maximum ductility is essential, the range will be 550°C- 
650°c and it is then desirable that the components are oil or water quenched to 
ensure that they pass through the critical temperature range as rapidly as possible. 
Tempering of  these steels should never be attem pted at 300°C-450°C. Most 
nickel-chromium and many chromium steels now have m olybdenum  added during 
manufacture. This element stabalizes the carbides and prevents their precipitation 
at the critical temperature, thus obviating the necessity for any rapid cooling after 
the operation.

Tempering o f  steel will always be preceeded by a hardening operation. In the
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vast majority o f  instances this will be carried out under carefully controlled condi
tions, with the correct quenching rate specifically chosen. With welding, however, 
this is not possible and this process will under many circumstances result in the 
very local production o f  a martensitic structure. This local area o f  hard, brittle 
material has in the past resulted in many disastrous failures, where stresses have 
produced relatively slight movement causing the martensite to crack.

It is now completely accepted that, under many circumstances particularly 
where high-tensile steels are welded, and this includes any steel with a tensile 
strength greater than approx. SOtonfin-2 (50kgmm~2), a subsequent heat treatment 
is necessary. This operation is commonly referred to as stress-relieving, but where 
any martensite has been formed during welding this will, in fact, be a Tempering 
process. It is generally carried out at 600°C-650°C, but with certain types o f  
specific high-tensile, high-integrity components, the welding will be carried out 
after hardening and Tempering and the subsequent stress-relieving or Tempering 
operation will then be at the temperature for the latter process.

From the above, it will be seen that the process o f  Tempering is o f  vital im
portance to the engineering industry. There are many statistics that prove con
clusively that mishandling o f  the operation results in failure o f  com ponents in 
service. However, it is seldom possible to single out this process for blame as it is 
generally the combination o f  hardening and lack o f  Tempering which causes the 
problems. No alternative exists for this operation.

'Heliarc' Welding
The term given when helium is used as the inert gas. It is, thus, identical to Argon 
Arc welding , and the term is sometimes applied to  that process. This is described 
in detail under the heading ‘Inert-gas Shielded Metal Arc’ in the section Welding.

Herbert Hardness Test
A ‘rebound’ type o f  test seldom used; see the section Hardness Testing. 

High-frequency Induction Welding
A type o f  heating used for some forms o f  Forge welding. Further information is 
given in the section Welding.

Holiday Test
A term applied to  the Porosity testing  o f  paint or plastic films. Details o f  the 
technique will be found under the heading Spark Testing in the section N on
destructive Testing.

'Homocarb Process'
A proprietary process given to  a form o f  gas carburizing, where the gas is produced 
by dripping a fluid at a controlled rate into the furnace. This furnace will be similar 
in many respects to the normal retort-type furnace but instead o f  a gas feed to
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supply the active gas which is then being burned off at the exit, the gas here is 
produced within the furnace by the controlled liquid drops entering at the top  o f  
the furnace, and the carburizing potential is controlled by the feed rate o f  the 
liquid. The excess gas will be burned o ff  in the normal manner. For further details 
o f  Gas carburizing, see the section Heat Treatment.

Homogenizing
Generally taken to be an alternative term {ox Normalizing. Further inform ation on 
both  term s is given in the section Heat Treatment.

Hot Quenching
The name formerly given to  the treatment o f  steel whereby steel was quenched and 
held at a high temperature prior to  cooling to  room temperature. This is now more 
generally know n as Austempering  or Mar tempering. Both o f  these techniques are 
described in the section Heat Treatment.

Hot Working
A process which can be applied to  many metals; it is a manufacturing process rather 
than a trea tm en t o f  metal.

Briefly, this is carried out, recrystallization occurs immediately and, thus, no 
work hardening or cold working  is achieved. Certain metals, such as pure 
aluminium, gold, lead and tin are Hot worked at room temperature. This means 
that they can be extruded in the cold or beaten into very thin sheets as very little 
oxidation occurs at room temperature. Other materials such as steel, copper alloys, 
nickel alloys, aluminium alloys and most o f  the materials com m only found in 
engineering are hardened by cold working and become brittle. Above a certain 
critical tem perature , which varies with each alloy, this cold work is eliminated by 
recrystallization occurrring and this is the range in which Hot working takes place. 
The upper temperature is defined by the temperature at which grain boundary 
liquefaction will occur. Again this is a well-defined temperature and results in a 
cast s tructure at the grain boundary. This is known as ‘burning’ and cannot nor
mally be eliminated by any method, except considerable Hot working within the 
correct tem perature range, or by remelting the complete com ponent.

There are some materials where the range o f  Hot working is so small that they 
are not considered to be forging-type alloys. These alloys invariably will accept 
very little cold work w ithout fracture, the most notable being the cobalt alloys.

Hot-dip Coating
A term generally applied to the galvanizing o f  steel but strictly speaking can be 
applied to  any o f  the processes where heat is used to coat the material. The 
aluminizing  process using molten metal could, therefore, come within this des
cription. In general, however, Hot-dip coating is the process in which steel com
ponents are cleaned and pickled  and, after fluxing , are immersed in molten zinc.
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This results in an adherent film o f zinc which is an extremely efficient means of 
preventing corrosion. Further details are given under Galvanizing.

Huey Test
A means o f  assessing corrosion resistance, applied to stainless steel. The test consists 
o f  heating a specimen in boiling, 60  per cent nitric acid for 48 h and finding the loss 
in weight. The test is repeated five times, the loss in weight being measured after 
each immersion.

This, then, shows the rate o f  corrosion which can be expected and gives some 
indication o f  its type. It will usually be found that the first and second immersions 
result in a greater weight loss than the subsequent tests, and generally an average 
o f  the last weight losses is taken to indicate a consistent corrosion rate. The initial 
immersions will result in the removal o f  loose or semi-adherent material and the 
normal surface-oxidation layer.

This is a long-term test. The weld-decay test (72+h) will give a m ore rapid 
indication o f  any tendency to intergranular corrosion, but is not com parable re
garding general corrosion affecting the material. It may be necessary to  carry out 
corrosion testing for specific substances, and the Huey test is a general indication 
o f  rate o f  corrosion under aggressive oxidizing conditions.

Hull Cell Test
A technique for the control o f  Electroplating solutions.

The technique is that a known, measured quantity  o f  the actual plating solution 
is placed in the cell. This in manufactured in plastic and is, thus, unaffected  by any 
plating solution used. The Hull Cell is o f  specific rectangular shape having approx i
mately h a lf  o f  one o f  the long sides in the form of a wedge. The test piece is placed 
on this angular wall while the anode is located at the short end o f  the rectangle. 
This means that the cathode, or test piece, has one end relatively close to  the 
anode, the  o ther end is remote from the anode. Using controlled voltage and 
current, it is therefore possible to produce a test piece which has a variation o f  
plating conditions across its length. After the specified plating time, which can be as 
short as 2 m in  or up to  3 0m in  depending on requirements, the test panel is 
removed and examined.

The Hull Cell test enables comparison with previously plated test pieces, and the 
purpose is no t to  produce an individual test piece with unique characteristics. Used 
on a daily, or even twice-daily basis where necessary, it will show up any variation 
in plating before the effects are seen on the plated components. Conditions must, 
o f  course, be standardized regarding temperature, current, voltage and the 
condition o f  the anode and cathode.

Many plating shops use this technique to maintain a very high standard o f  
control. Minor changes in the solution characteristics are identified and remedied 
before p roduction  com ponents can be affected.
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Humidity Testing
A form of testing which is commonly used to assess corrosion resistance b u t  can 
also be used to measure the dimensional stability of materials under hum id  condi
tions. Many electrical and electronic devices are subjected to Humidity testing, 
which is then followed by electrical tests to ascertain the effect, i f  any , that 
moisture has had on the assemblies.

Humidity testing is carried out inside a cabinet where the atm osphere is con
trolled at specified temperature and humidity. Many tests require tha t the tem pera
ture is varied over a period o f  time in a cyclic form. The test is readily achieved at 
over 90 per cent humidity by ensuring a large surface area o f  water w ithin the test 
cabinet. This will result in the atmosphere being saturated with w ater vapour for 
the temperature used.

It is this high-humidity form which generally requires use o f  a tem perature  
cycle; this will vary over a wide range depending on the type o f  com ponen t being 
tested and whether the test is designed to  simulate actual conditions or is an acce
lerated test. A common cycle would be 8 h at 50°c and 16 h at 2 0 °c .  Variations 
exist using higher and lower temperatures. However, when variations in the percen
tage humidity  is required, this is much more difficult and use is made o f  saturated 
salts. These chemicals replace the water and the same typical cycles as above are 
found, although less variation is demanded with the controlled H um idity  test. 
Examples o f  the salts used at varying humidities are as follows:

Saturated Salt Solution Temperature

2°c

Percentage 
Relative H um idity

Sodium Hydroxide 
Lithium chloride 
Magnesium chloride 
Sodium chloride 
Sodium hydroxide 
Zinc chloride 
Calcium chloride 
Sodium nitrate 
Sodium hydroxide 
Zinc chloride 
Calcium chloride 
Potassium nitrate 
Sodium nitrate 
Sodium chloride 
Potassium chloride 
Zinc chloride 
Sodium nitrate 
Sodium chloride 
Potassium chloride

20°c

50°c

10° c

5.5%
16%
35%
75%
5.5%
10%
38%
78%
5.5%
10%
32%
45%
66%
76%
86%
10%
67%

75.5% 
80.5%

2 2 0
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The Humidity test when applied to  accelerated corrosion testing is a relatively 

mild method o f  testing. Where salt-mist testing is specified, this will produce a very 
high humidity at the controlled temperature. Where accelerated corrosion testing 
is the requirement, there is little point in running salt-mist tests in parallel with the 
present testing. Where, however, electronic assemblies require testing, or where the 
dimensional stability or material is being tested, then there is no alternative to 
Humidity testing.

There are a number o f  specifications covering the various ‘Humidity Tests’ for 
the different materials and the reader is advised to consult the British Standards 
Institute or the American Society for Testing and Materials for specific 
information.

Hydraulic Pressure Test
A method o f  pressure testing which can be used on com ponents and assemblies to 
prove that no leaks are present; it can also be a m ethod o f  general integrity testing 
to show that the parts are strong enough for service. Further details will be found 
under the headings Hydraulic Pressure Test and Pressure Test in the section Non
destructive Testing.

Hydrogen Annealing
A method of softening , using hydrogen as an atmosphere to prevent oxidation. 
Further details are given in the section Heat Treatment.

Hydrogen Brazing
With this process, the brazing is accomplished in an atmosphere o f  hydrogen, 
generally using electric heating. This has the advantage that it will chemically 
reduce any slight oxide on the surface and will positively prevent oxidation occur
ring, thus, provided the com ponents are fed into the furnace in a clean, dry con
dition, no oxidation can occur and brazing will take place w ithout the use o f  any 
flux.

Hydrogen brazing was developed for the high-temperature braze alloys, for use 
with stainless steel and nickel alloys. With these, it was found that high-quality 
joints were not obtained economically using conventional techniques. This is now 
quite commonly applied to the standard m ethod but only where high-production 
or high-integrity joints are required.

Most commonly high-production Hydrogen brazing uses the humpbacked 
furnace, where the assembled com ponents are placed on a conveyor which enters 
the furnace and rises up a slope. Along this slope hydrogen is fed in, and as it is 
lighter than air, it rises up and leaves at the peak o f  the hump where it is ignited on 
leaving the furnace. The com ponents increase in temperature as they ascend the 
slope, and the maximum temperature is achieved at the peak where brazing occurs 
with the melting o f  the braze alloy. As the components are carried down the slope 
the temperature drops and the braze metal solidifies, all under hydrogen atmos
phere, preventing any oxidation.
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This equipment is commonly used on mass-production components with copper 

as the brazing material. This is often applied as an electroplated deposit and is used 
to  form an interference fit to hold the assembled components together until brazing 
occurs; it is probably one o f  the most economical methods o f  high-production 
joining. The brazing temperature will be approx. 1080°C-1100°c.

Other forms o f  Hydrogen brazing use batch-type furnaces, where the hydrogen 
is fed under pressure and is ignited on leaving, and the brazing cycle occurs as the 
furnace is heated and cooled. This can be compared to furnace brazing where 
fluxes are used, or to vacuum brazing where the only disadvantage is the need for 
a much higher standard o f  cleanness and elimination o f  surface oxidation. Argon 
brazing is similar to the latter process and again does not result in positive reduction 
o f  surface oxidation.

Hydrogen Embrittlement
A defect which occurs during the electroplating process. The modern theory is 
that,  during the plating process, atomic hydrogen will be produced at the cathode 
o f  the com ponent being plated. This atomic hydrogen is extremely active and 
has the capability o f  entering the interstices o f  the metal. Being unstable in the 
atomic state, the hydrogen will combine as rapidly as possible with other atoms 
to  form molecular hydrogen, and this molecular hydrogen having a higher unit 
volume than atomic hydrogen results in an internal pressure in the plated metal.

The same defect occurs during welding , where any dampness either in the 
atmosphere or, more commonly, in the flux coating will be broken down into 
atomic hydrogen by the electric arc, and again this atomic hydrogen will diffuse 
into the weld.

With high-ductility materials o f  relatively low strength, the stresses imposed 
by the hydrogen will not cause fracture, but will relieve themselves by stretching 
the material. With high tensile material or lower ductile material, then, the result 
o f  the stresses may be the cracking know n as Hydrogen Embrittlement cracking. 
Hydrogen embrittlement can always be eliminated by a stress-relieving process, 
which will drive out the hydrogen before it can cause fracture or failure. 
With plated components, the ruling is tha t above approx. 4 0 to n f in ~ 2 , it is m anda
tory to stress-relieve at approx. 2 0 0 ° c  before and after electroplating. Under 
some circumstances, e.g. with high-integrity aircraft-type components, the use o f  
electroplating is forbidden above a tensile strength o f  approx. 80 -90  to n f  in"2 .

Hydrogen em brittlement is generally eliminated from the welding process by 
the use o f  low-hydrogen rods. These are flux-coated rods where there is no water 
of  crystallization or other moisture included in the flux coating. It is essential that 
these rods are kept at above 100°c as soon as the seal is broken, and thoroughly 
dried  for at least 2 h  above 100°c  if  they become damp or are left in the atmos
phere for any time longer than about 1 h.

There is a long history o f  serious failure from Hydrogen embrittlement. This 
takes the form of a brittle fracture at stresses considerably below those specified
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by the design and they can, thus, be o f  a disastrous nature.

It is not readily possible to prove the presence o f  hydrogen, since it is a mobile 
gas which is difficult to trap for analytical purposes. The fact that it can be elimina
ted by a simple stress-relieving process is fortunate. It is essential that all plating of 
high-tensile steel at or above 3 5 -40  ton fin"2 is always stress-relieved. Considerable 
care must be taken during welding to  ensure that, with high-tensile materials, there 
is no danger o f  moisture contaminating the weld, either from the atmosphere, 
from contamination o f  the surface, or from the flux itself.

Hydrogen em brittlem ent is, thus, not a metal treatment which should ever be 
carried out on purpose. It is felt that engineers should have some understanding 
o f  the theory behind the problem, and the importance cannot be overstressed 
either o f  preventing Hydrogen em brittlement occurring, or o f  stress-relieving 
high-tensile com ponents which have been subjected to elecừoplating. Hydrogen 
em brittlem ent cracking will probably occur immediately after welding when 
stress-relieving is too  late.

Hydrogen Welding
A form o f  shielded arc welding which uses the energy o f  ionized hydrogen. It is 
not com m only used. The process is listed in the section Welding.

'Hynac'
The general name o f  a range o f  proprietary coloured coatings which can be applied 
directly to metals.

These coatings are water based, have an etchant included and can produce ex 
tremely thin attractively coloured coatings on aluminium in particular, and under 
certain circumstances on steel. Further information can be obtained from the 
Pennwalt Corporation.

Hydrocarb Process
A specific form o f  gas carburizing.

With this, the carburizing gases are preheated prior to  entering the gas 
carburizing chamber. It was claimed that this increased the rate o f  carburizing, but 
it is now seldom used. Details o f  gas carburizing will be found under this heading 
in the section Heat Treatment.

Ihrigizing
A surface impregnation process only applied to cast iron and steel components.

With this, the surface is treated in such a manner that it becomes high in silicon, 
to  form a surface layer o f  silicon carbide. This is resistant to many acids and 
general corrosion. The com ponents are heated in a closed container in contact with 
silicon carbide, or in some circumstances, ferrosilicon, in an atmosphere o f  chlorine 
at a tem perature between 9 5 0 ° c  and 1025°c.

The depth o f  the silicon impregnation will be dependent to some extent on the
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surface finish o f  the material involved, and the analysis o f  the material being 
treated, but to  a much greater ex ten t on the length o f  time at which the material 
is held at the correct temperature. The result is a surface layer containing approx i
mately 14 per cent silicon, which will reduce towards the centre where the silicon 
content will be the nominal am ount o f  the basic material being treated. This 
technique results in a surface which is extremely hard and brittle, but which can 
withstand a corrosive atmosphere and will, in fact, be capable o f  withstanding 
chemicals such as boiling sulphuric acid over a wide range o f  concentrations. It 
is also capable o f  withstanding oxidation up to relatively high temperatures in 
excess of 750°c.

The process is extremely expensive and requires specialist equipment; with the 
advent o f  stainless steel and titanium, and to  a lesser extent,  nickel plating , there 
is now very little application for the Ihrigizing process.

Immersion Coating
A term which can be applied to any form of coating carried out by immersing the 
component. It can be used to  distinguish between processes requiring electrolysis 
and those which occur by chemical trea tm ent alone. It can also be applied to  a 
process such as galvanizing, where the com ponent is immersed in molten zinc. The 
term should never be used w ithout indicating the specific type o f  coating involved 
and how the process is to be carried out.

Immersion Plating
The plating o f  a metal which occurs when one metal is immersed in a solution o f  
another metal.

This solution must contain a metal which is more electropositive than the metal 
being plated. This latter dissolves in the solution o f  the more electropositive metal, 
and this will then precipitate on the surface o f  the less electropositive metal. This, 
then, is a form o f  electroless plating. It is now com mon usage that the term 
Immersion plating is used where a deposit o f  the more electropositive metal is 
obtained and the plating process then stops. The term electroless plating is used 
for the process where the deposition o f  the metal being plated continues, and 
there is a buildup on the material being plated. It can also be applied, under some 
circumstances, to non-metallic substrates, while Immersion plating refers only to 
the deposition o f  an electropositive onto  an electronegative metal. The electrode 
potentials o f  metals are given on page 67.

Impact Tests
These do not by themselves give any accurate measurement o f  ductility. The 
purpose o f  the Impact test is to  identify any tendency for an apparently ductile 
material to be brittle, generally where a notch exists. One value o f  the test is to 
identify the temperature at which steel, in particular, ceases to  have the capability 
o f  absorbing energy and becomes brittle. It can, as a general rule, be stated that any
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material which is shown to be brittle using ductility testing techniques will 
invariably show low impact values. It is no t, however, o f  necessity true that 
materials which are .shown to be ductile will also have high impact values.

It will, therefore, be seen that in any series o f  tests, bend testing as a measure o f  
ductility should be carried out prior to Impact testing, as this is much more eco
nomical than the Impact test.

Impregnation
A name given to a salvage process which can be applied to  any metal bu t,  in general, 
is applied only to castings. The purpose o f  the process is to prevent leakage o f  
porous castings by filling or impregnating any porosity.

There are various techniques, which can include simple processes such as 
painting  the surface with non-porous paint or immersing the com ponent in hot 
solutions either o f  plastic, or in some cases, sodium silicate. The modern technique 
makes use o f  a range o f  materials some of which are quite complex and are de
signed to react with the actual metals, first, giving a good bond and, second, 
forming a solid but flexible material.

Most modern techniques use the vacuum pressure cycle. With this, the clean 
com ponent is placed in an autoclave which is then sealed and the pressure reduced. 
Under some circumstances, a very low vacuum is required. When the desired 
vacuum has been achieved, the liquid used for impregnation is pumped in to release 
the vacuum and the pressure cycle is then commenced. The theory is that the 
vacuum will ensure that all gases are removed from the porosity, which will then 
subsequently be completely or as much as possible filled by the liquid under 
pressure. The subsequent process, then, will depend on the impregnation fluid 
used. Many modern materials, on removal into the air, and washing, react and the 
impregnation material will become solid, adhering to the material being treated.

In general it is no t advisable to carry out the Impregnation process as a routine, 
since this would seem to indicate that the casting process has been accepted to 
produce porous casting as a standard. It is generally better to examine at the 
casting stage and to eliminate general porosity rather than to impregnate as part 
o f  a production process.

The castings should be air-pressure tested , and those showing no leakage at the 
design pressure are passed as satisfactory. Any casting showing leakage should be 
examined and only those with microporosity submitted to Impregnation. There 
is a considerable history to show that microporosity can be sealed by Impregna
tion processes, but that the sealant works loose during service with consequent 
failure. It should, therefore, be a quality decision regarding the degree o f  porosity 
which can be salvaged by Impregnation. This decision can only be made after 
pressure testing  before Impregnation, not by visual examination after 100 per 
cent Impregnation o f  all castings.
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Impressed-Current Corrosion Protection
A development o f  cathodic or galvanic protection , used only on steel. The 
technique is generally limited to large steel structures, com monly in the marine 
environment and on underground pipes.

The theory is that, using anodes which are non-active, an electric current is 
made to flow between the anode and the material. This will ensure that the steel 
being protected is cathodic and, thus, should have no corrosion or corrosion at a 
very slight rate.

Considerable care is necessary to ensure that the protected com ponent remains 
at all times cathodic to the artificial anode. When conditions alter, there is the 
possibility that the protected com ponent can itself become anodic to some other 
material or even that certain areas o f  the protected assembly can become anodic. 
Any steel which becomes anodic will have the corrosion rate increased by a con
siderable amount and, thus, the effort to  protect can result in severe corrosion. 
For this m ethod to be effective, it is necessary to  find the resistance o f  the elec
trolyte and to carefully space out the anodes being used and monitor the anode 
and the cathode to ensure that correct conditions o f  current flow are always 
present.

With modern corrosion protection , Impressed Current is sometimes used in 
conjunction with paint systems, but will never be used in conjunction with galvanic 
protection  using anodes which are active and sacrifice themselves to  produce the 
necessary protection. The user is strongly advised to obtain specialist advice before 
a ttem pting to protect expensive assemblies using Impressed-current corrosion 
protection.

'Imprest' Process
A proprietary method whereby aluminium and aluminium-alloy sheets are cold- 
rolled in contact with materials such as fabrics or wire in order to give a delicate 
embossed pattern. The pattern will not be an exact replica o f  the master and, 
thus, some development will probably be necessary to  find the pattern necessary 
to give any exact impression. Further information can be obtained from the British 
Aluminium Co.

Inchrome Process
An alternative name for Chromizing.

With this, the surface o f  steel, generally low carbon, is impregnated with chro
mium by a hot diffusion process to  give a surface analysis 30 per cent chromium.

Indium Plating
Deposited on top o f  electroplated lead for high-duty bearings (see Electroplating). 

Induction Brazing
A m ethod  o f  joining which can be applied to  steel alloys o f  all types and to copper
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alloys. Given the correct fluxing  conditions, aluminium and its alloys can also be 
brazed using the Induction technique.

This obeys all the rules laid out in the section brazing which are required for 
high-quality joins. The Induction technique is the method used to bring the com
ponents being joined to the brazing temperature. Under many circumstances, the 
Induction heating coil will be used manually, that is, the com ponent will be held 
within the coil and, either using a hand or foot switch, the high-frequency current 
will be applied, the joint will heat up and the operator can watch the metal melting 
and then remove the com ponent from the coil.

This technique lends itself readily to autom ation or semi-automation, where 
parts are continuously fed to the coil or can be held by some fixture which au to
matically switches on the electrical current, which is automatically switched off 
after a preset time cycle.

Induction brazing is in com petition with normal gas brazing and will seldom be 
as economical as furnace , salt-bath, hydrogen or vacuum brazing as all o f  these 
techniques can be designed for use with large quantities simultaneously, whereas 
Induction brazing produces only a single join at each operation. Technically, when 
properly controlled, an equal standard o f  brazing can be achieved from any o f  
these procedures, thus the only parameter to be examined is that o f  economics.

Brazing will often be an alternative to either soldering or welding as a m ethod o f  
joining. With modern glues there is also the possibility that joints o f  a satisfactory 
standard can be produced by glueing.

Induction Hardening
A hardening technique which uses induction heating as the means o f  heating the 
components. It is comparable in many ways to flam e hardening which is a more 
flexible, but less controllable, method. It is described in the section Heat 
Treatment.

Induction Heating
A method o f  heating, using high-frequency electricity. The heat obtained can be 
used for casting, welding, brazing and basic heat treatment. The casting techniques 
do not come within the scope o f  this book, but induction welding, brazing and 
hardening appear under these headings in this book.

Induction heating uses coils which act as conductors for the high-frequency 
electricity and when any metal is placed inside the coil, there will be an induced 
effect. The molecules in the metal are forced to  change direction with each reversal 
o f  the high frequency, and this heats the metal. With very high frequency, the 
effect is confined to the metal surface and the ‘core’ is only heated by conduction. 
As the frequency is reduced, so this ‘skin’ effect becomes less and it is more diffi
cult to  achieve a surface heat only. It will, thus, be appreciated that for melting or 
general purposes, high energy and low frequency is necessary. For the skin heating 
used for hardening and brazing, high frequency is necessary. The high-frequency
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method in general uses valve-type oscillators, the lower frequency makes use o f  
rotating generators.

Inert-atmosphere Furnace Brazing
A m ethod where the furnace brazing technique is used, thus allowing a batch-type 
process, but here the furnace atmosphere consists o f  an inert gas. In the UK this gas 
will be argon, but any o f  the inert gases may be used and, where economics justify , 
helium will be used.

Using the inert-gas atmosphere means that no positive cleaning or removal o f  
oxide is achieved and, thus, the com ponent to be brazed must be thoroughly 
cleaned and made free from oxide.

It is most unlikely that fluxing  could be used as most fluxes would result in 
contam ination of  the inert atmosphere. However, there are certain types o f  fluxes 
which are relatively inert which could be used with this m ethod. All other details 
o f  the process will be identical to  furnace brazing, and the user is referred to this 
heading, and the section Brazing in this book.

The use o f  hydrogen brazing and, to a lesser ex ten t,  controlled atmosphere 
brazing, results in an atmosphere which can be used to  remove the last traces o f  
oxygen and oxides and, thus, under many circumstances superior results will be 
obtained. No such oxide removal will be achieved with the present process and, 
in addition, there can be considerable difficulty in purging the furnace or chamber 
prior to  brazing in the inert gas. Any air which is drawn into the atmosphere or is 
trapped in the assembly can result in the formation o f  surface oxide which will 
reduce the standard o f  brazing achieved.

Inert-gas Shielded Metal A rc Welding
A technique which shrouds the weld with argon or helium which is then ionized 
to  give the welding heat. This heat will always be less than that achieved with air, 
but overcomes the problems o f  weld oxidation. The technique is described in the 
section Welding.

Inertia Welding
This is very similar to  friction welding which is discussed under Welding.

Integral Welding
Any form o f  welding where no filler metal is used, but the com ponents themselves 
are designed to have some portion which fits with the mating com ponent. The 
welding action melts this metal which thus becomes the filler in the process. It will, 
thus, be seen that Integral welding must only refer to fusion welding as no form 
o f  forge welding requires filler material.

Integral welding was introduced by the aircraft industry and is a technique 
whereby using, in particular, the inert-gas shielded metal arc weld joins can be p ro
duced with a minimum of weight and o f  a very high integrity.
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Interrupted Ageing
A technique o f  ageing or precipitation hardening where the process is carried out in 
stages, with the com ponents being cooled to room temperature between each stage. 
It is used when the exact time or temperature to achieve maximum hardness is not 
exactly known.

The parts are heated to a predetermined temperature for a stated time. This time 
and temperature are calculated not to give the full hardness, but from the hardness 
achieved it should be possible to predict more exactly the time and temperature to 
give full hardness. With modern, more detailed knowledge o f  the alloy content, 
this m ethod should not be necessary. Details o f  ageing are given under its modern 
name o f precipitation hardening in the section Heat Treatment.

Interrupted Quench
A process used only for steel; it is a specialist type o f  hardening.

With this, the com ponent instead o f  being left in the quench until it achieves 
the tem perature o f  the quench medium, is removed after a specified time and is 
allowed to cool in air. The purpose is to  temper the material, using the heat re
maining in the com ponent at a certain stage of quenching.

If  com ponents  are all o f  identical size, and the heat-treatment batches are all of 
exactly the same size, with the com ponents located in the same manner so that the 
heat removal is always at the same rate, then Interrupted quenching will be identi
cal to austempering or martempering. More generally, Interrupted quenching is 
carried out by an individual heat-treater, who pits his judgment against the varia
tions which can occur during the heat treatment o f  steel. If the operator has the 
necessary skill, then successful results can be achieved, but it is much more likely 
that variations from com ponent to com ponent within the same batch as well as 
between different batches will be achieved and this method o f  hardening and 
tempering is not to be recommended where treatment o f  any importance is 
required.

Inverse Annealing
A term  which has, on occasion, been used in place o f  precipitation hardening or 
ageing, and is liable to cause confusion. The derivation would appear to be from 
the fact that with steel the temperature in this process results in softening , whereas 
alloys capable o f  being hardened by ageing, the same temperature results in 
hardening. See the section Heat Treatment for details o f  the various methods 
o f  softening  and hardening metals.

Iron Plating
Iron is the cheapest o f  all metals and, therefore, finds very little application as an 
electrodeposited film. There are, however, some characteristics o f  iron which can 
be made use o f  in conjunction with more expensive alloys such as copper. One use 
o f  an iron deposit is on copper soldering-bits. This prevents the solder from alloying
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with the copper and considerably increases the life o f  the bit. Iron at one time was 
used in the printing industry but with the advent o f  modern techniques this is no 
longer normally used.

Isothermal Annealing
Applied only to  steel; it is a form o f  softening. Details are given under the heading 
isothermal annealing in the section Heat Treatment.

Izod Test
A form o f  impact testing  which can be applied to  all materials. The test piece is 
square in section with a notch machined at right angles to the length and at the 
mid-section. Round test pieces with and w ithout notches are also used.

To carry out the test, the specimen is held in a vertical position with the no tch  
at the top face o f  the vice facing the ham m er used for the impact test. A pendular 
ham m er is then swung to strike the vertical half o f  the test piece and the arrest o f  
this ham mer is measured; the greater the arrest, the higher the impact strength o f  
the material being tested. It is recom mended that three specimens are prepared and 
tested and that at least two of these specimens give comparable results.

The problem with the Izod test is tha t the notch is difficult to  reproduce accu
rately and, thus, there can be some scatter. Many specifying authorities are 
replacing this test by the charpy impact test.

Jacquet's Method
An electropolishing technique used in the production o f  metallographic specimens. 
The piece o f  metal to be examined is m ounted  in a special conducting material and 
then  mechanically polished in the norm al manner to  produce a flat surface with a 
good finish. This will have a layer o f  work hardened material which distorts the 
grain pattern.

Electropolishing is then carried ou t by making the specimen the anode in a 
solution whose composition will depend on the metal being polished. The polishing 
removes the work hardened layer and etches the surface.

There are now available specialized pieces o f  equipment, which can be portable, 
which allow the production o f  a high metallurgical type o f  polish on local areas. 
This gives much greater flexibility to  the metallurgist regarding the possibility o f  
carrying out a detailed examination o f  metal structures on site.

Using this technique o f  etching, the skilled metallurgist can identify many 
different structures and, under m any circumstances, can supply inform ation on 
w hether or not the material complies with the specification w ithout destroying 
the com ponent being examined. F u rther  information will be found under etching 
in the section Non-destructive Testing.

Jagger Test
A form o f  hardness test.
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Japanning
A term used to describe a form o f  stove enamelling.

It is derived from a Japanese process in which the com ponent is coated, then 
stoved at about 9 0 ° c  with a form o f pitch or tar and thinned turpentine co n 
taining other additives. The result is a shiny, black surface. Japanning can be 
applied to many materials and ‘patent leather’ is a form o f  this process. The term 
is now applied to a wide range o f  paint finishes, covering many colours, which in 
many cases do not require stoving. In general, however, there is the connotation  
that the finish achieved should either be black, or at least have a high shine.

This term which is applied to many surface finishing treatments at one time 
had a well-defined, specific meaning, but which with modern finishing, giving 
apparently the same result, now has a very blurred meaning.

Jet Test
A thickness testing technique more commonly referred to as the British non- 
ferrous je t test cBNF). It appears under this heading in the section Non-destructive 
Testing.

Jetal
A name given to  the <black o x id e ’ treatm ent o f  steel, using hot, oxidizing alkaline 
solutions. This results in the formation o f  an adherent, dark oxide with good 
corrosion resistance under most conditions.

Jom iny Test
A quality-control test applied to steel to give a measure o f  its ‘hardenability’.

A standard test piece is machined from the steel being tested, and normalized 
to  remove any previous heat treatment and all cold work. It is im portant that the 
normalize is carried out as the previous heat-treatment history o f  steel can have 
some effect on its ‘hardenability’, and thus would be a variable. The normalize 
should be carried out on the rough machined test piece and final machining carried 
ou t after normalizing.

The test piece will be 4 in (10 cm) long, 1 in (2.5 cm) in diameter with a head 
1.125 in (2.8 cm) at one end 0.125 in (0.5 cm) in length. This test piece is carefully 
heated to the hardening tem perature for the steel in a neutral or controlled a tm os
phere. The time at temperature will vary for the steel being tested but will be in 
the 15-30m in  range. The test piece is then rapidly removed from the furnace and 
inserted in the quench. This is a collar through which the parallel diameter o f  the 
test piece is placed with the collar holding the 1.125 in (2.8 cm) diameter head. 
This head is then sprayed for lO m in with a controlled je t o f  cold water, the collar 
preventing the remainder o f  the test piece from any contact with the spray, thus 
ensuring tha t only the head is water-quenched. The test piece is then removed and 
a flat carefully ground to remove 0 .020  in (0.5 mm) along the complete length and 
a hardness survey carried ou t along this flat.
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With steels o f  high ‘hardenability’, there will be a longer length o f  high-hardness 
steel from the test piece ‘head’ than with steels o f  low ‘hardenability’. Graphs can 
be readily constructed showing the depth  o f  hardness obtained on the test piece. 
Provided care is taken, excellent reproducability o f  the hardness pattern can be 
achieved.

This end-quench ‘hardenability’ test is seldom carried out as a routine quality 
control, but charts and tables have been published o f  the results obtained on 
Jom iny test pieces for most com m on steel specifications. These are used for design 
purposes and some steel specifications now use this parameter as the basis for 
control. It is not advised that this test is used for random control, as the num ber o f  
variables which can exist would tend to  make the results meaningless. For high- 
production, high-integrity heat-treatment, where econom y is essential, and thus 
low-alloy steel is used, routine Jom iny end-quench control is advisable and can be 
used in place o f  chemical analysis for the control o f  raw material. For investigation 
purposes, normal quenching and microexamination and hardness surveys will 
probably give more useful information than a ‘one-o ff  Jom iny test.

'Kanigen Plating'
A proprietary name which was given to the first patented process o f  elecữoỉess 
nickel plating. This is a deposit o f  nickel and phosphorous which requires no 
electric current and which can be hardened by subsequent trea tm ent. As this was 
a leader in the field, the name ‘Kanigen plating’ is very often at present used as the 
generic name for electroless nickel plating. The ‘Kanigen’ process is now carried 
out by Fescol Ltd.

Kayem Process
A procedure which makes use o f  certain characteristics o f  zinc to give economical 
press tools for small production runs. The normal press tool for high production 
runs is produced by sophisticated machinery from sophisticated steels with com 
plicated heat treatment. It is seldom possible to predict exactly the shape o f  a 
pressing which will be produced from a press tool. Where long-run production is 
necessary, the press tools will be extremely expensive to  produce and difficult to 
modify when they are completed. The Kayem process allows a small quantity  o f  
pressings to be produced, using soft dies, and these are used to  give the necessary 
information to  produce the final press tools.

One procedure for this is that the initial pattern , either in wood or plastic or 
any other material, is used to  produce a shape in plaster o f  Paris. This plaster o f  
Paris pattern is then used to produce zinc press tools. The temperature at which 
zinc is cast is low enough for the use o f  plaster o f  Paris as the mould, and the 
two halves o f  the press tool can be made in separate operations. These two por
tions o f  the press tool can then be em ployed to produce the necessary preliminary 
pressings and any difference in the shape finally desired can be made by either 
filing the zinc to remove any excess metal, or by using special solders to build up
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any depressions which have been found. In this way the zinc press tools can be used 
economically to produce a limited number of components for trial purposes, and 
when a satisfactory press tool has been achieved, the zinc press tool is employed 
as the master for sinking the final hardened steel die. Kayem press tools have been 
used to produce short-run production pressings as well as initial trial pressings.

Keep's Hardness Test
A form o f  hardness test which uses the depth o f  hole produced by a rotating drill 
o f  standard hardness as the means o f  measuring hardness.

Keller's Spark Test
A method which can be used to differentiate between steels, using the spark pro
duced by grinding as the means o f  assessing the difference. This is usually only 
applied to  steels and makes use o f  the fact that the carbon content o f  the steel 
will affect the type o f  spark produced, and that certain alloying elements will 
result in the spark having a characteristic colour.

Any metal when it is heated above a certain critical temperature in air will 
oxidize, and in the process give off lightwaves. The wavelength o f  the light in 
question will be specific to the metallic element involved and the intensity o f  the 
light will be proportional to the am ount o f  that element present. The same prin
ciple is used for some o f the more sophisticated chemical-analysis instruments 
which can quantify and accurately assess the am ount o f  metallic elements present 
in an alloy. The carbon content is estimated by the intensity and shape of  the 
spark produced, and requires considerable experience to give meaningful results.

With the Keller’s test, use is made o f  a grinding wheel to supply the necessary 
energy to  produce the temperature required. While it is possible to examine the 
sparks to a limited degree with a normal grinding wheel, for more sophisticated 
results it is advisable that the direction o f  the grinding wheel is reversed so that 
the sparks rise up in front o f  the operator. If the lighting in the area is reduced 
and the background painted a matt-black, then with practice considerable accuracy 
can be achieved in determining the alloy content o f  a steel. The alloy content best 
estimated is chromium and molybdenum, with tungsten and nickel at less accurate 
levels. This technique, and others for the same purpose, are listed and described in 
the section Metal-sorting.

Kenmore Process
A process confined to the production of  a plated deposit on a steel-wire core.

The most com m on metals involved are copper or nickel which are electro
deposited on the surface o f  a steel wire, which is then drawn to  increase the tensile 
strength and to reduce the thickness o f  the material in question. The drawing will 
act as an inspection process to  ensure that only a high-quality plating deposit will 
pass.

This process is used as a means o f  high-production, economical coating o f  steel
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wire and as such is to  be compared with hot-dip coating. Where the coating material 
can be applied by means o f  a molten dip, for example, tin, lead or zinc, this will be 
more economical than the present process, which can be used for metals such as 
copper or nickel which cannot be readily applied by hot-dipping.

'Kephos'
The proprietary name o f  a form o f phosphating using a non-aqueous solution 
normally applied to  spraying which can also be applied by dipping or brushing.

One advantage o f  this technique is that it does no t require washing, but can 
be left to  air dry prior to  further treatm ent such as painting. Further general 
information will be found under Phosphating\ detailed inform ation can be obtained 
from ICI Ltd.

Kern's Process/Kern's Test
A m ethod o f  testing the thickness and, to some extent, the mechanical properties 
o f  a paint film. It is generally only applied when painting  on steel, and the m ethod 
is tha t the surface is blasted with an abrasive powder usually carborundum until 
the coat o f  paint has worn through to the base metal.

The principle o f  the test is that any paint film will be abraded and removed by 
the powder, whether carborundum or aluminium oxide. The test makes use o f  
standard conditions o f  nozzle diameter, air velocity, particle size, hardness and 
impingement o f  the grit, and the assessment o f  the paint film is in the amount o f  
abrasive material used to  achieve removal o f  the film.

Since this test, in addition to  assessing the thickness o f  the paint, can be used 
to  assess the abrasion resistance o f  the paint film chosen and, thus, has a certain 
advantage over either hardness or thickness testing. The test can be compared with 
the more conventional m ethod by which a loaded scribe is abraded against the 
paint film and the degree o f  wear is measured against time. This taber test is 
probably more reproducable but will give less information than the Kern’s test 
properly carried out.

Kirsh Test
A portable hardness test, using a hardened steel punch.

Knoop Hardness Test
A form o f  hardness test used for thin sheet or very light loads.

Koldweld
A form of welding which can be applied only to  a limited number o f  materials 
which will accept cold working , and which in general includes pure metals such as 
aluminium, copper, gold, tin, lead, etc.

This is a form o f  pressure welding where no heating is involved and the metals 
are joined by the application o f  pressure alone. This necessitates that the metal
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must be capable o f  accepting a considerable am ount o f  cold work, and that the 
interfaces o f  the parts being joined are not highly oxidized, otherwise good forge 
welding will not be achieved.

For correct Cold welding, the shape and size o f  the dies used are very critical. 
Further details o f  this type o f  process are given under ‘Forge welding’ in the section 
Welding.

Kuftwork
An alternative name for Damascening.

Lacquering
An alternative name, under many circumstances, for painting , to mean specifically 
coating with a clear varnish. Lacquering is discussed in the section Painting.

Lap Welding
A term referring to  a specific design o f  join, not any specific m ethod o f  applying 
the weld. A lap jo int is one where the two joined faces overlap each other and are 
held together by glueing, riveting or bolting.

Lap welding is generally two fillet welds, one at either end o f  the pieces being 
joined, but may be a single fillet weld, and in some cases the complete edge of  the 
join can be achieved by fusion welding on all four surfaces. The method also 
includes forge welding , where the lap jo in t is heated and hammered to  give a 
forge join. (See the section Welding.)

Laser Welding
A m ethod o f  fusion welding, using the energy obtained from a laser to supply 
the necessary heat. Any metal which can be joined by melting can be Laser welded.

The laser energy is obtained from a light source which is concentrated inside a 
crystal, and then released as a high-energy beam of light. This will not affect the 
atmosphere through which it passes, but any solid object in the path o f  the light
wave will be heated as the energy is released. The advantage o f  Laser welding is 
that the energy beam can be extremely narrow and, thus, the heat-affected zone 
of  the weld is kept very small.

Welding can, however, be carried out in normal atmospheres, but will require 
either flux, or that the weld metal is protected by an inert gas. The technique is 
comparable in many ways to electron-beam welding, but does not require the 
use o f  high vacuum, thus is very much more flexible. It can also be used in a similar 
fashion to  inert-gas shielded metal arc welding, with the laser energy used in place 
o f  the metal arc.

This is a modern technique and the capital cost o f  equipment is high with high 
operating expenses. Where high-integrity jo ints by fusion welding are required, 
particularly with thin sheet material, Laser welding can have an advantage in flexi
bility and cost over the electron-beam process and, in the production o f  technically
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superior joins, over the conventional techniques. It is advised tha t up-to-date 
information is obtained from specialists such as the Welding Institute.

The laser beam can be used for many purposes in addition to welding , and laser 
cutting o f  a variety o f  materials, metallic and non-metallic, is now quite  com m on. 
The laser beam is also used for control purposes and many inspection techniques 
make use o f  this energy source. The beam has all the advantages o f  a light beam, 
with the addition that it has a measurable energy, capable o f  doing considerable 
work a long distance from the source o f  the beam.

Laxal Process
A treatm ent for steel to  inhibit corrosion.

With this, the com ponents are immersed in a hot oxalic-acid solution . The 
resultant film has properties no t unlike that achieved by phosphating , which has 
now largely replaced this process.

Lead Annealing
A form o f  softening , where molten lead is used as the heat-transfer liquid and also 
prevents surface oxidation.

Lead melts at 3 2 7 °c  and it will, therefore, be appreciated that it is n o t  possible 
to  use Lead annealing at any temperature below 330°c .  As the tem pera tu re  in
creases, the rate o f  oxidation or drossing will increase, and above approx . 6 0 0 ° c  
or 700°c ,  this rate will generally become unacceptable. Thus, the Lead annealing 
process can only be o f  use when the annealing or softening  tem pera tu re  lies 
between these temperatures. It is, therefore, o f  limited use for steel com ponen ts  
where the softening  temperature is usually accepted as being in the range 6 0 0 ° c  
and upwards. Where materials are Lead annealed, care must be taken tha t no alloy 
is produced between the metal being treated and the lead.

Lead has been used in the heat treatment o f  steel where tempering  must be 
carefully carried out, and there is the process o f  martempering where the steel 
is quenched into a molten bath, traditionally a lead bath. However, w ith the ad
vances in salt-bath technique and the continuing rise in the price o f  lead, there are 
now relatively few applications where molten lead is used. Health hazards asso
ciated with metallic lead have also contributed against any increase in its use.

Lead annealing was com monly used to  soften steel wire after cold-drawing. The 
hard wire passed through the molten lead at the chosen temperature. This resulted 
in an increase in ductility, a reduction in hardness with no danger o f  any surface 
oxidation. There was the added advantage that a thin film o f lead rem ained on the 
surface. This could act as a die lubricant for further drawing or as a m eans o f  im
proving the corrosion resistance o f  the final wire.

Lead annealing will be seldom used today, as salt baths and conventional fur
naces have improved and are more attractive technically and economically.
Martempering and the various methods o f  annealing and softening  are listed and
discussed in the section Heat Treatment.
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Lead Patenting
A term used in the heat treatment o f  steel where the parts are quenched at a con
trolled temperature. It is, thus, an alternative name for martempering, with the 
quench medium being molten lead. Martempering at present generally uses a salt 
bath, and is largely overtaking the use o f  lead on technical, economic and health 
grounds. The technique is discussed in the section Heat Treatment.

Lead Plating
A seldom-used electrodeposit, details o f  which will be found in the section 
Electroplating.

Lead-Tin Plating
A seldom-plated alloy which should not be confused with solder plating , where the 
tin-lead alloy with 60 per cent tin is com monly plated. It is listed in the section 
Electroplating.

Levelling
A term used in electroplating to denote a deposit which has resulted in an improve
ment to the surface finish by smoothing or levelling the substrate surface. Some 
information on the technique is given in the section Electroplating.

Lim e Coating
A term on the whole confined to  steel com ponents; there are two areas in which 
it is used. The most com m on is where a coating o f  lime is applied, very often in 
conjunction with some other process, to ensure reasonable adhesion o f  the lime 
to  wire during a wire-drawing operation. This acts as a lubricant for the subsequent 
wire-drawing. To  a lesser ex tent the term is applied to the use o f  lime or other alkali 
materials to steel which has been pickled , and the purpose here is to produce a 
surface less prone to subsequent corrosion.

It is a know n fact that the pickling  process itself will result in a surface more 
prone to corrosion than a normal surface. If in addition to this the smiling  opera
tions have no t been ideal, subsequent corrosion can become serious. It is, therefore, 
sometimes the practice that following pickling  the steel is immersed in some solu
tion which will neutralize any remaining acid, and then ensure that some o f  the 
alkali neutralizer is retained on the surface.

Lime coating is not com m on within modern industry. Where this was tradi
tionally used during wire-drawing, use is now made o f  phosphating, borax or glass 
trea tm ent, or o ther lubricants such as graphite, m olybdenum disulphide or metal 
soaps all o f  which tend to be more efficient and convenient than the coating of 
lime.

Where corrosion inhibition is required, there are available many alkali solutions 
some o f  which are proprietary and are added to the swill water, or used as a 
separate dip after the first swill. Lime is still used under some circumstances, but

237



L I Q U I D  H O N I N G

more commonly a caustic-soda solution is employed, with additives to improve 
its wetting ability and stability.

Liquid Honing
An alternative name for the vapour blasting process, where abrasive grit in slurry 
form is used as a blast medium. The term can also be used to cover the barrel 
deburring process. Both are described under their own headings.

Liquor Finishing
A term which can be applied to  a variety o f  metal treatm ents where the process 
uses a liquid. It is, however, specifically applied to a wire-drawing process where 
after cleaning and pickling  the wire is treated with a mixed acid copper and tin 
sulphate. This resulted in a deposit by chemical reaction w ithout any electrolysis 
o f  a thin film o f  copper and tin, giving a brownish-red colour. This is an electroless 
or immersion plating process, further details being given under these headings.

After washing, and while still wet, the wire was drawn to  a smaller size. The
deposit acted as a die-lubricant and the drawing action stabilized the deposit. The
final drawn wire had an attractive colour, but the corrosion resistance achieved 
was o f  a low standard.

The use o f  phosphating, borax treatm ent or metallic soaps are all m odern aids 
to  wire-drawing, which leave a deposit giving some corrosion protection.

'Lithoform '
A proprietary form o f  phosphating  used on zinc, either galvanized, electro plated  
or, under certain circumstances, on zinc rich primers.

The coating is applied as a brush system and the purpose is to  etch the zinc
to allow it to accept paint. W ithout some form o f  trea tm ent a zinc coating will
normally have poor adhesion for paint films.

Detailed information on the ‘Lithoform ’ process can be obtained from ICI Ltd. 
General information will be found in the section on Painting.

'Loctite'
A proprietary m ethod used to  prevent nuts working loose in service, or for other 
similar applications.

The materials used are specially formulated resins which in contact with air 
remain liquid, but which solidify when air is excluded. The technique, therefore, 
is to  paint the liquid either on the stud or the nut, and when the nut is tightened, 
the threads where the studs are in contact will have no air present. Under these 
conditions the resin will solidify, thus holding the nut.

This technique is now being successfully used in place o f  lock washers or, in 
some cases, locking wires or pins. It has the considerable advantage tha t,  when 
torque-loading is specified, the exact load, allowing for the ‘Loctite’ liquid, can 
be specified and, thus, the exact load on the stud will be achieved. With lock
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washers and locking pins, it is sometimes necessary to overtighten or undertighten 
to locate the hole. Further information can be obtained from the Loctite Co.

Lost Wax Process
A casting process, and as such not a metal treatment. Briefly, the process is that a 
pattern  is produced in wax. Any wax can, in fact, be used, but with modern 
investment-type castings where high integrity of detail is necessary and where 
dimensions must be held to very tight limits, special waxes with specific charac
teristics, particularly regarding expansion, are used.

The pattern is used to make a mould. There are various techniques o f  pro
ducing the mould on the wax, including forms of  spraying and dipping. It will be 
seen that the mould using these techniques will faithfully follow any details on the 
wax pattern. The mould may be hardened, the wax then being removed by melting, 
leaving the mould ready for casting with the desired metal.

This process was used by the Egyptians and although ancient has been refined 
by m odern technology to produce com ponents which are intricate in shape and 
which can be made to  hold extremely tight tolerances. It is also known as Invest
m ent casting, or the cire perdue process.

Ludwig Test
A form of hardness test, using a conical indenter. It is now seldom used, and is 
listed in the section Hardness Testing.

Lum inous Painting
A process which can be applied to any material in which light can apparently exist 
under black-body conditions. Two basic methods are used:

(1 )T h e  use o f  radioactive substances, such as radium and thorium salts among 
others. These materials retain luminosity continuously until the end o f  their radio
activity. Since dangerous radioactive waves are given off, these paints are no longer 
used except for very specific purposes.
(2) The use o f  materials such as calcium, barium and strontium sulphides, which 
have the ability to  absorb light and which appear luminous in the dark. The degree 
to  which this effect will be apparent obviously depends on the intensities to which 
the lum inous paint is initially subjected. The effect is reduced and eventually 
ceases over time.

It will be appreciated that the above paints have limited application, e.g. the 
hands and figures on watches, the lubber line on compasses and other instruments 
used for navigation, etc. Their application will make use o f  standard techniques 
such as hand painting with fine brushes, silk-screen printing  and transfer system. 
They are all expensive paints and, thus, will only be used when necessary and 
wastage is controlled. In the case o f  radioactive materials, it will be necessary to 
com ply with the regulations and laws covering the handling o f  these materials.
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Macroetch Test
An inspection technique which can be applied to  any material. It is used to  indicate 
gross defects and to show the direction o f  flow lines in forging  and o ther similar 
characteristics, for example, whether or not the material has been welded or is a bi
metal type o f  construction.

The technique is that the area being examined must have a reasonably sm ooth 
surface, and this must be produced by a free cutting action and not by smearing 
or work hardening. In many cases, for instance, the examination o f  welds or 
bimetal materials, the area being examined must be a cross section, the test under 
these circumstances being destructive.

The prepared surface is then chemically etched, the etch chosen depending on 
the material involved. Each metal or alloy will have their specific type o f  etch a 
few o f  which are as follows:

(1) Alum inium  and its alloys 10 per cent sodium hydroxide or, under certain 
circumstances, sodium fluoride in caustic soda.
(2) Copper and its alloys Dilute ferric chloride will give successful results. A m m o
nium persulphate with ammonia will also give good results but is a m ore gentle 
etch and, thus, requires a higher standard o f  finish.
(3) Mild steel and low-alloy steels 4 per cent nitric acid in water or, under some 
circumstances, alcohol. Again this etch gives a more gentle effect and, thus, re
quires a higher standard o f  finish. Dilute ferric chloride can also be used and is 
faster.
(4 ) Stainless steels These require the use o f  ferric chloride in hydrochloric acid. 
In some instances hydrofluoric acid is used.
(5 ) Magensium and its alloys The etch uses acetic acid with tartaric or nitric acid.
(6 ) N ickel alloys These make use o f  ferric chloride in hydrochloric acid and will 
probably require this or the com ponent to be heated to give any meaningful result. 
Alternatively copper sulphate with hydrochloric acid is used.
(7) Titanium and its alloys These require dilute hydrofluoric acid to  which can 
be added nitric acid.
(8) Zinc and its alloys These are etched with chromic acid to which should be 
added some sodium sulphate or nitric acid.

The above is not a comprehensive list o f  etches, but is supplied to  give basic 
information. The technique o f  etching varies depending on the equipm ent avail
able and the skill o f  the operator. There are many more etches, some used electroly- 
tically for specific purposes.

In general the prepared surface should be cleaned and thoroughly washed to 
present a surface with a film o f water. Use can be made o f  hot water to  warm the 
com ponent and, thus, increase the speed o f  etching. The test piece is then im
mersed in the etch solution and tilted at frequent intervals to present fresh solution 
to  the surface being attacked. A nother technique is to  immerse the test piece and 
then with cotton wool on stainless steel tongs swab the surface.
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The technique often used in laboratories is to warm the test piece under running 
ho t water and then using a swab of  co tton  wool soaked with the etch solution to 
wipe the surface o f  the test piece. This technique allows the operator to see the 
changes taking place and to  control accurately the degree o f  etch achieved.

It is sometimes necessary to etch the test piece and then to repolish with fine 
emery paper, repeating the etch and polish alternatively. This has the effect o f  
giving acceleration to the effects normally seen with a single polish and etch.

The in terpretation o f  the results o f  the Macrotest piece require some skill and 
experience. The evidence o f  a weld will be readily seen, but whether or not the 
operator can identify the presence o f  undesirable characteristics in the weld will 
depend upon the training given. Likewise the direction o f  forging  flowlines can be 
readily identified, and obvious defects such as re-entrant flowlines, but the presence 
o f  less obvious defects requires that the operator has been correctly educated.

The Macroetch test should be used as a means o f  controlling quality either on 
the premises o f  the producer o f  the material or as part o f  the incoming inspection 
techniques. This test is now a com mon part o f  the procedure used to  approve a 
welding process and its operator and as a routine test on welds. The Macroetch 
is, in addition, a routine part o f  metallurgical investigations and is generally carried 
out as the first part o f  those investigations following visual examination.

In general this is a destructive test and no real alternative exists if  the maximum 
inform ation is to  be gained. It is, however, possible using radiographic {X-ray) or 
ultrasonic techniques to identify some of the gross defects which would be found 
during the Macroexamination, such as casting porosity and slag or oxide porosity 
in welding. It is a debatable point whether Macroexamination is more economical 
than these non-destructive techniques, but in many instances it will be more eco
nomical and will supply considerably more information than the previous two 
tests but this will only be on one plane and, thus, the choice o f  the area to be 
examined is important.

To summarize, the Macroetch test is a useful tool com monly used at the raw- 
material stage o f  casting, rolling, welding, etc. As com ponents reach their finished 
stage, the machining content makes them expensive and the fact that the Macro
etch is generally destructive precludes the use o f  this technique at this point o f  
production. The information which can be gained from this inspection technique 
is very o ften  a function o f  the skill in choosing the location, and in the experience 
o f  the inspector in etching  the specimen and interpreting the visual results obtained.

Madsenell Process
A process which is confined to steel com ponents and is unusual at present. It is a 
sulphuric acid etching  technique, where the part is made the anode, and its princi
pal use is the final descaling o f  any remnants o f  oxide prior to plating or, in some 
specific instances, for other purposes. The main idea is that the anodic etch, with 
the production  o f  oxygen at the acid-com ponent interface, will remove or 
encourage the diffusion o f  occluded hydrogen from any previous operation and,
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thus, prevent this being trapped at subsequent electroplating processes.

The process uses sulphuric acid at approximately 75 -80  per cent strength at 
room temperature and-a voltage potential o f  10-12 V.

For the removal o f  hydrogen, this procedure has now largely been replaced 
by other forms o f  preplating treatm ent, notably the stress-relieving at approx. 
200°c of any com ponent which has had any treatm ent liable to result in hydrogen 
occlusion, or any com ponent above approx. 50-60  to n f in "2 tensile strength, 
particularly those which have operations resulting in stress being applied.

A 50 per cent sulphuric acid e tch , where the com ponent is the anode, is com 
monly used where adhesion is o f  prime im portance, as the final etch prior to 
electroplating.

Magna Flux
An inspection process which can be used only on magnetic steels for identifying 
cracks.

Briefly, the process is that the com ponent is made magnetic by any suitable 
means. Any interruption in the magnetic flux pattern  caused by a crack or any 
other discontinuity can then be shown, because fine iron particles will adhere 
to this area.

The term ‘Magna flux’ has now been replaced by ‘magnetic crack testing9 and 
\magnetic particle inspection\ this process is described in the section N on
destructive Testing.

Magnet Test
A form o f  inspection, requiring considerable skill in its finer form and, in essence, 
uses a magnet to  separate different types o f  metal.

For ordinary mild steel and low-alloy steels including the 12 per cent chromium 
stainless steels, there is no normal m ethod  o f  sorting using magnets. However, with 
stainless steels o f  the austenitic variety which are nominally non-magnetic, it is 
possible using skill and experience to  separate the high-molybdenum type from 
conventional stainless steels. Certain nickel alloys can also be sorted using the 
magnetic sorting test but, again, considerable skill is required. It should be appre
ciated that the fully non-magnetic austenitic stainless steel can be made magnetic 
by severe cold work, and this effect may confuse the magnetic sorter.

To some extent this is similar to eddy current sorting , which uses sophisticated 
electronic equipment. Even so, in experienced hands it  is quite possible to carry 
out reasonably accurate sorting magnetically. This and o ther techniques are further 
discussed under Metal-sorting.

Magnetic Anneal
A specialist type o f  heat treaừnent to  produce certain characteristics in magnetic 
materials.
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Magnetic Crack Test/Magnetic Particle Inspection
A form o f  non-destructive testing  applied only to steel for surface cracking. Further 
inform ation is given in that section in this book.

Malcomizing
A m ethod o f  hardening the surface o f  stainless steels, using a form o f  nitriding. 
Processes such as ‘tu ffin d in g ’ and ‘sulphiz’ should be evaluated as they are 
showing considerable advantages in reducing friction wear, and seem to have 
certain advantages with stainless steels. The use o f  dry-film lubrication should also 
be examined.

Malleabilizing
In essence, this term means the production o f  a ductile material from a brittle 
material. It is most commonly applied to cast iron, and malleable iron is still used 
as an engineering material. The term is also used for the softening  o f  nickel.

In the case o f  malleable iron, this is produced from normal grey or white cast 
iron. Both o f  these materials are relatively brittle and the process involves the 
removal o f  the embrittling material, that is carbon, either present in the form o f 
iron carbide as in white cast iron, or as graphite plus iron carbide as in grey cast 
iron.

The com ponents are packed in airtight boxes which contain some oxidizing 
material. It is possible using modern furnace equipment to seal the com ponents in 
a furnace and to  pass an oxidizing atmosphere over them to achieve the same 
effect. The com ponents are then taken to above 900°c when the reverse o f  the 
carburizing process occurs. Here the graphite or iron carbide is oxidized in pre
ference to  the iron. As the surface is denuded o f  graphite, so iron carbon or 
graphite remote from the surface will migrate towards the surface in an a ttem pt to 
regain equilibrium. As this carbon reaches the surface it is oxidized, the process 
results in a com ponent free o f  carbon in any form w ithout the oxidation o f  the iron.

For economic reasons, the process is applied only to  com ponents o f  relatively 
thin section and relatively large surface area. For technical reasons, this is necessary 
as it is unlikely that the conditions can be retained for periods long enough to 
ensure that no oxidation o f  the steel occurs. Brittleness will return to  the surface, 
by the formation o f  iron oxide either as a complete surface layer, or more danger
ously as a grain boundary effect. With high-quality malleable iron, there is often 
some evidence o f  graphite and this must be well distributed and in relatively small 
am ounts. Any evidence o f  cementite (iron carbide) will result in a reduction o f  the 
ideal ductile condition.

Malleable iron is an expensive m ethod o f producing ductile material when com
pared with, for example, mild steel in the wrought condition. However, when it is 
considered that highly intricate shapes can be produced very cheaply in cast iron, 
then provided these shapes have thin section and relatively large surface area the 
Malleabilizing process will be economic. Malleabilizing o f  nickel requires that
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during the casting operation additions are made to the molten nickel to  remove 
any embrittling materials such as hydrogen, nitrogen and the oxides o f  carbon.

Maraging
A form o f  heat treatment applied to a specialist ferrous alloy which results in a 
very high tensile strength material.

Marquenching
A form of heat treatment applied only to steel, where the com ponents  are 
quenched from the hardening temperature into a hot, molten liquid and held 
there until the desired transformation has occurred.

Martempering
A specialist form o f  heat treatment which uses a liquid salt bath or metal as the 
quench media.

M BV Process
The m odified bauer vogel process, which is a form o f anodizing.

McQuaid Ehn Test
A form o f  inspection, involving the metallurgical properties o f  steel ; it is extremely 
useful in assessing the heat treatment characteristics. The test results in information 
on the grain size o f  the steel, which is useful in determining the inherent brittleness 
and also supplies data on the hardening characteristics.

The steel to be tested is carburized for sufficient time to ensure tha t free cemen- 
tite is produced at the surface. The test piece is then cooled very slowly and a 
microsection is produced. This will show well-defined grain boundaries at the sur
face, where the free cementite exists. The size o f  these grains can be measured and 
used as a means o f  grading the steel. In addition, the type o f  structure achieved 
gives information on the hardness characteristics or brittleness and ductility o f  the 
material after hardening. Where conventional heat treatment is to  be carried out 
and the temperature control o f  the furnaces is o f  a high standard, the test will be 
o f  limited significance. Where high-temperature treatm ent is involved, such as 
carburizing, with no subsequent refining operation, then it is essential to ascertain 
that undesirable grain growth will not occur. Thus, the McQuaid Ehn test is a 
desirable means o f  quality-control where steels which are not grain-size controlled 
are used for high-integrity production parts which have been high-temperature 
heat treated. The Shepherd test is comparable in that it also uses a standard test 
piece, hardened under controlled conditions and examined metallurgically.

Mechanical Alloying
A recently developed technique whereby metal particles are ground to a very fine 
powder and impacted to produce a true metal alloy.
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While in theory this technique could be applied to any o f  the metallic elements, 
in practice it is confined to a relatively limited range o f  materials. Where conven
tional melting and alloying is possible, mechanical alloying will never be economical. 
There are also a range o f  metallic elements which do not lend themselves to  this 
form o f  alloy manufacture.

The technique uses a ball mill with very high velocities and special techniques 
which ensure that the balls are reciprocating and thus impacting each other. In 
order to  prevent oxidation of  the material being treated, use is made o f  inert gases 
such as nitrogen, or under certain circumstances argon or helium.

The materials to be alloyed, in a relatively fine powdered form and in the 
correct proportion, are added to the ball mill which is rotated using the desired 
gas. As the balls impact each other they first produce a fine powder. Each o f  the 
faces o f  the powder particles are free o f  oxide. As the ball mill speed increases 
impact load eventually forces together various particles producing a true alloy. 
The end product will therefore again be a powder but whereas the powder used 
as a raw material had particles o f  the separate metallic elements, the resultant 
powder has particles o f  the alloy involved.

The technique is o f  considerable use where elements with a wide difference in 
melting point produce a valuable alloy. Conventional alloying is difficult under 
these conditions without the danger o f  serious segregation.

The end product can be sintered or melted in a conventional manner.

Mechanical Refining
An alternative term for hot working in which steel’s grain structure is reformed 
and thus refined  by the mechanical action o f  the work applied.

When steel is heated above a certain critical temperature, recrystallization 
occurs and the existing grain structure is destroyed and replaced by a completely 
new crystallized structure, starting as a nucleus and growing from this pinpoint. 
During hot working , then, the material must be above the recrystallizing point if 
the process is to conform to its own definition. The work applied will result in a 
breaking down or distortion o f  the crystal structure which exists, and immediately 
this new structure is formed it will again start to grow. If controlled cooling is 
carried out, grain growth will be inhibited. In general the term Mechanical refining 
is not used, ‘h o t working’ is more commonly applied.

M E C H A N IC A L  T E S T IN G

The general term applied to a large variety o f  tests, the majority o f  which are 
destructive , used by designers to evaluate the properties o f  a material. Once these 
have been successfully proven, and the necessary specification prepared, Mechanical 
testing is used to  ensure that the chosen material complies with the specification.

With certain exceptions, Mechanical testing is a relatively expensive procedure 
which requires the preparation, very often by accurate sophisticated machines, of
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standard test pieces. These are then destroyed by the application o f  the stresses 
necessary to  measure one or more o f  the parameters required.

In engineering Mechanical testing is usually considered to take the form of 
tensile testing, impact testing and bend testing and various forms o f  ductility  
testing. Mechanical testing can, however, in addition to  the above include the 
measurement o f  o ther parameters such as torsion, fatigue, creep, etc.

The choice of the Mechanical test required and its frequency should be given 
considerable thought. For example, i f  the im portant parameter is that com ponents  
are capable of long life in service w ithout fatigue failure, then it is possible that the 
actual tensile strength o f  the material is o f  less relevance than the state of 
com ponents’ surface to  ensure that this is free o f  stress-raisers. Ensuring tha t a 
material has an ultimate tensile strength of, for example, 35 ton fin"2 with a yield 
o f  2 8 to n f in " 2 and appropriate elongation, is largely irrelevant if  the com ponent 
eventually fails because a stress-raiser has concentrated the stresses by a factor of 
10 or more. The im portant parameter in this case is the absence o f  stress-raisers.

Many similar examples exist and the user is advised, wherever possible, to  carry 
ou t  sensible quality control in conjunction with, or in some cases instead of, 
expensive Mechanical testing. The various Mechanical tests applied to  metals are 
briefly defined in the alphabetical section o f  this book. All these tests are now 
grouped together alphabetically in the present section with fuller descriptions. 
These a re :

Bend test
Repeated bend test 
Reverse bend test 
Compression test 
Creep test 
Elasticity test

Bend Test
A general term covering a wide variety o f  tests. It will not be possible to  carry out 
the tests without a particular specification being supplied. The point o f  the tests 
generally is to indicate the degree o f  ductility in bending in the material. Originally 
the Bend test was used to  prove the ductility o f ‘malleable iron’ but has since been 
extended to cover many types o f  material. The different test types are as follows:

(1 )  Beams Strictly, a deflection test carried out on beams. The beam is loaded 
with a specified weight, or one which varies according to the beam ’s length, and the 
am ount by which the beam deflects is measured. Thus, for this test to be meaning
ful the load applied and deflection allowed must be specified. The test should never 
result in permanent deflection, it ensures that the beam will be loaded within its 
‘elastic limit’ rather than being a ductility test.
(2 )  Plate or sheet material The Bend test is applied to  test pieces cut at right

Elongation test 
Fatigue test 
Fracture test 
Impact test 
Nick break test

Nicked fracture test 
Notch bar test 
Tensile test 
Torsion test 
Young’s modulus
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angles to each other if the direction of rolling is unknown. These test pieces are 
approximately 6 -1 0  in long, the edges are radiused to reduce stress-raisers and the 
bend will be 180 degrees round a former. Where it is only necessary to ascertain 
the direction o f  rolling, the diameter o f  the former is not important. Generally 
the thickness, or twice the thickness, o f  the material is specified as the diameter 
of the former. There are, however, specified tests where the shape and size o f  
the former are defined.

With certain types o f  sheet and plate the m ethod of  rolling and impurity co n 
tent will result in directional properties such that greater ductility exists along the 
grain, that is, in the direction o f  rolling, than across the grain. The Bend test will 
indicate whether or not such a difference exists because o f  earlier failure by 
cracking or fracture at the bend on the cross-grain specimen or the specimen repre
senting the direction o f  rolling.

When a sheet or plate is required for com ponents to be used under high-integrity 
conditions, the Bend test may be specified in its own right. In this case the 
direction o f  the test and the force applied to cause fracture is specified. With this, 
the angle o f  the bend or force required to  cause fracture will be measured, and the 
fracture face assessed for porosity, lack of fusion, etc. The shape o f  the former 
and m ethod of applying the load will generally be part o f  the Bend test specification.
(3) Welding A Bend test is now a routine method specified for testing welds. A 
test piece is produced using actual welding conditions, which may be rigidly speci
fied. Depending on the final use o f  the weld, specific Bend testing will be applied. 
This may be a surface side or root bend. Thus the latter test involves bending to  
place the root o f  the weld in tension.

In addition to  the manner o f  bending the angle o f  bend will be specified, and 
very often the size o f  the test piece. Whether or not machining o f  the tension side 
of  the bend is permitted, and the am ount or degree o f  cracking which is acceptable 
for any specified degree o f  bend, will be part o f  the specification.
(4) Tubes and pipes With these, the Bend test can be better described as a 
‘flattening test’. A prescribed length o f  tube will be squeezed between parallel 
surfaces and examined for cracking after an agreed degree o f  permanent distortion. 
A standard degree would be one-third o f  the total diameter, but considerable varia
tion on this exists.

Tubes and pipes may also require testing to comply with longitudinal bending. 
These tests will also specify whether or not the tube has to  be filled, the angle and 
degree o f  bending, and under some circumstances, the speed o f  bending.
(5) Bars Bend testing on all forms o f  bars is com monly required as an economical 
m ethod  o f  rapidly assessing the ductility o f  the material. The test will vary from a 
single 90 degrees bend with unspecified radius o f  bending, to  repeated bending 
through 180 degrees with the angle o f  bend specified.

Each test should be designed with the end use o f  the material in mind. The para
meters for specification will be the num ber o f  bends achieved w ithout cracking, 
the angle o f  bending, and the radius o f  bending. In some cases the temperature
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of bending will be specified together with the dimensions o f  the test piece and  the 
speed o f  bending.

Repeated Bend Test
A destructive inspection process in which the metal being tested is held rigidly at 
one end and repeatedly bent. The test will vary widely and in order to be m eaning
ful the requirements must be strictly specified. It is com mon that wire is tested  in 
this manner, where a length 6 in (150 mm) is clamped in a vice and bent 90  degrees 
through a specified radius. The bend is then reversed in the opposite d irection, 
giving a total bend o f  180 degrees. The specification will state the num ber o f  com 
plete bends which must occur w ithout any fracture or cracking.

Points which must be stressed are that the specimen must be hom ogeneous, 
must be rigidly held and must be bent across a well-formed carefully designed 
radius. Bending must always occur in the same manner for the test to have appli
cation. It will be seen that the test is a measure o f  ductility or ability to  accept 
cold work w ithout fracture, and will generally be specified only when the material 
is to  be subjected to severe bending m om ent in service.

Reverse Bend Test
A destructive mechanical test which has several variations. In essence, it is bending 
either sheet or wire through a stated angle, generally 90 degrees, over a specified 
radius. This bend is then reversed generally through 180 degrees and inspected for 
cracking. The second bend is again across a specified radius and the variation in 
the test is in the angles prescribed and the amount o f  cracking perm itted . The 
term is also, on occasion, used to  define the testing o f  a weld where the roo t of 
the weld is placed in tension. This 'test is more correctly specified as the Root 
Bend test.

Bend testing, then, takes several forms, and the instigator o f  the test should be 
careful to specify the requirements: they should be based on some relevant feature 
regarding the m ethod o f  manufacture, or the stresses imposed during service. Bend 
testing can be a very severe test which finds obvious defects cheaply. Some care is 
required in the interpretation o f  the results obtained.

Compression Test
A destructive test which can be carried out on all metals. It makes use o f  a test 
piece machined in the form o f  a cylinder with a length twice that o f  the diameter.

The test is carried out by compressing this cylinder along its length, generally 
in a standard tensile test machine. With brittle materials, failure will be dramatic 
and will occur by shattering or collapse o f  the cylinder. With plastic materials, 
failure is difficult to define as with a fully plastic material, such as lead, where no 
cold working occurs, the cylinder will deform and eventually flatten. This m ethod 
o f  failure will occur to  a lesser ex ten t with different degrees o f  ductility and the 
ability to accept cold work.
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Some agreement, therefore, is required to  define failure. This may result from 
the load required to produce a certain degree o f  distortion. Under some circum
stances, the load is recorded at the first evidence o f  bursting or cracks on the outer 
diameter which is taken as the point o f  failure.

In engineering pure compression failure is extremely rare as generally the load 
applied to metals results in some form o f tension load. The tensile strength of 
metals is considerably less than the compression strength thus, failure will almost 
invariably occur because o f  the tensile load rather than any compression loading. 
The Compression test is com monly applied to concrete, and special cubes are cast 
and tested under compression loading as part o f  routine quality control.

Creep Test
A test to  find the am ount by which the metal will stretch under its own weight or with 
low loading at any given temperature. The characteristic o f  creep is that a metal test 
piece suspended in air will stretch when loaded within its ‘elastic limit’. Certain 
metals, notably lead, are subject to creep at room temperature, but on the whole 
metals do not normally creep at room temperature. Until the requirement existed 
for higher temperatures for steam generation and, in particular, the gas turbine or 
jet engine, the phenom enon o f  creep did not normally enter the engineer’s calcula
tions. With use o f  higher temperatures, however, it was found that components, 
particularly rotating com ponents subjected to centrifugal force, and also those 
subjected to  either no stress or very little stress, could fail when at high temperatures.

Creep testing is carried out on test pieces o f  a specified shape. The test apparatus 
consists o f  a furnace, designed for the individual test pieces, and measuring equip
ment which can accurately measure any increase in length o f  the components. The 
test piece is inserted into the furnace which is heated to the specified test tempera
ture and controlled to tight limits. A weight is applied to  the test piece and 
measuring equipm ent is used to ascertain any increase in length greater than that 
caused by normal linear expansion.

A Creep test curve is produced by plotting a known stated amount o f  expansion 
against increase in temperature for each load applied. It will be found that, below 
a certain temperature, creep does not occur at infinite time. At just above this 
tem perature, creep will occur only after a very long interval, and as the temperature 
increases so does the creep. However, experience has shown that it is not possible 
to  predict accurately the am ount o f  creep which will occur above the measured 
tem perature , thus, there is no alternative to  long-term Creep testing. Some 
indication o f  the creep or high-temperature strength o f  metals can be found by 
increasing the weight to the creep specimen. Technically this is a form o f high- 
tem perature tensile test and some care must be taken when interpreting the results. 
It does, however, give much more economically and rapidly than the present test 
an indication o f  the high-temperature tensile properties o f  a material. Again, it 
must be pointed out that this high-temperature method and the true Creep are not 
necessarily related.
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Elasticity Test
This test can be applied to any material, but is very seldom carried out in its own 
right, being generally part o f  the tensile test.

The elastic limit, or elasticity, o f  a material is the maximum stress which can be 
applied w ithout causing appreciable permanent stretch or increase in length o f  the 
test piece. All materials are elastic in that they will stretch and return to  their 
original shape or size on removal o f  the stress. For engineering purposes, it is im por
tan t that designers ensure that their com ponents remain within this elastic area 
during normal use.

The tensile test is used to  identify the ‘yidcT or 'proof stress’ which is accepted 
as the elastic limit. Any increase in stress beyond this will result in perm anent 
stretch. Some materials, notably mild and low-alloy steel, have a well-defined 
‘yield’ point readily identified as a drop in the rate o f  application o f  stress. With 
other materials, this is not well defined and the elastic limit is taken as a ‘p ro o f ’ 
stress. This will generally be 0.2 per cent proof but some specifications use other 
figures. This is the stress which will cause a permanent stretch o f  0.2 per cent o f  
the gauge length o f  the test piece. It is accepted that 0.5 per cent p roof  stress 
equals the yield point. This can be found by repeated application o f  stress, at in
creasing loads with the test piece gauge length measured after each removal o f  
stress. The load to cause the specified percentage permanent increase after removal 
o f  the load is the ‘p roo f  strength’.

It is more conveniently found from a curve drawn, generally automatically, 
during the tensile test. By drawing a line parallel to this curve from the agreed 
permanent increase in length, the stress required to produce this increase can be 
found. The increase in length as the stress is applied is readily found, using an 
extensom eter which is clamped to  the test piece and records the increase in length 
with increase in stress applied.

There is no alternative m ethod o f  determining the elastic limit other than with 
tensile testing. As the elastic limit can vary independently o f  o ther mechanical 
properties, the importance o f  controlling any metallurgical process which affects 
this parameter must be appreciated. The elastic limit, found by Elasticity testing 
during the tensile test is related to  young's modulus o f  elasticity, and H ooke’s 
Law. As the elastic limit, yield stress, p roof stress, and so on can vary indepen
dently o f  the ultimate ‘tensile s trength’ in steels, depending on the prior trea t
m ent, the importance o f  controlling this treatment cannot be overstated. The 
ultimate tensile strength is related to the hardness figure, bu t there is no non
destructive test available to evaluate a material’s elasticity.

Elongation Test
This test procedure will very seldom be called up by itself, but is part o f  the normal 
tensile test. It can be applied to any material, and is a destructive inspection 
requirement.

The method is that prior to  tensile testing the specimen is carefully marked.
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One common procedure is to use a 2 in gauge length and to  mark this on the 
parallel section o f  the test piece. A number o f  different formula are used for 
Elongation, and the gauge length is generally related to the diameter o f  the tensile 
test picce.

For sheet metal the Elongation can be o f  considerable importance where deep- 
drawing is involved and there is a m ethod whereby a parallel specimen has every 
inch along its 10 in length identified. The marked specimen is then submitted to 
the standard tensile test and pulled to destruction. The broken test piece is placed 
on a level, smooth surface and carefully reassembled. With normal test pieces the 
two marks, originally 2 in apart, are remeasured. They will now show a distance o f  
greater than 2 in, and it is this increase over the original length which is shown as 
a percentage and called the ‘elongation’. The different methods o f  measuring 
Elongation on cylindrical test pieces are described below.

With the sheet metal test pieces described above, which are scribed along the
10 in length at intervals o f  1 in, the 2 in section involved in the actual fracture is 
ignored. The increase in length o f  the remaining 8 in is taken and used to assess 
the percentage Elongation. It will be seen that with this the figure obtained is very 
much less than with the conventional test piece as the part o f  the specimen with 
the greatest Elongation will be that area where failure occurred. This method 
indicates the maximum permanent deformation which can be expected without 
severe local thinning or necking o f  the material taking place. It is, therefore, o f  par
ticular interest to  the press-tool engineer involved in deep-drawing operations.

The Elongation figure gives an accurate indication o f  the ductility o f  the 
material being tested. It is, in fact, related to the stress-strain diagram, and the 
ratio o f  the yield (or proof) strength and the ultimate tensile strength is generally 
in proportion  to  the Elongation: the higher this ratio, the higher the figure. Care 
is required in comparing Elongation figures as the m ethod o f  measuring can give 
considerable variation. Thus, where an accurate figure is required, the specification 
must define the m ethod to be used, and where actual Elongation figures are close 
to the specification requirement, some care is required in interpretation. It must 
also be realized that the technique o f  measurement is relatively crude, and it should 
not be expected that figures are reported to  second decimal places or that dupli
cate tests will give an identical figure.

Elongation is, however, an im portan t mechanical property . There are a number 
o f  simple tests, based on bending which are cheaper to  carry ou t than the tensile 
test , and for specific com ponents or materials these can be very useful. These 
include bend  and wrapping tests which are described under the appropriate 
headings in this book. The Elongation figures obtained will be proportional to the 
reduction in area which is also measured on the tensile test piece after fracture.

As a rough guide materials with an Elongation o f  less than 5 per cent are brittle, 
those with figures above 25 per cent are ductile and those with figures above 
50 per cent are very ductile, almost plastic materials. The different formulae for 
measuring elongation on circular test pieces are 5.65 times the square root o f  the
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cross-section area, 5.65 >/ So; and 4 times the square root o f  the cross-section 
area, 4  X V  So. The conversion is:

Elongation (% )

4 x /S o 5.65 V  So
10 7
12 8
14 10
15 11
17 12
18 13
20 15
22 17
25 20
26 21
28 23

Fatigue Test
This method o f  testing can be applied to  any material. In general it is possible to 
obtain considerable technical in form ation on the fatigue strength o f  any m etal or 
alloy from one o f  several sources, and will normally be found to  be approxim ately  
half the ultimate tensile strength.

When it is realized that the fatigue strength o f  any material is found  by re
volving or reciprocating a test piece, and thus changing with each revolution the 
tensile stress applied at any one poin t on the surface to a stress in com pression 
rather than tension, it will be appreciated that given perfect conditions, the fatigue 
strength will be approximately half the ultimate tensile strength. This is found  by 
applying a longitudinal stress to  the material, that is, all the surfaces will be stressed 
in tensile.

Where engineering com ponents have relatively simple stress patterns, or where 
the stress can be accurately predicted, then the necessity to carry out testing will 
be limited, as the design engineer can with safety assume that the fatigue strength 
o f  his material will be half that o f  the ultimate tensile strength, and that the stresses 
imposed during service will be evenly distributed across the stressed surfaces.

Materials such as steel have what is termed a ‘ fatigue endurance lim it’. This is 
the stress level at which ten million cycles (1 0 7 cycles) o f  stress will n o t  result in 
failure. It has been found that any stress lower than this figure will no t result 
in fatigue failure, no m atter how  m any stress cycles are applied.

With most other materials, however, it is not possible to produce an endurance 
limit, as although the general stress pattern  is similar to that o f  ferrous materials, 
there is no level below which it can be categorically stated that fatigue failure will 
not occur. Thus with ferrous materials reference will be made to  an endurance 
limit of, for example, ± 25 to n f in "2 fatigue strength, while o ther materials such
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as aluminium alloys will have their fatigue strength recorded as ± 11 to n f in -2 at 
10s cycles. This means that the stress below 11 to n f  will have very little effect on 
the fatigue life o f  the components, and for normal engineering purposes this can be 
used in the same manner as the endurance limit for steel. The reason for this is 
that the normal safety factor built in to this type o f  com ponent will result in 
considerably lower fatigue stresses being applied and, thus, within periods of 
20 -50  years fatigue failure should not occur.

With aircraft com ponents, which are used closer to their ultimate tensile strength 
and yield strength because o f  the importance o f  weight, it is necessary to carry out 
routine crack tests at regular intervals. This testing can be on a simple time basis 
but is more often  related to the stress level and stress cycles. Thus, in aircraft 
structures, etc. the test schedule will depend on a complicated formula between 
the num ber o f  takeoffs, hours o f  flying and the passage o f  time.

As stated above, the information on the fatigue strength o f  metals is now con
siderable and it will seldom be necessary for any design engineer to  require Fatigue 
testing of  a material itself. What must be appreciated is that the geometry o f  the 
com ponent, the method of  machining, and the standard o f  machine finish will 
have considerable effect on the fatigue strength, and for this reason it is often 
necessary for high-integrity components to be tested. In this case it is not the 
material as such that is being assessed but the com ponent itself.

It is im portan t when Fatigue testing is carried out that the com ponent should 
be typical, or o f  a lower standard and quality than the com ponents used in service. 
Under modern conditions it is often the final assembly which is subjected to 
Fatigue testing. This may require the use o f  expensive rig tests with complicated 
stressing equipm ent to simulate the stresses imposed during service. When it is 
realized tha t a radius at a change o f  section differing between 0.050 in (1 mm) and 
0.005 in (0 .1 m m )  can be the difference between the failure strength o f  a 
com ponent being 30 -40  to n f in -2 and 0.5 to n f in "2 , then the importance o f  having 
the material in the correct condition will be appreciated. With modern engineering, 
fatigue failure is almost invariably from a change o f  section, such as described 
above, or from poor machine finishing or corrosion pitting. Welding is also a 
com m on cause o f  fatigue failure and, thus, must be carefully controlled. It will 
seldom be satisfactory to base design or quality standards on one fatigue stress 
cycle. As Fatigue testing can be a relatively lengthy process using sophisticated 
equipm ent it is, therefore, expensive, and the more information that can be 
supplied to the Fatigue testing laboratory, the better. Thus, there is little point in 
producing fatigue strength information in the 3 0 -40  ton fin"2 range, if it is known 
that in service the com ponent will never be used above the 5 to n f i iT 2 level. The 
reverse is obviously o f  equal importance.

It is also o f  importance that the com ponent is stressed in a manner as close as 
possible to  that which will occur during service. This is often impossible within a 
development budget, but with modern types o f  machines variations o f  stress 
patterns can be achieved. Advice from stress engineers is invaluable at an early
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stage, before components are produced. He will often be able to  advise on  eco n o m i
cal methods o f  reducing stress-raisers.

Once the fatigue strength o f  the com ponent has been measured, them the 
approximate safety factor involved during normal service running will be know n. 
If  this is less than 100 per cent, it should be advisable that quality assurance and 
inspection are advised o f  this fact and, thus, the integrity o f  the com p o n en ts  can 
be assured.

Fatigue testing o f  com ponents and assemblies is normally carried o u t on ly  on 
high-stress, high-integrity parts. It should not be embarked upon until there is full 
knowledge on the fatigue strength o f  the materials involved and stress-raisers 
present have been controlled. This control must then be rigidly applied to 
production pieces.

Fracture Test
This covers a number o f  tests which can be applied to  any material. In skilled 
hands, some indication o f  notch brittleness is derived, and it can be used to  show 
ductility. Unlike tensile and impact testing , specific inform ation in the form  o f  
figures which can be compared with a specification is not supplied. However, it 
supplies enough general information to  the experienced investigator to  obviate 
the need to  carry out further expensive mechanical testing.

Fracture testing takes a num ber o f  forms; it can simply involve the specimen 
being held in a vice and struck sharply with a hammer. More detailed inform ation  
is supplied by cutting a notch in the specimen and assessing the strength o f  the 
blow in relation to  the depth required to cause fracture. The am ount o f  bending 
prior to  fracture is also useful information.

The most useful evidence will generally be supplied by visual exam ination o f  
the fracture surface. If this is fine-grained and homogeneous across the surface 
with ears at the edge of  the fracture, this will be an indication tha t the material in 
question is ductile and, thus, probably satisfactory. If, on the o ther  hand, the 
fracture occurs at low loads, is flat w ith no evidence o f  bending or ears, and with a 
large-grained crystalline fracture face, then the material is clearly o f  a brit tle  nature , 
and reference should be made to  the specification.

Impact Test
This test is an a t tem pt to evaluate the ability o f  a material to w ithstand  impact 
forces; it can be applied to  all materials. As the presence o f  stress-raisers or notches 
have considerable influence on the ability o f  any material to  w ithstand impact, 
the test is based on a test piece which has a standard notch  machined at midlength 
on one face.

The test piece, which is generally square in section, is inserted in a vice and a 
pendulum hammer is allowed to  fall or swing in such a manner tha t it  strikes the 
test piece, causing fracture. The energy absorbed by the ham mer retards the 
distance o f  the hammer swing. Thus, materials such as glass or very hard , brittle
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steel will have very little resistance to  the swing o f  the ham mer and will not 
seriously interfere with its passage, whereas a heat-treated alloy steel, designed for 
toughness, will result in a much reduced distance o f  swing.

The length o f  the hammer or pendulum swing after striking the test piece is 
calibrated such that the greater the swing the lower the impact strength, and the 
lesser the swing the higher the impact strength o f  the material being tested.

It is difficult to calibrate this equipm ent thus care is required to  ensure that it 
is always in good condition. The pendulum must be free swinging and zero adjusted 
regularly.

There are a number o f  Impact test systems but, in practice, only the charpy and 
izod  are com m only used for metals. The charpy is now the more com mon and is 
to  some ex ten t superseding the izod test.

The difference between the tests arises basically from the no tch  machined in 
the test piece, and in the manner in which the test piece is held; details o f  the 
tests are given under the appropriate headings in this book. Because o f  the sensiti
vity o f  the notch, it will always be found that at least two Impact tests must be 
carried ou t,  with three tests being com monly specified. Different specifications 
then, will have different allowances for results being below requirement, in some 
cases a variation o f  a certain percentage means that the test must be repeated or 
the material rejected. In practice it is often found that these variations are a result 
o f  the machining o f  the notch rather than any variation o f  the material being 
tested. The importance o f  careful, consistent machining, and careful inspection 
o f  the no tch ,  cannot be overemphasized. The use o f  a standard gauge or comparator 
is essential for inspecting the notch.

Impact testing is often required over a range o f  temperatures. This applies 
particularly to steel, where it has been found tha t there is a dip in the impact 
strength at a specific temperature. This temperature varies from approximately 
50°c to  0°c, and this is within the temperature range com monly found in use with 
com ponents  in many industries. The drop in impact values can be dramatic, being 
in the o rder  o f  100 per cent over a range o f  10-20°c. It will, thus, be seen that 
a material having a satisfactory impact strength at room tem perature may be found 
to  have a low impact strength, and have notch brittleness, at 0°c . It is now known 
that this drop  in impact value with temperature has been the cause o f  several 
disastrous failures and, thus, the necessity to  carry out Impact tests over the com
plete range o f  temperatures to  which engineering com ponents will be put is 
essential. Industries such as petrochemicals, gas and oil, and processes where low 
tem peratures are liable to be encountered are those most affected. Low tempera
tures can result from rapid decompression o f  gases in addition to static conditions.

Im pact test Test piece N otch

Seaton and Judy 
Charpy 
Frem ont 
Izod

4 in X 0.5 in X 0.5 in V I  in deep
60 mm X 10 mm X 10 mm keyhole or V notch
30 mm X 10 mm X 8 mm Square 1 mm
75 mm X lO m m X  10 mm V
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Nick Break Test
A quality-control test o f  a destructive nature; it is used during the assessment of 
welding. A cut or nick is made along the centre o f  the weld and parallel with the 
weld deposit. The welded specimen or test piece is then fractured in such a way 
that the nick is opened. It is then possible to  examine the root o f  the weld and 
assess the quality o f  the weld metal itself.

This is one o f  the routine tests carried out, particularly on fille t welds, for 
welder approval and the procedural testing o f  welds. Any lack o f  penetration  or 
gross porosity can be identified. If  the same operator makes use o f  the technique, 
it is possible over a period to obtain some ‘feel’ regarding the ductility o f  the weld. 
It should be carried out in conjunction with bend testing and is, in fact, a form  o f  
impact testing.

Nicked Fracture Test
A quality-control test for assessing bar or sheet material where gross manufacturing 
defects can be identified. It is generally applied only to steel but there is no reason 
why this test may not be applied to  other materials.

The test piece is cut from the bar or sheet and is ‘nicked’ at the centre. Impact 
loading to cause failure is applied in a direction to open the nick and, given a 
certain am ount o f  training and some experience, considerable information can be 
gained. This can be improved on by increasing the size o f  the nick in order to  ascer
tain the ductility or brittleness o f  the material. The fracture obtained is examined 
and will show any central weaknesses, such as piping or lamination, and closer 
examination shows undesirably large grains or fibrous-type fractures which might 
indicate a low standard o f  cleanness.

This is a relatively crude m ethod o f  assessing steel quality but will identify any 
serious defect. It is commonly applied to each bar end before high-integrity com po
nents are manufactured. It is to some extent a cheap impact testing  m ethod but 
cannot be said to be its equivalent.

Notch Bar Test
A general term  covering the various forms o f  fracture testing . The test is carried 
out on all types o f  material to  assess ability to withstand shock impact loading and, 
in addition, whether a material is more susceptible to impact when a notch is 
present. The test is seldom carried ou t in isolation and is usually part o f  a series 
including the tensile test, where the ductility o f  the material can be measured by 
elongation. There are various types including the charpy, izod  and mesnager tests.

Invariably the Impact test is carried out in duplicate, at least. Most specifications 
insist that a minimum o f  three test pieces are produced and tested under controlled 
conditions, and indicate the degree o f  scatter which is acceptable.

The importance o f  ensuring that the notch  produced is o f  a high standard carried 
out under first-class conditions cannot be overemphasized, otherwise the results 
will be meaningless.
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Tensile Test
A destructive inspection process which can be applied to  any material. In general 
use is made o f  specially machined test pieces but Tensile testing is, in fact, being 
successfully carried out on finished machined com ponents and raw material such as 
bars or tubes.

The purpose o f  Tensile testing is to ascertain the mechanical strength o f  the 
material when a tensile load is applied along the length o f  the com ponent or test 
piece with the purpose o f  stretching or pulling apart the material. The test piece 
used can take various forms but certain characteristics are common. The central 
portion must be parallel. Any lack o f  parallelism will result in failure occurring at 
a specific area which might not be representative o f  the material as a whole, and 
makes the estimation o f  the cross-sectional area very difficult, if  not impossible.

The portion o f  the test piece where failure is expected to  occur, in addition to 
being parallel, must also be sm ooth and free o f  all notches, machining defects or 
any other surface imperfections. The length o f  this parallel section should be as 
long as possible within reason, 1 in being the generally accepted minimum, and 
must gently merge with the larger diameter which is used to grip the test piece in 
the tensile machine.

Tensile testing as well as identifying the ultimate tensile strength, that is, the 
strength o f  the material when fracture actually occurs, is com monly used to iden
tify the ‘yield strength’ or ‘p ro o f strength* o f  the material. This for engineering 
purposes is much more im portant than assessing the ‘ultimate tensile strength', 
which in the majority o f  cases is only o f  academic interest, as the designer will 
not consider the fracture point as being o f  importance to the engineering design. 
The ‘yield strength’, ‘p roof s trength’ or ‘elastic limit’ is the strength at which the 
material being tested ceases to be wholly elastic and becomes a plastic material. 
It is this point o f  plasticity which is o f  vital interest to  the engineer, since any 
permanent stretching or deformation on engineering com ponents is generally 
accepted as being failure. In addition to these two parameters it is also possible to 
use the Tensile test to give an indication o f  the ductility o f  the material. This is 
achieved either by measuring the length o f  the test piece accurately on its parallel 
length before and after application o f  the tensile load to cause fracture and then 
the smallest diameter o f  the test piece after fracture has occurred. Information on 
'p ro o f streng th \ ‘yield’ and ‘elongation’ will be found in the present section o f  
this book.

Torsion Test
A normally destructive test which can be applied to  all materials, but it is generally 
carried out only on metal. A load is used which results in twisting o f  the test piece 
and, thus, involves shear loading. The test places a cylindrical shape into a machine 
which causes twisting under a known load and measures the angle o f  twist thus 
caused.

Provided sufficient load is applied, three characteristics are found by this test:
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(1) The shear modulus, or the modulus o f  rigidity.
(2) The elastic limit for shear.
(3) The ultimate shear strength.

The elastic limit for the Shear test is the ioad applied to  the test piece which is 
the maximum which can be accepted w ithout any perm anent twist occurring. Any 
load less than this would result in the specimen returning to its original condition  
on removal o f  the load. Any further loading beyond the elastic limit will cause an 
increase in the am ount o f  permanent twisting, until a maximum load known as 
the ‘ultimate shear stress’ is reached. Under this loading, the test piece will continue 
twisting with no further increase in load required.

Hence the ‘ultimate shear stress’ differs from the ultimate strength for the 
Tensile test , where the load decreases as the specimen elongates after the ‘ultimate 
tensile stress’ has been reached. With ‘shear stress’ when materials are cold worked 
they will increase with the angle o f  twisting by a considerable am ount. Those 
metals which do not cold work will show very little increase in load between the 
elastic limit and the ultimate shear load. The modulus o f  rigidity or the shear m odu
lus is found from the slope o f  the load-twist graph as the load is imposed. Thus, 
with materials with a low modulus o f  shear, a large angle o f  twist will result from a 
relatively low stress. That is, the slope on the graph will be relatively low, whereas 
a material with a high modulus o f  rigidity will require the application o f  consider
able stress in order to  produce any appreciable angle o f  twist, and the slope in the 
graph will be steep.

Young's Modulus of Elasticity
The modulus is a function o f  any material which is evaluated using the standard 
tensile test. When a tensile stress is applied, then the material acts in an elastic 
manner. This means that as load is applied the material stretches, and on removal 
o f  the load it returns to its original size. All engineering materials when correctly 
used are stressed within this elastic limit.

Young’s modulus is a measure o f  this load. Thus, a material with a low modulus 
will be considerably stretched by a relatively low load, whereas any material with a 
high modulus requires considerable stress to  be applied in order to  cause appre
ciable stretch. Approximate figures for Young’s modulus for some materials a r e : -

(tons per in2) (pounds per in2) (Newtons per m
Cast iron 9000 20 X 106 140 X 109
Steel 13 200 30 X 106 206 X 109
Copper 7000 16 X 106 110X  109
Aluminium 4600 10 X 106 68 X 109
Brass 6600 15 X 106 103 X 109
Phosphor bronze 7000 16 X 106 110X  109
Wood 650 1.5 X 106 10 X 109
Rubber 32 0.7 X 106 0.5 X 109
Glass 4000 9 X 106 6 X 109
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By use o f  this figure, engineering designers are enabled to predict the amount 
o f  movement which will occur when a known load is applied or. alternatively, to 
load the material when a known movement is required.

In order to find Young’s modulus, it is necessary to  carry out tensile testing 
and to accurately plot the increase in length with increase o f  load. This test is also 
applied to find the ‘yield’ or ‘p ro o f strength* o f  the material. The ‘yield s trength’ 
is the maximum stress which can be applied w ithout causing permanent deforma
tion , while Y oung’s modulus is a measure o f  the slope o f  the line produced when 
stress is p lo tted  against elongation.

Mechanical Working
A term which is applied to any metal which is taken above its yield point, when 
the material is deformed in a plastic manner and a new shaoe is produced. The 
term is usually applied to differentiate the shaping o f  material where cutting is 
not involved. It does not, however, differentiate between com ponents  which have 
been strengthened by work hardening and those which have been previously hot 
worked, where the material recrystallizes with no alteration in mechanical 
properties.

Mellozing
A m ethod  tha t in theory, can be applied to  any metal, but in practice, only a 
limited num ber o f  materials are actually metal sprayed, the most com mon appli
cation being the spraying o f  mild-steel structures with zinc.

The process is relatively uncom m on and uses molten metal which is atomized 
by spraying through a nozzle under pressure. This has largely been superseded by 
m ethods whereby the material being sprayed, in the form o f powder, rod or wire, 
is m elted  or atomized in a gas stream, where the particles are given the energy o f  
the gas stream.

Mercast Process
A variation o f  the Lost wax casting process. In this case mercury is used to fill the 
master mould. The mould with mercury is then taken to below —60°c at which 
tem perature  the mercury is solid and can be removed from the m ould and used as 
a pattern . This is then treated with a slurry in the identical manner to the wax in 
the lost wax process. The coated mercury is then allowed to  return to room 
tem perature when the mercury will, o f  course, be liquid and can run out o f  the 
m ould, which is then used for casting in the normal manner.

This has very limited application because o f  the health hazard involved in 
handling mercury, in addition to  the high cost o f  mercury itself and the expense 
o f  cooling to  the low temperature. It has the obvious advantage that mercury is 
a highly fluid liquid which will, thus, faithfully reproduce intricate designs.

The same degree o f  precision can be achieved using low melting-point types of 
alloy, such as the bismuth alloys. These are cheaper than m ercury, are solid at
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room temperature but liquid at relatively low temperatures in the 4 0 ° c  upwards 
range, and have no t the same serious health  risk o f  mercury.

'Merilizing'
A proprietary phosphate process used on steel; see Phosphating for further details. 

Mesnager Test
A form o f  impact test which uses a shallow notch with a rounded bottom .

The dimensions o f  the test piece are 60 mm long, 10 mm  square, with the 
notch  being 1m m  wide and 2 mm deep with a rounded bottom . The fracture is 
carried ou t on a Charpy type o f  machine. There is a tendency to  standardize on 
the Charpy specimen for impact testing  and some use still is made o f  the izod te s t , 
bu t it is very seldom that the Mesnager test is called for. Details o f  ‘Impact Testing’ 
are given in the section Mechanical Testing.

Metal-sorting
A term covering many procedures which can be adopted to  segregate materials 
which are known or suspected to  have been mixed. The following are the main 
types:

(1) Magnetic sorting This can be applied only if  there is a difference in the mag
netic characteristic o f  the mixed material. With skill, however, different groups o f  
materials can be sorted using a hand-held magnet. These will be the group of  
austenitic stainless steels which contains some m olybdenum. Other materials such 
as nickel and some o f  the cobalt alloys have different am ounts o f  magnetism and, 
provided information is available and the sorter has the necessary skill and ex
perience, correct segregation can be achieved.
(2) Eddy current sorting There are instruments available which can assess the 
effect o f  eddy currents on any material. The procedure here is that two identical 
coils have the ou tpu t from the coil fed to an oscilloscope, with one coil feeding 
the X plates and the other the Y plates. A direct current is passed through the 
coils and, provided this is identical in each coil, the resulting trace on the oscillo
scope will be a circle.

When any metal object is placed in one o f  the coils, this will affect the magne
tism or eddy current in the coil and the trace will no longer be circular. If, however, 
an identical object is placed in the second coil, then the coils will again be balanced 
and the trace will return to  a circle.

This technique can be used for differentiating between a wide range o f  
characteristics. These include heat treatments  in addition to different materials 
themselves. The disadvantage o f  this m ethod is that the mass and shape o f  the 
com ponent or material in the coil will affect the eddy current, and it is commonly 
found that unless the dimensional tolerances are very tight or the materials being 
sorted have gross differences, no  clear difference in pattern will be seen.
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(3) Spark testing It is possible with skill and experience to segregate a large 
num ber o f  materials purely by examination of the spark. This is based on the fact 
that any metal when heated above a certain level will give o ff  a lightwave or series 
o f  lightwaves which are exact to themselves. This property can be seen in the 
different coloured sparks obtained by different materials, and with experience it is 
possible to spark a large variety o f  materials and to identify them with a high degree 
o f  accuracy. In addition to separating the obvious materials such as tungsten or 
nickel from steel, it is possible to  differentiate between relatively similar types of 
alloys with this technique.

To be carried out properly, the grinding wheel should be reversed from the 
normal to  throw  the sparks upwards, and they should be examined against a black 
or dark background under conditions o f  subdued lighting.
(4) Instrumental spark testing There are a number o f  instruments on the market 
notably the ‘fusch \  the ‘steelascope ' and the ‘metascope \  which are reasonably 
portable instruments. With these, an electrical discharge spark is made between an 
electrode and the metal being sorted. The lightwaves from this spark are then 
divided by a series o f  prisms and it is possible to  examine them  in an eyepiece. 
These machines, with calibration, can indicate clearly the lightwaves present, and 
thus positively identify the presence of  an element in an alloy. With skill and 
experience, it is further possible to judge from the intensity o f  the light the amount 
o f  element present. The more sophisticated machines photograph the output and, 
thus, permanently identify the material.

While these instruments can be used to give approximate analysis o f  metals, 
they are more useful in Metal-sorting. Here, with a minimum o f  skill, examination 
o f  a large num ber o f  bars or com ponents can be made and, using a standard o f  
know n analysis, rapid sorting o f  mixed materials can be achieved.

This equipm ent in sophisticated form is available for laboratory use where accu
rate comprehensive analysis o f  metallic elements is achieved.
(5) Pyrom etry  effect This instrument makes use o f  the fact that when two 
dissimilar metals are joined, and the join heated, an electrical current is produced. 
This electrical current is dependent on the metals used and is a function o f  the 
tem perature to  which the metals are heated. With two known metals at any one 
tem perature , an exact electric current is produced for any pair o f  metal elements. 
It is this which allows the use o f  this principle for temperature measurement. When 
this procedure is used for metal sorting, a probe o f  a standard metal is heated to  an 
accurately controlled temperature. This is brought into contact with the metal 
being examined. A reading will be obtained on the ou tpu t meter and this must be 
noted. The probe is then brought into contact with a piece o f  the known metal. 
If this has the same metallic elements present, then the pyrom etry  effect will mean 
that the materials being compared are the same if the same reading is obtained.

Provided the probe contact surface is kept clean and the point o f  the contact is in 
the same relative condition, this technique does not require that the material is either 
in the same metallurgical condition or that the mass o f  the metal must be similar.
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The machine has the defect, however, that carbon is not a metal and, thus, this 
in s trum en t cannot differentiate between different steels having the same basic alloy 
co n ten t  bu t  dissimilar carbon con ten t.  This machine is known as the ‘Metal 
M onito r’.
(6 )  Chemical analysis This is the ‘referee m e thod’, which consists o f  chemical 
analysing by any o f  the techniques available in the laboratory for the requisite 
e lements. It will always be m ore expensive, but more accurate, than any o f  the 
above m ethods , although these in skilled hands can give results which are com 
pletely satisfactory.

Chemical analysis should always be planned carefully, since often it is only one 
or tw o elements which are the critical materials in the composition o f  an alloy. 
There is, therefore, little point in carrying out sophisticated and expensive analysis 
for e lem ents which cannot supply the necessary information.

Many o f  the chemical reactions which are used in the laboratory to give accurate 
results have been modified to give spot checks which will identify specific elements 
in an alloy. These can, in some cases, be used with relatively unskilled personnel, 
b u t  unless conditions and solutions are carefully standardized variable results will 
be achieved.

Metal-spraying
The general term given to  the procedure whereby one o f  several metals is deposited 
on a substrate.

Metal-spraying is the subject o f  several textbooks and other publications and it 
will, therefore , be seen that it cannot be fully covered in a book o f  this kind. 
Briefly, Metal-spraying is carried ou t for three reasons, these are discussed below.

(1 ) Corrosion protection  The metal being sprayed will require to  fulfil the 
necessary technical objectives to  give the corrosion resistance required, the most 
com m on  metals by far being zinc and aluminium. Metal-spraying is now the usual 
m e th o d  o f  ensuring a high-standard long-life corrosion protection  on structural- 
steel assemblies. The sprayed m etal is very often sealed by painting or the applica
tion o f  some other top coat. In addition to  structural steel, this method is used 
w hen corrosion protection  is required on certain engineering components, and is a 
suitable m e thod  of  protecting high-tensile parts which cannot be electroplated 
because o f  the  danger o f  hydrogen em brittlem ent, and cannot be painted because 
o f  the operational environment.
(2 )  Hard facing  This uses the widest range o f  metals. All the different types o f  
metal-spraying are used to give hard facing. The materials used fall into several 
well-defined types:
(a) Tungsten-bearing or tungsten-carbide materials.
(b) Cobalt and  nickel hard-facing materials, generally containing some chromium.
(c) High-manganese chrome facing materials.
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(d) Miscellaneous materials used for specific purposes, including non-metals.
The term ‘hard ’ is relative to the requirements and the substrate, and can vary 

from materials with a hardness o f  very little more than 250 DPN to  materials in 
excess o f  900 DPN.
(3) Salvage purposes When engineering components are found to wear in service, 
or for economical, technical and time reasons it is necessary to  salvage these co m 
ponents, then Metal-spraying is a technique which has been successfully used.

In this case, the choice o f  the deposited material should be carefully m ade, and 
knowledge o f  the type of  surface involved, and the reason for excessive wear, is 
obviously necessary before the choice o f  a suitable Metal-spray material is possible. 
The choice, then, should take into consideration the substrate material, the fact 
tha t the original com ponent may have been hardened by some process and w hether 
or no t the wear can be a ttributed to any specific cause.

The materials being sprayed range from mild steel to  the hardest materials 
known to  engineering. It is not good practice to  assume automatically th a t  the 
application o f  a harder material than was previously known to  be present will result 
in a better com ponent, as this increase in hardness will invariably result in an in 
crease in brittleness and this will often be accompanied by technical difficulties 
which can arise when spraying harder materials.

A good compromise will very often be to  apply the patent process know n as 
tsprabond\ which is a thin film o f  m olybdenum , and to  this surface can then  be 
applied a material in the same hardness range as that on the original com ponen t,  
but making use o f  materials which are know n to be eminently suitable for Metal- 
spraying.

While, then, the techniques o f  metal-spraying are quite varied, the above are the 
usual reasons for Metal-spraying, and may be different for each o f  the above, the 
prior preparation is generally standardized. This requires that the material should 
be reasonably clean, although no t to  the highest standard as required in the  case o f  
painting  or elecừoplating. Following this the material will invariably be required 
to be roughed. This is necessitated by the fact that no chemical or metallurgical 
bond  is produced during the Metal-spraying process, and consequently it  is neces
sary to provide a key for the satisfactory adhesion o f  the metal-to-metal bond. 
This key can be most successfully achieved by grit blasting. A high-standard 
blast is carried out, the type and sharpness o f  the grit being carefully controlled . 
No a t tem p t,  however, should be made to  Metal-spray on top o f  a surface which 
has been blasted using blunt shot, where peening  and cold working will be carried 
ou t,  this detracting from the adhesion rather than adding to  it. It m ust also be 
unders tood  tha t a satisfactory blast process will result in a surface which has a high 
activity and can rapidly corrode. Any corrosion present will detract from  the  ideal 
metal-to-metal bond. Use may also be made o f  carefully controlled machining, 
where the surface contours can achieve the necessary key.

As soon as possible after blasting or machining, and this within m inutes rather 
than  hours for high-integrity components, the metal being sprayed must be applied.
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The various techniques o f  metal spraying are as follows.

(1 )O n e  o f  the original methods was to  make use o f  a standard oxyacetylene 
welding torch with a hopper in which the powdered metal to  be sprayed was 
attached to one o f  the gas streams and controlled with a valve. The technique was 
that the operator used his welding torch to  preheat the prepared surface, and when 
this had been carried out to  his satisfaction, the valve was opened to  allow the 
powder to  enter the gas stream. This would then deposit on the heated metal surface.

This technique gives little or no adhesion o f  the metal being deposited b u t  can 
be used as a two-stage process where the deposited metal has tw o distinct materials, 
one o f  which is the hard material, and the other a lower melting-point material, 
generally o f  a high-nickel or cobalt type. The technique used here is tha t the 
deposited metal is applied with a relatively soft or low-temperature flame and flux, 
and when this has been deposited to  the area to the necessary thickness, the 
powder-control valve is closed and the temperature o f  the flame increased. This 
results in melting or fusion o f  the lower melting-point com ponent o f  the pow der 
which results in a form o f brazing to  the metal surface, this brazed material holding 
within itself the hard com ponent. This technique is still com m only applied and is 
known, among other things, as the endurance process. It is, in fact, very little 
different from the technique in which a welder deposits the hard facing material 
in the form o f a rod or stick.
(2 ) Flame impingement This is the most commonly used m ethod o f  Metal- 
spraying, using a specially designed flame gun with either a continuous rod or a 
hopper feeding powder into  the flame.

The technique is that the flame has a high velocity, much higher than that 
achieved with the welding technique described above, and this is used to atomize 
the powder or rod and to surround the small particles o f  metal which will then 
generally, but not always, be in the m olten state. These tiny droplets o f  molten, 
plastic or ho t solid metal are then projected with the energy o f  the flame on to 
the prepared surface.

The problem with this m ethod is in the necessary tight control o f  the flame 
conditions. I f  too high a temperature is used, or too oxidizing a flame, then the 
droplets o f  molten or plastic material will tend to become oxidized and there will 
be a deposit o f  metal oxide rather than  the metal itself giving a porous unsatisfactory 
deposit. Of all the types o f  Metal-spraying, this is the one where the skill o f  the 
operator is o f  greatest significance, for it is with this that most o f  the technical 
problems are known to  exist.

It is, therefore, inadvisable that this technique is specified when high-integrity 
components require to be Metal-sprayed w ithout at the same time ensuring that 
the conditions are predetermined and controlled. This technique is perfectly 
suitable for structural-steel com ponents , where corrosion resistance is the prime 
object, but again some reasonably tight control o f  the flame conditions must be 
assured.
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(3) Plasma coating This technique is essentially the same as the above with the 
exception that the energy is supplied to  the metal particles using the plasma heating 
technique. This modern form produces a high-intensity source o f  heat which can 
achieve temperatures to  the order o f  30 000°c. This temperature can be produced 
in any gas and this is essentially a technique o f  disturbing the electron configuration 
o f  the gas. With this, the advantage over the more conventional forms o f  Metal- 
spraying is that it is not necessary to  use an oxidizing gas, and gases such as nitrogen 
or even argon, which is completely inert, can be used.

The technique is that the plasma flame is produced with the normal technique. 
This must then generally be diluted to reduce the temperature achieved to a 
manageable degree. At the same time the metal is fed into the very high-velocity 
flame, and this can be either in the form o f  powder or a rod.

The plasma m ethod is expensive and is seldom or never used when the conven
tional techniques would give satisfactory results, it is reserved for high-integrity 
com ponents where excellent adhesion or relatively sophisticated materials are 
required. These are generally o f  the tungsten-carbide type but can also be metals 
o f  the high-cobalt hard-facing variety.

The procedure produces a high noise factor, and while this need not be serious, 
it must be taken into consideration when planning to  use this technique. When 
correctly applied, the piasma-spray will give high-density, low-porosity (low-oxide) 
deposits with excellent adhesion. While in many cases the use o f  preblasting is not 
necessary, the same criteria will exist with this technique as with the more con
ventional Metal-spraying, in that the use o f  a good-quality grit blasted surface will 
enhance the adhesion o f  the deposit.
(4) ‘Flame plating’ A proprietary process which makes use o f  an explosive dis
charge. The procedure is basically tha t a rifle or gun loaded with the powdered 
spray material is aimed at the com ponent, the deposit being carefully metered with 
each loading. At the same time the propellant, invariably a combustible gas, is 
loaded again in metered proportions. The breech is then closed and the charge is 
fired by  an electric spark, resulting in the impingement, under very high velocity 
and carefully controlled conditions, o f  the deposit metal on to the com ponent. 
Each discharge results in an area o f  approx. 1.5 in (3 .75cm ) in diameter and 
0 .0 0 0 7 5 in (0 .02m m ) in thickness. Immediate reloading of  the gun after each dis
charge is possible and four or six discharges a second will be achieved. The gas 
supplying the velocity to  the metallic particles is o f  a known analysis and is con
trolled to  ensure that a neutral or reducing composition is achieved, thus preventing 
oxidation o f  the spray metal particles. Of the available Metal-spraying techniques, 
this will probably achieve the most consistent standard o f  adhesion and control o f  
oxidation or porosity. Further details can be obtained from the Union Carbide Co.
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Metallic A rc Welding
A general term , which can be applied to any form o f  electric arc welding  where a 
filler rod is used. It is Jiot generally applied to  the sophisticated forms such as 
inert-gas shielding m etal arc welding but there is no technical reason w hy  this 
term  should not in addition cover these processes.

Metallic Cementation
A term, not now com m only applied, covering the process where any  m etal is dif
fused into steel.

The cementation  process itself is an alternative name for carburizing , and hence 
has been applied where objects are treated in a manner similar to  pack carburizing , 
tha t is, the m ethod o f  surrounding components with a com pound  or gas which will 
affect the surface. Processes which can be said to  come under the  p resen t heading 
would be sherardizing, aluminizing, chromizing  and other similar m ethods.

Metallic Coating
A general term covering all forms o f  coating with metals b u t  w hich, under many 
circumstances, has quite specific meaning in tha t a process such as chromium  
plating  may be known to  the operators and their immediate colleagues as the 
‘Metallic coating’ process. Therefore, it will be seen tha t it is n o t  possible to  pre
cisely define the process here, and readers are warned tha t the term  can mean 
different processes in different areas or industries.

Metallic Painting
A general term covering any process where a com ponent is pain ted  with a metal- 
bearing paint. It need no t be a metallic com ponent as this m e thod  can be carried 
o u t  on plastic or wooden parts, and there is no difference in technique from 
painting  as a process in its own right. The most com m on metals applied are zinc 
and aluminium for corrosion protection , and copper alloys and gold for decorative 
purposes.

'Metallization'
A proprietary metal-spraying process.

With this, the metal being sprayed, either in powder or rod fo rm , is fed into a 
high-intensity, high-velocity gas flame. It is atomized there , and picks up some o f 
the energy from the flame, the metal particles then being im pinged on to  the 
surface being sprayed.

'Metalock' Process
A proprietary procedure for the salvaging o f  cracked or porous castings or other 
fabrications.

The procedure can be used on any metal and consists o f  drilling small over
lapping holes around or along the area to  be repaired. These holes are then  filled by 
ham mering in a soft plug slightly oversize to  the drilled hole.
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The procedure relies on considerable skill in drilling the correct sized holes at 
the correct point and in choosing the correct material to  plug the holes. Very often  
the material used is pure nickel, but this can vary depending on the material being 
plugged.

There is no alternative procedure o f  an identical nature, but cracking or porosity 
on occasion can be remedied by the impregnation method.

With the ‘Metalock’ technique cracks in relatively thin walled assemblies can be 
made pressure-tight to  high pressures and a high standard. Further information can 
be obtained from Metalock Ltd.

Metascope Testing
A m ethod  by which different metal alloys can be approximately identified using 
the spark discharge technique.

More information on this technique will be found in the section on m etal 
sorting.

'Metcolizing'
A form of aluminizing which is generally applied to  cast iron. The technique is 
tha t the metal is sprayed on to  the prepared cast-iron surface and oxidized in a 
furnace atmosphere. This results in an adherent layer o f  aluminium oxide with 
some occluded aluminium. Further inform ation will be found under the headings 
Alum inizing  and Metal-spraying.

Method X
A te rm  sometimes applied to  the spark erosion technique, and further details will 
be found under this heading.

Microcharacter
A specific microhardness testing  technique, where instead o f  measuring the actual 
size o f  the indentation the area being examined is scratched with a diamond 
indenter with a known small load, generally 3 g. This technique is used when differ
en t grains within a metallurgical structure require to  be assessed for hardness.

The m ethod is tha t the instrum ent is set up and the grains to  be assessed are 
scratched. The width o f  the scratch is measured, and it will be appreciated that the 
wider the width the softer the grain. In general no a t tem pt is made to  quantify  
different hardnesses obta ined bu t rather to  assess the harder or softer grains within 
one metallurgical structure. With improvements in the standard microhardness 
tester, it is now possible to  carry out actual testing on all but the smallest grains.

Microhardness Test
A Vickers-type test, using very light loads on a standard microscope. It is listed in 
the section Hardness Testing.
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'Micro-Chem'
A proprietary electrocleaning process used for brightening and 'passivating' stainless 
steel, particularly that in pipe form as the process will successfully treat bo th  inner 
and outer surfaces.

The process is a form o f  electropolishing and can give considerable improvement 
to  surfaces, resulting in a sm ooth , shiny finish. Its advantage over normal methods 
is that inner surfaces o f  tubes o f  relatively thin diameter can be successfully treated. 
The process requires that the com ponents undergo thorough cleaning and descaling 
prior to entering the ‘Micro-Chem’ bath. Further information is obtainable from 
the Rath Manufacturing Co., Janesville, USA.

M IG Welding
A welding technique, using the inert-gas shielded metal arc.

Modified Bauer Vogel Process
The Bauer Vogel process is the anodizing  o f  aluminium. The modified process 
(MBV) is that the parts after being anodized  are immersed in a chromating solution. 
Further information is given in the sections Anodizing  and Chromating.

Mohs Hardness Test
A test using standards o f  varying hardness to  scratch the com ponent. It is used by 
geologists and is listed in the section Hardness Testing.

Mollerizing
An alternative name for aluminizing  and in general applied only to  mild-steel 
components. The process is used to improve the oxidation resistance o f  steel.

'Molykote'
A proprietary form of dry-film lubrication which uses m olybdenum disulphide as 
the active ingredient in the varnish (see the section Painting). Further details can 
be obtained from Fescol Ltd.

Monotron Test
A seldom-used m ethod of  hardness testing , based on the brinell principle, where 
the pressure required to  produce a certain size o f  impression is noted.

Muschinbrock Hardness Test
An obsolete form o f  hardness test.

Natural Ageing
An alternative name for room ageing, where precipitation hardening types o f  alloy 
will show an increase in hardness when the com ponent is left for some time at 
room temperature. This can be after casting, or after the solution treatment
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process. Further details are given under Pricipitation hardening and Solution  
treatment in the section on Heat Treatment.

N D T
See Non-destructive Testing.

Needle Descaling
A form o f  descaling using specialized tools which vibrate or revolve to impact the 
steel surface. These tools have a bunch o f  hardened needles set in holders which 
allow the points o f  the needles to  remain in contact with the contours o f  the 
component. A variety o f  tools o f  different shapes and types are available.

This m ethod, then, can reproduce to some extent the process o f  shot blasting 
to  remove scale, and has the advantage that it is portable and can be used under 
circumstances where a high-quality blast is difficult. It has the disadvantages that 
it involves arduous labour and is extremely noisy and dusty under most circum
stances; it also relies on the tools being kept in good condition. It is the sharpness 
at the point o f  the needles which supplies the cutting action to  give the surface 
profile required for good paint adhesion. Blunt needles will remove brittle, loose 
scale and paint, but will not remove adherent scale or paint. The contact area is 
quite small, thus in addition to the work involved being hard and unpleasant, it 
also requires considerable care on the part o f  the operator to cover all surfaces 
adequately.

Negative Hardening
A form o f  correction or salvage, where a material has been em brittled by incorrect 
heat treatment. It is a loose definition, covering several possible treatments the 
most common one being a normalize, where brittleness is removed by ensuring a 
homogeneous grain structure. However, it can, and is probably more correctly 
applied, when a com ponent is rehardened after being overheated, resulting in 
undesirable grain growth. Thus, the term Negative hardening can be equated with 
refining ox normalizing, both o f  which are described under the appropriate headings 
in the section Heat Treatment.

Negative Quenching
A term which is occasionally used to  describe any method o f  cooling which is 
accelerated, but results in no metallurgical changes occurring. An example o f  this 
would be the cooling o f  plain carbon steels from their tempering  temperatures. 
The term is seldom applied in modern industry.

Nertalic Process
A form o f  argon arc welding, where a consumable electrode is used. It is now 
com m only called the metallic inert-gas (MIG) process, where the argon arc process 
uses a continuous consumable electrode as the filler material. It is described in more 
detail under ‘Inert-gas Shielded Metal Arc Welding’ in the section Welding.
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'Nervstar'
A proprietary process producing a black deposit o f  chromium.

This process is used for decorative purposes only. Where a non-reflective black 
surface is required for technical reasons such as non-reflectivity, consideration 
should be given to black nickel or some form o f  painting. Information on Nervstar 
can be obtained from Oxy-Metal Finishing Ltd.

Ni-Carbing
The original name given to  the carbonitriding process. This makes use o f  a gas 
atmosphere, rich in carburizing but also containing ammonia, for the case hardening 
o f  steel. This results in a case containing carbon and nitrogen. Further details o f  
this are given under the heading 'carboniưiding \n the section Heat Treatment.

'Nichem'
A proprietary form o f  electroless nickel plating produced by M.L. Alkan Ltd.

Nick Break Test
A quality-control test to assess the standard o f  welding. Further inform ation is 
given under this heading in the section Mechanical Testing.

Nicked Fracture Test
A destructive test to  assess rapidly and  economically, the notch sensitivity o f  bar 
and sheet material. It is discussed under ‘Fracture testing* in the section Mechanical 
Testing.

Nickel Ball Test
A m ethod o f  assessing the efficiency o f  an oil used for quenching at heat trea tm ent.

As the ‘hardening* o f  steel is achieved by quenching, and the degree o f  
hardening is related to the speed o f  quenching it is sometimes necessary to measure 
the rate o f  quenching o f  different oils.

The Nickel Ball Test makes use o f  the fact that nickel, being a magnetic material 
will lose its magnetism at a specific tem perature on heating, and regain its m agne
tism at the same temperature on cooling.

A 1 in (25 m m ) diameter nickel ball is heated to  8 5 0 °c  in a tube type furnace. 
When the ball has attained this tem perature the furnace is tilted to  allow the ball 
to  roll ou t and fall into the test quench  oil. As it leaves the furnace the ball triggers 
a timer. In the oil the ball is held on a tray below which is a magnet. When the ball 
reaches the temperature o f  3 5 0 ° c  it regains its magnetism, this being the Cure 
point o f  nickel. The ball is a t trac ted  to the magnet, tilts the tray and stops the 
timer. The test is repeated and the results averaged for each test oil. The more 
efficient the quench oil the more rapidly the nickel ball will cool from 8 5 0 ° c  to  
3 50°c .  A nickel ball is used as it resists oxidation at 850°c, and has a lower Cure 
point than iron. It thus can be used repeatedly and the temperature range gives
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meaningful results. This is a relatively simple test requiring easy to  produce equip
m ent and gives rapid results. The silver ball test requires more sophisticated 
equipm ent but gives additional information.

An alternative m ethod o f  assessing oil efficiency would be to  harden test pieces 
o f  steel under controlled conditions and accurately measure the hardness. This 
can be a lengthy procedure and unless carefully controlled can produce variable 
results.

Nickel Plating
Seldom used in its own right at present, although it has excellent corrosion resis
tance. All chromium plated  parts, where the plating is for decorative purposes, 
will have an underlay o f  nickel. Details are given in the section Electroplating.

'Nickelex'
A proprietary process for the plating o f  a tin-bronze alloy deposit. Further infor
mation can be obtained from Silvercrown Ltd. bronze plating  is discussed in this 
b ook  in the section Electroplating.

'Nirin'
An alloy electro-plate o f  nickel and iron, producing a bright deposit.

The process is used for decorative and corrosion resisting purposes. Further 
general information is given under Alloy Plating; detailed information can be 
obta ined  from Oxy-Metal Finishing Ltd.

Nitralizing
An intermediate process used in the production o f  vitreous enamel components 
generally made from sheet steel. After the normal standard o f  cleaning and pickling  
to  remove all soil and surface oxide, the sheet metal is then immersed in molten 
sodium nitrate at about 500°c. This produces an active surface which reduces the 
problem  which can exist in vitreous enamelling sheet metal, giving longer life with 
less tendency  to  form defects.

Nitrarding
An alternative term to nitriding. Details will be found under this heading in the 
section Heat Treatment.

Nitration
An alternative term to nitriding. Details will be found under this heading in the 
section Heat Treatment.

Nitriding
A type o f  surface hardening where atomic nitrogen combines with the surface iron 
to form  the inherently hard iron nitride. The techniques and reason for choosing 
this m e thod  are described under this heading in the section on Heat Treatment.
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Nitrogen Hardening
An alternative term to nitriding. Details will be found under this heading in the 
section Heat Treatment.

NON D E S T R U C T IV E  T E S T IN G  (NDT)

An inspection technique designed to  identify any flaw in a com ponent or material 
w ithout destroying or damaging the article being inspected. It can be applied to 
any material.

In this section are listed those techniques most commonly used by industry 
under the heading o f  NDT. It should be obvious that a most im portant method 
will be that o f  visual inspection, and it cannot be emphasized too strongly tha t the 
critical eye to ensure that no obvious faults are present should always be 
encouraged. Too often sophisticated m ethods are used to identify minor defects 
when a cursory visual examination will show any serious problems such as severe 
corrosion or large surface porosity. The processes in this section are:

‘Acoustic testing’
Air-pressure test
Crack-detection testing (general) 
Dye-penetrant Crack test 
Eddy Current test 
Etching (general)
Hydraulic test 
Hydraulic pressure test 
Magnetic Crack test 
Magnetic Particle inspection

Porosity test 
Pressure test (general) 
Radiographic test 
Sonic test 
Spark test 
Strain gauging 
Thickness testing 
Ultrasonic Flaw detection 
Vibration testing

'Acoustic Testing'
A recently developed technique o f  Noil-destructive testing o f  large assemblies; it 
is finding particular use in the examination o f  buried pipelines.

The technique is based on the fact that all structures give off  signals when 
stress is applied. This is the m ethod which was formerly applied to wheel-tapping 
on railway wheels, where the stress was applied by tapping with a metallic hammer 
and this resulted in an audible sound signal which could be readily interpreted by 
the tapper.

The Acoustic testing system uses extremely sensitive transducers which are 
placed on the equipment under exam ination, or can be placed some distance away 
from the defect. Unlike the tapping m ethod involving sound vibration mentioned 
above, here the transducers pick up signals from the natural stresses in the equip
ment and, thus, no sound producing equipm ent is necessary. It is claimed that 
defects at a distance o f  1000 ft from the transducer can be identified using this 
technique. The m ethod has only recently been developed, and the basic information
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was obtained from an abandoned pipeline which was thoroughly examined to pro
duce the necessary background information. The m ethod works on a similar 
principle to  a microphone which is in contact with com ponents subjected to 
pressure testing , and allows any sudden release o f  stress to be detected and investi
gated. Further information can be obtained from the Exxon Nuclear Co. Ltd.

Air-pressure Testing
A specific form o f  pressure testing , using air as the medium to apply the pressure. 
Com ponents in all materials and all types o f  hollow assemblies can be subjected 
to  this test.

The com ponent or assembly must be ‘blanked o f f ,  leaving one inlet pressure 
point. The pressure is applied slowly and wherever possible the com ponent should 
be immersed in water during the application o f  pressure. Any leakage will be shown 
by the appearance o f  bubbles. The sensitivity o f  the test can sometimes be 
increased by using surface tension-reducing liquids. It is also possible to  apply this 
test by wetting the surface o f  the com ponent, or listening for air leakage or looking 
for a reduction in a constantly applied pressure.

Air-pressure testing is a design requirement and should never exceed 5 0 lb in '2 . 
Air is a compressive gas and testing at higher pressures under normal circumstances 
may result in explosive failure in the case o f  any com ponents with a serious defect. 
Depending on the size o f  the com ponent and the quantity  o f  air supplying the 
pressure, the use o f  lower pressures than the above can under some circumstances 
also be dangerous. If testing is necessary under these conditions, the operator 
should be protected by some form o f  screening.

For higher pressures, consideration should be given to  the use o f  hydraulic 
pressure testing , where by employing liquids such as water it is possible to  apply 
extremely high pressures with complete safety. Liquids do no t compress, thus 
release o f  the pressure by failure does not result in an explosion. The test, wherever 
possible, should be used subsequent to other forms o f  Non-destructive testing, such 
as the crack test , which will identify any serious defects.

Crack-detection Testing
An inspection process which can be applied in one o f  its forms to all materials. 
The various forms o f  Crack test, or Non-destructive testing, are designed to detect 
cracks or o ther defects. The term w ithout further qualification should be viewed 
with suspicion. The general term Non-destructive testing (NDT) can also be taken 
to  include o ther  inspection techniques such as hardness testing and strain gauging. 

There are two basic methods o f  Crack testing each o f  which has variations:

(1) Using physical means to highlight the defect at or near the surface.
(2) Using instrum ents which show, by various means, any differences within the 
com ponent. This instrumental m ethod can sometimes allow com plete examination 
of  the com ponent,  unlike the first system, which only examines the surface and 
the material immediately under.
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Physical Crack detection offers three methods: (i) magnetic crack test (MCT); 
(ii) dye-penetrant testy and (iii) etching. Each o f  these m ethods is described in this 
section.

Instrumental Crack detection offers five tests: (i) radiographic exam ination ; 
(ii) ultrasonic testing ; (iii) eddy current flaw  detection ; (iv) sonic testing ; and (iv) 
vibration testing. Again each o f  these methods is described in this section.

Dye-penetrant Crack Test
With this m ethod any material metallic or otherwise can be inspected, provided the 
surface finish o f  the com ponent is reasonably sm ooth and non-absorbent.

The principle is that a dye is allowed to  penetrate any surface defect, high
lighting it for examination in detail. Cleaning is im portan t as it will be obvious tha t 
a surface defect which is filled with dirt will be more difficult to  find than a clean, 
‘em p ty ’ crack. The m ethod o f  cleaning is not im portan t bu t vapour degreasing 
will serve the dual purpose o f  removing any oil and grease from the defect and 
heating o f  the com ponent, thus causing expansion o f  any cracks present. The 
cleaned com ponent -  if desired it may be heated -  is immersed in the liquid, or has 
the liquid applied by brushing or spraying. The time o f  liquid contact with the sur
face is not critical but generally a period o f  not less than 2 min and not more than 
1 h is allowed.

The liquid itself, in its simplest form, consists o f  paraffin or a paraffin oil to 
which is added a small percentage o f  lubricating oil and a soluble dye. The more 
sophisticated proprietary liquids are again oil-based but include materials with 
extremely low surface tension. A com m on constituent o f  this type is methyl 
salycilate. The use o f  fluorescent materials in place of, or in addition to , a normal 
dye is now relatively com m on. It is essential tha t the choice o f  liquid ensures 
complete coverage o f  all critical areas and that it has the ability to penetrate the 
most critical cracks it is required to  find.

After the chosen period o f  contact,  the excess liquid must be removed. There 
are various techniques for this, varying from lightly tum bling in warm sawdust or 
wiping with rags, to  the more sophisticated controlled washing with water or other 
soluble liquids. There is no doubt whatever that the m e thod  o f  washing, and the 
control o f  the washing technique, is by far the most im portan t single operation 
o f  Dye-penetrant crack detection. Since the purpose o f  washing is to remove the 
excess liquid and dye from all surfaces, it will be readily appreciated that too  much 
effort put into this operation may remove the dye from some o f  the cracks. Cracks, 
then, which are relatively open or wide m outhed , or cracks having a relatively large 
radius at their bo ttom  extrem ity , will be more readily washed o f  the dye-penetrant 
than the tight cracks which are small, relatively compressed, and have no wide 
base radius. As this washing operation is generally by hand it will be obvious that 
the necessary control will not be easy to  achieve.

Following the washing operation, the surface is trea ted  generally with some 
form o f  chalk. In essence this acts in a similar manner to  blotting paper in that it
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will absorb into itself any dye at the surface, simultaneously drawing out from 
cracks any dye which remains after washing. It will be appreciated that inadequate 
washing o f  the surface will be immediately highlighted by the complete surface 
showing evidence o f  the dye. The difficulty, if no evidence o f  cracking is found, 
is that this may result from no crack actually being present, or all evidence o f  the 
dye being washed out o f  the crack. The chalk, commonly called the ‘developer’, 
is applied by lightly tumbling the com ponents in a bed o f  French chalk, or more 
generally by spraying either with the dry powder or with powder suspended in a 
volatile liquid, or as an aerospray. It is generally advisable to  allow the components 
to  stand for a short period o f  up to  1 h before carrying out detailed inspection. 
This inspection should use the dye as a means o f  highlighting the area to  be exam
ined. The chalk and dye should then be removed by lightly rubbing with a clean 
duster and the area examined at higher magnifications.

Dye-penetrant crack testing is the most universal means o f  Non-Destructive Crack 
Testing for surface defects. Kits are available which make the process extremely 
portable in three small aerospray containers. The technique can be applied locally, 
and to any material. It is necessary to ensure that the operator is skilled in cleaning 
the com ponent prior to application o f  the dye, and tha t he is trained in the correct 
removal o f  the excess dye prior to  applying the ‘developer’.

The sensitivity o f  this Crack detection will be a function o f  the dye used, the 
efficiency o f  the washing and the state o f  the surface finish. With modern dye- 
penetrants, m inute cracks and porosity can be highlighted, which will not be found 
using a paraffin-oil mixture. By careful washing to  remove only the surface dye, 
then very shallow cracks can be found which will be lost with excessive washing. 
Too  little washing results in the complete surface having background dye, thus 
small cracks cannot be seen. If  the surface finish o f  the com ponent being inspected 
is porous or rough, then again the sensitivity will be reduced as the washing neces
sary to remove excess dye can also remove the dye from fine cracks. Different 
coloured dyes, or fluorescent dyes, can be used to  overcome the problem of 
coloured com ponents having the same colour as the dye. This crack detection 
m ethod cannot be used for defects which are not at the surface. Thus, painted or 
plated com ponents which have the base metal cracked, but no t the paint or plating 
deposit, are no t available to  inspection by this technique. It is probably less 
sensitive in most cases than magnetic crack testing correctly carried out, bu t is 
m uch more flexible and can be applied to  all materials. It is more economical than 
any  other m ethod o f  Crack Detection in most cases.

Eddy Current Testing (for defects)
Like the metal-sorting eddy current m ethod , this is based on  the principle that any 
metallic material o f  a specific shape will give a pattern  on an oscilliscope when eddy 
currents are produced. These eddy currents are the result o f  an electric current 
affecting the material. The technique is tha t the com ponent or material is contacted 
by a coil through which an electric current is passed. This is often achieved by
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placing the com ponent within the coil, but there are techniques using a probe 
scanning the surface o f  metals, and it is this probe scanning which is most co m 
monly used for the detection o f  flaws. The result is that the eddy currents are 
disturbed and the disturbance can be measured by feeding the results to  an 
oscilloscope.

With flaw detection, it is possible to  use two coils which are perfectly balanced, 
and will thus produce a true circle when the ou tpu t o f  the coils are passed to  the 
X and y  plates o f  an oscilloscope. When two identical com ponents  are placed, one 
in each coil, then the result will again be a perfect circle. However, i f  one o f  the 
com ponents is different to  any degree, then the result will be a distortion o f  the 
oscilloscope trace. This distortion can be caused by the metallurgical structure  o f  
the steel and, thus, can be used to detect materials which are different because o f  
heat treaừnent. This is com monly used to ensure that small com ponents have all 
been subjected to the correct trea tm ent and is much cheaper than  hardness testing.

The problem is that any dimensional difference in the com ponent will also show 
as a difference on the oscilloscope trace, and unless the com ponents being tested 
are known to be dimensionally identical, the technique is not possible.

Using the probe system, it is possible to scan a surface which is homogeneous. 
Any difference such as corners, drilled holes or cracks will be shown as a distortion 
on the oscilloscope screen. This technique is, therefore, similar in many ways to 
ultrasonic flaw  detection  bu t can be affected by the mass o f  the material. This will 
be o f  no significance where the material is homogeneous as, for example, a pipe, 
but for conventional engineering com ponents it is unlikely that Eddy Current 
testing will be a serious com petitor to  other forms o f  flaw detection such as the 
dye-penetrant, magnetic crack testing or ulữasonic flaw  detection  methods.

Etching
This form o f  crack detection  makes use o f  the fact that any chemical attack, 
whether electrolytically or by straightforward chemical action, will be concen
trated on edges or any sharp corner. This principle is used to widen the actual 
crack itself and, thus, make it more easily visible either to  the naked eye or optical 
equipment.

The process can use a num ber o f  chemical solutions, which will vary depending 
on the material being used or on the surface condition o f  the material. In addition 
to  straightforward chemical attack, use can be made o f  electrolytic etching , where 
the com ponent being examined is made the electrode in an electrolytic circuit 
with a carefully chosen acid as the electrolyte, and a second, generally inert, elec
trode. The choice o f  the procedure will depend, first, on the material, and second, 
on the critical nature o f  the inspection.

The simplest Etching technique, generally confined to  steel, is that the material 
is first cleaned and then either immersed or more generally swabbed using a nitric 
acid solution. This nitric acid will be a 1-5 per cent solution in water or alcohol. 
The strength o f  the acid and the solvent, as stated, will vary depending on the
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critical nature o f  the inspection and the standard o f  the surface finish on the 
com ponent: the rougher the finish and the less critical the inspection, the more 
the tendency will be to use nitric acid in water at a higher concentration. Alterna
tive etches include sulphuric acid, used electrolytically with the steel com ponent 
being made the anode, or ferric chloride in water with hydrochloric acid also 
present. Where non-ferrous materials are involved, ferric chloride is a general 
e tchan t but other solutions such as ammonia alone or with am monium persulphate 
are also commonly used. The variety o f  solutions and the concentrations which are 
available for this technique are such that it is not readily possible to produce a 
meaningful table, and it is recommended that technical advise is sought where this 
crack detection technique is considered as a means o f  aiding production.

It should be understood that this technique is used only as a means o f  high
lighting surface defects: the etch will enlarge surface defects which can then more 
readily be identified by visual examination. It will, therefore, be possible using a 
magnification of, say, X 20 or X 30 to  identify and eliminate defects without 
resorting to any other form o f  crack detection. By using an acid etch, defects can 
be identified with the unaided eye or at less than a X 10 magnification. The 
econom y of visual examination o f  relatively complex com ponents at low magni
fication as distinct from the use o f  magnification higher than X 10 makes Etching 
a viable proposition. Further details o f  etching  are given in the alphabetical section 
o f  this book.

Hydraulic Test/Hydraulic-pressure Test
A form  o f  pressure testing  where the com ponent can be o f  any material. It is filled 
with tluid, commonly water or oil, but in some cases a special liquid is employed 
which is capable o f  frothing under pressure so enabling ready identification of 
m inute leaks. The test is frequently applied to assemblies to prove their mechanical 
integrity, and that they are leakproof.

The procedure is that the com ponent or assembly to be tested is fitted with 
plugs at all outlets. One plug has a bleed valve, and a second plug is the inlet. With 
the bleed valve open, the hydraulic fluid is pumped into the com ponent. The loca
tion o f  the bleed valve and the inlet must be carefully chosen to ensure that all air 
is eliminated by the entry o f  the test fluid. This is im portant with high-pressure 
Hydraulic testing, where the compression o f  air could result in explosive failure. 
With liquids, which do not compress, there is no risk o f  explosion even when 
serious defects are present.

When the liquid is seen to flow from the bleed valve, and the com ponent is 
known to be filled with liquid, the bleed valve is closed and a specified pressure is 
applied to  the liquid. There are two basic m ethods o f  inspection. First, and most 
com m only, is visual inspection for leakage. This might be in the form o f a fine 
spray where serious porosity or cracking is present, or may depend simply on the 
evidence o f  hydraulic fluid on the surface. It will, therefore, be seen that cleanness 
o f  the outer surface o f  the tested com ponent is essential if  fine leaks are to be
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found. Access to  all surfaces is also im portant. Additives have been designed to 
cause frothing o f  the hydraulic liquid and, thus, highlight the escape areas.

Second is the more sophisticated m ethod based on the principle if any leakage 
has occurred, pressure cannot be maintained. In this case the specification in 
addition to  calling for a certain pressure will also include the duration for which 
this pressure must be maintained and the maximum pressure drop permissible. 
With this system, a minute leak will be shown by loss o f  pressure and it is, thus, 
essential that the complete hydraulic system, including the pum p, is o f  high stan
dard, with all fitments well maintained. In high-integrity com ponents, only a 
minute pressure drop is perm itted over a long period o f  time. Under some test 
schedules, the pressure will be increased at a controlled rate over a period o f  time, 
with stated intervals to  allow the test fluid to  degassify and the assembly to 
stabilize. With pipelines, test schedules can cover a period o f  time in excess o f  
24 h.

Air-pressure testing at 501b in"2 probably has the same sensitivity as Hydraulic 
pressure testing at approx. 5 0 0 lb in -2. The reason for this is that gas has greater 
ability to  penetrate porosity and minute cracks than even the most mobile o f  
fluids.

It is perhaps unfortunate  that pressure testing  using air is too  dangerous to  be 
carried out at high pressure where, in addition to  searching for minor defects o f  
porosity, the test must also be able to  prove the ability o f  the com ponent to  w ith
stand high pressures in service. Hydraulic pressure testing is often used in con
junction  with crack testing  and, under some circumstances, x-ray examination. 
The sequence o f  testing will be, first, to  crack test to  identify serious flaws, 
followed by air-pressure testing , followed by Hydraulic testing, followed by x-ray 
or ultrasonic examination when high-integrity com ponents  are involved.

Magnetic Crack Testing/Magnetic Particle Inspection
Magnetic crack testing can be applied only to  plain carbon and low-alloy steels. 
The principle is tha t when any magnetic material is magnetized, each extremity 
will be a pole and each pole will a ttract and hold  iron particles. If  the magnet is 
cut in two, equal and opposite poles will exist a t the central join and again these 
poles will attract the fine iron particles. If  instead o f  a complete break, there is 
some discontinuity at right angles to  the direction o f  the magnetic flux, this will 
appear as equal and opposite poles and again will attract the magnetic particles.

It is im portant to  realize that this effect will only occur when the lines o f  
magnetic flux are at right angles to  the cut or crack. If, for example, a bar is magne
tized along its length by inducing magnetism by any conventional means, then any 
cracks or defects which run circumferentiaUy on the bar will be identified bu t 
cracks or defects which are longitudinal will no t readily be found. It will, therefore, 
be seen that some care is required at the magnetizing stage.

Methods o f  magnetizing include the use o f  a direct electric current passing along 
the com ponent to  produce a magnetic flux in the direction o f  the electric current.
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There are now sophisticated alternating-current magentizing machines which can 
be used to induce the magnetic flux and again this flux will be in the direction o f  
the electric current. It is also possible to  produce the necessary magnetism by using 
two powerful magnets, by placing one north  and one south pole in contact with the 
com ponents the areas between the two poles will be magnetized, and again the 
magnetic flux will be along the line between these two magnets. A large horseshoe 
m agnet will have the same effect on the area between the poles. This last method 
is probably the safest, where any doubt exists regarding the flux lines, as it is 
possible to prove conclusively by the simple act o f  placing the magnet that the area 
between the poles is correctly magnetized. The use o f  electric current is not as 
positive but will generally result in more rapid magnetization. It is, however, more 
difficult to prove that the material has in fact been magnetized. Yet another 
m e thod  is the use o f  a direct- or alternating-current solenoid coil, where the com po
nent is placed within the coil. This results in a magnetic flux at right angles to  the 
solenoid and, thus, it is possible to identify cracks along the length of, for instance, 
a bar. The magnetized com ponent is then either immersed in a light oil such as 
paraffin suspended in fine iron particles, or sprayed with the iron particles in the 
dry or suspended state. Where it is possible, immersion is generally accepted as 
being the best method. The use of dry powder is not recommended, except under 
controlled conditions.

The cracks or defects are indicated by a concentration o f  the magnetic particles 
at the crack. The particles will be attracted  to  any discontinuity such as the ends of 
a bar or a change in section, and if cracking is suspected very close to  these areas, 
then particular atten tion  must be paid to  the subsequent visual examination as 
these cracks can be hidden by the general concentration o f  particles in the area.

Where com ponents are complicated in shape, careful planning o f  the Magnetic 
crack test is essential and more than one inspection will be necessary. With complex 
com ponents , it is often necessary to  magnetize local areas and inspect these in 
detail before removing the residual magnetism and remagnetizing adjacent areas. 
This will require that the magnetic flux is applied at an angle to  the original magne
tism. When using portable magnets, this is simple, bu t with electric means using 
straightforward induction or the solenoid coil, then the demagnetizing technique 
is to  pass the com ponent through a coil with alternating currents, and then to 
remagnetize in the desired direction and repeat the inspection.

On completion o f  Magnetic crack testing it is generally im portant that all magne
tism is removed. Unless this is correctly carried out, subsequent operations such as 
cleaning or, in many cases, thickness testing  after electroplating , or again where 
the com ponent is in service with navigational equipment, the residual magnetism 
can interfere with any Ơ? these operations. It is also essential to  demagnetize 
between different magnetic operations carried out on one com ponent. Demagne
tizing  is achieved by passing the com ponent through an alternating current coil 
at least twice.

The suspension o f  iron or magnetic iron-oxide dust particles in a paraffin liquid
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is generally termed ‘magnetic ink’. This is normally seen as dark particles in the 
form of a line where a crack or defect exists. Where the com ponent is relatively 
dark, for example, when castings or forgings or com ponents im mediately after 
heat treatment are inspected, the contrast between material and magnetic ink is 
relatively small, and fine cracks can be missed. It is, therefore, advisable under 
these circumstances to  increase the contrast either by whitewashing or white 
painting the com ponent, using a very thin layer in order not to  interfere w ith  the 
magnetic flux pattern, or as alternatives to  use coloured magnetic ink or m odern  
fluorescent magnetic ink and examining under ultraviolet light. This la tter  tech
nique is now accepted as the best m ethod for the large variety o f  surfaces and 
com ponents inspected by this technique.

Magnetic crack testing, in addition to showing surface defects o f  an ex trem ely  
low order, can be used to identify defects below the surface. These are indicated 
by an interference in the flux patterns, but will not be the well-defined defects 
shown by surface cracking. It will be appreciated that a large defect im m ediately  
below the surface will be better defined than defects o f  smaller size at greater 
distances below. It is possible with experience to grade these defects as, in general, 
defects which do not appear at the surface are less dangerous than defects at 
the surface.

Magnetic crack testing is a com m on m ethod  o f inspecting ferrous com ponents . 
It is not always appreciated that the process will be complex with com ponen ts  
which have a complicated geometry. This inspection technique is com petitive with 
crack testing using the dye-penetrant fluids, bu t it is generally accepted tha t the 
Magnetic crack test will identify surface defects o f  a finer nature than those found 
using the dye penetrants. Both the ultrasonic and radiological m ethods o f  Non- 
Destructive Testing have relatively greater difficulty in finding surface defects , since 
the surface o f  the com ponent will be clearly identified and, thus, this positive 
identification will mask any fine surface defect which exists. As Magnetic crack 
testing is much cheaper than either o f  these instrument methods, then it is usually 
planned that the surface is first tested by this or the dye-peneừant m ethod  before 
more expensive ultrasonic or radiological examination is carried out. In this way 
components or assemblies may be rejected or rectified prior to carrying out 
expensive techniques.

Porosity Test
An inspection m ethod used to  identify pores or breaks in a coating. The term can 
be used for metal porosity itself, which is identified by the pressure or crack test. 
Porosity Testing can be applied to  any type o f  coating on any metal, and  some 
techniques are available for non-metallic substrates. There are four basic m ethods. 
These are: visual examination; chemical m ethods; electrochemical m ethods; 
electrical methods.

(1) Visual Examination This can be simply visual or at magnifications up to  X 40,
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with up to  X 10 being common. This inspection will seldom be for porosity alone, 
but can be used to identify such defects.

It is com m on that visual inspection and thickness measurement are the general 
methods o f  coating inspection. Other methods o f  Porosity testing are applied only 
when high-integrity com ponents are involved.
(2) Chemical methods These rely on a colour change which takes place when 
chemicals react with the substrate metal but does not occur with the coating. For 
steel substrate, the most com m on is the use o f  potassium ferri-cyanide solution 
in very dilute acid or in a solution o f  sodium chloride. This turns deep blue 
(Prussian blue) when in contact with iron. The test is very sensitive and the parts 
being tested must be thoroughly cleaned. The user is referred to  the ferroxil te st , 
described in this book, for further information as this uses the same technique.

Where the base metal is not steel, or is austenitic stainless Steel, other chemicals 
or tests must be used: the less the reactivity o f  the base metal, the less the 
sensitivity o f  this method. Thus, stainless steel, titanium alloys and nickel alloys 
are not capable o f  being tested, but will seldom have simple coatings applied.

A substrate o f  copper or a copper alloy can be tested using a sulphide after 
cleaning and activation. This is not as sensitive or rapid as the ferroxil test and is 
seldom applied. There is, however, a m ethod where the com ponents after cleaning 
are held in a sulphur dioxide atmosphere for 2 4 h, followed by a further 24 h in a 
hydrogen sulphide atmosphere. Any porosity is shown by black spots.

Salt-mist and hum idity tests can be used to  identify porosity, but in general 
are used to  supply additional information. These rely on the corrosion o f  the 
substrate metal.
(3) Electrochemical methods These use the same principle as above, but apply a 
direct current, and thus, in effect, produce a plating cell. With the substrate metal 
as anode, the second electrode as cathode, and the sensitized paper as electrolyte, 
any attack  on the substrate metal will cause discolouration o f  the paper. An 
absence o f  pores will result in no reaction. The test is described in more detail 
under the heading Hlectrography.

A m odification o f  this is the holiday te st , where instead o f  reacting with a sensi
tized paper, the current produced at the pore is used to light a neon lamp or sound 
a buzzer.
(4) Electrical methods These methods are based on the fact that paint coatings 
are generally non-conductors. Any porosity to base metal can then be identified 
by the passage o f  an electric current, which can be made to sound a buzzer, light a 
neon lamp or produce high-frequency sparks. Details o f  this test are given under 
Holiday Testing.

Pressure Test
A Non-Destructive Test carried out on hollow-type com ponents or assemblies in all 
materials. Generally these components will be used under pressure in service, but 
there can be occasions where Pressure testing will be used as a general inspection
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m ethod to  prove the integrity o f  an assembly or com ponents, including testing for 
mechanical strength.

The choice of pressure and the m ethod o f  Pressure testing requires some care 
and should be a design requirement. It is obvious that the pressure for testing must 
be above that o f  the com ponent in service, but it is often difficult, i f  not 
impossible, to reproduce by a static type o f  Pressure test the pressures to  which the 
assembly will be subjected in service.

There are two basic types o f  Pressure testing, the most com mon being the use 
o f  air or some other gas, with the com ponent being inspected under water or some 
other liquid. Any leakage will be shown by fine bubbles which appear on the sur
face. This test can be made more critical by the judicious choice o f  liquid and gas. 
A variation on this theme is that the assembly is taken to  the desired pressure and 
that this pressure must then be held for a specific time. Any drop in pressure 
greater than a specified am ount is reason for rejection. This test is carried ou t using 
the gas and temperature at which the com ponent will operate in service and is an 
extremely critical test. It is described under Air-pressure testing.

The second method o f  testing is the hydraulic pressure test, where the 
com ponent is filled with a liquid and leakage o f  the liquid is an indication that the 
com ponent is porous. This test can again be made more critical by the careful 
choice o f  liquids. For example, by adding some detergent or foaming agent to 
water, then very fine cracks or porosity can be readily identified, where with water 
alone this might be missed.

As with air-pressure testing , it is possible to  take the assembly to  the specified 
pressure and to hold, with any drop in pressure above a specified limit being the 
reason for failure. As liquids are non-compressible, this is a less critical test than 
with the air-pressure test at the same pressure.

The fact that gases such as air can be compressed means that considerable care 
must be taken when com ponents are being pressure tested, and this is particularly 
so with pressures in excess o f  5 0 lb in"2 . Above this pressure any failure can result 
in an explosive type o f  bursting and with large vessels this can be disastrous.

With hydraulic testing , where the liquids cannot be compressed, this danger 
does not exist as any release in pressure by bursting will result in the pressure 
dropping immediately to  zero w ithout any explosive forces. It must, however, be 
pointed out that very great care is needed when high-pressure hydraulic pressure 
testing  is carried out to  make sure that the vessel is correctly bled o f  air, otherwise 
air or gas testing will be carried out, and this can result in explosive failure.

Pressure testing is a form o f Non-Destructive Testing which is particularly 
valuable to identify the porosity in com ponents and to  show any weaknesses in 
brazing or welding. Except in very specific instances, Pressure testing will seldom 
be required on wrought com ponents which have not been welded and which will 
not be subjected to pressure during normal service. It is, however, quite common 
to carry out Pressure testing on assemblies, particularly pipe assemblies. It is gener
ally accepted that Pressure testing should be preceded by some form of crack
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testing  or inspection which will identify any gross defects. High-pressure hydraulic 
pressure testing can be used on high-integrity components, to  prove that the 
com ponent or assembly under test has the mechanical strength and sufficient safety 
factor to withstand the pressures applied during normal service.

Radiographic Test
This makes use o f  the X-ray sources used in medicine o f  which there are now a 
num ber available. These include the standard radiographical X-ray machine, which 
produces the necessary energy waves or signals by conventional valve oscillators, 
and portable sources using isotopes o f  metal which produce rays. The different 
techniques, and sources, are im portant in the extent and sensitivity o f  the resulting 
photographic film but are not o f  vital importance. The convention is tha t the term 
‘X-ray’ is used for machine-generated rays, while ‘Radiological exam ination’ implies 
the use o f  radioactive metal isotopes.

The principle in all cases is identical in that the signal or source o f  energy is 
passed through the object being examined and allowed to strike a photographic 
plate or film which is located on the reverse side. These rays have exactly the same 
effect on the photographic film as does light. That is, the denser the material 
through which the rays pass the less the effect on the photographic film will be, 
and the lesser the density the darker the area on the film will appear. This means, 
then , that differences o f  thickness or dimension on the examined com ponent will 
be shown as different intensities on the film. It also means that any porosity, 
cracks or other defects will be shown relatively as darker areas on the film. It is 
obvious that the extent o f  the defect will affect its Radiographic intensity and, 
thus, pinpricks o f  local porosity will appear as very slight areas o f  local darkening 
on the film which require some skill, first, to  ensure that they are picked up on the 
film, and second, that they are identified in the subsequent visual examination. 
The operator, then, must first choose the correct exposure or power for the initial 
radiographic shot (various techniques are available but knowledge o f com ponent 
dimensions is generally advisable), and second, he must have the technique to 
develop the film correctly and report adequately on the findings.

The advantage o f  X-rays over other forms of  fault detection, is that a permanent 
film record o f  the complete cross section o f  the com ponent is available for detailed 
discussion. It will be appreciated that the direction in which the Radiographic exam
ination is carried out can have considerable bearing on the sensitivity o f  the result. 
A thin crack which is radiographed in the same plane as a larger defect might not 
show up on the film, or appear as a very slight darkening, since the difference 
between the surrounding metal and the crack will be only the width o f  the crack 
itself and this may be less than 0 .0005 in (0 .01m m ). If  the crack were radio
graphed at right angles to the defect, then the difference will be, no t the width, 
bu t the length o f  the crack and this will generally be o f  considerable significance.

A disadvantage o f  Radiographic exam ination is that sophisticated equipment 
is necessary, and while the use o f  metal isotopes has considerably increased
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portability over conventional valve equipm ent, there still remains the necessity 
for dark-room and viewing equipment. Portable caravan-type equipm ent is now 
available which can be moved to  the site and with the metal isotopes com plete 
portability is possible. A second disadvantage is the danger involved in working 
with X-rays or Radiographic waves and considerable precautions are required by 
law with the use o f  this equipment. Thus during Radiographic exam ination a speci
fied distance o f  operators and, in fact, all living creatures from the equ ipm ent must 
be maintained, and this clearing o f  the area involved can result in considerable 
upset to production. In addition, the radiographic examination will generally be 
more expensive, because o f  the capital outlay involved and the cost o f  p h o to 
graphic film, than, for instance, ultrasonic examination. While bo th  m achine
generated (X-ray) and radioactive isotope (radiography) sources are similar, the 
X-rays will produce the more sensitive and precise image. Because o f  the high cost 
o f  this method o f  flaw detection it is quite com mon tha t dye-penetrant or 
magnetic crack detection  tests are used initially, while ultrasonic examination  is 
used as a routine technique with the present methods used for cross-checking. 
Methods, and the degree o f  testing, will however vary, depending on the im portance 
and cost o f  failure.

Sonic Testing
This technique can be applied to any metal but in general it is used only on steel 
components or structures. The traditional m ethod o f  checking the wheels o f  
railway rolling stock by wheel-tapping was a m ethod o f  Sonic testing, thus this 
technique uses variations in the vibration pattern  to  detect flaws in a com ponent.

The theory is that a satisfactory com ponent or assembly will have a well-defined 
sound pattern, generally resulting in a ringing sound. Any defect such as a crack or 
the loosening o f  an assembly will result in an interruption in this pattern . This can 
be detected by the trained ear and further investigation carried out. Sonic testing 
is not now normally carried out in this simple form as with m odern equipm ent 
o ther forms of  crack detection are more efficient, such as the ultrasonic, dye- 
penetration  or magnetic crack tests. The modern techniques are based on  the same 
principle, where by vibrating the assembly a pattern will be obtained and can be 
recorded. This recorded pattern is stored either in the form o f  a sound on tape or 
as a vibration pattern traced on paper. A periodic inspection can then be carried 
out with the identical vibration being subm itted to the test points. The resultant 
sound pattern is compared with the original and any alterations are examined. This 
is a modern technique still in its developmental stages but shows promise for large 
intricate assemblies subjected to variable stresses in service. It has the obvious 
advantage that such structures can be monitored much more cheaply than with 
existing methods. Any structural alteration carried out between Sonic tests will 
affect the results, thus modifications should have the structure tested before and 
after the modification.
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Spark Test/(Porosity Testing)
An inspection process applied to metal components which require complete insula
tion films, for example, paint. The test can also be used to  ensure that tanks are 
completely plastic-covered with no porosity. The process is sometimes known as 
‘holiday testing’.

The test makes use o f  a high-frequency or high-voltage spark discharge. One end 
o f  the electrical circuit is connected to the metal o f  the com ponent, while the other 
end o f  the circuit is in the form of a metal probe. The hand-held probe can be used 
to scan entire surfaces, or in the case o f  welded joints to  concentrate on these 
significant areas. Provided the insulated film is complete and intact, no action takes 
place. Any conducting path between the probe and the metal will result in a high- 
frequency discharge. In addition there will be a buzzing sound which will aid in
spection. Certain equipment makes use o f  the discharge to produce an audible 
whistle when porosity is present, and the passage o f  low-current, high-voltage elec
tricity can be used to light a neon lamp.

It is possible to  vary the sensitivity o f  this inspection process by increasing the 
applied voltage. Below a certain voltage the high-frequency discharge will have little 
energy, bu t as voltage and energy are increased it will be possible to  break down a 
non-conductive film. Thus, the technique in skilled hands can additionally be used 
as a form o f  thickness testing.

This inspection technique is comparable in some ways to  the dye-penetrant 
crack te s t , but where thin insulating films are applied it is doubtful whether a dye- 
penetran t would successfully identify incorrectly treated areas. Where tanks or 
vessels are plastic-lined to protect the metal from attack or to  protect the contents 
o f  the tank  from contamination, visual inspection will be insufficient with this 
m ethod; it is doubtful too whether dye-penetrants will have a sufficient sensitivity. 
Where paint films require a continuous, non-porous coating, this technique using a 
brush or sponge electrode can be the most economical m ethod o f  ensuring that no 
porosity is present. The test operator must be supplied with detailed information 
on the voltage to  be applied and the type o f  equipment. The results obtained will 
vary for different types o f  materials and for different thicknesses and the m ethod 
o f  application.

Strain Gauging
This form o f  Non-destructive testing involves the application o f  strain gauges to the 
com ponents  in question. These strain gauges are small devices, the conventional 
ones producing an electric current when tensile stress is applied resulting in elon
gation. These devices are, therefore, glued or strapped to  the com ponent being 
tested and the gauges wired to  an electronic equipment capable o f  identifying and 
recording minute current or voltage changes.

The same idea is employed with the use o f  glass, having almost zero ductility, 
which is glued to the structure or com ponent being tested. A relatively small elon
gation o f  the com ponent will result in fracture o f  the glass, thus indicating the
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presence o f  strain. This technique can be modified to  some extent by the use o f  
controlled ductility materials, which will fracture when a certain elongation is 
applied. There are now brittle lacquers, applied as paint, with the pattern  o f  
cracking caused by stress indicating the type and location o f  the strain.

A nother variation o f  the strain gauge uses a known pattern , generally o f  m inute 
holes in the form o f  a fine mesh, which is glued to  the area being examined. The re
flection from this pattern, either by the use o f  optics or laser, or by taking a mould 
from the mesh and examining in the laboratory , shows any changes in the fo rm a
tion which indicates that stress has been applied. This last technique has the advan
tage over the others that no extraneous wires are involved. In addition, it will not 
be necessary to  destroy the gauge to find that stress has been applied and skilled 
interpretation o f  the results can be done from the examined structure. Since Strain 
gauging is frequently required under arduous conditions, this last factor can be a 
considerable advantage. This technique will also find strains applied in any direc
tion, while the other methods require individual gauges. The choice and application 
o f  the different forms o f  Strain gauging, and the interpretation o f  the signals, 
requires care and users are advised to  seek specialist advice on the use o f  strain 
gauges as a m ethod o f  testing.

Thickness Testing
The tests are carried out on all types o f  coatings applied to  all metals. The majority 
o f  coating thickness measurements, however, are related to steel and to paint or 
plating deposits. There are six basic m ethods o f  Thickness testing:

(1) Mechanical measuring technique This uses standard measuring equipment to  
find the exact size prior to  the deposit being applied and compare this to  the size 
on completion.

This m ethod has several limitations, first, that in general coating deposits are not 
homogeneous and therefore, unless careful measurement is carried out on exactly 
the same spot before and after, the results will be meaningless as the variation in 
thickness will generally be at least equal to  the minimum thickness required. 
Second, there is the problem that the m e thod  is time-consuming and, unless carried 
out on a number o f  points and a num ber o f  components, the results will again have 
limited application. Finally, because the com ponent is a test piece, and this will 
often be known to the operators depositing the coating, tests will not be fully 
representative o f  conditions where normal techniques are applied.

It is also possible to use this m ethod  by measuring the coating and stripping. 
This overcomes the last objection above, bu t has the problem that,  under some 
circumstances, the stripping will a ttack  the substrate metal and will invariably result 
in the scrapping or retreating o f  the com ponent. Thus, it is expensive.

The technique known as the British non-ferrous je t test (BNF jet test) works on 
the same principle but uses a fine spray to  determine the thickness o f  the deposit o f  
plating at non-specific points. The time taken to  remove the deposit is a measure o f  
its thickness.
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(2) Strip and weigh method This is still looked on as a reference m ethod for 
plated deposits. The com ponent is weighed in the as plated, dry condition, is care
fully stripped to remove all evidence o f  the deposit, and then washed and dried and 
reweighed. The difference in weight will be the weight o f  the deposit applied. 
Formulae which can be used to  estimate the deposited thickness are available.

A problem involved with this technique is the danger o f  assuming that a deposit 
has been homogeneously applied. This will seldom, if  ever, be the case and, while 
the method can be useful as a control for routine plating, it will not in fact give 
sensible results in many cases.
(3 ) Magnetic m ethod  Variations o f  this method are based on the principle that 
magnetic pull will be a function o f  the material involved, the strength o f  the magnet 
and the distance o f  the magnet from the magnetic material. The m ethod, then, can 
be applied only to materials which are magnetic. While iron, nickel and cobalt 
are ferro-magnetic materials, only iron (and steel which is iron-based) will in fact 
have sufficient magnetic pull to be used with this method.

There are various relatively simple pocket-sized instruments using either a cali
brated spring or a weight moving on a lever arm which rely on the magnetic pull 
achieved and can be surprisingly accurate. One approximately pencil-shaped type 
is placed at right angles to  the point being measured then simply pulled off. This 
acts upon the magnet which is connected through a calibrated spring to a pointer. 
The point at which the magnet is released from the surface can be shown by move
ment o f  the pointer on a scale calibrated in the desired units. This very simple 
instrument can be used repeatedly on the same spots to  ensure that reproducable 
results are being obtained, and because o f  the simple operation a large number of 
readings can be rapidly taken to obtain an indication o f  thickness. This instrument 
can be used for paint or plated deposits but may require recalibration when used 
on nickel plating o f  appreciable thickness.

A similar instrument which uses the same principle has a weight which slides 
along an arm as the instrument is operated. This arm acts as a lever and the dis
tance o f  the weight from the fulcrum point is calibrated as an indication of 
thickness. Again this device is simple and readily used. Both instruments can be 
used in any reasonable position and will give reproducable results.

A more complex instrument uses the magnet as the fixed point in a circuit 
similar in all respects to the Wheatstone bridge. With this, a magnet o f  known 
magnetic strength is balanced with a magnet o f  variable strength resulting from the 
thickness o f  the material. This instrument gives a reading on the dial and is 
generally accepted as being more reliable than the devices described above but is 
much less portable.

All three instruments require to be calibrated at regular intervals. This should be 
at least twice daily when used regularly, and recalibration should be carried out 
immediately prior to  use if  the instruments are not in constant use. This calibration 
should be on the same material as that being tested, that is mild or low-alloy steel, 
and making use o f  shims of  plastic or, if  desired, metal which are themselves
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calibrated at frequent intervals. It is essential that these cover the range o f  thickness 
measurements being carried out as the scales will no t,  o f  necessity, be linear.

Where routine thickness testing is carried out on com ponents, it is advisable that 
the components themselves are used as test pieces. This will obviate any possibility 
of  spurious effects. These instruments will not normally be upset by changes in 
mass or geometry but will be affected by any residual magnetism remaining in 
the component.

In general these instruments will be the ones most com m only used in industry, 
and are the first choice for the complete range o f  materials applied, but have the 
disadvantage that they are only applicable to the testing o f  steel components.
(4) Eddy Current Measurement This is the same technique used for metal-sorting 
and crack detection. With this, an electric current is passed through a coil which 
is used as the probe. The result o f  bringing any metal within the range o f  this coil 
will be tha t the eddy currents which surround the coil will be affected, and the 
degree o f  this will be proportional to  the materials involved. Probes can, therefore, 
be produced which are calibrated to show the thickness o f  any material on any 
metallic substrate. This makes these instruments potentially more useful and 
universal than the magnetic measurement instruments.

The problem with eddy current measurements is that extraneous matter, e.g. 
the mass o f  metal below the coating, can affect the readings obtained. Thus, it is 
essential that the calibration test pieces are o f  the identical, or at least similar, 
shape and mass to  the inspected components. There is an additional problem in 
that different substrate metals or the same metal deposited from different solutions 
will give different results. This is generally overcome by either a complete recalibra
tion or more usually, a separate precalibrated probe is supplied.

A number o f  these instruments is available, ranging from battery-operated, hand
held pocket devices to  sophisticated bench equipment.
(5) Radiation back-scatter This is the most sophisticated method o f  thickness 
testing , and as would be expected the most expensive. It can be used on all 
materials and has the advantage that it determines the thickness o f  deposits o f  very 
thin films, much thinner than any o f  the conventional methods described above. 
In addition it can be calibrated against standards to  determine the thickness o f  
undercoat layers. Thus it will be possible, for instance, not only to measure the 
thickness o f  gold plate on nickel, but also the thickness o f  the nickel deposit itself 
on the copper substrate.

The principle is that a very low-radiation source is used and this radiation will 
be absorbed proportionally by the metal o f  the com ponent itself and also by the 
thickness or am ount of metal left. Non-absorbed radiation will be reflected, and it 
is this back-scattered radiation which is measured on a standard Geiger counter.

This instrument uses very low power sources o f  radiation which are decaying 
rapidly and, thus, must be constantly  calibrated and adjusted to  allow for this 
decay. It must be appreciated that although very slight unless protected, the source 
will be giving o f f  radiation. They should not, therefore, be carelessly handled.
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The more radiation which is measured, the thinner the coating.
(6) Jet test This is a technique which can be applied only to  metal deposits and 
uses the fact that different metals dissolve at different rates, and that the rate of 
solution on a local area (using a je t or drops) will be proportional to the thickness. 
There are two basic techniques, the best known being the British non-ferrous je t 
test (BNF je t test), described under this heading in the alphabetical section o f  this 
book. The second instrument is more sophisticated and makes use o f  the fact that 
metals have different electrode potentials. This instrument employs an electric 
current which is carefully adjusted for the metal deposited. Immediately the 
solution dissolves away the top coating, contact is made with the base metal and 
the voltage and current conditions are altered. This alteration is used to sound an 
alarm or stop the time clock.

Both this and the BNF m ethod in skilled hands are excellent means o f  accurately 
measuring thickness but have the disadvantages, first, that they are destructive, 
and second, that the test applies only to  a single spot.

Ultrasonic Flaw Detection
This technique uses relatively sophisticated electronic equipment developed in 
recent years. While the operation appears essentially simple, it should be appre
ciated that considerable skill in operation and interpretation is necessary if  the 
results are to  be meaningful. The technique can be used on all metals and non- 
metals, and has been applied to living matter for medical purposes.

The principle is identical to that o f  radar. With this, a pulse o f  high-frequency 
electronic energy is sent into the atmosphere. Any solid object in the path o f  this 
pulse o f  radiowaves will cause some o f  the energy to  be reflected along the same 
path  as it was originally sent. As the pulse can be sent in the form o f  a thin, 
pencil-type beam, it will be seen that the direction o f  the object can be accurately 
pinpointed, depending on the direction of  the returned pulse. The fact that the 
speed o f  the radiowave is also accurately known, means that using a time-base the 
distance o f  the object from the transmitter/receiver can be accurately found. As 
stated, exactly the same principle is used with the present m ethod o f  flaw 
detection, where a pencil beam o f  electronic energy is used, at a much lower fre
quency than with radar but at a higher frequency than can be heard by the human 
ear. This is transferred to the com ponent being examined through a probe. Various 
techniques are available, but in general modern equipment uses a single probe 
containing the transmitter and receiver. Much o f  the sensitivity and accuracy of 
the modern machines relies on the type o f  probe employed. The electronic beam 
o f  energy will be reflected from the surface o f  the com ponent on which the probe 
rests. It will also be reflected from the other side o f  the com ponent.

Both these surfaces are shown on an oscilloscope in the form o f pips or bleeps: 
the operator will recognize each surface and will, therefore, ignore them. Any 
indication o f  a defect such as internal cracks and blowholes or porosity or, in the 
case o f  some materials, a difference in metallurgical structure will again be
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shown as a pip or bleep between these two markers.
With the original Ultrasonic equipm ent, it was not possible to  identify surface 

defects, or defects lying very close to  the surface. However, development o f  probes, 
and also liquids to* produce an interface between the probe and the inspected 
surface, has made it possible to separate the entry pip from the surface and, thus, 
this technique can successfully be used for defects quite close to  the surface. 
Except with sophisticated, high specialized equipment which is suitable only for 
mass production o f  identical com ponents, it is not readily possible to  obtain any 
record o f  defects identified by Ultrasonic inspection. The procedure, therefore, 
will rely on capable operators correctly identifying problems. With the correct 
equipment and skilled operators, there is no doubt that Ultrasonic examination is 
capable o f  identifying defects below the surface o f  the metal which cannot be 
found by any other means at the same cost. These defects can be extremely small, 
to  the order o f  0.005 in (0.1 m m ) long, 0 .002 in (0.05 mm) deep and 0.0001 in 
(0 .0025 m m ) width. It is also possible to show by Ultrasonic means relatively slight 
differences in metallurgical structure. The different structures obtaining, for 
example, between spheriodal graphite cast iron and normal grey cast iron can be 
identified.

Ultrasonic crack detection differs from the surface crack detection o f  the dye- 
penetrant and magnetic crack tests in that it is capable o f  identifying below- 
surface defects; surface defects are technically, and certainly much more econom i
cally, found using these tests. It is, however, possible to use Ultrasonic flaw 
detection at an earlier stage in manufacture. Below-surface flaws will be identified 
w ithout the cost o f  machining. The disadvantage o f  this method is that no  perm a
nent record o f  the test will be kept and, thus, any dispute will be difficult to  prove 
one way or the other.

Vibration Testing
The sound or vibration pattern  produced when a simple metallic com ponent or 
assembly is vibrated by being struck a blow, etc. is a function o f  the shape of the 
com ponent. Any alteration, particularly at the surface, will affect this pattern and 
can be identified by a different tone.

This is the basis o f  the wheel-tapping which was practised to  identify any cracks 
in the wheels o f  trains. The m odern system feeds the vibration via a microphone 
to an oscilloscope, where the pattern  can be examined, measured and photographed 
if necessary. Any cracks or other defects which subsequently appear will alter the 
pattern  and thus are identifiable. More sophisticated techniques feed vibrations o f  
known amplitude and frequency into complex structures to  give considerable 
information. At present the technique is in its infancy but considerable develop
m ent work is being carried out, and this with acoustic testing will probably become 
the standard flaw-detection m ethods on complex static structures in the future. 
The reflectogage test, briefly described under that heading, uses high-frequency 
vibrations.
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Normalize
A heat treatment which removes the variations and stresses resulting from forging 
or casting. Further information on this and other forms o f  homogenizing will be 
found in the section Heat Treatment.

'Noskuff'
A m ethod o f  improving the friction properties on Steel components.

The process is a salt bath procedure which impregnates the surface. It is 
relatively modern technique comparable in some ways to  ‘sulphinuz’ and ‘tu fftr id e9 
and will give superior results to phosphating  or other forms o f  dry lubricant. Fur
ther information can be obtained from ICI Ltd.

Notch Bar Test
A general term applied to  impact-testing.

A general discussion on the test and some information on all the tests used 
appears under the headings ‘Fracture Testing’ and ‘Im pact Testing’ in the section 
Mechanical Testing.

'Nubrite'
A proprietary bright nickel plating deposit, further details are given under that 
process in the section Electroplating.

Oil Hardening
This is part o f  the process o f  hardening and can be carried out only on specified 
grades o f  steel. The steel is taken to  above its upper critical temperature, held for 
a specified time and then quenched in oil. This technique results in the formation 
o f  the metallurgical structure known as martensite, provided the material is o f  the 
correct composition.

Oil quenching is a gentler m ethod of cooling than water quenching, and is more 
severe than air quenching. Materials which would shatter under water quenching 
can use this process to  obtain full ‘hardenability’. Components high in carbon and 
chrom ium , which might crack when oil-quenched, require air quenching. Further 
inform ation on this technique is given under 4Hardening' in the section Heat 
Treatment.

Olsen Test
A test to  measure in a reasonably accurate manner the ability o f  sheet metal, parti
cularly mild steel, to  accept deep-drawing operations. The material is clamped 
securely and a ball is then loaded and pressed to form a ‘cup ’ or depression. The 
dep th  o f  depression achieved before bursting occurs gives an indication o f  the 
ability o f  the steel to  be deep-drawn. In addition the m ethod o f  bursting will indi
cate to  the experienced personnel the material’s suitability for certain types of 
deep-drawing operation. The test, also know n as the cupping  or Erichson test, is a
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relatively simple m ethod o f  assessing the ductility o f  sheet material. Further 
information is given in the section Mechanical Testing.

'Onera Process'
A form o f  chromizing which is a proprietary French process for steel only where 
the surface is impregnated with chromium to  give a layer o f  high chromium 
content. Further information is given under Chromizing.

'Osronaut'
A proprietary name for a barrelling technique. There are ‘O sronaut’ processes 
covering all the conventional barrelling systems. Further information will be found 
in this book under the heading o f  Barrelling; detailed information can be obtained 
from the Osro Company Ltd.

Oven Soldering
A m ethod o f  joining discussed under the heading Soldering.

Overageing
Ageing is the traditional term applied to the precipitation hardening where, 
following solution treatm ent, the material is hardened by the precipitation of 
intermetallic compounds, which causes strain in the lattice with a consequent 
increase in tensile properties.

An Overaged com ponent will either have been held at too  high a tem perature or 
at the correct temperature for too long. Both cases will result in a reduction o f  the 
maximum tensile strength achieved at the peak o f  the ageing cycle. On most 
occasions Overageing is undesirable in tha t the ideal mechanical properties have not 
been obtained. There are, however, instances when Overageing is achieved on pur
pose. One o f  these is with beryllium copper alloys, where at the peak o f  the ageing 
curve maximum tensile strength is obtained but electrical conductivity is relatively 
low. Overageing can obtain an increase in the conductivity o f  the alloy w ithout 
reducing the tensile strength by an unacceptable am ount. There may be other 
occasions where Overageing can achieve a similar compromise. The ‘Precipitation 
Treatm ent’ process is discussed in more detail in the section Heat Treatment.

Overdrawing
A term applied to the wire-drawing process, and refers to  a defect where the wire 
receives excessive cold working and, thus, is less ductile than specified. Overdrawing 
is, therefore, a defect which should be avoided.

Oxalic Acid Anodize
A seldom-used m ethod o f  anodizing aluminium. With this, oxalic acid is used as 
the electrolyte. Under certain conditions this can result in explosions and, in 
addition, the acid is highly toxic. Sulphuric acid is now by far the most com m on 
electrolyte.
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Oxyacetylene welding
A form of welding, using the heat from the combustion o f  acetylene and oxygen 
to  supply the necessary energy. This m ethod of  heating, in theory at least, can be 
applied to all methods o f  welding, but in general is confined to the joining o f  the 
plain carbon and low-alloy steels.

Because o f  the difficulty o f  controlling the combustion, the oxyacetylene 
heating is not normally used for materials where the pick up o f  oxygen to form 
oxides would be a disadvantage. There is, however, no doubt that given the neces
sary skill, it is possible to make joins in materials such as aluminium, stainless 
steel and certain o f  the copper alloys. Considerable care must be taken to ensure 
tha t the joins achieved are o f  a reasonable standard and are not contaminated with 
oxides. Further information on this is given in the section Welding.

Pack Anneal
A form of annealing where the material is packed in an inert com pound, or formed 
in to  packs. Details are given in the section Heat Treatment.

Pack Carburize
A m ethod o f  case hardening, using solid chips o f  treated charcoal. This has now 
been generally replaced by carburizing and carboniữiding. These methods are 
discussed in more detail in the section Heat Treatment.

P A IN T IN G

The general name given to a large num ber o f  basically similar but variable methods 
o f  coating the surface o f  a material. Painting can be applied to all materials, but the 
processes described here are in the main used for metals. However, there is no 
reason why many o f  these processes cannot be applied to wood, plastic, stone, etc.

All paints have one characteristic in common, in that they are applied as liquids 
and harden or are cured into solids. The conversion may be achieved by two 
distinct means: natural oxidation occurring at room temperature; or chemical 
reaction requiring stoving at elevated temperature or oxidation taking place at 
elevated temperatures. A film produced by fusing dry powder can also be regarded 
as a paint film.

Painting is seldom necessitated by a single purpose, but is more often carried out 
for both  corrosion protection  and reasons o f  appearance. Other reasons may be for 
identification purposes, or to produce certain specific surface conditions such as 
electrical conduction, electrical non-conduction, resistance to  moisture penetration, 
lubrication, etc.

While there are exceptions, in the main paints consist o f  three components:

(1) Pigment This is the solid medium which can be either a metal, a metal oxide, 
or very often with modern types o f  paint, a stable organic com pound. Figment
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gives body to the paint, supplies the colour and, where corrosion protection  is 
essential, may be the positive protective media.
(2) Vehicle This is the liquid phase which carries the pigment and will eventually 
be converted to a solid. Traditionally the vehicle was an oxidizing oil, which on 
exposure to  the atmosphere was converted by oxidation from a liquid to a solid or 
a plastic-like solid. The vehicle in m odern paints generally hardens or solidifies by 
a more complex process. This may be a simple chemical reaction not unlike oxida
tion or, as with the two-pack types o f  paint, a more complex reaction, resulting in 
a very hard solid. Many modern paints require temperatures in the region of 
100°C-250°C for the necessary reactions to take place, and these are generally 
known as stoving paints or stoving enamels. The traditional enamel was quite 
different, where, in fact, the vehicle was driven off during the heating cycle, and the 
pigment (usually metal or glass) fused to  give the enamel. Some modern plastic 
materials in powder form can be applied to metal and fused in position. These 
materials arc known as paint, but have no vehicle.
(3) Thinners-solvent This is the com ponent which is used to  produce the correct 
viscosity for the best application; it is no t present in all paints. Thinners or solvent 
have no significant reaction in paint. After application either by brush or spray the 
thinners will evaporate, the vehicle solidifies and the pigment is held in suspension.

With celluloid paints, only two o f  the three above com ponents are involved. In 
this case the pigment, held in solution by thinners, is celluloid which is dissolved 
in the solvent. The liquid is sprayed or brushed on to the com ponent, the solvent 
then evaporating, leaving a thin film o f  celluloid behind. Other variations are clear 
lacquers or. varnishes. Here there may only be a vehicle ( to  which some thinners 
may be added for easier application). The vehicle cures after evaporation o f  the 
thinners, giving a clear hard film. Today it is possible to  spray a fine dry powder 
on to  metals which is fused by heating. This technically is plastic coating but is 
known as dry'film  painting.

The methods o f  application o f  painting are many and varied and the more
com m on are briefly described in this section, together with some information on
the preparation for painting. The processes are:

Paint Preparation Electrostatic painting
Brush painting Enamelling
Curtain painting Lacquering
Dip painting Roller Coating
Dry powder painting Spray painting
Electrophoresis painting/Electropainting Stove enamelling

It is not within the scope o f  this book to  supply technical details o f  available paints, 
as this information can best be evaluated for a given metal under specified 
conditions.
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Paint Preparation
The most com m on purpose o f  Painting is for corrosion protection  coupled with 
decorative colouring. It is, therefore, essential that the paint chosen and the method 
o f  application should result in a paint film which will succeed in the chosen 
purpose. A statistical analysis o f  paint failures in a large number o f  instances 
has shown tha t the reasons for paint failure are as follows:

(1) Approx. 75 per cent o f  failures are the result o f  faulty preparation.
(2) Approx. 15 per cent o f  failures are the result o f  improper application of the 
chosen paint film.
(3) Only approx. 10 per cent o f  paint failures can be a ttributed to the choice of 
the paint itself.

From the above it will be seen that it is essential that the correct method o f  
paint preparation is chosen and that its quality is controlled. In this book, under 
their separate headings, are given the various methods which can be used and these 
will be pu t into context in this section.

Cleaning is essential as the first stage o f  paint preparation. This applies irre
spective o f  the material being painted and the type of  paint applied. Cleaning 
requires that all grease, oil or moisture is eliminated where high-quality painting 
is required. Paint failure commonly results from lack o f  appreciation o f  the im
portance o f  cleaning. Adequate cleaning, however, is not achieved by wiping a 
com ponent prior to  painting. At best this will result in any soil being evenly spread 
throughout the com ponent, rather than concentrated in specific areas. Thus, 
wiping can result in a complete paint failure, whereas no a ttem pt to clean might 
have confined failure to  local areas.

In the majority o f  components, the presence o f  a fine dust film is not particu
larly damaging. This does not mean that contaminated parts can be successfully 
painted, but it should be appreciated that oil, grease and moisture are more serious 
with regard to  painting (see Cleaning).

Surface preparation
The necessary preparation will depend to a large ex ten t,  o f  course, on the material 
being painted. Treatments for com mon materials are as follows:

Wood Usually, this will need to be scuffed, either by hand or mechanically, 
resulting in a slight roughening o f  the surface and removal from the surface o f  any 
impregnated contaminants. With already-painted wooden surfaces, this preparation 
is also usually required. Today, m odern paints are usually formulated so that they 
will key with each other and, thus, intercoat preparation is not as im portant as 
previously. All evidence o f  loose or flaking paint must be removed.

The adhesion o f  wood to paint is improved if  some paint is absorbed by the 
w ood, and intercoat adhesion will always be better when the two films o f  paint 
are compatible and diffuse. It will, thus, be seen that the primer should have low 
viscosity and good penetrating ability along with other factors.
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Plastic Again this can be prepared by abrasive means but plastics are often keyed 
by the choice o f  the correct solvent. This can be as preparation prior to  the appli
cation o f  paint but is also com monly a com ponent within the paint. This will key 
by solvent action.
Steel Mild steel is the most commonly painted  steel in engineering. This material 
is very often received for painting in the scaled or oxidized condition. Oxide must 
be completely removed with the exception o f  the fully adherent millscale which is 
rolled into the surface o f  the steel plate. This is fully oxidized iron and, provided 
it is fully adherent, will make an excellent key for the paint. It is generally advisable 
for this material to  be grit blasted, to  ensure tha t it is adherent and also to clean 
off any loose or lower oxide, and to  roughen the surface. With this exception, all 
oxide and scale must, as stated, be removed. There are two methods by which this 
can be achieved: pickling  and blasting; the surface may also be chemically prepared.

(1) Pickling This is the chemical process using a specified acid to  dissolve oxide 
or scale. With this trea tm ent, it is essential that correct control of the acid itself 
and the subsequent washing and trea tm ent is ensured. Subsequent processes must 
be carried out immediately, as the acid will leave a highly reactive surface, and 
unless all traces o f  the acid are removed, subsequent oxidation will be rapid. 
Removal o f  acid is difficult, and special equipment and a copious water supply 
is necessary. Acid pickling, therefore, is generally unadvisable as a means o f  pre
treatm ent for paint unless it is immediately followed by a process such as 
phosphating.
(2) Blasting The most com m on m ethod  o f  pretreating steel com ponents  for 
painting, particularly com ponents involved in heavy or structural engineering, is 
the blasting process. With this, com ponents  are blasted with grit or shot, which has 
the dual purpose o f  removing undesirable surface oxide and at the same time pro
ducing a roughened surface. It is this roughened surface in which the shape or contour 
consists o f  rounded humps, with a controlled ratio o f  height to  width, which gives 
good paint adhesion. Various specifications are available which lay out the contour 
requirement in considerable detail; probably the best and most com m only used is 
the Swedish standard.

Where the contours achieved are too sharp, the paint will run, leaving the sharp 
peaks bare with relatively thin paint coating, and thus liable to corrode. Where 
the contours are too shallow, the paint will lack sufficient key, thus adhesion will 
be poor. The standard o f  grit blast finish required is an im portant part o f  any 
specification, and with high-integrity parts must be carefully controlled.
(3 ) Chemical preparation and phosphating  Finally, chemical trea tm ents are 
sometimes applied, which are essential where high-integrity corrosion resistance is 
necessary. Such treatments are applied to the cleaned, descaled surface; some in
clude chemicals which can cope with light rusting or staining. It is not always 
necessary to  have grit-roughened surfaces, since pretreatm ent systems are designed
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to supply the necessary adhesive key, but wherever possible the blast pattern should 
be achieved.

By far the most com m on chemical preparation for painting is phosphating. 
This makes use o f  soluble phosphates in an acid media which converts the surface 
o f  the steel to  iron phosphate with or w ithout other phosphates also being involved. 
The phosphate coating is adherent to the steel and is porous, so that the liquid 
paint is absorbed into the phosphate film. As this film is highly adhesive to the 
steel surface, excellent paint adhesion is obtained (see Phosphating).

In addition to paint adhesion the phosphate film contributes considerably to 
the corrosion resistance o f  the steel. A phosphated com ponent which is painted 
and subsequently damaged will be much less liable to under-film corrosion than 
com ponents where the paint is applied directly to the steel surface. Where the 
phosphate has been sealed with chrom ate, corrosion resistance is considerably 
enhanced. There are a large num ber o f  proprietary phosphate coatings some o f 
which are listed in the section Phosphating.

It is also possible to  include additives in the paint primer. These are generally 
based on phosphoric acid or phosphates often with the addition o f  chromate. There 
are a wide range o f  these paints which are known as etch primers, many have metal 
or metallic oxides added to  improve their long-term corrosion resistance. Some of 
these are two-pack systems and have a short shelf-life. Other pretreatm ent methods 
for steel include chromating  and various solutions which form iron oxide and 
attem pt to ensure that this adheres to the steel surface. In general these are less 
popular and efficient than phosphating.
A lloy steels These in the main are treated in a similar or identical manner to  mild 
steel. The fact that they are often harder means that grit blasting will probably re
quire more care. It must also be appreciated that where a high-tensile steel is used 
and protected by painting, then paint failure can be much more serious because 
local paint failure will result in corrosion pitting which, acting as a stress concen
tration, can be disastrous. It is, therefore, most im portant to ensure that the chosen 
system is satisfactory and correctly applied.
Alum inium  and its alloys The necessity to paint aluminium and its alloys is much 
less than with steel, since corrosion resistance is generally superior. There are, how 
ever, many occasions when Painting is required. Paint will no t adhere successfully 
to aluminium, and it is necessary for one o f  three preparation methods to  be used 
when painting aluminium.

The simplest m ethod is to  use a specially formulated paint having an etching 
constituent within its makeup. This will commonly be based on phosphoric acid, 
with or w ithout chrom ate, and the"result will be the etching  o f  the surface, giving a 
key for the paint film; the preparations are known as etch primers. These paints 
are expensive and many o f  them have a short shelf-life and, thus, are not econom i
cal for high-production use.

The second m ethod, by far the most com mon, is to treat the aluminium or
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alloy surface with a chromating  solution. This results in the conversion o f  the 
aluminium surface to an oxide which then absorbs to  itself some of the chromate. 
The process is applied by brushing, spraying or dipping.

The third m ethod consists in anodizing  the aluminium surface. If  the subsequent 
anodic film is not immediately sealed, bu t sent for painting, this will result in the 
paint being absorbed into this anodic surface which, having an excellent corrosion 
resistance, enhances the paint film giving a very good corrosion-resistance material. 
Magnesium and its alloys Because o f  the chemical activity o f  magnesium, it is im
perative that this surface is protected  when in service. When any contact w ith  a t 
mospheric conditions is liable to  occur, and particularly where these are moist and 
oxidizing, or there is a marine connotation , then considerable care must be taken  in 
the preparation prior to  painting. There is a magnesium anodizing process but this 
is expensive, requiring specialized equipm ent, and it is seldom used as a paint 
preparation.

By far the most com m on m ethod  of  preparation is by chromating , where the 
components are immersed in a ho t  oxidizing solution o f  chromate which results in 
the formation o f  a chromate-absorbing oxide. Correctly chromated surfaces are 
dark blue or black in colour. This results in a key for paint, but it is im portant for 
best results that the com ponent is coated with a protective paint or varnish such as 
‘Phenolic’, within hours o f  chromating. The initial paint film must then be coated 
with a sealing top coat (or coats) which protects the primer and helps to prevent 
mechanical damage.

Because o f  the danger o f  corrosion with magnesium, any break in the paint film 
must be immediately and carefully treated. Where the chromate film is also 
damaged, it is advisable to treat the damaged area with selenious acid prior to 
touch-up painting.
Other metals Most metals, apart from those outlined above, either do not require 
painting, or such requirement is very limited. The most com m on reason for painting 
these materials will be for decorative or identification purposes. Where a material 
has good corrosion resistance, then  it is necessary only to  roughen the surface to 
provide a key for the paint film. This is most commonly achieved by blasting , but 
under certain conditions, the material can be roughened by chemical etching ; the 
chemicals used and technique will vary considerably and specific advice should be 
sought in each case.

It should be realized that the reason that most metals do not corrode is because 
they have a non-reactive surface. This means that paint adherence will often be 
poor and, thus, only a roughened surface provides a key.

To summarize, Paint Preparation is o f  vital importance and paint failure can be 
expected if preparation is poor. Whether the paint is applied for corrosion pro
tection , decoration, etc., it should be obvious that, if  failure is unim portant,  no 
painting need have been done in the first place. The problems involved in removing 
faulty paint for salvage purposes can be serious, and the more nearly satisfactory
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the preparation, the greater the problems involved in removing the paint. It is 
essential, then, that all preparation for painting is carried out in a responsible 
manner, the specification agreed upon and an inspection or quality-control system 
employed to ensure specified parameters are achieved. See also under Blasting, 
Cleaning, Corrosion Protection  and Phosphating, all o f  which topics have relevance 
here.

Brush painting
Undoubtedly the best-known m ethod o f  paint application, where all transferring o f  
paint is by a hand-held brush. A certain viscosity over a fairly narrow range is 
obviously required, as if  the paint is too  thin it will not be held on the brush, and if 
too thick cannot be transferred to the surface. Thixotropic paints are now available 
which are in the form o f gels in the static condition, thus ensuring easy retention on 
the brush, but when pressure is applied, they alter their viscosity and act like 
liquids. These paints have an obvious advantage for amateurs doing overhead 
painting.

Curtain painting
With this, a curtain o f  paint is pumped or allowed to fall through slots, producing a 
thin wall of liquid paint. Through this wall is passed the com ponent to be treated. 
By a judicious control o f  the quantity  o f  paint in the wall, and the speed at which 
the com ponents pass through the wall, the thickness o f  the applied coating can be 
controlled. This m ethod has a limited application to certain types o f  simple-shaped 
components. (The remarks related to  spray painting regarding solvent quantity , 
type o f  vehicle and pigment are relevant here also as Curtain coating is a variation 
o f  this technique.)

Dip painting
This, as the name imples, requires that the components are dipped into the liquid 
paint and then removed for drying in air or subsequent stoving. In the vast majority 
o f  instances this technique will result in drops or tears on the bo ttom  edges o f  the 
com ponents being painted and, unless very careful control o f  paint viscosity and 
dipping techniques is achieved, the upper surfaces will have considerably less paint 
than the lower surfaces.

Dip painting is very often followed by some form o f spinning or centrifugal 
action whereby the excess paint is removed, and the disadvantages described above 
are eliminated or considerably reduced.

This technique can be used for single articles but is also com monly used for low- 
cost, simple-shaped articles in high-production batches. The technique o f  dipping 
heated articles into a fluidized bed o f  epoxy, or other plastic powder to  result in 
a plastic coating, is discussed under Dry pow der painting.
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Powder painting
This is a recently developed technique where the paint has no  vehicle or thinner. 
The material is in the form o f a dry powder which is applied either by Electrostatic 
means exactly as discussed under Electrostatic painting , or very commonly by 
heating the com ponent and plunging it into  the powder. Under many circumstances 
use is made o f  a fluidized bed for the la tter technique. The thickness o f  the coating 
can be controlled in the first case by the number o f  applications, but with electro
static painting  this will never be very great, and a thickness in excess o f  0.005 in 
(0.15 mm ) is unusual. Where necessary, further coats can be applied after stoving, 
but as the thickness o f  the paint film increases, so also does the insulation property, 
thus the adhesion o f  the powder particles is reduced.

With dip-coating, thickness can be controlled within wide limits by adjusting 
the temperature o f  the com ponent and the time o f  immersion. It is also possible 
using this technique for more than one coat to be applied, and no problems arise 
because o f  reduced thickness with subsequent applications, since no electrostatic 
charge is involved. The dip-coating technique can be a single process, where the 
temperature of the com ponent results in the powder curing. This will depend 
initially on the temperature o f  the com ponent prior to dipping, bu t also to a large 
ex ten t on the mass o f  the com ponent, and for high-quality com ponents, a subse
quent stoving is advisable to ensure complete curing.

With electrostatic deposition, subsequent stoving is essential. The most 
commonly applied powder paints are the epoxy powders and these require curing 
or stoving at a temperature o f  150°C-200°C. The necessity for roughening or 
phosphate-coating prior to dry-film painting  is much less than with any other 
m ethod. This is because o f  the excellent adhesion and high impact resistance o f  
the correctly applied and cured plastic film o f paint. It is essential that the material 
being painted is dry, clean and free o f  corrosion.

If  phosphating is used, it must be a thin film, otherwise adhesion will be 
reduced. This is because the powder paint is not absorbed into the phosphate as 
occurs with normal wet paint. Abrasion resistance and adhesion characteristics o f  
dry-powder painting render this technique o f  considerable use for high-quality 
industrial and commercial articles. The economies are also favourable, since there is 
little overspray with electrostatic application and no waste with the fluidized bed. 
The fact that paint preparation here consists not in phosphating  or blasting, but 
high-quality cleaning, also adds to the economic advantage. This does not mean 
that rusted or scaled com ponents can be treated. Because curing is carried out 
above 150°c, use o f  this m ethod o f  corrosion protection  is restricted to  those 
articles which can be oven-stoved, or to sophisticated equipment for large 
components.
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Electrophoresis/Electropainting
This has industrial application as a m ethod of Painting and can be applied to all 
metals and many non-metallic materials.

It is a physical electrochemical system which makes use o f  electronically charged 
colloidal particles which attract or repel according to  normal electromagnetic laws. 
This modern technique can be used in several forms, the most commonly applied 
being electro-osmosis, which is finding considerable application in medicine and in 
the production o f  potabỉe water from brackish supplies; this involves true osmosis 
and no solid particles are present. In industry Electrophoresis is confined, on a 
p roduction scale, to painting. This is now more commonly called Electropainting 
and with this particles in colloidal form are present. (electro-osmosis is described 
separately.)

Electropainting can be applied to any metal, but in general is applied only to 
steel. By osmosis, it is possible to  separate liquids from each other, and to remove 
from liquids certain solids in solution. With this process, which has been known in 
laboratory  conditions for some time, it is possible to separate miscible liquids from 
each other. A membrane is used to keep the liquids apart and through this m em 
brane the liquids or solute pass. Osmosis is a complex and very slow process, but 
by the application o f  controlled direct-current electricity, much faster results are 
obtained as the charged ions in solution are attracted by the opposite charge of 
electricity. With Electropainting, colloids are present instead of, or in addition to, 
ions in solution, and are attracted by the opposite charge to that applied to the 
article being painted. The skill o f  Electropainting is in keeping the colloidal 
particles in the correct condition and within the specified concentration.

The paint itself will be water soluble, and this has the considerable advantage 
over the majority o f  paints in that it is non-flammable. As stated, the ions or 
colloids are attracted to the article being painted, which has the opposite electric 
charge, and as with all electrochemical processes, like attracts unlike. Once there, 
the different charges match up and the paint particles adhere to the surface. Since 
the painted surface no longer has an electric charge, further particles will not be 
a ttracted  to any part o f  it. The result is that the paint particles will tend to search 
out, and become attracted to, areas o f  the com ponent where no paint already 
exists, and thus this process is excellent for ensuring complete coverage.

It is possible to include an am meter in the circuit and to show that at the start 
o f  the paint cycle a current is flowing, but as the process proceeds, this current will 
fall o f f  and gradually return to  zero. When this has occurred, no further purpose is 
served in continuing, and the com ponent is removed. The surface is then sprayed 
lightly with water to remove all excess paint, while those particles adhering by the 
electrical attraction are retained. Components must then be stoved at a temperature 
o f  approximately 150°c for approximately 1 h, resulting in the fusing and curing 
o f  the paint film.
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It will be seen that Electrophoresis or Electropainting provides an excellent 
undercoat. For best corrosion protection , it should be applied to  a phosphated  
steel. Almost invariably a conventional spray paint is applied to the surface as the 
Electrophoretic coating has limited mechanical strength, and is intended as a primer 
paint which will search out and cover all intricate corners and crevices.

This paint system has no real equivalent, but for ‘covering power’ it may be 
equated to  dip-painting, w ithout the disadvantages o f  the la tter  process, where runs 
and tears are part o f  the expected finish. There is also no danger o f  air pockets.

Electrophoresis painting has achieved a considerable advance in paint 
technology, first, in giving a much more uniform and comprehensive covering, and 
secondly, being a water-based paint, in reducing fire hazard. I t  has been suggested 
that the reduction in insurance possible by the use o f  non-flammable paint, may 
almost pay for the capital cost o f  the equipment. The technical control required 
is greater than with normal paints, and unless this is o f  a high standard considerable 
technical trouble can be expected.

Electrostatic painting
This is a variation o f  spray painting , using specially formulated paints where the 
pigment and vehicle are controlled such that the pigment particles will accept an 
electrostatic charge. Any thinners used must also be non-polar to  prevent the dis
charge o f  the static electrical charge held by the pigment particles.

The technique uses painting guns, modern ones having the application o f  a small 
am ount o f  air pressure so that the paint is ejected at some slight velocity. The parti
cles leaving the gun are given an electrostatic charge o f  anything up to 30 000 V. As 
the current involved is negligible, there is little safety hazard. The com ponent to  be 
painted is at earth potential relative to  the paint particles, and thus there is 
considerable attraction between paint and com ponent. As the paint particles arrive 
at the com ponent, they are attracted  and adhere. This results in the neutralization 
o f  the static charge, and added attraction o f  the paint particles to  any areas which 
have not been painted.

Electrostatic painting, therefore, can be successfully used to  paint round 
articles and is particularly useful in painting tubular com ponents, e.g. stacking 
chairs, where, by conventional painting techniques, the operator requires consider
able skill and a large number o f  passes to  ensure colouring o f  all tubular surfaces. 
With Electrostatic painting, one pass in the general direction o f  the tube ensures 
complete coverage. Provided the correct paint is chosen, with the necessary control 
o f  voltage and distance between nozzle and article, then it is possible to  have little 
or no overspray, and effect a considerable saving in paint usage.

Since this technique uses a very high attraction o f  particles, it is most useful for 
articles which do not have large, plane surfaces; where e.g. flat panels are involved, 
the economy is much less significant. This m ethod o f  painting initially had the dis
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advantage that the electrostatic charge on the paint particles, and the equal and 
opposite charge on the components, would be concentrated on edges, and thus 
these would achieve more than their fair share o f  the paint film. However, since this 
is the opposite to conventional painting, where sharp edges have a tendency for the 
paint film to be thinned, there is in fact an obvious advantage.

Against this considerable advantage may be placed the disadvantage that re
entrant corners (the opposite of edges), either receive very little or no paint at all, 
since no electrical charges in these areas exist. However, as these areas do not nor
mally have the same corrosion potential as sharp edges, the danger is not as much as 
might be expected. With modern equipm ent, to a large ex ten t,  this is overcome by a 
slight air velocity given to the paint particles as they leave the gun, ensuring that 
some paint will be driven into the re-entrant angle, provided the operator uses 
some skill.

Electrostatic painting is now commonly applied both as a hand-painting tech
nique, with the operator holding and controlling the electrostatic gun, and in fully 
automatic painting equipment, where a num ber o f  guns reciprocate to give com 
plete coverage. Because o f  the attraction, it will be readily seen that com ponents of 
a relatively intricate shape which might require complicated automatic equipment 
will be successfully coated using electrostatic means. The method is an economical 
alternative to spray painting , because overspray is much reduced. The presence o f  
more paint on edges tends to be a technical bonus.

Enamelling
This process can be applied to any metal. The term, strictly speaking, has very 
limited application, but is commonly used to  mean stove enamelling which is the 
modern use o f  paints which are cured by heating or stoving, described in this 
section.

Traditional Enamelling is an ancient process, used by the Chinese and Japanese 
centuries ago. It uses glass in ground form to  which are added various metal pig
ments for colouration purposes. Components are generally Enamelled for purely 
aesthetic reasons. They are first thoroughly cleaned and the metal is treated by 
scouring, wire-brushing, blasting, etching  or some other m ethod to  roughen its sur
faces to  give a key for adhesion. The powdered enamel is then applied to  the area to  
be treated. Traditionally this will be done using a very fine brush, but there is no 
technical reason why spraying, silk-screenprinting  using masks, dipping  or any other 
m ethod , whereby powdered enamel can be applied in the required thickness, 
cannot be used. The com ponent is then heated to above the fusion point o f  the 
powdered glass. This can be as low as 400°c or as high as 1000°c, depending on the 
type o f  glass and the pigment used.

It will, thus, be seen that, although in theory Enamelling can be applied to any 
metal, its use will be restricted to  those metals which either do not readily oxidize, 
or are n o t  melted or softened  by the temperatures used during the process.

It is com m on that,  for ornamental purposes, a number o f  colours are used during
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Enamelling to  produce the attractive designs required. These different colours will 
be applied successively to build up the pattern. It will be appreciated that,  if  each 
enam el has exactly the same melting point, or if  enamels already applied melt at 
lower tem peratures to  those applied later, it will not be possible to prevent the 
colours blending. For some purposes this blending o f  adjacent colours is desirable, 
bu t where this is not the case a range o f  melting points is necessary, with the 
highest melting-point enamel applied first and the lower ones successively applied.

The process described above is still used for the production of ornaments such as 
brooches, badges, household vases, etc., together with certain high-quality, semi
industrial articles such as nameplates, lapel or car badges etc. However, it is an 
expensive m ethod , requiring considerable skill, and for many purposes has been 
replaced by silk-screen printing , using normal modern paints which are then cured 
by stoving. These paints do not have the high durability and scratch resistance 
which is obtained with the pigmented glass, but may have better ductility and 
the ability to  withstand temperature changes and shock loads w ithout cracking.

Lacquering
A term  used in the Painting process o f  any material. At one time it had the very 
specific meaning o f  applying a clear varnish to protect an existing finish. While 
this is probably  still the most com m on meaning, there is little doubt that the 
term  Lacquering is now com m only used as a synonym for ‘Painting’.

In m odern  industry lacquer is used for a variety o f  purposes but the most 
com m on will be as a clear, non-porous film for protection. Lacquer types range 
from the cellulose-based materials, where cellulose is dissolved in a solvent and 
applied either by brush or spray: when the solvent evaporates, a thin film o f  cellu
lose is achieved on the surface o f  the com ponent. This has limited adhesion and is 
n o t  used to  any great ex ten t in modern metal-finishing.

Any m odern  paints, e.g. the phenolics, acrylics and polyurethane types, can be 
produced  to  give this clear film. These paints vary in their ability to achieve good 
adhesion and also (this might be very im portant) in stability and the retention o f  
clear opaque properties.

A m ong the prime uses o f  lacquer is the protection o f  polished steel surfaces, 
or-any o the r  metal finishes where oxidation results in tarnishing. The advantage o f  
clear lacquer for this purpose is tha t it is cheap and easy to apply. The obvious 
disadvantage is that it will not withstand wear to any great extent and unless good 
adhesion is present peeling will occur. It will also be appreciated that for this 
purpose the lacquer must be lightfast and not subject to  changes o f  colour during 
normal service. Lacquers are also used for electrical-insulation purposes, again it 
will be necessary that the adhesion is adequate; but for this purpose lightfastness 
is no t im portant.

One o f  the original purposes o f  Lacquering was to  produce a lightfast, clear, non- 
porous film for application on top o f  other paints. Until comparatively recently 
the  ability to produce stable colours over a range o f  conditions was very limited
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and the theory was that unstable undercoats would thus be protected. To some 
extent this use still remains and a lacquer film is applied to some m odern paints 
to prevent deterioration. Here the lacquer is almost identical to a clear varnish.

During manufacturing processing lacquers are used to protect materials from 
damage. The lacquer will be o f  a specific type, often incorporating a resin, for 
example, bedacryl resin in solution, and it is this resin which acts as a dry lubricant 
on the surface, thus protecting it from minor damage. Materials which damage 
easily such as aluminium are often Lacquered in this way and can then be handled 
w ithout the need for great care, if  necessary. Instances are known where the 
material has been trodden on and has apparently shown severe surface scoring, but 
when the finished article has been cleaned, using a solvent to remove the resin, it 
is found that no scratching damage was found to  exist on the surface.

Lacquering is also used in deep-drawing operations. These lacquers are som e
times applied directly to the metal surface but more often in conjunction with 
some other trea tm ent, for example, phosphating , where the lacquer is absorbed 
into the phosphate layer and, thus, more intimately adheres to  the substrate. 
Again these lacquers have special characteristics, designed to improve the friction 
coefficient, but it will be seen that material similar to  that described above will also 
be suitable. In addition, where higher temperatures are involved, substances such as 
powdered glass can be used. This, then, is an instance where the term Lacquering 
is not the best nomenclature.

Finally, during electroplating, Lacquers are often used to prevent or s to p -o ff  
plating o f  local areas. The com ponents are cleaned and dried and the lacquer is then 
applied either by brushing, silk-screen printing , or under some circumstances, 
photographic processing. In this instance the main characteristic o f  the lacquer 
must be its ability to withstand the chemical attack o f  the plating solutions in
volved. Under many circumstances, a dye is added so that the presence o f  the 
lacquers on the surface o f  com ponents is readily seen. Again it will be appreciated 
that adhesion to the substrate must be o f  high quality. The procedure is discussed 
under the heading Stopping-off in this book.

It will be seen from the above that the term ‘lacquer’ is not easily defined. In 
many cases, it will imply that a surface film is applied for protection, but it is 
also com m only used today to indicate the application o f  any surface film to 
com ponents.

Roller Coating
A technique which with modifications can be used for mass-production o f  relatively 
simple Hat surfaces. In mass-production, the paint is applied automatically to  rollers 
which are then rolled across the surfaces. With this technique, both  sides o f  flat 
panels can be painted, and with sophisticated apparatus, ends and edges can also 
be coated. This term is also applied to the popular sheepskin, lambswool or absor
bent plastic rollers used on occasions by professional house-painters and very 
com m only by amateurs.
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Spray Painting
A fter brush painting, Spray painting is the most popular and , w ith o u t doub t,  the 
largest volume o f  paint is applied by this method. There are various techniques 
involved all o f  which require that the liquid paint is e jected from  a nozzle in the 
form  o f  atom ized droplets. These droplets impinge on the surface and a film of 
liquid pain t is achieved.

This film will have a specified thickness. If it is too  th in , com ple te  coverage will 
n o t  exist or the colour intensity will not be correct, or in the case o f  corrosion 
resistance, there will be insufficient pigment to  ensure adequa te  p ro tec tion . If  the 
film achieved is too thick, this will result in runs if the surface is anyth ing  but 
horizonta l.  O ther defects may include the surface curing prior to  the main body 
and , if  th inners  are applied, these will evaporate and break dow n the cured  surface 
film to give the defect known as ‘orange peel’.

The technique used for Spray painting can include the use o f  a stream o f  air 
under pressure into which is injected the liquid paint. A variation o f  this is where 
the  airstream is used to  produce a vortex which sucks the liquid paint in to  the 
airstream. O ther systems make use o f  pressure containers, which pressurize the 
liquid pain t and this is then ejected through a nozzle in the a tom ized  condition. 
This airless spraying can be used as a basic m ethod to  feed liquid paint at low 
pressure to  the  nozzle where it is atomized and ejected by  air pressure. It is also 
possible to  use a spinning disc to give the necessary velocity to  the paint 
particles.

It will be appreciated tha t the correct viscosity o f  the  paint is essential and much 
o f  the quality  control o f  Spray painting is associated w ith  viscosity. The most 
popula r  m e thod  is to  use a th inner or solvent to  reduce the viscosity to  the desired 
am oun t.  These thinners in the ideal paint would evaporate prior to  the vehicle and 
pigm ent reaching the surface being painted, but this is seldom possible except in 
h igh-production, single-item components. In the main the paint which reaches the 
com p o n en t has some thinners remaining, and this m ust be allowed to  evaporate 
before the surface cures to prevent this occurring. With high-production , high- 
quality  Spray painting this can be achieved by spraying th inners  in to  the a tm os
phere at the entry o f  the stoving oven. The quan tity  o f  the th inners  in the 
a tm osphere  is then progressively reduced, and with this technique it is possible to 
ensure th a t  the thinners are evaporated from the paint film in a contro lled  manner 
before any curing o f  the surface occurs. These thinners are condensed  and recycled, 
thus there is no increase in running costs.

A no ther m ethod o f  controlling viscosity is the ‘h o t  cu p ’, where the container 
and pain t are electrically heated to reduce viscosity. By controlling the tem perature 
and  the choice o f  the original paint, it is often possible to  obta in  the correct vis
cosity  w ith the use either o f  no thinners or a very small quan tity .  The dual 
econom y o f  using little or no thinners is achieved together w ith the ability often 
to  apply a thicker film of paint in a single operation.

A com m on  technique o f  Spray painting is to use the ‘w et on w e t’ m ethod  in
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which a thin film o f  paint is sprayed and allowed to  ‘flash o f f ,  that is, the  com 
ponents are allowed to  stand at atmospheric temperatures to  allow the thinners to 
evaporate. A second coat of paint is then sprayed on to the first wet coat, and 
again this may be left for the thinners to evaporate prior to the stoving operation.

There are a large variety o f  paint types suitable for spraying, and any liquid 
paint may be used. These can vary from the standard paint which dries under 
normal atmospheric conditions within 24 h, but in the main Spray-painting is used 
prior to stoving. It is generally advisable, as with other painting techniques, to  make 
certain that when different films of  paint are to be applied, these are com patible 
with each other. This is best achieved by the use o f  a complete paint system 
recommended by one supplier.

Stove Enamelling
An operation where paint is subsequently subjected to a heating operation. The 
term ‘Enamel’ was traditionally used for the application o f  metals or metal oxides 
which were mixed with powdered glass and fused in position. This technique is 
still used for ornam ental purposes and has some limited industrial application. As 
long as Painting operations used ambient temperatures to effect curing there was 
no problem in terminology, but with the advent o f  paints requiring curing at above 
room tem perature the terms ‘stoving’ and ‘Stove enamelling’ have become com m on
place. It should be remembered, then, that these paints have no relation to  the 
original enamels (see Enamelling, also Spray painting).

Palladium Plating
A platinum metal used in the manufacture o f  jewellery. Information is given under 
this heading in the section Electroplating.

Paraffin Test
A form o f  non-destructive testing  which has been replaced by the more m odern  
technique listed and described in that section. The Paraffin test was the early 
method o f  carrying ou t dye-penetrant crack testing.

With this, the com ponen t was immersed or soaked with paraffin which was then 
wiped from the surface, the surface being examined for paraffin seeping from 
cracks. Modern dye-penetrant methods are quicker and much more sensitive.

'Parkerizing'
A proprietary process which can be applied only to steel; it is a m e thod  o f  
phosphating , and is discussed generally in that section in this book. There are 
various types o f  ‘Parkerizing’ and further information can be obtained from the 
Pyrene Co.

'Passivation'
This m ethod is designed to remove the ferrite film from stainless steel. The term 
‘Passivation’ is also used for the process applied to certain electrodeposited  metals,
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Spray Painting
After brush painting, Spray painting is the most popular and, w ithou t doubt,  the 
largest volume of paint is applied by this method. There are various techniques 
involved all o f  which require that the liquid paint is ejected from a nozzle in the 
form o f  atomized droplets. These droplets impinge on the surface and a film o f 
liquid paint is achieved.

This film will have a specified thickness. If  it is too thin, com plete coverage will 
not exist or the colour intensity will not be correct, or in the case o f  corrosion 
resistance, there will be insufficient pigment to ensure adequate pro tec tion . If the 
film achieved is too thick, this will result in runs if the surface is anything but 
horizontal. Other defects may include the surface curing prior to  the main body 
and, if  thinners are applied, these will evaporate and break down the cured surface 
film to give the defect known as ‘orange peel’.

The technique used for Spray painting can include the use o f  a stream of air 
under pressure into which is injected the liquid paint. A variation o f  this is where 
the airstream is used to produce a vortex which sucks the liquid paint into the 
airstream. Other systems make use o f  pressure containers, which pressurize the 
liquid paint and this is then ejected through a nozzle in the atom ized condition. 
This airless spraying can be used as a basic method to  feed liquid paint at low 
pressure to  the nozzle where it is atomized and ejected by air pressure. It is also 
possible to use a spinning disc to  give the necessary velocity to  the paint 
particles.

It will be appreciated that the correct viscosity o f  the paint is essential and much 
o f  the quality control o f  Spray painting is associated w ith viscosity. The most 
popular method is to  use a thinner or solvent to  reduce the  viscosity to  the desired 
amount. These thinners in the ideal paint would evaporate prior to  the vehicle and 
pigment reaching the surface being painted, but this is seldom possible except in 
high-production, single-item components. In the main the paint which reaches the 
com ponent has some thinners remaining, and this m ust be allowed to  evaporate 
before the surface cures to  prevent this occurring. With high-production, high- 
quality Spray painting this can be achieved by spraying thinners in to  the atm os
phere at the entry o f  the stoving oven. The quantity  o f  the thinners in the 
atmosphere is then progressively reduced, and with this technique it is possible to 
ensure that the thinners are evaporated from the paint film in a controlled manner 
before any curing o f  the surface occurs. These thinners are condensed and recycled, 
thus there is no increase in running costs.

Another m ethod o f  controlling viscosity is the ‘h o t  cu p ’, where the container 
and paint are electrically heated to  reduce viscosity. By controlling the temperature 
and the choice o f  the original paint, it is often possible to  obtain the correct vis
cosity with the use either o f  no thinners or a very small quantity . The dual 
econom y of using little or no thinners is achieved together with the ability often 
to apply a thicker film o f  paint in a single operation.

A com m on technique o f  Spray painting is to  use the ‘wet on w et’ method in
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which a thin film o f  paint is sprayed and allowed to  ‘Hash o f f ,  that is, the com
ponents are allowed to  stand at atmospheric temperatures to allow the thinners to 
evaporate. A second coat o f  paint is then sprayed on to the first wet coat, and 
again this may be left for the thinners to evaporate prior to the stoving operation.

There are a large variety o f  paint types suitable for spraying, and any liquid 
paint may be used. These can vary from the standard paint which dries under 
normal atmospheric conditions within 24 h, but in the main Spray-painting is used 
prior to stoving. It is generally advisable, as with other painting techniques, to make 
certain that when different films o f  paint are to be applied, these are compatible 
with each other. This is best achieved by the use o f  a complete paint system 
recommended by one supplier.

Stove Enamelling
An operation where paint is subsequently subjected to a heating operation. The 
term ‘Enamel’ was traditionally used for the application o f  metals or metal oxides 
which were mixed with powdered glass and fused in position. This technique is 
still used for ornam ental purposes and has some limited industrial application. As 
long as Painting operations used ambient temperatures to effect curing there was 
no problem in terminology, but with the advent o f  paints requiring curing at above 
room tem perature the terms ‘stoving’ and ‘Stove enamelling’ have become com m on
place. It should be remembered, then, that these paints have no relation to the 
original enamels (see Enamelling, also Spray painting).

Palladium Plating
A platinum metal used in the manufacture o f  jewellery. Information is given under 
this heading in the section Electroplating.

Paraffin Test
A form o f  non-destructive testing  which has been replaced by the more modern 
technique listed and described in that section. The Paraffin test was the early 
m ethod o f  carrying out dye-penetrant crack testing.

With this, the com ponent was immersed or soaked with paraffin which was then 
wiped from the surface, the surface being examined for paraffin seeping from 
cracks. Modern dye-penetrant methods are quicker and much more sensitive.

'Parkerizing'
A proprietary process which can be applied only to steel; it is a method of 
phosphating, and is discussed generally in that section in this book. There are 
various types o f  ‘Parkerizing’ and further information can be obtained from the 
Pyrene Co.

'Passivation'
This m ethod is designed to  remove the ferrite film from stainless steel. The term 
‘Passivation’ is also used for the process applied to  certain electrodeposited  metals,

307



P E L L I N ' S  T E S T

and repair by welding or brazing. The technique o f  ‘Shot peening’ is discussed in 
the section Blasting.

Pellin's Test
See the section Hardness Testing.

'Penetrol Black' Process
A proprie tary  form o f  4black o x id e ’ where an artificial oxide is produced on steel 
surfaces. This oxide is formed in a hot alkaline solution containing oxidizing 
agents, generally chromates. This process is described in more detail under the 
heading ‘Black Oxide \

'Penybron Plating'
A proprietary  bronze plating  solution, giving a copper-tin  deposit, normally for 
decorative purposes. Information is obtainable from the suppliers w . Canning Ltd.

Percussion Welding
A form  o f  resistance welding used on com ponents which have good electrical 
conductiv ity , such as copper and aluminium alloys. It is described in the section 
Welding.

Pfanhausers Plating
A specific acid solution used for plating platinum. The material to be plated must 
be cleaned  and prepared in the normal manner for plating. The conditions of 
plating and current density o f  the solution are as follows:

Chloroplatanic acid 4 g/1 
Disodium phosphate 100 g/l 

Diammonium phosphate 20 g/1

The curren t density is 2 A f t -2 (0.2 A dm"2) at a temperature above 80 °c ,  using 
p la tinum  anodes.

The as plated deposit is bright and finds uses for optical purposes in addition to 
jewellery and for corrosion protection. Further information on platinum plating 
will be found  in the section Electroplating.

Phosphating
Generally applied to  steel but Phosphate processes are used on aluminium and zinc. 
Phosphating is the most com m on pretreatm ent prior to painting o f  steel.

The process is designed to  convert the surface o f  steel components into iron 
phosphate , with or w ithout other metal phosphates being present. The process 
requires tha t a chemical cleanness is achieved similar to that for electroplating. If 
necessary, parts must be treated to  remove any oxide or rust. An acid pickle may be
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sufficient but it is preferable that any heavy rust or scale is removed mechanically 
by wire-brushing or blasting.

Several proprietary phosphate solutions contain derusters, and these solutions 
can be satisfactory when com ponents have an active but thin rust or oxide coating. 
It is not advisable to phosphate com ponents which are heavily rusted or scaled: 
apart from the fact that these oxides will make a heavier demand on the chemicals, 
there is some danger that the iron oxide may not be fully converted to phosphate , 
thus leaving rust or scale which can propagate below the paint film. The proprietary  
solutions used for Phosphating can be applied by spraying, sometimes at room 
temperature, and may not require subsequent smiling. Most Phosphating has an 
aqueous base and is used at above 60°c, with some solutions requiring tem pera
tures in excess o f  90°c. All the dip solutions require smiling  in clean water.

The process is relatively short, measurable in minutes. Some solutions require 
only 3-5  min immersion, others 20-30  min. On removal from the phosphate  solu
tion, the components should be washed in cold water followed either by immersion 
in boiling water or very commonly in a chromate-sealing solution. Where the phos
phate is used as a prepaint process, the first coat o f  paint must be carried ou t within 
as short a period as possible (certainly within 24 h).

The ideal is that the paint and phosphate processes are used continuously . A 
delay of  up to 4 h  would not be serious and up to  12 h is generally acceptable, but 
a delay in excess o f  this should not normally be considered. The reason for this is 
that the phosphate coating is designed to  absorb the liquid paint. Excessive delay 
after Phosphating will result in moisture from the atmosphere being absorbed into 
the phosphate film. In addition this can result in the serious defect o f  a water film 
being trapped adjacent to the steel. This will obviously contribute to the corrosion 
o f  the substrate if  at any time the paint film is damaged or broken.

Phosphating is now quite commonly used as the corrosion protection on steel 
com ponents where corrosion potential is low. Phosphating can be successfully used 
in tooling, where the com ponents are stored under low hum idity , heated 
conditions. The phosphate film is then sufficient to prevent corrosion by  normal 
atmospheric and fingerprint handling. This Phosphating should be sealed with 
chroniate and immediately afterwards immersed in oil. The oil should preferably 
be above 100°c in order to drive off any water absorbed in the phosphate film. 
This oil film will be found to drain o ff  the ho t com ponents, leaving a very thin 
absorbed film of oil. As an alternative to oil, various lacquers are used which are 
also absorbed into the phosphate surface. Phosphating is not suitable for ou tdoo r  
corrosion protection.

There is no real alternative to Phosphating as a key to normal paint for steel. 
With some modern paints the adhesion obtained on clean blasted steel is excellent, 
but corrosion can still be a problem when the paint film is damaged, allowing the 
atmosphere to cause corrosion which will creep under a satisfactory paint coating. 
For medium-term corrosion protection, ‘black o x id e ' will give equal or be tte r  
protection, and chromating approximately comparable protection. Proprietary

311



P H Y S I C A L  T E S T I N G

solutions for Phosphating include ‘bonderize’, 'granodize\ ‘m e r i l i z e iparkerize\ 
and ‘walterize’.

Physical Testing
A term covering the variety o f  tests carried out on all metals to assess physical 
properties, and including mechanical testing , and hardness testing. The term  is also 
applied to  assessing other properties such as coefficient o f  linear expansion and 
conductivity, also electrical or heating tests. The latter physical tests are specialist 
laboratory forms where normal routine procedures do not apply, and consequently 
are not described in this-book.

Pickling
This is the term commonly applied to any chemical trea tm ent used to  remove 
oxide or scale from the surface o f  any metal. The term is preferably and most 
commonly applied to the use o f  sulphuric or hydrochloric acid for the removal 
o f  scale formed on steel during hot-forming operations, less com m only to  the acid 
etching process which is part o f  conventional electroplating.

The material must first have excess oil or grease removed, but a high standard of 
cleanness is not normally required. The parts are then lowered into the Pickling 
solution. The chemical used will depend on the metal being treated and the amount 
o f  scale involved. For mild and low-alloy steel, this will generally be hydrochloric 
or hot sulphuric acid, but it is possible to use other chemicals for specific purposes, 
though invariably this will be more expensive. Phosphoric acid and sodium hydrox
ide (caustic soda) with additives are examples o f  the more specialized Pickling 
solutions for steel. Where pipes or hollow com ponents are involved, they must be 
moved at frequent intervals to prevent airlocks. It is desirable that mechanical 
agitation is used for other parts. With stainless steel or high nickel alloys, hydro
fluoric acid, with or w ithout additives, is used. This is a particularly hazardous 
acid and must be handled with great care. Ferric chloride in solution with hydro
chloric acid can be used for Pickling any o f  the above materials, but it is expensive 
to  use and can lead to effluent problems. Copper and its alloys are pickled in a 
variety o f  solutions ranging from concentrated nitric acid to  dilute nitric acid, with 
additions o f  hydrochloric and sulphuric acid. Depending on the alloy involved, any 
o f  the above acids can be used with a variety o f  additions.

Aluminium and its alloys seldom require Pickling as the oxides involved are 
adherent and do not form a massive scale, thus there is not normally a need for any 
removal. Where Pickling is involved, caustic soda is the chemical most frequently 
em ployed; sodium fluoride with hydrofluoric acid is an alternative. Sulphuric acid 
is also possible but this requires to be heated. Magnesium is descaled or pickled 
when necessary with sulphuric acid in an electrolytic process, which is essentially 
a form o f anodizing. It is, however, more generally mechanically descaled. Titanium 
and its alloys are pickled with hot hydrofluoric acid with various additives. It is 
stated again that this is a hazardous acid and must be handled with extreme care.

312



' P I L L E T  P L A T I N G '

It is probably more im portant to pickle or descale titanium than any other metal. 
Above approx. 3 0 0 °c ,  titanium combines with all atmospheres, except inert gases. 
Thus nitrogen, hydrogen and oxygen, which are com monly used, result in the 
formation o f  surface films which must be removed to prevent a serious reduction 
in the fatigue strength o f  the com ponent. These surface films are adherent and not 
readily identified; they can be intergranular in nature and, thus, present a consi
derable fatigue hazard. Zinc will not normally be pickled but, when necessary, will 
use hydrochloric or sulphuric acid with additives. Additives employed with the 
above chemicals fall into two categories o f  use, the least im portant o f  which is to 
improve the activity o f  the chemical involved. With some stainless steels, nickel 
alloys, and in particular titanium, this is com m on. More im portantly , additives are 
required to smooth the action, com monly to  direct the attack on the oxide film 
and inhibit any activity on the metal itself. There is now some very clever chemistry 
involved with these proprietary inhibitors, and complete processes, where the 
com ponents can be left for an infinite time in the acid w ithout the metal itself 
being seriously attacked. This, however, requires that the process is controlled 
regarding temperature, additive and acid strength.

The sodium hydride process is a universal m ethod o f  Pickling, which can remove 
all oxide scale in a technically efficient manner, but requires expensive capital 
equipment and has high running costs. In addition, there are certain inherent 
dangers arising from the use o f  hydrogen and metallic sodium at high temperatures.

Pickling is normally an alternative to mechanical methods o f  descaling such as 
blasting, wire-brushing, needle descaling or grinding. Where immersion in liquid is 
possible and high regular quantities are involved, it will generally be the most 
economical and technically superior m ethod. It has the advantage that all surfaces 
are treated, whereas alternative methods concentrate only on outer surfaces.

With large components or awkward shapes, blasting or other mechanical 
methods will be cheaper and, in many instances, the only possible method. Users 
are advised to contact a plating shop supply house for further information on 
Pickling solutions.

'Pillet Plating'
A proprietary palladium plating solution, containing palladous chloride, disodium 
phosphate, diammonium phosphate and benzoic acid. These chemicals are dissolved 
in water and, prior to use, the solution must be boiled until the colour changes 
from the initial red to yellow. The solution is used at a temperature o f  5 0 °c  and a 
current density o f  approximately 2 A f t -2 (0.22 A dm"2).

Palladium is more commonly plated from a proprietary, ready-to-use solution 
supplied by one o f  the supply houses. Some information on Palladium plating 
will be found under this heading in the section Electroplating.

Planishing
A work hardening technique which can be applied during the manufacturing cycle 
when the material, generally in sheet form, will be subjected to a limited am ount of
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cold work, or Planishing, designed to remove the surface irregularities caused by 
previous operations.

During manufacturing, Planishing will be a hand operation where, by  use o f  
hammers and considerable skill, surface blemishes are removed. This technique 
may require the use o f  soft bolsters on the underside o f  the material, and ham m ers 
are used which have round heads. Planishing can also be employed where a limited 
shaping operation is required and where the surface is to be altered or improved.

It is also possible to use Planishing rolls in sheet-metal operations, where again a 
limited am ount o f  work hardening will be applied, this will often shape the com po
nent and always result in some alteration to  the surface finish.

Plasma Cutting
A form of metal cutting where plasma heating is used. The gas or gases involved 
will generally be relatively simple, for example, air or oxygen, and depending on 
the use, the flame may be diluted with cold gases to give a more controllable 
cutting action. It is possible to cut sections o f  considerable thickness. As this is 
a very new technique, the user is advised to obtain specialist advice before making 
use o f  the method.

Plasma Heating
This m ethod uses high-frequency, high-electrical energy to affect a stream o f  gas. 
In essence, this energy is used to  disturb the electron configuration o f  a portion  
o f  the gas stream. The electrical energy input is then stopped w hereupon the 
electron configuration immediately reverts to the stable form, instantaneously 
releasing the high energy which has been absorbed by the disturbed portion o f  the 
stream. Plasma heating, then, is a m ethod o f  concentrating and releasing electrical 
energy in the form o f  heat which is absorbed by the gas stream. Any gas, including 
the inert gases, can be used as the means o f  utilizing this energy. The electrical 
high-frequency, high-voltage source o f  heat is the result o f  heat energy o f  a very 
high order above 50 000°c being possible.

Plasma heating is a relatively modern technique which, because o f  the very high 
temperature possible, has presented considerable problems in control. When it is 
considered that the temperature from the oxỵacetyỉene flame is in the region 
3000°C-3500°C, and the electric arc struck in air is to the order o f  10 0 0 0 ° c ,  it 
will be appreciated that the heat available with the Plasma flame is 
considerable.

In its raw state, Plasma heating can be successfully used for cutting, and this 
technique is commonly applied in steelworks and heavy engineering for the 
efficient cutting through o f  thick steel sections. Plasma heating can also be used as 
a welding m ethod, but this has not yet found any great application as other te ch 
niques will give a more controlled weld. However, metal-spraying using the Plasma 
flame is now common. There is no doubt that the Plasma flame will find more use 
as modern technology harnesses this intense heat.
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Plasma Plating
A term occasionally used to indicate the plasma heating technique used for metal 
spraying. The correct term is Plasma spraying and further information is given 
under this heading in the section Metal-spraying.

Plating
This term has two distinct meanings. In heavy engineering, ‘plating’ and ‘plater’ 
are applied respectively to the manipulation o f  steel sheet or plate, and the skilled 
personnel who are involved. These do no t come within the scope o f  this book. 
Secondly the term is used to indicate the ‘electrodeposition’ o f  metals. This covers 
the whole area o f  electroplating , and information on this and the metals plated will 
be found in that section in this book.

Platinizing
A relatively general term which is used to indicate any article which has been 
coated with platinum. In general, however, it is confined to the technique o f  
immersion plating  o f  platinum, usually on copper or bronze com ponents, to give 
an attractive silvery sheen. This is a typical electroless or immersion type of coating 
which, because of the high expense o f  the solutions required, is seldom used.

Platinum Plating
Platinum is a very expensive metal, using very acid solutions. The deposit is used 
for jewellery and is finding a limited application in industry because o f  its excellent 
corrosion and oxidation resistance. Details o f  this process are given under this 
heading in the section Electroplating.

Plug Weld
A form of welding, where a hole is drilled in a com ponent and this is then ‘plugged’ 
by the weld. The technique is also known as rivet welding, and employs the electric 
arc Or oxyacetylene  methods.

Plumstone Blasting
A form o f blasting , using ground plumstones as the abrasive. It is used to  remove 
contam ination from soft materials such as aluminium. Details o f  the process are 
given under this heading in the section Blasting.

Poldi Hardness
A form o f portable hardness test based on the Brinell m ethod, using a preloaded 
spring to im part the energy to the punch.

Polishing
A mechanical technique applied to  all materials, including non-metallic.

With this, there are two distinct methods o f  achieving the desired effect, which is 
a sm ooth  surface very often but not always having a high reflectivity. The two 
methods are, first, to use cutting materials generally in the form o f grit to  cut the
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surface being Polished. Second, there is the m ethod o f  smearing. Here the surface 
is not cut but burnished or smeared to  produce the desired effect. Most types o f  
polishing are, in fact, combinations o f  these two methods.

The abrasive type o f  Polishing is generally required for a higher-standard finish 
and will almost invariably be the technique used where there is a rough surface, 
since it is not normally possible to  use the smearing effect to give a satisfactory 
result. The roughness o f  the original surface is judged and the size o f  the grit used 
will approximate to or be slightly finer than the surface finish which exists. In 
other words, if  the scores on the original surface have a depth, either average or 
maximum, of, for example, 0.025 in (0.5 mm), then the grit size which will be used 
to Polish this must be approx. 0.025 in (0.5 mm) or slightly less. Any a ttem pt to 
Polish this finish with a finer grit size will either result in failure, or take an 
extremely long time. The Polishing technique chosen then, should be used to  p ro
duce a series o f  parallel scores or scratches o f  a homogeneous nature. These will 
replace the scoring which already exists and which is unlikely to  be homogeneous.

Under many circumstances, this will not produce a satisfactory surface, and the 
next stage will be to use a lesser grit size. Polishing is then repeated to ensure the 
complete removal o f  all evidence of  the original scores, and this can best be 
achieved by an action at right angles until all the scores are in this same direction. 
Where metallurgical Polishing is being carried out, or where a high standard is 
required, for example, in an optical application, it is essential not only to remove 
scores from the previous operation, but also the surface material immediately 
below the scoring to approximately the same depth  as the original scores. The 
reason for this is that each scratch will have affected the surface below itself by 
work hardening and for metallurgical Polishing, in addition to removing the scores, 
it is also necessary to  remove the effects o f  this work hardening. The Polishing 
should be continued using successively smaller grit particles at right angles to  the 
previous operation, noting the above com m ent on the work hardened layer, until a 
satisfactory standard has been achieved.

The grit sizes which are available for Polishing and the approxim ate actual sizes 
are as follows:

Polishing Grit Sizes
Nominal Aperture Size Mesh No.
inches microns

0.0015 38 400
0.0015 45 350
0.0021 53 300
0.0025 63 240
0.003 75 200
0.0036 90 170
0.0042 106 150
0.005 125 120
0.0059 150 100
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inches microns
0.0072 180 85
0.008 212 72
0.01 250 60
0.012 300 52
0.014 355 44
0 617 425 36
0.0197 500 30
0.024 600 25
0.028 710 22
0.0335 850 18

A p e r tu r e  S ize R a n g e Grade No. M esh R a n g e

0.0035 90 00 170
0.0042-0.0021 53-106 0 150-300
0.0025-0.005 63-125 1 120-240
0.0035-0.0071 90-180 H 85-170
0.0042-0.008 106-210 F2 70-150
0.0059-0.0167 150-425 M2 35-100
0.008 -0.0197 210-500 S2 30-70
0.014 -0.0278 355-707 112 2 2 4 4
0.0167-0.0335 425-850 3 18-36
0.0275-0.066 699-1676 10-22
0.055 -0.11 1405-2812 6-12
0.066 -0.13 1676-3353 5-10

Methods o f  using the grit particles for Polishing are varied. A rotating grinding 
wheel, or wheels, with successively smaller grit sizes may be employed. In addition, 
there is the lapping technique, where a flat band of  emery paper rotates against the 
com ponent. This technique can be modified to polish relatively simple shapes. 
The application o f  hand-held paper achieves successful results, and this can utilize 
strips o f  abrasive-impregnated cloth. The most com mon m ethod o f  abrasive 
polishing uses mops where the abrasive is impregnated on the mop surface or held 
with a greasy substance. Alternatively, the abrasive is held in a lubricating material 
and is continuously applied to the mops. The com ponent is then held against the 
rotating mop, often lubricated with grease. The technique, then, can be extremely 
simple, relying on the skill o f  the operator. Where mass-production techniques are 
possible, au tom ated machines will be used when the com ponent will again pass 
through the various stages o f  abrasion described above.

The second, smearing type o f  polishing is designed to fill the valleys o f  a surface 
by bending the peaks over in such a manner that the resultant surface is smooth
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and generally highly reflective. It will be appreciated that this m e thod  is only 
possible where the original finish is reasonably homogenous. Where a surface has 
several relatively deep scores, it will generally be necessary for the  deep scratches 
to  be removed, or at least considerably reduced, using the abrasive m ethod . With 
Polishing, it is quite com m on that the initial stage is to p roduce a homogeneous, 
scored surface by use o f  an abrasive mop or belt, as described above. This h o m o 
geneous finish is then smeared, using the burnishing technique described below.

It will be seen that materials most readily polished by this techn ique are those 
which are relatively soft and ductile. It will seldom be possible to  produce a 
smooth, reflective surface by the simple one-stage m ethod o f  filling valleys by 
bending the peaks. Normally, there will require to be a further smearing effect to 
ensure that each o f  the tiny joins are invisible. This m ethod, as d istinct from the 
abrasive, makes use o f  the work hardening properties o f  the material: where this 
can be accepted to  a considerable degree, then Polishing by smearing can be a rela
tively simple operation. As the resistance to  work hardening increases, it will be 
more difficult to achieve a satisfactory visual standard using this m ethod. The 
technique uses similar equipm ent to the abrasive m ethod, the surface having much 
less free cutting material, or none. This applies particularly to  the polishing mop. In 
addition, the use o f  wire-brushing and mops containing no  abrasive can be used. 
An optically flat surface will not be achieved and, while it will be generally easier 
to produce a shiny surface, it will be almost impossible to  p roduce one capable o f  
reflection. This technique, however, is much cheaper than use o f  the abrasive 
material. Burnishing, using a sm ooth tool, is possible with this technique.

Polishing, then, is a mechanical m ethod o f  improving the surface finish o f  
materials. With the abrasive m ethod , it is possible to  produce optically  flat com po
nents, giving true reflection. For most decorative purposes, this is neither desirable 
nor economically justified, and the combination o f  cutting and smearing to produce 
a reflective, shiny surface is by far the most com mon o f the m ethods. It will be 
appreciated that it is not always possible to achieve the ideal technique where the 
direction o f  polishing is changed between each grit size. Polishing can make use o f  
other techniques such as blasting. Vapour blasting achieves hom ogeneous smooth 
surfaces but the finish will seldom be reflective. Barrelling can also be used, and 
provided it is correctly controlled, the Polishing can be a purely  abrasive type. 
Electrolytic polishing , and to  a lesser extent electrolytic etching  or chemical 
polishing , are alternatives which are designed to attack the ‘peaks’ and retain the 
‘valleys’ which exist on most metal surfaces.

Porcelain Enamelling
A process which can be applied, in theory at least, to  any metal. In practice, it is 
applied to  cast iron with limited application to wrought mild steel. The process is 
a specific form o f vitreous enamelling.

With this, the material to  be treated is first cleaned , generally by a blasting 
process but, under some circumstances, by chemical cleaning m ethods. The material
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is then heated to a tem perature above 700°c , and powdered porcelain is impinged 
on to  the heated surface, this can be by hand or by some mechanical means. During 
the treatm ent the areas requiring further powder can be readily identified by the 
different colour o f  these areas. The finished com ponent is then returned to the 
furnace where the porcelain is fused at the correct temperature for the powder. 
Several coatings can be applied, with fusion between each coating.

The material used is a borosilicate glass in the finely powdered form. The process 
results in an extrem ely  brittle, relatively poor-quality product, where relatively 
minor damage results in chipping. The process is of limited application at present 
but at one time found considerable use for domestic kitchenware, mugs and adver
tisement signs com m only  found in railways.

There have been considerable improvements in other forms o f  vitreous ena
melling and these have resulted in the process becoming more commonly used.

When required for corrosion resistance, the technique can often be replaced by 
conventional stove enamelling. Many forms o f  electroplating, particularly zinc 
plating  and hot-dip galvanizing give equal and in some eases better corrosion pro
tection  w ithou t achieving the same high standard o f  abrasion resistance obtained 
from Porcelain enamelling. Further information is given under Vitreous Enamelling.

Porosity Testing
An inspection technique to determine whether any pores exist in plated or painted 
coatings. The techniques used are described under ‘Porosity testing’ in the section 
Non-destructive Testing.

Postheating
A term applied to  any general heat treatment which follows a heating operation. It 
should no t be used in the case o f  a well-defined operation such as tempering , but is 
usually a form o f  stress-relieving. Further information is given under this heading 
in the section Heat Treatment.

Pot Annealing
A process identical to  box annealing; further information on annealing is given in 
the section Heat Treatment.

Pot Quenching
A technique o f  quenching com ponents which have been carburized , generally gas 
carburized , directly from the ‘p o t ’ in which the process was carried out. It is, there
fore, a form o f  direct hardening. Further details are given in the section Heat 
Treatment.

Powder Painting
This form o f  painting  differs from the conventional technique in that no vehicle or 
liquid is involved. With conventional forms, there will always be a liquid vehicle
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which is used to carry the pigment, and once this has been used to  coat the co m 
ponent, the vehicle by normal oxidation, or by curing at high temperatures, will be 
converted to a solid and hold the pigment in position.

The powder is applied by one o f  two methods. First, by immersing the 
com ponent in the powder, generally in a fluidized bed. Often the com ponent itself 
will be heated and the powder will, thus, adhere directly to the com ponent. It is 
also possible to use electrostatic m ethods, where the powder is caused to  adhere 
with this dipping action.

Second, a considerable am ount o f  pow der paint is now applied using the spray
ing technique, where the dry powder is blown with a very light application o f  air 
as a powder cloud. This cloud o f  dust particles is attracted to  the com ponent by 
high-voltage electrostatic forces. This m ethod has many o f  the characteristics of 
electrostatic painting in that the pow der will wrap around the com ponents being 
painted. Some skill, however, is required for the application o f  powder paint, 
particularly with intricate assemblies. On completion o f  the cycle the com ponent, 
which must be metallic to carry the necessary electrostatic forces, should have an 
even coating of the powder. If  any evidence o f  unsatisfactory painting or coverage 
is noted, or if any damage occurs to  the film at this stage, the powder can be 
removed by a simple wiping or blowing action once the com ponent has been 
removed from the electrostatic connection.

Satisfactory com ponents from either application are passed immediately to an 
oven which is generally at a tem perature o f  175°c minimum and can be as high as 
250°c. The components do not, o f  necessity, require to reach this tem perature 
themselves, but must be long enough in the oven for the surface o f  the com ponent 
and the paint film to reach this temperature. This results in the powder fusing and 
flowing to  give complete coverage and excellent adhesion to  the substrate metal. 
Where the preheating tem perature o f  dipped com ponents has been above 175°c , 
postdip curing may not be required. For optimum results, however, curing is 
recommended.

From the above it will be obvious that Powder painting has several distinct 
differences to conventional painting , and the advantage that defects identified 
during the process are much more easily rectified than with wet paint. In addition, 
adhesion with powder paint is much superior on bare metal to any of the conven
tional wet paints. The correctly cured, fused film is harder and tougher than the 
majority o f  conventional films and is more abrasion-resistant. There is considerable 
evidence being built up to  show that the necessity o f  phosphate treatment prior to 
Powder painting is o f  less importance than  with wet paints.

However, when phosphate is considered necessary, this must be o f  the light-duty 
type, such as iron phosphate, as distinct from heavy-duty zinc or manganese phos
phates which are normally applied prior to wet-film painting. The reason for this is 
that, with conventional paints, the phosphate film acts in a manner not unlike 
blotting paper which is strongly adherent to the steel surface. This, therefore, acts 
as an excellent key for the wet film. With powder painting, the particles are too
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large to be absorbed by the phosphate coating and, thus, the phosphate acts as a 
barrier between the steel and the paint film. Any distortion during service can 
result in the phosphate film fracturing, resulting in paint failure.

To summarize, Powder painting is a recently developed technique and is, more 
accurately, the application o f  a plastic rather than paint film. The technique at 
present uses epoxy powders, but it is probable that future developments will make 
o ther plastic com pounds available for this technique.

Precipitation Hardening
A process in which certain non-ferrous alloys can have their hardness and mechani
cal properties improved. This is com monly called ageing or age hardening. This 
must always be preceded by solution treatm ent, which may be part o f  casting, 
forging  or welding. Further information will be found in the section Heat 
Treatment.

Preece Test
An inspection process to determine the thickness o f  the zinc coating on galvanized 
com ponents .

The procedure is that the com ponent is dipped into a solution o f  copper 
sulphate at room temperature. This will attack the zinc and result in the formation 
o f  copper on the surface. This copper will be washed o ff  with light rubbing. When 
the zinc coating has been removed by the chemical action, the copper deposit on 
the steel will not be removed, and thus the appearance o f  this adherent copper 
shows areas bare o f  zinc.

By standardizing the strength o f  the copper sulphate, the temperature and the 
time o f  dipping, it is possible to use this as a quantitative as well as a qualitative 
test to  indicate the actual thickness o f  the zinc coating.

The test is now being replaced by the use o f  electronic or magnetic instruments 
which instantly show the thickness o f  the zinc deposit. The test, however, still has 
some application where porosity might be suspected on local areas. The user is 
referred to the heading Thickness Testing for further information.

Preheating
A general term applied to any form of heat treatment carried out immediately 
prior to some other form of heating, and covering welding and brazing as well. 
Fu rther  information is given under this heading in the section Heat Treatment.

Press Forging
A m anufacturing process, not a metal treatment. The term covers any form of 
forging  where steady pressure is involved. This can be a hot process or a cold-press 
process; the form is produced by a steady pressure. Users are advised to  obtain 
specialist advice when necessary.
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Pressure Test
An inspection technique, used basically to identify porosity or leakage in 
components and assemblies. It can also be used to prove the mechanical strength of 
components or assemblies..

There are two basic techniques, first, using lower pressures with air, and second, 
high pressures using liquids such as water or oil. Both techniques are described 
under their own headings, and under the general heading ‘Pressure tes t’ in the 
section Non-destructive Testing.

Pressure Welding
A form o f  forge welding.

Primer Painting
The paint undercoat in contact with the base material, either metallic or non- 
metallic. In general, it is conventionally accepted that a Primer paint has some 
active ingredient or is specially formulated and is not merely the first coat o f  a two- 
coat system.

Primers can be specially thinned to decrease their viscosity where absorbent 
materials are being painted and, thus, the Primer is absorbed into the base material. 
Primers may also have active ingredients such as some free acid con ten t,  generally 
phosphoric, to cause etching and they commonly also contain metallic particles 
in suspension, generally zinc but sometimes aluminium, which act in a ‘sacrificial’ 
manner when the top coat is damaged. Primers should never be used w ithout the 
application o f  surface top  coats.

To summarize, Primers are the first coat o f  paint in a multicoat system, and 
these must always be compatible with the top  coats; they normally have some 
active ingredient or are formulated in a special manner. It is essential that when a 
multicoat paint system is used, all coats are supplied from one source. It should 
also be noted that many excellent Primers are not compatible with excellent 
top coats even when supplied from the same source. Further inform ation should, 
therefore, be obtained when necessary.

Process Annealing
A specific heat treatment applied to  steel, usually in the form o f  sheet or wire. It 
is a form o f  annealing which removes all cold work w ithout actually causing re- 
crystallization, and this is a form o f  subcritical annealing.

The purpose o f  Process annealing is to remove work hardening prior to  further 
cold work. Where considerable deep-drawing is to be carried out, this or sub- 
critical annealing will not be sufficient, and fu ll annealing with com plete re
crystallization will be necessary. Further information on annealing appears in the 
section on Heat Treaừnent.

322



' PROG R EG A'
'Progrega'
A proprietary form o f  dry-film lubrication, making use o f  the graphite or 
molybdenum disulphide powder in an epoxy paint.

Progressive Ageing
A specific form of ageing or precipitation treatment which has very limited appli
cation with modern alloys, and where the alloy is heated to progressively increasing 
temperatures for specified times. With this technique, it is possible to judge the 
optimum ageing temperature where this is in doubt. With modern knowledge and 
information on the ageing of  alloys the normal procedure is to  choose a single 
temperature for a specified time. Information on ‘ageing’ or ‘precipitation harden
ing’ is given under these headings in the section Heat Treatment.

Projection Welding
A form of resistance welding.

Proof Stress/Proof Strength/Proof Test
The part o f  destructive tensile testing , where the stress required to produce a 
certain permanent deformation is known as the ‘Proof stress’. With normal standard 
testing, this is generally 0.1 or 0.2 per cent o f  the specified gauge length. The Yield 
stress is very similar and it is generally accepted that this will be 0.5 per cent Proof 
stress (see Tensile Testing).

The terms Proof stress, Proof strength and Proof test are sometimes applied to 
com ponents  where a specified load must be applied and removed without any 
measurable increase in the permanent size o f  the com ponent. This is a common 
test applied to high-tensile test bolts, where a series o f  tensile loads are specified 
for different diameters o f  bolts, no permanent increase in length being allowed.

P roof  testing is also carried out on chains, wire ropes, slings and other forms 
o f  lifting tackle. The test will be related to the design or safe working load, and will 
be applied under specified conditions, and at stated intervals.

Users are advised to contact the Safety Inspectorate for further details o f  this 
test or the standard organizations such as the British Standards Institution or The 
American Society for Testing and Materials (ASTM).

Protal Process
A surface treatment for aluminium and its alloys to improve corrosion resistance 
and to  increase paint adhesion.

With this process, the components are thoroughly cleaned and then sprayed 
with a solution o f  chromium and titanium compounds and some alkali fluorides. 
This converts the surface layer, by chemical action, into chromates and at the same 
time roughens the surface giving a key to improve paint adhesion. This is 
comparable to, but more complicated than, the chromating process.
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Protolac Process
A m ethod, confined to aluminium and its alloys, to  p roduce an artificial oxide for 
improving natural corrosion resistance and to  give a key for pain t adhesion. The 
process requires that the com ponents are first cleaned and then  im mersed in an 
alkaline solution.

The Protolac process can apply to  any o f  the  techniques w hereby the surface of 
aluminium is oxidized in alkaline solution, and where the alkali m etal is deposited 
on the aluminium as the stable oxide, thus con tr ibu ting  to  the paint adhesion. The 
use o f  the chromating process now seems to  be m ore  usual.

Pull-off Test
A form o f  adhesion testing  which is com m only  applied to  paint films, and can 
be used for electroplated deposits and, using special techniques, for o ther  surface 
coatings. The test is employed to evaluate and measure the adhesive s trength  of the 
coating to the substrate.

With painting and electrodepositing, a special test piece or test area on the com 
ponent is required. This should be cleaned and prepared  in exac tly  the same manner 
as for normal production. A small strip, approx . 0.5 in (10 m m ) wide and 1 in 
(20  mm) long, is stopped-off, generally using tape, b u t  o ther  m e thods  can be used 
as long as they do not interfere with the surface im m ediately  adjacent to the 
s to p -o ff area.

The coating is then applied in the normal m anner. With e lectrodeposited  coating, 
the stop -o ff material must be conductive to  produce the metal deposit. The purpose 
o f  the stop -o ff is to  allow a strip o f  the coating to  be readily removed, while still 
attached to the adherent coating. This strip is then  loaded in some m anner to  apply 
a tensile pull to the join o f  the coating to the base material. This load can be 
applied by a tensile-type machine, or by static weights un til  failure occurs. The 
adhesion can also be estimated by using a vice or pliers to  hold  the strip and then 
pulling until failure occurs.

This will not supply details o f  the actual load b u t ,  in skilled hands, can give 
useful information o f  a comparative type. While the test gives details regarding the 
adhesive strength o f  the coating, the m ethod o f  failure and the s tate  o f  the under
lying material will also supply useful inform ation. The user is referred to  Adhesion  
testing  and Thickness measurement for further in form ation  on the quality-control 
o f  coatings.

Punching
A manufacturing process which is a form o f  cold forging, w hereby metal is sheared 
to  produce holes or forms in sheet metal. The process can be applied to the 
majority o f  wrought materials but an ability to  accept considerable work hardening 
is essential.

Considerable skill and experience are required in the design, m anufacture  and 
use o f  punching dies and equipment. With the correct equ ipm ent and techniques, it
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is possible to punch relatively small holes through thick materials and, provided 
the equipm ent is kept in good condition , the work hardening applied can be held 
to a minimum.

This can be a m uch cheaper m e thod  o f  producing holes than conventional 
drilling. It should be no ted  tha t the work hardening applied will result in a layer 
of cold-worked metal adjacent to  the  cut face. The ex tent o f  this will vary with the 
design o f  the shape, the efficiency and sharpness o f  the tooling and, in particular, 
the material being worked.

Where severe cold w ork is applied, the surface will be hardened , and may have 
minute cracking. This will seriously affect fatigue-strength properties and with 
high-duty com ponen ts  may require tempering  or annealing operation prior to  
service.

Pusey Hardness
A hardness test for rubber, described in that section in this book.

Pylumin Method
A process applied only to  a lum inium  and its alloys prior to painting. It is a form 
o f chromate treatm ent in which a thin film o f  oxide is formed, and into which 
some chrom ate  is absorbed. This serves the dual purpose o f  improving the corro
sion resistance achieved by the natural oxide, and at the same time forming a key 
for paint adhesion.

Pyramid Hardness Testing
A general term for the technique o f  hardness testing , where the pyramid impression 
is made by a diam ond.

T y ro  Black'
A proprietary  name for the black oxide  process. Further information can be o b 
tained from Pyrene Ltd.

Quench Ageing
A term very occasionally applied to  the solution treatment and Precipitation 
hardening o f  the alloys which take par t  in ageing. (See the section Heat Treatment.)

Quench Hardening
A process which can be applied only to  steels, where they are taken above a certain 
critical tem perature  in the region o f  700°C-900°C, depending on their co m p o 
sition, and then held for a specified time before quenching in air, oil, water or 
brine, for hardening. This hardening  is the result o f  holding in solution the carbides 
which would normally exist as a separate phase at room temperature. The term 
Quench hardening is, then , a variation on the normal harden, which is described in 
more detail under that heading in the section Heat Treatment.
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Quench Tempering
A m ethod o f  delayed quench, details o f  which are given in the section Heat 
Treatment.

Quicking
The term used when a thin film o f mercury is deposited on copper. It is achieved 
by cleaning the copper article and then immersing into a solution o f  mercuric 
oxide in sodium cyanide. This results in the chemical replacement o f  the surface 
layer o f  copper with mercury. The process stops immediately the surface is covered 
with mercury, and as there will be some form o f alloy with the surface layer o f  
copper, better adhesion is obtained with this deposit than with some chemical 
coatings.

The process has very limited application in its own right, bu t is used on occasion 
w hen copper articles required to  be silver plated. Because silver, like mercury, will 
result in a loose, non-adherent film, it is not possible to electroplate silver directly 
on to copper. The use of the Quicking m ethod is, therefore, one way by which 
copper articles can be successfully plated with silver. It is now known that mercury 
and mercury compounds present a serious health hazard, and neither the metal 
nor compounds should be handled. Advice must be obtained before using this 
process.

A more common and technically satisfactory m ethod is to  have a nickel flash 
directly on to  the copper, and to plate the silver on the nickel undercoat.

The term Quicking is sometimes applied to any mercury amalgam which is 
form ed by rubbing or immersing a metal in mercury. On occasion, it may also be 
applied to  any metallic deposit obta ined by chemical replacement, for example, 
copper on iron. However, in general, the term will be applied to the replacement 
o f  copper by mercury.

Radiography
An alternative term for x-ray. It is an inspection process using radiant energy in the 
form  o f rays for examining solid, opaque com ponents to  ensure that they are free 
o f  defects. The technique is described in more detail under the heading ‘radiogra
phic examination* in the section Non-destructive Testing.

'Ransburg Process'
A proprietary form o f  electrostatic spray painting which can be applied to  any 
metal and, under many circumstances, to non-metals, whereby the paint particles 
are given an electric charge and the com ponent being painted has a negative charge 
or is at earth potential. The paint particles are, therefore, powerfully attracted to  
the com ponent. This procedure results in a better wrapround o f  paint and a 
considerable saving o f  paint for articles which have holes or are in the form o f a 
mesh. Further information can be obtained from Henry w. Peabody Ltd; the p ro
cess is described in more detail under the heading Electrostatic Painting in the 
section Painting.
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Recarburization
A salvage type o f  processing which can only be applied to steel. It is necessary when 
for any reason the surface o f  the com ponent has been decarburized. This may arise 
during hot working such as forging , or during a heat treatment process which has 
been carried out in an oxidizing atmosphere. This can result in a reduction o f  the
carbon content at the com ponent surface. If this is unacceptable and it is no t
possible to machine off the affected area, then this salvage operation can be c o n 
sidered. In essence, this is similar or identical to the carburizing process but will 
seldom be carried out for as long a period or at as high a potential.

If, for instance, a 0.4 per cent carbon steel has been maltreated to reduce the
carbon content to, for example, 0.2 per cent carbon at the surface, then it would
be unwise to  Recarburize these com ponents at a potential in excess o f  0.5 per cent 
carbon, otherwise there would be a danger o f  forming a thin film o f  carbon higher 
than 0.4 per cent at the surface. This would almost invariably be a more dangerous 
defect than the decarburization which it is proposed to rectify.

The Recarburizing process is occasionally used in the manufacture o f  steel where 
carbon is added to  the melt to increase the carbon content o f  the finished steel. 
This is a completely different process to  the above and will only be applied in 
steelworks during the manufacturing process, and cannot be used as a rectification 
process on finished components.

Red Gilding
An alloy of  copper and gold which can be electrodeposited. As with other gold 
alloys, it is advised that the user obtains specialist advice from a plating supply 
house regarding the solution and parameters requiring control.

'Redux Process'
A proprietary metal bonding or glueing process. It is particularly useful for the 
bonding o f  metallic surfaces or for the bonding o f  non-metals to metals, examples 
being the bonding o f  wood to metal.

The process is based on phenol-formaldehyde and other resins such as po ly
phenol in the powdered form. These are mixed and applied to the thoroughly 
cleaned and preferably slightly roughened surfaces which are then placed under 
pressure and taken to  a temperature o f  approximately 150°c for a specific required 
time. The time and pressure involved will depend on the materials and the co m p o 
nents  being bonded.

The resultant bond has an extremely high strength and was one o f  the early 
successes in adhesive science. There are now a number o f  glueing processes which 
achieve results as good as with the present process w ithout the use o f  high 
temperatures and pressure.

For production use, however, there are considerable advantages in this process, 
but it is necessary to  have the correct equipment capable o f  controlling 
temperatures and pressures over a period o f  time. Users are advised to obtain
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advice from a company such as Ciba-Geigy Ltd on the specialist subject o f  bonding  
by glue.

Refine
A heat-treatment operation normally carried out after carburizing to  recrystallize 
the grain structure and, thus, eliminate the coarse structure produced by the 
lengthy high-temperature treatm ent. The term Refine in the metallurgical sense is 
more commonly applied to  the production o f  metals from ore, bu t this is no t a 
metal treatment.

Reflectogage Testing
An instrument used in non-destructive testing. It can be applied to any metal and 
operates by the use o f  high-frequency soundwaves. These are applied to  the  com 
ponent being tested and the resonance is then picked up and fed to an oscilloscope 
screen. Any defect in the com ponent will be shown as a change in resonance.

This instrument is o f  a relatively low sensitivity and requires considerable skill 
to  operate, it has been largely replaced by ultrasonic testing. There is, however, a 
new technique based on this principle in which the standard resonance o f  a co m p o 
nent is measured and recorded at the start o f  its life. Surveys can then  be carried 
out at predetermined intervals and any alteration in the resonance pa t te rn  will be 
indicated and subsequently investigated. This technique is being applied under 
some circumstances to  large stressed structures.

This technique, then, uses the variations in the vibrations induced in com po
nents to detect flaws. Vibration testing  is discussed in the section Non-destructive  
Testing.

Reflowing
A technique used in the m anufacture o f  electronic or electrical com ponen ts ,  gen
erally printed circuit boards, which have been soldered, solder plated or tinned  
using any o f  the conventional techniques, or, more com m only, produced  by 
electroplating.

Reflowing is used to  ensure that satisfactory adhesion and a surface capable 
o f  good quality soldering has been achieved. The com ponent is heated , generally 
by immersion in some form o f  non-contaminating liquid such as oil, in order to 
melt the solder deposit and cause it to flow. Provided good control exists induction 
or radiant heating can also be used.

With this technique it is possible to produce a bright, attractive looking material 
bu t its main purpose is to  ensure good quality. With reflowing any defect on the 
substrate will not wet, clearly indicating areas where the solder or tin is missing. 
Pinholes or cissing will also occur, again showing poor adhesion. This technique is, 
therefore, a quality control system which, at the same time, will improve the 
visual appearance and can, under many circumstances, improve the resultant 
solderability.
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Refrigerated Anodize
An alternative term for hard anodizing , where the sulphuric acid electrolyte is 
held at low temperatures. Other names for this process are black or deep anodize. 
Further details are given under Anodize.

Regenerative Quench
An alternative term for refining of the core. This process is used to  eliminate the 
large grain size caused during carburizing. It is described under it own heading in 
the section Heat Treatment.

Reheating
A heat treatment term which is applied to a variety o f  processes and, therefore, 
will mean specific treatm ents within specific industries or even locally within a 
certain company. Any process in which the material, having been already heated 
and cooled, is returned to a furnace, may be termed Reheating.

Repeated Bend Test
A destructive test to assess ductility, described under the heading ‘Bend Test’ in 
the section Mechanical Testing.

Repousse Process
A process o f  considerable antiquity which is applied to thin metal sheets. The 
metals mainly used are copper, gold, lead, silver and tin, but any metal which can 
accept appreciable am ounts o f  cold work are also possible.

The intricate detail o f  the design is applied by hammering the reverse side o f  the 
sheet, the resultant raised portion on the front having a relatively smooth surface. 
This is not a pressing or moulding process, where the surface o f  the sheet is forced 
in to  a preformed shape; it uses various sizes o f  hammers and it will be seen that 
considerable skill is required to produce the necessary detail. The raised portions 
on the front o f  the metal sheet may be given further detail by engraving. This 
process is still used in the jewellery trade but has no significance in industry.

Resistance Soldering
A m ethod  o f  heating for soldering which uses the electrical resistance between the 
soldering bit and the solder, or the com ponent being soldered, to melt the solder.

Resistance Welding
A general term , covering several types o f  welding where electrical resistance heating 
is used. The weld is generally o f  the forge  type.

Reverse Bend Test
A destructive test to ascertain the ability o f  a material to stand severe bending with
ou t fracture. It is, in fact, a measure o f  ductility. It is described under the heading 
‘Bend Test’ in the section Mechanical Testing.
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Rhodanizing
A technique o f  plating a very thin film o f  rhodium on to a bright silver or gold 
deposit to reduce tarnishing or improve wear. Further details are given under this 
heading in the section Electroplating.

Rhodium Plating
A process using a metal in the platinum group which has good corrosion resistance 
and low contact resistance. Rhodium is cheaper and harder than platinum, but 
shares its excellent corrosion and oxidation resistance. Further details are given 
in the section Electroplating.

Rivet Test
A destructive test applied to the rivets before they are fitted to  ensure suitability.

There are two variations. In the first test, the rivet is bent through 180 degrees 
and closed on itself. Unless this occurs w ithout any evidence o f  cracking on the 
outer radius o f  the bend, the rivet is suspect. This test must be carried out under 
the conditions in which riveting will occur.

In the second test, again carried out under riveting conditions, a head is formed 
on the rivet which must be 2.5 times the diameter o f  the rivet shank. Again, there 
must result in no cracking.

Both variations are designed to  be practical tests which can be carried ou t by 
the departm ent responsible for riveting and, thus, no special equipm ent is required. 
The tests will show that the material has adequate ductility under the conditions 
o f  riveting, not easily provable by normal destructive mechanical tests. It is, there
fore, a form o f  ductility testing.

Rivet Weld
A form o f  welding, where the upper com ponent has a hole drilled and this hole is 
used to produce a weld which will penetrate the lower com ponent. The edge o f  the 
hole on the com ponent is fused to  the lower com ponent, with or w ithout the use 
o f  a filler rod. This technique is also known as plug welding.

The efficiency o f  this technique as a m ethod o f  joining will obviously rely on the 
number o f  Rivet welds involved, and also on the general standard o f  welding, and 
the thickness o f  the material. The weld will always be o f  the fusion  type (see the 
section Welding).

Rockwell Hardness Test
A very com m on type o f  hardness te st , operating on the principle o f  measuring the 
depth o f  impression achieved by a standard load with a standard indenter. Various 
loads and indenter types are used.

Roller Spot Welding
A form o f  resistance welding used on sheet metal, described under this heading in 
the section Welding.
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Roller-Tinning
A form of tin plating  or surface soldering which uses a roller immersed in the 
molten tin or solder. A second, upper, roller held out o f  the bath is in contact with 
this roller with pressure applied to it. The second roller is mechanically driven
and the components to be tinned  or soldered are fed between the two rollers. It
will be seen that only flat and relatively simple shapes can be treated in this way.
The surface to be tinned  is first cleaned and fluxed and then fed to the roller tin
machine. By adjusting the speed or rotation and the pressure, control o f  the thick
ness o f  the deposit is achieved.

In general, this technique is used to produce a visually attractive and bright 
surface on components, such as printed circuit boards, which have already been 
tinned  or soldered. The technique is, therefore, an alternative to reflowing  or, given 
the correct conditions, could be used as an alternative to tin or solder plating.

Root Bend Test
A destructive test to prove the quality o f  welding, which in effect is a simple, 
economical method o f  assessing the ductility o f  the material. It should be used 
in conjunction with face and side bends. Further details are given in the section 
Mechanical Testing, which also describes the other Bend tests carried out on welds.

Rose Gilding
An electroplated alloy o f  gold, with copper and silver. The colour o f  the rose will 
vary with the alloy deposited: the higher the copper content, the darker will be the 
colour. An increase in silver content makes the rose colouration lighter. As with 
o ther methods o f  gold-alloy plating, it is not possible to give specific information 
and the user is advised to contact a plating supply house for information on the 
solutions and their control.

Rumbling
A form o f  barrelling which can be applied to any metal and, in fact, to any 
material. The term is generally taken to  include the relatively old-fashioned method 
o f  deburring , where an open-ended vertical type o f  barrel is rotated, not unlike a 
cem ent mixer. The components, with or without other articles o f  specified shape, 
are allowed to contact each other and the material used for deburring. In some 
circumstances, abrasive grit is also added. The cylindrical barrel is rotated at various 
speeds from extremely slow to relatively rapid. The result is that edges and burrs 
are removed from the components.

This process has largely been superseded by the barrel-finishing technique which 
is much more sophisticated, and where scientific deburring and improvement o f  the 
surface finish can be achieved under controlled conditions.

Rumbling, in the historical sense, was often carried out dry, resulting in some 
peering  o f  the surface and very often with considerable damage to  the components. 
T o  overcome this, the process was invariably reduced in speed, and could be
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lengthy, w ith  barrelling periods o f  up to one week not uncom m on to  achieve the 
desired surface finish and absence o f  burrs. With modern barrelling techniques a 
time in excess o f  4 h is considered excessive.

Rustproof ing
A general term  covering a very wide variety o f  processes applied to  steel. It is used 
for processes such as painting, electroplating, galvanizing, etc., b u t  in general is 
applied to  the processes o f  phosphating  and similar low-duty rust-preventative or 
rust-inhibiting techniques. The term is also applied to  oiling when this is used to 
coat steel for storage purposes. Thus, the term Rustproofing should be treated with 
caution.

Ruthenium  Plating
A process using a metal o f  the platinum group very similar to rhodium. It is only 
recently tha t plating o f  ruthenium has been possible on a commercial scale. Some 
in form ation  is given in the section Electroplating.

Sacrificial Protection
A corrosion protection  technique which uses a metal lower than the metal to  be 
p ro tec ted  in the electrode potential series to  supply protection. This is achieved 
because the lower metal acts as the anode, the protected material is the cathode. 
With an electrolyte  present, a cell will be set up where the anode corrodes to p ro 
tec t the ca thode . Thus, the anode ‘sacrifices’ itself to pro tec t the other metal.

In practice, zinc and aluminium are the two metals most com m only used for 
Sacrificial pro tec tion . An examination o f  the table o f  electrode potentials (see 
p. 67 ),  shows how a metal lower in the table corrodes to pro tec t a higher metal. 
This m eans tha t gold, silver, platinum, etc. will invariably be protected at the ex
pense o f  lower metals, that iron will sacrifice itself to  protect copper and that zinc 
and alum inium  will be sacrificed to protect iron.

The problem  can be complex when more than two metals are involved. Users 
are referred to  Galvanic Protection, Z inc Coating and the section Corrosion 
Protection  in this book for further information.

Salt-mist/Salt-spray Testing
A destructive inspection technique which is applied generally to  surface protection 
coatings bu t can be used on com ponents themselves.

The technique is that the cleaned com ponent is placed in an atmosphere o f  salt 
droplets. There are a number o f  specifications covering the type o f  salt used, the 
drople t size and whether or not this is continuous or cyclic. However, it is essential 
tha t the salt droplets are given the opportunity  to  contact the surface being tested. 
This means tha t the surface must not become soaked with the solution, thus pre
venting fresh droplets attacking the surface.

The m ost generally used technique is based on the American Society o f  Testing
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and Materials (ASTM) Specification which calls for a solution o f  5 per cent chem i
cally pure sodium chloride at a temperature o f  30°c. This is a continuously  
atomized salt mist where the solution is run to drain continuously and is only used 
once. Hence, the design of the atomizer must ensure that a constant fog is in exis
tence, but that the surface o f  the components is constantly draining and the fresh 
droplets are available to continue any attack. Depending on the material being 
tested, the specification will quote the number o f  hours which it must w ithstand  
without obvious corrosion.

Other Salt-spray tests use the technique o f  spraying the com ponents at intervals 
and inspecting the com ponent each time it is sprayed. This can be after 4 h ,  12 h or 
24 h. Between inspections the components are held in a closed container with 
controlled humidity. Other test specifications vary the chemical used, the tem pera
ture and the cycles. These tests can be more severe than the continuous Salt test 
but can be open to considerably greater variations.

The purpose o f  the Salt-mist test is to compare various types o f  finishes or 
materials and their ability to withstand controlled corrosion. It is possible to  use 
this test to monitor and control electroplating, painting , galvanizing, etc. for 
com ponents which during service will never be submitted to  this type o f  a tm os
phere or condition. The test, therefore, shows a weakness in the specified finish, 
and while statements can be made regarding the comparisons o f  hours in the salt 
mist and years o f  service life, these will always be open to considerable variations 
depending on the type o f  service for which the components are used. There is, 
however, no doubt that the test is an extremely useful tool in the hands o f  quality- 
and-inspection personnel to ensure that the standard o f  metal finishing is satis
factory. This can best be achieved by specifying the type o f  salt mist to  which the 
com ponents will be subjected and the minimum time they must successfully 
withstand w ithout evidence o f  visible corrosion.

For ‘passivated* Zinc plate and paint, a time o f  144 h continuous salt mist w ith 
out obvious corrosion is now becoming standard for high-integrity com ponents , 
although lesser times will often be accepted for components o f  a less high integrity. 
A time o f  less than 48 h will not normally be specified.

This test is unique in ascertaining weaknesses in metal finishing but should not 
be used w ithout simultaneously measuring other parameters, such as thickness and 
adhesion o f  the coating, and the ability o f  the coating to withstand o ther para
meters such as light-fastness, etc.

It should be appreciated that high-standard coating which has poor adhesion to 
the base material can successfully withstand continuous Salt-mist testing for con 
siderable periods, provided the coating is not broken. However, if the coating has 
poor adhesion, it is likely that in service it will become damaged, resulting in 
corrosion. It is not advisable that the Salt-mist or Salt-spray test should be used as 
an inspection method to pass or fail a specific batch of  components. It is a quality- 
control technique which should be used to continuously m onitor the corrosion 
protection  system, and should thus show any trend to lose control before this

333



S A N D  B L A S T I N G

results in components being seen to be faulty. The cass test is a specific type o f  
Salt-mist test described under its own heading.

Sand Blasting
A term which is still com monly applied to  the blasting o f  metals with various forms 
of  grit. In practice, the use under indoor conditions o f  sand or any silica-bearing 
material is forbidden in most countries. Sand blasting was com monly applied at 
one time as this is a readily obtainable cheap material which can successfully blast 
scale and give a satisfactory controlled surface finish. U nfortunately, the health 
hazard to  the operator is not acceptable and, thus, the use o f  sand for blasting is 
now illegal. The various forms are described in the section Blasting.

'Sand Ford' Process
A proprietary form o f sulphuric acid anodizing , applied only to aluminium, which 
has organic additions to the solution. This process has all the attributes o f  
anodizing. Further information can be obtained from the Sand Ford Process Co. 
Inc., USA. Anodizing  technique is described under that heading in this book.

Sandberg Treatment
A heat-treatment process which can be applied only to steel, either alloy or plain 
carbon, where the carbon con ten t is at least 0.2 per cent.

The parts to be treated are taken to above the critical tem perature necessary for 
all the carbides to be taken into solution. They are then removed from the furnace 
and cooled either by spraying with air, oil or water, or in some circumstances 
steam for sufficient time and under controlled conditions, to result in the trans
formation to martensite. The quenching is then stopped and the parts allowed to 
cool to room temperature, giving a form o f  tempering.

It will, thus, be seen tha t this technique is similar to austempering or martem- 
pering and will have the same drawbacks and advantages as these two processes, 
both o f  which are discussed in the section Heat Treatment.

Sanding
A term commonly applied in metal finishing where a surface finish is obtained 
using hand-held emery papers or cloth. This produces a directional type of finish 
which will have a variable surface finish, depending on the operator and the type 
and standard o f  grit used. It is in essence a form o f polishing , but with flat com po
nents can be used for deburring. Some blasting m ethods, in particular vapour 
blasting, can be used to  give a comparable type o f  finish.

Sankey Test
A mechanical bending test normally applied only to steel where a test piece is 
produced 0.75 in (18 mm) in diameter and 4 in (1 cm) long. One end, approx. 2 in 
(0.5 cm) in length, is firmly clamped in a vice and using a special a ttachm ent the
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free end is bent through approximately 45 degrees, and this bend is then repeated 
giving a total bend of  approx. 90 degrees. The mechanism is such that the operation 
is controlled in the degree o f  bending and counts the number o f  bends obtained 
prior to cracking or failure.

This then, is a form o f  bend testing , where the angle o f  bending is specified 
and the specification will require to  state the number o f  bends perm itted prior to 
fracture. It is a destructive test which is aimed at indicating the ductility o f  the 
material. Further information on bend testing will be found in the sections 
Mechanical Testing and Ductility.

Satin Finish
The name given to a surface finish which can be achieved by several methods. 
Satin finish, in essence, is a matt finish o f  a non-directional type, but may have 
evidence o f  circular finish which is non-uniform, having circles o f  a relatively small 
radius. It can be used on any metal and is generally for decorative purposes.

It can be achieved by hand -polishing, when different patterns can be produced, 
but more often by jigged mechanical-pỡ/w/ỉ/>ỉ£. With modern equipment, it is often 
produced by vapour or dry blasting with a very fine grit.

All o f  these finishes may be the final surface on the com ponent, and this will 
often  be the case when the material used is non-corrosive, such as a silver, stainless 
steel or nickel silver. Where Satin finish is used on normal steel, the com ponents  are 
generally plated. Chromium plating carried out directly on to the prepared finish 
gives an attractive appearance quite difference to the high sheen, blue finish nor
mally associated with this process. Other deposits such as nickel or zinc can also 
be applied.

It is now possible to electrodeposit material, particularly nickel, which will 
give this type o f  finish. This is achieved by codeposition o f  non-metallic particles 
together with the nickel metal, and is termed satin nickel plating. It is also possible 
to produce a Satin finish with modern paints.

'Satin Kote' Treatment
A proprietary sealing solution which is applied to satin nickel plated  com ponents 
when no further plating or lacquering is to be applied. The procedure is that the 
plated components, immediately after washing and drying, are immersed in the 
solution for a few seconds at room temperature. On removal, they are allowed to 
drain and will dry at normal room temperatures. Further information on this 
process can be obtained from w. Canning Ltd.

'Satin Nickel' Plating
A proprietary decorative finish, using the normal dull nickel plating  solution to 
which is added material in a slurry form. The plating is then carried out under the 
same conditions as for the conventional process. This is one m ethod of  achieving 
the satin fin ish , discussed under that heading in this book. Further information on 
solutions can be obtained from w. Canning Ltd.
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Satylite Nickel Plating
A dull nickel deposit achieved by the addition o f  specially formulated solids suspen
ded in the nickel plating solution.

The con tro l o f  these solutions can be difficult as the solids are required to 
remain in suspension and must have specific properties allowing them  to  be co
deposited with the nickel. Extraneous solids must therefore be kept o u t  o f  the 
plating solution. This is one m ethod o f  producing a satin finish. Alternative methods 
are by blasting, barrelling, etching  or mechanical polishing.

Sawdust Drying
A form o f  drying  which can be applied to  any material. It has been com m only 
used following electroplating or some process where com ponents are cleaned using 
aqueous cleaners, or where some o ther washing was involved. Unless waste is com
pletely removed and the parts completely dried, then with steel com ponents  
corrosion will almost invariably result.

The technique is that the com ponents  are immersed in warm sawdust. Some 
satisfactory drying is obtained with sawdust at room temperature, provided it is 
rejected before it becomes too damp. It is, however, advisable that the sawdust is 
heated. This has the dual advantage that the components themselves are warmed 
and are easier to dry, the moisture is constantly driven off the sawdust and, thus, 
there is less danger that this will become a source o f  corrosion.

Provided the articles being dried are simple in shape and have no holes, then 
Sawdust drying is an efficient m ethod , and there will be stain-free results which is 
im portan t in areas where hard water is used. Drying stains are caused by the 
deposits in solution in the water being left on the surface o f  the com ponents  when 
normal air drying is used. The slight scouring obtained with the Sawdust m ethod 
generally removes this small am ount o f  deposit.

Sawdust drying must not be used with engineering components where oil holes 
are present, or where the com ponent has drilled holes o f  any type which have 
reasonably tight tolerances. The sawdust will invariably result in these holes being 
filled or contam inated  and there is a history o f  failure caused by oil holes being 
restricted or blocked by the sawdust used during drying.

Alternative methods o f  drying use hot oil or ho t air, bo th  o f  which have dis
advantages. There are now available water-repellent liquids which will efficiently 
remove all traces o f  moisture from the surfaces. These liquids, however, are expen
sive. A nother form o f drying is the ‘trisec’ process, which Uses a standard vapour 
degreaser with modifications. The different techniques for moisture removal are 
discussed in the section Cleaning.

Schnadt Test
A form  o f  impact testing , using a notched specimen; it is very similar to  the charpy 
test, which is described in the section Mechanical Testing.
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'Schoop Process'
A proprietary form o f metal-spraying.

With this, the metal can be premelted and the molten metal is then fed in to  a 
high-velocity flame, where it picks up the necessary energy and retains the 
necessary heat to  arrive at the com ponent being sprayed in a molten state at high 
velocity. The process has now been replaced by more conventional forms o f  metal- 
spraying, which are discussed under that heading in this book.

'Schori Process'
A proprietary form o f  metal-spraying.

With this, the metal in the form o f  a powder is fed into the flame, where it 
picks up velocity and temperature and is then impacted on to the surface being 
coated. This type o f  metal spraying is sometimes called the ‘Powder process’.

Scleroscope Hardness Test
This test uses the rebound principle, and is described in the section Hardness 
Testing.

Scouring
A m ethod o f  cleaning or surface treatm ent which can be applied to all metals. 
Normally, it is used in plating shops or, on occasion, as a preparation prior to  
painting. It can, however, be employed as a m ethod o f  achieving an attractive 
surface finish.

For cleaning, an abrasive material, generally fine silica sand or pumice powder, 
is used on a moistened cloth, and the surface is abraded or scoured to  remove 
adherent dirt and often  adherent oxide.

In plating  and painting preparation, this technique has the considerable dis
advantage that the material used for Scouring is itself highly undesirable if  left 
on the surface. There is a considerable history to show that Scouring can in itself 
be a source o f  contam ination and it should not be used where o ther cleaning 
m ethods are available. With modern chemicals and techniques, it is generally 
possible to  achieve a more efficient standard of cleanness at much lower cost than 
with the present labour-intensive m ethod.

Where it is decided that scouring is essential, there are now available powders 
which have abrasiveness comparable with the old-fashioned silica-type materials, 
but which are themselves soluble in water and, thus, can be more readily removed 
at the subsequent sm iling  and processing. Users are referred to the section Cleaning 
for general inform ation on soil removal.

This process, when used to produce an attractive surface finish, has limited appli
cations in the domestic market and to  some extent in the jewellery trade. With 
this, carefully controlled grits are used to produce an attractive pattern  on  the 
surface o f  the material. This can be achieved manually by skilful use o f  abrasive- 
loaded cloths or, where sufficient quantities are involved, the abrasives can be fed
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to  rotating pads and the jigged com ponents held against the pads to  produce the 
desired pattern. The parts are then washed and, if  necessary, passed to  subsequent 
processing.

Scragging
A procedure used in the manufacture o f  helical-type compression springs. It is a 
process o f  compressing to  achieve reduction in overall length.

The process is tha t the spring, when initially formed, is made longer than the 
design requirements. By applying the necessary compression load, the length o f  the 
spring is reduced and at the same time compressive stresses are applied to  the 
surfaces o f  the spring.

Sho t peening o f  the springs will also result in some increase in tensile strength, 
but Scragging, in addition, results in stability. Consequently, m any  high-duty 
springs are shot peened  to improve fatigue strength, and then Scragged to ensure 
stability.

Scratch Brushing
A form o f  polishing, using a brush with wire bristles.

Modern Scratch brushing is generally carried ou t using hard-drawn stainless- 
steel wire brushes. The technique uses the revolving wire brush at high speed and 
applies light pressure to  the com ponent. The procedure is com m only  applied to 
remove light scale and surface blemishes prior to  painting  or plating. In addition, it 
can be used to produce an attractive type o f  semi-matt finish. For this, considerable 
skill is required.

For scale removal, blasting or pickling  will generally be more economical and 
convenient. Where an attractive finish is required, o ther techniques such as etching, 
scouring, vapour blasting or glass-bead blasting should be considered.

Scratch Test
A form o f hardness testing  no t unlike the Mohs system, described in tha t section 
in this book.

Sealing
A term commonly applied to  any metal process having a subsequent trea tm ent 
capable o f  affecting this previous process in order to  give increased corrosion resis
tance. This applies, in particular, to anodizing, phosphating, zinc and cadmium  
plating.

In the case o f  anodizing, it is now  known that the oxide film form ed is in the 
shape o f  hollow tubes vertical to  the surface. These are extremely short, and the 
shape and size o f  the tubes to  some ex ten t gives the character o f  the anodic film. 
They are extremely adherent to  the base material and, in affect, act like blotting 
paper or a mordant. They can absorb liquid into themselves, and when this ab
sorption is complete, they are said to  be ‘sealed’. In the case o f  normal anodizing,
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this sealing is achieved by immersion in boiling water. The actual chemistry o f  the 
reaction is complex, with the adherent oxide increasing corrosion resistance.

It is this same effect which allows the freshly anodized surface to  absorb a dye, 
which then permanently colours the surface, and again this is sealed with boiling 
water. This colour anodizing o f  aluminium can only be removed by mechanical 
action.

Other methods o f  sealing anodized  surfaces include chromating , which would 
appear to result in the absorption o f  some chromate into the anodized film to give 
increased corrosion resistance. Oils, greases and sodium silicate are also used under 
specific circumstances.

The terms Sealing and Sealing process are also used when zinc or cadmium has 
been 'passivated ' using the chromate process.

Seam Welding
A form o f  resistance welding.

Seasoning
The term used when components, generally cast iron but also other materials, are 
stored in outdoor conditions. This is a form o f  low-temperature stress-releasing 
which can achieve some stability if  the storage time is over a long period, and parti
cularly if  during this period there is considerable variation in temperature. To give 
efficient sữess-releasing, tem perature variations should be as great as possible.

There is no doubt whatever tha t heating at a temperature as low as 100°c for 
periods as short as 2 h  will give be tte r  stress-releasing than with the Seasoning 
process for long periods o f  time. If  the former m ethod is carried out above 200°c , 
the results achieved will be very much better than long-term Seasoning at ambient 
temperature, and Seasoning which is followed by normalizing is, thus, a complete 
waste o f  time.

The term weathering is synonomous with this process; see also sỪess-releasing, 
in the section Heat Treatment.

Secondary Harden
A heat treatment operation which occurs on a limited number o f  alloy steels. 

Selective Annealing
A term used when local areas o f  com ponents are softened for any reason; it is 
described in the section Heat Treatment.

Selective Carburizing
A term  used when only selected surface areas are hardened using carburizing. 
It is described, with alternatives, in the section Heat Treatment.
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Selective Hardening
A m ethod achieving local hardening o f  components, leaving adjacent areas soft. 
The techniques used are described under this heading in the section Heat 
Treatment.

Selenious Acid Treatment
A form o f  salvage, where magnesium com ponents have their protective paint film 
damaged.

The technique is that the area is thoroughly cleaned, ensuring that all loose paint 
is completely removed and that the magensium metal is chemically clean. This is 
then treated with a dilute solution o f  selenious acid. This results in a reddish colour 
forming, and when this colour has stabilized, that is, the metal shows an even dark 
red colour visible to  the eye, it must be washed with water, thoroughly dried and 
treated with the paint system as soon as possible to prevent atmospheric attack. 
Normally this will be a heat-cured epoxy or phenolic type o f  paint system. This 
salvage treatment is an alternative to the chromate treatm ent which in general can 
be applied only to the whole article.

Self-annealing
A technique o f  softening  steel, discussed in the section Heat Treatment. 

Self-hardening
An alternative term  for air hardening, described in the section Heat Treatment. 

Sendzimir Process
A process applied only to  mild-steel strip-type components.

With this, the cleaned com ponents are first passed through a h o t  oxidizing 
atmosphere to  produce a light oxide film, and then immediately heated  for a short 
period, approx. 2 m in  at approx. 8 0 0 ° c  in cracked ammonia, when the recently 
produced oxide layer is reduced. A slight amount o f  niưiding  will occur but this 
will be o f  an extremely low order.

The components are then immediately hot-dip galvanized. Because o f  this prior 
treatm ent, a much heavier zinc coating is obtained than is possible with normal 
galvanizing. As the ability o f  the la tter to  withstand corrosion is directly p ropor
tional to  the thickness o f  the zinc layer, it will be seen that this process can produce 
high-quality galvanizing. However, it is not commonly used because o f  its expense, 
and components with a comparable or better corrosion resistance can be obtained 
by a normal carefully controlled process o f  galvanizing, with the resultant surface 
being subsequently chromate treated and then painted with a compatible paint 
system.

Sensitising
A relatively non-specific term used to cover a range o f  metal processes. In some
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cases, this could be as simple as a cleaning operation which removes the contam i
nant preventing a reaction occurring, thus improving the sensitive nature o f  the 
surface to be treated. In other instances the term is used as an alternative for 
etching where the metal surface is cleaned and the oxide removed, producing a 
surface which will react.

Most commonly however, the term sensitising is used as part o f  the electroless 
plating procedure on plastics or non-metallic surfaces. One o f  the stages in this 
process involves the activation or etching o f  the surface and this is then followed 
by a chemical reaction with an unstable solution whereby a very thin film o f a 
metal or metallic com pound is deposited. This stage o f  the process is commonly 
referred to as sensitising.

Because o f  the non-specific nature o f  the term the reader is advised to  obtain 
technical advice on the particular case in question before assuming that a specific 
meaning is implied.

'Sermetel'
A proprietary process in which aluminium and other powders are added to a heat 
resistant inorganic binder as filler material.

The process produces a corrosion and oxidation protection film and can be 
applied to any metal. This is in essence a paint film which is applied to  a blast 
roughened surface by any conventional painting technique. The thickness is approx
imately 0.004 in (0.1 mm) per coat and after air drying the coating is cured at 
approximately 650°c .

It is claimed that the correctly applied and cured coating has corrosion and 
heat resistant properties comparable to that o f  electroless nickel and can be applied 
under less stringent conditions, giving greater flexibility. Further information can 
be obtained from the Sermetel Division o f  Teleflex Incorporated.

'Sermetriding'
A diffusion technique used on steel com ponents to improve their wear and abrasion 
resistance. Some corrosion resistance is also claimed for this process.

The technique uses conventional paint spraying equipment to apply the coating 
which is then heated to  approximately 600-650°C. At this temperature the coating 
diffuses into the steel giving a layer between 0.001 and 0.005 in (0.025-0.1 mm) 
thick. The coating is an iron chromium aluminium nitride complex.

The technique is thus comparable with phosphating, 4s u l p h i n u z and ‘tu ff  
triding \  Less technical information and experience is available concerning 
‘Sermetriding’ and the reader is advised to  carry out some testing and evaluation. 
Further information on the technique and characteristics can be obtained from 
Sermetel Division o f  Teleflex Incorporated.

Servarizing Process
A variation o f  the aluminizing process and is confined to  mild-steel components.
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The com ponen ts  are first cadmium plated and, after washing and drying, are then 
d ipped in m olten  aluminium. This two-stage process appears to  give b e t te r  adhesion 
o f  the aluminium, b u t . i s  expensive and is little used at present. Furtherm ore , 
increased use is unlikely with the rising cost o f  cadmium plating , and the health 
hazards associated with cadmium and its compounds.

Shallow  Hardening
An alternative term for case hardening. Like many terms used in processing, it can 
have a specific meaning in local areas, and care should be taken in the interpreta tion.

Shape-strength Test
The nam e which is given under some circumstances to  the fatigue test carried ou t 
on actual com ponents . It is now realized that testing o f  prepared specimens is o f  
lim ited  application and tha t only the application o f  stresses, to  simulate operating 
conditions, to  the actual com ponent will result in meaningful figures regarding 
fatigue strength. The Shape-strength test is, therefore, used for fatigue testing 
either o f  actual com ponents, or mockup com ponents which have the relevant 
shapes m anufactured  and tested. The fatigue  test is described in the section 
Mechanical Testing.

Shell Moulding
A form  o f  casting, and as such not a metal treatment. Briefly, a pa tte rn , usually in 
m etal,  is sprayed with mixture, usually a fine silica sand with a resin binder. This is 
the ‘shell’ which when hardened is removed and becomes the mould for castings. 
This fine shell is generally supported mechanically or in sand. With this technique, 
castings o f  very fine tolerance and intricate detail can be obtained. It is comparable 
to  the  lost wax process, and these techniques for producing close-tolerance in tri
cate shapes should be considered by designers as alternatives to conventional 
m achining and forging when the correct mechanical properties are obtainable.

'Shepherd Process'
A proprie tary  form o f  sulphuric anodizing, applied only to  aluminium, using 
electro ly tic  sulphuric acid with glycerine or glycol as an additive.

Shepherd Test
A ‘hardenab ili ty ’ test applied to  steels o f  the medium- or high-carbon type. I t  is 
n o t  generally applicable to  alloy hardening steels but modifications o f  this test 
can be used.

The technique is that a standard machined test bar in the material to  be tested, 
generally approx. 6 in (1.5 cm) long and 0.75 in (20 mm) in diameter, is prepared. 
The actual dimensions o f  the test piece are not critical, provided they are repro
duced w ith  succeeding tests. The test piece is heated to the correct tem perature 
for the material specification and is then quenched. The method o f  quenching
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must be tightly controlled and exactly reproducible. For this reason, use is n o r 
mally made o f  spray quenching and often brine is used as the quenching medium.

On completion o f  the cooling cycle, the test specimen is sectioned and exam ined 
metallurgically, if  desired with a hardness survey also being Carried out. The ex ten t 
o f  the hardening, the type of  structure obtained and the hardness figures are all 
used to indicate the ‘hardenability’ o f  the material being tested. Usually, one or 
more o f  these parameters will be specified.

This test is in many ways similar to other ‘hardenabiỉity’ tests, such as the 
McQuaid-Ehn test. A simple technique supplying less detailed inform ation, is to 
quench a wedge shape o f  the steel being tested and carry out a hardness survey 
along the surface o f  the wedge. Provided all parameters are controlled, this simple 
test can supply sufficient information to the heat treater to indicate serious d iffer
ences from other batches o f  the same material.

Sherardizing
A form o f  corrosion protection  which is applied only to steel com ponents  and, in 
general, to  mild- and low-alloy steel parts.

The process is basically the deposition o f  zinc and zinc oxide on the surface. It 
makes use o f  finely powdered zinc with zinc oxide and the com ponents are packed 
in this pow der and heated to 350°C-450°C  for periods which will vary depending 
on the thickness o f  the coating required.

On com pletion o f  the process, the com ponents are removed and under some 
circumstances may be lightly wire-brushed. They can, however, be merely riddled 
to  separate the com ponents from the zinc powder.

With this process, a coating o f  zinc and zinc oxide is obtained m uch thicker 
than  can be obtained by conventional electroplating. The coating can, in fact, be 
com pared in thickness to the hot-dip galvanizing process and has the advantage 
tha t no tears are formed, thus threads do no t tend to become blocked with the 
solidifying zinc. Sherardizing faithfully follows the contours o f  the com ponen t 
being treated and, provided the correct conditions are used, the resultant deposit, 
regarding corrosion resistance, is comparable to  both  electrolytic  and hot-dip  
galvanizing for the same thickness o f  zinc. In general, Sherardizing will no t be used 
for thin coatings, as electrolytic zinc will usually be more economical, and  will 
give equal i f  not better corrosion protection. Sherardizing is a valuable process 
where studs, bolts and nuts and similar types o f  com ponent, particularly threaded 
com ponents , are required for ou tdoor use. When using hot-dip galvanizing, i t  is 
essential that threads are subsequently reformed and, apart from the considerable 
expense o f  this operation, there is some danger tha t the machining operation will 
locally remove the galvanized coating, thus allowing corrosion to  occur.

Shielded A rc Welding
A rather general term which can cause confusion. When an inert gas such as argon 
or helium is used, the process is termed inert-gas shielded metal arc welding.
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This also takes in the terms MIG  and TIG. When o ther materials such as carbon 
dioxide, nitrogen and even certain fluxes, which produce large volumes o f  a b lan
keting gas are used, the process is sometimes also term ed Shielded Arc welding. 
This general term, then, should obviously be trea ted  with caution and further 
information obtained.

Shimer Process
A form o f  case hardening and a modification o f  the  cyanide hardening  process, 
applied only to mild steel and low-carbon alloy steels o f  a certain type.

With this, the com ponents are hardened from  the conventional type o f  salt 
bath which has been modified by the addition o f  calcium cyanamide. This in
creases the speed o f  penetration o f  the carbon and nitrogen and, thus, either gives 
the same depth in less time than conventional cyanide hardening, or results in a 
thicker case depth for the same time. Further details o f  the advantages and dis
advantages o f  the cyanide process are given in the section Heat Treatment.

With the Shimer process, there is a greater tendency  to produce a sharp dem ar
cation between the case and the core, and thus where bending stresses or high 
loading is involved, there will always be some danger o f  exfoliation o f  the case. 
High-duty com ponents, therefore, should not make use o f  this process.

Shock Test
This term is used to  cover a num ber o f  highly specific tests, and has been used to 
cover impact testing , which is a form o f  Shock test where a well-defined notch 
is cut in the test specimen. (This form o f  testing is discussed in more detail in the 
section Mechanical Testing.) More generally, however, the term refers to those 
tests where impact, or shock, is involved. There are also a number o f  Shock tests 
which are applied to assemblies and designed to  ensure that any im pact shock such 
as might be expected in service will no t result in a failure. Electronic and electrical 
assemblies are tested to  a considerable ex ten t using this technique. This is som e
times know n as bum p testing. The test can vary from  a single shock application by 
hammer or by dropping, to  repeated variable cycles o f  shock or bum ps applied at 
different angles from different heights. In general this type o f  Shock testing will be 
an individual specification, written for a specific com ponent. An a t tem p t should be 
made, however, to ascertain whether similar testing has been specified for similar 
assemblies. A series o f  British Standards applying to  electronic assemblies a ttem pt 
to  standardize certain Shock tests.

Shore Hardness
A hardness testing technique, using the ‘rebound’ principle.

Short-cycle Annealing
This term was applied at one time to  any form o f  annealing which did not involve 
the complete cycle o f  loading, heating, holding at temperature and cooling inside
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the furnace. The modern technique o f  loading into warm or ho t furnaces and 
controlling the cooling in sand or some other medium has now replaced this very 
slow technique, and the term is no longer used. The different forms o f  annealing 
and information on other trea tm ents  is given in the section Heat Treatment.

'Shorter Process'
A proprietary induction hardening trea tm ent, details o f  which are given in the 
section Heat Treatment.

Shot Blasting
A general term applied to  the technique o f  blasting where shot is used, described 
under that section in this book.

Shot Peening
A controlled type o f  blasting used to improve the fatigue strength o f  components 
by peering, thus compressing the surface layer (see the section Blasting).

Shrink Fitting
An assembly technique where one com ponent is reduced in temperature in order 
to  cause it to  contract and this is then fitted into the female com ponent. Shrink 
fitting is also applied where the  female com ponent is expanded by heating, and 
o f  course, where one o f  the com ponents  is heated and the o ther cooled.

Shrink fitting can make use o f  a normal refrigerator or deep-freeze unit but more 
commonly uses liquid air or liquid nitrogen at temperatures o f  — 190°c and —195°c 
respectively. Some care is necessary in that as the com ponent is removed from the 
refrigerator into air, any m oisture in the atmosphere will immediately condense on 
the cold surface. This moisture will then be trapped in the subsequent assembly. 
Under many circumstances, this will result in no  problems and can, in fact, be an 
advantage in causing corrosion to  increase the seizure effect o f  the components 
involved. There may, o f  course, be circumstances when this effect is undesirable. 
When the female com ponent is heated , the most com m on m ethod is probably the 
use o f  a vapour degreaser at a tem perature o f  86°c . This, in addition to  heating 
the com ponent, will very efficiently remove all grease and oil and, thus, adds to 
the effects o f  any corrosion. The use o f  hot oil is relatively com m on but must be 
approached with some care as it immediately becomes a thick grease or wax when 
con tac t is made with the cold male com ponent, i f  this is taken to a low temperature.

It must be appreciated that, unless the design engineer takes considerable care, 
it is possible to build in considerable stresses with the shrink fitting technique. 
The following coefficient o f  linear expansion figures are listed for the convenience 
o f  the user. This means that for every inch o f  the com ponen t’s diameter or length, 
there will be increase or decrease in size by this figure in inches for each degree of 
temperature over the range o f  room  to approx. 250°c . While this might not appear 
to  be appreciable when the difference between liquid nitrogen and hot oil at 15 0°c
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is taken into consideration, the stresses involved on components o f  10 in and above 
can be considerable:

Aluminium alloys 20-24 X 10
Cadmium 30 X 10-6
Chromium 6.5 X 10-6
Cobalt alloys 12.5 X 10-*
Copper alloys 16-20 X 10
Gold 14.5 X 10-6
Iron and steel 10-16 X 10
Lead 29 X 10-6
Magnesium 26 X 10-6
Mercury 61 X 10-6
Nickel 13 X 10-6
Platinum 9 X 10-6
Rhodium 8.5 X 10"6
Silver 19.5 X 10-6
Steel 10-16 X 10
Tin 24 X 10-6
Titanium 9 X KT6
Tungsten 4.5 X 10-6
Zinc 31 X 1CT6

Shrink fitting can be an economical and technical alternative to  soldering and 
brazing, or mechanical fixing. Where the components are pressed out during 
servicing or overhaul, one or other must be replaced, or some m ethod o f  glueing or 
fixing used on reassembly as the interference fit will have been destroyed.

Sieve Test
A test to evaluate particle size. Almost all blasting requires that the size o f  the grit 
particles is controlled. The particles used to manufacture grinding wheels and 
polishing equipment must also be controlled, together with the grit used for m any 
other purposes, including fillers, cem ent, etc.

The m ethod is that the sample being tested is placed in a sieve which is shaken: 
the am ount o f  material retained on this sieve, and the amount passing through, will 
give an indication o f  the grit size. It is seldom that a single sieving will give the 
necessary information, in general particle sizes will be specified as lying between 
tw o limits. To carry out the test, it is necessary to shake the grit on two sieves: 
the material collected on the coarser sieves is rejected, and the material which 
passes through the finer sieve is also rejected. This means that the material will 
contain neither smaller, nor coarser, particles than specified. The test, therefore, 
should result in no grit particles whatever being retained on the coarse sieve and no 
particles able to  pass through the finer sieve. It is sometimes possible tha t more de
tailed information is necessary and a series o f  sieves will then be used and the
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percentage o f  grit collected on each measured.
The test itself requires some skill and the equipment must be well maintained. 

The amount o f  shaking, the direction o f  shaking and amplitude are controlled for 
certain tests, and some effort must be made to  ensure that repeated tests are carried 
out in a similar manner.

The grids are manufactured with wire woven mesh and it is obviously im portant 
to ensure that they remain undamaged, otherwise the pattern  o f  holes will be dis
turbed. If the wires are pushed apart, for instance, larger particles will pass through 
than the standard mesh indicates. U nfortunately, a num ber o f  methods are used to 
define mesh size. The following table lists the more com m on methods o f  identi
fying sieve sizes together with particle sizes.

Comparative Sieve Sizes in Order o f  Decreasing Opening Size.
Sieve Opening ASTM

Sieve Designation T y l e r  equivalent British
designation Standard

Standard Alternative mesh number mesh number

mm in mm in

107.6 4.24 107.6 4.24
101.6 4 00 101.6 4
90.5 3.5 90.5
76.1 3.00 76.1 3
64.0 2.50 64.0 2j
53 8 2.12 53.8 %
50.8 2.00 50.8 2
54.3 1.75 45.3 H
38.1 1.50 38 1 H
32.0 1.25 32.0 H
26.9 1.06 26.9 1.06 1.050 in
25.4 1.00 25.4 1
22.6 0.875 22.6 28 0.883 in
19.0 0.750 19.0 34 0.742 in
16.0 0.625 16.0 i8 0.624 in
13.5 0.530 13.5 0.530 0.525 in
12.7 0.500 12.7 22
11.2 0.438 11.2 216 0.441 in

9.51 0.375 9.51 38 0.371 in
8.00 0.312 8.00 Ĩ  

1 6 2ị
6.73 0.265 6.73 0.265 3
6.35 0.250 6.35 4
5.66 0.223 5.66 No 31
5.60 0.221
4.76 0.187 4.76 No 4 4
4.00 0.157 4.00 5 5
3.36 0.132 3.36 6 6
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m m  inches m m  inches

3.35 0.132 5
2.83 0.111 2.83 7 7
2.80 0 .110 6
2.38 0.0937 2.38 8 8
2.35 0.0925 7
2.00 0.0787 2.00  10 9 8
1.70 0.0669 10
1.68 0.0661 1.68 12 10
1.41 0.0555 1.41 14 12
1.40 0.0551 12
1.19 0.0469 1.19 16 14
1.18 0.0465 14
1.00 0.0394 1.00 18 16 16

microns inches microns
1000 0 .0394 1000 No 18 16 16

850 0.0335 18
841 0.0331 841 No 20 20
710 0.0280 22
707 0.0278 707 25 24
600 0.0236 25
595 0.0234 595 30 28
500 0.0197 500 35 32 30
415 0.0167 36
4 2 0 0.0165 4 2 0 40 35
355 0.0140 44
354 0.0139 354 45 42
300 0.0118 52
297 0.0117 297 50 48
250 0.0089 2 50 60 60 60
212 0.0083 72
210 0.0083 2 10 70 65
180 0.0071 85
177 0.0070 177 80 80
150 0.0059 100
149 0.0059 149 100 100
125 0.0049 125 120 115 120
106 0.0042 150
105 0.0041 105 140 150
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Sieve Opening ASTM  Tyler equivalent British
Sieve Designation designation Standard

Standard Alternative mesh num ber mesh num ber
microns inches microns

90 0.0035 170
88 0.0035 88 170 170
75 0 .0030 200
74 0 .0029 74 200 200
63 0.0025 63 230 250 240
53 0.0021 53 270 270 300
45 0.0018 350
44 0.0017 44 325 325
37 0.0015 37 4 0 0 400 400
25 0.001 600
20 0.00075 800

Siliconizing
A treatm ent applied to  steel and sometimes to  cast iron. It is analogous in m any 
ways to carburizing in tha t the steel to  be trea ted  is packed in a silicon carbide 
com pound, taken to  tem pera tu re  above 950°c. In an a tm osphere containing 
chlorine there will be reaction between the surface iron and the silicon in the 
com pound, resulting in the fo rm ation  o f  iron silicates able to diffuse into the core 
o f  the steel or iron being treated . The surface will achieve a silicon analysis o f  
approximately 15 per cen t,  and this will decrease tow ards the cen tre  where the 
normal silicon con ten t o f  the  steel, less than 0.5 per cen t ,  is present.

The purpose o f  siliconizing is to  produce a surface which has excellent corrosion 
resistance, particularly tow ards acid sulphates. This is similar to  certain  o f  the high- 
silicon cast irons, and  the process can indeed be applied to  cast iron, but it is gen
erally more economical to  produce com ponen ts  in high-silicon cast iron rather than 
cast irons which are subsequently  Siliconized. The surface will be brit tle  and hard , 
with properties inferior to  those achieved by carburizing regarding mechanical 
strength and ductility. The process is no t com m only  applied as it is now possible 
to design com ponents  using o the r  materials such as stainless steels, t i tan ium , etc., 
which have com parable properties  o f  corrosion resistance and  m uch be tte r  
ductility. The process is also know n as ihrigizing.

Silk-Screen Printing
A form o f printing, used com m only  to  print on paper and  some c lo th ; the same 
technique can be used for printing on metal.

Silk-screen printing uses a silk mesh or under some circumstances a finely 
woven wire mesh which is generally o f  stainless steel though o ther  metals can be 
used. The process is still called Silk-screen printing when o ther types o f  screen are 
used. In the first stage the necessary design in negative form  is applied to  fill the
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pores o f  the mesh. This can be done by hand, using the skill o f  an artist, bu t more 
commonly stencils which have the outline o f  the required design are used. The 
mesh is filled with some non-active material, such as wax, though other materials 
can also be used. In industrial silk screen printing probably the most com m on 
m ethod is to  produce the master silk screen by a photographic process; in this 
case it is the photographic emulsion which fills the pores o f  the mesh.

Where necessary the silk or wire mesh is dried at this stage to harden the material 
in the pores. To print, the silk screen, fitted to a frame, is brought into  con tact with 
the article being treated and by using a ‘squeegee’ paint o f  the required colour and 
type is spread across the silk screen. Where the pores of the mesh have not been 
filled the material, either ink or paint, will be forced through and the required 
pattern  will then appear on the article. Silk-screen printing is most com m only 
used to  produce the desired patterns directly. Whether or not the resultant design 
is used in its final stage will depend on the application. In industry Silk-screen 
printing is a relatively com m on m ethod  of  stopping-off a surface for further p ro
cessing. This can be for etching or in order to electroplate. Where Silk-screen 
printing is used for purely decorative work, multicoloured designs can be produced 
by the use o f  several silk screens each with the individual design for the colour 
required.

Silk-screen printing can, thus, be seen to  be a m ethod o f  producing a num ber o f  
identical designs. It is a very flexible process. In industry, and in the printing 
trade, Silk-screen printing has a com petitor in photographic processes, where 
master negatives can be made and used in a similar manner to the present process 
with less emphasis on individual artistic skill and the ability to reproduce the 
finished article much more rapidly.

Silver Ball Test
A m ethod of  assessing the efficiency o f  quenching oil.

Hardening o f  steel requires efficient cooling in oil and this process gives a means 
o f  measuring the cooling rate. The ball is made from pure silver and has a the rm o
couple at its centre. It is heated to  700°c and held at tha t temperature for five 
minutes before dropping into the oil being tested. The thermocouple automatically 
records the temperature o f  the silver ball on a chart, and the rate o f  cooling can 
thus be measured. Silver metal is used as there are no change points in the cooling 
range, while the metal has excellent heat conductivity and good oxidation 
resistance.

This test is more sophisticated and supplies more information than the nickel 
ball test but is essentially similar. An alternative m ethod to  either would be to 
quench standard steel test pieces in the test oils and then to  measure the hardness. 
The Silver ball test c a a  supply additional information regarding the shape o f  the 
cooling curve which may be useful where intricate com ponents are involved.
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Silver Plating
Silver is plated for decorative, electrical conductivity and anti-seizure purposes. See 
the section Electroplating.

Silver Soldering
A brazing operation, using copper alloys containing silver which have a lower 
melting point than the normal copper alloy filler materials.

Sintering
A production process and as such no t a metal treatm ent. Briefly, with Sintering, 
the metal is produced in a granular form and with certain processes use can be 
made o f  a mixture o f  metals. These will be blended and the granules are then com 
pressed to  form the shape o f  the article required. This can be extremely complex 
and gears o f  very intricate design are now manufactured by this process.

The com ponents removed from the press, known as the ‘green stage’, have very 
little mechanical strength and must be handled carefully to  prevent damage. They 
are then processed through a furnace generally with a controlled reducing atmos
phere where some fusion takes place. This fusion will not normally be o f  the metal 
itself but with mixed material may result in melting o f  one com ponent which then 
holds the other ingredients together. With simpler mixes or single metals, the 
heating is to below the melting point, but some softening will occur which allows 
the granules to adhere to  one another. The process will not result in components 
as strong as forging , but can be comparable to castings.

It is possible to achieve a designed and controlled porosity which can then be 
used to  absorb oil, thus giving a ‘self-lubricating’ bearing. The process can also be 
used to  blend metals and non-metals, for example, carbon or PTFE plastic can be 
mixed and sintered with metals to  give special purpose bearings. The user is advised 
to  obtain further information on this subject.

Skin Annealing
The term applied to the short-term softening  process on some nickel-chromium 
alloys, details appear under ‘Skin annealing’ in the section Heat Treatment.

Skin Pass
A final rolling operation which is applied to sheet metal or components produced 
from  sheet metal. On the production side, the Skin pass will be used to produce 
the  final surface finish and simultaneously achieve slightly improved mechanical 
properties. During manufacturing com ponents are sometimes given a final Skin pass 
through special rolls to remove slight visual defects or produce a specified finish. 
The material will undergo work hardening by the Skin pass bu t this will be to  a 
limited extent.
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Skip Weld
The form o f  welding where adjacent areas between welds are ‘skipped’ or missed 
out. While this technique can be applied to  any type o f  weld, in general it is 
confined to  lap and fillet welds. It is very seldom used with b u tt  welds. Because 
o f  the high local heating effect, and the large mass o f  adjacent cold metal, there will 
be a danger o f  brittleness or cracking with this technique. It is, therefore, im portan t 
tha t steel having high ‘hardenability’ is no t used. Skip welding will no t normally be 
used on quality components.

Smithing
The name given to  any form of working, ho t or cold, bu t generally ho t,  carried 
ou t by the blacksmith. Smithing can, therefore, cover the processes o f  forging, 
straightening and welding.

Snarl Test
A specific testing m ethod applied to  wire. By applying tension, the wire is looped 
and then straightened. This is repeated until failure occurs, and the num ber of 
times recorded. The test is designed to ascertain tha t the wire will withstand 
kinking in service. It is, then, a specialist form of bend testing  which does not 
require sophisticated equipment (see the section Mechanical Testing).

Snead Process
A heat treatment process which can be applied, in theory, to  any metal, but in 
practice, will normally be applied only to  steel com ponents where relatively high 
‘hardenability’ is involved.

The com ponent itself is made the resistance in an electrical circuit and an 
electrical current o f  a predetermined amperage and voltage is passed through with 
carefully designed connections for a specified time. Because o f  the com ponen t’s 
resistance to  the electrical current, heating will occur, and this can be high enough 
to  result in hardening when the com ponent is quenched on the removal o f  the 
heating source.

It will be obvious that only com ponents  o f  a relatively simple shape are suit
able for this type o f  hardening. Complicated shape will result in local excess heating 
occurring, while other areas with a higher volume will have a m uch lower resistance 
and, thus, will not heat to  the same extent. The technique is o f  limited application 
and has generally been replaced by conventional heat trea tm ents  or the induction  
hardening process.

Soaking
The term applied to  the holding o f  metals at temperature. The length of time for 
Soaking will vary for different materials. Chromium steels, for instance, are known 
to  be sluggish in their metallurgical reactions and, thus, require longer soaking 
periods than equivalent plain carbon steels.
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Sodium Hydride
A descaling method which can be applied to all metals. It uses a molten caustic 
soda in which metallic sodium is dissolved, and through this is bubbled hydrogen 
gas. This ho t liquid is strongly reducing in character and will not attack many 
metals, but the reducing action can be used to  remove surface oxide. It has been 
shown that the same technique will very successfully remove all evidence of  
occluded sand from the surface o f  castings and being a liquid process, internal 
passages can therefore be successfully cleaned. This would be difficult or impossible 
by conventional descaling or desanding techniques.

It will be obvious that the chemicals involved require specialist equipment and 
considerable care in the control, because o f  the hazards involved in handling hot 
caustic soda, molten sodium and hydrogen. The technique is that the components 
to  be treated are cleaned to a reasonable standard but not necessarily chemically 
clean. Cleaning is required more to  prevent contamination o f  the Sodium hydride 
chemicals rather than for technical reasons. The com ponents must then be 
thoroughly dried to prevent explosion when they enter the hot Sodium hydride 
liquid. The dried, and generally ho t,  metal is then immersed in the liquid and the 
necessary chemicals are added. Hydrogen gas is passed through the solution and 
there will be an obvious chemical reaction in the case o f  heavily scaled com po
nents. When this reaction has ceased, the descaling is completed. Provided the 
Sodium hydride chemicals are kept at the correct balance, no harm will come to 
metal, even aluminium, although immersed in a strong alkali solution, because of 
the strongly reducing nature o f  the chemicals. The com ponents are removed, 
drained and then quenched in water. This is generally the most spectacular part 
o f  the procedure.

While this technique can be used on titanium and its alloys, the time involved 
with this metal must be carefully controlled as hydrogen attacks titanium and can 
result in the formation of brittle hydrides.

This is probably the most sophisticated m ethod o f  descaling and, under many 
circumstances, it can be the most economical. Where com ponents have very ad
herent scale which must be removed for technical or economical reasons, or because 
o f  difficulty during machining, the present m ethod should be considered.

Soft Facing
A term covering the application of  a soft metal to a harder base material, generally 
steel.

The most common application is tha t o f  a bearing metal to steel, this may be 
bronze, or a white metal. The m ethod o f  application will usually be by metal- 
spraying or deposition o f  a layer o f  weld metal.

The term Soft facing is not specific and can be used to cover a range o f  treat
m ents, including the electrodeposition  o f  pure metals. In general, however, it is 
confined to weld deposition  or metal-spraying to differentiate these from the more 
com m on hard facing.
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Softening
A general term applied to any heat treatment process which is designed to  result 
in the material being in a softer condition on com pletion o f  the process. The 
specific, technical term is annealing. For further inform ation, reference should 
be made to  fu ll anneal subcritical anneal, spheriodal anneal tempering  and stress- 
releasing, all o f  which are discussed in the section Heat Treatment.

Solder Plating
The plating o f  the tin-lead alloy know n as solder. It is used to produce items which 
will be subsequently assembled by soldering. In printed-circuit manufacture Solder 
Plating is commonly used as the s to p -o ff to  prevent etching  o f  the copper, and 
remains on the board to  take part in the soldering during final assembly. See also 
electroplating.

Solderability Testing
An inspection or quality-control test, seldom applied on a batch-production, which 
is com monly applied to com ponents to  evaluate a desired degree o f  ‘solderability’.

Two basic tests are involved bo th  o f  which require careful control and some 
equipment. The first test is a m ethod  o f  heating the com ponents  or test piece to 
the desired temperature, usually 260°c for normal solder, and producing a blob of 
solder, either by dropping or placing or other means. Where com ponents  have 
already been soldered, this test will result in the solder melting on the com ponent 
surface.

A visual examination is then made o f  the solidified blob. Special atten tion  is 
paid to  the angle o f  the meniscus, and where previous solder is being melted, the 
examination is made for any evidence o f  ‘dewetting’, tha t is, breaks in the solder 
film. Any other defects identified must also be reported. Where com ponents are 
involved, the soldered joint is also carefully examined for the angle o f  the meniscus. 
There should always be a smooth transition, with the angle as small as possible.

This test requires considerable skill on the part o f  the operator to  reproduce the 
conditions, and also on the part o f  the inspector to  evaluate minor changes in the 
degree o f  ‘solderability’.

In the second test the com ponent or test piece to  be soldered is immersed in 
molten solder. Again this requires careful temperature control o f  the solder-pot. 
The com ponent is dipped into the solder, held there for a specified time and then 
removed under controlled conditions. In its simplest form the test is carried out by 
hand and timed by a stopwatch. Sophisticated test units are now available, 
enabling testing under fully controlled conditions o f  tem perature, immersion time 
and the m ethod o f  entering and leaving the solder-pot.

In both  tests the use o f  flux is perm itted , this must also be carefully controlled. 
Most tests normally use a standard non-active flux, or are carried out w ithout flux 
in order to give the worst conditions. Flux makeup, the m ethod o f  application, the
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time o f  contact, the shelf-life o f  the com ponent, must all be controlled to give 
reproducible results.

Soldering
A method o f  joining which can be applied to a limited number o f  materials the 
most common being steel, copper and its alloys. Soldering o f  lead and tin is also 
quite com m on, and it is now possible to solder aluminium. The technique is that 
the com ponents to  be joined are cleaned in the area o f  the join, the solder material 
is then applied and heated. Use o f  fluxes is commonplace, but there are various 
techniques where fluxes are no t used.

The join is achieved by the alloying o f  the solder metal to  each of  the two 
faces. By far the most com m on soldering materials are the tin-lead alloys, 60 per 
cent tin, 40  per cent lead alloy being the most popular.

The term soldering is inexact but by com mon consent it is applied to  the use 
o f  tin-lead alloys and is sometimes loosely applied also to  any form o f low-melting- 
point joint using metal as the joining medium. Thus, there are in existence 
aluminium solders which do not contain appreciable am ounts o f  tin or lead and the 
term silver soldering is used for alloys containing no lead or tin.

Metallurgical^, the process o f  Soldering is identical to  that o f  brazing. The 
metals being joined do not themselves melt but the joining metal is o f  a lower 
melting point than the components. The process, therefore, can be likened to the 
use o f  a molten metal glue. The m olten  metal must wet the surfaces o f  each o f  the 
com ponents being joined, and this wetting means that a metallurgical join has 
occurred with some alloying taking place at the metal interfaces.

As with brazing the amount o f  metal between the joints may have considerable 
influence on the strength o f  the jo int. In general the solder alloy will be mechani
cally weaker than the com ponents being joined. Thus, when the solder used is 
thick, giving a wide jo int, then the strength o f  the jo int will not be more than the 
strength of the solder. When, however, the solder joint is extremely thin, then a 
jo in t o f  high strength, almost equal to  the weakest o f  the components, can be 
achieved.

Therefore, there is considerable responsibility initially on the design engineer 
to  specify the correct dimensions, and on manufacturing personnel to ensure that 
these tolerances are maintained during production o f  the components.

The ideal clearance for soldering will be in the region o f  0.00075 in (0.018 mm) 
and 0.002 in (0.05 mm), thus it will be seen that little laxity is possible, for two 
separate components at least will be involved.

As with brazing, the Soldering technique should be that the components are 
cleaned, fluxed  when necessary, then heated with the solder being fed from the 
b o tto m  of the joint, so that the m olten  solder rises by capillary action. It is then 
possible visually to inspect the top surface o f  the soldered jo in t,  and if this has a 
good meniscus, evenly applied over the complete surface o f  the join , good soldering

355



S O L D E R I N G

has taken place. Poor-quality Soldering, on the other hand, will show areas where 
the solder is missing. It is possible with the correct clearances for solder to  rise 
more than 4 in (100 m m ) when bottom-fed with correctly prepared com ponents . 
The different soldering techniques are discussed under the following headings: —
B it soldering With this technique use is made o f  a shaped mass o f  metal, generally 
o f  copper or copper alloy, which is heated by some external source such as a flame 
or by internal electric heating. This is know n as a ‘solder b i t ’ or a ‘solder b o l t ’, and 
by  applying this to  the pieces being joined, sufficient heat can be transm itted  to  
melt the solder. Some skill is necessary and the parts m ust be cleaned. The usual 
technique is tha t the solder bolt is fluxed and tinned, tha t is, the surface is given an 
alloy film o f  solder. By repeatedly fluxing and transferring this flux to  the c o m p o 
nent, eventually this will be ‘tinned’ or given an alloy film o f  solder. The process is 
repeated on the other com ponent to  be soldered, and if  possible the two c o m p o 
nents are then brought into contact. By transmitting the heat from the bo lt ,  the 
tw o thin films o f  solder will melt and alloy with each other. Light hand pressure is 
then applied to  retain the com ponents in position and the solder bolt is removed so 
tha t the molten solder solidifies causing a high-quality jo in t.
Dip soldering With this, the assembled com ponents are fluxed then dipped in the 
molten solder bath.
Flow soldering With this technique the com ponents are assembled and, where n e 
cessary, held by jigging. They must be clean and free from oxide, with the necessary 
clearances between com ponents being achieved to  give the desired quality  o f  jo in t .

The assembly is then flu x e d , and may be preheated prior to  passing over a wave 
o f  m olten solder. The contact time between the pieces and the m olten  solder is 
very short, seldom being in excess o f  2 or 3 s, thus the ‘solderability’ o f  the  piece 
must be high. Good-quality, reproducable joints are possible with this technique 
under mass-production or large-batch conditions.
Induction soldering This technique uses the heat from an induction coil. This is 
not a com mon technique as the heat source is capable o f  very high tem peratures, 
bu t where high-production soldering is involved the necessary control can be 
achieved. More information is given under Induction Heating.
Oven soldering The assembled parts, which have been cleaned and flu x e d , are 
placed in an oven at the correct tem perature. The solder melts and flows and solidi
fies when the components are removed from the oven. It will be appreciated tha t a 
conveyor-type oven is essential to  prevent jo in t failure caused by undue movement 
o f  the assembly while the solder is molten.
Resistance soldering This uses the electrical resistance o f  the  com ponent to  give 
the necessary heat to  cause melting o f  the solder. With certain mass-production or 
high batch-quantity parts, this technique can achieve rapid high-quality solder jo in ts 
on large assemblies which could not be soldered by other techniques.
Ultrasonic soldering This is usually applied only to  aluminium, where the u ltra
sonic energy is necessary to break up the adherent oxide. The ultrasonic beam  is
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applied through a solder bit or bolt which is also heated. Regarding skill involved, 
the technique is similar to bit soldering.
Wave soldering An alternative name to flo w  soldering.

A good solder joint will have a light, smooth finish, free from pitting, ‘cissing’ or 
any evidence o f  oxide or excess flux. The solder should show a smooth transition 
from the jo in t itself to the base material. Technically, the meniscus produced 
should have a low angle. If  it is not present, this is an indication that the molten 
solder has not flowed in a satisfactory manner.

Soldering is an alternative jointing process to brazing and welding , usually re
quiring much less heat. It is also an alternative to mechanical joining and gives 
superior electrical joints, even though these will be inferior to good mechanical 
joints unless considerable care has been taken at the design stage and during m anu
facture.

To summarize, soldering is a joining technique identical to brazing but that less 
heat is usually required. Fluxes are commonly employed, these give rise to 
corrosion problems unless controlled or considerable care is taken to  ensure their 
complete removal. There is much evidence to show that unless control o f  cleanness 
and the state o f  oxidation is applied, ‘solderability’ problems will arise. The control 
o f  storage conditions, and the m ethod o f  cleaning are essential for consistent 
‘solderability’ . There are several tests, such as the ‘spread te s t’ which can evaluate 
the ‘solderability’ o f  components.

Solution Treat
A term given to the high temperature part o f  the two-stage hardening treatment 
applied to many alloys, mostly non-ferrous. This carries out the necessary dissolving 
o f  the constituents and leaves the metal in its softest possible condition ready for 
hardening by the subsequent precipitation treatment. Solution treatm ent is des
cribed in the section Heat Treatment.

Solvent Cleaning
This can be applied to any material; it is the term given to the use o f  organic 
solvents for cleaning. Generally it describes the use o f  wipe cleaning, where the 
cloth is moistened in the solvent and rubbed across the surface o f  the com ponent, 
the theory being that the solvent will dissolve the soil and this will be removed 
on the cloth. Care must be taken that the necessary am ount o f  solvent is present 
and tha t a fresh side of the cloth free from contaminant is presented to the surface 
being cleaned. Obviously, if this is not the case, then what is achieved is merely the 
spreading o f  the contaminant.
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Solvent cleaning normally uses liquids o f  the chlorinated  hydrocarbon type, but 
m ethylated spirits and methyl alcohol are also com m only  used. Cleaning w ith 
materials such as carbon tetrachloride is now prohibited  as it has been found that 
this constitutes a health hazard. Liquids such as petrol,  benzine, ether, etc., while 
still possible under controlled conditions, also cons ti tu te  a hazard to health in 
themselves and there is the very obvious danger o f  flam mability . Solvents such as 
toluene and xylene are also employed in m odern industry ,  these also have a health  
risk when used in confined conditions over long periods and also present a flam- 
mability hazard. These specialist solvents are com m only  em ployed in the plastics 
industry prior to  the use o f  adhesives or surface coatings.

Solvent cleaning also involves the dipping o f  com ponen ts  into the solvent 
itself, which is unusual as this results in the liquid becom ing contam inated and this 
is then evenly distributed on the surface o f  the com ponen t on evaporation. Solvent 
dipping can be efficiently used in conjunction with o th e r  forms o f  cleaning where 
the dip, usually hot, will remove the bulk o f  any oily contam inant and the 
remaining thin film is then removed by a subsequent cleaning operation.

Multistage cleaners are available which use this principle. Here a series o f  tanks 
is required, the com ponents become gradually cleaner as they  progress from tank to 
tank. Cleaning equipment is m arketed, having as the final stage a vapour degreaser. 
It is also possible to use other types o f  cleaning such as aqueous cleaning, with or 
w ithout electrolytic action, as the final or subsequent stage after solvent rinsing.

Finally, the term Solvent cleaning is occasionally applied to the use o f  the 
solvent in the vapour phase. With this, the contam inated  com ponents  are placed at 
room temperature in a vapour o f  the solvent. This will result in the solvent con 
densing and, thus, in intimate contact with the con tam ina ted  surface there will be 
clean ho t solvent which will then run off taking with it  the oily type contaminant. 
This is vapour degreasing, described under this heading.

To summarize, Solvent cleaning is a general term applied to  the use o f  any 
organic liquid which uses the action o f  dissolving to  remove oil or grease contam i
nants. Solvent cleaning must always be used with cau tion  as there is invariably a 
health hazard and there can also be a fire hazard. Moreover, unless care is taken, 
the effect is often to  spread the contam inant rather than  completely remove it. 
It must be appreciated that Solvent cleaning will remove only those materials which 
are capable o f  solution in the chosen solvent. This will seldom be an efficient 
m ethod o f  totally cleaning an article. The technique o f  soil removal is discussed 
under the heading Cleaning.

Solvent Degreasing
An alternative term for vapour degreasing. Basically the  system is tha t an organic 
solvent is boiled to  produce a vapour and the articles to  be cleaned are placed in 
the vapour, resulting in condensation o f  hot, clean solvent to  remove contaminating 
grease. Alternative m ethods o f  grease removal are discussed in the section Cleaning.

358



SONI C  T E S T I N G

Sonic Testing
A m ethod o f  non-destructive testing  which uses any interference in known sound 
patterns to identify faults.

Spark Erosion
A technique used for the production of  intricate shapes, or for the salvage of 
com ponents with broken taps, drills or other hardened pieces which cannot be 
removed by conventional machining. The technique makes use o f  an electrical 
spark discharge.

The procedure is that the com ponent being machined or salvaged is made one 
side o f  an electrical circuit. This is achieved by clamping the com ponent securely 
in a tank. The other side o f  the electrical circuit will be the electrode. The material 
for this will depend on the material being eroded, with the most com m on material 
being brass. This will be shaped according to the hole which is to  be formed. Some 
development work or experience is necessary to decide the size and shape o f  the 
electrode as there will always be some erosion o f  this in addition to  the com ponent, 
thus the electrode will normally start by having different size and shape to the 
finished dimension.

Once the assembly has been correctly adjusted, the tank is filled with paraffin. 
It is im portant that high-grade paraffin is used, having water at an extremely low 
level. This is necessary to  ensure good electrical resistance and a high dielectric 
(electrical resistance). The electrode is then adjusted to almost contact the com po
nent and a high-energy electric current is applied. Provided the settings are correct 
regarding the gap between the electrode and the com ponent, then as the electric 
curren t reaches a certain value it will discharge across the gap through the paraffin 
dielectric. The energy from this spark discharge will be sufficient to result in local 
tensile failure of the material. This erosion is possible because at the point o f  
discharge the electrical energy is sufficient to cause melting o f  the material, or at 
least sufficient heat to reduce the tensile strength to a relatively low level. It will 
be seen tha t this requires specialist equipment and experience is necessary in the 
choice o f  electrode material and design o f  the shape. There are available a number 
o f  spark erosion machines and the manufacturers supply technical information.

As the m ethod o f  machining using spark erosion relies on the production o f  high 
tem peratures at the area between the electrode and the point being eroded, it will 
be appreciated that the resultant surface will have a metallurgical structure different 
from the com ponent itself. At the best this will be a thin layer o f  cast material 
probably  with an extremely thin oxide film. Where materials such as carburized or 
high-carbon steel are spark eroded the effect can be more dangerous, because in 
addition to the thin layer o f  cast material there will be an area beneath where the 
heat trea tm ent has been altered. It must, therefore, be appreciated that the fatigue 
characteristics of the surface associated with Spark erosion can be considerably 
reduced. In many cases this will have no significance, but with high integrity
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com ponents  it is essential that the danger is realized and steps taken to  improve 
the fatigue strength. The danger can be eliminated by the removal o f  as little as 
0 .005  in (0.125 mm) but some investigation may be necessary. This can be by 
polishing  or, under many circumstances, a simple grit blasting operation.

The technique o f  Spark erosion is extremely useful where shapes are required 
in hardened or difficult to machine materials. It is possible to  form  intricate 
shapes on carburized or nitrided surfaces, although as stated above, care is then 
necessary to remove the surface film which will have poor fatigue characteristics. 
O ther components, for example, high-productivity, low-integrity parts, can now 
be produced from intricate dies manufactured by Spark erosion. The procedure is 
also useful in removing broken taps or drills, where the technique will be to erode 
a hole in the tap or drill and use this hole for its removal. It is possible to drill 
holes o f  considerable depth and small diameter, and also to  drill holes on curved 
surfaces which would be extremely difficult or impossible using conventional drills.

To a limited ex ten t Spark erosion is competetive with conventional machining 
b u t  in general it is an expensive technique economically justified only when co n 
ventional machining involves extremely high tooling costs or is difficult. The 
technique o f  elecừochemical machining (ECM) is, under some circumstances, 
comparable. For removal o f  broken taps or dies, it is sometimes possible to use 
chemical attack on the hardened steel by a careful choice o f  acid to achieve faster 
a t tack  on the hardened steel than the material o f  the com ponent. This is generally, 
though, o f  very limited application.

Spark Testing
A technique for identifying pores in paint and plastic films, described under this 
heading in the section Non-destructive Testing.

Speculum Plating
The electrodeposition  o f  a copper-tin  alloy, containing approximately 40  per cent 
tin , to give a white alloy not unlike pewter. It is used only for decorative purposes. 
Further  details appear in the section Electroplating.

Spheroidize Anneal
A specialized form o f  heat treatment for certain steels only. It results in the 
carbides present being in the form o f  spheres. Cyclic annealing will result in 
spheroidization. Further information will be found in the section Heat Treatment.

Spin Hardening
An alternative term to induction hardening, where the com ponent has a round 
shape and is revolved during the process. The term may be applied to  processes 
where com ponents are revolved during flam e hardening. With the present process,
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it is possible to  quench the com ponent while spinning within the induction coil, 
or to remove components from the heating source for quenching. (See the section 
Heat Treatment).

Spinning
A m ethod o f  cold forming, applied to sheet metal o f  any type which accepts a high 
quantity o f  cold work w ithout becoming too brittle.

The procedure is that the sheet metal is revolved by, for example, being clamped 
to  the head o f  a modified turning machine. The metal will then be formed by the 
use o f  tooling, which can be as simple as a wooden beam with a rounded end which 
presses the revolving sheet against a mandrel. This mandrel will revolve together 
with the sheet; it is held in the chuck of  the turning machine and will have more 
or less the shape o f  the com ponent being manufactured. By using a mandrel made 
up o f  segments which can be released on completion o f  the spinning operation, it 
is possible to  produce components o f  intricate shape.

It will be appreciated that where material other than pure aluminium, lead, tin 
or gold are involved, none o f  which can be work hardened at room temperature, 
there will be an increase in the strength o f  the com ponent caused by the cold 
working involved. This work hardening, in addition to increasing the tensile 
strength, will reduce the ductility. Thus, care is necessary, first, in the choice o f  
material to ensure that it is capable o f  accepting the necessary am ount o f  cold 
work, and second, that the degree o f  cold work applied is not excessive in order 
to avoid local brittleness and cracking.

Spinning is a useful m ethod o f  producing relatively simple shapes o f  thin-walled, 
hollow vessels, but because o f  the limited choice o f  materials involved this m anu
facturing process has comparatively few applications. It is comparable with deep- 
drawing and can produce articles o f  a more intricate shape with less expenditure in 
tooling, but probably requires a higher degree o f  skill in manufacture and a longer 
operational time.

Spot Welding
A form o f  resistance welding , where individual welds or ‘spots’ are formed (see 
the section Welding).

'Spra-bond'
A specific form o f metal-spraying. With this, the spray metal is m olybdenum and 
a thin film o f  this metal is applied to  the prepared surface. ‘Spra-bond’ is seldom 
or never used as a metal deposit in its own right, but is a commonly applied under
coat where high-quality spraying is required.

The technique used follows that o f  conventional metal-spray, where the metal is 
in rod form and fed into a flame o f  controlled combustion. The metal is atomized 
and each individual particle is given velocity and energy by the gas stream, resulting 
in im pingem ent o f  the particles on the metal being sprayed.
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In the case o f  ‘Spra-bond’ the metal used is m olybdenum , which is expensive but 
has the  ability  to resist oxidation at low temperatures. This makes it ideal as a 
means o f  preventing oxidation o f  a surface which has to  be metal-sprayed, and the 
theory  o f  ‘Spra-bond’ is that the surface of the readily oxidized metal, generally 
steel, receives a film o f  molybdenum  which will considerably increase the bond 
strength  o f  any metal subsequently deposited. This term sometimes refers to  the 
application o f  the complete metal-spray process, where the m olybdenum  coating is 
followed by a second metal, for example, stainless steel or one o f  the cobalt alloys. 
This is a proprietary process, and further inform ation can be obta ined from 
Metco Ltd.

Spread Test
An inspection technique which can be used for tw o purposes. It was initially 
devised as a means o f  assessing the ability o f  a solder to  wet a surface. It is now 
used som etim es under the heading o f  ‘w ettability’, as a means o f  assessing the 
ability o f  a surface to be wetted by solder.

In o rder for the soldering process to be successful, it is essential surfaces are 
alloyed  w ith  the solder. This means that the surface must be capable o f  alloying 
w ith the prepared surface. Depending on the use o f  the test, is the m e thod  o f  
application. Where it is used to check the ability o f  a solder to  wet a surface, then 
the surface m ust be standardized and in general will be clean copper together with 
a s tandard  flux. Control is necessary for every test. The test piece is then  heated 
to  the s tandard  condition and a known weight o f  solder at standard tem perature  is 
d ropped  on to  the cleaned, fluxed surface. The source o f  heat is removed and after 
cooling the  diameter o f  the soldered area is measured. The greater this diameter, 
the be t te r  the ‘w ettability’ o f  the tested solder. In general with this test a m inimum 
d iam eter o f  solder will be specified.

Where the  test is used to assess o ther  characteristics, for example the surface 
cond ition , or the ability o f  the as received surface to  be soldered, then again the 
flux and tem perature will be specified, together with the type o f  solder used, and 
the resultant solder blob will give an indication o f  the ‘solderability’ o f  the surface.

M ethods o f  assessing will be variable. In some cases this is the angle o f  the menis
cus which has formed, in others the area which has been correctly soldered. It is 
also necessary visually to  examine this area, which should be free o f  any bare 
patches indicating that dewetting has occurred, or that soldering has not taken 
place. The visual appearance o f  the surface will indicate which o f  these tw o defects 
is present and supply information regarding the cause o f  the defect.

This inspection technique in general is confined to  the electronics industry  and 
is an add ition  to the normal control system and essential visual exam ination. It is 
com m only  applied to surfaces which have been electroplated and which are to  be 
soldered. It is also used to identify the reason for faulty soldering. F urther infor
m ation  will be found under Solderability Tests.
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Spring-back Test
An inspection technique which is used for tw o distinct purposes. First, the test is 
used traditionally to ascertain that strip material is in the fully annealed condition . 
In this test the steel strip is bent and should have little or no recovery. T hat is, the 
bend, generally through 90 degrees, should result in the material retaining a bend o f  
90 degrees. This will indicate that the material is in the ‘dead’ soft condition . 
Second, the test is applied to cold worked material and again generally restricted 
to steel, bu t there is no reason why the same test should not be applied to  o ther 
strip materials. With this test, the material is bent through a specified angle, n o r 
mally 45 degrees, but other angles can be used and will to some ex ten t depend  on 
the service requirements. On release o f  the pressure, the material is re turned  by a 
specified am ount. This will give a measure o f  the cold work or hardening which has 
been applied, thus indicating whether or no t the yield strength is high enough to 
comply with specification. This test is, in effect, a highly economical m e th o d  o f  
assessing with reasonable accuracy the yield  strength o f  a material.

For the test to be o f  maximum use, some laboratory work will usually be neces
sary to enable the tester to equate the spring-back to the yield poin t o f  the 
material. This is more useful than hardness testing, which gives only an approx i
m ation o f  the ultimate tensile strength , whereas the present method indicates the 
approxim ate yield strength, which is normally obtainable only by relatively ex p en 
sive, destructive tensile testing.

Sputtering
The term applied to the coating o f  non-metallic surfaces, such as glass or ceramics, 
or under some circumstances plastics, with a very thin, invisible metal film.

Where the thin optical film is involved, the technique uses an ion discharge o f  
the metal which is then deposited on the surface o f  the com ponent. The object is 
to  either produce an electrically conductive film on the material, which is itself an 
insulator, or to  produce a film which has specific physical properties, generally o f  
the optical type , which differ from those o f  the material coated.

One use o f  the first type is the production o f  an electrically conductive film 
for the heating o f  windscreens, where this thin film is used as a high-resistance 
conductor . This effectively demists and defrosts the glass by the passage o f  an 
electrical current, w ithout interfering with the visibility through the glass. This 
technique can also be used to produce the electrical conductive surface necessary 
for electroplating o f  non-conductors. However, with the advent o f  electroless 
plating  o f  plastic and glass, this Sputtering technique is not normally used, since 
alternative m ethods are technically efficient and much more economical.

The production  o f  a thin film to alter the physical characteristics o f  a surface 
is now  the m ost com m on application o f  Sputtering. High-grade optical lenses often  
have specific metals sputtered on to  one surface in order to give a particular 
optical characteristic.

Sputtering is also used in the electronics industry as a means o f  coating
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non-conductive surfaces with extremely thin films o f  conductive metals. This 
conductive film is then either treated separately or used as a means o f  connecting 
leads, e tc. to  electronic devices.

Spu tte ring  uses a high vacuum, where the metal is made the ca thode  and the 
c o m p o n en t being treated is the anode. The vacuum is then released with an 
ionizable gas and high voltage passed between the anode and the cathode. Voltages 
o f  over 2 000  are com monly used, which result in the bom bardm ent o f  the anode 
w ith  the m etal from the cathode. This is carried ou t at low pressure and, is in 
effect,  a vacuum treatment. By controlling the voltage and other param eters, it is 
possible to  achieve extremely thin deposits, in the region o f  one molecule thick, 
on  the  finished components. This process has some comparison w ith  vacuum  
deposition , b u t  this will not give comparable control or the extremely thin films.

Stabilize Anneal
A te rm  applied to any form o f stress-relieving operation designed to  give a stable 
com ponen t.  It is, however, generally used to denote the trea tm ent applied to 
austenitic  stainless steels, to overcome the corrosion problems caused by carbide 
p recip ita tion . The technique is described under this heading in the section Heat 
Treatment.

Stabilizing
A term  used for any form o f stress-relieving operation which results in a stable 
com ponen t.  In general, however, it is accepted that Stabalizing is the term applied 
to  com ponen ts  which will be subsequently nitrided. Further details o f  this and 
o the r  forms o f  thermal treatment are given in the section Heat Treatment.

Stabilizing Treatment
See stabilizing.

'Stannostar'
A proprie tary  process using the acid tin electrodeposit to  produce a bright deposit 
o f  tin. This has an attractive sheen which gives excellent corrosion resistance and 
is non-toxic  as is the normal ho t dip or electrodeposit.

The bright deposit has a lower solderability than a good quality dull deposit, 
b u t  w hen all the parameters are controlled the solderability will be consistent and 
can retain this quality over a considerable time scale. Further inform ation on 
‘S tannosta r’ can be obtained from Oxy Metal Finishing Ltd.

Steam Blueing
A corrosion protection  treatm ent applied only to mild and low alloy steels. It is, 
in fact, a variation o f  the ‘black o x id e ’ trea tm ent which is used to  produce a blue 
surface colour.

For treating, the com ponents must have a good surface finish which is
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homogeneous, and they must be completely clean. The clean, dry com ponen ts  
are inserted into a tempering-type furnace, which is then sealed and the com 
ponents taken to  a temperature in the range 350°C-370°C. Before the com ponen ts  
reach tem perature, steam is injected into the furnace and the com ponents  are 
allowed to come to temperature in this steam atmosphere. They are then  held at 
temperature for approx. 2 h. The result is that the temper blue colour is intensified 
and made thicker and more adherent by the steam atmosphere.

While this procedure will give an homogeneous attractive-looking com ponen t,  
corrosion resistance will be o f  a relatively low standard. This is somewhat less than 
that achieved by the conventional ‘black o x id e* treatm ent but better  than that 
produced by heat treating. The technique is often used in conjunction w ith  the 
tempering  tem perature  and, thus, can be a highly economical m ethod o f  producing 
articles having a degree o f  corrosion resistance. There is a technique in which 
com ponents such as nuts and bolts are tempered in an air atm osphere then 
quenched in w ater containing a percentage o f  oil as an emulsion. This will give a 
black finish w ith  comparable corrosion resistance to tem per blueing w ithou t the 
necessity to have specialized equipment.

Steelascope Testing
A m ethod o f  identifying metals and alloys in a non-destructive manner. More 
details o f  this will be found under the heading Metal Sorting. The Steelascope uses 
the spark discharge system technique which is covered in tha t section.

Step Anneal
An annealing technique which is, technically, a form o f stress-releasing. With this, 
the parts are heated  in stages or ‘steps’ to ensure that no stresses are im posed by 
the heating cycle. The technique is discussed in more detail under this heading in 
the section Heat Treatment.

Step Quenching
An alternative name for martempering or austempering, where steel com ponents  
are heated to  above their upper critical temperature and, instead o f  being quenched 
in the normal manner in water, oil or air to bring them directly to room tem pera
ture, are delay-quenched by transferring to a second furnace or molten salt baths. 
Details o f  the various delayed-quenching techniques are given in the section Heat 
Treatment.

Stitch Weld
A form o f  resistance welding which, for all practical purposes, is the same as spot 
welding. Stitch welding is sometimes applied to  the ‘breaking spo t’ (see spot 
welding), but in general refers to the process in which a series o f  spot welds are used 
to  ‘stitch’ or hold together sheet-metal com ponents during assembly (see the 
section Welding).
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Stop-Off
The process used during electroplating, painting , and some forms o f  heat treat
m ent in which areas not required to be treated are protected. It can be applied to 
any metal.

With the three processes, the com m on methods o f  Stopping-off are as follows:

(1) With electroplating, Stopping-off uses either waxes, special lacquers, tapes or a 
combination of  these methods. There is a com m on requirement in that any m ethod 
o f  Stopping-off must be capable o f  withstanding the plating process. As cleaning 
and etching prior to plating are specifically designed to  remove dirt and adherent 
compounds, so the means used here must be capable o f  withstanding these pro
cesses, and this can give rise to  problems. Waxes were at one time the most com mon 
m ethod o f  Stopping-off but, with improved lacquers, these are now less commonly 
used. They still find certain applications, particularly with heavy chromium plating , 
where lacquers and tapes would tend to  be loosened by the very aggressive liquids 
used at plating together with the high tem perature o f  5 0 °c  and the scouring action 
o f  the gases released. The adhesion o f  the waxes can be varied and controlled by 
the temperature o f  the com ponent being waxed. If  this is raised to the same tem 
perature as the hot, liquid wax, then excellent adhesion will be obtained. If the 
cold com ponent is dipped rapidly into  the ho t wax, allowing a thin layer to  solidify 
on the cold surface, then adhesion will be very limited.

Skilled operators in plating shops make use o f  this to  obtain the necessary 
adhesion for the job being plated, by varying the time o f  immersion to  achieve 
the correct temperature o f  the part for the desired adhesion. The wax temperatures 
can vary from melting points in the region o f  30°C-40°C  to over 100°c, with in 
general the higher melting-point waxes being used for the more aggressive 
conditions.

Lacquers are now available based on a number o f  formulae which give excellent 
adhesion, are much easier to apply and remove as special solvents are available for 
this and, in addition, they can be applied with paintbrushes or spraying.

Plastic tapes are available which can be used for Stopping-off. These tapes are 
generally o f  the PVC type with special adhesives which will withstand the solutions 
at plating. Adhesive tapes may be used, which are made conductive by having a film 
o f  lead or in some cases aluminium or silver on the outer surface. With these, it will 
be seen that plating can be carried on top o f  the tapes and these are now employed 
for im portant com ponents where, previously, the edge of  the Stop-off area tended 
to  build up with the plated deposit caused by high-current concentration. This gave 
a local area o f  plating o f  a lower standard than the remainder. With these 
conductive tapes, it is now possible to  eliminate this local area as the run out o f  
the plating will not be on the com ponent surface and the lower standard of plating 
deposit is removed along with the tape. It is also possible to  prevent a plating depo
sit by the use o f  jigs which physically protect the surface.

Finally, by controlling the location o f  the anodes and the current distribution

366



S T O V E  E N A M E L
to the components, it is possible to  control the location and thickness o f  deposit. 
Sophisticated forms o f  this technique are at the moment being developed.
(2) Stop-off in stove enamelling or painting  is generally confined to the use of 
tape or blanks. These must be capable of withstanding the solvents used in the 
paint, and also the paint itself and the temperature at which any stoving subse
quent to painting is carried out. It is essential that stoving does not result in the 
adhesive being baked on to the surface, making it very difficult or impossible to 
remove the Stop-off medium after painting. Tapes are available capable o f  stripping 
clean without deterioration o f  the adhesive.

Special masks or blanks are also used with high-production painting; these can be 
cardboard, sheet metal, etc. Under some circumstances, they are removed prior to 
stoving.

Finally, it is sometimes possible to use grease, oil or special com pounds to 
prevent adhesion o f  the paint. These are seldom permitted where a high standard o f  
finish is required as they can readily affect the paint medium.
(3) With heat treatm ent, the Stop-off process is confined to surface hardening such 
as carburizing and nitriding. The process obviously must be capable o f  withstanding 
the temperature at which the heat trea tm ent will be carried out. It is seldom neces
sary to  consider removal o f  the Stop-off media as invariably there will be a subse
q u en t blasting operation. At one time copper plating was the most common 
m ethod o f  Stopping-off for carburizing and nitriding. This is still used on a limited 
scale, but for economic reasons it is now more common that copper, tin or bronze 
paint is used. These specially formulated paints contain the metal in finely 
powdered form and are applied by any normal painting  technique. However, it will 
be appreciated that considerable care is necessary in application: any missed out 
areas will result in hard spots which can cause failure in service. If faulty appli
cation results in adhesion failure, this can result in hard areas.

Stove Enamel
A general term applied to paints which are cured by heating, information will be 
found in the section Painting.

Straightening
This, as would be expected is the process whereby any com ponent distorted during 
processing is recovered by mechanical means. The process is also known as 
stretching. Use is made o f  mechanical presses, either to flatten or to  bend, and 
these can be m ounted on the normal type o f  mechanical press. Operators make use 
o f  hand-operated hammers, o f  vices to  grip and bend. In general the term 
Straightening covers any process in which distortion is removed. Considerable skill 
is required and for high-integrity com ponents the control applied must be stringent. 
In order to  straighten a com ponent, it is necessary to bend it farther in the reverse 
direction o f  the distortion. If  overbending occurs, then the operator must reverse 
the process and overbend again but in the direction o f  the original distortion. It
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will be appreciated that this repeated bending can result in cracking and i f  the 
com ponen t is either carburized or through hardened, where ductili ty  is relatively 
low, the  danger o f  surface cracking will be high. With com ponents  where cracking 
will be a serious defect, it is com mon to control the am ount o f  acceptable dis
to r t io n ,  and by the use o f  stops or other means to  restrict the degree o f  over
bending. It is essential tha t im portant com ponents are crack tested  after a 
Straightening operation.

It m ust be realized, in addition, that the Straightening operation will o f  necessity 
involve the local work hardening of the com ponent. Some stresses, then, will be 
‘built-in’ and this can result in distortion during service. It is advisable to  stress- 
relieve Straightened com ponents at a temperature above tha t a t  which they  will 
be used in service, and then reinspect for further distortion. A further stress- 
release m ay be required if re-straightening is carried out.

It has been shown that the necessity to straighten can be reduced or eliminated 
by careful control during heat treating. This control requires the cooperation o f  
planning, design, quality control and heat-treatment departm ents  and laboratory 
advice is advisable. With this combined experience, it is o ften  found that heat 
t rea tm en t can be controlled to  eliminate distortion in the m ost complicated 
com ponents .  This may require that sữess-reỉeasing be carried out prior to heat 
treating, b u t  generally this will be more economical than a Straightening operation, 
and is certainly less prone to  cause cracking.

Strain or Stress Ageing
A m e th o d  which can be applied to a limited number o f  alloy materials, resulting in 
an increase in mechanical properties. The technique is to  s tretch  the material while 
holding it at a specified temperature.

While this improves the mechanical properties by a marked degree, it is doubtful 
i f  they  are better than those obtained by more conventional solution treating and 
ageing, which will normally be much cheaper. In the case o f  certain alloys this 
process can be used to produce specific electrical or magnetic properties.

Mechanical properties can also be improved in certain alloys by applying work 
hardening  between the solution treating and ageing operations. This is not the same 
as Stress Ageing.

Strain Gauging
A m e th o d  o f  measuring the strain applied to  components. There are various 
techniques, and these are discussed in the section Non-destructive Testing.

Strain Hardening
An alternative term to work hardening. With most metals, e ither by  rolling, ham 
m ering or bending to  apply pressure, strain is imposed on the grain structure, 
causing increased tensile and yield stress. At the same time there will be a reduction 
in ductility . This is caused by the fact tha t work hardening results in deformation
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of the grain structure; as the am ount o f  work applied is increased so resistance to  
further deformation increases, resulting in a reduction in ductility.

Strain hardening caused by work is removed by recrystallization. The tem pera
ture at which this occurs varies between different metals and alloys, and certain 
material such as lead, silver and pure aluminium recrystallize at room tem perature . 
These, therefore, cannot be Strain hardened. Other materials, too, have a grain 
structure incapable o f  deforming by any appreciable am ount and, thus, canno t be 
Strain hardened as they become brittle and shatter. It will be seen that ability to 
Strain harden is a function of the material itself, and advice should be ob ta ined , or 
trials carried out, prior to applying measurable amounts o f  cold work to  any 
material.

Strauss Test
A destructive inspection technique which is used to  assess the potential o f  austeni- 
tic stainless steels to  the defect known as weld decay. This is the precipita tion at 
the grain boundaries o f  carbides resulting in the appearance o f  a second phase, 
which seriously reduces locally the corrosion resistance o f  austenitic stainless steel.

The Strauss test takes the suspect steel and initially sensitizes this by heating 
the test piece at 6 5 0 ° c  for 30m in  which is the critical temperature and tim e for 
precipitation o f  carbides. The test piece is then boiled for 72 h in a solution  co n 
taining copper sulphate; the piece is then washed and bent. If the test piece can be 
successfully bent through 180 degrees, then the material is not susceptible to weld 
decay. However, i f  fracture occurs, weld decay will occur on heating to w ithin  the 
critical range.

This test can be modified not only to show that a material is susceptible to  
weld decay , but also to  quantify the degree o f  this susceptibility. Three sensitized 
test pieces are em ployed, together with a fourth piece in the as received condition . 
All four test pieces are immersed in copper sulphate solution and one o f  the sensi
tized pieces is removed after 24 h. A second is removed after 48 h and bent, and the 
remaining two (one o f  which will be the non-sensitized piece) are taken o u t  after 
72 h and bent. If all four test pieces bend satisfactorily, susceptibility to  weld decay 
can be ruled out. I f  the test piece removed after 24 h cracks on bending, then  the 
material is extremely susceptible to  weld decay. If the two test pieces at 24  h and 
48 h do not crack, bu t  the 72 h test piece cracks and the as received test piece does 
not crack, then this again indicates low susceptibility to weld decay. It will be 
seen that the inform ation gained in this manner can give considerable help regarding 
the possible use o f  the material being tested. The test solution contains copper 
sulphate 15 g/1 in a 5 per cent sulphuric acid solution.

Stress-equalization Anneal
A specific form o f  stress-relieving applied to nickel alloys, which can result in some 
ageing occurring; it is described in the section Heat Treatment.
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Stress-relieving/Stress-releasing
Terms covering the wide range o f  treatments applied to reduce or eliminate stress, 
discussed in the section Heat Treatment.

Stress-rupture Test
A long-term destructive test which can be applied to any material. It is designed to 
indicate the load which can be applied for any given time w ithou t causing either 
rupture or deformation.

The test piece can be either in the form o f the com ponent to be tested, or a 
normal tensile test piece. The test is carried out at a fixed generally room tem pera
ture, but can be at elevated temperatures if these represent the conditions in which 
the com ponent is to  be used. The load is applied and maintained until such time as 
a specified permanent deformation, o f  either 0.1 or 0.5 per cent, is obtained. The 
load can be increased or decreased and the test repeated for sufficient points to  be 
plotted on a curve and an estimate o f  the service life o f  the com ponent or material 
obtained.

Stretcher Straining
A m ethod o f  straightening simple-shaped components, or more com m only, bar and 
sheet material. The load is applied as a straight tensile pull until the yield point is 
reached, when a permanent small deformation will be obtained. This, in addition 
to  straightening any kinks or minor distortions, will result in a slight increase in 
the mechanical properties owing to the work hardening applied. This technique 
should be used only as part o f  a well-controlled process, as it will result in some 
reduction in the ductility o f  the material. Commonly this follows an annealing 
operation and so the material will no longer be in th t  fu lly  softened  condition.

Stretching
An alternative term for straightening when used in general engineering. It is obvious 
that the word ‘stretch’ could be applied to  describe any technique where a tensile 
strain is used to  increase the length o f  the material.

Stromeyer Test
A destructive test, where the fatigue strength o f  the material or com ponent is 
ascertained. With the Stromeyer test, the specimen is ro ta ted  and is stressed by 
means o f  a crank which gives the specimen a bending movement. Further inform a
tion is given under Fatigue Testing in the section Mechanical Testing.

Stud Welding
A form o f  resistance welding, where the parts being welded are studs o f  some type 
which are joined to  the major com ponents. Special equipm ent is used and the studs 
must also be o f  special design.

The equipment holds the stud in such a manner that the weld section protrudes
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to  a certain extent. This protrusion is the area o f  the stud which is specially 
designed and will generally have some form of chamfer, such that the contact area 
will have a lower cross section, thus higher electrical resistance than the stud.

The stud is brought into contact with the location to which it will be welded 
and an electric current is passed between the tip o f  the stud and the major com po
nent. The equipment will be designed so that the pressure applied to  the stud will 
be at a constant level. As the current passes through the relatively small contact 
area caused by the chamfer, resistance heating o f  the stud end to the local area of 
the component occurs. After a predetermined time, to ensure that the heating has 
resulted in the chamfer o f  the studs being raised to the forge temperature, the 
electric current is stopped and by the use o f  a spring load upset pressure is applied 
to  the stud. A good forge weld will be achieved under satisfactory conditions.

The quality of the weld will, o f  course, depend on the correct equipment being 
used, correct settings, and correct design o f  the stud. Any variations o f  a significant 
degree will result either in the stud being heated to an excessive temperature, when 
some cast structure is present and the resultant weld will be weaker than desired; 
or if insufficient current is applied, the materials will be at too low a temperature 
and what is known as a ‘stuck weld’ will be produced. That is, oxide will be present 
and an insufficient merge between the stud and the major com ponent.

Specific conditions will vary for different sizes o f  stud, and may also vary 
because o f  the geometry o f  the major components. It will be appreciated that all 
surfaces to be welded must be free o f  oxide and other contamination. Stud welding 
should not be used where high-integrity welds are essential, because o f  loading on 
the studs, unless extremely careful control is possible.

Flash bu tt welding, where possible, will be an alternative; friction, or inertw  
welding, is now being used where high-quality welds are required.

Subcritical Anneal
The softening  or annealing process most com monly applied at present to 
engineering steels, described under this heading in the section Heat Treatment.

Submerged A rc Welding
A form o f electric arc welding for relatively simple, long-run welds. With this, 
high-productivity welds are possible and, with modern equipment, full penetration 
welds on thick steel plate can be accomplished to give joins o f  a high technical 
standard. It is described in the section Welding.

Subzero Treatment
A form o f heat treatment used on complex alloy steels to ensure that all austenite 
is transformed to  martensite, thus full hardening is achieved.

'Sulphinuz'
A proprietary surface treatm ent system applied only to steel which results in
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an improvement in the surface friction characteristics.
The treatm ent is carried out in a bath o f  molten salt, at a tem pera tu re  in the 

region o f  550°c , the surface o f  the steel being impregnated with high-sulphur 
compounds. These give a slight increase in overall dimensions and there  is also 
some diffusion o f  the treatm ent into the steel itself. The resultant film, however, 
will never be greater than 0.005 in (0.1 mm).

The colour of the com ponents after trea tm ent will be a rather m o t t le d  dark 
grey or black. It is im portan t to  realize that because o f  the relatively th in  surface 
thickness affected, only very light polishing can be carried out. I f  com ponen ts  are 
polished to  bright metal, then there is a high probability tha t the effective layer 
will have been removed. The effectiveness o f  the treatm ent is no t m easured in terms 
o f  hardness, but by the high sulphur com pounds which exist on the surface. It will 
also be realized that,  since the tem perature at which the system is achieved lies in 
the region o f  5 50°c ,  it will no t be possible to  be used on steels which are tempered 
below tha t range, since the process will then result in a reduction in hardness. The 
process is, therefore, no t possible for com ponents which have been surface hard
ened, and the hardening process in itself will invariably give be t te r  friction charac
teristics than this m ethod. The ‘Sulphinuz’ system has been found to  have par
ticular application in the area o f  stainless steels, and steels where the friction loads 
are relatively low.

The theory o f  galling which results in severe friction-wear is tha t the  friction 
load reciprocates, and at the end o f  each stroke there will be a tendency  for cold 
welding to  take place. When the next cycle occurs, this weld is fractured  and 
thus minute holes or crevices appear which gradually increase to  p roduce the 
typical friction failure. With ‘Sulphinuz’, a higher load will be required to result 
in the cold weld, because o f  the better friction characteristics o f  the high-sulphur 
surface. It will, however, be understood that it is possible to  load the surface to 
cause failure. The ‘Sulphinuz’ process comes somewhere be tte r  than  phosphating  
but will be less effective than ‘tu fftrid ing’. Further information on  the system can 
be obtained from ICI Ltd.

Sulphuric Acid Anodize
A general term covering the anodizing process which uses sulphuric acid as the 
electrolyte. It is by far the most com m on m ethod employed at present.

Sulphur Printing
An inspection technique, applied only to  steel, and used at the receiving stage or 
during the manufacturing process o f  steel components. The reason for the test is 
to  ascertain the standard o f  cleanness o f  the steel. The assumption is tha t the 
contamination in steel can be related to sulphur as sulphides in the steel itself. 
The com ponent or material to  be tested is cut to produce a longitudinal cross 
section. This is then polished to a reasonably high standard o f  finish and flatness.
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A piece o f  ordinary bromide photographic paper, which has been well moistened 
with dilute sulphuric acid is then placed in contact with the prepared surface. 
Reaction between the acid and any sulphides produces hydrogen sulphide gas, 
which locally darkens the silver con ten t o f  the photographic paper. This identifies 
the presence o f  sulphides in the steel, and quantifies the size o f  individual particles, 
showing their distribution and the am ount present.

This technique is used on a lesser scale with modern steels which tend to  have 
less impurities present. It can be used still to show the distribution o f  sulphides 
in free machining steel, and as the distribution o f  these sulphides can affect 
fcmachinability’, this is an im portant factor. It should be realized that only high 
sulphur-free machining steel can be controlled. Other types, such as lead, will not 
react. Other techniques used for this test include chemical analysis and micro
examination. Both require laboratory equipment and skilled personnel, whereas the 
Sulphur print may be used in relatively unsophisticated conditions.

'Super Gleamax'
A proprietary name given to  a bright nickel plating  deposit. Further details may be 
obtained from w . Canning Ltd. See also nickel plating  in the section electroplating.

Superficial Hardness Test
A term applied to  any o f  the testing techniques where a light load is used to 
measure the hardness o f  the surface only. These are o f  most use when inspecting 
case hardened com ponents. The Superficial Rockwell hardness test is probably the 
most com m on. This uses standard Rockwell technique with a light load. These 
m ethods are discussed in the section Hardness Testing.

Supersonic Testing
An alternative term for ultrasonic testing.

With this an energy wave is fed to the surface o f  the com ponent and the reflec
tion o f  this is measured. There will always be a reflection from the rear o f  the 
com ponent bu t any defect between the surface and the rear will show. This 
technique is described in the section Non-destructive Testing.

Surface Hardening
A general term most com m only applied to steel but which may be applied, under 
some circumstances, to  o ther  materials. Like many general terms, Surface hardening 
is used loosely and can mean specific processes under many circumstances. It will, 
however, cover the processes nitriding, carburizing, cyanide hardening, carbo- 
nitriding, induction  and flam e hardening. In addition, it can refer to  chromium  
plating or the deposition o f  hard surfacing material, and here the term may be 
used in connection with metals other than steel. It is advisable then, that the term 
is used specifically, together with an indication o f  depth o f  hardening or thickness 
o f  deposit.
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Swageing
A process which may be applied to  any material tha t can be forged. It is a forging  
operation, where movement o f  the metal is produced by the use o f  tooling. It will, 
thus, be seen tha t it is applicable to those materials which can accept work.

The process is used for a variety o f  reasons, including fixing o f  assemblies. A 
shaft can be inserted through a second com ponent with a protrusion, and this is 
then swaged or cold forged in a form o f  riveting. Riveting itself is, in fact, a form 
o f  swageing. Another application would be where a hollow com ponen t is formed 
by drilling a parallel hole and one end o f  the hole then  being closed by  a forge 
operation. Swageing is employed as an alternative to  welding as a means o f  joining, 
or to the use o f  mechanical plugs such as threaded end-pièces.

Sweating
An alternative name for the process o f  soldering. It is, on occasion, used to des
cribe the heating applied to the shrink fittin g  operation. It gets its name because o f  
the hydrocarbon gas flame, used as the source o f  heat, which results in the form a
tion o f  droplets o f  moisture on the surface o f  a cold metal com ponent.  These 
moisture drops are the products of com bustion which will invariably include water 
and carbon dioxide. The water in the flame will be in the form o f  w ater vapour or 
steam and condenses when it strikes the cold surface o f  the heated com ponent. 
As the com ponent heats, the water vapour no longer condenses and remains as a 
gas. This is a loose term which does no t apply to  any specific operation, and as such 
should be used with caution.

Swilling
A process which is employed only in  conjunction with other processes in a series o f  
operations and involving the washing o f  com ponents  following processing.

During electroplating and o ther surface treatm ents  the com ponents  are covered 
by the liquid in which they are trea ted  and, on removal from the solution a film 
remains in contact with the surface o f  the com ponent. Swilling is designed to  re
move this surface layer, replacing it with water. Considerable research has been 
carried ou t into efficient Swilling, and it is now accepted tha t the use o f  a water 
dip alone is inefficient as it will seldom result in a film free o f  contam inating 
material unless a series o f  running swill baths is used.

It is much more effective to  make use o f  a fine spray, where the contam inant 
film drains from the surface to  be replaced by fresh sprayed water. However, this 
technique is only possible with com ponents  o f  a type which permit free draining 
and can be subjected to spraying on all surfaces. If  used in conjunction with au to 
matic o n -o f f  taps, which spray only when the com ponents  are in position to  be 
washed, this technique can result in  extremely large savings o f  water to  the order 
o f  75-90  per cent compared with immersion swilling for the same standard o f  
cleanness.

There is also the technique o f  steam Swilling, where the com ponents  are placed 
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under an inverted hood containing steam. This condenses on the surface and runs 
off, taking with it the contaminated surface film. Again there is the restriction 
regarding the shape o f  the com ponents but a highly efficient swill is possible with 
little water, since it is possible to  boil a comparatively small volume o f water to 
produce the necessary volume o f water vapour. Provided the contaminant does 
not contain excessive volatile matter, an adequate swill is possible. This method 
has the added advantage that excellent recovery o f  the contaminating material is 
possible w ithout excessive dilution.

In the UK water costs are such that it is seldom economically justifiable to  use 
these sophisticated Swilling techniques. Nevertheless, with the advent o f  effluent 
control, it is often good policy to  reduce the flow o f  swill water and alternative 
m ethods can then be considered. Contraflow Swilling is a first step in the saving of 
water using conventional methods. With this, the swill tank is divided into two 
com partm ents  the second being fed by the previous com partm ent. Fresh, clean 
w ater is fed into the second com partm ent in the series and this runs towards the 
contam inating source. Thus, when the com ponent is removed from the contami
nating source, it is first swilled in the most contaminated water; this is the water 
which is fed to the drain. On removal from this first swill tank, the bulk o f  the 
contam inant will be removed or diluted. The relatively clean com ponent is then 
immersed in the second swill, and this will be considerably cleaner that the first. 
In general two contraflow tanks or com partm ents will be found to  be sufficient, 
bu t there is no reason why a series o f  three or more com partments should not be 
used where com ponents require a high standard o f  cleanness, or where a contami
nant is particularly difficult to  remove or the geometry o f  the com ponents makes 
the operation difficult.

Where high standards are necessary, components are often finally swilled in 
distilled or demineralized water. This practice is com m on in the electronics indus
try and is becoming more com m on where appearance plays an essential part, since 
in m any areas the use o f  tap water will result in some staining on the dried article.

It will be appreciated that the standard o f  Swilling varies considerably for a 
variety o f  reasons. These in the main will depend on the use o f  the com ponent, but 
in a multiprocess operation the subsequent process will very often decide the stan
dard o f  swilling. For example in the Electroplating process, when a com ponent is 
removed from an alkaline cleaning solution, it is necessary to ensure a higher stan
dard o f  swilling. For example in the electroplating process, when a com ponent is 
subsequent alkaline process. The reverse also applies. The reason for this is that 
there will be a reaction between acid and alkali often resulting in the formation of 
a solid on the surface of a com ponent. There are also considerable differences in 
the ‘swillability’ o f  different solutions, but in general alkaline solutions are easier 
to  remove than acid solutions.

If  correct planning which uses all available knowledge is applied prior to  the 
installation o f  swills, then considerable saving in water, and often money, can be 
achieved. With the present water costs, it will seldom or never be possible to  save
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money on an existing installation by spending capital to  reduce the am oun t o f  
water used. However, with tighter effluent controls, and the high probability  that 
sewage may be charged by volume, there may soon be more scope for considering 
water-saving schemes. By reducing water usage, effluent flow will be reduced.

Taber Abraser
An inspection device which is used to  indicate the abrasion resistance o f  a measured 
surface.

A rotating, circular abrasive disc contacts the surface being tested , and the load 
applied is controlled so that the time taken to cause a predeterm ined degree o f  
abrasion on the test surface can be measured. This test is designed to  measure abra
sive resistance only, and care must therefore be taken in assessing the results.

Additional tests, using reciprocating action, allow the contacting materials to 
be altered to  simulate different practical alternatives. These can be lubricated and 
the wear-products removed as they are produced, i f  desired. Further inform ation 
will be found in the section Abrasive Testing.

Tack Weld
A welding technique which can be applied to  a variety o f  weld types. Most 
com monly it makes use o f  either electrical-resistance spot or electric arc welding. 
A limited am ount o f  oxyacetylene welding is also used.

Tack welding is the technique o f  producing a local, relatively weak weld which 
holds, or ‘tacks’, the com ponents to  be welded in position. The assemblied com po
nents can then be transported to a welding-jig for the final joining, using any o f  a 
number o f  techniques, or it can be inspected in position to  ensure tha t the correct 
location o f  the various com ponents has been achieved. Full penetra tion  welds to 
complete the assembly can then be carried out.

The process known as the ‘Breaking Tack weld’ is a weld specifically designed to 
lack penetration, so that if in subsequent inspection the com ponents  are found 
not to be correctly located, they can be broken down to their consti tuen t parts, 
relocated and Tack welded a second time w ithout causing damage.

The term Tack welding is sometimes used to  describe a series o f  short discon
tinuation welds holding com ponents  together during their service life. These 
discontinuous welds will generally be produced by the electric arc or oxyacetylene  
processes. Track welds are also used to  locate tem porary  fitments for a variety 
o f  reasons. These fitments are then removed, either mechanically or by burning.

Care must be exercised in Tack welding as it will be com m only found tha t the 
mass o f  metal on the com ponent is such that with the very local, intense heat 
involved, local hardening results. This is caused by the mass o f  cold metal adjacent 
to  the weld acting as a quench, resulting in a brittle zone around the weld. With 
high-integrity components, Tack welding should be carried out after preheating 
and stress-relieving are carried ou t after the final weld operation. Where any
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shock or heavy stress or bending is applied to  a Tack weld, the steel should be 
stress-released to ensure removal o f  this brittle zone. Tack welding must always 
be carried out in the knowledge that a brittle zone, or cracking, can exist, and thus 
where lifting eyes, etc. are Tack welded to large masses, some pre- or postheating 
must be applied.

Taylor-White Process
A form o f  hardening applied only to  high-speed steels o f  medium-high tungsten- 
chromium type. It is a form of martempering, where the steel is heated to approx. 
1400°c and then quenched in liquid at a temperature o f  approx. 800°c .  It is then 
subsequently quenched, and this is followed by tempering. (See also Austempering).

Techrotherm  Rokos' Process
A fusion welding technique, using a carbon clectrode in contact with the welded 
edge, and immersed in the weld pool. The technique requires gas preheating o f  the 
area local to the weld, and electric current to  complete the fusion. Submerged arc, 
and modern heavy-duty electric arc welding would appear to have replaced this 
technique.

Temper Blueing
A process which is confined to steel and results in the material attaining a bluish 
colour, which if  the conditions are correct will give a degree o f  corrosion resistance.

Tem per Blueing is carried out by heating the clean steel material in an oxidizing 
atmosphere at approx. 300°C-400°C. At this temperature the surface oxides 
formed will be blue in colour. The process requires tha t all surfaces are thoroughly 
cleaned and free o f  any existing oxide and presented to  the oxidizing atmosphere. 
This means that small com ponents will probably require to  be mechanically moved 
during the process to  ensure that all surfaces are oxidized. The oxide achieved is 
very thin and will have little or no corrosion resistance if  presented to  a damp 
atmosphere.

Tem per Blueing is, however, commonly applied to materials used under indoor 
conditions, such as tooling, where there is contact with oil and the general atmos
phere is low in corrosion potential. In order to obtain the same colour with every 
batch o f  components, standardized conditions are obviously necessary. Temper 
Blueing is very often obtained during the normal heat-treatment cycle when parts 
are tempered  following the hardening operation. On the hardness will depend the 
choice o f  tempering temperature, and if  this coincides with the temperatures used 
to  achieve the blue colour, then Temper Blueing results as part o f  the heat- 
treatm ent cycle.

Temper Blueing will not have comparable corrosion resistance with ‘black 
o x id e ' bu t belongs to  the same family o f  treatments. With ‘black o x id e \  the com
ponents are immersed in an oxidizing salt to achieve a thicker, more adherent 
surface. The steam blueing process uses a steam atmosphere for tempering o f  the
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parts. The result is a treatm ent better than Temper Blueing bu t inferior to ‘black 
o x k le ’. The technique o f  quenching steel parts in soluble oil from the  tempering 
temperature gives a more homogeneous colour, and is comparable to  Temper 
Blueing.

Temper Hardening
An alternative name for precipitation hardening or ageing. The process o f  precipi
ta tion or ageing was known before the reasons for its occurring were fully under
stood. This has resulted in a num ber o f  names being given to the process. Temper 
hardening is derived from the fact that the precipitation trea tm ent is carried o u t  at 
a temperature which would normally result in the tempering  o f  steel, bu t in this 
instance the result is in an increase in hardness to  the com ponents  in question. 
The process is described in detail under Precipitation Hardening, in the section 
Heat Treatment.

Temper Rolling
A technique used in the production o f  sheet metal. The term is applied to  the final 
rolling operation following fu ll annealing which will produce a small am ount o f  
work hardening in the material. This work can generally be achieved w ithout any 
appreciable reduction o f  ductility but does give a slight am ount o f  stiffness to  the 
material. The final sizing pass com monly given to  sheet metal to  produce a satis
factory finish and hold the final dimension o f  the strip thickness is, in fact, a form 
o f  Temper rolling.

Tempering
A heat treatment term applied only to steel. Tempering must always follow some 
m ethod o f  hardening, and results in an increase in ductility, generally w ith a 
decrease in hardness. The process is discussed in detail in the section H eat 
Treatment.

Tensile Test
A destructive inspection test which supplies comprehensive inform ation on the 
ultimate tensile strength, yield or p roo f  strength and ductility. Details o f  the test 
and its applications are given in the section Mechanical Testing.

Thermal Treatment
An alternative term for heat treatment.

Thermit Welding
A very specialized form o f fusion welding, where the heat source is obtained from 
the chemical reaction between powdered aluminium and iron oxide.
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Thickness Testing
An inspection method used to  estimate the coating applied as an electrodeposit, by 
painting  techniques, or by other deposit methods. The different m ethods are des
cribed under the heading ‘Thickness Testing’ in the section Non-destructive Testing.

Thuriting
A softening  process applied only to  deep-drawn mild-steel sheet. It is a form of 
box annealing where the sheet metal is placed in a box which is rapidly heated to 
above 9 0 0 ° c  then cooled at a fairly rapid rate. The box and sheet metal is then 
heated to  about 6 5 0 °c  and held for some time. This, then, to some extent is a 
form o f  hardening and tempering , where sheet metal is produced in a soft con
dition with controlled grain size. The rate o f  cooling from the high temperature will 
partially control the amount o f  deep-drawing which can be carried out on the sheet 
metal after Thuriting.

Further information on hardening, tempering and annealing is given in the 
section on Heat Treaừnent.

T IG  Welding
A m ethod  o f  welding using an inactive electrode and the inert-gas shielded m etal arc 
technique. Further details are given in the section Welding.

Tin Plating
One o f  the few non-toxic metals plated for corrosion resistance in applications in 
food processing. It is also com monly used for its ‘solderability’. These and other 
uses are listed with plating conditions under ‘Tin Plating’ in the section Electro
plating.

Tin-Copper Plating
Electroplated on electronic com ponents to  stop ‘whisker grow th’. The alloy has 
approxim ately 2 per cent copper, which does no t affect ‘solderability’. Further 
inform ation is given under ‘T in-copper Plating’ in the section Electroplating.

T in -Lead  Plating
Deposited to  give a surface which can be readily soldered. The aim is to  deposit 
an alloy with 60 per cent tin, 40 per cent lead which is even free o f  ‘treeing’ and has 
no occluded material. This is necessary to ensure a reasonable shelf-life and good 
‘solderability’. Further details, including the control parameters, are given under 
‘Solder Plating’ in the section Elecừoplating .

Tin -N ickel Plating
Used on  printed-circuit boards for the electronics industry and also with some 
application for decorative purposes. This is a modern deposit which requires careful 
control to  ensure ‘solderability’, etch resistance and good appearance. Some details
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are given in the section Electroplating , but users are advised to  contact the Tin 
Research Institute for operational details.

T in -Z in c  Plating
Deposited for corrosion resistance or ‘solderability’, or where a com bination o f  
bo th  is required. This is now seldom used as the cost o f  tin favours other methods. 

Details will be found under ‘Tin-Zinc Plating’ in the section Electroplating.

Tinning
The term applied to  the specific process o f  dipping or wiping com ponents  w ith tin 
or tin alloy. It is occasionally, bu t  incorrectly, used for tin plating  by electro
deposition.

Tinning by the h o t process involves cleaning the surface to  be treated by any 
conventional means, removing any adherent oxide and applying a flux and subse
quently dipping into the molten metal or applying heat by some o ther form such as 
a flame or conduction from a standard soldering bit. In the past Tinning meant that 
the surface was, in fact, coated with a thin deposit o f  tin metal, bu t today it will 
quite often mean tha t the surface is coated with the alloy o f  tin and lead know n as 
solder, and it is im portant that as soon as possible after the operation a subsequent 
soldering, or white metalling, is carried out. Tinning is now frequently carried out 
by the electrodeposition o f  a thin coating o f  pure tin metal, and for this reason 
the term is less specifically defined.

Tocco Process
An alternative term for induction hardening which at one time was reserved for the 
use o f  this process on crankshafts. However, it is now a general term and the reader 
is referred to  ‘Induction Hardening’ in the section Heat Treaừnent.

Tool Weld Process
The term applied to the weld deposition o f  hardened material which can be used 
for cutting. The use o f  Stellite-type, high-cobalt materials is an example o f  this 
technique. Further details are given under the heading M etal Deposition.

Torch Brazing
The term used for the brazing process where the heat is supplied by gas flame. In 
general Torch brazing is confined to  the lower melting-point alloys and can be used 
for aluminium in addition to  copper alloys braze fillers. In skilled hands Torch 
brazing results in high-quality joins as it is possible to  use the torch to produce an 
atmosphere which is slightly reducing and, thus, prevent the formation o f  oxide. 
It will not, however, be possible to  use this m ethod w ithout fluxes.

Torch Hardening
A term sometimes applied to  the process described as flam e hardening (see the 
section Heat Treatment).
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Touch Welding
A term used for tack welding, and applied to electric welding, with or w ithout 
shielded arc and also oxyacetylene  and resistance welding. With Touch or tack 
welding, the weld is very local and often designed to be readily broken after it has 
served its purpose. It can also be used to  locate components prior to  completion 
o f  the full weld.

Tri-N i'
A multi-layer nickel electrodeposit where the nickel deposit is first dull or matt, 
followed by semi-bright with a third deposit o f  bright nickel. This will have a top 
deposit of chromium, which may also be multi-layer for top quality corrosion 
resistance.

The purpose is to enhance the corrosion protection; experience has shown that 
bright and semi bright nickel has a lower corrosion resistance than the dull or matt 
nickel plating. This is a proprietary technique and further information can be 
obtained from Oxy Metal Finishing Ltd.

'Trisec' Drying
A proprietary process developed by ICI Ltd, which uses a standard vapour de
greaser with trichloroethylene in the vapour phase in the same manner as for 
vapour degreasing. However, the equipment here is modified and an additive made 
to the Trichloroethylene having the effect o f  depressing the boiling point o f  water 
to below that o f  trichloroethylene at 87°c . Any water entering the degreaser 
immediately boils, but on reaching the condensation point o f  trichloroethylene it 
is condensed, together with the trichloroethylene, on the cooling coils. The con
densed liquids are fed to a unit outside the degreaser instead o f  directly to the sump 
for reuse. This special unit has the ability to separate water efficiently from tri- 
chloroethylene. The water is rejected and generally fed to  drain while the 
trichloroethylene liquid is returned to the sump o f the degreaser.

Using T risec’ drying it is, therefore, possible efficiently to  remove water from 
the surface and the internal passages o f  components. The basic difference between 
T r isec ’ drying and a standard vapour degreaser is that, with the latter, water is 
retained as vapour with a boiling point o f  100°c and, thus, will not efficiently 
condense at a temperature o f  87 °c .  It is possible, then, for vapour degreasers to 
build up a considerable quantity  o f  water droplets in the form o f  mist. With the 
present process, the com ponent is removed from the degreaser and the trichloroe- 
thylene evaporates leaving a thin film o f moisture on the surface o f  the cleaned 
com ponent. The water is continuously removed from the vapour, and because of 
the additives, has a lesser boiling point than trichloroethylene and consequently 
any water in contact with the com ponent after removal from the T r isec ’ unit 
evaporates together with the trichloroethylene. This m ethod o f  drying is listed and 
evaluated in the section Cleaning.
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'Tufftride' Process
A proprietary friction-reducing process only applied to steel whose licence is held 
in the United Kingdom by ICI Ltd.

The process results in the surface o f  the steel being impregnated with nitirdes, 
giving an increase in hardness and a reduction in the friction characteristics. The 
process uses a salt-bath technique carried out by immersing the com ponents  in 
molten salt at a tem perature o f  approx. 500°c. The time involved is approx. 1 h 
and results in little or no distortion, provided the com ponents  are subm itted  in a 
stress-free condition. It is, therefore, recommended tha t prior to final machining 
o f  fine limits a stress-releasing at a temperature o f  above 5 5 0 °c  is carried out.

The effective depth o f  the T u ff tr id e ’ layer is very shallow being less than 
0.002 in (0.05 mm), with the total depth seldom above 0.005 in (0 .12 mm). This 
means that any machining, or even abrasive polishing , following the process will 
remove the effective layer.

The colour o f  the treated components is a general matt-grey with the possibility 
o f  some staining or mottling. If  the com ponents are polished to bright steel 
following the ‘Tufftride’ process, this will invariably remove the effective layer. 
This is one o f  the processes which are applied only to  the surface to  improve 
friction characteristics. Friction is the result o f  cold welding o f  the com ponents  
which are in contact with each other and the T u f f t r id e ’ layer by improving the 
friction characteristics will reduce this tendency to a marked degree. The trea t
ment achieves better characteristics than ‘sulphinuz \  bu t will not be as satisfac
tory as conventional surface hardening processes such as carburizing. It appears 
to  have considerably better characteristics regarding stainless steel, and there is 
some evidence to show that an appreciable increase in life can be obtained from 
com ponents which show certain types o f  frictional wear.

Tukon Hardness Test
A hardness testing technique.

Tumbling
An alternative name for the deburring process in which com ponents are ro ta ted  
or tumbled in contact with each other, or more generally, with abrasives and 
special compounds. This is discussed in more detail under the heading Barrelling.

Turner's Sclerometer
A form o f  hardness testing  based on scratch resistance. It is listed under the latter 
in the section Hardness Testing.

Twisting Test
This, as its name implies, is a test where the material is subjected to  torsion or 
twisting, and usually applied to  wire which is gripped in two vices one of which 
is then turned. The number o f  turns, the length o f  the wire and whether or not
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reverse twisting is required will be specified as part o f  the test. The Twisting test 
can be applied to strip material, or the same technique is applied and the number 
o f  turns and whether or not full recovery is expected is specified. With some tests 
twisting will be repeated until fracture occurs, with others the number o f  complete 
turns successfully achieved will be accepted.

Ultrasonic Cleaning
A sophisticated m ethod of cleaning which can be applied to any metal; it is used to 
remove tightly adherent soils and under some circumstances soil which is semi
adherent. (The user is referred to the section Cleaning for information on the 
different types o f  soil which cause contamination and a general discussion on 
their methods of removal). Ultrasonic cleaning is necessary only where difficult 
contam ination exists.

Ultrasonic energy can be applied to liquids and will pass through the liquid in 
the form o f  cycles o f  positive and negative energy. This means that as the positive 
cycle reaches any surface pressure is applied to this surface. As the positive cycle 
reduces the pressure is reduced to zero, and as the negative energy cycle builds up 
a vacuum is applied to the surface. Provided that liquid contact is maintained, the 
surface will be subjected to cycles o f  pushing and pulling at a high frequency 
measured in the kilocycle range. It will, thus, be seen that any loosely adherent 
material on the surface will be removed where the liquid gains access to the under
side. Where the contaminating material is present as individual spots, as in the case 
o f  dust, Ultrasonic cleaning rapidly loosens and removes the contamination. 
However, where contamination is in the form o f a continuous film, or a film which 
has local porosity , the energy will be utilized only at the edges or pores. In these 
cases, then, Ultrasonic cleaning is at the same disadvantage as Electrocleaning and 
o ther  methods which rely on the wetting o f  the contamination.

The liquid used in conjunction with the ultrasonic energy is of  vital importance. It 
is obvious that the better the cleaning capability o f  this liquid, the better the action 
o f  the ultrasonics. However, it should be appreciated that, where the cleaning 
solution readily forms a vapour phase, the efficiency will to some extent be reduced 
as vapour will tend to  build up during the vacuum cycle at the interface between 
the solution and the solid being cleaned. This vapour or gas will then act as a 
cushion and can seriously reduce the efficient action o f  the ultrasonic energy cycle.

A cleaning test piece which uses a fine wire mesh which can be contaminated 
w ith the soil is recommended to  evaluate the cleaning capabilities o f  different
liquids o f  ultrasonic equipment. If this soil to be tested is removed from all the
holes in the mesh instantaneously, then the equipment and cleaning solution will 
be satisfactory. If no action, or very little, occurs, either the solution or the equip
m en t is no t operating. The degree o f  efficiency can be quantified by examining 
the num ber o f  holes which have been efficiently cleaned.

When using this test piece, it is essential to search the available area o f  the
cleaner and to examine the effect o f  different angles. The reason for this is that
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ultrasonic energy can be extremely selective and can be produced in pencil-thin 
beams, which are extremely efficient provided tha t the com ponent or surface is 
in the line o f  the beam o f  energy. It will be appreciated tha t outside this narrow  
beam the degree o f  cleaning will either be non-existent or at a low level, and it  is 
difficult under normal industrial conditions to  move com ponents  in such a m anner 
that the complete surface comes within the area affected by this narrow beam.

Ultrasonic cleaning, then, is a cleaning technique which can be very efficient at 
removing difficult soils from simple surfaces. It has limited application where 
intricate com ponents are involved as the energy cannot normally be passed through 
one solid to affect the liquid on the inner surface. Users are advised to  carefully 
evaluate existing conventional techniques to  ensure that they are incapable of 
solving the cleaning problem before embarking on the expensive ultrasonic m ethod . 
Considerable care is also necessary in the choice o f  cleaning liquids. Simple, cheap 
water-based liquids should always be examined prior to  trying the more expensive 
organic solvents.

Ultrasonic Inspection/Ultrasonic Crack Detection
A m ethod o f  identifying defects such as cracking below the surface. This uses 
ultrasonic energy which is reflected from defects, discontinuities or surfaces. 
Further information will be found in the section Non-destructive Testing.

Ultrasonic Soldering
This is used only when soldering aluminium and its alloys; it is briefly discussed 
under that heading in this book.

Unionmelt Welding
An alternative term  for submerged arc welding. Immediately the arc is s truck , it 
is covered with solid powdered flux and the weld continues under this layer o f  
flux. Further details o f  this are given under ‘Submerged A rc ' in the section Welding.

Unshielded Metal A rc Welding
A term used where any form o f  welding is applied w ithout a shielding gas. While 
in general Unshielded welding is by far the most com m on, there are specific indus
tries and materials where a considerable am ount o f  inert-gas shielded m etal arc 
welding is used and, therefore, this specialized technique becomes the standard 
procedure. Under these conditions the use o f  normal welding requires to  be iden
tified, hence this necessitates the use o f  the present term.

Upset Welding
A specific type o f  forge welding, where the join is achieved by ‘upsetting’. This 
upset is achieved where a local area is heated and formed into a m ushroom  by 
impact forces. The term comes from the conventional technique o f  upset-forging 
the end o f  a bar. With welding, bo th  com ponents are upset by the application o f
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pressure to bring the areas being joined into contact with each other, and the upset 
forces out the edge o f  the weld material in the form o f a mushroom. This will 
normally be machined off subsequent to  welding and, thus, all evidence o f  oxide 
or cast material produced during joining operation is removed. Upset welds are 
most commonly applied in flash b u tt, friction  and inertw welding. Some forms 
o f  resistance and forge welding also result in Upset welding.

Vacuum Brazing
A brazing technique where the com ponents are assembled, and held either by 
jigging or an interference fit with the braze assemblies to  hold the individual com
ponents in place. These are then placed in a vacuum chamber which is evacuated to 
give high vacuum and heat applied, generally by radiation, to  melt the braze 
material. With this technique, fluxes are normally not possible as these would cause 
contamination o f  the vacuum pumps. ĩt is, therefore, essential that the components 
to be brazed are chemically clean and the surfaces to be joined are free o f  oxide.

The filler material, which can be any one o f  the com mon braze metals, is present 
either as a shim or a preformed ring or other shape, and commonly as an electro
plated  deposit. This latter technique is usual when copper brazing is used. The 
quality o f  the braze, as with other forms, relies on the clearances which exist prior 
to  the operation.

Unlike other methods o f  brazing, where fluxes can be used, there is no possi
bility o f  any removal of contamination once the operation commenced. In addition 
to  the problem o f  a faulty braze caused by contamination, there is the possibility 
tha t certain types o f  contam ination could damage the expensive pumps used to 
produce and hold the vacuum. Provided that the conditions are correct, Vacuum 
brazing will give high-integrity joints for copper brazing and also for some o f the 
higher melting point braze alloys based on nickel. If economic use can be made of 
the space within the vacuum chamber, then Vacuum brazing can be an economic 
m ethod o f  producing high-quality brazed joints. In this way, it is competing with 
hydrogen brazing and to a lesser ex tent conventional furnace brazing, using fluxes, 
and salt-bath brazing. Controlled atmosphere and inert-atmosphere furnace brazing 
are also possible alternatives. Users are referred to the sections Soldering and 
Welding, since very often the jo in t produced by Vacuum brazing is an alternative, 
in particular to welding.

Vacuum-coating Deposition or Plating
A process in which certain pure metals are deposited on a substrate, which can be 
almost any material.

The technique uses the fact that,  by reducing the pressure to  produce a vacuum, 
pure metals can be vaporized at a low temperature inside a closed container. The 
metal vapour will then condense evenly on all surfaces to give a metallic coating. 
In practice, the components are held on simple jigs or fixtures which are then 
placed inside the vacuum chamber. When the chamber has been loaded, it is sealed
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and a very high vacuum is produced, which with modern equipment can be 
achieved in a matter o f  minutes. The chamber also contains a predetermined 
am ount o f  the metal to be deposited. This is held in a container which is capable 
o f  heating the metal to above its vaporization point. Because the material is held 
in vacuum, the vaporization point will be relatively low compared with the boiling 
point o f  metals at normal pressures. As soon as the desired vacuum is achieved, the 
electric circuit heating the metal is closed. The metal will boil and the vapour 
entirely fills the chamber. The vapour then condenses and every surface within the 
vacuum chamber receives a uniform deposit o f  the metal. As the chamber surfaces, 
fixtures holding the components, etc. will be coated with the condensed metal, 
the efficiency o f  this process particularly with expensive metals largely depends on 
the relative areas o f  com ponent and equipment.

The only materials which can be successfully vacuum deposited are pure metals, 
since an instantaneous boiling point is necessary. Aluminium will probably be the 
most successful metal and the result is a very high reflective material with attractive 
visual appearance. Other pure metals such as gold, copper, etc. can be Vacuum 
deposited but will not achieve the same degree o f  reflectivity w ithout subsequent 
treatment.

The uses o f  Vacuum deposition include headlight reflectors and mirrors o f  all 
types. Vacuum deposition is also used in the production o f  electronic devices, 
where thin films of  metallic conducting material are required on dielectric materials 
for the production o f  condensers, etc. In this area it is used in conjunction with 
the sputtering  technique for depositing thin metallic coatings. A considerable 
am ount o f  Vacuum deposition is carried out on relatively cheap plastic, in order 
to  improve the visual appearance and many toys are Vacuum plated for this reason.

Vacuum deposition, under controlled conditions, results in a homogeneous thin 
film, approx. 0.0005 in (0 .0 1 m m ) maximum , with excellent adhesion. Many 
instances o f  Vacuum deposition, however, occur where substrate material is un
satisfactorily prepared resulting in failure o f  adhesion. The process is comparable 
to  some extent to  the plating o f  plastic, but will seldom achieve the adhesion 
possible with that process. As a mass-production technique it is more economical 
than conventional plastic plating and can result in an attractive finish difficult to 
reproduce by conventional plating ox painting.

Vacuum Metallization/Vacuum Evaporation
A process which is similar to vacuum coating  but having a varnish or lacquer 
applied to  the com ponents prior to  coating. This lacquer is designed to have good 
adhesion to  the base material. The com ponents  are then subjected to  the vacuum 
coating process in the vacuum chamber where the metal is evaporated and con
densed on to  the surfaces. On removal, the com ponents are generally given a 
coating o f  clear lacquer to  prevent tarnishing o f  the vacuum deposit. If necessary, 
this final lacquer can be dyed and, provided it is applied in a thin enough coating, 
the high reflection o f  the vacuum deposited metal will impart the necessary sheen

386



V A P O U R  B L A S T I N G

to the lacquer retaining a metallic appearance. In this manner aluminium is 
com m only made to appear golden.

Vapour Blasting
A form of abrasive blasting where the particles are suspended as a slurry mixture, 
and air is used to inject this through a nozzle to blast the com ponent.

Vapour Degreasing
A form of cleaning (which is briefly discussed under Cleaning, with details o f  the 
types o f  soil found and the various techniques for their removal). The process 
generally uses chlorinated solvents, which have excellent degreasing properties in 
their own right but also produce a vapour heavier than air.

The liquid is heated in an open-topped container and as it boils it produces a 
h o t  vapour which rises above the boiling liquid. The vapour is held within the 
container by means o f  a cooling coil which runs around the inside o f  the container 
a short distance below the rim. This produces a cold zone, resulting in the vapour 
condensing and being returned to the sump ready for reboiling. This, therefore, 
is a form of continuous distillation.

When any cold com ponent is placed in the area o f  the vapour, this immediately 
condenses on the surface, producing a ho t  clean solvent. The solvent dissolves any 
grease on the surface and as further chlorinated gas condenses it runs off  again 
and is now returned to the sump in a contaminated state. It will be appreciated 
tha t only clean solvent will condense on the surface o f  the com ponent, since con
densation is the result o f  the liquefaction o f  pure vapour. The liquid in the sump, 
then , gradually becomes contam inated with the material removed from the surfaces 
o f  the com ponent.

Several aspects o f  Vapour degreasing should be noted. First, the action will 
only proceed as long as the com ponents being cleaned are maintained below the 
tem perature  o f  the gas. As soon as they reach this temperature, no further con
densation can occur. There is, therefore, no point in leaving com ponents for long 
periods in the vapour phase. Where difficult com ponents require cleaning, and this 
consideration applies more to  the intricacy o f  the geometry than the contaminant 
involved, then the parts should be removed, allowed to  cool and then returned to 
the vapour phase. To some ex ten t this disadvantage can be overcome by immersing 
in boiling liquid solvent.

Second, it should be appreciated that Vapour degreasing efficiently removes 
only  those contaminants which it is designed to dissolve. It is possible that the 
‘secondary’ contaminants in intimate contact with the contam inants under attack 
by  this m ethod will also be washed off, but this will often be incompletely achieved 
and  a thin film o f  dust will be retained which may, under some circumstances, 
becom e the more difficult to remove because the particles are no longer readily 
‘w e t te d ’ (see Cleaning).

Third, most if not all chlorinated solvents entail some health hazard. While this
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is not serious where the equipm ent is correctly used, it will always be present. 
The principle solvents are trichloroethylene and perchloroethylene, boiling points  
87°c and 120°c respectively. The use o f  carbon tetrachloride is no longer pe r
m itted in the UK and trichloroethylene is no t normally used in the USA. A num ber 
o f  more complex materials are available which contain fluorine in addition to 
chlorine, these are known as fluorochlorinated hydrocarbons and generally have a 
low boiling point. These solvents are less active than chlorinated hydrocarbon and 
are finding considerable use in the electrical and electronics industries. It should be 
noted tha t all chlorinated hydrocarbons when heated can be extremely reactive in 
contact with finely divided metals o f  the aluminium or magnesium type. While it 
is possible to stabilize the cleaners to reduce this danger, all users o f  light-alloy 
metals should take particular care that their Vapour degreasing plant is kept in 
good condition and is scrupulously cleaned at regular, short intervals. Unless this 
is done, there will be a danger o f  explosion from the reaction which can occur 
under certain conditions.

Vapour degreasing is a useful m ethod of  removing oil and grease but has certain 
limitations. Prior to installing this type o f  equipment, the user is advised to  give 
careful consideration to the type of  soil removal and the standard o f  cleanness 
required together with the subsequent processing carried out.

Vapour-phase Inhibitors (VPI)
Forms o f  low level corrosion protection  o f  value only to steel components. Use is 
made o f  chemicals which have a low vapour pressure and, thus, readily give o f f  a 
vapour or gas. This will fill any confined space, the vapour either by condensing 
on the surface o f  components, or excluding water vapour, protects the articles 
from corrosion.

Vapour-phase inhibitors can be used in the form of a powder which is placed in 
a perforated container inside the package containing the com ponents. More gener
ally, the material is impregnated into paper or cardboard wrapping and the articles 
to  be protected are either wrapped in paper, or covered above and below. Because 
the protection is achieved at the vapour phase, any draught or ventilation will 
result in protection being lost. It will, thus, be seen tha t Vapour-phase inhibitors 
are o f  limited use in atmosphere and will not effectively pro tec t articles packed in 
porous containers. The protection afforded is o f  a relatively low standard and will 
no t,  for instance, protect steel from corroding during a short sea passage even with 
the com ponents packaged to  normal industrial standards.

Vapour-phase inhibitors will, however, considerably help already existing forms 
o f  corrosion protection. If oil or other forms o f  protection cannot be applied, it 
is essential that com ponents are well wrapped in VPI impregnated paper and that 
some free powder is liberally spread in an as near as possible airtight container.

Vapour-phase inhibitors do not give protection comparable with oil films and 
are certainly much less efficient than the grease used on engineering components. 
Where VPIs are found to be most useful is with delicate com ponents such as
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mechanical or electronic instruments, which for obvious reasons cannot be coated 
with heavy corrosion-resisting oils or greases. These com ponents are, therefore, 
frequently packed using inhibitors. These parts may also have silica gel packed in 
the airtight container to absorb any moisture built into the airtight container.

'Vaqua Blast'
A proprietary  name for the form o f  vapour blasting which uses a high-pressure 
water slurry into which is injected high-pressure air. Further information can be 
obtained from Abrasive Development Ltd.

Vickers Hardness Test
The standard laboratory and reference type o f  hardness testing.

Vitreous Enamel
In theory this can be applied to any metal with a melting point above that o f  the 
‘frit’ used. In practice, it is applied to mild steel with some archetectural use o f  
Vitreous enamel on aluminium. It is a relatively ancient process which, in essence, 
is the application o f  a thin, non-porous coloured film o f glass on the surface of 
metal. The quality o f  Vitreous enamel varies from the poor, cheap product which 
readily cracks and crazes, either falling o ff  directly or allowing corrosion to  occur 
with subsequent failure, to the production o f  com ponents capable o f  withstanding 
considerable shock loading, either o f  a mechanical or thermal nature.

Vitreous enamelling was very popular in late nineteenth and early twentieth 
centuries. With the advent o f  new materials, for example, aluminium in cooking 
ware, and better  corrosion resistance from conventionally applied paints, the use 
o f  Vitreous enamel declined and was confined very largely to articles such as baths 
where no ready alternative was available. O f recent years there has been a renewal 
o f  interest, with production o f  new enamels and better control at the production 
stages, giving superior bonding and more attractive colours.

The procedure is that the article to  be treated is chemically cleaned and may 
have the surface prepared by pickling  or chemical etching. More com monly, the 
com ponent is grit blasted to  give a controlled surface finish, with the surface being 
rough to give a good key. The material used is known as a ‘frit’ and consists o f  fine 
silver sand with borax, sodium carbonate and feldspar. Metal oxides are added for 
colouring. The frit is generally produced by ball-milling to give a fine dustlike 
material.

The m ethods o f  application are varied and are as follows:

(1) Heating the ‘article to above 900°c and either dipping the article into  the 
powdered frit, or blowing or throwing the frit on to the heated article. Baths are 
produced in the manner with smaller com ponents being dipped into the frit itself.
(2) Mixing the frit with water and spraying this on to  the prepared surface. The 
spraying can be o f  the conventional type and com monly, with modern equipment,
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uses electrostatic spraying to ensure good adhesion o f  the fr it-w ater  mixture. 
The com ponents are then carefully dried to  remove moisture and taken to  a tem 
perature generally above 900°c.
(3) Using fluidized beds, where the dry frit is held in a container with the pow der 
in suspension. This technique gives the dry powder the properties o f  a liquid and 
the heated com ponents can then be immersed in the dry frit to  give a very even 
coating. These com ponents can be reheated and redipped.

It is possible using standard stop -o ff  procedures and frits of d ifferent melting 
points to  produce multicoloured designs, and frits are available which give a 
mottled effect as a single dip or spray. Glass frits with low melting po in ts  can be 
used to  coat the lower melting-point alloys such as aluminium or even magnesium. 
This new technique has increased the range o f  uses o f  Vitreous enamel.

Provided the pretreatm ent is correctly carried out and the frit is applied to  a 
completely clean material with a sharp, roughened oxide-free surface, and  provided 
the the frit being applied as soon as possible after pretreatm ent and successfully 
fused, then the result is a high-standard material capable o f  w ithstanding consider
able shock or abrasion. It will have good corrosion resistance even in very acid or 
very alkaline conditions, with very long life expected for normal atm osphere use. 
Where either acid or alkaline conditions will be severe, then it is advised th a t  special 
frits are used as acid-resistant glass will probably be attacked by strong alkalis, and 
vice versa.

The uses o f  Vitreous enamel in m odern  industry are generally where excellent 
corrosion resistance is needed. The agricultural industry is finding considerable use 
o f  Vitreous enamel sheet metal in silos for storing highly corrosive materials such as 
manures. Considerable use is also made still in bathroom  fittings, although plastics 
are making inroads. Vitreous enamel-ware is returning to  the kitchen increasingly 
with sink units and pots and pans bearing colourful designs. The engineering 
industry too makes limited use o f  Vitreous enamel, bu t more com m on is the area 
o f  office furniture and equipment.

It will have abrasion and corrosion resistance superior to  most forms o f  stove 
enamelling bu t will not be able to  w ithstand bending w ithout cracking. However, 
it should be considered when corrosion resistance o f  high standard is required, 
together with resistance to  abrasion. The fact tha t Victorian mild-steel panels with 
advertising motifs can still be seen in industrial atmospheres, with no evidence o f  
corrosion except where mechanical damage has occurred, is p ro o f  o f  the  efficiency 
o f  the process.

Walnut Blasting
A technique very similar to , bu t no t normally as efficient as, plum stone blasting. 
The user is referred to  this heading in the section Blasting.
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'Walter Black'
A proprietary name for the black oxide  treatment.

Detailed information on ‘Walter Black’ can be obtained from The Walterising 
Company.

'Walterizing'
A proprietary form o f  phosphating  »vhich is applied only to  steel. Information can 
be obtained from Pyrene Ltd.

Warman Penetrascope
A portable form of hardness testing not commonly used.

Water Gilding
A chemical procedure o f  gold deposition w ithout the use o f  an electric current; 
it is described in more detail under the heading Gold plating.

Water Hardening
The technique during the hardening o f  steel which uses water as the quenching 
m edium ; the procedure is described in more detail under Hardening, in the section 
Heat Treatment.

Watt Nickel Process
A specific type o f  electroplating o f  nickel. It is the traditional method and uses 
still the most common solution based on nickel chloride, nickel sulphate and boric 
acid. The procedure for nickel plating is described in detail under this heading in 
the section Electroplating.

Wave Soldering
A mass-production technique o f  soldering simple components.

Weathering
The term applied to  the process which enables com ponents to  stand in the open 
air for long periods, generally measurable in weeks or months. This was found to 
result in components which were more stable dimensionally after machining. It 
is now known that a short-term stress-releasing operation at, for example, 150°c 
or 2 0 0 ° c  for 2 h  can achieve similar or superior stability. This use o f  Weathering is, 
therefore, very seldom carried ou t in modern industry, but stress-releasing or 
preferably normalizing will be carried out prior to  machining.

Weathering, known alternatively as seasoning, should no t be confused with the 
ageing process. There are a num ber o f  alloys which increase in hardness when held 
at atmospheric temperatures, and this is a different process. Further information 
on  stress-releasing and Ageing  and Precipitation Hardening will be found in the 
section Heat Treatment.
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Weibel Process
A form o f  resistance welding where carbon electrodes are used to  supply the 
current. This has been replaced by the use o f  copper alloy and o ther metallic 
electrodes. The process is described in the section Welding.

Weld Deposition
The term applied to  the m ethod o f  applying metal normally to  build up worn 
surfaces. It is usually confined to  steel articles but there is no technical reason why 
it cannot be used on any metal which can be welded.

Weld deposition uses the standard methods o f  welding , although oxyacetylene  
gas welding is probably more com m on than  elecữic arc. The technique is that the 
chosen metal is applied by welding to  the worn surfaces. It is generally desirable 
that as little as possible mixing o f  the metal being deposited and the base metal 
occurs. Weld deposition is usually applied for corrosion resistance or hard facing  
purposes. It will, therefore, be appreciated tha t excess mixing o f  the base and 
deposited metals will result in dilution o f  the latter. This is sometimes known as 
‘bleeding’. It is for this reason that gas welding is more com m only used than 
electric Arc, since the welder has more control over this technique regarding the 
mixing o f  the two metals, while the la tter gives better weld penetration. Weld 
deposition is in com petition with metal-spraying and some o f  the spraying tech
niques are very similar or identical to  the present technique.

Weld-decay Testing
An inspection technique used on samples o f  stainless steel to ascertain the suscep
tibility to  weld decay, which is the result o f  carbides precipitating at the grain 
boundaries o f  stainless steel. This precipitation results in a second phase appearing 
and, thus, reduces the stainless nature o f  austenic stainless steel, which relies on 
the fact tha t it is a single-phase material for its corrosion resistance. The Weld-decay 
test takes a sample o f  the material to  be tested and sensitizes this at 6 5 0 °c  for 
30m in .  This treatment ensures tha t i f  any precipitation o f  carbide occurs in the 
material it will be present in the test piece. The steel specimen is then immersed 
in a copper sulphate 15 g/1 and sulphuric acid 100 g/1 solution and boiled con
tinuously for 7 2 h. At the end o f  this period the test pieces are removed, washed, 
dried and bent. If  the test pieces can successfully withstand bending at 180 degrees, 
then there is no susceptibility to weld decay. Any cracking indicates, o f  course, the 
opposite state. This is an approved test procedure and can be quantified by varying 
the techniques to  include material in the  as received condition, and also by carrying 
out the bend test after 24 h and 48 h.

If  the steel in the as received condition  fails by cracking after immersion in the 
copper sulphate solution for 24 h, then  it will have a very serious weld-decay 
problem. If, on the other hand, the as received material is satisfactory after 72 h, 
and the sensitized test piece is satisfactory after 48 h bu t shows cracking after 
immersion for 72 h, the potential weld decay can be regarded as being limited.
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This data can be used in conjunction with the known conditions o f  the treatment 
the steel is to  have, together with those o f  service, to  assess further likelihood o f  a 
weld-decay problem.

This is a unique test for weld decay, but where it is known that stainless steel 
has been correctly stabilized with niobium (columbium), titanium or molybdenum 
it will be unnecessary. Similarly where steel has been subjected to  the correct 
stabilized anneal, and will not be heated subsequently, testing will not be required. 
It will often  be more economic to  carry out the Weld-decay test than to carry out 
chemical analysis or metallurgical investigation to  find the specification o f  a 
stainless steel. The test is also known as the strauss test.

W E L D IN G

The m e thod  of joining materials where a ‘massive mingling’ o f  the materials being 
jo ined  is achieved.

T he  term Welding now covers a range o f  procedures, and most metals and many 
non-metallic materials can be joined using one o f  the many welding processes. It 
m ust be appreciated that the expression ‘massive mingling’ is used metallurgically 
and indicates ‘m acro’ rather than ‘micro’. The Welding processes appear in this 
book  under their individuai headings but each is discussed and related in 
alphabetical order in this section.

The original Welding process was carried out by the blacksmith where steel or 
w rought iron was heated to  above red heat and a ‘weld’ or ‘jo in ’ was then produced 
by ham mering. This process is a form of forging  and, when correctly carried out, 
results in a join identifiable by neither non-destructive testing , nor metallurgical 
exam ination.

When modern techniques were introduced using a gas flame, it was possible 
actually to  melt the edges to  be joined and, with or w ithout the use o f  a filler 
rod, a  join was produced. This technique was given the same name as the joining 
produced  by the blacksmith, bu t in the case o f  fusion welding it is always possible 
to identify  the weld itself, sometimes by non-destructive testing and certainly by 
metallurgical examination. The fact that two relatively distinct and separate pro
cesses are referred to by the same term, causes some confusion when Welding 
is discussed.

Welding can be carried out over a very wide range o f  temperatures. When it is 
appreciated  that plastic materials can be successfully welded using hot air at a 
tem pera ture  very little in excess o f  100°c, and that this will be a true fusion  
welding, the difficulties o f  defining processes by temperature alone are realized. 
It m ust then  be appreciated tha t materials such as gold, lead, silver and many 
o ther similar materials can be successfully welded by forging  at room temperatures.

Welding requires that the material is joined by mingling with itself or the filler 
m aterial or the material to which it is being joined: this is perhaps the most satis
facto ry  definition o f  Welding as distinct from brazing with which on occasion 
there may be some confusion.
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When Welding is involved, at least three o f  the following five characteristics 
will be present. These are: forging; casting; heat trea tm ent; chemical changes; 
and physical changes and are described below.

(1 ) Forging The ho t working  o f  the material so that,  as energy is given to  the 
material, it will immediately recrystallize, eliminating all evidence o f  work 
hardening. Thus, many materials which recrystallize at or below room  tem pera
ture can be forge welded  at room temperature.
(2) Casting All materials involved in fusion welding , where they are taken  above 
the melting point, come within this category. Where fusion  welding is involved, 
then the materials being joined, in addition to  the filler metal, must be taken  above 
their melting point. It is this melting o f  the metals to be joined that differentiates 
Welding from brazing and soldering. The resulting cast structure is w eaker than a 
forged structure o f  the same material, and there are the additional problem s of 
differential cooling causing excessive grain size, and shrinkage problems resulting 
in porosity or stressing, and the trapping o f  gases and oxides in the m olten  metal.
(3) Heat treaừnent It is impossible to  carry out the Welding of metals w ithout 
affecting any heat treatm ent, already carried out, w ithout producing some effect 
on metals which are heat-treatable. It is this characteristic o f  the present process 
which has produced the greatest problems, in that heat treatment carried ou t by 
Welding was, until relatively recently, largely uncontrolled resulting in metallur- 
gically undesirable end-products.
(4) Chemical effects All metals are more reactive at higher tem peratures than at 
lower temperatures. This activity results in a chemical com bination with 
surrounding materials, and as the m ost com m on material is air, the result is that 
oxidation in particular occurs, with other side-effects such as the fo rm ation  of  
nitrides. Metallic oxides are invariably brittle, refractory materials and, i f  they 
become trapped, the mechanical strength and ductility o f  the weld is reduced.

The use o f  fluxes to  prevent this is one example o f  the application o f  chemistry 
in the welding process. The flux is designed to  prevent the chemical com bination  
o f  the ho t metal with air, and at the same time it can be used to  make additions to 
the weld pool. It is now quite com m on to  achieve alloying o f  the weld material 
by adding the necessary elements to  the flux. This will better  control the alloy 
con ten t o f  the weld, and it is a more economical m ethod o f  alloying than  the use 
o f  alloy welding rods, which may also be more difficult to  weld. Care m ust then 
be taken to  prevent damage or loss o f  the flux.
(5) Physical effects  When metal is h o t  it expands, and when it is cool it contracts. 
The higher the expansion rate, the greater will be the stress during and after 
welding. This is because as welding proceeds more and m ore metal becomes h o t  and 
expands, but it is seldom tha t the com plete assembly will be taken to  the welding 
temperature. Cooling takes place at different rates, depending on the am oun t o f  
heat which has been applied, and the geometry o f  the com ponents, and  the larger 
the mass the slower the cooling.
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It will, therefore, be seen that considerable stresses can be set up particularly 
at a change of section, or with structural welds, where a series o f  local welds are 
produced, with relatively thin members between. These can be subjected to  tensile 
and compressive stresses. It will be seen that the larger the heat sink produced 
during welding, the less local will be the stresses involved.

When any Welding operation is being considered, each o f  the above five charac
teristics should be looked at and its effect during welding given consideration. It 
is also necessary to  consider the effect each may have on the completed component.

Following are the Welding processes described in this section. These are:

Argon Arc Inert Gas Shielded Metal Arc/
‘Argonox’ Inert Gas Shielded/Inert Gas
‘Argonshield’ Metal Inert Gas (MIG)
Atomic Arc Percussion
Carbon Dioxide (C 0 2) Plasma
Electron Beam Pressure
Electropercussion Projection
Electroslag Resistance
Explosive Roller Spot
Flash Butt Seam
Forge Spot
Friction Stitch
Fusion Submerged Arc
Heliarc Tack
High Frequency Induction Thermit
Hydrogen Tungsten Inert Gas (TIG)

Argon A rc Welding
The m ethod o f  fusion welding where the weld and adjacent area are shrouded by 
argon gas and, thus, protected from oxidation. This also means that it is the argon 
which is ionized by the electric arc to give the welding heat. As this is a lesser 
source o f  energy than air, it is a slower process than carbon dioxide welding or 
normal electric welding; further details will be found in this section under Inert-gas 
Shielded Metal Arc welding.

'Argonox' Welding
The technique o f  shielded arc welding where argon is used with a percentage of 
oxygen present. Argon, being an inert gas, prevents oxidation while the oxygen 
supplies considerably more energy at ionization than argon or any other inert gas. 
This is another technique where a ttem pts are made to  control the chemistry, that 
is, the oxidation o f  the molten weld pool, and at the same time, improve the 
econom y o f welding. Costs are reduced, since argon is more expensive than oxygen, 
and in addition the production rate will be considerably faster because o f  the 
higher energy o f  ionization o f  oxygen than argon. ‘A rgonox ’ is similar to ‘argon-

395



W E L D I N G  -  ' A R G O N S H I E L D ' W E L D I N G

shield* but more expensive; it is used to  stabilize the arc more than for purely 
economic reasons.

'Argonshield' Welding
A form o f  shielded gas welding where the gas shield is air to  which a proportion  o f  
argon has been added. There are various grades o f  ‘Argonshield’, generally w ith the 
number indicating the percentage o f  argon present in the gas.

This process, together with ‘A rgonox’ where the gas is oxygen with argon, is an 
a ttem pt to  give welds o f  a technical standard close to th a t  achieved by inert-gas 
welding, but at a more economical rate. Economy is improved in  tw o areas. First, 
costs are much reduced since air is considerably cheaper than  argon and, secondly, 
probably more im portant, the energy achieved with the arc when air plus argon is 
ionized is much greater than tha t achieved with argon or o ther  inert gases. There is 
evidence that the ‘Argonshield’ technique is easier to use than carbon dioxide  
welding and is under many circumstances comparable.

Considerable advances are being made in this field and the  reader is advised to 
obtain further information from a reputable supplier.

Atom ic A rc Welding
A specialized Welding process, where very high but localized hea t sources can be 
obtained using the energy o f  an electric arc to  break down the molecular structure 
o f  a gas into the atomic state. This gas is usually hydrogen. This is an unnatural, un 
stable condition, and reversion to  the natural, stable molecular state, releases the 
collected energy which can be used for fusion welding or o ther  processes requiring 
a very concentrated high temperature. With the use o f  hydrogen gas, it is possible 
to  obtain additional characteristics such as reduction o f  oxides.

The temperature attained by this process is extremely high and very localized 
and, therefore, it finds very limited use. The technique has been largely supplanted 
by inert-gas shielded metal arc welding for joining, or plasma heating  for cutting. 
The arc is generally struck between two tungsten electrodes, b u t  it can be struck 
between one tungsten electrode and the com ponent being welded.

Carbon dioxide (C 0 2 ) Welding
An electric arc m ethod o f  Welding, generally confined to  steel, where the arc 
is struck between a consumable electrode and the material being welded in an a t 
mosphere o f  carbon dioxide. The welding in some ways can be com pared to inert- 
gas shielded metal arc welding, but does not have the same flexibility, and cannot 
be used on materials such as stainless steel, aluminium, nickel alloys, titanium, etc.

Inert-gas shielded metal arc welding can be used on any material, and the inert 
gas will under no circumstances react with the material being welded. Carbon 
dioxide welding is useful with mild steel and low-alloy steel, but the carbon dioxide 
atmosphere will be found to react disastrously with many materials which can be 
successfully welded using the inert-gas shielded process.

Carbon dioxide welding has been developed for high-production welding o f  mild 
steel. Usually it is an automatic-type weld, whereby the filler metal, sometimes 
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fluxed but generally bare metal, is fed automatically through the welding torch. 
Over the surface o f  the welding wire is passed the carbon dioxide gas, which is 
supplied at a controlled flow rate from liquefied gas in pressure vessels.

By this m ethod  o f  Welding, higher production can be obtained and better 
control o f  penetration  achieved than with some fluxed rods, or using a true inert 
gas. The m ethod  is more rapid and economical than inert-gas welding using argon 
or helium but, as stated above, it is less flexible. In general the process is confined 
to  high-production welds using mild steel o f  relatively thin gauges up to approxi
m ately 0.5 in (10 mm). The method is comparable to but more flexible than sub
merged arc welding, although this la tter m ethod is faster and will generally give 
superior welds, particularly with thicker gauges o f  metal.

It is possible using Carbon dioxide welding to have several welding runs, with a 
m inimum o f  interpass descaling, and thus to produce satisfactory welds on thick 
mild steel. The energy produced by the carbon dioxide arc is greater than that of 
argon or helium arcs, but less than that o f  the arcs produced in air or with flux.

There are now available mixed gases o f  carbon dioxide and argon; carbon 
dioxide, argon and air, which a t tem pt to achieve the maximum heat energy from 
ionization o f  the gases with some blanket effect to  present serious oxidation o f  
the m olten  weld pool. These gas mixtures are compromises and cannot eliminate 
oxidation, with production speeds comparable to air or flux ionization. Advances 
in carbon dioxide techniques are continually being made; the reader is advised to 
obta in  up-to-date information.

Electron Beam Welding
A m ethod o f  fusion  welding which has only recently been developed.

The process can be applied to  any metal whatever, as it is carried out under 
high vacuum. In this fusion form o f  Welding, melting o f  the jo in t faces occurs; 
filler metal is seldom used since considerable manipulation problems would arise.

The energy source is an electron gun, similar in many respects to  that used in 
television sets bu t  with a considerably higher energy ou tpu t.  The parts to be welded 
are placed in a chamber which is then evacuated to  very high vacuum, that is, 
energy when released from the electron beam is not dissipated in the intervening 
space between it and the com ponents being welded. The electron-beam width will 
be to the order o f  0 .002-0 .005 in (0.05-0.1 mm), thus the area affected by the 
weld is considerably smaller than with conventional welding. The energy used is 
controllable to a fine degree, and can, when necessary, be o f  a high order. This 
means tha t considerable penetration is achieved, greater than 2 in (50 mm) being 
com m on.

Thus, Electron Beam welding is unique in achieving high-penetration welding, 
having an insignificant casting area and an extremely small heat-affected zone. 
This means that the effect o f  casting and heat treatment are virtually unim portant, 
while the chemical and physical effects are practically non-existent. As stated, 
Electron Beam is a relatively new technique, and gives a new dimension to welding 
design. With this, it is possible for example to use plate and tube material to achieve
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econom ically  an alternative to forging w ithout detracting from the technical 
aspects. It is also possible to  repair major com ponents using full-penetration 
welding.

Electropercussion Welding
A specific form  o f resistance spot welding which is used for metals with good 
electrical conductivity . With these metals, normal resistance welding is difficult 
as the electrical conductivity o f  the electrode will be close to tha t o f  the metal 
being welded, resulting in non-existent or poor-quality welding of  the components. 
Percussion welding is used to  overcome this where the welding current is condenser- 
discharged at a high voltage. At a predetermined setting, a pulse o f  electrical energy 
is discharged to  the welding electrodes.

There are o ther  techniques using direct-current pulses fed to  transformers which 
achieve the same effect, producing a short time-cycle pulse o f  high electrical energy. 
These pulses are repeated at frequent intervals, for example, 50 times per second 
using norm al mains frequency. The energy level can be controlled depending on 
the electrodes used and the metals being joined. Between each electrical energy 
pulse, mechanical energy is applied as an impact load which forge welds the plastic 
m etal in exactly  the same manner as conventional resistance welding. Electro
percussion welding is, therefore, a specialized technique for the spot welding o f  
materials such as aluminium, copper, silver and magnesium alloys which have good 
electrical and heat conductivity, and thus cannot be joined by normal resistance 
welding , in form ation  on which will be found in this section.

Electroslag Welding
A form o f  high-production Welding where the weld pool is covered during the 
cooling cycle to  prevent contamination. This form has some similarity to  the 
submerged arc process but is only possible on vertical welds. The weld commences 
on special starting-plates placed at the bo ttom  o f  the pieces being joined. At either 
side o f  the vertical gap, which may be up to 1.0 in (25 m m ) and can be as much as 
1.25 in (3 0  m m ), the two movable plates or ‘shoes’ form a m ould with the sides o f  
the plate being welded. As soon as the weld is struck it is covered with powdered 
flux, and the  welding continues by raising the movable shoes at the same rate as 
the weld m etal is produced. The weld metal is then melted by resistance heating 
betw een the wire and the molten flux, the heavier molten metal dropping through 
the flux to  produce the fusion weld. The flux can contain active ingredients, 
capable o f  carrying out all the necessary chemical functions o f  a flux, but will sel
dom  be used to  control the metallurgical condition o f  the weld metal.

This form  o f  Welding is in essence similar to  submerged arc welding with the 
weld proceeding in a vertical manner. High-productivity welding o f  a high integrity 
can be achieved, provided the control is correctly maintained. The equipm ent for 
this is m ore  sophisticated and the  control more difficult than  with submerged arc 
welding , and the process, as stated, is usually confined to  relatively simple,
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high-productivity, high-integrity welding. This technique is, in fact, casting, and as 
the energy input is very high but the steel sections involved are generally relatively 
thick, then the rate of cooling is quite slow. This may result in undesirably high 
grain size, which can be controlled by correct use o f  grain-controlled steels and 
flux additives. The slow rate o f  cooling is advantageous to  heat treatm ent and 
reducing the stresses imposed by cooling contraction. The fluxes can very success
fully eliminate the atmosphere and any trapping o f  slag.

Explosive Welding
A relatively new procedure which can only be used on materials o f  high ductility. 
This, therefore, limits the m ethod to  materials such as aluminium, copper and very 
low-carbon mild steel. It is not a satisfactory Welding m ethod where materials are 
hardened by work hardening, since a layer is formed which is hard, brittle and does 
not diffuse to give a satisfactory bond. In many respects the m ethod is similar to 
forge welding, with the application o f  high-impact force.

Briefly, the procedure is that the parts to be joined are placed in a female m ould. 
Either using contact explosives, or under some circumstances, normal explosives, 
the m ould is used as the backup to  withstand the pressure wave caused by  the ex
plosion. This results in heavy-impact forces which cause forge welding. The mould 
can be immersed in water where the explosive can be made to  react against the 
head o f  the water. For obvious reasons, the user is advised to obtain specialist 
advice before attempting Explosive welding; further general inform ation will be 
found  under the heading Forge welding in this section.

Flash Butt Welding
A form  o f  Welding which can only be applied to  relatively simple shapes and small 
com ponents  in most materials. It uses the electric arc as a means o f  heating, b u t  the 
heat involved will be conducted into the area o f  the com ponents  which 
subsequently will be welded.

The technique is that the two com ponents are securely clamped, the clamps 
being o f  high-conductive material which, in addition to holding them  securely, 
conducts  electricity to each o f  the components. The clamps are positioned so that 
the surfaces to  be joined are in light contact with each other. One clamp is rigidly 
fixed, while the other is movable. A high electrical current is passed to  each com 
ponen t,  resulting in an ‘arc’ where they meet. This will cause the burning away o f  
the material at the interface. As the arc proceeds, one clamp is moved forw ard at a 
predeterm ined rate to  feed the arc, thus maintaining a stable arc. This results in 
heating o f  the metal between the arc itself and the clamp, and this will eventually 
becom e plastic by conducted heat.

When materials o f  different heat conductivity and specific heat are to  be jo ined , 
the am ount o f  metal protruding from each clamp will be different, to  ensure tha t 
bo th  pieces reach the desired forging temperature at the same instant. When this 
predetermined temperature has been reached, the arc is then stopped. An upset
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force is immediately applied to  ram the movable clamp against the fixed clamp. 
This results in upset forging at the interface, and when the correct conditions have 
been achieved, all the cast and oxidized material produced during the arcing period 
will be pushed ou t o f  the weld and appear in the weld flash. This flash is removed 
during subsequent machining.

It will be seen, therefore, that Flash Butt welding is a form o i  forge welding , 
where some casting is involved at a preliminary stage o f  the process. Any evidence 
o f  cast structure which appears in the finished weld is indicative o f  a faulty setup 
and the  weld will be less than perfect.

One o f  the advantages o f  Flash Butt welding is the possibility o f  welding 
different materials, resulting in high-integrity joints. This is difficult or impossible 
w ith conventional m ethods o f  fusion welding.

With Flash Butt welding, all interface oxide is eliminated at the upset part o f  the 
cycle and, thus, no fluxes are necessary. As a reasonable-sized area o f  heating is 
involved, the problem o f  quench cracking on steel will seldom be encountered; but 
when high-hardenability steels are to  be welded by this technique, it is then 
desirable to  have a prewelding cycle. Here resistance heating o f  a much lower order 
than arc heating can be used to preheat the complete com ponent and clamp, thus 
reducing the  danger o f  quench cracking. The same com ments apply to  contraction 
stresses caused by the expansion and contraction o f  the material during welding. 
Because the  com ponents joined by this technique are relatively small and o f  simple 
shape, it is generally possible to  carry out controlled heat treatment subsequent to 
welding. This can be used to eliminate any heat treatm ent problems.

Flash Butt welding can produce the type o f  forge weld where the mechanical 
properties o f  the weld itself and the heat-affected zone are identical to the basic 
material. When materials having no strong directional properties shown by flow 
lines are Flash Butt welded, then it is possible to  produce a weld which is un- 
dectable by  metallurgical inspection techniques.

Friction  and inertia welding are now to  some extent replacing Flash Butt 
welding as they are more flexible and have a lower capital cost. (This com m ent 
only applies to smaller diameters and the simple shapes applicable to  the newer 
techniques.)

Forge Welding
A m e th o d  o f  Welding which can be applied to  any material which can be forged. 
Thus, cobalt alloys and similar metals, which have an impractical, limited forging 
range, are not joined by this method. This is the original form of Welding, used 
during the  Industrial Revolution by craftsmen such as the village blacksmith, and 
still used in many companies by craftsmen blacksmiths.

Today , the term ‘welding’ is generally taken to  mean fusion welding, where 
casting or melting o f  the pieces achieves the join. With Forge welding, no liquid 
phase en ters  into  the process.

The parts  to  be joined must be heated to the forging range, which will vary,

400



W E L D I N G  -  F R I C T I O N  W E L D I N G

depending on the materials being joined. For example, with aluminium alloys the 
range is 400°C-550°C, with copper alloys it is usually 700°C-950°C, and with 
normal steel it is from 1000°C-1250°C, with some variation at either end o f  the 
temperature range depending on the material used. The majority o f  pure metals, 
such as aluminium, gold, lead, tin, iron, etc., which do not work harden, can be 
Forge welded at room temperature. Room-temperature Forge welding o f  other 
materials can be carried out to  a limited ex tent, but this will depend on the am oun t 
o f  cold working  which the material can accept w ithout grain distortion becom ing 
such tha t diffusion o f  the grains is no t possible.

Forge welding requires that when force is applied to  the interface o f  the tw o 
metals, this results in the micrograins joining together and bonding in such a 
manner tha t any metallurgical examination will not detect the line o f  the forge 
join. This does not preclude the occurrence o f  some work hardening bu t the cold 
work will be o f  a limited extent. Once work hardening affects the surface grain to  a 
sufficient extent,  the grains will no longer be capable o f  mingling with those o f  the 
other materials being joined. In general Forge welding is restricted to the joining o f  
similar or identical metals, but there is no technical reason, provided a careful 
choice is made, why dissimilar metals cannot be joined using this process.

With metals that do not show cold work, or metals which are Forge w elded in 
the correct range of hot working , then it is impossible to identify metallurgically 
the resultant join. This, then, is a perfect join which does no t affect the mechanical 
properties o f  the com ponent. When a limited am ount o f  cold work exists, this can 
be eliminated by subsequent annealing, normalizing or any heat treatment where 
the material involved is recrystallized. All evidence o f  grain distortion is also eli
minated. Heat treatment cannot accomplish this, if  there has been sufficient work  
hardening to prevent the correct technical forge. It will remain evident and will be 
a plane o f  weakness on the completed com ponent, usually showing itself as a crack.

Forge welding is a relatively expensive m ethod o f  joining, because o f  the  labour 
involved. Under some circumstances the m ethod can be improved from  a 
production-engineering point o f  view, but it is then generally renamed to  indicate 
the m ethod o f  heating. Thus, processes such as resistance welding, flash b u tt  
welding, friction welding, etc., are all examples o f  Forge welding. The term  Forge 
welding is, therefore, generally confined to the m ethod o f  heating, using conven
tional means such as gas, furnace, induction heating, etc. Force is then  applied 
either with a hand-held hammer, or in a normal forge. For production purposes, 
Forge welding has now largely been replaced by other methods, the most com m on 
being fusion  welding. As stated, Forge welding is more expensive, bu t  when 
correctly controlled will generally result in a high-quality join.

Friction Welding
A form o f  forge welding, the materials involved, as in forging  itself, being confined 
to  those which are capable o f  accepting a certain am ount o f  work hardening , and 
those which can be successfully ho t  worked at room temperature, such as pure

401



W E L D I N G  -  F U S I O N  W E L D I N G
aluminium, lead, etc. As such this process cannot be applied to materials such as 
cast iron or cobalt alloys or other materials where the ho t working range is too 
small to  be practical.

The process makes use o f  the fact that, if friction is applied to  any metal, this 
will result in the release o f  energy in the form o f heat. This heat is used to increase 
the temperature o f  the com ponent to  the forge welding range. This is achieved, 
as stated, by friction at the rubbing interface, heat being conducted away from the 
interface to produce a heat sink. The am ount o f  pressure and time will be related 
to  the temperature at which ho t working can be carried out.

The procedure is that one o f  the com ponents is held rigid and static. The second 
com ponent is revolved at a comparatively high speed in contact with the first. The 
degree o f  contact pressure and the speed o f  revolution will vary with the com po
nents being welded and the materials being used. The friction at the interface 
results in heat being conducted away from this area, thus achieving a heat sink. 
When the temperature achieved is within the ho t working  range, the rotational 
m otion is stopped and the com ponent which has been revolving is rammed against 
the static com ponent. This is the forge welding part o f  the procedure and results 
in oxidized metal, caused during the friction-heating cycle, to be rejected in the 
forge flash.

This form o f  welding has the considerable advantage that it can be used with 
completely dissimilar materials, the heating cycle, pressure applied and speed of 
revolution being adjusted to  suit the materials in question. As stated, this is a 
forge welding m ethod, the heating technique allowing use o f  high-speed machines.

It is comparable to , and to  some extent is taking over from .flash b u tt welding , 
since it utilizes less sophisticated equipment, less power and o u tp u t  can be con
siderably greater. It is also possible by careful design to  use a variety o f  shapes, 
giving high-quality joins. Thus, it is no longer necessary to  have equal-sized bars 
but hollow tubes and shapes can be joined with this m ethod, and studs can be 
successfully welded to plates or larger components. It is also possible to  weld three 
components by rotating two outside com ponents against a static central com ponent.

A similar process is inertia welding, for less high-integrity joins; stud welding 
and resistance welding can also be used. Flash b u tt welding will generally be more 
expensive, but where large or awkward parts are involved it will be a more practical 
proposition. The various types o f  fusion weld will always be possible alternatives, 
bu t seldom give the same quality o f  join.

Fusion Welding
The general name given to  all forms o f  Welding, in all materials, where the materials 
being joined are taken above their melting points and two or more areas o f  molten 
metal are allowed to  fuse together.

Fusion welding, it will be seen, involves casting. In general the more rapidly a 
casting is cooled, the finer will be the grain structure, and this normally is a desir
able characteristic. At the same time, however, rapid cooling can have serious
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effects on the structure if  the material being welded is heat treatable, and also on 
the stresses imposed because o f  differential expansion. When a casting is allowed to 
cool slowly, relatively large grains will be produced, often with strong directional 
properties, and this will reduce the ductility o f  the weld.

With Fusion welding, no forging  is involved, but it must be appreciated that 
there are welding techniques, described separately, which make use o f  fusion and 
forging  in the Welding process. Heat treatment will occur, if  the alloy is heat 
treatable. The same com ments apply here as to  forge welding in that the slower 
the cooling rate, the less serious will be heat treatment effects.

In Fusion welding there are a number o f  techniques for supplying the necessary 
energy. Each is described under its own heading, and some indication is given 
regarding possible heat treatment effects. Some methods achieve high heat input 
which only affects local areas, resulting in a brittle zone with cracking during 
cooling or in subsequent service. Regarding the chemistry o f  the com ponents this 
will invariably have a more serious effect than forge welding as casting will always 
occur at a higher temperature than forging  for any specific material.

During the Fusion welding process fluxes are used to a much greater ex tent than 
with any o ther type o f  welding. The purpose o f  the flux is generally to remove 
surface oxide, and to  act as a blanket on the weld pool to  prevent further 
ox ida tion , and also prevent oxidation o f  metal during arc transfer. Fluxes can also 
be used to maintain a fluid weld, thus allowing trapped solids to  float to  the 
surface. Finally, fluxes may be used to add alloy metals to  the weld.

The physical changes caused by Fusion welding vary considerably, depending on 
each type o f  welding. Where high-energy production welding is involved, very 
local stresses may be produced, in a similar manner to  those produced in heat 
trea tm ent, because o f  the relatively small heat sink which results. This can under 
some circumstances cause a build up o f  local stresses. The extent and seriousness 
o f  this will again vary, depending on the design, sequence o f  welding and size o f  
the com ponents , bu t with the lower productive m ethods, such as oxyacetylene 
welding , there will be a larger heat sink. The affected area is, therefore, larger 
and the stresses are distributed over a greater surface, resulting in less stress raisers. 
Some designs exist, however, where because o f  the sequence o f  welding, a large 
sink results in special stress problems and this must be assessed for all welds.

T o  summarize, Fusion welding is a general name for a number o f  welding pro
cesses, each o f  which is described in this section under its separate heading. It was 
the advent o f  Fusion welding which brought the welding process into common 
use as a m ethod  o f  fabrication, and in its absence the welding industry would not 
have advanced to  its present state.

High-frequency Induction Welding
A relatively specialized m ethod, confined to a limited num ber o f  materials. These 
are generally materials with low melting points and, thus, do not require excessive 
energy for welding. The m ethod o f  welding varies considerably but heating
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invariably uses high-frequency techniques. The procedure is that the com ponents  
are fed into an induction-heating coil and the energy is used to  heat the material to  
within the forging range. Upset pressure is then applied and, thus, i t  is seen tha t 
High-frequency Induction welding is a m ethod o f  forge welding.

Theoretically, there is no reason why this process should not be used in Fusion 
welding as it employs sufficient energy to  cause melting o f  most metals. Practical 
and economic considerations, however, generally prevent fusion welding making 
use o f  this heating method.

Because o f  the technical difficulties involved in using this technique, it is gener
ally confined to smaller com ponents in the electronics industry or where high- 
production welding under carefully controlled temperature conditions is required.

By careful design and control induction heating can be used to  ensure that the 
same heat is used to  produce identical temperatures over a large num ber o f  com po
nents, and under conditions where high-integrity forge welds are required, this 
m ethod is commonly applied. It is comparable in many ways with friction  and 
flash b u tt welding regarding the control available, and the quality o f  the final 
assembly.

Heliarc Welding
A method o f  fusion welding using the inert gas helium as a shroud. The term  
Heliarc is sometimes used as an alternative to argon arc. The present process 
is unusual in the UK, where argon gas is used; details o f  this, and argon arc 
welding, will be found in this section under Inert-gas Shielded Metal Arc welding.

Hydrogen Welding
A form of Welding which can be used for joining almost all materials since the 
temperature achieved is very high, the hydrogen acting as a shield to  prevent 
oxidation or even reduce surface oxidation already present.

The procedure is that an arc is struck between two tungsten electrodes in a 
hydrogen atmosphere. It is the ionization o f  the hydrogen molecule which results 
in high temperatures. Because o f  this, and the obvious danger o f  hydrogen con ta
mination, this weld procedure is no t  now com monly used, and inert-gas shielded 
metal arc welding (either MIG  or TIG welding) has replaced the majority o f  its 
uses. However, where very high local heat with a strongly reducing atmosphere, is 
required Hydrogen welding may still be used, provided there is no danger o f  the 
trapping o f  atomic hydrogen causing hydrogen embrittlement.

Inert-gas Shielded Metal A rc Welding /Inert-gas Shielded Welding/ 
Inert-gas Welding
Methods used in fusion welding where the weld itself is shrouded by an inert gas, 
namely, argon, helium, kryp ton , neon, radon or xenon.

All these gases have identical chemical characteristics in tha t they cannot form 
chemical compounds under any circumstances, hence the term ‘ine rt’. They are
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used to prevent the chemical reactions which normally occur between hot metal 
and atmosphere. In practice only argon and helium are used, and in the UK, argon 
alone.

Inert Gas welding may be used to  join any metals, and is commonly employed 
for welding more sophisticated metals having an affinity for oxygen. It is seldom 
economical for use with mild and low-alloy steels.

In this m ethod the electrode has a ceramic or metal shroud through which it 
projects to  produce the arc with the metal to  be joined. The shroud is used to  pass 
a stream o f  inert gas along the electrode, and is designed to ensure that the weld 
pool and adjacent metal are also covered or shrouded. The arc itself, therefore, will 
be struck in this gas. As the heat o f  ionization o f  argon or helium is considerably 
less than tha t or air, the energy available for Inert-gas welding is lower than for 
electric arc welding. The m ethod will not normally be used where forge welding 
is involved, although there is no reason why argon or helium gas may not he used 
to  prevent oxidation o f  surfaces during that process, where no ionization or arc 
will be involved.

Because o f  the lower heat input resulting from the poor heat o f  ionization of 
the arc, it is not possible to produce the large weld pool associated with conven
tional arc welding. This means, then, much lower production speeds. Since rapid 
production o f  heavy weld deposits cannot be achieved, the present process is not 
an economical alternative to  electric arc welding. This detraction is balanced, 
however, from a technical viewpoint, in that there is sufficient heat to  ensure 
correct fusion, while insufficient to  cause problems from burning, gouging, etc. 
In addition, it does not permit the production o f  very local hot areas surrounded 
by cold metal which cause hardening and brittleness.

Thus, there are less casting problems and fewer dangers from heat treatment 
using the inert gas process than with normal arc welding. The gas blanket precludes 
air and so the chemistry o f  the weld is much simplified; fluxes are, therefore, never 
used with this method. Problems o f  expansion and contraction are reduced with 
Inert Gas welding as compared with electric arc, as the differential between the 
hottes t zone and the cold area will be less dramatic.

In many respects Inert-gas welding is comparable to  oxyacetylene welding 
and this similarity is considerable when TIG (tungsten electrode inert-gas welding) 
is considered. Here the operator can manipulate the heat source, the ionized inert 
gas, in a manner very like a gas torch flame.

Briefly, therefore, Inert-gas welding produces a fusion weld  where, because o f  
the low heat input, there will be less danger from heat treatment and contraction 
stresses than with electric arc fusion welding. Because the weld is shielded from 
the atmosphere, any chemical effects are eliminated and this is the principle reason 
for use o f  the technique. With m odern equipment the gas flow commences before 
the arc is struck, and continues for a few seconds after the arc is broken. It is also 
possible to  have gas flowing in contact with the underside o f  the weld, or in 
extrem e cases, to fill a box with gas, and weld in this atmosphere.

W E L D I N G  - I N E R T - G A S  S H I E L D E D  M E T A L  A R C  W E L D I N G
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There are now available techniques where argon-oxygen or argon-carbon 

dioxide gas mixtures are used. The gas ratios are varied to  give improved ionization, 
thus better heat input, w ithout causing excessive oxide form ation. These are 
4Argonshield ' and ‘A rgonox' usable only on mild and low-alloy steel. The 
techniques are alternatives to  carbon dioxide welding.

The terms inert-gas welding, inert-gas shielded metal arc welding  and inert 
gas shielded welding, as well as MIG and TIG welding, should be confined to 
uses with true inert gases. The use o f  these names in connection w ith  welding 
using shrouds o f  carbon dioxide, nitrogen, etc. is technically incorrect and may 
lead to  confusion resulting in expensive faulty welding. The reader is advised to 
obtain further details on this m ethod from a reputable supply house.

Metal Inert Gas Welding (M IG Welding)
A form o f  inert-gas shielded metal arc welding where the electrode used is fed 
at a constant speed through the shield o f  the torch. Across the metal will flow 
the inert gas and, provided the speed o f  the electrode is controlled, a continuous 
welding process is achieved with the molten weld pool shrouded by the  inert gas.

While this may be used as a hand technique, considerable skill is required to 
control the arc and the speed o f  the metal feed wire. It is, therefore, qu ite  com mon 
tha t MIG welding is carried out as part o f  an automatic process where the welding 
gun is held on some form o f tractor, or the com ponent being welded is moved at a 
constant speed below the fixed arc. With this technique, it is possible to  control 
the length o f  the arc, and thus ensure that high-quality, consistent welds are pro
duced at all times.

The carbon dioxide shielded arc weld with a continuously-fed bare wire is 
com monly known as MIG welding. This is an abuse o f  the term as carbon dioxide 
is no t an inert gas, and can cause confusion and serious technical problem s if carbon 
dioxide is used on any metal other than steel.

Percussion Welding
A form o f  Welding, usually o f  the forge weld type; it is a variation on  resistance 
welding. The process is used on materials such as copper and aluminium and their 
alloys which have good electrical conductivity. This means tha t with normal 
resistance welding the electrodes used to perform the weld may have comparable, 
or even higher, resistance than the material being welded. Thus, there is every 
chance that the electrodes will weld themselves to the com ponen t instead of, or as 
well as, welding the com ponents to  each other.

To overcome this problem use is made o f  the condenser-discharge system, where 
the electrical energy is built up, and stored in a condenser which is triggered at pre
set intervals to discharge across the gap between the electrodes. This technique 
results in resistance heating o f  the com ponent material, with less heating o f  the 
electrodes. When sufficient heat has been achieved, the electrodes are used to form 
the weld slug in exactly the same manner as with resistance welding. The weld
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produced is identical to  that with spot, seam or stitch welding made with normal 
resistance heating. Obviously, it is theoretically possible to  use this technique to 
continue heating to produce a fusion weld, but this is not normal use.

Plasma Welding
A m ethod o f  Welding capable o f  joining most metals.

It uses the plasma principle as the source o f  heat. Electrical energy is used to 
disturb the electron configuration o f  a gas over a distance. When the source o f  
disturbance is stopped the energy is recovered as heat and very high levels can be 
achieved, in excess o f  30 000°c .  Any gas can be used but argon or an argon/air 
m ixture are the most com monly used in welding. The heated gas will have high 
velocity in addition to heat energy and can be used as a very fine jet. This method 
o f  welding is expensive but can be useful where a large mass must be joined to a 
small com ponent. It is also useful where distortion must be held to  a minimum 
as the heat affected zone can be very small because o f  the very small gas flame 
and the very high temperature. For the same reasons considerable care is necessary 
to prevent severe metallurgical problems caused by the rapid local cooling resulting 
from a large mass o f  cold metal adjacent to  a small heated area.

Plasma welding is an alternative to electron beam welding when it is necessary 
to minimize the areas affected by heat, bu t it does not require any vacuum equip
ment. The heat source is expensive and it is unlikely this technique will replace 
any form o f high production Welding.

Pressure Welding
A general term given to any form o f  forge welding where the join is made by 
compression o f  the materials being joined. In general Pressure welding is carried 
out a t high temperatures, but no melting is involved and it can be carried out as low 
as room  temperature with many metals, particularly those which do not work 
harden such as gold, lead, tin, pure aluminium, etc.

The process is described in more detail in this section under forge welding, 
but the  term Pressure welding is generally used for those techniques where the 
pressure cycle is well defined and can be seen to exist. Very often  with resistance 
welding techniques the pressure cycle is not obvious, w ithout some knowledge of 
the process details. Pressure welding is a term often used loosely to  describe alter
native forms o f  Welding.

Projection Welding
A form o f  electrical resistance welding, confined generally to  com ponents o f  
mild steel-sheet type.

The com ponents are subjected to  a pressing operation prior to  welding, whereby 
one o f  the components to  be welded has depressions, dimples or projections 
form ed. This is then assembled with the mating part and electrical resistance 
heating applied across the dimple. With this, higher contact pressure and a higher
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electrical current is required than with resistance welding. This, then, is a form of 
spot resistance welding where the spots are preformed on the com ponents  to  be 
welded.

Resistance Welding
A name given to the joining process applicable to  a large num ber o f  m etals, making 
use o f  the fact that,  when an electric current o f  a high enough order is passed 
through a metal, heating occurs, caused by the electrical resistance o f  the metal 
involved.

Resistance welding is more economical and easier to  control on materials which 
have a high electrical resistance (low electrical conductivity). With these metals 
(mild steel is a typical example), using relatively small, high conductivity electrodes, 
generally in a copper alloy, a high concentration o f  electrical energy can be passed 
via the electrodes through the com ponent being joined. The area between the 
electrodes will become hot, and when the desired heat is reached, a forge weld  is 
produced. The heating will take the metal into the plastic range o f  the material, but 
will not produce any cast metal. The same electrodes are used to apply the com 
pressive force which achieves the forge weld.

With higher conductivity metals, such as copper and aluminium, the difference 
in resistance between the electrode material and the com ponents being welded is 
much less and considerably higher electrical current is necessary. Unless care is 
taken, the resistance between the electrodes and the com ponent will be as great as, 
or greater than, the resistance between the two com ponents being welded, and thus 
there is some danger o f  welding the electrode to  the com ponent. This can be over
come by careful choice o f  electrodes, ensuring tha t they are clean and in good con 
dition at all times, or by using condenser discharge o f  the electrical current.  This 
very high electric-current discharge results in resistance heating o f  the com ponents  
which are then subsequently forge welded as with mild steel. This is term ed 
percussion welding.

The inspection for Resistance welding uses the chisel test. This can be applied 
to  components but results in scrap, and more generally is carried out on test pieces 
o f  the same material and thickness as the com ponents. These are welded under 
identical conditions to the com ponents and are then prised apart w ith  a chisel. 
A complete slug o f  one com ponent must be left. Fracture along the weld line shows 
a faulty weld. Faults may result from the use o f  excessive heat causing some fusion 
or casting at the interface, or insufficient heat where the surfaces are no t brought 
to the temperature required for forging. Investigation is necessary to  identify the 
fault.

Resistance welding takes various forms, such as spot, seam, stitch , roller, pro
jection welding, etc., all o f  which are described under their own headings in this 
section.
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Roller Spot Welding
A form o f  resistance welding applied generally only to relatively thin sheet-metal 
components. The com ponents pass between two rollers which act as the electrodes. 
To these electrodes is applied a series o f  pulses o f  electrical energy, which result in 
the resistance heating o f  the metal between the electrodes. The pressure applied to 
the electrodes or rollers is such tha t the heated material is then forge welded.

The rollers act as a m ethod o f  feeding the com ponents and do not, in fact, have 
a continuous roller movement, but pause while the electrical pulse is discharged 
and pressure then applied. By adjusting the speed and pause-timing, it is possible 
to  have overlapping spot welds or welds at any desired distance. The process is 
also known as seam welding.

The process has some advantage over spot welding where electrodes hold 
components at one spot and the welded assembly is then moved to the next area 
and positioned prior to repeating the welding cycle. It is obvious that only assem
blies o f  reasonably homogeneous shape, such as cylinders or long flat components, 
are welded using this particular technique.

Seam Welding
A form o f  resistance welding where generally a lap-type joint is produced. The 
electrodes used are circular and revolve gripping the two materials being welded.

In theory any material which can be Forge welded may be Seam welded, but the 
higher the electrical resistance o f  the material being welded the easier the process.

The process consists first o f  a heating operation, then, when the material 
between the electrodes is at the correct temperature in the forging  range, electri
cal resistance heating stops, and pressure is immediately applied by the electrodes 
to form a forge weld. Immediately on completion o f  each weld, the electrodes 
supply the necessary drive to  move the components. It is obviously possible to 
produce a Seam weld using normal electrodes, but this means that the assembly 
must be handled and indexed to  produce the second spot. An alternative name 
for this is roller spot welding; further details o f  welding methods using electrical 
resistance heating are given under Resistance welding. It should also be noted that 
the term Seam welding may be used to  denote any weld join where a seam is 
produced.

Spot Welding
The resistance welding o f  sheet-metal components, where an individual or ‘Spot’ 
weld is produced. A comparatively wide range o f  materials can be used with the 
same restrictions applied as to other forms o f  resistance welding. The term is some
times used in place o f  stitch  or tack welding.

With Spot welding, individual electrodes are used to produce a local weld and 
the com ponents being welded are then relocated for the next Spot weld. Thus, the 
operator controls bo th  welds and location, although the choice is often  limited by 
the use o f  jigs and automatic or semi-automatic sequences. Spot welds are commonly
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used during the setting up o f  more intricate resistance weld assemblies where, 
when high-integrity com ponents are involved, use might be made o f w hat is termed 
breaking spot or stitch welds. With this, the weld produced is deliberately below 
standard so that if  the com ponents are no t correctly located the weld can be parted 
or broken w ithout scrapping the components involved.

Spot welds are tested using the chisel test , where the  weld is parted  and must 
leave a complete witness o f  one o f  the components. Fracture along the weld line 
shows a faulty weld. This would be expected only where a ‘breaking’ Spot or 
tack weld had been produced, designed to  fail at a low load. Further information 
on the Spot welding process is given under Resistance welding in this section.

Stitch Welding
Generally a form o f  resistance welding where local ‘spots’ ‘tacks’ o r  ‘stitches’ are 
involved. The term can, however, be applied to  other forms o f  welding such as 
oxyacetylene  or electric arc welding where the weld is made locally, thus a 
‘stitch’. The purpose o f  Stitch welding is generally to  hold com ponents  in a tem 
porary manner until full welding or some other form o f  joining can be accom
plished. It can, however, refer to  the procedure where interrupted welds are used 
along straight lengths for economical reasons, when low-strength welding can be 
accepted.

Stitch or Tack welding, where areas o f  high local heat are surrounded by cold 
metal, can lead to  serious brittle effects in the heat-affected zone if  the steel being 
welded has any appreciable ‘hardenability’. The extent o f  the problem will be a 
function o f  the heat input, carbon and alloy content o f  the steel, and the relative 
mass o f  cold metal adjacent to  the weld. The higher the carbon or alloy content, 
the greater the ‘hardenability’, and thus the more critical the mass o f  cold metal 
required to cause hardness and brittleness.

Stitch or Tack welds should, therefore, never be allowed where there is any 
danger o f  impact loading, or where failure o f  the weld could result in any danger.

Where such local welds are essential on high-integrity com ponents , then pre
heating is essential, and postheating recommended. They should, thus, be treated 
in a similar manner to  full-penetration welds under these circumstances.

Submerged A rc Welding
A specialized form o f  Welding which is generally used only on plain carbon or very 
low-alloy steels. It is a mass-production process which necessitates the use o f  ex
pensive equipment, requiring considerable control. It is generally confined to 
straight welding runs, but can make circumferential welds by rotating the com 
ponent. With more specialized equipment, slightly more complicated shapes can 
be joined.

The procedure usually is tha t the prepared jo int has a projection known as a 
‘starting-pad’, and where the arc is first struck between this projection and the 
wire used to fill the weld. The wire will be o f  a specified size and type and will be
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fed a t  a controlled rate, depending on the speed o f  the tractor used to traverse the 
weld and the weld current. Immediately after the arc is struck, powdered flux, 
which completely covers the arc, is fed into the weld pool, hence the name of the 
process. At this point the tractor commences its journey along the weld, or the 
material being welded is moved at a controlled speed under the arc. This latter 
procedure is commonly applied to circular components and results in continuous 
down-hand welding. The flux can produce a gas having high-energy ionization, thus 
increasing the energy available at the weld.

The system is subject to  considerable modification depending on the circum
stances, and sophisticated equipment is available which loosens and sucks up the 
fused flux or slag. This material can on occasion be sieved and the unused flux 
returned for reuse. Subsequent weld runs can be applied on top o f  each other by 
reversing the direction, provided the flux and slag are correctly removed. In the case 
o f  circumferential welds, this can be a continuous process, and full-penetration 
welds up to  several inches thick can be produced with up to thirty-weld runs.

This form o f Welding achieves high-integrity joins at high production rates, 
provided the geometry o f  the com ponents is relatively simple. All post-treatment 
techniques necessary for other forms o f welding are required here, although the 
high heat input which is possible, and the thick plate material, achieve a consider
able heat sink, thus reducing the necessity o f  postheating with low-carbon steel. 
It should no t,  however, be assumed that Submerged Arc welding does not require 
pre- or postheating. It will be appreciated that Submerged Arc welding can readily 
be applied only in the down-hand position, since it is not possible to feed the flux 
to  submerge the arc in any other position. Using special asbestos belts, vertical 
welds in the ‘3 o ’clock’ position are possible. This is normally only possible with 
simple welds using special equipment. The electroslag welding technique, although 
differing technically, results in vertical welds with characteristics similar to 
Submerged Arc welds.

Submerged Arc welding is the normal electric arc welding which has been to 
some ex ten t autom ated; it is confined to simple welds. Because o f  its high quality, 
h ighspeed  welding is possible and the operator need not be highly skilled. To some 
extent the use o f  carbon dioxide welding is now competing with Submerged Arc, 
bu t will no t  normally produce the good-quality welding possible with the 
Submerged Arc process. However, the former m ethod is more flexible and can be 
used as a hand-welding technique.

Tack Welding
An alternative name for stitch welding; the weld is local and often  used to  hold 
com ponents  together on a temporary basis.

Considerable care is necessary when Tack welding using the electric arc process, 
in tha t the heated area is local and surrounded by cold metal. If this has any appre
ciable hardenability, it can result in quench cracking or local em brittlem ent; this 
is discussed under the heading Stitch  welding.
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Thermit Welding
With this, use is made o f  the energy, released as heat,  from the chemical reaction 
when aluminium powder is allowed to react with iron oxide. Very high heat is 
obtained locally and, at the same time, the iron oxide is converted to  m olten  iron. 
This supplies the filler metal while the aluminium is converted to  aluminium oxide 
which, being lighter than molten iron, floats to  the surface and acts as a flux or slag.

This form of Welding is a casting technique, where no forging  is involved. The 
resultant weld depends to  a large extent on the skill o f  the welder as the technique 
involves the production o f  a mould into which is placed the mixture or iron oxide 
and aluminium in powdered form. By some means, either electrical discharge or the 
use o f  chemicals such as gunpowder, this mixture is taken above a certain  critical 
temperature when the reaction starts, and continues spontaneously and rapidly 
with the evolution o f  tremendous heat. This heat results in the melting o f  the 
adjacent interfaces, thus producing a true fusion weld.

It will be seen that the control obtainable once the reaction starts, is limited 
and, thus, the integrity o f  the finished weld depends almost exclusively on the 
design o f  the mould and the technique employed by the operator regarding quan
tity o f  chemicals used, degree o f  mixing and shape o f  the weld. At the least, the 
finished product will probably contain some aluminium oxide, trapped within the 
weld, and it is unlikely that the weld will be com pletely free from iron oxide 
porosity. It should be appreciated that this technique precludes the use o f  any 
complicated geometry and the weld will require to be relatively simple.

Any control over the expansion and contraction stresses, and any pre- or pos t
heating necessary to  control weld cracking because o f  hardenability problems can 
only be achieved using conventional heating techniques, and since Therm it welding 
is generally used only when other techniques are no t possible, it will be seen that it 
is unlikely that these precautions can be exercised.

In general Thermit welding is confined to  the production  o f  fairly simple, rela
tively low-quality welds in circumstances where normal welding will be difficult 
because o f  access, or where very high local heat is necessary. It is p robably  the most 
portable Welding m ethod and, thus, can have some application where for any 
reason the weight o f  the equipment must be kept to  a minimum. An alternative 
name is G oldschmidt’s process, where this technique is used as a means o f  reducing 
certain metals from their oxides.

Tungsten Inert Gas Welding (T IG  Welding)
A form o f inert-gas shielded metal arc welding where the electrode used is 
tungsten and, thus, is not present in the process after acting as the electrode for 
striking the arc; hence the name of the method.

TIG welding can be operated with a hand-held torch , the filler metal, also hand
held, feeding the arc produced between the tungsten electrode and the com ponent. 
When used in this manner, TIG welding has a considerable resemblance to oxy- 
acetylene welding with the additional advantage tha t the argon gas shield is
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completely inert and, thus, the produced weld is free o f  oxide.

TIG welding can also be used where there is an integral filler as part o f  the 
com ponent. In this case the welding arc is used to melt the filler, producing the 
necessary weld metal. Further information on the use o f  inert gases in welding is 
given under Inert-gas Shielded Metal Arc welding.

Wet Nitriding
A form o f  nitriding using a cyanide salt bath. This results in the production o f  
atomic nitrogen in the bath and the evolution o f  hydrogen. The atomic nitrogen 
combines with the steel resulting in nitriding. This process is also known as 
Chapmanizing and has largely been replaced by conventional niữiding  or carbo- 
nitriding.

Wiped Joint
A term applied to the method o f  joining lead pipes where a solder with a wide 
range o f  solidification is used. This can be either for a join o f  two pieces o f  lead 
pipe or for the repair o f  a hole or cut. The molten solder is poured on to a pad 
and this is used to build up a thickness o f  solder on the pipe. Considerable skill 
is required and the traditional material for wiping the jo int is moleskin. With the 
gradual elimination o f  lead piping in favour o f  copper, stainless steel and plastic, 
the Wiped jo int is disappearing. The process is a form o f  fusion weld.

Wire-Brushing
A form o f  cleaning or descaling using either revolving or hand-held brushes with 
wire bristles.

Modern brushes generally use hard-drawn stainless steel wire but hard-drawn 
normal mild steel or low-alloy steel are also employed. Where materials other 
than steels are being brushed, it is often essential that stainless-steel brushes are 
used to prevent corrosion staining on cleaned surfaces, which will be contaminated 
by ordinary steel.

Wire-brushing is very often an alternative to blasting or pickling  but only in 
exceptional cases will it be found to give comparable results, particularly with the 
former. However, where access for blasting is difficult or impossible, properly 
used Wire-brushing will be an acceptable alternative and is certainly superior to no 
action or the misuse o f  pickling.

Wohler Test
A destructive test carried out on prepared specimens to  find the fatigue strength 
o f  a material.

The round specimen has two diameters, having a large, carefully prepared radius 
between each diameter. It is rotated, held by the larger diameter and loaded at the 
end o f  the small diameter. It will be seen that this technique applies a load fluc
tua ting  between tension and compression on the test piece; this load will normally
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be concentrated at the change o f  section. With each revolution, the surface o f  the 
test piece at the change o f  section will vary from tension at the top , and c o m 
pression at the bo ttom  as the specimen revolves. Provided the specimen is prepared 
in such a manner that no stress-raisers exist, then the true fatigue strength o f  the 
material undergoing the test will be obtained. It is now realized tha t the  fatigue 
strength o f  a com ponent is related to  the tensile strength and is affected more 
by surface finish than by the basic fatigue strength o f  the material. The Wohler 
test is now accepted to  be o f  limited application.

In general the useful fatigue strength o f  a metal is approx. 50 per cen t o f  the 
ultimate tensile strength, but where stress-raisers concentrate the stress applied at 
a local area the fatigue strength will vary considerably. It is now, therefore , advised 
that com ponents or assemblies are fatigue tested, rather than producing carefully 
manufactured test pieces.

Work Hardening
This metallurgical process can be applied, in theory, to any metal. It is, however, 
necessary in some cases to  use considerable caution, and in other cases the am ount 
o f  Work hardening possible is so small as to  be impractical. Work hardening results 
in the distortion o f  the metallurgical grain structure, causing strain which increases 
the tensile strength o f  the material. When a material is h o t  worked, the grain s truc
ture is immediately recrystallized, thus removing grain distortion and strain. Many 
pure materials such as lead, gold and silver h o t  work at room tem perature , and it is, 
therefore, necessary i f  Work hardening is to be encountered tha t they are taken to  
below room temperature. As recrystallization will occur when the material is re
turned to  room temperature, Work hardening will obviously be o f  only theoretical 
interest.

Many materials cannot be cold worked  because their metallurgical structure 
precludes the distortion o f  the grain and fracture at the grain boundary  or o f  the 
grain itself will occur before any appreciable Work hardening or grain d istortion 
takes place. Under many circumstances the same materials cannot be successfully 
hot worked, and thus there are a range o f  materials which are not capable o f  
being forged.

Work hardening is a means o f  increasing the tensịle properties o f  many materials 
which cannot be subjected to  heat treatment. This applies to  austenitic stainless 
steel and many o f  the aluminium and copper alloys. The w ork is generally applied 
to  metal while it is being produced. Thus, during rolling, a controlled am oun t o f  
cold working can be successfully applied to  sheet metal which will considerably 
increase the tensile properties, the ‘yield’ and ‘ultimate tensile s trength’, w ith  some 
reduction in the ductility. This will generally be within acceptable limits in those 
alloys which are used in the Work hardened condition. The same conditions apply 
in the manufacture o f  tube and extruded sections where the am ount o f  cold work 
being applied can be carefully controlled. The use o f  forging as a Work hardening 
technique requires considerably more skill and care as there is generally a thicker

414



WR A P P I N G  T E S T

section, or a greater mass, and thus predicting the amount o f  cold work being 
applied is more difficult.

It should be realized when Work hardening is applied to any material that appre
ciable heating o f  the finished com ponent will result in a reduction in the tensile 
strength obtained. Thus, brazing or welding of Work hardened materials is only 
possible when this reduction in mechanical properties can be locally accepted 
in conjunction with the weld or braze. Work hardening can, however, be applied 
to those areas which have been heated in order to recover some or all o f  these 
mechanical properties. This technique is often referred to as peering  and requires 
some skill.

Any o f  the materials listed above which can accept Work hardening, and which 
are bent or hammered during manufacture, will be Work hardened locally. Work 
hardening can also occur on com ponents in service where they are subjected to 
bending stresses which result in distortion o f  the grain. Under these local con
ditions Work hardening may be a defect which, because o f  accompanying local 
reduction in ductility, can cause cracking. If these bending stresses are continued, 
fatigue or brittle failure will result.

Different materials exhibit widely varying cold working  characteristics. In 
general, with steel, it can be stated that Work hardening characteristics are to some 
extent proportional to the hardenability o f  the material. There are, however, 
variations even in this in tha t high manganese materials will Work harden to  a 
greater ex ten t than low manganese materials. Austentic stainless steel, and other 
materials containing appreciable am ounts o f  nickel and chromium, are suspectible 
to Work hardening with an increase in tensile strength but decreased ductility. 
This decrease in ductility can, under some circumstances, be serious.

Further information on the Work hardening characteristics o f  alloys should 
always be sought before com ponents  are used in conditions where bending stresses 
will occur, and where severe cold working is to  be applied during the manufacturing 
process, w ithout subsequent stress-releasing. Stress-releasing at a temperature of 
650  c  for 2 h  will successfully eliminate all appreciable Work hardening from 
ferrous alloys and similar critical temperatures will remove the effect from other 
materials. Where materials are Work hardened as part o f  the manufacturing process, 
for example, in wire-drawing, extrusion, rolling, etc., it is advisable that they should 
be tempered before going into service. This operation is carried out at the highest 
possible temperature, and should certainly be at least 20 degC above the tempera
ture to  which the com ponents will be subjected during manufacture, or in service. 
Further details o f  ‘tempering’ are given in the section Heat Treatment.

Wrapping Test
A destructive test used to ascertain the ability o f  wire to accept work hardening 
w ithout fracture.

The test has many variations and can be very specific when necessary. In essence, 
the wire is wrapped around a specified mandrel for a specified number o f  times
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and is either examined then for cracking in the as wrapped condition , or after 
unwrapping and straightening. The test will often specify tha t the mandrel has the 
same or twice the diameter o f  the wire being tested, and tha t the m inim um  num ber 
o f  wraps is eight. During the actual wrapping, inform ation can be obtained 
regarding the material being tested: if  fracture occurs, or it is no t possible to  obta in  
a satisfactory wrap, then obviously the material is unsuitable. The tests should in
clude an examination o f  the wire in the as wrapped condition, when it will be 
possible to  examine the tensile surface for fine cracks. This wrapping test can be 
used to  test surface finishes and is com mon for wire which has been galvanized. 
On completion of  wrapping, the wire should be carefully unw ound, straightened 
and re-examined. This test is typical o f  many relatively simple, destructive in
spection techniques, which clearly indicate whether or no t a material is fit for a 
certain specified function. It is, in fact, a form of Bend testing  more details o f  
which are given in the section on Mechanical Testing.

X-ray
A form of non-destructive testing which is described in that section in this book. 
It is more generally known as radiographic inspection.

Xeroradiography
A specific form of X-ray /radiography which has certain special applications. It 
makes use o f  the fact that certain materials such as selenium are converted from 
an electrical insulator to  become conductors when subjected to X-rays.

The technique is to  coat the com ponent, generally in plate form, with selenium, 
and this is then used instead o f  the photographic plate normally found in radio- 
graphical use.

The reader is advised to  obtain specialized advice. With advances in radiography 
and other forms o f  flaw detection, this m ethod is seldom used. The different types 
are listed and discussed in the section Non-destructive Testing.

Yield
See Proof Stress.

Young's Modulus
A measure o f  the strength and elasticity o f  materials. Some details and values are 
given under this heading in the section Mechanical Testing.

'Zartan'
A proprietary tin deposit which is claimed to  be an alternative to chromium plating 
on nickel as a decorative finish.

The advantages are tha t current control is simpler as the current density is lower, 
thus allowing normal barrel plating in many instances which would not be possible 
with chromium plating. The throwing power is much be tte r  allowing improved 
coverage and the equipment required is simpler. Further inform ation can be 
obtained from M.L. Alkan Ltd.
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Zerener Process
An alternative term to carbon arc welding. This is now seldom applied. It makes 
use o f  the arc struck between two carbon electrodes, or one electrode and the work 
piece. This arc is used as a source o f  heat to melt the filler rod and the com ponent 
being welded. See Fusion welding, Electric arc welding and Inert-gas shielded 
arc welding in the section Welding, these have replaced this technique.

Zinc Coating
This term is used to cover the several techniques o f  zinc treatm ent. These are 
almost invariably limited to the corrosion protection  o f  steel, and include the basic 
hot-dip process known as galvanizing and also the electrodeposition o f  zinc (see 
Zinc plating  in the section Electroplating). There is also the process o f  metal- 
spraying, where zinc is deposited. The sherardizing technique diffuses zinc into the 
surface o f  steel and is, thus, a process similar to aluminizing or chromizing using 
zinc instead o f  aluminium or chromium.

These processes all have their specific purpose. Galvanizing will produce a rela
tively thick deposit and, in most circumstances, is by far the most economical and 
technically superior m ethod o f  coating steel with zinc. It has, however, the proven 
disadvantages that it is relatively unslightly, and cannot be applied where com 
ponents  have fine limit dimensions. It will be less economical and relatively difficult 
to  apply to  small components. It is because o f  these disadvantages that Zinc plating 
is used. To some extent, the process o f  sherardizing can be used on components 
which have relatively fine limits.

The galvanizing process finds another limitation on threaded parts, where in 
spite o f  the techniques o f  ho t wiping, spinning, etc., devised to  reduce the un
evenness o f  the deposit, it is found that these com ponents cannot normally be 
galvanized w ithout subsequent machining. In addition to the obvious expense 
involved, there is the disadvantage that this operation will very often remove, 
either locally or completely, the galvanized corrosion-resistant film.

Zinc protects steel in direct proportion to the thickness o f  the deposit. The 
p ro tec tion  is achieved because the deposit o f  zinc prevents the atmosphere from 
contacting the steel. Oxygen, particularly when present with moisture and other 
elements such as chloride, sulphate, etc., results in the rusting o f  steel.

Zinc has a lower oxidation potential than iron, and while zinc is present the 
oxidation will be slower. Even when the zinc film is broken, allowing access of 
atm osphere to the steel, protection will continue. Since zinc is anodic to iron, 
an electrolytic cell is set up which produces minute quantities o f  electricity when 
an electrolyte is present where the zinc is the anode and corrodes, the iron being 
the cathode which is protected. Moisture forms the electrolyte, and it is obvious 
tha t the more electricity which is generated, the faster this reaction, and the more 
rapid the corrosion and removal o f  the zinc. Once the zinc is eliminated and the 
atm osphere is capable o f  attacking the steel surface, corrosion o f  steel commences.

Thus, corrosion protection  o f  the steel will be a function, first, o f  the thickness
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of the zinc; second, o f  the aggressiveness o f  the atm osphere; and th ird , it is a 
measure o f  time. Therefore galvanizing, with which a zinc thickness in excess of 
0.005 in (0.125 mm) is 'com m on, will have an advantage over electroplated zinc, 
with which a thickness o f  less than 0.0005 in (0 .0125 m m ) is acceptable and th ick
nesses over 0.001 in (0.025 mm) are undesirable.

The sherardizing process and metal-spraying are capable o f  giving zinc deposits 
between the two extremes, and it is the designer’s problem that he m ust specify 
the thickest possible zinc capable o f  being used on his com ponent. Zinc plating will 
generally be the most expensive m ethod o f  depositing zinc with sherardizing and 
metal-spraying being intermediate, the expense varying considerably in the quan
tities involved and the geometry of the com ponent. For quantity  production , 
galvanizing will always be by far the most economical m ethod and, a t the same 
time, produces a zinc deposit which is technically superior to  the o ther m ethods.

It is now possible to improve the corrosion resistance o f  zinc by treating the 
freshly prepared surface with a chromate solution. Painting, particularly with zinc 
or zinc chromate primers, can give equal protection but will often  be difficult and 
expensive to apply and control at the necessary standard.

With electroplated zinc, it is generally agreed tha t the corrosion resistance 
obtained by chromate sealing is at least twice that o f  zinc alone, and the technique 
is now being applied to galvanized and metal-sprayed parts. Corrosion protection  
by the use o f  zinc is the cheapest and technically the best. If superior corrosion 
resistance is required, this will probably mean considering the use o f  stainless steel, 
aluminium or a copper alloy. Chromizing might be an alternative under certain 
circumstances. N ickel plating will give better corrosion pro tection  in aggressive 
atmospheres, but does not have as good galvanic p ro tec tion  when damaged and is 
much more expensive.

Zinc Phosphatizing
A process applied only to electrodeposited zinc. The newly plated com ponen t is 
dipped in a zinc phosphate solution which has been acidified with phosphoric acid 
to  convert the surface of the zinc to  zinc phosphate. This zinc phosphate coating is 
then sealed by immersing in a dilute solution o f  chromic acid. This m e thod  of  
sealing zinc deposits to prevent the formation o f  unsightly zinc oxide will improve 
the corrosion resistance. For most purposes, chromating, or ‘passivating\  is used 
and gives equal or better results.

Zinc Plating
A technique for the corrosion protection  o f  steel, details o f  which are given in the 
section Electroplating. Zinc is now the com monest metal deposited.

Zincate Treatment
The pretreatm ent necessary on aluminium and its alloys prior to  electroplating.

The material is subjected to  cleaning and is then etched  in chromic acid or
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phosphoric acid to remove all evidence o f  the oxide film. The material is carefully 
rinsed then dipped in nitric acid to  activate the surface, followed by rapid rinsing in 
clean, running water and immediate immersion in a sodium zincate solution.

The material, on removal from this solution after a few minutes’ immersion, 
will have a dull grey appearance. This is caused by the reduction o f  metallic zinc 
on the surface of the aluminium. Immediately after the zincate treatment the 
com ponents  must be thoroughly swilled and rapidly as possible passed to the 
electroplating process. This will most commonly be the electrodeposition o f  copper 
which is then plated with any other metal. Aluminium components can be 
chromium plated using this method. The adhesion o f  the plated metal to 
aluminium and its alloys will not be as good as that of metal which can be plated 
directly. The problem with plating aluminium is the affinity o f  aluminium for oxy
gen, which means that immediately on chemical removal o f  the oxide coating and 
swilling o f  the com ponent, an oxide film reforms at once, and this acts as a barrier 
preventing adhesion o f  the plated metal. The chemical conversion used in the 
Zincate process means that a conductive surface is produced which is capable of 
being electroplated. This is thus a form o f  electroless or immersion plating , where 
zinc displaces the aluminium.

Zincing
An alternative term to galvanizing, used with reference to wrought iron or mild- 
steel sheets.

Zincote Process
A m ethod of  producing a coating o f  zinc chromate on mild-steel components as 
a pretreatm ent for painting.

The com ponent or material is dipped or sprayed after cleaning with a solution 
o f  zinc nitrate, which contains sodium acetate and bisulphite. This oxidizing 
solution activates the steel surface which is then converted to the chromate by 
dipping in a dichromate solution. The steel is then carefully dried and immediately 
painted. The process has now been replaced largely by phosphating. The phosphate 
trea tm ent, when followed by a chromate seal, gives a superior corrosion-resistant 
finish to  steel with better adhesion o f  paint.

'Zinkostar'
A bright acid zinc electro-plated deposit.

Details o f  zinc plating are given in the section on Electroplating and further 
inform ation on this proprietary process can be obtained from the Oxy Metal 
Finishing Co. Ltd.

'Zyphos'
The proprietary name of a range o f  phosphate solutions. Further information can 
be obtained from M. & T. Cruickshanks Ltd.
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Indexes
T h e  t w e n t y  th r e e  in d e x e s  w h ic h  f o l lo w  a re  d e s ig n e d  t o  h e lp  th e  r e a d e r  
in  tw o  w a y s .  F i r s t ly ,  t h e y  g r o u p  t o g e t h e r  th e  t e s t s  o r  t r e a t m e n t  p r o c e s 
ses w h ic h  w ill  e v a lu a te  a p a r t i c u l a r  q u a l i t y  o r  p r o d u c e  a d e s i r e d  e f f e c t .  
A n  e x a m p le  o f  th e  f o r m e r  is th e  in d e x  o n  a d h e s io n  te s t in g ;  a n  e x a m p le  
o f  th e  l a t t e r  is th e  i n d e x  o n  f a t ig u e  r e s i s ta n c e  im p r o v e m e n t .  S e c o n d ly ,  
a lo n g s id e  e a c h  te s t  o r  t r e a t m e n t  g iv e n  in  a p a r t i c u l a r  in d e x  a re  l is ted  
th e  m e ta l s  t o  w h ic h  t h a t  p ro c e s s  m a y  b e  a p p l ie d .  T h u s  t h e  r e a d e r  c an  
see  a t  a g la n c e  t h a t  e l e c t ro le s s  n ic k e l ,  as a m e a n s  o f  im p r o v in g  f a t ig u e  
r e s is ta n c e ,  is s u i ta b le  o n ly  f o r  c o p p e r  o r  s tee l .  S in c e  th e  e n t r i e s  a re  all 
l is ted  in  a l p h a b e t i c a l  o r d e r ,  n o  p a g e  n u m b e r s  h a v e  b e e n  g iven  in th e se  
in d e x e s .

I N D E X  1
Adhesion Testing Processes
The following tests are used to measure the properties o f  adhesion. They are there
fore relevant to  plating, painting, and similar processes. In addition to these processes 
there will be o ther similar types o f  inspection techniques where properties o f  coat
ings might be assessed.

Process Metal Process Metal
Abrasive Test All Peel Test All
Adhesion Test All Pull-off Test All
Bend Test All Repeated Bend Test All
Blasting All Solderability Test Coppe
Buffing All Taber Abrasive Test All
Burnishing All Wrapping Test All
Haworth Test All

I N D E X  2
Alteration to Properties — Casting, Forging etc.
This section includes all the processes by which the basic properties o f  a metal can 
be altered. Thus casting, forging, pressing etc. are included bu t processes such as 
hardening or electroplating will not be found in this section.

Process Metal Process Metal

Alloying All Coining All
Amalgamating All Cold Drawing All
Bar Drawing Steel Cold Rolling All
Casting All Cold Working All
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Process M etal Process M etal

Deep-drawing All Press Forging All
Deep Forging All Punching All
Die Casting All Scragging Steel
Dip Moulding All Shell Moulding All
Drawing All Shrink Fitting All
Dry-drawing All Sintering All
Electro-osmosis All Skin Pass Copper,
Embossing All Nickel,
Extrusion A lum inium , Steel

Copper, Smithing All
Steel Spark Erosion All

Flame Cutting All Spinning Aluminium
Forging All Copper,
G oldschm idt A lum inium , Steel

Magnesium Straightening All
Hard-drawing All Strain or Stress Ageing Aluminium
Hot Working All Copper,
Im prest Process A lum inium Steel
K ayem  Process Zinc Strain Hardening All
Lost Wax Process All Stretcher Straining All
Mechanical Alloying All Stretching All
Mechanical Refining All Swageing All
Mechanical Working All Temper Rolling Steel
Mercast Process All Work Hardening All
Plasma C utting All

I N D E X  3

Blasting Processes
This index  includes all techniques where any form o f blasting is involved.

Process M etal Process M etal
Abrasive Blasting All Grit Blasting All
Air Blasting All Liquid Honing All
Airless Blasting All Plumstone Blasting All
Almen Test All Satin Finish All
A quablast All Shot Blasting All
Cloud Bursting All Sieve Test All
Dry Blasting All Vapour Blasting All
Frosting All Walnut Blasting All
Glass Bead Blasting All
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Brazing and Soldering Processes
This index lists all processes where Brazing or Soldering are involved. There is no 
separate list o f  processes for Soldering. All o f  these techniques are also listed under 
index on Joining.

I N D E X E S

Process Metal Process M etal
Aluminium Soldering Aluminium Tinning Copper, Steel
Bit Soldering Copper, Steel Torch Braze All
Braze Weld Steel Ultrasonic soldering A luminium
Brazing All V acuum Brazing Copper,
Bronze Welding Steel Nickel, Steel
Silver Soldering Copper, Wave Soldering C opper

Nickel, Iron, Wiped Jo in t Lead, Tin
Steel

I N D E X  5
Build-Up or Additive Processes
This index lists techniques used when for specific reasons an increase in size is
required. Many o f  these processes will also appear under o ther headings such as
Electro-plating or Welding and there may be a num ber o f  processes under ye t o ther
headings which could also be used for increasing size.

Process Metal Process M etal
Bronze Plating Steel Mellozing Steel
Buttering Steel Metal Spraying All
G irom ium  Plating Copper, Steel Metallization All
Electroform ing All Metcolizing Iron, Steel
Electroless Nickel Copper, Steel Nichem Copper, Steel
Electroless Plating All Nickel Plating Steel
Electroplating All Penytron  Plating Steel
Dalic Plating All Plasma Plating Copper,
Enamelling All Nickel, Steel,
Endurance Process All Titanium
Fescolizing All Roller Tinning C opper
Flame Plating All Sherardizing Steel
Hard Chrome Plating Copper, Steel Silver Plating Copper, Steel
Hard Facing All Soft Facing All
Hard Plating Steel Spra-bond All
Hot Dip Coating All Sputtering All
Im pregnation All Tinning All
Kanogen Plating Copper, Steel Tool Weld Steel
Lead-Tin Plating Copper, Steel, Zinc Coating Steel
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I N D E X  6

Cleaning Treatments
This index lists all o f  the processes which can be used to  remove soil. The reader is 
advised to refer to  the section on Cleaning to  ascertain the definition and scope
given to  cleaning in this book.

Process Metal Process Metal
Abrasive Blasting All Liquid Honing All
Acid Descaling Steel Micro-chem Steel
Alkaline Descaling Aluminium, Needle Descaling Steel

Steel Nitralizing Steel
Aquablast All Pickling Aluminium,
Barrelling All Copper, St<
Blasting All Plumstone Blasting Aluminium,
Bullard Dunn Process Steel Steel
Dry Blasting All Polishing All
Drying All Sand Blasting All
Electrocleaning All Sawdust Drying All
Degreasing All Scouring All
Descaling All Scratch Brushing All
Dry Blasting All Shot Blasting All
Emulsion Cleaning All Sodium Hydride All
Flame Cleaning Steel Solvent Cleaning All
Flame Descaling Steel Solvent Degreasing All
Flame Scaling Steel Trisec Drying All
Fluxing All Ultrasonic Cleaning All
Glass Bead Blasting All Vapour Degreasing All
Grit Blasting All Wire Brushing All
Hanson-Van Winkle

Munning Process Steel

I N D E X  7
Corrosion Resistance Processes
This index lists the processes which can be used to  improve the corrosion resistance 
o f  the metal stated. It will be appreciated tha t the variation in corrosion conditions 
is such tha t considerable additional inform ation will almost invariably be required 
before there can be any certainty whether or not any o f  these treatm ents will be 
suitable for a specific metal or com ponent.

Process Metal Process Metal
Acid Descaling All Al-fin Process Steel, Iron
Activation All Alocrom Aluminium,
Aldip Process Steel Steel, Zinc
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Process 
Alodine 
Alplate Process 
Alrak Process 
Aludip Process 
Aluminizing 
Alzak Process 
Angus Smith Process 
Anodic Oxidation 
Anodic Protection

Anodizing

Anolok Process
Antifouling
Atrament Process
Banox
Barffing
Bethanizing
Black Anodize
Blackening
Black Nickel
Blasting
Blue Anneal
Bonderize
Bower Barff
Brytal
Buzzard Process 
Chromium Plating 
Close Annealing 
Cobalt Plating 
Cold Galvanizing 
Colour Anodize 
Cromodizing 
Dry Film Lubrication 
Dry Film Painting 
Drying 
Duronizing 
Electrodeposition 
Electrogalvanizing 
Electrogranodizing 
Electroless Nickel Plate 
Electroless Plating

Metal Process Metal
Zinc Electrolytic Polishing Steel
Steel Elphal Steel
Aluminium Enamel Plating Aluminium
Steel Evaporation All
Steel Deep Anodize Aluminium
Aluminium Descaling All
Iron, Steel Eloxal Aluminium
Aluminium Enamelling All
Aluminium, Endurance Process All

Steel Etching All
Aluminium, Feroxil Test Steel

Magnesium Ferrostan Steel
Aluminium Fescolizing Copper, Steel
All Flame Cleaning Steel
Steel Flame Descaling Steel
Steel Flame Plating All
Steel Flame Scaling Steel
Steel Footner Process Steel
Aluminium Foslube Steel
All Galvanic Protection Steel
Steel Galvanizing Steel
All Galvannealing Steel
Steel Gilding Copper, Steel
Steel Gold Plating All
Steel Granodizing Steel
Aluminium Hard Chrome Plating Copper, Steel
Aluminium Heat Tinting Copper, Steel
Copper, Steel Hot Dip Coating All
Steel Ihrigizing Iron
All Immersion Coating All
Steel Immersion Plating All
Aluminium Impressed-Current
Steel Corrosion Protection Steel
All Iron Plating Copper
All Japanning All
All Kanigen Plating Copper, Steel
Steel Lacquering All
All Laxol Process Steel
Steel Lead Plating Steel
Steel Mellozing Steel
Copper, Steel Merilizing Steel
All Metal-spraying All
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Process Metal Process M etal

Metallic Paint All Sealing Aluminium,
Metallization All Cadmium,
Metcolizing Iron, Steel Copper,
Micro-chem Steel Steel, Zinc
Molykote Steel Selenious Acid Treat Magnesium
Needle Descaling Steel Sendzimir Process Steel
Nickel Plating All Sensitizing All
Onera Process Steel Sermetel Steel
Palladium Plating All Sermetriding Steel
Passivation Plating Aluminium, Servarizing Steel

Copper, Shot Blasting Steel
Steel, Zinc Siliconizing Iron, Steel

Peen Plating Copper, Steel Silver Plating Copper
Penybron Plating Steel Sodium Hydride All
Phosphating Steel, Zinc Spra-bond Steel
Plasma Plating Steel Steam Blueing Steel
Polishing All Stop off All
Porcelain Enamelling Aluminium, Stove Enamelling All

Copper, Temper Blueing Steel
Steel Tin Plating Copper, Steel

Powder Painting Steel Tin-Nickel Plating Copper, Steel
Primer Painting Steel Tin-Zinc Plating Copper, Steel
Progrega Steel Tinning Copper, Steel
Pyro Black Steel Trisec Drying All
Rhodanizing Copper, Gold, Vacuum Deposition All

Silver Vacuum Evaporation All
Rhodium Plating Copper, Gold, Vacuum Evaporation All

Silver Vapour Phase Inhibition
Roller Tinning Copper (VPI) Steel
Rust Proofing Steel Vitreous Enamelling Aluminium,
Ruthenium Plating Copper, Silver Copper, Steel
Sacrificial Protection Steel Zinc Coating Steel
Sanding Steel Zinc Phosphatizing Zinc
Satin Finish Steel Zinc Plating Steel
Sawdust Drying Steel Zincing Steel
Scratch Brushing Steel Zincote Steel

I N D E X  8

Corrosion Resistance Testing Procedures
The processes listed are all involved in the testing o f  corrosion resistance. All are 
inspection techniques and as such will also appear in Index 15 Inspection Processes.
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Process Metal Process Metal

Accelerated Corrosion Humidity Test All
Testing All Kerns Test All

British Non Ferrous Porosity Test All
Test All Preece Test Steel

Cass Test Steel Salt Mist Test All
Corrodekote Test Steel Salt Spray Test All
Electrography Copper, Steel Spark Test All
Ferrite Test Stainless Steel Strauss Test Stainless Steel
Fingerprint Test Steel, Zinc Taber Test All
Holiday Test All Thickness Test All
Huey Test Stainless Steel Weld Decay Test Stainless Steel

Crack Detection
Crack D etection will always be a form o f flaw detection and all the processes for 
identifying cracks will be found under Index 11, Flaw Detection. These processes 
will also appear in Index 15, Inspection Processes.

I N D E X  9
Decorative Treatments
These are trea tm ents  where by the visual appearance o f  a metal can be improved. 
Many such processes have the single purpose o f  improving the decorative value but 
the majority will probably also be used for some other reason, such as improve
ment o f  corrosion resistance or increase in surface finish. Thus many o f  these p ro
cesses will also appear under other headings.

Process Metal Process Metal

Alzak Aluminium Brytal Aluminium
Amalgamating All Colour Anodize Aluminium
Anti-fouling Steel Dalic Plating All
Barrelling All Damascening Copper, Steel
Black Anodize Aluminium Deep anodize Aluminium
Blackening All Dinanderie Copper
Black Nickel Steel Dry Blasting All
Black Oxide Steel Dry Film Painting All
Blasting All Electrocolour Process Aluminium
Blue Annealing Steel Electrodeposition All
Brass Colouring Copper Electroforming All
Brassing Steel Electrogalvanise Steel
Brass Plating Steel Electroless Nickel
Bright Chrome Steel Plating Copper, Steel
Bronzing Steel Electroless Plating All
Browning Process Steel
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Process M etal Process Metal

Electrolytic Polishing A lum inium , Platinizing Copper, Steel
Steel Polishing All

Electrophoresis/ Porcelain Enamelling Aluminium,
Electropainting All Copper, Steel

Electroplating All Pow der Painting All
Eloxal Process A lum inium Quicking Copper
Elphal Process Steel Red Gilding Copper
Embossing All Re-flowing Copper, Steel
Enamelling All Refrigerated Anodize Aluminium
Enamel Plating A lum inium Repousse Process Copper, G old,
Etching All Lead, Silver,
Evaporation All Tin
Fire Gilt Process All Rhodanizing Copper, Gold,
Frosting All Silver
Gilding Copper, Steel R hodium  Plating Copper, Gold,
Glass Bead Blasting All Silver
Gold Plating Copper, Steel Roller Tinning Copper
Green Gold Copper, Steel Rose Gilding All
Harperizing All Sanding All
Heat Tinting Copper, Steel Satin Finish All
H ot Dip Coating All Satin Nickel Plating Steel
Im m ersion Coating All Scouring All
Imm ersion Plating All Scratch Brushing All
Japanning All Sermetel Steel
Kanigen Plating Copper, Steel Sermetriding Steel
K uftw ork Copper, Steel Silk Screen Printing All
Lacquering All Silver Plate Copper, Steel
Levelling All Speculum  Plating Copper, Steel
Liquid Honing All Sputtering All
Lum inous Painting All Steam Blueing Steel
Metal Spraying All Stove Enamelling All
Metallic Painting All T em per Blueing Steel
Nickel Plating All Tin Plating Steel
Onera Process Steel Tin-Nickel Platin Steel
Painting All V acuum  Deposition All
Palladium Plating All V acuum  Evaporation All
Peen Plating Copper, Steel V itreous Enamelling Aluminium,
Peening A lum inium , Copper, Steel

Sopper, Steel Zinc Coating Steel
Penetro l Black Steel Zinc Plating Steel
Penybron  Plating Steel
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Electroplating Processes see Plating Processes, Index 20.

I N D E X  1 0
Fatigue Resistance Improvement Processes
These processes have the characteristic  tha t,  by  improving the s tandard  o f  the 
surface, they improve the fatigue characteristics. A lm ost invariably these processes 
will also appear under o the r  headings, generally Index  13, Hardening Processes. 
Many processes in this index  also appear in Index 12, Friction Characteristics 
Im provem ent Processes, as there  is a strong relationship betw een the physical 
surface improvement o f  friction and fatigue resistance.

Process M etal Process M etal
Almen Test All Malcomizing Steel
Aqua Blast All Peening All
A uto  Frettage Steel Polishing All
Banox Steel Sanding All
Barrelling All Satin Finish All
Buffing All Shimer Process Steel
Burnishing All Shorter Process Steel
Carburizing Steel Shot Peening All
Deep Anodise A lum inium Spin Hardening Steel
Electroless Nickel Sulphinuz Steel

Plating Copper, Steel Surface Hardening All
Flame Hardening Steel Tufftride  Process Steel
Hardening All Wet Nitriding Steel

I N D E X  1 1
Flaw or Crack Detection
The headings in this index are all related to  the  identification o f  material defects. 
As such they are invariably inspection processes and will also be found  in th a t  index.

Process M etal Process M etal
Acoustic Test All Endurance Test All
Air Pressure Test All Etching A lum inium ,
Anodise A lum inium Copper, S t
Crack Detection All Flaw D etec tion All
Demagnetizing Steel Holiday Test All
Dye Penetrant Hydraulic Test All

Crack Test All Je t Test All
Eddy Current Test All Macro E tch  Test All
Electrolytic Etch A lum inium , Magna F lux Steel

Steel Magnetic Crack Test Steel
Electrolytic Polishing All
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Process

Magnetic Particle 
Inspection 

Paraffin Test 
Pressure Test 
Radiography 
Reflectogage Testing

Metal Process Metal

Sonic Testing All
Steel Ultrasonic Crack
All Detection All
All X-ray All
All Xeroradiography All
All

I N D E X  1 2
Friction Characteristics Improvement Processes
The friction characteristics are related to  the surface only and can be a specific 
characteristic o f  material itself. The processes appearing here will invariably also 
appear under some other heading such as Fatigue Resistance, Hardening or Welding.

Process Metal Process M etal

Borax Treatment Steel Hard Plating Aluminium
Carburizing Steel Harperizing All
Chromizing Steel Ihrigizing Iron
Chromium plating Copper, Steel Indium Plating Lead, Steel
Dry-film Lubrication All Induction Hardening Steel
Durionizing Steel Kanogen Plating Copper, Steel
Electroless Plating Copper, Steel Lacquering' All
Electroless Nickel Lead Plating All

Plating Copper, Steel Lead-Tin Plating Copper, Steel,
Electrolytic Polishing Aluminium, Tin

Copper Steel Lime Coating Steel
De-burring All Liquid Honing All
Deep anodize Aluminium Malcomizing Steel
Descaling All Metal Spraying All
Dry Blasting All Metallization All
Enamẹlling All Molykote Steel
Endurance Process All Noskuff Steel
Fescolizing Copper, Steel Onera Process Steel
Flame Descaling Steel Phosphating Steel
Flame Hardening Steel Plasma Plating Steel
Flame Plating All Polishing All
Glass Bead Blasting All Porcelain Enamelling All
Graphitization Steel Progrega Steel
Hard Chrome Plating Copper, Steel Rhodanizing Copper, Gold,
Hard Drawing All Silver
Hardening Aluminium, Rhodium Plating Copper, Gold,

Copper, Steel Silver
Hard Facing All Sanding All
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Process Metal
Satin Finish All
Scouring All
Scratch Brushing All
Selective Carburize Steel
Selective Hardening Steel
Sermetriding Steel
Shimer Process Steel
Shorter Process 
Silver Plating

Process 
Sintering 
Soft Facing 
Surface Hardening 
Sulphinuz 
Tin Plating 
Tufftride Process 
Wet Nitriding

Metal
All
All
All
Steel
Copper, Steel
Steel
Steel

Steel
Copper, Nickel, Steel 

Forging or Forming Processes
These are listed under the heading o f  Alteration to Properties. This book is on the 
treatm ent o f  metals and as such does not describe the forging or forming processes 
in any great detail. The treatments listed are there for reference only.

I N D E X  1 3
Hardening Treatments — Increase in Tensile Strength
These processes are all related to an increase in tensile strength or surface hardness. 
Treatm ents such as Ageing and Hardening are present here, whereas treatments such 
as Solution Treat and Tempering, part o f  the hardening process, will not be found 
here but under the heading o f  Softening Treatment, Index 21, as these processes 
improve the ductility. Almost all o f  these hardening treatm ents will also be found 
under some other heading.

Process Metal Process Metal
Aerocase Process Steel Cyanide Hardening Steel
Age Hardening Aluminium, Deep Anodize All

Copper, Deep-drawing All
Nickel Dew Point Control Steel

Ageing Magnesium Dispersion Hardening Aluminium,
Stainless Steel Copper, Stee
Titanium Titanium

Air Hardening Steel Double Refining Steel
Alloying All Dry Cyaniding Steel
Ammonia Carburise Steel Dry-drawing All
Artificial Ageing (,see Ageing) Electroless Nickel
Austemper Steel Plating Copper, Steel
Auto-frettage Steel Enamelling All
Bar Drawing Steel Endurance Process All
Black Anodize All Eutectrol Process Steel
Burnishing All Fescolizing Copper, Steel
Cold Rolling All Flame Hardening Steel
Cold Working All Flame Plating All
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Process Metal Process Metal

Gas Carburizing Steel Progressive Ageing Aluminium,
G raduated Hardening Steel Copper
Grain Refining Steel Quench Hardening Steel
Hard Chrome Plating Copper, Steel Quench Tempering Steel
Hard Drawing All Recarburization Steel
Hardening All Refining Steel
Hard Plating All Refrigerated Anodize All
H om ocarb Process Steel Sandberg Steel
Induction  Hardening Steel Schori Process All
In te rrup ted  Ageing Alumenum, Scragging Steel

Copper, Steel, Secondary Hardening Steel
Titanium Selective Carburize Steel

In terrup ted  Quench Steel Selective Hardening Steel
Malcomizing Steel Self Hardening Steel
Maraging Steel Shimer Process Steel
M arquenching Steel Short Process Steel
M artempering Steel Shot Peening All
McQuaid Ehn Test Steel Siliconizing Steel, Iron
Mechanical Working All Skin Pass Copper,

Metal Spraying All Nickel,

Metallization All Skin Pass Copper,

N atural Ageing All Nickel,

Ni-Carbing Steel Steel

Nichem Copper, Steel Snead Process Steel

Nitrarding Steel Spin Hardening Steel

N itration Steel Spinning Aluminum,
Nitriding Steel Copper, St<
Nitrogen Hardening Steel Spra-bond All
Oil Hardening Steel Strain or Stress Ageing Aluminium,
Pack Carburize Steel Copper
Patenting Steel Strain Hardening All
Peening All Stretcher Straining All
Plasma Plating Alumenum, Sub-zero Treatment Steel

Copper, Steel, Sulphinuz Steel
Titanium Surface Hardening All

Porcelain Enameling Aluminium, Tufftride Process Steel
Copper, Iron Vitreous Enamelling Aluminium,

Pot Q uench Steel Copper, Ir
Precipitation Hardening Aluminium, Wet Nitriding Steel

Copper, Work Hardening All
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I N D E X  1 4  
Heat Treatments
This lists all o f  the heat trea tm ent processes given in this book. Many o f  these 
treatm ents will appear under a separate index heading such as Hardening or So ften 
ing. Where a proprietary treatm ent exists which is a relatively little know n name, 
this has no t been included as it is felt tha t readers will use this book to ascertain the 
definition o f  these proprietary processes bu t would use the index to  find the general 
trea tm ents which might apply.

Process Metal Process Metal
Aerocase Process Steel Homocarb Process Steel
Age Hardening Aluminium, Homogenizing All

Copper, Quenching Steel
Magnesium Hot Working All

Ageing Nickel, Stain Hydrogen Annealing All
less Steel, Induction Hardening Steel
Titanium Induction Heating All

Air Hardening Steel Interrupted Ageing A lum enum ,
Ammonia Carburize Steel Copper,
Annealing All Titanium
Artificial Ageing {see Ageing) Interrupted Quench Steel
Austempering Steel Inverse Annealing Steel
Balling Steel Isothermal Annealing All
Black Annealing Steel Lead Annealing Steel
Blue Annealing Steel Lead Patenting Steel
Box Annealing All Magnetic Annealing Steel
Bright Annealing All Malcomizing Steel
Close Annealing All Malleabilizing Iron, Nickel
Cyanide Hardening Steel Maraging Steel
Cyclic Anneal Steel Marquenching Steel
Differential Heating Steel Martempering Steel
Double Refining Steel McQuaid Ehn Test Steel
Dry Cyaniding Steel Natural Ageing All
Flame anneal All Negative Harden Steel
Flame Hardening Steel Ni-carbing Steel
Full Anneal Steel Nickel Ball Test Steel
Galvannealing Steel Nitriding Steel
Gas Carburizing Steel Nitration Steel
Graduated Hardening Steel Nitriding Steel
Grain Refining Steel Nitrogen Hardening Steel
Graphitizing Steel Noskuff Process Steel
Hardening All Oil Hardening Steel
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Process Metal Process Metal

Overageing Aluminum, Shallow Hardening Steel
Copper, Shimer Process Steel
Nickel, Stain Short-cycle Annealing Steel
less Steel, Shorter Process Steel
Titanium Siliconizing Steel, Iron

Pack Annealing All Skin Annealing Nickel
Pack Carburizing Steel Snead Process Steel
Patenting Steel Softening All
Post Heating Steel Solution Treat Aluminum,
Pot Annealing All Copper,
Pot Quenching Steel Magnesiurr
Precipitation Hardening Aluminum, Nickel

Copper, Spheroidize Anneal Steel
Magnesium, Spin Hardening Steel
Nickel, Stain Stabilize Anneal Steel
less Steel, Stabilizing Steel
Titanium Step Anneal Steel

Pre-heating All Strain or Stress Ageing Aluminum,
Process Annealing Steel Copper, St
Progressive Ageing Aluminum, Stress-equalization

Copper, Anneal Nickel
Stainless Steel Stress-relieving/

Q uench Hardening Steel Stress-releasing All
Q uench Tempering Steel Subcritical Anneal Steel
Recarburization Steel Subzero T rea tm en t s.teel
Refining All Sulphinuz Steel
Sandberg Treatm ent Steel Surface Hardening Aluminum,
Seasoning Aluminum, Steel

Copper, Iron, Temper Blueing Steel
Steel Tempering Steel

Secondafy Harden Steel Thuriting Steel
Selective Annealing All Tufftride Process Steel
Selective Carburizing Steel Weathering Aluminum,
Selective Hardening Steel Copper, Ir
Self-annealing Steel Steel
Self-hardening Steel Wet Nitriding Steel

I N D E X  1 5  
Inspection Processes
Under this heading will be found all o f  the treatm ents involved in the inspection or 
quality  contro l o f  metals and metal treatments. Many o f  these processes are destruc
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tive in nature and as such might not be truly classed as inspection but for the pur
pose o f  this index it was felt that any process used in quality control should appear.

Process M etal Process Metal
Abrasion Test All Flattening Test All
Acoustic Test All Flaw Detection All
Adhesion Test All Flex Testing All
Air Pressure Test All Fracture Test All
Almen Test All Fusch Testing All
Anodic Etching All Hardness Testing All
Anodizing All Holiday Test All
BNF Test All Huey Test Steel
British Non Ferrous Hull Cell Test All

Jet Test All Humidity Testing All
Cloud Bursting Steel Hydraulic Pressure Test All
Compression Test All Jet Test All
Corrodekode Test Steel Joininy Test Steel
Creep Test All Keller’s Spark Test All
Cupping Test All Kenmore Process Steel
Demagnitization Steel Macroetch Test All
Dew-point Control Steel Magna Flux Steel
Drifting Test All Magnetic Crack Test Steel
Drop Test All Magnetic Particle
D ye-penetrant Crack Inspection Steel

Testing All McQuaid Ehn Test Steel
Eddy Current Sorting All Mechanical Testing All
Electrography All Metascope Testing All
Electrolytic Etch Aluminium, Nick Break Test All

Copper, Nickel Ball Test Steel
Steel Nickel Fracture Test All

Electrolytic Polish A luminum, Notch Bar Test All
Copper, Olsen Test All
Nickel, Paraffin Test All
Steel Peel Test All

Elongation All Porosity Testing All
Endurance Test All Preece Test Steel
Ericksen Test All Pressure Test All
Etching All Pull-off Test All
Falling Weight Test All Radiography All
Feroxil Testing Stainless steel Reflectogage Testing All
Ferrite Testing Stainless steel Repeated bend Test All
File Test Steel Reverse bend Test All
Fingerprint Testing All Rivet Test All
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Process Metal Process Metal

Salt-mist Testing All Strain Gauging All
Salt-spray Testing All Strauss Test Stainless Steel
Sanky Test Steel Stress-rupture Test All
Scratch Test All Stromeyer Test All
Shape-strength Test All Sulphur Printing Steel
Shepherd Test Steel Supersonic Testing All
Shock Test All Taber Abraser All
Sieve Test All Tensile Test All
Silver Ball Test Steel Twisting Test All
Snarl Test Steel Ultrasonic Inspection
Solderability Test Copper, Lead, Ultrasonic Crack

S teel,T in Detection All
Sonic Testing All Weld-decay Test Stainless Steel
Spark Testing All Wohler Test All
Spread Test Copper, Lead, Wrapping Test Steel

S tee l,T in X-ray All
Spring-back Test All Xeroradiography All
Steelascope Testing All

I N D E X  16
Joining Techniques
Under this heading will be found the treatm ents which are used to jo in  metal]
materials together. Also in this section will be found specific trea tm ents  which a
only applied when joining techniques are used.

Process Metal Process Afetal

Airomatic Welding All Diffusion Bonding All
Al-fin Process Iron, Steel Dip Brazing All
Arc Welding Steel Dip Soldering All
Argon Arc Welding All Dot Welding Steel
Argonaut Welding Steel Dri-Loc All
Atomic Arc Welding Steel Electric Arc Welding Steel
Autogenous Welding Steel Electron Beam Welding All
Bit Soldering Copper, Steel Electropercussion
Braze Welding Copper, Steel Welding A lum inum ,
Brazing All C opper
Bronze Welding Copper, Steel Electroslag Welding Steel

Butt Welding All Explosive Welding All
Controlled-atmosphere Explosive Riveting All

Furnace Brazing Copper, Flash Butt Welding All
Nickel, Steel Flow Soldering Copper

Die Welding Steel Foreward Welding All
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Process Metal Process Metal
Forge Welding All Redux Process All
Friction Welding All Reflowing Copper, Steel,
Furnace Brazing Aluminum, Tin

Copper, Resistance Soldering Copper, Steel
Nickel, Steel Resistance Welding All

Fusion Welding All Rivet Welding All
Gas Welding Aluminum, Roller Spot Welding All

Copper, Steel Shrink Fitting All
Hammer Welding All Silver Soldering Copper, Nickel,
Hand Brazing All Iron, Steel
Hard Soldering All Solder Plating Copper, Nickel,
Heliarc Welding All Iron, Steel
High-frequency Induction Soldering All

Welding All Spot v/elding All
Hydrogen Brazing All Stitch Welding All
Hydrogen Welding All Stud Welding All
Impregnation All Submerged Arc Welding Steel
Induction Brazing All Tack Welding All
Inert-atmosphere Thermit Welding Steel

Furnace Brazing All TIG Welding All
Inert-gas Shielded Metal Tinning Copper, Steel

Arc Welding All Torch Brazing All
Inertia Welding All Ultrasonic Soldering All
Integral Welding All Unionmelt Welding Steel
Koldweld All Unshielded Metal Arc
Lap Welding All Welding All
Laser Welding All Upset Welding Steel
Loctite All Vacuum Brazing Aluminum,
Metallic Arc Welding All Copper,
Metalock Process All Nickel, Steel
MIG Welding All Wave Soldering Copper
Oven Soldering Copper, Steel Wiped Joint Lead, Tin
Oxyacetylene Welding Aluminum,

Copper, Steel

I N D E X  1 7
Material Removal Processes
These are trea tm ents  where the specific purpose o f  the process or its actual action 
results in removal o f  metal. Under most circumstances these processes would not be 
used as the first o r  most economical m ethod o f  removing metal.
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Process Metal
Abrasive Blasting All
Acid Descaling All
Air Blasting All
Airless Blasting All
Alkaline Descaling Steel
Aqua Blasting All
Barrelling All
Blasting All
Buffing All
Deburring All
Descaling All
Dry Blasting All
Electrochemical

Machining All
Electrolytic Etch All
Electrolytic Polishing All
Etching All
Fadgenising All

Process Metal
Flame Cutting All
Grit Blasting All
Harperizing All
Liquid honing All
Macroetch Test All
Madsenell Process Steel
M ethod X Steel
Polishing All
Plasma Cutting All
Rumbling All
Sand Blasting All
Sanding All
Scouring All
Scratch Brushing All
Shot Blasting All
Spark Erosion All
Vapour Blasting All

Mechanical Testing
All the Mechanical Testing processes appear under the index o f  Strength Testing 
Processes. Almost all o f  them will also be found under the index o f  Inspection 
Processes.

I N D E X  1 8

Metal Sorting Processes or Methods
This lists the different techniques found in the book on methods o f  identifying 
metals.

Process
Eddy Current Sorting 
Etching 
File Test 
Fusch Testing 
Hardness Testing 
Keller’s Spark Test

Metal Process Metal

All Macroetch Test All
Steel Magnet Test Steel
A l l Metascope Testing All
All Steelascope Testing All
A l l Sulphur Printing Steel
Al l

I N D E X  1 9  
Painting Processes
All the painting techniques or methods covered in the book listed here, together 
with other processes related to painting.
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Process Metal Process Metal

Cold Galvanizing Steel Molykote Steel
Dry-film Lubrication All Porosity Testing All
Dry-film Painting All Powder Painting All
Electrophoresis/ Primer Painting All

Electropainting All Progrega All
Foo tner  Process Steel Pull-off Test All
Holiday Test All Ransburg Process All
Hot-dip Coating All Sermetal Steel
Japanning All Sermetriding Steel

Lacquering All Silk-screen Printing All

Lime Coating Steel Stop-Off All

Luminous Painting All Stove Enamelling All

Metallic Painting All

I N D E X  20  

Plating Processes
These processes involve the electroplating of  metals, all the metals which can be 
electroplated are listed here along with the associated techniques used directly 
in the plating process. No a ttem pt has been made to  index the proprietary names 
which are commonly found in electroplating as it is felt tha t the book will be used 
to find the definition o f  these proprietary processes, whereas the index will be used 
to  identify a basic process.

Process Metal Process Metal
Activation All Electro-osmosis All
Alloy Plating All Electroplating All
Aluminium Plating Steel Fadgenising Zinc
Back Etching Steel Ferrostan Steel
Barrel Plating All Dalic Plating All
Bethanising Steel Fescolizing Copper, Steel
Black Nickel Steel Gold Plating Copper, Steel
Brass Plating Steel Green Gold Copper, Steel
Bright Chrome Plating Copper, Steel Hard Chrome Plating Copper, Steel
Bronze Plating Steel Hard Cell Test All
Cadmium Plating Steel Hydrogen
Chromium Plating Copper, Steel Embrittlement Steel
Cobalt Plating Steel Indium Plating Lead
Contact Tin Plating Copper, Steel Iron Plating Copper
Copper Plating All Lead Plating All
Electrodeposition All Lead-Tin Plating Copper, Tin
Electroforming All Levelling All
Electrogalvanize Steel Madsenell Process Steel
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Process Metal Process Metal
Nickel Plating All Satin Nickel Plating Steel
Palladium Plating Copper, Steel Silver Plating Copper, Nickel,
Pfanhausers Plating Copper, Steel

•
Steel

Pillet Plating Copper, Steel Solder Plating Copper, Steel
Platinum Plating Copper, Gold, Speculum Plating Copper, Steel

Steel Stop-off All
Porosity Testing All Thickness Testing All
Red Gilding Copper Tin Plating All
Rhodenizing Copper, Gold, Tin-Copper Plating Copper, Iron,

Silver Nickel, Steel
Rhodium  Plating Copper, Gold, Tin-Lead Plating Copper, Iron,

Silver Nickel, Steel
Rose Gilding Copper Tin-Nickel Plating Copper
R uthenium  Plating All Tin-Zinc Plating Copper, Steel
Satin Finish Steel Zinc Plating Steel

Production of Metals
The m e thods  by which metals are produced are listed under A lteration to Properties. 
This book  is on the treatm ent o f  metals and does not describe in detail the tech
niques used for production o f  metals.

I N D E X  21
Softening Treatments — Reduction in Tensile Strength
The trea tm en ts  listed in this index all result in a reduction in hardness or tensile 
strength. In most cases this will involve an increase in ductility. These processes also 
appear in the index headed Heat Treatm ent.

Process Metal
Annealing All Homogenizing Steel
Balling Steel Hydrogen Annealing All
Black Annealing Steel Isothermal Annealing Steel
Box Annealing All Lead Annealing Steel
Bright Anneal All Lead Patenting Steel
Close Annealing All Magnetic Anneal Steel
Cyclic Anneal Steel Malle abilizing Iron, Nickel
Decarburizing Steel Negative Hardening Steel
Double Tem per Steel Overageing Aluminum,
Drawing Steel Copper,
Drawing-back Process Steel Nickel,
Flame Annealing All Titanum
Full Anneal All Pack Anneal All
Galvanealing Steel Pot Annealing All
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Process Metal Process Metal

Process Annealing Steel Stabilize Anneal Steel
Selective Anneal Steel Stabilizing Steel
Self Anneal Steel Step Anneal Steel
Short Cycle Annealing Steel Stop-off Steel
Skin Annealing Nickel Stress-equalization
Soft Facing All Anneal Nickel
Softening All Stress-relieving/Stress-
Solution Treatment Aluminum, releasing All

Copper, Subcritical Anneal Steel
Magnesium, Temper Bluing Steel
Nickel, Stain Tempering Steel
less Steel, Thuriting Steel
Titanium Weathering Steel

Spheroidize Anneal Steel

Surface Build-Up Processes
These are listed in Index 5 Build-Up or Additive Processes.

I N D E X  22
Strength Testing Processes
This section lists all the different forms o f  Mechanical Test and, in addition, other
techniques used to assess the strength or other physical properties o f  meta

Process Metal Process Metal
Air-pressure Testing All Impact Tests All
Bailey’s Creep Test Steel Izod Test All
Barr-Bardgett Creep Test Steel Jom iny Test All
Bend Test All Mechanical Testing All
Compression Test All Mesnager Test All
Creep Test All Nick Break Test All
Cupping Test • All Nickel Fracture Test All
Ductility Measurements All Notch Bar Test All
Elasticity Test All Olsen Test All

Elongation All Proof Stress/Proof

Endurance Test All S trength/Proof Test All

Erichsen Test All Repeated Bend Test All

Fatigue Testing All Reverse Bend Test All

F lattening Test All Root Bend Test All

Flex Testing All Sanky Test Steel

Fracture Test All Schnadt Test All

F rem ont Impact Test All Shape-strength Test All

Hardness Testing All Shock Test All
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Process Metal Process M etal

Snarl Test Steel Tensile Test All
Spring-back Test All Twisting Test All
Strain Gauging All Wohler Test All
Stress-rupture Test All Wrapping Test Steel
Stromeyer Test All Youngs Modulus All

Strengthening
The techniques for strengthening metals are listed under Index 13 Hardening 
Treatment.

I N D E X  23 
Welding Processes
All the different Welding techniques and processes are listed here. Welding is a 
major section o f  the book and the principal techniques o f  welding are brought to 
gether under tha t heading.

Process Metal Process Metal
Aircomatic Welding All Hard Facing All
Aluminothermic Heliarc Welding Steel

Welding Steel High-frequency
Arc Welding Steel Induction Welding All
Argon Arc Welding All Hydrogen
Argonaut Welding Steel Em brittlem ent Steel
Atomic Arc Welding Steel Hydrogen Welding Steel
Autogeneous Welding Steel Inert-gas Shielded Metal
Bronze Welding Copper, Steel Arc Welding All
Buttering Steel Inertia Welding All
Butt Welding All Integral Welding All
Cold Welding All Koldweld All
Electric Arc Welding Steel Lap Welding All
Electron Beam Welding All Laser Welding •All
Electropercussion Alluminium Metallic Arc Welding All

Welding Copper MIG Welding All
Electroslag Welding Steel Nertalic Process All
Explosive Welding All O xyacetylene Welding Copper, Steel
Die Welding All Percussion Welding Aluminium,
Dot Welding All Copper
Endurance Process All Plug Welding Steel
Flame Cutting Steel Plasma Welding All
Flash Butt Welding All Postheating Steel
Forward Welding All Preheating Steel
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Process Metal Process Metal

Forge Welding All Projection Welding All
Friction Welding Steel Resistance Welding All
Fusion Welding All Rivet Welding All
Gas Welding All Roller Spot Welding All
Goldschmidt Process Steel Seam Welding All
Hammer Welding All Shielded Arc Welding All
Skip Welding All TIG Welding All
Soft Facing All Unionmelt Welding Steel
Spot Welding All Unshielded Metal Arc
Stitch Welding All Welding All
Stud Welding All Upset Welding Steel
Submerged Arc Welding Steel Weibel Process Aluminium
Tack Welding All Copper,
Techro therm  Rokos Steel

Process Steel Wiped Joint Lead, Tin
Therm it Welding Steel Zerener Process Steel
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Appendices
APPENDI X  1
List of elements with their symbols and atomic numbers
Element Sym bol A tom ic  nu
Actinium Ac 89
Aluminium A1 13
Americium Am 95
Antimony Sb 51
Argon Ar 18
Arsenic As 33
Astatine At 85
Barium Ba 56
Berkelium Bk 97
Beryllium Be 4
Bismuth Bi 83
Boron B 5
Bromine Br 35
Cadmium Cd 48
Caesium Cs 55
Calcium Ca 20
Californium Cf 98
Carbon c 6
Cerium Ce 58
Chlorine Cl 17
Chromium Cr 24
Cobalt Co 27
Copper Cu 29
Curium Cm 96
Dysprosium Dy 66
Einsteinium Es 99
Erbium Er 68
Europium Eu 63
Fermium Fm 100
Fluorine F 9
Francium Fr 87
Gadolinium Gd 64
Gallium Ga 31
Germanium Ge 32
Gold Au 79
Hafnium Hf 72
Helium He 2
Holmium Ho 67
Hydrogen H 1
Indium In 49
Iodine
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Elem ent Sym bol A to m ic  number
Iridium Ir 77
Iron Fe 26
Krypton Kr 36
Lanthanum La 57
Lawrencium Lw 103
Lead Pb 82
Lithium Li 3
Lutetium Lu 71
Magnesium Mg 12
Manganese Mn 25
Mendelevium Md 101
Mercury Hg 80
Molybdenum Mo 42
Neodymium Nd 60
Neon Ne 10
Neptunium Np 93
Nickel Ni 28
Niobium Nb 41
Nitrogen N 7
Nobelium No 102
Osmium Os 76
Oxygen o 8
Palladium Pd 46
Phosphorus p 15
Platinum Pt 78
Plutonium Pu 94
Polonium Po 84
Potassium K 19
Praseodymium Pr 59
Promethium Pm 61
Protactinium Pa 91
Radium Ra 88
Radon Rn 86
Rhenium Re 75
Rhodium Rh 45
Rubidium Rb 37
Ruthenium Ru 44
Samarium Sm 62
Scandium Sc 21
Selenium Se 34
Silicon Si 14



A P P E N D I C E S

APPE NDI X  1 (Continued)
Elem ent Sym bol A tom ic number Element Sym bol A tom ic number
Silver Ag 47 Tin Sn 50
Sodium Na 11 Titanium Ti 22
Strontium Sr 38 Tungsten w 74
Sulphur s 16 Uranium Ư 92
Tantalum Ta 73 Vanadium V 23
Technetium Tc 43 Xenon Xe 54
Tellurium Te 52 Ytterbium Yb 76
Terbium Tb 65 Yttrium Y 39
Thallium T1 81 Zinc Zn 30
Thorium Th 90 Zirconium Zr 40
Thulium Tm 69
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AP P E NDI X  2
List of Metallic Elements with their Melting Points and Specific Gravities
Metal Melting Point Specific

c Gravity
Aluminium 658 2.7
A ntim ony 630.5 6 62
Barium 704 3.66
Beryllium 1285 1.844
Bismuth 271.3 9 8
Cadmium 321 8 64
Caesium 28.4 1 89
Calcium 851 1 54
Cerium 795 6 7
Chromium 1860 7.19
Cobalt 1493 8 8
Copper 1083 8.96
Gallium 29.8 5.91
Germanium 958 5 32
Gold 1063 19.32
Indium 156.4 7.31
Iridium 2443 22.65
Iron 1535 7 9
Lead 327 11 34
Lithium 186 0.53
Magnesium 650 1 74
Manganese 1244 7.44
Mercury 38.87 13.55
Molybdenum 2620 10.3
Nickel 1455 8.88
Niobium 2468 8 6

Metal Melting Point
c

Specific
Gravity

Osmium 3050 22.5
Palladium 1552 12.02
Platinum 1769 21.45
Plutonium 640 19
Potassium 63.7 0.86
Radium 700 5.0
Rhenium 31.67 21.2
Rhodium 1960 12.4
Rubidium 39 1.525
Ruthenium 2250 12.3
Selerium 220 4.81
Silver 960.8 105
Sodium 97 8 0.971
Strontium 770 2.6
Tantalum 2950 16.65
Tellurium 452 6.24
Thallium 304 11.85
Thorium 1800 11.3
Tin 231.84 7..2 (Beta tin)
Titanium 1680 4.5
Tungsten 3370 19.3
Uranium 168 19.07
Vanadium 1.735 6.11
Zinc 419.5 7.1
Zirconium 1850 6 53

Note
Specific gravity is the ratio of weight to volume, and is the same figure as the den
sity expressed as grammes per cubic centimetres. Conversion charts and factors 
will be found in the following appendices.
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A P P E N D I X  3
Temperature Conversion Table

° c °F °c °F ° c °F
-17.8 0 32 8.33 47 116.6 34.4 94 201.2
-17.2 1 33.8 8.89 48 118.4 35.0 95 203.0
-16.7 2 35.6 9.44 49 120.2 35.6 96 204.8
-1 6 .1 3 37.4 10.0 50 122.0 36.1 97 206.6
-1 5 .6 4 39.2 10.6 51 123.8 36.7 98 208.4
- 1 5  0 5 41.0 11.1 52 125.6 37.2 99 210.2
-1 4 .4 6 42.8 11.7 53 127.4 38 100 212
-13 9 7 44.6 12.2 54 129.2 43 110 230
-13.3 8 46.4 12.8 55 131.0 49 120 248
-12.8 9 48.2 13.3 56 132.8 54 130 266
-12.2 10 50.0 13.9 57 134.6 60 140 284
-11.7 11 51.8 14.4 58 136.4 66 150 302
-11.1 12 53.6 15.0 59 138.2 71 160 320
-10.6 13 55.4 15.6 60 140.0 77 170 338
-10.0 14 57.2 16.1 61 141.8 82 180 356
-9.44 15 59.0 16.7 62 143.6 88 190 374
-8.89 16 60.8 17.2 63 145.4 93 200 392
-8.33 17 62.6 17.8 64 147.2 99 210 410
-7.78 18 64.4 18.3 65 149.0 100 212 414
-7.22 19 66.2 18.9 66 150.8 104 220 428
-6.67 20 68.0 19.4 67 152.6 110 230 446
-6.11 21 69.8 20.0 68 154.4 116 240 464
-5.56 22 71.6 20.6 69 156.2 121 250 482
-5.00 23 73.4 21.1 70 158.0 127 260 500
-4.44 24 75.2 21.7 71 159.8 132 270 518
-3.89 25 77.0 22.2 72 161.6 138 280 536
-3.33 26 78.8 22.8 73 163.4 143 290 554
—2.78 27 80.6 23.3 74 165.2 149 300 572
-2.22 28 82.4 23.9 75 167.0 154 310 590
-1.67 29 84.2 24.4 76 168.8 160 320 608
-1.11 30 86.0 25.0 77 170.6 166 330 626
-0.56 31 87.8 25.6 78 172.4 171 340 644

0 32 89.6 26.1 79 Ĩ74.2 177 350 662
0.56 33 91.4 26.7 80 176.0 182 360 680
1.11 34 93.2 27.2 81 177.8 188 370 698
1.67 35 95.0 27.8 82 179.6 193 380 716
2.22 36 96.8 28.3 83 181.4 199 390 734
2.78 37 98.6 28.9 84 183.2 204 400 752
3.33 38 100.4 29.4 85 185.0 210 410 770
3.89 39 102.2 30.0 86 186.8 216 420 788
4.44 40 104.0 30.6 87 188.6 221 430 806
5.00 41 105.8 31.1 88 190.4 227 440 824
5.56 42 107.6 31.7 89 192.2 232 450 842
6.11 43 109.4 32.2 90 194.0 238 460 860
6.67 44 111.2 32.8 91 195.8 243 470 878
7.22 45 113.0 33.3 92 197.6 249 480 896
7.78 46 114.8 33.9 93 199.4 254 490 914
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A P P E N D I C E S

APPENDI X  3 (Continued)
°c °F °c °F °c °F

260 500 932 538 1000 1832 816 1500 2732
266 510 950 543 1010 1850 821 1510 2750
271 520 968 549 1020 1868 827 1520 2768
277 530 986 554 1030 1886 832 1530 2786
282 540 1004 560 1040 1904 838 1540 2804
288 550 1022 566 1050 1922 843 1550 2822
293 560 1040 571 1060 1940 849 1560 2840
299 570 1058 577 1070 1958 854 1570 2858
304 580 1076 582 1080 1976 860 1580 2876
310 590 1094 588 1090 1994 866 1590 2894
316 600 1112 593 1100 2012 871 1600 2912
321 610 1130 599 1110 2030 877 1610 2930
327 620 1148 604 1120 2048 882 1620 2948
332 630 1166 610 1130 2066 888 1630 2966
338 640 1184 616 1140 2084 893 1640 2984
343 650 1202 621 1150 2102 899 1650 3002
349 660 1220 627 1160 2120 904 1660 3020
354 670 1238 632 1170 2138 910 1670 3038
360 680 1256 638 1180 2156 916 1680 3056
366 690 1274 643 1190 2174 921 1690 3074
371 700 1292 649 1200 2192 927 1700 3092
377 710 1310 654 1210 2210 932 1710 3110
382 720 1328 660 1220 2228 938 1720 3128
388 730 1346 666 1230 2246 943 1730 3146
393 740 1364 671 1240 2264 949 1740 3164
399 750 1382 677 1250 2282 954 1750 3182
404 760 1400 682 1260 2300 960 1760 3200
410 770 1418 688 1270 2318 966 1770 3218
416 780 1436 693 1280 2336 971 1780 3236
421 790 1454 699 1290 2354 977 1790 3254
427 800 1472 704 1300 2372 982 1800 3272
432 810 • 1490 710 1310 2390 988 1810 3290
438 820 1508 716 1320 2408 993 1820 3308
443 830 1526 721 1330 2426 999 1830 3326
449 840 1544 727 1340 2444 1004 1840 3344
454 850 1562 732 1350 2462 1010 1850 3362
460 860 1580 738 1360 2480 1016 1860 3380
466 870 1598 743 1370 2498 1021 1870 3398
471 880 1616 749 1380 2516 1027 1880 3416
477 890 1634 754 1390 2534 1032 1890 3434
482 900 1652 760 1400 2552 1038 1900 3452
488 910 1670 766 1410 2570 1043 1910 3470
493 920 1688 771 1420 2588 1049 1920 3488
499 930 1706 777 1430 2606 1054 1930 3506
504 940 1724 782 1440 2624 1060 1940 3524
510 950 1742 788 1450 2642 1066 1950 3542
516 960 1760 793 1460 2660 1071 1960 3560
521 970 1778 799 1470 2678 1077 1970 3578
527 980 1796 804 1480 2696 1082 1980 3596
532 990 1814 810 1490 2714 1088 1990 3614



A P P E N D I C E S

A P P E N D I X  3 (Continued)
°c °F °c ° F °c Of

1093 2000 3632 1288 2350 4262 1482 2700 4892
1099 2010 3650 1293 2360 4280 1488 2710 4910
1104 2020 3668 1299 2370 4298 1493 2720 4928
1110 2030 3686 1304 2380 4316 1499 2730 4946
1116 2040 3704 1310 2390 4334 1504 2740 4964
1121 2050 3722 1316 2400 4352 1510 2750 4982
1127 2060 3740 1321 2410 4370 1516 2760 5000
1132 2070 3758 1327 2420 4388 1521 2770 5018
1138 2080 3776 1332 2430 4406 1527 2780 5036
1143 2090 3794 1338 2440 4424 1532 2790 5054
1149 2100 3812 1343 2450 4442 1538 2800 5072
1154 2110 3830 1349 2460 4460 1543 2810 5090
1160 2120 3848 1354 2470 4478 1549 2820 5108
1166 2130 3866 1360 2480 4496 1554 2830 5126
1171 2140 3884 1366 2490 4514 1560 2840 5144
1177 2150 3902 1371 2500 4532 1566 2850 5162
1182 2160 3920 1377 2510 4550 1571 2860 5180
1188 2170 3938 1382 2520 4568 1577 2870 5198
1193 2180 3956 1388 2530 4586 1582 2880 5216
1199 2190 3974 1393 2540 4604 1588 2890 5234
1204 2200 3992 1399 2550 4622 1593 2900 5252
1210 2210 4010 1404 2560 4640 1599 2910 5270
1216 2220 4028 1410 2570 4658 1604 2920 5288
1221 2230 4046 1416 2580 4676 1610 2930 5306
1227 2240 4064 1421 2590 4694 1616 2940 5324
1232 2250 4082 1427 2600 4712 1621 2950 5342
1238 2260 4100 1432 2610 4730 1627 2960 5360
1243 2270 4118 1438 2620 4748 1632 2970 5378
1249 2280 4136 1443 2630 4766 1638 2980 5396
1254 2290 4154 1449 2640 4784 1643 2990 5414
1260 2300 4172 1454 2650 4802 1649 3000 5432
1266 2310 4190 1460 2660 4820 1705 3100 5612
1271 2320 4208 1466 2670 4838 1760 3200 5792
1277 2330 4226 1471 2680 4856 1816 3300 5972
1282 2340 4244 1477 2690 4874 1871 3400 6152

To convert any tem perature  in Centigrade or Fahrenheit degrees to the other, take 
the figure in the centre column, and if converting from Centigrade to Fahrenheit, 
read off to  the right-hand column; if converting from Fahrenheit to Centigrade, read 
off to  the left-hand column.

Example:- 720  c  =  1328°F.
1200°F  =  6 4 9 °c
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A P P E N D I X  4
Strength Conversion Table
N /m m 2 hbar kgf/m m 2 tonf/in2 lb f/in 2 N /m m 2 hbar kgf/m m 2 to n f/in 2 lbf/in2

10 1 1.02 0.647 1450 480 48 48.95 31.08 69,600
20 2 2.04 1.295 2900 490 49 49.97 31.73 71,050
30 3 3.06 1.942 4350 500 50 50.99 32.37 72,500
40 4 4.08 2.590 5800 510 51 52.00 33.02 73,950
50 5 5.10 3.237 7250 520 52 53.02 33.67 75,400
60 6 6.12 3.885 8700 530 53 54.04 34.32 76,850
70 7 7.14 4.532 10,150 540 54 55.06 34.96 78,300
80 8 8.16 5.180 11,600 550 55 56.08 35.61 79,750
90 9 9.18 5.827 13,050 560 56 57.10 36.26 81,200

100 10 10.20 6.475 14,500 570 57 58.12 36.91 82,650
110 11 11.22 7.122 15,950 580 58 59.14 37.55 84,100
120 12 12.24 7.770 17,400 590 59 60.16 38.20 85,550
130 13 13.26 8.417 18,850 600 60 61.18 38.85 87,000
140 14 14.28 9.065 20,300 610 61 62.20 39.50 88,450
150 15 15.30 9.712 21,750 620 62 63.22 40.14 89,900
160 16 16.32 10.36 23,200 630 63 64.24 40.79 91,350
170 17 17.33 11.01 24,650 640 64 65.26 41.44 92,800
180 18 18.35 11.65 26,100 650 65 66.28 42.09 94,250
190 19 19.37 12.30 27,550 660 66 67.30 42.74 95,700
200 20 20.39 12.95 29,000 670 67 68.32 43.38 97,150
210 21 21.41 13.60 30,450 680 68 69.34 44.02 98,600
220 22 22.43 14.24 31,900 690 69 70.36 44.68 100,050
230 23 23.45 14.89 33,350 700 70 71.38 45.32 101,500
240 24 24.47 15.54 34,800 710 71 72.40 45.97 103,000
250 25 25.49 16.19 36,250 720 72 73.42 46.62 104,400
260 26 26.51 16.83 37,700 730 73 74.44 47.27 105,900
270 27 27.53 17.48 39,150 740 74 75.46 47.91 107,300
280 28 28.55 18.13 40,600 750 75 76.48 48.56 108,800
290 29 29.57 18.78 42,050 760 76 77.50 49.21 110,200
300 30 30.59 19.42 43,500 770 77 78.52 49.86 111,700
310 31 31.61 20.07 44,950 780 78 79.54 50.50 113,100
320 32 32.63 20.72 46,400 790 79 80.56 51.15 114,600
330 33 33.65 21.37 47,850 800 80 81.58 51.80 116,000
340 34 34.67 22.01 49,300 810 81 82.60 52.45 117,500
350 35 36.69 22.66 50,750 820 82 83.62 53.09 118,900
360 36 36.71 23.31 52,200 830 83 84.64 53.74 120,400
370 37 37.73 23.96 53,650 840 84 85.65 54.39 121,800
380 38 38.75 24.60 55,100 850 85 86.67 55.04 123,300
390 39 39.77 25.25 56,550 860 86 87.69 55.68 124,700
400 40 40.79 25.90 58,000 870 87 88.71 56.33 126,200
410 41 41.81 26.55 59,450 880 88 89.73 56.98 127,600
420 42 42.83 27.19 60,900 890 89 90.75 57.63 129,100
430 43 43.85 27.84 62,350 900 90 91.77 58.27 130,500
440 44 44.87 28.49 63,800 910 91 92.79 58.92 132,000
450 45 45.89 29.14 65,250 920 92 93.81 59.57 133,400
460 46 46.91 29.78 66,700 930 93 94.83 60.22 134,900
470 47 47.93 30.43 68,150 940 94 95.85 60.86 136,300
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A P P E N D I X  4 (Continued)
N /m m 2 hbar kgf/m m 2 tonf/in2 lb f/in 2

950 95 96.87 61.51 137,800
960 96 97.89 62.16 139,200
970 97 98.91 62.80 140,700
980 98 99.93 63.45 142,100
990 99 101.0 64.10 143,600

1000 100 102.0 64.75 145,000
1010 101 103.0 65.37 146,500
1020 102 104.0 66.04 147,900
1030 103 105.0 66.69 149,400
1040 104 106.0 67.34 150,800
1050 105 107.1 67.99 152,300
1060 106 108.1 68.63 153,700
1070 107 109.1 69.28 155,200
1080 108 110.1 69.93 156,600
1090 109 111.1 70.58 158,100
1100 110 112.2 71.22 159,500
1110 111 113.2 71.87 161,000
1120 112 114.2 72.52 162,400
1130 113 115.2 73.17 163,900
1140 114 116.2 73.81 165,300
1150 115 117.3 74.46 166,800
1160 116 118.3 75.11 168,200
1170 117 119.3 75.76 169,700
1180 118 120.3 76.40 171,100
1190 119 121.3 77.05 172,600
1200 120 122.4 77.70 174,000
1210 121 123.4 78.35 175,500
1220 122 124.4 78.99 176,900
1230 123 125.4 79.64 178,400
1240 124 126.4 80.29 179,800
1250 125 127.5 80.93 181,300
1260 126 128.5 81.58 182,800
1270 127 129.5 82.23 184,200
1280 128 130.5 82.88 185,700
1290 129 131.5 83.53 187,100
1300 130 132.6 84.17 186,600
1310 131 133.6 84.82 190,000
1320 132 134.6 85.47 191,500
1330 133 135.6 86.12 192,900
1340 134 136.6 86.76 194,400
1350 135 137.7 87.41 195,800
1360 136 138.7 88.06 197,300
1370 137 139.7 88.71 198,700
1380 138 140.7 89.35 200,200
1390 139 141.7 90.00 201,600
1400 140 142.8 90.65 203,100
1410 141 143.8 91.30 204,500
1420 142 144.8 91.94 206,000
1430 143 145.8 92.59 207,200
1440 144 146.8 93.24 208,900

N/m rn2 hbar kgf/m m 2 ton f/in 2 lb fl in'1
1450 145 147.9 93.89 210,300
1460 146 148.9 94.53 211,800
1470 147 149.9 95.18 213,200
1480 148 150.9 95.83 214,700
1490 149 151.9 96.48 216,100
1500 150 153.0 97.12 217,600
1510 151 154.0 97.77 219,000
1520 152 155.0 98.42 220,500
1530 153 156.0 99.07 221,900
1540 154 157.0 99.71 223,400
1550 155 158.1 100.4 224,800
1560 156 159.1 101.0 226,300
1570 157 160.1 101.7 227,700
1580 158 161.1 102.3 229,200
1590 159 162.1 103.0 230,600
1600 160 163.2 103.6 232,100
1610 161 164.2 104.2 233,500
1620 162 165.2 104.9 235,000
1630 163 166.2 105.5 236,400
1640 164 167.2 106.2 237,900
1650 165 168.3 106.8 239,300
1660 166 169.3 107.5 240,800
1670 167 170.3 108.1 242,200
1680 168 171.3 108.8 243,700
1690 169 172.3 109.4 245,100
1700 170 173.3 110.1 246,600
1710 171 174.4 110.7 248,000
1720 172 175.4 111.4 249,500
1730 173 176.4 112.0 250,900
1740 174 177.4 112.7 252,400
1750 175 178.4 113 3 253,800
1760 176 179.5 114.0 255,300
1770 177 180.5 114.6 256,700
1780 178 181.5 115.3 258,200
1790 179 182.5 115.9 259,600
1800 180 183.5 116.5 261,100
1810 181 184.6 117.2 262,500
1820 182 185.6 117.8 264,000
1830 183 186.6 118.5 265,400
1840 184 187.6 119.1 266,900
1850 185 188.6 119.8 268,300
1860 186 189.7 120.4 269,800
1870 187 190.7 121.1 271,200
1880 188 191.7 121.7 272,700
1890 189 192.7 122.4 274,100
1900 190 193.7 123.0 275,600
1910 191 194.8 123.7 277,000
1920 192 195.8 124.3 278,500
1930 193 196.8 125.0 279,900
1940 194 197.8 125.6 281,400
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A P P E N D I C E S

A P P E N D I X  4 (Continued)
N /m m 2 hbar kgf/m m 2 tonf!in'1 Ibf/in2
1950 195 198.8 126.3 282,800
1960 196 199.9 126.9 284.300
1970 197 200.9 127.6 285,700
1980 198 201.9 128.2 287,200
1990 199 202.9 128.9 288,600
2000 200 203.9 129.5 290,100
2010 201 205.0 130.1 291,500
2020 202 206.0 130.8 293,000
2030 203 207.0 131.4 294,400
2040 204 208.0 132.1 295,900
2050 205 209.0 132.7 297,300
2060 206 210.1 133.4 298,800
2070 207 211.1 134.0 300,200
2080 208 212.1 134.7 301,700
2090 209 213.1 135.3 303,100
2100 210 214.1 136.0 304,600
2110 211 215.2 136.6 306,000
2120 212 216.2 137.3 307,500
2130 213 217.2 137.9 308,900
2140 214 218.2 138.6 310,200
2150 215 219.2 139.2 311,800
2160 216 220.3 139.9 313,300
2170 217 221.3 140.5 314,700

N /m m 2 hbar kgf/m m 2 ton f / in 2 Ibf/in2
2180 218 222.3 141.2 316,200
2190 219 223.3 141.8 317,600
2200 220 224.3 142.4 319,100
2210 221 225.4 143.1 320,500
2220 222 226.4 143.7 322,000
2230 223 227.4 144.4 323,400
2240 224 228.4 145.0 324,900
2250 225 229.4 145.7 326,300
2260 226 230.5 146.3 327,800
2270 227 231.5 147.0 329,200
2280 228 232.5 147.6 330,700
2290 229 233.5 148.3 332,100
2300 230 234.5 148.9 333,600
2310 231 235.6 149.6 335,000
2320 232 236.6 150.2 336,500
2330 233 237.6 150.9 337,900
2340 234 238.6 151.5 339,400
2350 235 239.6 152.2 340,800
2360 236 240.6 152.8 342,300
2370 237 241.7 153.5 343,700
2380 238 242.7 154.1 345,200
2390 239 243.7 154.8 346,600
2400 240 244.7 155.4 348,100
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A P P E N D I X  5
Hardness and Tensile Values Approximate Conversion Table

Brin ell Vickers R ockw ell
10 mm, 3000 kg A pproxim ate  

equivalent 
tensile 

strength fo r  
steel 

to n f/in 2 hbar

Hardness
num ber,

DPN
or

VPN

120° cone 1/16 in 
ball 
B  

scale 
100 kg

Sclen
scop*

Dia.
mm

Hardness
No.

c
scale 

150 kg

D
scale 

100 kg

A 
scale 

60 kg

2.00 945 1250 71 80 87 — _
2.05 898 1150 70 79 87 — —
2.10 856 1050 69 79 86 — —
2.15 816 1000 68 78 86 — —
2.20 781 975 67 78 85 — 106
2.25 745 163 251.7 950 66 77 85 — 100
2.30 712 155 239.4 910 65 76 84 — 95
2.35 683 150 231.7 850 64 75 84 — 91
2.40 653 143 220.9 790 62 73 83 — 87
2.45 627 137 211.6 750 61 72 82 — 84
2.50 601 132 203.9 715 59 71 81 — 81
2.55 578 127 196.1 671 57 69 80 — 78
2.60 555 122 188.4 633 56 68 79 — 75
2.65 534 117 180.7 599 54 67 78 — 72
2.70 514 112 173.0 572 52 65 77 — 70
2.75 495 108 166.8 547 50 64 76 — 67
2.80 477 105 162.2 523 49 63 75 — 65
2.85 461 101 156.0 501 48 62 75 — 63
2.90 444 98 151.4 479 47 61 74 — 61
2.95 429 95 146.7 459 45 60 73 — 59
3.00 415 92 142.1 441 44 59 73 — 57
3.05 401 88 135.9 424 42 58 72 — 55
3.10 388 85 131.3 409 41 57 71 — 54
3.15 375 82 126.6 395 40 56 71 — 52
3.20 363 80 123.6 382 39 55 70 — 51
3.25 352 77 118.9 369 37 53 69 — 49
3.30 341 75 115.8 358 36 52 68 — 48
3.35 331 73 112.7 344 34 51 67 — 46
3.40 321 71 109.7 332 33 50 67 — 45
3.45 311 68 105.0 321 32 50 67 — 44
3.50 302 66 101.9 310 31 49 66 — 43
3.55 293 64 98.8 299 30 49 66 — 42
3.60 285 63 97.3 290 29 48 65 — 41
3.65 277 61 94.2 282 27 46 64 — 40
3.70 269 59 91.1 274 26 45 64 — 39
3.75 262 58 89.6 267 25 45 63 — 38
3.80 255 56 86.5 260 24 44 63 — 37
3.85 248 55 84.9 253 23 43 62 — 36
3.90 241 53 81.9 246 22 42 62 — 35
3.95 235 51 78.8 240 21 41 61 100 34
4.00 229 50 77.2 234 20 41 61 99 33
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A P P E N D I C E S
A P P E N D I X  5 (Continued)

Brinell Vickers
Hardness
number,

DPN
or

VPN

R ockw ell
10mm, 3000 kg A pproxim ate  

equivalent 
tensile 

strength fo r  
steel 

ton f/in 2 hbar

120° cone 1/16 in 
ball 

B 
scale 

1 0 0 k g

Sclero-
scope

Dia.
mm

Hardness
No.

c
scale 

150 kg

D
scale 

100 kg

A
scale 
60 kg

4.05 223 49 75.7 228 19 40 60 98 32
4.10 217 48 74.1 222 18 — 60 97 31
4.15 212 46 71.0 217 17 — 59 96 31
4.20 207 45 69.5 212 16 — 58 95 30
4.25 201 44 68.0 206 15 — 57 94 30
4.30 197 43 66.4 202 13 — 57 93 29
4.35 192 42 64.9 197 12 — 56 92 28
4.40 187 41 63.3 192 10 — 56 91 28
4.45 183 40 61.8 188 9 — 55 90 28
4.50 179 39 60.2 184 8 — 55 89 27
4.55 174 38 58.7 179 7 — 54 88 27
4.60 170 38 58.7 175 6 — 54 87 26
4.65 167 38 58.7 172 4 — 53 86 26
4.70 163 37 57.1 168 3 — 52 84 25
4.75 159 36 55.6 164 2 — 51 83 24
4.80 156 36 55.6 161 1 — 51 82 24
4.85 152 35 54.1 157 — — 50 81 23
4.90 149 34 52.5 154 — — 50 80 23
4.95 146 33 51.0 151 — — 49 79 22
5.00 143 33 51.0 148 — — 49 78 22
5.05 140 32 49.4 145 — — 48 76 21
5.10 137 31 47.9 142 — — 47 75 21
5.15 134 31 47.9 139 — — 47 74 21
5.20 131 30 46.3 136 — — 46 73 20
5.25 128 30 46.3 133 — — 45 72 20
5.30 126 29 44.8 131 — — 45 71 20
5.35 123 28 43 2 128 — — 44 69 __

5.40 121 28 43.2 126 — — 44 68 —

5.45 118 27 41.7 123 — — 43 67 —

5.50 116 27 41.7 121 — — 43 65 —

5.55 114 26 40.2 119 — — 42 64 —

5.60 112 25 38.6 117 — — 41 63 —

5.65 109 25 38.6 115 — — 40 62 —

5.70 107 24 37.1 113 — — 40 60 —

5.75 105 24 37.1 111 — — 39 59 —

5.80 103 23 35.5 109 — — 39 57 —

5.85 101 23 35.5 107 — — 38 55 —

5.90 99 22 34.0 104 — — 38 54 —

5.95 97 22 34.0 102 — — 37 53 —

6.00 95 21 32.4 100 — — 35 51 —

- 94 98 — — — 50.5 —

— 93 96 — — — 50.0 —

— 92 94 — — — 49.0 —

— 91 92 — — — 48.0 —
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A P P E N D I C E S

A P P E N D I X  5 (Continued)
Brine 11

10mm, 3000 kg

Dia.
mm

Hardness
No.

90
88
86
84
82
80
78
76
74
72
70
68
66
64
62
60
58
56
54
50
49
48
47
46
45

Approxim ate 
equivalent 

tensile 
strength for

steel_____
ton f/in 2 hbar

<L>
c
3
■*-»o
X
s

.23
a

ca

5 '5
e g •p E
5 ois c

•S o  
bo pu c «>
<D M

5 ẽin ”
s  1
Ẽ  *3  E
z  «
s l

Vickers
Hardness
number,

DPN
or

VPN

90
88
86
84
82
80
78
76
74
72
70
68
66
64
62
60
58
56
54
50
49
48
47
46
45

Rockwell
120° cone

c
scale

D
scale

] /16  in
-------- ball

A B 
scale scale

150 kg 100 kg 60 kg 100 kg

-  47.5
46.0
44.0
42.0

-  40.0
-  37.5
-  35.0
-  32.5
-  30.0

27.5
24.5
21.5

-  18.5
-  15.5
-  12.5

Sclero-
scope
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A P P E N D I X  6
Impact Data Conversion Table
f t  lbs joules kg/m f t  lbs

1 1 .14 35
2 3 .28 36
3 4 42 37
4 5 55 38
5 7 69 39
6 8 .83 40
7 9 .97 41
8 11 1.11 42
9 12 1.24 43

10 14 1.38 44
11 15 1 52 45
12 16 1.66 46
13 18 1.80 47
14 19 1.94 48
15 20 2.07 49
16 22 2 21 50
17 23 2.35 51
18 24 2.49 52
19 26 2.63 53
20 27 2.77 54
21 28 2 90 55
22 30 3 04 56
23 31 3.18 57
24 33 3.32 58
25 34 3.46 59
26 35 3.60 60
27 37 3.73 61
28 38 3.97 62
29 39 4 01 63
30 41 4.15 64
31 42 4.29 65
32 43 4.42 66
33 45 4.56 67
34 46 4.70

kg/m f t  lbs joules kg/m
4.84 68 92 9.40
4.98 69 94 9.54
5 12 70 95 9.68
5.25 71 96 9.82
5.39 72 98 9.95
5 53 73 99 10.09
5 67 74 100 10.23
5 81 75 102 10.37
5 95 76 103 10.51
6.08 77 104 10.65
6.22 78 106 10.78
6.36 79 107 10.92
6.50 80 108 11.06
6.64 81 110 11.20
6.78 82 111 11.34
6 91 83 113 11.48
7.05 84 114 11.61
7 19 85 115 11.75
7 33 86 117 11 89
7.47 87 118 12.03
7 60 88 119 12.17
7.74 89 121 12.31
7 88 90 122 12.44
8.02 91 123 12.58
8.16 92 124 12.72
8.30 93 126 12.86
8.43 94 127 13.00
8 57 95 129 13.13
8.71 96 130 13.27
8 85 97 132 13.41
8.99 98 133 13.55
9 13 99 134 13.69
9.26 100 136 13.83

joules
47
49
50
52
53
54
56
57
58
60
61
62
64
65
66
68
69
71
72
73
75
76
77
78
80
81
83
84
85
87
88
89
91
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A P P E ND I X  7 
Hydrometer Scales 
Specific Gravity Conversion

Baumẻ Twaddell
Specific
gravity

0 0 1.000
0.7 1 1.005
1.0 1.4 1.007
14 2 1 010
2.0 2.8 1.014
2.1 3 1.015
2.7 4 1.020
3.0 4.4 1.022
3.4 5 1.025
4.0 5.8 1.029
4 1 6 1.030
4.7 7 1 035
5.0 7.4 1.037
5.4 8 1.040
6.0 9 1.045
6.7 10 1.050
7.0 10.2 1 052
7 4 11 1 055
8 0 12 1.060
8 7 13 1 065
9.0 13.4 1.067
9.4 14 1.070

10 0 15 1.075
10.6 16 1.080
1 1 0 16.6 1 083
112 17 1.085
119 18 1.090
12 0 18.2 1.091
124 19 1 095
13 0 20 1.100
13 6 21 1 105
14.0 21.6 1.108
14.2 22 1 110
14 9 23 11 1 5
15 0 23.2 1.116
15 4 24 1.120
16 0 25 1.125
16 5 26 1 130
17 0 26.8 1.134
17.1 27 1 135
17.7 28 1 140

Baumẻ Twaddell
Specific
gravity

18.0 28.4 1.142
18 3 29 1 145
18 8 30 1 150
19 0 30.4 1 152
19 3 31 1.155
19 8 32 1.160
20 0 32.4 1 162
20.3 33 1 165
20.9 34 1 170
21.0 34.2 1 171
21.4 35 1.175
22 0 36 1 180
22.5 37 1.185
23 0 38 1 190
23 5 39 1 195
24 0 40 1 200
24 5 41 1.205
25 0 42 1.210
25 5 43 1.215
26 0 44 1.220
26 4 45 1.225
26 9 46 1 230
27 0 46.2 1.231
27.4 47 1.235
27 9 48 1.240
28.0 48.2 1 241
28 4 49 1 245
28.8 50 1 250
29.0 50.4 1 252
29.3 51 1 255
29.7 52 1.260
30.0 52.6 1 263
30 2 53 1 265
30 6 54 1.270
31 0 54.8 1.274
31.1 55 1.275
31.5 56 1 280
32 0 57 1 285
32 4 58 1 290
32 8 59 1 295
33 0 59.4 1.297
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A P P E N D I C E S
APPE NDI X  7 (Continued)

Baumẻ Twaddell
Specific
gravity

33.3 60 1.300
33.7 61 1 305
34.0 61.6 1 308
34 2 62 1 310
34 6 63 1 315
35 0 64 1.320
35.4 65 1 325
35 8 66 1.330
36 0 66.4 1.332
36 2 67 1.335
36.6 68 1.340
37.0 69 1.345
37.4 70 1.350
37 8 71 1.355
38 0 71.4 1.357
38 2 72 1.360
38.6 73 1 365
39.0 74 1.370
39 4 75 1.375
39 8 76 1.380
40 0 76.6 1.383
40 1 77 1.385
40 5 78 1 390
40 8 79 1.395
41 0 79.4 1.397
41.2 80 1.400
41.6 81 1.405
42 0 82 1 410
42 3 83 1 415
42 7 84 1 420
43 0 84.8 1.424
43 1 85 1 425
43 4 86 1 430
43 8 87 1.435
44 0 87.6 1.438
44 1 88 1.440
44.4 89 1.445

Baumẻ Twaddell
Specific
gravity

44.8 90 1.450
45 0 90.6 1.453
45.1 91 1.455
45 4 92 1.460
45.8 93 1 465
46 0 93.6 1.468
46 1 94 1 470
46 4 95 1 475
46 8 96 1.480
47.0 96.6 1 483
47.1 97 1 485
47 4 98 1.490
47.8 99 1 495
48 0 99.6 1.498
48.1 100 1.500
48 4 101 1.505
49.0 103 1.515
50 0 106 1.530
51.0 109.2 1 546
52 0 112 6 1.563
53 0 116 1.580
54 0 119.4 1.597
55 0 123 1.615
56 0 127 1.635
57 0 130 1.650
58 0 134.2 1.671
59 0 138 2 1.690
60 0 142 1 710
61.0 146.2 1 731
62.0 150 6 1 753
63 0 155 1 775
64.0 159 1 795
65.0 164 1.820
66 0 168.4 1.842
67.0 173 1 865
68 0 178.2 1 891
69 0 183 2 1 916

458



A P P E N D I X  8
Thickness Conversion Table

metres {mm) Microns (ụm) Inches (in)
1 1000 0.04
0.5 500 0.02
0 4 400 0.015
0.3 300 0 012
0.2 200 0 008
0 1 100 0 004
0 09 90 0 0035
0 08 80 0.0032
0 07 70 0.0028
0.06 60 0.0025
0.05 50 0.002
0.04 40 0.0015
0 03 30 0 0012
0.02 20 0.000 8
0 01 10 0.000 4
0 005 5 0.000 2
0.004 4 0.000 15
0.003 3 0.000 12
0 002 2 0.000 08
0 001 1 0.000 04
0.0008 0.8 0.000 03
0 0005 0 5 0.000 02
0.0001 0 1 0.000 004

N ote
In verbal discussion there can be some confusion in that millimetres (m m ) are often 
referred to as ‘mils’, meaning one thousandth of a metre while thousandths of an 
inch are also on occasion referred to as ‘mils’, meaning one thousandth  of an inch.

With inches 0.001 inch will be called ‘one thou’, and 0.0001 inch will be called ‘one 
te n th ’.

It is thus clear tha t considerable confusion can be caused unless the basic unit being 
discussed is defined.

In writing, the  term  ‘mil’ will almost always refer to one thousandth  of an inch; this 
applies in particular to  American literature.
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A P P E N D I C E S
A P P E N D I X  7 (Continued)

Baum ẻ Twaddell
Specific
gravity

33.3 60 1.300
33.7 61 1.305
34.0 61.6 1.308
34 2 62 1 310
34 6 63 1 3 1 5
35.0 64 1.320
35 4 65 1 325
35 8 66 1.330
36.0 66.4 1.332
36 2 67 1.335
36.6 68 1.340
37.0 69 1.345
37.4 70 1.350
37 8 71 1.355
38.0 71.4 1 357
38 2 72 1 360
38 6 73 1.365
39.0 74 1.370
39.4 75 1.375
39 8 76 1.380
40.0 76.6 1.383
40.1 77 1.385
40 5 78 1 390
40 8 79 1.395
41 0 79.4 1 397
41.2 80 1.400
416 81 1 405
42 0 82 1.410
42.3 83 1415
42.7 84 1 420
43 0 84.8 1.424
43.1 85 1 425
43.4 86 1.430
43 8 87 1.435
44  0 87.6 1 438
44.1 88 1 440
44.4 89 1 445

Baumẻ Twaddell
Specific
gravity

44.8 90 1.450
45.0 90.6 1.453
45 1 91 1.455
45 4 92 1.460
45 8 93 1.465
46 0 93.6 1.468
46 1 94 1.470
46.4 95 1 475
46 8 96 1 480
47 0 96.6 1 483
47 1 97 1 485
47 4 98 1.490
47 8 99 1 495
48 0 99.6 1 498
48 1 100 1 500
48 4 101 1.505
49.0 103 1.515
50 0 106 1.530
51.0 109.2 1.546
52 0 112.6 1.563
53 0 116 1.580
54 0 119.4 1.597
55 0 123 1 615
56 0 127 1.635
57 0 130 1.650
58 0 134.2 1.671
59 0 138 2 1.690
60.0 142 1 710
61.0 146.2 1 731
62.0 150 6 1.753
63 0 155 1 775
64.0 159 1 795
65.0 164 1 820
66.0 168.4 1 842
67.0 173 1 865
68 0 178.2 1 891
69.0 183.2 1 916
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A P P E N D I X  8
Thickness Conversion Table

metres (mm) Microns 0jm ) Inches (in)
1 1000 0 .04
0.5 500 0.02
0.4 400 0 015
0 3 300 0 012
0.2 200 0.008
0 1 100 0 004
0.09 90 0.0035
0 08 80 0.0032
0.07 70 0.0028
0.06 60 0 0025
0 05 50 0.002
0.04 40 0 0015
0 03 30 0.0012
0 02 20 0.000  8
0 01 10 0.000  4
0 005 5 0.000  2
0 .004 4 0.000  15
0 003 3 0.000  12
0.002 2 0.000  08
0 001 1 0 000 04
0.0008 0.8 0 .000  03
0.0005 0.5 0.000  02
0.0001 0 1 0.000  004

N ote
In verbal discussion there  can be some confusion in tha t millimetres (m m ) are o ften  
referred to as ‘mils’, meaning one thousand th  of a m etre  while th o u san d th s  o f  an 
inch are also on occasion referred to  as ‘mils’, meaning one th o u san d th  o f  an inch.

With inches 0.001 inch will be called ‘one th o u ’, and 0.0001 inch will be called ‘one 
te n th ’.

It is thus clear tha t considerable confusion can be caused unless the  basic un it being 
discussed is defined.

In writing, the term  ‘m il’ will almost always refer to  one th o u san d th  o f  an inch; this 
applies in particular to  American literature.
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A P P E N D I X  9
Metric System Nomenclature

Preferred

ractor Prefix Sym bol
10n tera T
109 giga G
106 mega M
103 kilo k
10"3 milli m
10-6 micro
10 '9 nano n
1 0 '12 pico p
10"15 femto f
i c r 18 atto a
102 hecto h
10 deca da
10"1 deci d
10"2 centi c
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A P P E N D I X  10
Metric Conversions

M ultiply by
Inches to  centimetres . . . . . . . . . . . . 2.54
Centimetres to inches . . . . . . . . . . 0.39
Feet to  m e tre s . . . . . . . . . . . . . . 0.3
Metres to  feet . . . . . . . . . . . . . . 3.28

Square inches to  square centimetres . . . . . . . . 6.45
Square centimetres to square inches . . . . . . . . 0.155
Square inches to square decimetres . . . . . . . . 0.0645
Square decimetres to  square inches . . . . . . . . 15.5
Square feet to  square dec im etres . . . . . . . . . . 9.3
Square decimetres to  square f e e t . . . . . . . . 0.107

Cubic inches to cubic centimetres . . . . . . . . 16.39
Cubic centimetres to  cubic inches . . . . . . . . 0.061
Cubic feet to cubic metres . . . . . . . . . . 0.028
Cubic metres to cubic feet . . . . . . . . . . 35.3

Pounds to  kilogrammes . . . . . . . . . . . . 0.45
Kilogrammes to pounds. . . . . . . . . . . . 2.2
English H.P. (746 watts) to  metric elec. H.P. 1.02
Metric H.p. (736 watts) to  English elec. H.p. . . 0.98
Pounds per square inch to kilogrammes per square cm. 0.0703
Kilogrammes per square cm. to pounds per square inch 14.223
Grains to  grammes . . . . . . 0.0648
Grammes to grains . . . . . . . . . . 15.43
Ounces avoirdupois to ounces troy . . . . . . . . 0.911
Ounces troy  to ounces avoidrupois . . . . . . . . 1.097

Ounces per gallon to  grammes per litre . . . . . . . . 6.25
Grammes per litre to ounces per gallon 0.16

Grammes per litre to grains per gallon . . . . 70
Grains per gallon to  grammes per litre . . 0.0142

Gallons to  litres . . . . . . . . . . 4.5
Litres to  gallons . . . . . . . . . . 0.22
Fluid ounces to millilitres (cubic cm.) . . . . . . . . 28.35
Millilitres (cubic cm.) to fluid ounces . . 0.035
English (Imperial) gallons to  U.S.A. gallons 1.2
U.S.A. gallons to  English ga llons . . . . . . . . 0.833
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A P P E N D I X  10 (Continued)
M ultiply by

Tons per square inch to  hectobar. . . . . . . . 1.54
Tons per square inch to new tons/m m 2 . . . . . . 15.4
Pounds per square inch to  new tons/m m 2 . . . . . . 0.0069
Kilogrammes per square mm to new tons/m m 2 . . . . 9.807
Hectobars to  new tons/m m 2 . . 10.0
Hectobars to  tons per square inch . . . . . . 0.64749
Hectobars to  pounds per square inch . . . . . . . 1,450.4
Hectobars to  kilogrammes/mm2 . . . . . . . . 1.0197

A P P E N D I C E S

Weights and Measures 

Troy Weight Avoừdupois Weight
24 grains =  1 dwt =  1.5552 grammes 16 drams =  1 oz =  28.35 grammes
20 dwts =  1 oz =  31.1035 grammes 16 oz =  1 lb =  453.60 grammes
12 oz =  1 lb =  373.242 grammes

Measures o f  Capacity
8 pints =  1 gallon =  4.54 litres =  160 fluid oz
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AP P E NDI X  1 1
Companies and Organisations involved in Metal Treatment and Testing
Alcan Limited, Bush House, Aldwych, London WC2 
Anodizing — Aluminium

M. L. Alkan Limited, Stonefield Way, Victoria Road, Ruislip, Middlesex HA4 OJS 
Electroplating, metal treatm ent

Aluminium Federation, Broadway House, Cabthorpe Road, 5 Ways, Birmingham
B15 1TN
Aluminium

American Electroplaters’ Society Incorporated, 56 Melmore Gardens, East Orange,
New Jersey 07017
Electroplating

American Society for Testing & Materials ASTM, 1916 Race Street, Philadelphia, 
U.S.A.
Testing, material information

Association of Metal Sprayers, Chamber of Commerce House, P.O. Box 360,
25, Harbarve Road, Birmingham B15 3DH 
Metal spray, metal deposit

British Aluminium Co. Limited, Norfolk House, St. James Square, London SW1 
Anodizing aluminium

British Cast Iron Research Association, Alvechurch, Bừmingham B48 7QB 
Corrosion, cast iron treatments

British Metal Finishing Suppliers Association, 15 Tooks Court, London EC4 
Metal finishing and treatm ent

British Non-Ferrous Metals Research Association, Grove Laboratories, Denchworth 
Road, Wantage, Oxfordshừe 0X 1 2  9BJ 
Non-ferrous metals — testing, corrosion

British Oxygen Co. Limited, Vigo Lane, Chester-le-Street, County Durham 
Welding

British Standards Institute, 2 Park Street, London W1 
Testing, material information

463



A P P E N D I X  11 (Continued)

Iron & Steel Institute, 4 Grosvenor Gardens, London SW1 
Iron, steel

Johnson Matthey, 7 3 - 8 3  H atton Gardens, London EC1 
Brazing, precious metal information

Lea-Ronal (U.K.) Limited, Anderson Works, Tongue Lane, Fairfield, Buckston, 
Derbyshire S K I 7 7LG 
Electroplating, metal finishers

Lead Development Association, 34 Berkeley Square, London W1 
Lead

Loctite Company, Douglas Kane Group, Swallowfields, Welwyn Garden City 
Joining

Metco Limited (formerly Metalising Equipm ent Co. Limited), Chobham , Woking 
Metal spraying

Metadalec Limited, Blackthorne Road, Doyl Estate, Colinbrook, Buckinghamshire 
Electroplating

Metal Finishing Association, 27 Fredric Street, Birmingham 1 
Electroplating, metal finishing

Metalock Britain Limited, 18 Wates Way, Mitcham, London 
Joining

Metal Society, 1 Carlton House Terrace, London SW1Y 5DB 
Metal information

National Association of Corrosion Engineers, 2400 w. Loop South, Houston, 
Texas, U.S.A.
Corrosion

Osro Limited, Tubro House, Mard Road, Hemel Hempstead, Hertfordshire 
Barrelling

Oxy Metal Industries (GB) Limited, Forsy th  Road, Sheerwater, Working, Surrey 
GƯ21 5RZ
Electroplating, metal treatment

Paintmakers Association of Great Britain Limited, Prudential House, Welsley Road,
Croydon CR9 2ET
Painting

A P P E N D I C E S
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APPENDI X 1 1 (Continued)
Pennwalt Limited, Doman Road, Camberley, Surrey G U I 5 3DN 
Cleaning, metal treatm ent

Permanent Magnet Association, 301 Glossop Road, Sheffield 10 
Magnets

Porcelain Enamel Institute, 1900 L. Street N.W., Washington D.c. 20036, U.S.A. 
Vitreous enamelling

Pyrene Chemical Services Limited, Ridgeway, Iver, Buckinghamshire 
Cleaning, phosphating — chromating

Rath Manufacturing Company, Jamesville, U.S.A.
Cleaning

Sel Rex Limited (now Oxy Metal Industries — Precious Metals Division), Holyhead
Road, Chirk, Near Wrexham, Wales
Electroplating

Sermetel Division of Teleflex Incorporated, High Holborn Road, Cednor Gate 
Industrial Estate, Ripley, Derbyshire DE5 4QX 
Corrosion protection, painting

Silvercrown (now Imasa-Silvercrown) 188 Bath Road, Slough, Buckinghamshire 
Electroplating, metal finishing

Sunbeam Anti-Corrosives Limited, Central Works, Central Avenue, West Molesey, 
Surrey
Cleaning, metal trea tm ent

Tin Research Institute, Fraser Road, Perivale, Greenford, Middlesex 
Tin

Union Carbides Co. Limited, Shipley Street, Glossop, Derbyshừe 
Metal spraying, hard facing

Walterising Co. (U.K.) Limited, Waddon Marsh Way, Purley Way, Croydon, Surrey 
C R 9 4 H T
Phosphating, cleaning, chromating

Welding Institute, Abington Hall, Abington 
Welding

Zinc Development Association, 34 Berkeley Square, London W1 
Zinc
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