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Introduction to the Encyclopedia of Insulating Materials

HE CORRECT selection of an insulation material

plays a predominant role in the performance and
life of an electric machine or apparatus. However,
this selection is becoming more and more difficult
because of the increasing number of available in-
sulating materials. The technical information avail-
able on them is often insufficient for a special applica-
tion and, all too often, does not allow comparison
between different types. Their unfavorable charac-
teristics are usually only hinted at. Quite often,
insulating materials which belong to the same class
but which differ in their properties, are designated by
the samne trade name. Further, the engineer who
designs and builds an electric machine rarely has the
chemical knowledge to predict the behavior of the
insulating materials under wvariable service condi-
tions. He must, in order to make his choice, consult
a great number of specialized references.

The object of this encyclopedia is to supply the
designer of electric machines and apparatus with a
handbook in which he can rapidly find the physical
and chemical properties of all the insulating materials
suitable for a particular job. He will also find
information on the conditions under which they may
be used, their behavior i service, and the precautions
which must be observed during use.

The encyclopedia includes:

A classification of insulating materials.

Comparative tables and description sheets of insulation
groups.

Monographs describing the properties of insulating
materials.

Classification
Different classification methods were considered :

1. A classification based on the chemical constitution of
the insulating material. This method was discarded be-
cause insulating matenals are rarelv made of only one
constituent and because the chemical terminologv is not
well known to the manufacturers,

2. A classification based on the main constituent, such as
mica, a svnthetic resin, a varnish, etc. This type of
classification, the most widely accepted today, was not
retained because it would force the design engincer to
search for the product suitable for his application in different
classes.

3. A classification based on the end use of the insulating
material, such as slot insulation, insulation between the
plates of capacitors, impregnating varnishes, etc.  This
svstem was discarded because the same insulation can be
used for several applications.

4. A dlassification based on one predetermined property,
e.g. thermal stability. However, this method has the in-
convenience of requiring a classification within each group
of insulating materials presenting the same property.

The classification which was adopted in this
encyclopedia is based on practical considerations,
namely:

1. The final state of the insulation in the machine (gaseous,
liquid, solid).

2. The end use of the insulation (coating, varnishing, etc.).
3. The transformation which the insulation undergoes
during application.

4. Certain characteristics which influence its use such as
the auxiliary compounds contained in the insulation (sol-
vents, pigments).

5. The state and the form of the insulation at the moment
of its application.

Table 1 shows schematically the main factors on
which the classification is based. Table 2 presents
this classification in a simplified form and indicates
the numbering of the insulation groups.

The insulating materials in the same group have
this in common: They have the same final state and
final form, they are used in the same way, and they
undergo the same transformation during application.
Two compounds of identical chemical structure, one
solid and the other liquid, are in two different groups,
since they are not used in the same manner. On the
other hand, two insulating materials with greatly
different chemical structures are in the same group if
they can be used in the same manner for the same
purpose.

Comparative Tables and Descriptive Sheets of
Groups

The groups contain a score of insulating materials,
sometimes more. It has been judged advantageous
to present their general properties and the charac-
teristics which distinguish them in such a way as to
allow a first choice in a very short time. This is the
purpose of the comparative tables. They provide data
on the general properties of the insulating materials of
the group, on their manner of use, on the precautions to
be observed, and on their manufacture to the extent
that this influences their properties. Moreover they
present, in the majority of cases with the aid of graphic
symbols, the specific characteristics of each insulating
material of the group.

The following symbols have been adopted:

O

the black segment indicates the minimum characteris-
O tics attained for all the insulating materials sold under
the same name, and the grey segment those obtained
with special qualities, generally to the detriment of other
properties. The grey segment thus ygives, for a product
of ordinary quality, the variation of the characteristics
attributable to the choice of the raw material, to the
mixture chosen, and to the manufacturing process. It
gives also the variation due to the application and to the
tvpe of use.

means poor or unfavorable (some exceptions are in-
dicated in the table)*

means excellent or very favorable

* In the case of temperature coeflicient, “'poor’’ means a high coeflicient
and “"good” means a low coeflicient.



The syinbols enable a comparison to be made be-
tween the behavior in service of the insulating ma-
terials in the same group or of two different groups.
They do not aim at giving in a graphic forin exact
numencal values and cannot be used as the basis for
design  calculations 1n  manufacturing. However,
i order to supply an order of magnitude and
to allow a comparison between tables, the limiting
values  corresponding to the symbols O and @
have been indicated at the bottom of each table; and
intermediate values are represented by full or shaded
sectors.  Logarithmic scales and standard numbers
have been adopted. Appendix 1 gives the numerical
values corresponding to each of the different sec-
tors.

In many cases, especially for resilience, arc re-
sistance or resistance to electric discharge, chemical
agents, etc., no limiting numerical values have
been indicated, because conventional measurement
methods do not provide a certain basis for the be-
havior of the insulation in service, and thus could give
rise to false interpretation.

Not all the comparative tables are drawn up in
the same wav. Above all, an effort was made to
give to each of them a practical value. Only the
properties which really characterize the insulating
materials of the group have been described. Certain
properties must be interpreted cautiously, because
they depend on the method of measurement.  Electric
strength, for example, varies greatly with the shape
and the size of the test piece, the position and the
size of the electrodes, the duration of the test, the am-
bient conditions, etc.  Therefore the symbols adopted
do not allow prediction of the behavior of the in-
sulating material in the electric machine.

In some cases it has not been possible to present
the characteristics of the insulating materials of a
group in a comparative table. Then a “Descriptive
Sheet” is provided, which describes the insulating
materials of a group in the form of a text.

The comparative tables and the descriptive sheets
give data needed for making a first choice. How-
ever, they do not contain all the facts about an
insulating compound that would be of use in applying

it to best advantage. This information will be
included in the monographs.
Monographs

The purpose of the monographs, which are at
present in preparation, is to supply detailed data
necessary for correet use of the different insulating

compounds. The monographs will contain  four

distinct parts:

1. General data on the constitution, manufacture, com
mercial form, properties, and applications of the insulating
materials.

2. Phvsical and chemical characteristics.

3 Service experience with the insulation.

4. Bibliographical source.

It is premature to say what their exact form will be.
The preparation of the monographs will take several
years.

The comparative tables and the descriptive sheets
cover those insulating materials which have already
found extensive application in electric apparatus,
Appendix 2 lists them alphabetically. The list will
be revised periodically, in order to introduce new
insulation materials and to incorporate the results of
the latest experience.

The commercial names of insulating materials
have not been given in the tables and descriptive
sheets, and thev probably will not be in the mono-
graphs, in order not to favor any manufacturer.
An exception has been made when the commercial
name has practically replaced all other designations
in the current language; for example, Nylon and
Thiokol. It is possible that, in order to facilitate the
use of the Encyclopedia, it will be necessary to cs-
tablish in each country an alphabetical list of commer-
cial names of the main insulating materials. [t would
have to be constantly revised and kept up to date.
Note: The comparative tables presented in this first part
of the Encyclopedia have been prepared on the basis of data
on file with Technical Committee 15, Insulating Matenals,
of the Swiss Electrotechnical Committee (CES). Very
complete in some arcas, much less so in others, they contain
some important contradictions, due in part to different
methods of investigation.

It is possible that some graphical svibols or numerical
values given in the tables do not correspond with the
reader's experience. e may also have successfully used
insulating materials which are not mentioned in the Ency-
clopedia.

Technical Committee 15 of CES would be particularly
happy to be informed of a]l errors found in the tables and
will gratefully accept all suggestions tending to make the
Encvclopedia an indispensible manual for the designer ol
electric equipment.  Suggestions should be addressed Lo
Comité Technique 15, Comité Electrotechnique Suisse, 301
Scefeldstrasse, Zurich 8, Switzerland
or to:

Subcommittee on Technical Information, Electrical Insula
tion Committee, American Institute of Electrical Enginecers,
345 East 47th Street, New York 17, NUY, U5 A



Table No. 1

Classification of Electrical Insulation

. Auxiliary State or
Final State Substance Form of the
of the . Contained in Insulation Description of the
Insulation Transtermation Undergone by the Insulation During Application the Insulation When Applied Insulation Group
Gases Gases and vapors
Liquids Liquid insulation
Without defi- Formable substances, pow-
nite form ders, flocs, fibers
Filiform Threads (filaments) and
cords, impregnated or not
No physical or chemical transformation during their application
Sheet Films, sheets, papers, fabrics,
laminated sheets, etc.
— Ceramics, molded objects.
elastomers, laminates
Bonding with a cold adhesive Without solvent Sheet Adhesive tapes and sheets
Insulation for winding or g Heat bonding tapes and
stacking, followed by bonding Without solvent Sheet sheets
of the layers with a physical Bonding with a heated adhesive . "
or chemical transformation : icaceous products contain-
during application With solvent Sheet ing a solvent
i Bonding by fusion Without solvent Sheet Weldable fibers and sheets
olids
Without solvent h:ﬂu'd when Fusible insulating substances
Solidified by physicai transforma- . :
tion (congealing, evaporation of a With solvent Liquid when Insulating varnishes drying
solvent or gellation) cold by solvent evaporation
. Liquid when :
Without solvent cold Plastisols
insulation for filling, varnish- Liquid, cold Thermosetting resins for
ing, coating or bonding, Solidified by chemical reaction . or hot casting or impregnation
solidified by a physical er (polymerization, palycondensation | Without solvent ; i
chemical teanstormation or polyaddition) Solid without Thermosetting mastics with-

during application

definite form

out solvent

Solidified by physical and chemi-
cal transformation (evaporation of
a solvent, oxidation, polymeriza-
tion, polycondensation or poly-
addition)

With solvent

Liquid when Varnish insulation drying by
cold physical and chemical trans-
formation
Solid without | Thermosetting mastics with

definite form

a solvent




Table No. 2

Classification of Electrical Insulation and Numerical Notation of the Groups

1 Gaseous Insulation

11

Gases and vapors

2 Liquid Insulation

211

Liquid insulating materials

change (evaporation of a solvent, followed by
oxidation, polymerization, polycondensation
or polyaddition)

532
533
534

: : - 311 Formable soft masses
31 Insulation without definite form 312 Powders, flakes, fibers
i : 321 Threads and twines
=) SofdfMeaymliusulation 322 Impregnated threads and twines

331 Inorganic sheet insulation (micas)

332 Films and sheets

333 Papers, cardboards, and similar products

33 Solid insulation—sheet form 334 Fabrics and similar products
3 Solid insulation of all forms not under- 335 Papers and cloths, impregnated or coated
going a transformation during their (largely in the form of tapes)
application 336 Laminated sheet insulation (slot insulation,
etc.)

341 Inorganic insulation (ceramics, glasses, quartz,
etc.)

342 Thermosetting molded insulation

34 Solid insulation—nonlaminated bodies 343 Thermoplastic molded insulation
344  Elastomers (vulcanized rubber, etc.)
345 Other nonlaminated insulating materials
35 Solid insulation—laminated bodies 351 Laminates
41 Solid sheet insulation bonded when cold 2}.1, :gnesqve-cuated !l!tgsf Edlhe""g when cold
(with a pressure sensitive adhesive) B ESIVELD eSS ICINE
413 Adhesive sheet laminates
421 Films bonded with heat
42 Solid insulation bonded with heat 422 Papers and fabrics bonded with heat
4 Solid sheet insulation for winding or 423 Laminated sheets bonded with heat
stacking followed by a bonding of (principally mica products)
superimposed layers. (The insula-
tions of Groups 411-431 are, for this 43 Solid sheet insulation bonded with heat, the 431 Sheet laminates contaimng solvents (princi-
purpose, covered with a binder) adhesive containing a solvent pally mica products)
= 'Suosl:gnsheet insulation bonded by simple 441 Films and sheets bonded by simple fusion
45 Sheet insulation bonded by fusion and 451 Films and sheets honded by fysion and
chemical reaction chemical reaction

511 Fusible insulating materials, without filler,
liquefiable by heating

512 Fusible insulating materials, with filler,
liquefiable by heating

51 Insulation sohdified by physical transforma- 513 Nonpigmented insulating varnishes dried by
tion (congealing, evaporation of a solvent or evaporation of a solvent
gellation) 514 Pigmented insulating lacquers, dried by
solvent evaporation

515 Plastisols and arganosols )

516 Adhesives and mastics, dried by evaporation of
a solvent

5 Insulation which is solid in the final 521 Thermosetting resins, without solvent, non-
state but applied in the form of a 52 Insulation solidified by chemical reaction pigmented, for casting or impregnation
liquid or paste, for filling, varnishing, (polymerization, polycondensation or poly- 522 Thermosetting resins, without solvent, pig-
coating or bonding addition) mented, for casting or impregnation

523 Paste materials, hardenable, without solvent
(mastics and cements)

531 Insulating varnishes for the impregnation of
coils and protection of apparatus, nonpigmented,
dried by solvent evaporation and chemical proc-

53 Insulation solidified by physical and chemical esses

Pigmented Insulating varnishes dried by solvent
evaporation and chemical processes

Insulating varnishes for the coating of elec-
trical conductors

Adhesives and mastics dried by evaporation of
a solvent and chemical processes




Group 111: Gases and Vapors

Gases and vapors occupy a special place among
insulating materials because of their low dielectric
constant, the practically complete absence of di-
electric losses, and their ability to regain their insu-
lating capability rapidly and completely after a
discharge. Because the elementary processes in a
gas discharge have been thoroughly investigated,
the phenomena occurring therein can, to a certain
extent. be analyzed and predicted mathematically.

In general the following statements apply:

1. For all technical applications the relative
dielectric constant of all gases may be assumed with
sufficient accuracy to be 1.

2. Volume insulation resistance and dielectric
losses are negligible for all frequencies provided that
neither in the gas. nor at the electrodes, nor at localized
spots electric charge carriers are created in significant
numbers (e.g.. by corona discharges at points of high
field concentration, high temperature, heavy radio-
activity. or radiation of short wavelength).

3. Because of the comparatively rapid establish-
ment of changes in the electrical condition the
initiation of the discharge depends not only on the
peak value of the voltage applied. but also on the
rate of voltage rise.

4. Only in a nearly uniform field (such as be-
tween parallel plates with rounded edges or between
two spheres close to each other) does the spark develop
without preliminary discharges. In a highly distorted
field, the spark is preceded by a preliminary discharge
which sometines develops in several steps.  According
to its appearance and the electrode configuration,
glow, corona, and brush-, spraybrush-, or stem-dis-
charge are to be distinguished.

5. Even when all external influences are main-
tained constant, the voltage required for setting up a
discharge is not always the same but is subject to
fluctuations because of the statistical nature of the
elementary processes on which the discharge depends.
For most of the arrangements the corona and the
breakdown voltage are quite reproducible. As a
rule, the standard deviation is less than 3¢,. Some-
times it will be desirable not to refer to a breakdown
voltage, but instead, for instance, to a value 107}
less or, svnonymously, to a 907¢ proof-voltage.

. The mean voltage, for the initiation of a dis-
charge. depends mainly on the chemical constitution
of the gas, on its pressure, on its temperature, and on
the shape of the electrodes, and, at certain gas pres-
sures, also on the electrode material. In a nearly
uniform field, for example between plates with well-
rounded edges or spheres spaced at less than one third
the radius, the breakdown voltage is directly pro-
portional to the pressure and the electrode spacing.
This holds good for small variations of the pressure
close to atmospheric pressure when the
conditions remain unchanged. These relations are
more exactly expressed by “'Paschen’s Law™™ which
states that the breakdown voltage in geometrically

other

6

similar arrangements is a function of the product:
gas density times electrode spacing. The curves in
Fig. 1 give the peak values of the breakdown voltage

' in a homogeneous field as a function of electrode
spacing times relative gas density.

The relative gas density d,/do can be calculated
from the known gas laws. For ideal gases, ie.,
sufficiently distanced from the condensation point or
the critical peint, the following equation holds good
to a suflicient approximation:

d _p 273
P, 273+ o

[

224
(For the symbols, units, and numerical values see
the comparative table of group 111.) The following
formula can give an approximation in the vicinity
of the condensation limit, i.e., for

do

t4+273
P S L0000 o0 84T
k
d? 3d2  1d [p ! 273\ p
42 4 a4, (p;r T8 Tam) T, =0

7. The calculation of the breakdown field strength,
on the basis of the values given in Fig. 1, is subject to
some restrictions, mainly at the extreme limits:
at very small electrode spacings, very low or very
high pressures, high local temiperature. very
steep voltage gradient, floating 1mpurities, or with
certain gas mixtures.

S, A magnetic field does not mmfluence the break-
down voltage except at a very low gas pressure, with
great average free-path lengths of molecules.

9. When electric discharges occur, there exists
the risk of decomposition of the gas molecules.
Under the continuous influence of glow discharge in
air, ozone and nitric oxides are formed. In a heavy
arc column with verv high temperatures the chemical
reactions are still more violent. The products
formed can have a strongly corrosive effect on adjacent
insulation or metal parts.

10.  The time required for the re-establishiment of
the insulation strength following a discharge depends,
at high pressure and heavy current, primarily on the
dissipation of heat. At low gas pressures, it 1is
mainly dependent on the rate at which the charge
carriers reconibine, as well as on the decomposition
of the metastable products.

11. The heat conductivity, A, can be considered
as independent of the pressure and it varies very
little with temperature. A suflicient approximation
for the temperature variation is given by :

A= Xa(1 + 0.00188)

This law is valid it the clectrode spacing. d, is a large
multiple of the molecular free path, ie.. if (d/d,)
a>> 0001 cem.



12, The specific heat of a perfect gas is practically Bibliography
independent of the pressure and temperature; but it I IORH [EURRTREHE ITRCHSCHUAG o “ChseN BN TG aaKer. juiils

increases as the gas approaches the condensation  Springer. Berlin. Germany.
2. ELeciricar BreakDOWN oF Gasgs, Meek, Craggs. Clarendon

point. Press, London, England, 1953,
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Group 211: Liquid Insulating Materials

The expression “liquid insulation” as used here
refers to all insulating materials which, at normal
service temperatures, form a plane horizontal surface
due to their own weight, and do not undergo any
significant physical or chemical transformation while
being applied. Liquid insulating materials are par-
ticularly useful when interstices are to be filled and
large amounts of heat are to be transferred through
small channels. If solid insulating materials are
impregnated with insulating liquids their effectiveness
is considerably increased (see also comparative table
for group 511). The physical properties of liquid
insulating materials, such as density, coefficient of
expansion, heat conductivity, specific heat, vis-
cosity, and dielectric constant, are primarily a function
of their molecular structure, i.e., of their chemical
composition. The dielectric properties, however,
are primarily a function of the impurities in suspension
or in solution in the liquid introduced during the
manufacturing process, in application, or while in
service. The electric strength is considerably reduced
by minuscule amounts of foreign bodies which are
not soluble in the insulating material, e.g., small water
droplets or fibers. This applies also if gas bubbles
are present, which may form as a result of the electric
stress. Therefore, this table does not show a nu-
merical value for electric stength. The electric
strength is approximately the same for all liquid
insulating materials, and varies between 50 and 300
kv per cm (117 and 760 volts per mil), depending on
the degree of purity and the test method. Impuri-
ties whose molecules dissociate (such as highly polar
decomposition products and acids, and even traces
thereof) increase the conductivity and the dielectric
losses, especially at low frequency. Another impor-
tant property affecting the behavior of a liquid as a
dielectric for high voltage is its absorption capacity
for the gases, principally hydrogen, formed at
its surface due to electric discharges. This absorption
capacity for gases depends, to a large degree, upon the
aromatic groups (benzene nucleous) present in the
liquid. The dielectric losses and conductivity gen-
erally increase with temperature and, in the case of
liquids with an analogous chemical composition,
with their fluidity, which itself is a function of the
temperature. The insulating materials listed in this
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table are sufficiently stable that they can be stored at
a temperature below 50 C in closed containers with-
out undergoing significant changes in their properties,
evenl over a storage period of many years. The
deconmposition of certain liquid insulating materials
is due primarily to the influence of the air. Air
leads to an oxidation process which is considerably
accelerated by traces of dissolved metals, particu-
larly copper. However, this oxidation may be
inhibited by the addition of certain chemical sub-
stances. All liquid insulating matenals decompose
rapidly if considerably overheated or if under the
infuence of the electric arc. The decomposition
products are indicated in the table. The liquid
insulating materials can soften or swell certain
insulating materials, particularly some organic ther-
moplastic materials. In this respect, chlorinated or
fluorinated liquids are considerably more active than
are aliphatic hydrocarbons or silicones. Insulating
materials of this group are generally not toxic and
do not require special safety measures. The de-
composition products of the chlorinated or fluorinated
liquids are the exception. The commercially avail-
able liquid insulating inaterials are arranged according
to their chemical composition:

Pure hydrocarbons: Petroleum and coal-refining products
consisting exclusively of carbon and hydrogen. They some-
times contain small amounts of oxidation inhibitors and
substances to modify the viscosity, reduce the solidification
temperature, or to increase the absorption capacity for
gases.

Chlorinated aromatic hydrocarbons: Mixture of synthetic
products such as trichlorobenzene and pentachlorodiphenyl.
They frequently contain stabilizers to act on the hydro-
chloric acid which may be formed by thermal decomposition.

R
Polymers of the —C—

F
structure, where the radical R is hydrogen, a hydrocarbon,
or halogen.

Fluorinated aliphatic hydrocarbons:

R

Stlicones: Polymers of the group—SiO—, where the radi-
R

cals are hydrocarbons.

Other liguid insulation materials: Esters and others appli-
cable for special cases. In view of the great number of such
materials, the table gives only the extreme values.



Group 311: Formable Soft Masses

The 1insulating materials of this group possess no
definite shape. They can be easily formed at ordinary
temperatures and they maintain the shape into
which they have been molded. They generally
consist of synthetic resins of suitable consistency or of
clastomers devoid of vulcanizing agents. Often
fillers (preferably fiber-like, see comparative table of
group 312) are added to improve the stability of
shape. They also consist of nonvolatile, viscous
liquids to which thickening agents have been added.
When superimposed layers of soft, moldable ma-
terials are compressed, or when they are kneaded
together, a homogeneous and compact insulation is
obtained from which the distinct layers have dis-
appeared. The insulating materials of this group
maintain their consistency during application and use,
except for possible modifications due to aging. They
contain no volatile materials and cannot change into
a rigid mass by solidification, as in the case of the
insulating materials of groups 513 and 534. These
moldable materials are more or less thermoplastic;
that is, they often soften on heating, without be-
coming liquid as do the insulating compounds of
groups 511 and 512. They regain their initial state
on cooling.

Commercial Shapes

These soft, moldable materials are sold in the
form of tapes, extruded sections, or in bulk.
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Uses

1. To insulate electric conductors and to protect
them against water and certain corrosive agents,
especially at connecting terminals and cable splices,
ete.

2. To fill interstices.
Examples of Moldable Materials
1. Polyisobutylene. This is often used with fillers

such as asbestos in fibers, flakes, or powder, or with
mineral fillers such as talc or kaolin. The polymer is
characterized by excellent dielectric properties and
good resistance to moisture, aqueous solutions, and
many solvents. However, the matenals based on
polyisobutylene dissolve or swell in hot mineral oils.

2. Elastomers. These often consist of natural
or synthetic rubber with fillers, devoid of vulcanizing
agents, sometimes with the addition of phenolic
or other types of resins. Their properties depend
greatly upon the elastomer used (see comparative
table of group 344). Silicone elastomers are charac-
terized by excellent heat resistance.

3. Mixtures of Mineral Oils or of Other Viscous,
Nonvolatile Liguids with Fillers. These matenials
generally possess less geometrical stability when
heated than do the preceding ones. They are more
rigid when cold and more sensitive to solvents.



Group 312: Powders, Flakes, Fibers

Definitions

The insulating materials of this group are solid,
nonvolatile, and nonadhesive products obtained by
pulverizing organic or inorganic materials. Depending
on the materials used and the method of pulverizing
them, they are in the form of fine or coarse powders,
flakes, or fibers. They are called “fillers” if they are
finely dispersed in liquid or solhid insulating materials.

USCS

Powders, flakes, and fibers are rarely used as
independent insulating materials, that is, imr their
natural state and ‘“impregnated” with a gaseous
insulating material, because they can only detract
from the insulating properties of the gas. However,
certain powders which have a high thermal capacity,
good thermal resistance, and a high vaporization
point, may be used as arc extinguishers, for example, in
fuses or as fillers in heating tubes.

The light and porous flakes are definitely bad heat
conductors because they prevent convection currents.

The powders, flakes, and fibers are sometimes
used after impregnation with a liqumd insulating
material. Their thermal conductivity is increased
by the impregnation and very often exceeds that of
the liquid impregnating agent when used alone.
The dielectric properties of the mixture are the result
of complex phenomena which must be studied for each
particular case.

Their main application is in the form of 2n additive
to solid insulating matenals, in which they are
incorporated during manufacture. During applica-
tion particular attention should be paid to the
moisture absorbed by the powders, flakes, and fibers.
The moisture is generally not eliminated from the
organic medium in which the materials are dispersed
and, therefore, reduces considerably the mechanical
and dielectric properties of the whole. The moisture
has a tendency to cause agglomeration of the particles
which makes application ditficult.

Combinations of insulating materials of group 312
with insulating inaterials of other groups are described
in the comparative tables and in the description
sheets for groups 343, 344, 512, 514, 522, 523, 534,
and partially 342. A comparison of these groups
shows that the admixture of powders, flakes, and
fibers affects not only the application of the insulating
material in the liquid state, but also the final prop-
erties of the solid insulation.

Influence on Insulating Material of Other
Groups

IN APPLICATION

They increase the viscosity of insulating materials
which are liquid when applied and solid in their
final stage. In sufficient amounts, they form a
paste which is sometimes thixotropic and which is
then used as a mastic (groups 523 and 334). The
coarse, dense, spherical grains with a smooth surface
have the least effect on the wiscosity. The fine,
porous grains with irregular surfaces and the fibers
which can intermingle with each other, have the
greatest effect.

Fillers reduce skrinkage at the moment of solid-
ification, especially if the particles are irregular and
if the filler content i1s high. They reduce the cost
because the insulating materials of group 312 cost
considerably less than the medium in which they
are dispersed.

IN THE FINAL STATE

They modify the mechanical properties  Hardness
and compression resistance are generally higher,
whereas resistance to bending and tension are lower,
when the fillers are in powder form. They are higher
when the fillers consist of fibers.

They change the dieleciric properties but there is
no rule applicable to this case. Those fillers which
are fire-resistant and decompose at high temperatures
without production of conductive residue increase
the resistance to arcing and surface tracking.

Generally they increase the resistance to chemical
agents, if exposed for a short time. If exposure is
prolonged and the surface of the insulation is affected,
the deterioration of the insulating material tends
to occur rather rapidly.

They modify the thermal properties, particularly
the specific heat and the thermal conductivity.
Dense and compact fillers, such as quartz powder,
improve the properties.

They change the appearance by making the in-

sulation material opaque. Some of them have a
coloring effect.

The above-mentioned comparative tables and
descriptive shcets give all details regarding the

effect of the insulating materials of group 312 upon
the insulating materials of other groups.

(See page 16 for Group 312 table)



Group 321: Threads and Twines

This group comprises insulating materials in the
form of mono-filaments or threads, twisted threads,
twines, etc. They may consist of vegetable, animal,
or muneral textile fibers, or of organic or inorganic
artificial fibers.

Certain artificial fibers, such as glass or polyanide,
are made by starting with a molten material, a
filament of which extruded through a die is then
sohidified. With other fibers such as cellulose acetate,
one starts with colloidal solutions from which the
solvent is evaporated and which are then solidified
after passing through a die.

The molecules of natural and synthetic fibers are
more or less oriented in the direction of the fibers.
This orientation improves the mechanical resistance
of the synthetic fibers. When drawing the filament,
it is thus possible to vary considerably the degree

of orientation of the molecules and therewith the
mechanical properties of the fibers. The threads can
consist of practically continuous filaments (multi-
filaments), e.g., silk thread; or of fibers with limited
length (staple), e.g., cotton yarn. Continuous fil-
aments give the best mechanical strength. Insulating
materials of this group are used to cover electric
conductors (winding, braiding), to insulate coils,
and for typing. As they are usually not used alone
but are combined with impregnating agents, the
dielectric properties of the insulation depend primarily
on the agent. When multifilaments such as thread,
twisted threads, twine, etc., are used alone however,
their dielectric properties are important and the
fact that they are strongly influenced by lubricants
and by other textile products used in their manu-
facture must be taken into consideration.

(See page 18 for Group 321 tuble)
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SEC/TC 15

Under the Auspices of IEC
Provisional Edition 1958

Electrical Insulating Materials

Synoptic Table for Group 321
Threads and Twines
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Group 322: Impregnated Threads and Twine

This group comprises the insulating matenals of
group 321 which have been impregnated with liquid
insulating matenals (group 211), varnishes (group
513 or 531), or with fusible insulating materials
{group 511), which penetrate between the fibers or
the fiber groups, fill, or partly fill the interstices,
and more or less cover the surface. Impregnated
threads and twines are rarely used as primary insu-
lating materials, but are used for lacing, typing, etc.

The properties of the insulating materials of this
group are dependent upon the properties of the
threads and twines (group 321), and on those of the
impregnating agents (groups 513, 531, 511). Com-

pared with the corresponding nonimpregnated in-
sulating matenals, they show the following charac-
teristics:

1. The tensile strength is increased because the cohesion
between the fibers is increased. Elongation at rupture may
be less.

2. Resistance to water and water vapor is generally in-
creased. The impregnating agents do not prevent absorp-
tion, but retard it.

3. Resistance to gaseous or liquid chemical substances is
increased, as well as the resistance to biological influences
(fungi, etc.).

4. Application is easier because flexibility, friction, and
abrasion resistance are better.

20



Group 331: Inorganic Sheet Insulation (Micas)

This group includes completely inorganic insulating
materials in the form of thin, flexible, colorless or
colored sheets or flakes, whose thickness ranges from
0.01 mm (0.4 mil) to 0.8 mm (3.2 mils) and whose
surface area does not usually exceed (5() square
centimeters. These matenals are known as micas.
Although chemically different, the natural micas,
which are practically the only ones used, are all
aluminum and potassium silicates, which may contain
very appreciable amounts of sodium, iron, magnesium,
lithium, or other metals, and sometimes fluorine.
Each crystal is composed of lamellar crystal layers.
It is this lamellar arrangement which allows the
cleavage of mica into the thin mica flakes or sheets
constituting this group.

The value of mica depends especially upon its
purity and the size of the sheets or flakes, which is
standardized internationally in ISO: Recommenda-
tion R67, as follows:

As thin mica flakes of a size greater than 3 rarely
present an even thickness, their use 1s limited to
particular application, the more so because their
price is very high. The principal types of natural
micas are: muscoviles or potassium micas; phlogopites
or magnesium micas; bioliles or magnesium-iron
micas; paragonites or sodium micas; and lepidolites
or lithium micas. Only the first two have significant
use in the electrical industry. Multiple varieties

exist and can be recognized from their external charac-
teristics. The muscovites, for example, comprise
two main classes, the ruby and the green micas.
The former are harder and have lower electrical losses,
especially at high voltages. ISO/TC536 has proposed
to divide them into 11 classes: class V-1, which is
absolutely clear and possesses the best electrical
properties; classes from V-2 to V-6, which are stained
to a certain extent but are generally good insulating
materials; classes V-7 to V-11, which are badly stained
by extraneous substances and must be used with
great caution, especially in thin layers and when
heat is applied. Phlogopites are grouped into three
classes: hard, semihard, and soft.

The general characteristics of the principal micas
used in the electrical industry appear in the com-
parative table. If air is enclosed in the crystals, the
dielectric properties, cspecially the heat losses, may
decrease noticeably. Micas are not attacked by
atmospheric agents, but water easily penetrates into
the crystals. The same thing happens if micas are
immersed in oils. The table also gives, for com-
parison, the characteristics of a synthetic mica which
might be used commercially in the near future.
Its flakes are generally no larger than the surface
area of micas of class 5. Micas are used either in the
natural state, as in capacitors, or combined with
other insulating materials (groups 335, 423, 431).

IS0 Size:

630 500 400 315 250 160

Trade Grade: OOEE Special OEE Special EE Special E Special Special 1
Surface area of usable rectungle

cm! 645.2 and 516.1-645 2 387 .1-516.1 309.7-387 .1 232 .3-309.7 154 8-232.3

above
inl 100 and 80-100 60-80 48-60 3648 24-36
above

Min, length of shorter side

cm 10.2 10.2 10.2 10.2 89 7.6

in 4 4 4 4 31/ 3
ISO Size: 100 63 40 20 16 06 0s
Trade Grade: 2 3 4 5 54/s 6 7
Surface area of usable rectangle

cem? 06.8-154 8 64 5-06.8 38 7-64 .5 19.4-38.7 14 5-19 ¢ fi.4-14.5 4.8-6.4

in? 15-24 10-15 6-10 3-6 2 25-3 1-2.25 0.75-1
Min. length of shorter side

cm 5.1 8.1 3.8 2.5 2.2 1.9 1.6

in 2 2 11/4 1 7/8 3/4 5/8
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Group 332: Films and Sheets

This group comprises homogeneous, continuous
plastic materials, not more than approximately
0.5 mm (20 mils) thick in the case of rigid sheets and
about 1 mm (40 mils) in the case of flexible sheets.
These sheets can be made: by casting (coagulation or
evaporation of a thin layer of the solution); rolling
or calendering; extrusion by means of a die plate or
annular die, sometimes followed by drawing (for
example, blowing); compression molding; or slicing
from blocks. Casting produces sheets approximately
0.01 to 0.2 mm (0.4 to 8 mils) thick and slicing
produces sheets approximately 0.01 to 0.2 mm (4 to
12 mils) while heavier sheets are obtained by cal-
endering, extrusion, or compression molding. Sub-
sequent drawing of the sheets leads to a molecular
orientation, resulting in a modification of their
mechanical properties, e.g., an increase in tensile
strength. The drawn sheets are anisotropic, ie.,
certain properties, such as tensile strength and rupture
elongation, are not identical in all directions. Most
thermoplastic products can be made more flexible by

the addition of plasticizers, but this generally has an
unfavorable effect on certain mechanical, dielectric,
and thermal propertics.

The sheets are used as intermediary insulation in
electric machines and as covering for conductors and

coils. When submitted to electric stresses of short
duration, most of the sheets show high electric
strength. However, since the resistance of all the

sheets to corona discharges is only medium or poor,
the electric stress, if prolonged, must be maintained
below the limit at which corona starts in the sur-
rounding air. Only in insulations made free of air
voids, by completely filling the interstices with solid
or liquid insulating matenal, is it possible to make
full use of the exceptional electric strength of in-
sulation sheets. (For this reason it is not possible to
give useful comparative values of electric strength in
the tables.) Certain thermoplastic films and sheets,
mostly applied in the form of tapes, can be fused
into a compact mass. These can be found in group
441.



SEC/TC 15

Under the Auspices of the IEC

Provisional Edition 1958

Electrical Insulating Materials

Syneptic Table for Group 332

Films and Sheets

ydeidouow

131EM

ay) Jo Jaquny
- gc
£ Bs5g
8= 5285
£ 5885
c2 o E
S8=£Z
suosieduiod add
(4)) AJ1qeplam
Aljiqesuad weajs
2 S3112alalp pajeuLIolyg
Ao $]10 [J3UIY
2s
o
g saysiuies u
s -Jeudasduwil jo sjuanjos
8
&=

ainjesad
-1L13] 331AI3S WNWIXER

ainjesadway Jo uol
-Junj e se saljadoid |ea
-lueysaw ay) Jo Ajjiqeis

OB @S O« O 0@ @G |@

DIDADPD O 0 3O OO @

PDIIOBDO e ) OO®O®D D

DPIOADBO w2 @D OO | D

DD O DDO | =2 BOOOG @

23900000 « 0000 e
20 ercan - eoaadocoee

% o
2 uals Bune
% 2 Yiuajs Buliea)
= s ainydni je uorjeSuof3
« =
= 2
5 =
E Y18ualys ajisua ]
Ripwny jo
uotjaun; e se sapadosd
Jupajalp ayl jo Alligers
ainjesadwa) jo
uo1joun; e se saryadeid
uy3alalp ayy Jo A)jiqelg
i o | &
€ BUOI0D 0] JUB)SISAY
2
.
o0 ~ w w -r Lag)
2
= 2 wesuodoupajalg | 2 2|2 |2 |2 |2 |e
8 ' © S I I L [ I
wamsn | O | ®
woij ‘g ue) ‘xapui ssoq o .
|| @) @D @ Y@
™ = ) (=8 o~ —
. —_ - - = i
w3 ‘yBiam y0adg e 2 8 e e = e
b ST B T I I =
O]
1=} B 9 SE | g
5¢ =l =1 wZ | &
= 2 3 = =
g = = B> | =
<3 b b = c by
sa o % % |9 |w 58| %
= 2 | 2 jiskllE | skl nE
©
L E e
= 2 = ]
s s ] = | =
© = @ ol =
= T 5|8 |32
] = 22| .2 2] a o
8 2 S= | = 8 =) £ @
[l @ — - @
= 5 o 0 R - =~
) ER E E = = ES
& T | = = = 5 | s
as ot | © o i &= o

24




"$31942 6 e uey) Jaydiy Ajqesapisucd ale saouanbely ySiy e sesso| ay| (g)

"UOINEII)ISSE[ ay) JO [ph

dnosg o} osje Juojaq (uoisny apduns Aq Jayjadn] Bwyans S19ays pue swiy) uwnjod siy) ul umays spnpod 3y ()
'§}3ays ay) Jo Y20asis 23I3|a 3y} 10) uaAI@ aq UBI SanjeA aAljesedwod [njasn ou Aym veseas Ayl sisiy) (1)

[
“ | 10°0> 0> 061< | 00S< |00E9< 1000°0> | 101> .
001 < 0£< LTAS £9> | ¥= | 062> £°0< | o01> O
3H % wl sw? wa ‘3 sjiun pue
ww X ‘uon | % |/ poyjaw Jsa|
. PXW -d1os WSV
| ww X3 “ QY

(uo1janu35u02 J0 SISEQ SE pash ag Jou p|noys)
(21e3s 2wyjuedo|) ajqe) ay) jo Jurjipa ai) Ul pasn sanjea [eAAWNY

enb

Ja}jaq pue sotiajul
uaam}aq vorsiadsip O

Jua|edxa .
100d O

©000000 ~ 0eeo : = e—
mu Q . ‘ . Q 0E1 % 06 Q O Q G O Q Au £ ﬁo . 'l 180 | ajereyjudaia) auajkyyakiog
Q Au .u .u . O 501 % 06 &u Q ‘u O O G 9oy @ @ G 0apnIx3 apiwekjog
O 0000 v e e ® Oriv: | © @ - papniixa jse) | auajtaselyoosenijuiklod
O . . . . . 052 04 081 O Q O . O O z O ’ A 1583 “paeys aua|fyyaoson|jesalAjog
©CO0 @ O 000 i OP@ OO @ O :ot | Q@ 1195 [ neropl2 | spuond awspifunieg
00 00008 v OPO OO OO v | Q©|© |19 | psiommms | o yumio anoneny
e e ‘URO ®0e H QOO0 Ve V0 it © @ )i 500 pojopuared | (Kuiniiod pazonsed-uon

25



Group 333: Papers, Cardboards, and Similar Products

Definition

Papers are thin sheets tnade of fibers, flock, or
small plates of cellulose, artificial plastic materials,
asphalt, glass, or mica. Cellulose is by far the most
common of the raw materials.

We call papers those sheets whose thickness does
not exceed (.2 mm (0.008 inch) and whose fibers are
no longer than about 1 mm (0.040 inch). We call
felts and mats (see Table 334) those items whose
fibers are coarser and, above all, longer, and we call
cardboard the material whose weight is greater than
about 200 g/sq m. All intermediate compositions
are possible. Cardboards are obtained by pressing
together moist thinner sheets, i.e., superimposing
thoroughly soaked thin layers. The electrical press-
boards (presspahn) are cardboards consisting of a very
great number of very thin layers, which are pressed at
high pressure while they still contain a large quantity
of water and then are dried.

Ce||u|osq Papers

The manufacture of cellulose papers consists of two
distinct stages: the transformation of the raw ma-
terial into a pulp (in this stage cellulose must be
separated from accompanying products), followed by
the manufacture of a continuous sheet using this
pulp. Cellulose constitutes the solid portion of plants;
wood contains 40-60Y,. The accompanying products
(lignin, etc.) must be eliminated by solution, and this
solution process gives the name to the cellulose.
Thus we can distinguish: sulfile cellulose, oblained by
cooking wood in solutions based on bisulphite, and
sulfate cellulose, obtained by cooking wood in solutions
based on sodium sulfate. Kraft cellulose is a sulfate
cellulose. This method of cooking aims at a greater
degree of mechanical strength of the cellulose.

A widely spread opinion holds that sulfate celluloses
are the best for electrical uses. However, the di-
electric properties and the resistance to aging depend
less upon the cooking process than upon the impurities
contained in the cellulose. Modern washing proc-
esses yield insulating papers deriving from both
types of cellulose.

Although celluloses can be bleached, only a most
cautious treatment will avoid the presence of halogens
or electrolytes in the papers and so, until now, non-
bleached, or natural, cellulose has been preferred for
electrical applications.

In order to transform the raw cellulose into a puip,
it is first ground (refined); that is, the small particles
are pulverized and disintegrated in aqueous media.
Thus the number of contact points between the now
thin and flexible fibers increase. Cellulose swells in
water. The attraction forces between the particles
of swollen cellulose are verv great and are maintained
after drying. These are responsible for the strength
of the paper, much more so than the mechanical
interlacing of the fibers. Cotton waste, for example,

swells much less and so produces papers with a weaker
mechanical strength. Paper sheets are fabncated
by suspending cellulose fibers in a suitable medium,
usually water, followed by deposition onto the screen
of special machines. It is then possible to obtain
sheets of weights up to 200 g/sq m. Other cellulosic
raw materials may be used too.

Wood can be transformed into paper pulp by
simple mechanical maceration (ground-wood pulp).
The resulting paper, called ‘“wood paper,” is not
generally used as insulating paper, but is used for
newspapers.

Cotton, flax, hemp, and certain grasses can be
used for the fabrication of special papers. Cotton is
almost always used in the form of cloth waste, old or
new, and transformed into rag paper. The quality
depends greatly upon the available rags. Rope
papers are essentially made from old ropes based on
Manilla hemp or from wastes. Among the grasses,
esparto grass is the most common (Alfa paper).
1t gives bulky paper with fine structure.

Sizing

Sizing is added to papers to improve their physical
properties. To do this an aqueous suspension of
glue, most often a natural or artificial resin, is added
to the pulp. The papers sized with natural resins are
inferior electrically as the thermal resistance of these
resins often does not exceed 100 C. The synthetic
resin adhesives, especially melamine and urea resins,
allow the fabrication of wet-strength papers which are,
when suitably employed, almost equivalent to non-
sized papers from the dielectric point of view. Their
water absorption is similar; only tearing when in a
moist state 1s rendered more difficult. The porosity
of sized papers is less than that of unsized papers.

Properties

The sheets which are deposited on the screens of
paper or cardboard-making machines present, from
the beginning, a certain anisotropy due to the relative
motion of the screen and the suspension and to the
effect of filtration. It is increased by the contraction
and the longitudinal tensions which are the results
of drying. The solidity of the sheet increases in the
direction of the machine, while the elongation de-
creases. The contrary is true for the transverse
direction. All papers manufactured by machine and
many cardboards present this anisotropic character.
The latter is noticeably smaller for electrical press-
boards, because of the method of fabrication men-
tioned above.

All papers contain between the fibers a system of
pores, whose volume ranges from 10 to 609 of the
total volume. The pore percentage can be calculated
approximately from the ratio between the weight of
the paper per unit volume and the specific weight of
the fibrous substance. The natural fibers, too, may



contain cavities so small that it is extremely difficult
to fill them with impregnating material.

According to the degree of beating (refining) of
the fibers, their origin, and the amount of compression
of papers and cardboards, the pores between the
fibers have a rather variable diameter. The air
permeability and the capillarity of the papers may
supply some indication as to the size and distribution
of the pores.

When insulation consists of g great number of
paper layers, it is possible, by avoiding severe com-
pression of the layers, to leave voids between the
layers, in addition to the pores of the paper. This
is done practically by using crepe paper. The
volume of the pores of such insulation is naturally
much greater than the pore volume of the paper sheet.
By judiciously choosing the nature of the impregnating
compound, it is possible to influence strongly the
electrical properties of the whole insulation.

The dielectric properties of papers and cardboards
depend, as far as cellulose is concerned, only partially
upon the nature of the raw materials. They are
above all determined by the moisture content, the
volume of the pores, the additives, and the impurities
(electrolytes).

The electric stremgth can only be measured on thin
sheets. In thick sheets leakage surface currents are
formed which are a function of the geometrical form
of the test piece. If the paper is not dry, conduction
currents give rise to secondary reactions (vaporization
of moisture, heating, and eventually decomposition)
which vitiate the measurement.

The dielectric constant (permittivity) of cellulose is
of the order of 6.6 at 60 cycles. That of cellulosic
papers depends upon the fiber content, the voids, and
the moisture.

The dielectric losses and the wnsulation reststance
vary so greatly as a function of the hunndity that
they cannot be of any use as a criterion of compari-
son between papers unless they contain less than
0.019, water. Pure cellulosic papers have, when
dry, low losses (tan &: ca. 0.0009-0.004 at 40 C).
The additives and the adhesives are often soluble in
the liquid dielectrics whose losses they increase.

Impregnating agents do not prevent absorption of
moisture by cellulose; they only retard it.

The mechanical properties attain their optimum
values when the papers contain neither too much nor
too little water. Water plays the role of a plasticizer.
It decreases the tensile strength and increases the
elongation and resistance to folding. The longitudinal
strength is 1.5-5 times greater than the transverse
strength, while the elongation is 2-3 times smaller.
In applications which require flexing, it is then
advantageous for the paper to contain much water
and for the folding to be done perpendicularly to the
direction of the paper machine.

Aging of cellulose is a complex process. It manifests
itself in very variable ways, according to the tem-
perature and the presence or absence of deleterious
substances. The paper loses flexibility by the
evaporation of water (this phenomenon is almost
always reversible). With prolonged heating it be-
comes brittle and it shows a decrease in the average
degree of polymerization of cellulose. The salts of

heavy metals with a catalytic effect have an unfavor-
able influence, especially in the presence of oxygen.
Acids, which have been added in the course of the
manufacture or which have formed in the liquid
dielectric, and the halogens resulting from bleaching,
all decrease the stability of the paper. The thermal
resistance of cellulosic products allows them to with-
stand for 10's of years a temperature of about 110 C
(when suitably impregnated they withstand 120

130 C). Toward 140 C rapid decomposition takes
place, even in vacuo.

In air, the cellulosic products contain 2-129,
moisture. Complete drying causes shrinking, which

may reach 19 in the direction of the machine,
29, in the transverse direction, and 59 in thickness

The general properties of cellulosic materials are
mentioned in the comparative table of the group.
It is incomplete because of the great number of
products used as insulating materials.

Chemical Transformation of Cellulose

In treating paper sheets with sulfuric acid zinc,
chloride, etc., cellulose is partially transformed into
hydrocellulose. The sheets can then be pressed into
plates and into sections. These products, known as
“vulcanized fibers’’ (fish paper), have greater re-
sistance to humidity and a much greater mechanical
rigidity than does untreated cellulose. The chemical
compounds used for the treatment cannot be com-
pletely eliminated by washing, so the vulcanized
fiber is only useful for limited electrical requirements.
Cellulosic fibers can also be esterified, while main-
taining their texture unchanged. This method 1is
used to make acetylated paper, in which the hydroxyl
groups of the cellulose are partially replaced by acetyl
groups. Great purity is obtained, provided the paper
is washed with great care after acetylation. The
operation becomes difficult when papers are thick and
it cannot be done when the weight exceeds 180
g/sq m.

The electrical qualities of the dry fibers can be
improved by replacing a portion of the very polar
hydroxyl groups with the less polar acetyl groups.
On the other hand, moisture absorption is noticeably
reduced so that, under equal climatic conditions,
partially acetylated fibers absorb less moisture from
the air than do untreated cellulose fibers. Among
the mechanical properties, only the resistance to
tear and to flexing is decreased by esterification.
Partially acetylated fibers swell in solvents such as
acetone, chlorinated hydrocarbons, and phenol.

Moisture absorption by cellulose can be decreased
by other chemical agents or by treatment with
synthetic resins, both because they affix themselves
to the cellulose where water would, and because they
are not hygroscopic.

Other Papers

As indicated previously, raw materials other than
cellulose can be used for the manufacture of papers
according to analogous processes. However, the
properties are different.

Wholly synthetic organic fibers do not swell in the



same way and to the same degree as cellulose and thus
these papers are much weaker, although this property
can be improved by the addition of special adhesives
(synthetic resins). The electrical properties are
less sensitive to changes in moisture.

The papers based on glass or asbestos fibers or on
mica flakes are fireproof and are much more thermally
stable than are organic papers.

Other Insulating Materials Based on Papers

Papers are not ordinarily used in electrical manu-
facturing as independent insulators. They serve,
most often, as support for impregnating compounds,
as mechanical reinforcement, and as separators.

Impregnated papers have properties which are very
different from those of raw papers. They constitute
insulator group 335. Laminates based on paper form
insulator groups 336 and 351. Paper filaments and
twines are in insulator groups 321 and 322. If they
are woven, they appear in insulator group 334.

Common Terminology

Vulcanized fibers: sheets prepared by treating rag
paper with zinc chloride. The paper obtained is
rolled around a cylinder, cut into plates, treated with
a solution of caustic soda, and washed. The plates
are then dried and polished. These sheets are often
called “‘fish paper.”

Fish paper: sheets having a thickness of 0.1-
0.3 mm, obtained by treating with zinc chloride,
paper, or cardboard rich in cellulose (see also vul-
canized fibers).

Linters: short fibers found attached to cotton
grains after the long fibers used for the fabrication
of textiles have been removed. They are removed by
means of special procedures and are sometimes used
for making paper.

Alfa paper: it is also called esparto paper and, in
English, “‘grass paper.” The paper is made with the
cellulose extract of alfa, Algeria grass, employed
either alone or in combination with wood cellulose.
The fibers are very fine and produce a regular and
bulky paper.

Sulfite paper: all paper manufactured entirely or
largely with a sulfite cellulose.

Cable paper: paper based on sulfate cellulose or
Manila hemp. It must have good tensile strength
in machine direction (longitudinal direction) and good
resistance to tear perpendicularly to that direction
(transversally). Other requirements are good thermal
resistance, small loss factor, and good electric strength.

Hemp paper: paper manufactured mainly with
rope waste or similar products (Manila hemp, or
possibly jute).

Linen paper: paper composed entirely, or for the
greater part, of fibers obtained from linen rags.

Capacitor paper: paper based on sulfate cellulose.
The main properties are chemical purity, even thick-
ness, uniform formation, very low porosity, and low
dissipation factor.

Oiled paper: incorrect expression indicating ‘‘var-
nished paper.” It designates a paper impregnated
with varnishes based on drying oils and on resins (see
table 335).

Japan papers paper with long fibers, very strong
mechanically and of irregular texture. Weight is
75-225 g/sq m. Japan papers are generally unsized
(also see “‘Japan silk paper’').

Kraft paper: paper entirely based on wood cellulose,
manufactured according to a modified sulfate process.
Kraft cellulose, without prolonged beating, gives a
paper with relatively coarse fibers. The manu-
facturing procedure produces a paper with good
mechanical properties.

Manila paper: a general expression to designate
papers whose color and appearance are those belonging
to papers formerly made with Manila hemp. The
expression as used today has no relation to the
fibers used.

Parchment: paper of pure cellulose, which has been
immersed in sulfuric acid, washed, and dried. By
this treatment the paper is made grease-proof. Its
wet strength is much superor to that of ordinary
papers.

Sulfate papers: papers manufactured wholly or for
the major part with sulfate cellulose (see kraft).

Japan silk paper: very light paper manufactured
with Kozu fibers (fibers from the bark of the mul-
berry tree).

Electrical pressboard: also called “‘pressboard,”
“Fullerboard,” etc. Cardboard based on pure cel-
lulose, manufactured by rolling a great number of
thin paper layers around a cylinder, and then by
pressing them in a moist condition under high pres-
sure. The sheets, with a thickness of 0.5-7 mm
(0.020-0.280 inch), are mechanically very strong,
even perpendicularly to the layers.

Rag paper: more exactly ‘‘rag content paper,”
is a paper containing at least 259 rag fibers. Com-
mmon contents are 25, 50, 73, and 1009%.

Rope paper: paper based on Manila hemp.

Yoshino: paper of Japanese silk manufactured with
mulberry fibers.

(See page 30 for Group 333 lable)



Group 334: Fabrics and Similar Products

The word fabric means, in general:

1. Fabrics properly called, that is, products obtained by the
interweaving of threads, manufactured by the insertion of
filling threads in the warp thread perpendicularly one to the
other during the weaving.

2. Knits (tricots), where the joining of the threads is
achieved by interlacing by means of meshes. Tricots are
very elastic, but are mechanically weaker than fabrics
woven with identical threads.

3. Mats and felts. Mats are made of sheets of nonbraided
fibers or of skeins of nontwisted parallel fibers (roving).
The fibers of the sheets or of the skeins may be oriented
according to their end use. Mats may be assembled either
“by cementing the sheets with the aid of a binder or by
stitching, Felts consist of relatively dense layers of thin
tibers held together by a purely mechanical means designed
for felting.

The transition from mats to felts and then to papers
(group 333) can be made either in terms of their fabrication
or of their properties. Thus there are intermediate prod-
ucts.

4. Glass bats. A bat is a mat made of short glass fibers
(about 5 c¢m), possessing a cohesion sufficient to allow easy
manipulation. This cohesion is obtained either by the
use of an organic binder or by glass threads, as is done for
rugs.

5. Braided wrappings, which are made of polished cotton,
rayon, and glass threads.

The mechanical, chemical, and dielectric prop-
erties of fabrics are a result of the corresponding
properties of the threads or of the fibers used (see
the comparative table of group 321). This applies
especially to their mechanical properties, which
derive from the nature of the threads (length, twist),
and from the process of manufacture of the fabric
(construction, thickness, weight per sq m, and
subsequent treatments such as finishing and shrink-
age). Sizing and finishing agents can exert an un-
favorable effect on the dielectric properties, on the
ability to absorb liquid dielectrics, and on the thermal
resistance of the fabrics.

The fabrics, often used in the form of tapes, do
not generally serve as insulating matenals in electrical
practice, but as support to the impregnating com-
pound in order to reinforce the mechanical properties,
or as a separating element. Impregnation or coating
may be accomplished either on the assembled in-
sulation in place on the object, or on the fabric before
use. The latter, after its interstices are sealed by the
impregnating compound, becomes in fact an insulating
material itself (see comparative table 335).

The term ‘‘construction” designates the method of
interweaving of the warp and fill. The fabrics used
in electrical practice are of three fundamental con-
structions which are shown at the bottom of col-
umn 2.

Plain constructions are generally used for insulating
fabrics. The serge and satin constructions are found
in fabrics with reinforced warps, a weaker filling, and
a warp count often higher than the filling. Oc-

29

(Also in the Form of Wrappings)

casionally, mixed fabrics are used, such as cotton
warps and silk filling. The fabrics woven with
continuous fibers (or multifibers as of silk or glass
filaments) are more solid and smooth than the corre-
sponding fabrics made from discontinuous fibers
(cotton threads, staple glass fibers), but they are not
impregnated as easily because their power of ab-
sorption is lower. Laminates made with these fabrics
are very easily delaminated.
The following are used in electrical practice:

Cotion fabrics, often in the form of tapes.

Silk fabrics, when great mechanical strength is cesired to-
gether with tow thickness.

Fabrics based on synthetic or improved fibers, especially cellu-
lose/acetate fibers, acetylated cotton, and polyester fibers,
because of their small sensitivity to moisture and their
stability toward aging.

Fiber-glass fabrics, for service temperature higher than 120 C
and for increased mechanical strength, when aging resistance
and moisture resistance are required.

Glass fiber mats and assemblages of glass fibers similar to felts,
for service temperatures higher than 120 C and requiring
only slight mechanical strength, but good resistance to
aging and moisture,

Asbestos fabrics, for service temperatures higher than 120 C,
when relatively large insulating thicknesses are desired and
when limited dielectric properties can be tolerated.

Wide fabrics are most frequently either impregnated
or coated (see comparative table 335). Tapes, on the
other hand, are often applied to the object to be
insulated before impregnation. They are stand-
ardized according to country. The width, thickness,
number of warp threads and fll, construction,
weight per sq m, and the mimmum tensile strength
have been fixed. These standards vary greatly from
country to country.

“Square woven” or ‘‘plain”
construction: This is the sim-
plest construction with the
greatest number of linked
points. A plain fabric is less
pliable than a fabric with a

different construction, the ol bl B
other characteristics being
comparable.

: 1 SHSHSTLPR
“Twill” or *'serge” construc- ('_ L ||j’
tion: This is a looser con- (43 I_‘ I.-I)
struction. It presents salient . ‘l =il
ribs, separated by the oblique c_-l l_ I -l
lines of the linked points, . I_" Loy |)
forming grooves. ‘_—' A=) I__",

et L - L |)
“Satin’'  construction: This C I I-- l P
is a fabric with shiny surface ¢ "I_ -I_
obtained by distributing the ("I_ TIL l’
linked points uniformly over 1 ¢ - -
the whole surface. ¢ 'l-IT TI-I )

- 3 - T o ,
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Group 335: Papers and Cloths, Impregnated or Coated

The insulating materials of this group are papers
(group 333) or cloths (group 334), often called supports
in the text, impregnated or coated with a substance
whose main purpose is to retard the absorption of
water appreciably and, by filling the interstices, to
improve the dielectric properties very considerably,
especially the electric strength. They are used as
sheets or tapes of all sizes. The impregnated cloths
are supplied either with a straight weave or with a
bias weave. The latter is characterized by high
elongation at break, and permits the manufacture of
more compact insulation. The properties of the
insulation depend upon the support used (chemical
constitution, nature of the fibers, type of threads,
spinning, weaving, sizing, etc.), upon the impregnating
matenals, on the latter’s percentage in the support,
and on the method of fabrication (impregnation or
coating). The properties of insulation prepared with
this insulating material depend, moreover, upon
the care exercized during the application, especially
in the case of air occluded between the layers.*
The impregnating and coating compounds are
numerous. They include the fusible compounds of
group 511, the varnishes of group 531, the thermo-
plastic materials of groups 343 and 515, and the
elastomers of group 344. By adding asphalt to
varnishes, which is the practical procedure for black

impregnated papers and cloths, their flexibility in the
cold and their resistance to hot oils is diminished,
but their dielectric properties in the presence of
humidity are improved.

These insulating assemblies are manufactured by
dipping or by knife coating. In the first procedure
the support is passed one or more times through a
melted impregnant, a solvent solution, or, sometimes,
an aqueous emulsion. The support is thoroughly
impregnated and consequently its water resistance is
good. In the second procedure the impregnant is
spread on the surface of the support with the aid of a
doctor blade. With this method the impregnant does
not penetrate, or hardly penetrates, the support,
with consequent lower water resistance. It is very
advantageous to combine these two methods. Certain
insulations of this group are covered with a lubricant
to facilitate the slipping of the layers one over the
other., The papers and the cloths are numerous,
and so are the impregnants. ~ This table, therefore,
can supply only the characteristics of the more
important combinations used in the electrical in-
dustry.t

* This is the reason why the dielectric strength of insulation manufactured
from several layers of impregnated cloth is not a muitiple of that measured
on the cloth before slitting into tape.

+ Papers coated with plastisals and organosols, for example, are not men-
tioned because they are not used in the electrical industry. They are
utilized for packaging.

(See page 34 for Group 333 table)



Group 336: Laminated Sheet Insulation

This group includes all the insulating materials in
sheets or in tapes, made from superimposed layers,
generally of different nature, and bonded by means of
binders of all types. The layers most commonly
used are the micas of group 331, the films of group
332, the papers and the pasteboards of group 333,
the fabnes of group 334, and the impregnated papers
and fabrics of group 335. Among the binders are
the flexible adhesives of group 534.

A large variety of combinations is possible. The
properties of the insulation which results depend
upon those of each of the constituents. It is possible,
for example, to combine the high electric strength of a
film with the low elongation of a paper or of a fabric.
If the thermal and electric stresses are high, suitably

.

(Slot Insulation, etc.)

impregnated mica paper or glass cloth can be used.
If the electric strength must be high for small over-all
dimensions, impregnated silk or mica would be
utilized. This comparative table cannot give the
properties of all possible combinations. They are
too numerous. It has been considered preferable to
supply some properties of the layers commonly used
and, as an example, those of some compounded
insulation. The properties of an insulating material
under scrutiny can be estimated on the basis of the
properties of the constituents, as given in this table
and in the tables of the groups cited. The insulating
materials should, however, be used with discrim-
ination, because they do not maintain completely the
properties of their constituents considered separately.

(See page 36 for Group 336 lable)
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Group 341: Inorganic Insulation

The insulating materials of this group are consti-
tuted exclusively of inorganic matenals, which
include the ceramics, glasses, and certain natural
products. Ceramics are opaque or translucent masses
composed of crystalline materials bonded by a
vitrified amorphous substance. The physical, elec-
trical, and mechanical properties depend essentially
upon the ratio between the amorphous and the
crystalline phases. Glasses, on the other hand,
are amorphous transparent substances. When a
melted glass is cooled, it proceeds from the liquid to
the solid state without a sharp solidification point.
Shaping is performed either by molding, casting,
extrusion {ollowed by high-temperature heat (for
ceramics), or by casting or fornung of the melted
mass (glasses). These operations are accompanied
by noticeable shrinking, which vitiates the precision
of the dimensions.

Inorganic insulating maternials are characterized

(Ceramics, Glasses, Quartz, etc.)

by great hardness at clevated temperatures and by
excellent flame resistance. However, 1t must be
noted that as most of these compounds lose a great
part of their dielectric properties when the tempera-
ture increases, it is impossible to take full advantage
of their dimensional stability toward heat. The
nonporous compounds do not absorb water, but the
weather affects the surface dielectric properties
either temporarily or lastingly. This effect is more
pronounced if their surface is rough and contaminated
with dirt. This is why many ceramics are covered
with an enamel (glazed) and at times with a product
capable of facilitating run-off of water by lowering its
surface tension (e.g. a silicone). The enamel like-
wise improves the mechanical properties of ceramics
and the distribution of the electric field in the in-
sulator. Dark-colored enamels absorb light rays;
the insulator heats up and dries rapidly. Insulators
in this group have good resistance to most chemicals.

(See page 20 for Group 341 table)
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Group 342: Thermosetting Molded Insulations

The 1nsulations of this group are objects formed by
compression molding. They are composed of a
heat-hardening resin into which are incorporated in-
organic or organic fillers in the form of powders,
fibers, or clippings for the purpose of improving the
mechanical properties. They are made by com-
pressing the resin-filler mixture under high pressure
in a heated mold. With the heat applied the resin
liquifies, takes the shape of the mold, and undergoes a

chemical reaction to become hard and infusible,
Hot molded insulations are characterized by good
thermal stability, that is, their shape and mechanical
properties change only slightly up to the decomposi-
tion temperature. Most can be considered to be
isotropic; their properties are practically the same in
all directions. They generally resist corrosion well.
They are used when a large number of similar pieces
15 required.

(See page 42 for Group 342 table)
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Group 343: Thermoplastic Molded Insulations

Insulating materials of this group are thermoplastic,
i.e, they become soft with increasing temperature
and regain their original hardness on cooling. They
are made in all forms: tubes, rods, sheets, etc. The
first method of manufacture is by injecting the
heated material into a cold mold whose form it
takes on cooling. The second method is by extrusion,
by forcing the hot material to pass through a die into
a coolant. Sheets are formed by casting (see table of
group 521), pressing, shaving, etc. The thermo-

plastic nature of these insulations permits their
deformation by heat (molding, etc.) and generally
permits heat sealing. They are mostly isotropic,
i.e., their properties are practically the same in all
directions. The properties are very dependent on
the temperature. By addition of plasticizers, or
copolymerization, one can give them almost any
degree of hardness. Most of them are transparent or
translucent and can be made in all colors or rendered
opaque.

(See page 46 for Group 343 table)
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Group 344: Elastomers (Vulcanized Rubber, etc.)

This group comprises all the insulating materials
of which the principal characteristic is the fact that
they are predominantly elastic. For the majority
of these materials, this property is obtained by thermal
treatment in the presence of special ingredients,
most frequently sulfur. This treatment, which
transforms a plastic mass into an elastic mass, is
termed ‘‘vulcanization’ (curing). In addition to the
elastomer and the sulfur necessary for the wul-
canization, they contain fillers, plasticizers, accel-
erators, antioxidants, and possibly other curing agents
which greatly influence their properties.

The properties of the vulcanized elastomers listed
in the table correspond to the compounds described
in the monographs, where certain particular prop-
erties are also given (a change in ingredients influences

all the properties more or less, especially the density
and dielectric and mechanical properties). Hard-
ness varies between 50 and 80 IKH.* Resistance to
alcohol, which is not considered in the table, is always
good. Some elastomers in this group detenorate
slowly in contact with air: They age.* Those
which are little oxidizable such as the silicones,
butyl rubber, polychloroprene (Neoprene), etc,
behave more favorably in this respect. The aging
depends also to a great extent on the amount of
antioxidants contained in the mixture. Before vul-
canization the mixtures can be milled, extruded,
calendered, pressed, etc., so that they can be given
any desired form.

* See table.

(See page 48 for Group 344 table)
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Electrical Insulating Materials

Synoptic Table for Group 343
Thermoplastic Molded Insulation

Under the Auspices of the IEC
Provisional Edition 1958

SEC/TC 15

yde3ououw ay) Jo Jaguuny
£, 528|528/
a Ef2 | ETSE®
555 |585|88
) 321id aaneledwoy @ @ O @ @ O 0 O
E B SIHIY3IP Pajeunso|y) @ O O O O @ @ O
é ® weau @@ @O @ @ | @ @
= -
% el Buueuzajdwuos:;'us;lﬂ:g . @ Q O O ‘ . Q
q
i - oo oo e oy
uojezi|[eysA13 Jo sassasls jeu
Frarey el S ISASIGIS I A A,
.E_E_ _uonanwo::o)aauels!say Q @ Q Q_.Q__ O —O O
§§ 9 8ap ‘ainjesadwa) % g 2 % 2 g 2
301AI3S WXy é ; 3 :‘: ;—-‘: ) e 2
ainjesadway 9 = = = = =
35| chumnnimmn | OO000 | © | &6
HEL ey | @) | @) | @) @) @) @ °@ (@
5|25
é;:_ ulduans |einxay pue apisua ] @ @ O @ O @ O @
> Appiuiny
hemr s 909108 © )00
am]emdma_x 1
g | mmnizes ©|9099 ©)/ 08
@
d‘g Buiyael) o} aduejsisay @ @ O @ @ @ Q e
I DICIDIC IS
K)IALSISB) Awn|oA @ @ @ @ @ @ @ @
-
] qidualys aupa|g @ @ ® @ & @ Q G
IR S
(1) wa/d 'uaeid agroads g E g E o = g é
sl | |.e|
= @ 'g = T E
2ls|s 8 SE | B
Sl <|=2 B 3 S
& g |5 2 5
@ 2 k] = &
g e 2 £ g
3 Zl& £ |E

46




*s13wA|0d63 uepad yiM paule)qo ase sanjea saudiy ayy  (g)
"J9MO| a1} & ase Aduanbaiy yBuy je sassof ay) (y) *saysejdowsay) [1e ym papioAe ag pnoys 110 Joy Jo uonde 3yl  (g)
‘yyduais ajisual  (9) '5U0qJed0JpAY sneydije Aue 0) BOUB}SISa) OU S3)B3IDUI BJAIID
“AIp usym apew s Juaweinseaw ay) ji sapiweAjod 10y JeMO| LINW S} uado ue pue ‘(wnajosjad jo saljeArsap) suogsedelpAy oneydife ay) AU SsIsal uotje|nsul
| 'Wajuod aInjsiow ay) pue jsa) jo poyjaw ay) uo spuadap Ajngixaly ayj Lo anjea 3yl () 3y} Jey a2 yJep jjey e ‘(dnjewole pue deydije) SuoqIedospAy ||e SISIsal Uole|nsul ay)
) ‘papiow aq o) sadaid 18y} SSYA|S 8210 YIBp PIjOS ¥ "PAIBPISUO) UIBq BABY SJUaAOS 10qiedoipAy ay Alug (2)
JO Jaquinu ay) pue pjow au} jo adud ay} jo uonouny e ped jsow ay) Joj S1 sjalqe papiow ‘8|qe) GyE
Jo 8aud 8y] °ISasBjUI YINW JO jou S! UWN|OI SIY} Wi pajedipul adud aAaneiedwod aul  (p) dnosn ayj u1 papnjou ae Aay]  °3|qe) SIy) Ul palapisuod uaaq jou aAey sweoj anseyd ayl (1)
v> 20> SQL 1000°0> | w0I< | 0£9< E3 e ®
- h g
001< g< 052> £0< | 01>| c2> O | weeemhay
.& AU Wy [wa/ay sjiun pue .S:uqxw.
MMWM /3 | o poyjew jsa| - O
(uonanJ)suoo Jo siseq Se pasn aq jou pinoys)
(a)eas Jnwyyredol) ajgej ay) o ullpa 8y} Ul pasn san(eA [BILAWNY
m © 000 0e ® ﬁuﬁv 00 ©® € @ @ © aualyisongesaifiod
ﬁ 2D 00 O O0C 0 ' V0® & @ O @ © v suammeoonmoouaio
|
[ ('9)0 'sdeos)
L @0 0 @ 0e 0000 6 eee o
| 3yj ur sazel) Q)
—
w0000 ee 0 0006 e 0ee e
— :
” @ O . Q ’ @ O 06 01 G/ @ @ @ ’ ’ o 0 o Q 1011 ajejoeypwdyewiiod
| O @ . . . Q O ou_emo—g @ O . @ & @ Q O 'l ozeqJedjAuiakjog
QOO0 O00 v * 0w © o0/ | ke
_ QO 000D 0 |0 @O & © mu @® O spuad oupikug
{
! .
L O & OB@ 0~ 008 © © © O @ “imme
| ©0 000 0: 0000 & ©O0 e e

47



ydesdouow
ay) Jo saquiny

Precautions
in use

aoud aajjesedwa)

auozQ

saleqly

spry

SIU1D3(a1p pajeutioly)

110 |esauy

Resistance to Chemical Agents

SU0G1e01pAY JNjewoly

suoqiesolphy anjeqd|y

1a)eMm

Buiuing o} asuesisay

to Heat

Behavior

9 8sp
‘asn Joj i asnjesadwa )

General Characteristics

ainjdni je uojjeduoly

Mechanical
Properties

yBuans ajisua .

Apiwung
jo uonduny e se saipadosd
J11}29[a1p Ay jo Kouejsua)

ainjeladwa)

O0dIdBIIO S

o8 PP | DD O@OOOOG®DD @
G

s @AM & @ deElol@oolocealele
o @@ O e o @oed oo ee
v QA @ @oeEoeoo o0 e
wes DA 9| DI @O0 G DB
S @A O ed OO0 D e d

§ 40 uaipuny e se saiyadosd
8 214)93|31p 3y} jo Aduejsuo)
o
a
= sd2 0 0} 0§ Wolj ‘e uey @
§ ‘103e) uonedissiq
' AjIAnSISal awnjop @
yiBuans 213293
e
Lwa/3 ‘Aysuaq s
)
=
& g |8
o £ s
5 g |5
[7%] o _
o g 5
5|2
s |8
a. 0.

Electrical Insulating Materials

Synoptic Table for Group 344

Under the Auspices of the IEC
Elastomers

Provisional Edition 1958

SEC/TC 15

18

Butadiene-acrylonitrile (4) 1.3to 1.6 @ O @ O O Q . ;fgo“’o O O O ‘ Q G Q O 0

Organic polysulfide

Chloro-sulfonated
(Thiokol)

Naturai rubber
Butadiene-styrene
(butyl rubber)
polyethylene

Silicone




“UWIN|OI SIY] Ul PAJEIIPUI JRY) MOJ3q 8Q PNOM asn Jo

49

*skep ¢ jo ajdninw |e33)ui e 10 ‘sAep o '/ '€ S1 153 3y} JO uoljeinp
ay] "9 ap [ T (f e uaAD }jeIp PadIoj € Ul auop SI sWi) Poys AjaAllejal B Ul Jawo)se(d

ainjesadiua) ay) ssas)s |eJlueYdaW Japun jdwexa Joj 'asn Jo suonipuod ay} 0} Bupiody  (g) ay;j Jo sa'padoid ui adueys ayr uunwiaiap jo asodind ay) sey yaum ‘Jwide 1ewoyiue ayy  (2)
] *JUBJUOY 3)Aj0a}d3)R *Ayia1ise|a Jo sninpoul ajiuiul ue dulABY AJUEISNS B JO
s)i pue Ayuejod sit 0) Juimo uonensul Asewd soj Jou pue yleays e se pakoidwa Ajensn  (p) ssaupiey ay) oﬁ 9a18ap 'AJionseja Jo snnpow 013z e BulAgy 3JUBISGNS B JO SSAupIey ay)
"3)qe) SIY} Ul passpisu0d uaaq Jou aaey s:aqqns weoj ay] (f) sjuasasdal () aaJ3ap Jey) 0s pagalas §1 3jeds ay| saaiBap ssaupiey Jaqqns |euoneusdjul (1)
V - -
y 20> 005< | 002< 10000> [so1< | 0e9< | @) soniiiib TN
S pue J0113)ul @
001< 52< oor> | ov> £'0< |or> | 52> O Ua3Aio] LAdR
jJua|aaxa .
% ”%q wo |wa/Ay, spun pue
‘voi} % -wyo poujauw Jsay
-d108 _ Jood O .
-qv
(uo112nJ3SU02 JO SISBQ SB pasn ag Jou pihoys)

(3[e2s 1wy} isedo}) 3|gey ayy jo BuIjpa ay) ul Pasn Sanjea [EILIBWNN




Group 345: Other Nonlaminated Insulating Materials

This group comprises insulating materials not
covered by the definitions for groups 341-344. In
this group are products which have quite different
characteristics. They cannot be compared with
each other and normally are not used for the same
purposes. This comparative table will show only
their general properties. Foameéd materials which
are primarily used for heat and sound insulation
have been included in this group because they have
recently also found applicatien as electrical tusulation.
Included are plastic or elastomeric materials having
fine gaseous inclusions or pores (diameter about 0.1
to 0.25 mm, 4 to 10X10~° in), which gives them
special properties, particulariy very light weight and
heat conductivity, which, in a given product, de-
creases with the decrease of the specific weight (0.03
to .04 watt,/m deg C). The foams are soft or rigid,
depending on whether the plastic material is soft
or rigid. The individual cells within the material
may be closed or open (intereonnecting). In the
latter case, the foams absorb liquids. They are
manufactured, for example, by violently agitating or

expanding a fluid plastic material in the process of
solidification, so as to introduce air, whether by
decomposition of so-called ‘‘blowing agents” within
the plastic material with gas expansion, or by release
of gases due to the reaction of the solidification
process itself, or, finally, by including in the plastic
material substances which are subsequently elim-
inated by dissolution in water or any other appropnate
medium.* Most plastic materials and cellulosic
elastomers can thus be transformed into foams,
for example, polystyrene, polyethylene, polyvinyl
chloride, the polyurethanes, cellulose acetate, the
phenol-formaldehyde and urea-formaldehyde resins,
and the elastomers of group 344. Merely as an
exé.‘}nple, the comparative table shows some charac-
teristic properties of the first four of these foams.
The other foams have properties which correspond to
those of the plastic used. The foams are made
while being applied or they are furnished in finished
condition.

* See table.

(See page 52 for Group 345 lable)
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Group 351: Laminates

This group includes stratified insulating materials,
that is, materials which are made of superimposed
layers bonded one to the other by a thermosetting or,
very rarely, a thermoplastic binder. They are
generaliy supplied as sheets, tubing, cylinders, rods,
etc., from which the final pieces are obtained by
machining. Simply shaped objects can also be
fabricated by milling. The sheets are most fre-
quently manufactured by heat-pressing a stack of
layers made of paper or fabric (support and rein-
forcement) previously impregnated with thermo-
setting synthetic resins. Tubing and cylinders are
obtained by heat-forming resin-impregnated paper or
fabric around a mandrel, and then by thermosetting
the resin in an oven. The insulating materials of

this group are anisotropic, that is, their properties,
particularly electrical and mechanical, are not the
same in all directions. The tendency of these
insulating maternals to split along the layers and to
absorb moisture depends on the resin content, the
degree of impregnation, and the reinforcing material.
The elongation at break is much lower than that of
metals. Laminates are the matenals which, among
all plastic materials, possess the highest mechanical
strength in a preferential direction. All their prop-
erties vary little as a function of temperature. These
compounds are, on the other hand, affected by mois-
ture absorption, which is generally very small for
laminates with high resin content and which contain
an inorganic support or reinforcement.

(See page 54 for Group 351 lable)
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Group 411: Adhesive-Coated Films, Adhering When Cold

The insulating materials of this group comprise the
films of group 332, covered on one of the two sides
with an adhesive so that, when cold, they adhere to
cach other or to any other object. The adhesives
used are grouped into two distinct classes, namely:
(a) adhesives which rapidly lose adhesion power when
warm, for example, elastomers to which have been
added natural or synthetic thermoplastic resins and
certain plasticized resins, and () adhesives whose
adhesion power can be improved by appropriate heat
treatment, for example, elastomers to which have been
added heat-hardening synthetic resins or certain
plasticized heat-hardening resins. The adhesives of
the second kind are usually applied on films of group
332 which have good heat resistance. After heat
treatment, they acquire good resistance to the
solvents of the impregnating varnishes. The adhesive
covering the films does not noticeably change the
characteristics of the uncoated filins, as described in
the comparative table for group 332. Poor adhesion,
however, can lead to displacements between the
layers. After being bonded, the films form compact
insulations that are only slightly hygroscopic, how-
ever, the dielectric properties are in no way pro-

ab

portional to the number of superimposed layers.
Submitted to electrical stresses of short duration,
the base insulation of the adhesive films shows a
generally high electric strength. Since the resistance
to corona discharge of insulating maternals of this
group is below average or poor, electric stress, if
applied for a long time, must be maintained below
the corona discharge threshold of the air layers
surrounding the film. Only if no gas is included in
the insulation, i.e, if the interstices are completely
filled with a solid or liquid insulating material, is it
possible to make full use of the exceptionally high
electric strength of the pressure sensitive adhesive
films. The electric strength of an insulation of
adhesive films therefore depends to a large degree
upon their application. This comparative table,
therefore, omits indications regarding the electric
strength. Insulating materials of this group are
primarily used as insulation for objects having a
complex form (terminals, flanges, etc.), to tape coils
so as to protect them against mechanical stresses
and atmospheric influences, and also to identify
certain parts of apparatus and machines by the use of
various colors.
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Synoptic Table for Group 411
Adhesive-Coated Films, Adhering when Cold

General Characteristics

Dielectric Mechanical Properties Resistance to Chemical
Properties Apents
© . e :_3- &g uEﬂ =
£3 g3 £ | & g g
5 s 155 ¢ g% | § g g
= z |35 |55 2| . EE 3 I5 2 NS - Precautions g
Type of material _‘é Z = = |= - | E E B |Ew = @ E 2 § In use @
T 7 |5Rels8 |§ s g Bmg| ¥ = “ g =
a2 | 5 = =g = 5 | o2 ] IS
danger of electro-
Regenerated cellulose 1.4t 1.5 O @ @ Q @ 60 10 105 O . . . G 0 :mcp?zrs?nsclgnmm
" humidity
gz o 1o @) @D (B D@ Ol 3O OO 0D
Cellulose triacetate 12013 | (B D @ G ¢ e (® [s010 120 Q ® 0O @ @ ]
Polyethylene 0.9 Q @ . @ @ @ @ 60109(()1) . O O O 0 0 Isieg?jilive to sun-
glht}gﬁ?:licized polyviny! 1.3t01.4 e Q . @ O @ @ 75t0 90 0 . ' O O 0
aarge 12011 B B O| @D O @IBIBIO DD
Palyvinyl chloride il | Pl D @B D D Oer @@ o C_)_ O ) o
Polytetrafluorethylene 2.2 0 0 . O e G 250 ‘ . . . . @
Polyethylene terephthalate 1.4 . Q 0 @ 0 0 G 90t 130 . . . . Q O
Numerical values used in the editing of the table (logarithmic scale)
(should not be used as basis of construction)
Opoor Test method | ohm- kg/ AEJ/M Absorption rgn’):(r:)r(“
and units cm em? | 9% | om? % mm Hg
.excellenl
dispersion between | () |<10° <250 | <4 |<6.3 >25 >0 [>100
O inferior and
better qualities ) |10 >6300| >500 | >160 <0.2 <0.01 | <4
(1) Good elasticity at very low temperature. (2) insofar as the adhesive retains its properties at this temperature.
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Group 412: Adhesive Papers and Fabrics

The insulating materials of this group comprise
papers and fabrics, mostly straight varns, covered
on one of their surfaces with an adhesive which makes
it possible to stick them together or to adhere them
to any other object in cold state. They are generally
used in the form of tapes. There are two principal
groups:

1. The papers and fabrics impregnated with varnish
(group 335), to make them less hygroscopic and then
coated with an adhesive of the same type as used in the
manufacture of adhesive films (see comparative table for
group 411). They are used in the same way.

The adhesive does not noticeably change the characteris-
tics of the varnish-impregnated papers and fabrics, such as
shown in the comparative table for group 335 Toor-
quality adhesives, however, may lead to displacements be-
tween the layers and to electrolytic corrosion. The tensile
strength and the crush resistance are better than those of
adhesive films. However, there is more bulk  Their ex-
cellent dielectric properties make it possible to use them at
high voltage, taking into consideration the precautions in
the following sections.

2

The papers and fabrics where the adhesive serves as im-
pregnation agent. The latter consists either of a sticky
coating which is applied by fusion, for example, a mixture
of tar, resin, mineral oil, etc. (black tapes), or of an elastomer
(rubber, polyisobutylene, etc.), a resin, and a mineral filler
(generally white tapes). The filler is used to avoid ex-

cessive penetration of the adhesive into the carrier. Insu-
lating materials of this type have below-average dielectric
properties and their use should be restricted to applications
at low voltage.

The adhesive papers and fabrics, after being bonded
together, give compact insulations with limited
sensitivity to moisture, where, however, the dielectric
properties are in no way proportional to the number
of superimposed layers. Exposed to short-time
electric stresses, insulation with an adhesive paper or
fabric base, which has first been impregnated with a
varnish, shows high electiic strength. However,
since the resistance to corona discharge of the in-
sulating materials in this group is below average or
poor, the electric stress, if maintained for a long time,
must be maintained below the corona discharge
threshold in the layers next to the papers and fabrics.
Only with insulations without any gaseous inclusion,
where the interstices are completely filled with a
solid or liquid insulation matenal, is it possible to
obtain the benefit of the high electric strength of the
appropriately impregnated papers and fabrics.

Like the adhesive films of group 411, the adhesive
papers and fabrics have found their main application
as insulation for connections of all kinds, as coverings
for small low-voltage apparatus, and as insulation for
cables.



Group 413: Adhesive Sheet Laminates

The insulating materials of this group are the
flat laminates of group 336, covered on one of the
two surfaces with an adhesive, so that they can be
bonded together or to any other object in the cold
state. The adhesives used may be classified into
two groups: (1) the adhesives whose adhesive power
deteriorates greatly when waim, for example, the
elastomers to which natural or synthetic resins have
been added and certain plasticized resins; and (2)
the adhesives whose adhesive power can be improved
when warm by an appropriate heat treatment, for
example, elastomers to which heat-hardening
synethetic resins have been added or certain plas-
ticized heat-hardening resins. The adhesives of the
second type are generally applied on those of the
laminations of group 333 which have good heat
resistance. The adhesive covering the laminations
does not noticeably change the insulating materials
of group 336. Inferior adhesives, however, can lead
to displacements between layers. The adhesive
laminated insulating materials, after being bonded

together, result in ¢ompact insulations little affected
by moisture, where, however, the dielectric properties
are not all proportional to the number of super-
imposed layers. Exposed to stresses of short du-
ration, the insulation shows a high electric strength
However, since the resistance of the insulating ma-
terials of group 336 to corona discharge is below
average or poor, the electrical stress, if of prolonged
duration, must be kept under the corona discharge
threshold in the adjacent air layers. Only with
insulations having no gaseous inclusions, where the
interstices are completely filled with a solid or liquid
insulating material, is it possible to get the benefit of
the high electric strength of the insulating matenals
of group 335. The electric strength of an insulation
made with flat bonded laminations therefore depends
to a large degree on its application. Flat bonded
laminations are mostly used to insulate objects of
simple form, to tape windings and protect them
against mechanical stresses and atmospheric dif-
ferences; they are also used as slot insulation.



Group 421/422: Heat-Bondable Films, Papers, and Fabrics Bonded With Heat

The insulating materials of this group are films,
papers, or fabrics, hereafter called ‘“‘supports,”
which have been impregnated or covered on one or
both surfaces with a thermoplastic or heat-hardening
adhesive, so that under the influence of heat they
adhere to each other or to any other object. They
are also used to bond objects between which they
have been inserted as, for example, insulation or flat
conductors. In the latter case, they replace a layer
of adhesive and at the same time provide a degree of
insulation between the objects which they hold
together. The adhesive is applied to the supporting
base most often as a liquid at room temperature,
by fusion, from solution, or as an emulsion in an
appropriate agent. The films used as support are the
least thermoplastic ones of group 332, especially
regenerated cellulose, cellulose ester, polyethylene
terephthalate, and the fluorinated ethylenes. The
adhesive covering them does not noticeably change the
characteristics given in the comparative table for group
332. The films, after being bonded together, provide
compact insulation with little hygroscopic effects.
However, the dielectric properties are not at all
proportional to the number of layers applied. They
also make it possible to assemble objects, adding
extremely little bulk. The papers and fabrics

used as supports generally are the insulating materials
of groups 333 and 334. The adhesive with which
they are impregnated, or which covers them, imparts
to them the properties described in the table for group
335. By a proper choice of the adhesive (synthetic
resin, etc.) and its amount in the support, it is pos-
sible to manufacture all the insulating materials of
group 351 either by pressing them in flat presses or
in molds, or by applying them on a mandrel. The
correct choice of the insulating agent and its appli-
cation are of great importance with regard to the
properties of the finished insulation and the adhering
quality. A poorly adhered support results in a
soft and hygroscopic lamination which easily comes
apart. A support thoroughly impregnated with a
great amount of adhesive, on the other hand, makes it
possible to manufacture a hard and water-resistant
lamination. Drying the insulating material before
use is helpful, because the volatile substances which
it may contain may adversely affect the electrical
properties of the insulation. The comparative table
for this group omits the dielectric and mechanical
properties  of adhesive-impregnated or adhesive-
coated films and papers because they are of little
practical value and they may be deduced from tables
332 and 335.
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Glue Application conditions (1) Adherence
Support - o
g o | . B8 | Characteristics| <
s - 82 |REE after adhering | 2
2 & e 2 |28L |insulatingma- | § Precautions | o
Group Type E E. ‘E E |22 |terialstogether| S in use =_
o z ol 2 L 1855 | (aminated) | € 58
£ 5 ] = el =te 5= 8 2=
a 2 = E a |52z as 2 E S
2 I3 3 3 c |S8E— S ES
a o a o o |hele a z E
Natural resins Gum-lac 600120 [10t0100 | 1070 | (B P O ]
Group 421 Cellulose esters | 80to 140 {10t0100 | 1to10 @ O O @
Films bonded while | Cellulose derivatives See synoptic
warm and thermoplastic Vinyl resins 80to 160 (1010100 | 1to 10 O @ O table for O
polymers Group 411
=
Natural resins or ther-
moplastic polymers Gum-lac 6010120 |10to 150 (10to 60 @ O @ @
Phenolics 120 to 180 |30t0200 |20 0 360 @ 0 . c
Urea melamine | 120 to 180 |30 ta 200 {20 to 360 @ O @ 0
Polyesters 60 to 180 | 10t0 200 |20t0 360 @ @ @ O
Group 422 See synoptic
table for
Papers and fabrics Epaxy GUjtoE R0 (200 @ ' 9 Group 351 O
bonded while warm Heat hardening syn-
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Fluorinated 250 to 350 (1000 300 | 10to 60
ethylenes O @ . O
Rubber- 6010180 | 30t0200 |10to 120
phenolics . ' @ O

Owo
. excellent

dispersion between inferior
and better qualities
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(1) Pressure and pressing time are generally shortest for adhering of objects.
Pressing time is to be counted from the instant when the object or the lamina-
tion attains a uniform temperature.
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Group 423: Laminated Sheets Bonded With Heat (Principally Mica Products)

This group includes all the flat laminated insulations
which use a special binder to bond them together, in
order to obtain compact insulation The great
majority of these are based upon mica flakes or mica
paper, frequently attached to a support. They are
supplied in the form of sheets (micafolium, etc.) or in
the form of tapes of every size (micaceous tapes).
They are ordinarily employed for the insulation of
simple or multiple conductors, around which they are
wrapped or taped and then heat-pressed.* The
manner of cementing is determined by the nature of
the bond rather than by the support used. The
only function of the latter is to provide the insulator
with enough tensile strength to permit wrapping or
taping. Textile materials are more resistant than
papers, and must be chosen whenever great tensile
strength is required. Inorganic supports are used if
the service temperature of the electric machine is
elevated.

The general characteristics of the insulators depend
upon the binder used for bonding; this is done only
with heat for the insulators of the group. Some
undergo a lasting transformation of their properties
during the heat treatment, and give insulators good
geometrical stability. Others, the thermoplastics,
especially asphalt, lose their hardness when heated
and regain it on cooling.

The final properties of insulation depend greatly

upon the care exerted in cementing the insulators.
Occlusion of air, no matter how small, brings about the
abrupt increase of dielectric losses as a function of
voltage? and decreases the thermal conductivity.
The dielectric constant (permittivity) at 25 C has a
value from 3.5 to 5 for micaceous insulators with
organic support. This value may become 6 for the
other micaceous insulators. It varies slightly as a
function of voltage, but often it varies noticeably as a
function of temperature, especially where the dis-
sipation factor reaches a value higher than 0.3. The
thermal conductivity between 20 and 100 C of
micaceous insulators with organic supports is of the
order of 0.2 watt ‘'meter deg C if the manufacturing
process includes evacuation of the gases occluded in
the insulation. In insulating materials which are
swollen or which have an incompletely impregnated
mica paper basis, values four times smaller have been
measured.

The great variety of available resins and the
possibility of combination among themselves and
with other agents make possible the manufacture of a
great number of binders. For this reason this table
is hopelessly incomplete.

* Similar insulating forms are obtained by other processes with the insula-
tions of groups 336 and 431.

t For this reason it is impossible to assign comparable values among the
insulators of this group.

(See page 64 for Group 423 table)



Group 431: Sheet Laminates Containing Solvents (Principally Mica Products)

The matenals of this group are sheet laminates
exactly like those of group 423; however, the binder
used to bond the layers still contains a small quantity
of solvent which increases the flexibility of the
insulating materials, facilitates the adhesion of the
layers, and, therefore, improves the dielectric prop-
ertiecs of the insulation, as applied. The great
majority among these are based on mica flakes or
mica paper, bonded to one support or placed between
two papers or tissues or films acting as support.
They are supplied as tapes of all sizes.

In principle all the insulating matenals of group
423 can be fabricated by leaving a certain quantity of
solvent in the binder. However, in practice, only the
mica insulators having an organic or an inorganic
support and an asphaltic binder or an adhesive based
on epoxy or epoxy-polyester resins, have been utilized
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in appreciable quantities. The presence of the sol
vent in the insulation imposes two very important
limitations upon the use:

1. The tapes should be stored in hermeticaily
closed containers (to prevent evaporation of solvent).

2. The solvent still in the insulation after rolling
must be removed from the insulation by heating (at
about 150 C) in high vacuum (about 0.1 mm Hg) for
a very long time (12 to 15 hours). After elimination
of the solvent, voids can be filled either with an as-
phaltic insulation from group 511, or by direct pres-
sing to compact and standardize the insulation.

The characteristics of the insulation after wrapping,
solvent elimination or several compoundings, and
bonding of the layers by heat-pressing, are the best
among those indicated in the comparative table of
group 423
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Group 441: Films and Sheets, Bonded by Simple Fusion

This group comprises rigid or soft films and sheets
of thermoplastic material which, after being placed
on top of each other, may be fused into a compact
mass. This operation takes place in a heated state or,
as an exception, at an ordinary temperature under
sufficient pressure. The sheets are heated by a
flame, or by a metal hot plate, a hot air blower, high-
frequency inductive heating, or even by infrared rays,
and they are kept at the indicated temperature long
enough to start the reaction between the contact
surfaces. Subsequently applied pressure completes
the adhesion without causing extrusion of the film
beyond the worked area. High-frequency welding,
which is based on the heating due to dielectric losses,

1s not applicable to materials having low dielectric
losses (polystyrene, etc.). These insulating materials
are used to cover electric conductors, connections be-
tween wires, cable splicings, coils, and terminals of
any kind. They may also be used to provide a
protective layer against humidity and against chem-
icals, both liquid or gaseous. The effectiveness of the
protection depends on the quality of the films and
sheets and, to a large degree, on the tightness of the
adhesion. Analogous films and sheets which undergo
a chemical transformation after fusion (vulcanization,
etc.) are classified in group 451. Films and sheets
having very similar properties, but which cannot be
melted into a compact mass, form group 441
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Group 451: Films and Sheets, Bonded by Fusion and Chemical Reaction

This group comprises insulating materials in the
form of fiims and sheets which, aiter being placed on
top of each other and fused into a compact mass
(in group 441), must thereafter undergo a chemical
transformation such as heat hardening, vulcanization,
etc. The purpose of this transformation is to:

1. Improve the mechanical properties insofar a< the ad-
hesion between lavers is concerned, as well as the strength
of the material itself.

2 Improve the thermal propertics bv converting the
thermoplastic material into a material which is hard when
warm, or into a vulcanized elastomer.

3. Increase the resistance to solvents, to liquid dielectrics,
angd other chemical agents.

4. Improve the dielectric propertics.

The fusion, and thereafter the chemical trans-
formation or vulcanization, takes place in a heated
state, usually under pressure. In certain cases, the
transformation takes place progressively in the
insulation while it is in service (autovulcanization).

Application

The application of the insulation materials of this
group is the same as that of the insulating materials of
group 441, i€, covering for electric conductors,
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connections, cable splicings, coils, terminals, etc.,
and as a protective layer against humidity and liquid
or gaseous chemical substances.

The films and sheets bonded by fusion and chemi-
cal transformation are used in ull cases where the
fusible films of group 441 do not fulfill the mechanical,
thermal, or chemical requirements.

In certain cases, they may be used as adhesives,
either between conductors which must be insulated
and fastened mechanically, or between conductors and
other construction elements.

Various Types

1. Vulcanizable rubber sheets of natural or syn-
thetic rubber, which are vulcanized on the object
which they have to insulate. 1f the temperatures
are high, silicone rubbers are used. The properties
of the finished insulation after chemical transformation
are as indicated in the comparative table for group
344 (elastomers).

2. Fusible rolytetrafluorethylene sheets which
reach the properties indicated in the comparative
table for group 332 only after heat treatment.

3. Sheets of plastic materials which can be fused
and hardened, and which are used as insulation
materials, but above all, as adhesives.



Group 511: Fusible Insulating Materials, Without Filler, Liquefiable by Heating

The insulating materials of this group include solid,
heat-fusible, insulating bodies utilized for casting,
filling, impregnating, or coating. They generally
have excellent dielectric properties and exhibit good
resistance to atmospheric agents. Their cost is
usually low. On the other hand, they are poor heat
conductors (heat conductivity from 0.16 to 0.34
watt ‘meter deg C); for this reason mineral fillers
are often added to them (group 512). They are not
resistant to solvents or to mineral oils. Finally,
they soften on heating and this fact limits their
usefulness.

Many of these substances are sufficiently fluid in
the melted state to allow casting without pressure.
It is, however, advantageous to apply vacuum to the
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molten mass in order to eliminate volatile extraneous
matters, especially water, whicl)y might be found in a
very finely divided state. This operation takes an
appreciable amount of time and sometimes results in
the increase of the melting point of the substance,
such as in the case of asphalts and tars. The vol-
umetric shrinkage is usually large when the mass
cools; for this reason several successive castings are
necessary. The cast materials may be considered
homogeneous and isotropic. This comparative table
gives the properties of the main representatives of
each group, each of which exists in different forms and
degrees of purity. Glasses and quartz, members of
this group, are descnbed in the comparative table of
group 341, which deals with inorganic insulation.
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Group 512: Fusible Insulating Materials, With Filler, Liquefiable by Heating

The insulating matenials of this group comprise the
insulating materiais of group 511, wherein are dis-
persed very finely divided solids which are called
fillers, in order to modify certain physical and elec-
trical properties and to reduce the price. The fillers
consist mostly of inorganic matter, insoluble in the
insulating material. The modifications obtained de-
pend on the density, the size and form of the par-
ticles, and the proportions in which the fillers are
used.

It seems preferable not to place the filled materials
in the same group as the nonfilled materials of group
511, because they are a heterogeneous material with
different characteristics.

Compared with the corresponding insulating ma-
terials of group 511, the insulating materials of
group 512 show the following characteristics.

Density: Always greater and depends on the
density of the filler and the proportions in which it is
used.

Viscosity: The viscosity increases depending on the
type and quantity of the filler. A very finely pul-
verized filler, where the surface of the grains shows
unevenness, increases the viscosity to a higher degree
than a filler with heavier but smooth grains which,
when the mass is liquid, slide by each other without
friction.

Penetration: The penetration of a pointed object
is less in a filled mass than in an unfilled one.

Mechanical Properties: Hardness and compression
resistance are higher while flexural and tensile strength
are lower.

Form Stability in Warm and Cold State: The
presence of the filler in the mass improves the dimen-
sional stability, both hot and cold, especially if the
particles are porous and have an irregular shape.

Thermal Conductivity: Is improved by inorganic
fillers.

Shrinkage, Expansion Coeffictent: Many of the

-]
[

insulating materials of group 511 show considerable
shrinkage at the moment of solidification. The
fillers reduce this shrinkage, especially if the particles
have an irregular shape and the filler content is high.
This characteristic is especially important if the
material is to be used to make casings, housings, and
tanks for electric equipment for use in tropical
climates.

Dielectric Properties: The insulating materials of
this group have dielectric properties which differ
from those of the corresponding insulating ma-
terials of group 511. They are derived from the
properties of the insulating material and the filler,
but cannot be calculated on the basis of these prop-
erties because the insulating material of group 512
is a heterogeneous dielectric. The dielectric constant
is between that of the base material and that of the
filler. It depends on the frequency of measure-
ment and the temperature. The loss index must be
determined experimentally. The electric strength
depends on the field distribution in the filled in-
sulating material, and sometimes on the ions liberated
in the presence of humidity. Factors affecting
insulating strength and creep resistance are similar.

Tendency to Form Sedimentation: The tendency of
the fillers to form ' sedimentation increases in
proportion to the density difference between the
filler and the insulating mass, and also with the size
of the particles and the smoothness of their surface.
It is necessary to stir the filled mass constantly while
it is in the molten state, and to cool it rapidly if
completely regular distribution of the filler in the
mass is desired.

The general properties of the insulating materials
of group 512 can be derived from the corresponding
matenals of group 511, taking into consideration the
afore-mentioned particular properties. Group 512
materials are also thermoplastic and should be used
only in low-temperature applications.



Group 513: Nonpigmented Insulating Varnishes, Dried by Evaporation of a Solvent

These insulating varnishes (lacquers) are, as
delivered, solutions of natural or synthetic film-
forming resins in an appropriate solvent. They dry
by evaporation of solvent and reach their final state
as the evaporation ends. In contrast to varnishes of
groups 531 and 332, the dry residue is not subject
to further chemical and physical changes. They are
all characterized by the fact that after drying they
are softened by heat and are always soluble in certain
solvents. Most of them contain plasticizers which
increase their flexibility and film adherence, and some-
times they contain resins which augment their hard-
ness and the brilliance of the coating.
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By judiciously considering these different factors,
it i1s possible to adapt the resin to one’s purpose.
The dielectric properties, especially electric strength,
are generally good. They become noticeably poorer
with increasing temperature or humidity. The
varnishes of this group are designed primarily for the
treatment of electric apparatus not subject to high
temperatures and for the coating of wires and cables.
Some of them are utilized to protect electric apparatus
against certain chemical agents. Many are used as
adhesives. Pigments can be added to them (group
514). They should not be used for impregnating
coils.



Nonpigmented Insulating Varnishes Dried by Evaporation

Electrical Insulating Materials
of a Solvent

Under the Auspices of the IEC
Provisional Edition 1958
Synoptic Table fer Group 513
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Group 514: Pigmented Insulating Lacquers, Dried by Solvent Evaporation

The insulations of this group are made with
insulating lacquer of group 513, into which has been
dispersed a very finely divided solid which is called
the pigment.

It has seemed preferable not to place the pigmented
lacquers in the same group as the unpigmented
lacquers because these are heterogeneous forms having
well-defined peculiarities, which affect their use for
certain purposes. The pigments have a tendency to
settle. The lacquer should be stirred carefully before
use.

The properties of the lacquers of this group depend
essentially on the nature of the lacquer base, the
quality of the pigment, the proportions adopted,
and the care taken in mixing.

Compared with corresponding lacquers of group
513, the lacquers of group 514 are characterized by
the following peculiarities:

1. The coatingsare opaque, white or colored. This coating

masks the object on which the lacquers are applied.

2. The covering capacity is better. Application with a
brush gives a much thicker coating so that fewer layers are
needed to obtain a glossy surface,

3. The thick coat affords a better protection against water,
provided the layers are not porous.

4. They are appreciably more viscous and do not penetrate
as well because the pigments obstruct the pores.

5. They are less flexible than are the lacquers of the
corresponding bases,

6. They generally have bhetter heat conductivity.

7. They have better chemical resistance.

The general properties of the lacquers of group
514 can be derived from those of corresponding
lacquers in group 513, taking into consideration the
afore-mentioned peculiarities. Like group 513, they
are thermoplastic and are reserved for treatment of
surfaces of electric equipment exposed to little
heat. They should not be employed for the impreg-
nation of coils.



Group 515: Plastisols and Organosols

A plastisol, or *"PVC paste,”” is a more or less viscous
liquid, consisting of a suspension of polymer (syn-
thetic resin), to which often has been added a filler,
coloring agent, stabilizer, etc., in a liquid plasticizer.
The suspension is stable in the cold state for a period
of time which depends on the plasticizer used. On
baking at 150 to 180 C, the solution of the polymer
in the plasticizer (gelation) takes place within a
few minutes, producing a homogeneous, plasticized
polymer.

If the polymer is polyvinyl chloride, which nearly
always is the case, a soft plastic mass is obtained with
the properties of plasticized polyvinyl chloride as
described in the table of group 343. However, it
should be remembered that the dielectric properties
are poor due to the nature of the polyvinyl chloride
and the high plasticizer content.

By incorporating a thickening agent in the plastisol,
a substance having the consistency of a mastic is
obtained. This is called a plastigel.

An organosol is a plastisol where the liquid dispersing
agent 1s a plasticizer dissolved in a solvent, either to
reduce the viscosity of the suspension or to reduce the
plasticizer content, so as to obtain, after gelation,
a rather hard plastic material. The solvent must be
eliminated at the moment the gelation takes place,
which is possible only if the material is present in the
form of a thin layer.

Plastisols and organosols lose their identity as
time goes on.  The plasticizer, which always more or
less constitutes a solvent for the polymer, has a slow
action which manifests itself hy a progressive swelling
of the particles and an increase in the viscosity of the
whole. The higher the temperature, the faster this
process takes place. Plastisols and organosols should
be stored at a temperature not in excess of 20 C.
Application of a plastisol depends primarily on its
flow properties (rheoclogic properties). All plastisols
are characterized by a property which, although not
precisely defined, is very important for their practical
application, and which is expressed by the words
dilatancy and thixotropy.

Dilatancy is the state of a paste which, although
fluid when poured, solidifies when brusquely agitated.
This property disappears rapidly when the plastisol
is stored.

Thixotropy is the reverse process, i.e., the state of a
paste which, at rest, is essentially solid but becomes
fluid after more or less violent agitation, and solidifies
again progressively after the agitation ceases.

These phenomena depend on the composition of the
plastisol, particularly the dimensional uniformity of

the polymer grains and the state of their surface,
on the type of plasticizer, and, to a large degree, on
the method of preparation.

1t follows, therefore, that it is impossible to describe
the physical state of a plastisol by a simple viscosity
measurement. The results are definitely not com-
parable, since they depend on the type of viscosimeter
used. Thus, it is very necessary to resort to a
measuring method which corresponds best to the
intended type of application.

Application

The main applications of plastisols in electrical
engineering fall into two categories:

1. Molding of solid and hollow insulations.
2. Covering, which itself can be divided into coating and
covering paper, either by dipping or by sprayving. (Or-

ganosols may also be used for these purposes.)

Molding is done by filling a mold with plastisol and
gelling by baking at 150 to 180 C. It 1s desirable to
remove bubbles from the plastisol in a vacuumn before
pouring, and to let the mass settle before baking.

Coating is done by applying a layer of plastisol
(or organosol) to various objects, for example handles
of tools, which are then solidified in the oven. Re-
moval of bubbles is necessary. The thickness of the
insulating skin depends on the rheological properties
of the plastisol and the initial temperature of the
object, which may be preheated. For this purpose,
it is preferable to use plastisols which have good
Huidity, as well as pronounced thixotropy, even when
warm. It is frequently necessary first to apply a
primary adhesive layer.

Properties

The properties of molded polyvinyl chloride
plastisol insulation correspond to those given in the
table of group 343, under the designation *‘Plasticized
polyvinyl chloride.”” The minimum valies shown
should be taken into consideration.

The properties of plastisol- or organosol-coated
papers and fabrics are shown in the table of group 335,
under “‘Paper coated with plastic materals’” and
“Fabric coated with plastic material.”” The minimum
dielectric values shown should be taken into consid-
eration.

The properties of coverings consisting of polyvinyl
chloride plastisol or organosol are given in the table
of group 343, taking into account that the insulating
layer is rather thin.



Group 516: Adhesives and Mastics, Dried by Evaporation of a Solvent

The insulating materials of this group are applied as
liquids or pastes which solidify by evaporation of the
solvent. They are similar to the insulating materials
of groups 513 or 514, but have a higher viscosity.
Furthermore, the compositions of the insulations are
designed to provide strong adherence to the objects to
which they are applied. They are used to make
materials adhere to each other (adhesives), or they
are used to fill cavities (mastics). The adhesives
are composed of one or more materials and, when
necessary, of plasticizers, stabilizers, catalysts, or
inhibitors, dissolved in appropnate solvents. The
masiics of this group are compounds to which con-
siderable amounts of fillers have been added in order
to improve the viscosity (see comparative table for
group 312).

The quality of a bonded junction depends on the
nature and form of the objects to be united (sterigma®),
on the adhesive layer, and on the drying conditions,
particularly the elimination of the solvent. The
quantity of volatile materials at the time of bonding
must be strictly controlled, especially for nonporous
sterigma and adhesives hardened at low temperature.
Pressure must be exerted on the surfaces to be adhered.
The durability of the adhesion depends on the stresses
to which the bonded objects are subjected, on the
resistance of the adhesive to the surrounding condi-
tions, and, if the temperature varies, on the dif-

* See table.
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ference between the thermal expansion coefficients of
the adhesive and of the sterigmas. Adhesives having
a certain elasticity applied in a thick layer will
adjust themselves better to expansion than hard
adhesives applied in a thin layer, but the adhesive
power will be less. The adhesive strength decreases
very rapidly if the temperature is increased. Certain
adhesives are friable when cold, which has a bad
effect on the adhesion. The mastics of this group,
due to the presence of a solvent, are more difficult to
apply than those of group 523. Their application is
limited to the filling of open cavities. Care should be
taken to eliminate the solvent very slowly, first at
low temperature, then at increasing temperature, and
possibly under a slight vacuum. Only after the
volatile materials have been evaporated is it possible
to raise the temperature appreciably. This compara-
tive table shows some characteristics of adhesives
which have found application in the electrical in-
dustry. The mastics derived therefrom have anal-
ogous properties which evolve from the indications
given in description sheet 312. Generally speaking,
it may be said that fillers increase the viscosity,
reduce the thermal expansion coefhicient, regulanze
the flow under pressure, and prevent excessive
penetration into the material to be bonded. They
also decrease the adhesive strength and the softness.
But, on the other hand, they increase the thermal
conductivity, hardness, and compression resistance.
Fillers also have a favorable influence on cost.
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Group 521: Thermosetting Resins Without Solvent, Nonpigmented, for Casting or
Impregnation

The insulating materals of this group are applied
in the liquid state and solidify in situ. They represent
a mixture of synthetic resins with other compounds,
such as hardeners and catalysts, each being supplied
separately. These compounds are usually mixed
just before application. The process of the material
changing from the liquid state to the solid state is
done at room temperature or with heat. The change
is effected by a chemical action which cross-links the
single molecules to macromolecules without splitting
off volatile substances and therefore gives solid end-
products without applying any pressure. The re-
action often takes place with the development of
considerable heat. The end-product is infusible,
insoluble, and isotropic.

The synthetic resins and the hardening components
are available in the solid or liquid state. The working
up, i.e., mixing followed by casting, can be effected
at room temperature, provided the resin is liquid and
the hardening components dissolve in it easily. If
the resin is solid or if the hardening agents do not dis-
solve easily, heat has to be applied.

The wviscosity and potential life of the mixture,
ready for use, can essentially be varied depending on
the resin chosen, the hardening agents, and the work-
ing temperature.
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The curing takes place at room or elevated tempera-
ture, depending on the chosen components. The
time of curing can be days, hours, or only minutes;
the time being shorter with increasing temperature.

The heat developed on the occasion of curing
varies with the resin, and with the same resin, depends
on the hardening agent. It results in an increase of
temperature in the casting, which is dependent on its
specific heat, its thermal conductivity, the dimensions
and shape of the casting, the metal pieces embedded
in it, and the efficiency of heat transfer to the sur-
roundings.

Shrinkage takes place on curing. According to
the type of resin and curing temperature, shrinkage
may be as much as 159, by volume. Cured resins
usually adhere well to many different kinds of ma-
terial. Pieces made of cured resins may be bonded to
each other, but they cannot be welded.

Liquid resins can be used to impregnate coils and
windings, and, being free from solvents, they permit
impregnation without pores. They are also used to
embed the most varied kinds of electric apparatus and
to make insulator castings of all shapes. For the
manufacture of big castings the addition of finely di-
vided minerals is recommended. The hardened resins
are infusible and insoluble in most solvents.
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Group 522: Thermosetting Resins, Without Solvent, Pigmented, for Casting or
Impregnation

The insulations of this group consist of the materials
belonging to group 521, containing a dispersion of
very finely divided solids, called filiers.

It has been thought preferable not to place the
filled formulations in the same group with the un-
filled formulations, because the former are hetero-
geneous materials with well-defined characteristics,
requiring certain precautions on the part of the user.
For this reason, the materials must be mixed care-
fully before use.

The fillers consist generally of the inorganic com-
pounds described in the table of group 312, notably
powdered quartz, chalk, slate, asbestos, mica, kaolin,
talc, etc. Moisture, which is Absorbed during storage,
is particularly important. Generally, moisture is
retained during manufacture of the composition in
which the filler is dispersed and, because of this,
the resulting mechanical and dielectric properties of
the filled product deteriorate appreciably. There-
fore, the fillers must be carefully dried before use,
sometimes by heating them to red heat.

The quantity of filler to be added depends greatly
on the nature, size, and shape of the particles. Up
to 3009, by volume may be added. The addition of
the dry filler can be done with or without heating,
preferably in vacuo. The cross-linking agents are
added next. 1In order to obtain nonporous, void-free
castings, it is necessary to expel the air bubbles
present in the filled resin. This can be done before,
during, or after casting.

The effects of powder, flakes, or fibers added to the
resins of group 521 are apparent both when the
insulations are applied in the liquid state and in .the
final properties of the solid insulations.

InfAluence of Fillers on Insulating Materials of
Group 521

ON APPLICATION

The fillers increase the wviscosuy. Large, dense,
spherical, smooth particles have the least influence,
while fine, porous, irregularly surfaced materials and
fibers which can intermix show the greatest influence.

The fillers decrease shrinkgge on solidification,
especially if the shape of the particles is irregular and
the filler content is elevated. This property is

particularly important in the coating of metallic
pieces or ceramics.

The hardening of the resin is always an exothermic
reaction. The evolution of heat increases with in-
creasing size of the coatings, with decreasing heat
capacity of the filled resin, and with diminishing heat
dissipation. Fillers lower the temperature and fa-
cilitate the uniform distribution of heat.

Fillers also decrease cost. In fact the insulating
materials of group 312 cost considerably less than
those belonging to group 521.

IN THE FINAL STATE

Fillers increase the density. They also modify the
mechanical properttes. Hardness, resistance to com-
pression, and modulus of elasticity are higher, while
elongation, resistance to flexing, and tensile strength
are lower. Fillers change the dielectric properties,
although without uniformity. Flame-resistant fillers
which decompose at high temperature without leav-
ing conducting residues improve the arc and surface
current resistance.

In general, fillers improve the resistance to chemical
agents if the time of exposure is short. If the time is
long and if the surface of the insulation is attached,
the degradation of the insulation proceeds rather
rapidly.

Fillers modify the thermal properties. In general,
they improve the heat transmission and raise the
thermal resistance somewhat. The thermal coef-
ficient of expansion decreases noticeably but not
proportionally to the volume of the filler. By using,
for example, quartz powder, this coefficient may be
reduced about four times. However, it remains
higher than that of iron or porcelain.

Fillers change the appearance by rendering the
insulation opaque. Certain pigments supply color-
ation.

Fillers may make machining difficult when they
consist of abrasive material and when they are
used in high percentages.

The result of all this, as indicated in the comparative
table of group 521, is that only the resins to which
fillers have been added are suitable for the casting of
very large pieces. However, fillers influence the
properties of the mmaterial which must be taken
into account in service,



Group 523: Paste Materials, Hardenable, Without Solvent (Mastics and Cements)

Insulating materials of this group are supplied as
viscous masses that solidify (1) by action of a hard-
ening agent, or (2) by action of a liquid such as
water or sodium silicate. One fundamental charac-
teristic of these maternals is their ability to adhere to
the bodies to which they are applied. They are used
to fill cavities, to assure tight seals, and to fasten
materials to each other.

The quality of adhesion depends upon the nature
and configuration of the bodies to be bonded to-
gether,* the state of the surfaces, and conditions of
hardening. Application of pressure is reommended.

The permanence of the bond depends (1) on
stresses to which it is subjected, (2) on the resistance

* See table.

b
8¢

of the bonded body or bodies to ambient conditions,
and (3) in the presence of temperature variations on
the difference between its coefficient of expansion
and that of the substratum. Insulation matenals
that possess certain elasticity in masses of thick layers
withstand expansion better than hard bodies such as
cements. Adhesion decreases with increasing tem-
perature, as do the dielectric properties. These
characteristics are important if the insulating ma-
terial is utilized in thin layers for bonding purposes;
they are much less important if the material is used
to fill cavities. Since they are solventless, insulating
materials of this group can be used more easily than
those belonging to group 534. Many among them,
however, especially the cements, have rather mediocre
dielectric properties.
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Group 531: Insulating Varnishes for Impregnation of Coils and Protection of
Apparatus, Nonpigmented, Dried by Solvent Evaporation and Chemical Reaction

The insulating varnishes of this group are supplied
as solutions in suitable solvents of natural or syn-
thetic resins, most often in combination with drving
oils or with other plasticizing compounds. The
varnjshes dry through two distinct phenomena: by
evaporation of the solvent, which is only present to
provide the varnish with a suitable viscosity; fol-
lowed by a chemical transformation of the substances
dissolved in the solvent, that is, oxidation in the
case of oleo-resinous varnishes, polycondensation,
polymerization, or polyaddition for the other var-
nishes. These transformations occur easily when the
varnish forms a thin film, but with difficulty if it
appears as a thick layer, as in an impregnated coil.
Some varnishes do not dry at all in thick layers.
The final properties of an impregnating varnish
depend greatly upon the treatment by the user and
the equipment used. The main difficulty consists
in preventing the surface from drying before the
solvent has left the interior of the impregnated coil.
No matter what precautions are taken, the properties
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of a deep resin-filled section in a coil are not those
measured on a varnish film applied in thin layers to a
smooth surface. It must also be kept in mind
that the solvent, during evaporation, leaves voids in
the coil, which may exert an unfavorable influence
on the insulation of the machine, especially at high
voltages. This disadvantage does not exist for the
solventless varmishes of group 521. The dielectrie
properties of a dry varnish film are generally excel-
lent. They ordinarily deteriorate with increased
moisture and temperature. The shelf and impregna-
tion tank life of these varnishes is a very important
charactenistic. In general, varnishes which dry well
in deep sections possess a tendency to thicken unless
kept cold during storage and use. The large variety
of resins available and the possibility of combining
them among themselves, or with film-forming sub-
stances, provide the manufacturer with a great num-
ber of insulating varnishes. Therefore, classification
cannot be complete. This table only accounts for the
main groups of insulating varnishes.



See next page for table
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Group 532: Pigmented I[nsulating Varnishes, Dried by Solvent Evaporation and
Chemical Processes

The insulating materials of this group consist
of the insulating varnishes from group 531 in
which are dispersed very finely divided solids, called
pigments.

It has been thought preferable not to place the
pigmented varnishes in the same group with the
nonpigmented varnishes, because the former are
heterogeneous bodies having well-defined charac-
teristics that require certain precautions on the
part of the user. For instance, the pigments tend to
settle out; the varnishes therefore must be stirred
carefully before use.

The properties of the varnishes of this group
depend essentially upon the nature of the basic
varnish, the type of pigment, the proportions em-
ployed, and the care exercized in mixing.

As compared with the corresponding varnishes of
group 531, the varnishes of group 532 are charac-
terized by the following properties:

1. The varnishes are opaque, either white or colored, thus
concealing the objects on which they are applied.

2. Their coating characteristics are better. When applied
with a brush, they give a thicker film; consequently, fewer
coats are necessary to obtain a smooth surface.
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3. Because of the thick film, they offer better protection
against water, provided the coats are not porous.

4. They are noticeably more viscous; their power of pene-
tration is small because the pigments obstruct the pores of
the substrate.

5. They are less flexible than the corresponding basic
varnishes.

6. They generally conduct heat better.

7. They have better resistance to creep.

The general properties of the varnishes of group
532 can be arrived at from those of the corresponding
varnishes of group 531, making allowances for the
previously cited characteristics. In principle, a
pigment can be added to all the varnishes of group
531; in practice, however, only the basic varnishes of
great clarity and resistance to light are used. These
are, in the case of oven-drying varnishes, certain
oleo-resinous varnishes, alkyd, epoxy, polyurethane
varnishes; in the case of air-drying varnishes, cer-
tain oleo-resinous and alkyd varnishes.

The insulating varnishes of this group are spe-
cifically indicated for the treatment of surfaces of
electric equipment. They should not be used for the
impregnation of coils.



Group 533: Insulating Varnishes for the Coating of Electrical Conductors

Insulating varnishes (enamels) of this group are, as
delivered for use, solutions, in appropriate solvents, of
synthetic or modified natural resins, sometimes
combined with other substances such as drying oils,
and asphalts. Two distinct phenomena cause the
drying of the varnish: (1) solvent evaporation, the
purpose of which is to impart-to the varnish a suitable
viscosity for application; and (2) a chemical reaction
of the substance dissolved in the solvent; oxidation
for the oil varnishes, and polymerization, poly-
condensation, or polyaddition for the other varnishes.
In the production of enameled wire these reactions
are most usually effected at high temperatures,
250400 C in a very short time.

The varnish is applied onto the bare wire in a
number of layers varying in thickness from 0.02 to
0.2 mil (1073 inch), depending on the diameter of the
wire. The difficulty of drying, described in the table
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of group 531, does not arise for the varnishes of this
group.

The properties of the dry wvarnish, notably the
mechanical properties, the behavior under heat, and
the chemical resistance, depend primarily on the
composition. The electric strength and the insulation
resistance are generally excellent immediately after
the manufacture of the wire. They can decrease
markedly under the influence of humidity. Most of
the enamels with a synthetic resin base have a tend-
ency to craze, or crack, in the presence of a solvent or
under mechanical strain such as rapid elongation;
as a result their dielectric properties atre considerably
diminished. These cracks, which are difficult to see,
disappear for the most part if the wire is heated at a
temperature above 125 C after winding.

The characteristics indicated in the table are of en-
amels applied to the wire under optimum conditions.
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Group 534: Adhesives and Mastics, Dried by Evaporation of a Solvent and Chemical

Processes

The insulating materials of this group are applied
in the form of liquid substances or pastes which
solidify by evaporation of the solvent, with or without
subsequent chemical transformation. Their main
characteristic is that they adhere to objects to which
they are applied. They are used to bind materials
to each other (adhesives) or to fill cavities (mastics).
The adhesives are composed of one or more base
materials and possibly plasticizers, stabilizers, cat-
alysts, or inhibitors, dissolved in an appropriate
solvent. The mastics are adhesives to which con-
siderable filler has been added in order to increase the
viscosity (see comparative table for group 312).
The quality of the adhesion depends on the nature
and form of the objects to be bonded (sterigmas*),
adhesive applied, condition of the surfaces, thickness
of the adhesive layer, and drying conditions, par-
ticularly the elimination of the solvent. The quantity
of volatile material must be strictly controlled, par-
ticularly in the case of nonporous sterigmas and
adhesives hardened at low tempcrature. It 1is
necessary to apply pressure on the surfaces to he
adhered. The stability of the adhesive depends on
the stresses to which the bonded objects are subjected,
the resistance of the adhesive to the surrounding
conditions, and, if the temperature varies, the dif-

* Sterigma is a generic term designating any material to be held tugether
by gluing. It is not commonly used in English.

(4

ference between the thermal expansion coefficients of
the adhesive and the sterigmas. Thick layers of
adhesives having a certain elasticity will adapt
themselves better to expansions than thin layers of
hard adhesives but their adhesive power will be less.
Generally, the adhesive strength decreases if the
temperature rises. Certain adhesives are friable
when cold. which has a bad effect on the adhesion.

The mastics of this group, due to the presence of a
solvent, are more difficult to apply than those of
group 523. Their use should be limited to filling
open cavities. Care should be taken that the solvent
i1s eliminated very slowly, first at low temperature,
then at a rising temperature, and possibly under a
slight vacuum. The baking should not be started
until all volatile substances have been evaporated.
This table shows some characteristics of adhesives
which have found application in the electrical in-
dustry. The mastics derived therefrom have anal-
ogous properties which evolve from the indications
given in description sheet 312. Generally speaking,
it may be said that fillers increase the viscosity,
reduce the thermal expansion coefficient, regularize
the flow under pressure, and prevent excessive
penetration into the sterigma. They also reduce the
adhesive strength and softness. On the other hand,
they increase the thermal conductivity, hardness,
and resistance to compression. Fillers also have a
favorable influenice on the cost.



See next page for table
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A. Acetate, cellulose. ... ... . 3921, 339, 336, 343, 411,513 Linters. . ..... ... S....319, 333
Acetate, vinyl . .. ... . 513, 516 Lithopore . ... . .. ... . . .. 312
Acetobutyrate, cellulose . . 339 343,513 M. Marble .. ... ... .. .. 341
Acetylated cotton. .. .. ... . Mastics. .. ... ... ... ...516, 533, 534
Adhesives. . ... ... ... 516 593, 534 Melamine formaldehyde . . ... .349, 351
Adhesive films. . ......... ... 411 Micas..... ... ...........312, 331,333,336, 351, 493
Adhesive paper. ... . ... 419 T > ! ! L
Adhesive tape. .. ... ... .. 411 Mica, glass bonded. .. .. L0341
Alkydes. ......... ... .. 3492, 531, 534 Miaceous tapes. .. ... ... ... 336, 493
ASBESOS. Ty e . e, 319, 391, 333, 335, 336 Micafoliumy. ... ... ... ...... 493
Askarels. ... . ... . .. ... 211 Mineral oils. . .. ... ... .. ..., 911
Asphalt....... .. ... ... .. .. 511 Muscovite. . . .. 331
B. Barite (barium sulfate). .. .. .. 319 N. Naphthalene, chlorinated. .. .. 511
genzy|ce||u|ose ------------ gg? O. Oils, mineral .. ............. 211
iotites. .............. Organosols.. ... ... ... .. 515
€ Carborundum. . v 319 Ozokerite. .............. ... 511
Cardboards. . . ........... .. 333 P. Papers..................... 333, 336
Earnauba ................ 31‘1 Eaper, adheangdby heat. ..... 421/429
AS@IN. ... 45 aper, varnished . . ... . ...... 335
Casting resins............... 591 Paper,rag.................. 333
Cellulose acetate.......... .. 391, 332, 336, 343, 411, 513 Paper, rope................ 333
Cellulose acetobutyrate. . . . .. 332, 343, 513 Paragonites,................ 331
Cellulose ethers............. 339, 343, 513 Pitch...................... 511
Cellulose nitrate. ........... 343, 513, 516 Phenol-formaldehyde..... ... . 341, 351, 531
Cellulose, regenerated. ... .. . 3392, 411 Phlogopites. . ... ........ .. 331
Cellulose triacetate. .. ... .. .. 3392, 336, 411 Plastigels.. . ... ... .. ....... 515
Cements................... 593 Plastisols. . ....... ... ... .. 515
geramics ................... 341 Eo‘yacn&lonitrile ..... e 321
@resSin. ... .. .oovnveen... .. 511 olyamides. ... .......... .. . 321, 332, 343
Chloracetate, polyvinyl. ... ... 391, 513 Polyesters, unsaturated . . . .. .. 3492, 351, 5921, 593
Chlorinated diphenyl.. .. .. ... 211, 511 Polyethelene. .. ......... ... 391, 343, 345, 411, 441, 511
Chlorinated hydrocarbons. . . . 211 Polyisobutylene . .. ... ... ... 211, 339, 441
Chlorinated naphthalene. . .. .. 511 Polystyrene . ............. ... 339, 343, 345, 441, 513
Chlorinated paraffine. ... .. .. 511 Polytetrafluorethylene. .. ... .. 391, 3392, 335, 343, 351, 451,
Chlorinated rubber. . . ... .. .. 513 533
(T S TR T 312 Polytrifluorchlorethylene.. . .. .. 339, 343
Clothe . 5o s o 0 e 334 Polyurethanes. .. .. ... ... .. .. 321, 343, 345, 531, 533, 534
Cloth, varnished. .. ......... 335, 336 Polyvinylacetate. ... ..... ... 321, 513
Cordierite. . ............... 34 Polyvinylbutyral . .. ... .. .. . 343
(Ererrol 1 I — 391 Polyvinylcarbazol . ....... ... 343
%orgs, Ié'npregnated .......... g?g Polyvinyl chloride . ... . ... .. 391, 339, 343, 345, 411, 441,
ordundum. . .............. 511
Cattan) & e . Lo ook . 5o 391 Polyvinylidene chloride . . . . .. 391 339, 343, 411, 441
Coumarone. .qg. ... .o 511 polyvllnylmethacrylatc ......... 343
B Dextrin. .0 wep ooh. bl 516 SIEAETE (e oS 341
Diallyl phthalate.. . .. ... 351 BoRecig o Ak s s
Distomaceous earth. . ..... ... 312 [E3D0RIC: Srmw e T TR
Diphenyl, chlorinated . ... .. .. 211, 511 ? ROU"”Z -------------------- 31§ 341
E. Elastomers.................. 335, 516 o ANSSIRAPEN. o g T e 33
Enamel, wire. ... ........ ... 533 E;s‘;:sb:;se!:ng """"""" gg<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>