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NSULATION FOR ELECTRICAL APPARA US 

Newton C. Foster and Lawrence R. Hii, Wilkins 
burg, Robert H. Runk, Pittsburgh, and Earl L. 
Schulman, Wilkinsburg, Pa., assignors to West 
inghouse Electric Corporation, East Pittsburgh, 
Pa., a corporation of Pennsylvania 
Application April 17, 1943, Serial No. 483,491 

(C. 154-26) Claim. 

This invention relates to electrical insulation 
comprising mica flakes and a thermosetting 
binder. 

In certain applications of electrically insulat 
ing substances, the requirements call for not 
only good dielectric strength, but high physical 
properties, resistance to high temperatures, and 
high arc resistance. This combination of prop 
erties is indispensable, for example, in commu 
tator and slip-ring insulation and similar Service. 
For this service it has been customary to pre 
pare insulation from mica flakes with a binder 
giving a body or sheet material that meets the 
requirements satisfactorily, 
Owing to the nature of mica flakes, only a 

limited number of binders or adhesives are known 
to those skilled in the art having the peculiar 
property of wetting mica and effectively bond 
ing mica flakes to produce a high-grade insulat 
ing body. Shellac is commonly, employed as a 
binder for mica flakes despite Some disadvan 
tages because it has the best overall combination 
of properties and has been inexpensive in price. 
At the present time, shellac is not available to 
the extent required for the electrical industry 
and it has been necessary to find a mica binder 
that will meet the important requirements of 
electrical insulation as well as shellac does, 
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Important among the requirements for service 
as commutator insulation is high arc resistance, 
since due to the sparking occurring at the com 
mutator, low arc resistant materials will break 
down rapidly and . Soon fail permanently. For 
efficient operation commutators must be main 
tained in a predetermined position in spite of 
high operating stresses which may result both 
from the method of attaching the commutators 
to the apparatus and from the expansion of the 
commutator segments due to high temperatures 
during operation. To meet these requirements 
commutator insulation should be characterized 
by a set of less than 10% at pressures of 1,000 
pounds per square inch at 150° C. In many cases, 
commutator insulation is subjected to oils and 
greases and, therefore, chemical stability and 
resistance to these substances is required. Di 
electric resistance is a valuable property though 
not as critical as the foregoing criteria since in 
most cases the Voltage between adjacent com 
mutator segments is relatively low. 
To facilitate application to commutators, solid 

insulation must be moldable with relatively sharp 
corners, as in the form of V-rings, without crack 
ing or failure at Such sharp corners. Ease of 
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punching or shaping is required since the solid 55 
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insulation should be easily and accurately 
shaped for use as intersegmental insulation. Re 
sistance to temperatures of the order of 120-150 
C., or even higher, is needed since commutators 
will frequently approach these temperatures, 
particularly in heavy Service. 
According to this invention, it has been dis 

covered that mica flakes are wetted and excep 
tionally well bonded by a synthetic organic resin 
produced by reacting styrene, or a simple methyl 
substituted styrene, with the ester of an alpha 
beta, unsaturated dicarboxylic acid, Such as 
maleic anhydride, and a glycol. Other desirable 
properties of this binder are its high dielectric 
strength and an arc resistance of the order of 
185 seconds (ASTM). Additional desirable and 
valuable characteristics of this resin when ap 
plied to mica, flakes Will be disclosed herein 
after. 
The object of this invention is to provide elec 

trical insulation composed of mica, flakes and a 
thermosetting synthetic resin binder. 
Other objects of the invention will, in part, be 

obvious and will, in part, appear hereinafter. 
For a fuller understanding of the nature and 

objects of this invention, reference should be had 
to the following figures of the drawing, in which: 

Figure 1 is a perspective view of a sheet of 
bonded mica, insulation produced in accordance 
with the teaching of this invention; 

Fig. 2 is a greatly enlarged fragmentary cross 
Section of a modified form of the invention Of 
Fig. 1; and 

Fig. 3 is a view in elevation partly in section of 
a V-ring embodying the structure of Fig. 2. 
The Synthetic organic resin which is applied 

to mica flakes in practicing this invention is the 
reaction product of Styrene or a simple methyl 
Substituted Styrene, such as paramethyl alpha 
methyl styrene, with the ester of maleic anhy 
dride and a glycol. To provide for the best elec 
trical and mechanical properties, it has been dis 
covered that the ester must be produced within 
closely maintained limits. One mol of maleic 
anhydride must be esterified with one mol within 
+2% or -2% of a glycol, such as propylene 
glycol. The ester produced within these limits 
has an arc resistance of 185 seconds, whereas a 
product employing an ester in which the depar 
ture from molar equality is 4% may have an arc 
resistance of 135 seconds or less. Other electri 
cal and mechanical properties may be adversely 
affected when the ester is produced outside of 
the specified limits. 
The esterification reaction of maleic anhy 
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dride and propylene glycol, for example, is car 
ried out in an enclosed reaction vessel embody 
ing a stirre and a condensing column. The re 
action vessel is maintained at a temperature of 
about 230° C. in order to cause a rapid esterifica 
tion of the propylene glycol and the maleic an 
hydride. While temperatures of about 200 C. 
may be employed, the time of reaction will be 
longer. In some cases, catalysts such as para 
tolulol sulphonic acid may be introduced into the 
reaction vessel, but a catalyst is not necessary. 
A non-reactive gas, for example, nitrogen, at a 
pressure of about 1 pound above atmospheric, 
is continually bubbled through the reactants. 
The water evolved during the esterification is re 
moved from the reactants by the inert gas, Con 
densed in the Column attached to the vessel and 
then may be removed from the vessel. 
In a period of time from 8 to 16 hours, the acid 

number of the ester will have reached a value of 
from 20 to 90. For the purpose of this invention, 
an acid number of around 70 is quite desirable 
since the resin will then be of a suitable toughness 
without being too hard. An ester having an acid 
number of around 50 will be found to produce a 
final resin which is quite hard, while an ester with 
an acid number of 80 gives a relatively soft prod 
uct which may be desirable for Some purposes. 
A good test for determining whether the reaction 
is complete for the practice of the invention is 
to test a sample of the ester by a ball and ring 
test-resins having a ball and ring of 60° to 70° C. 
being satisfactory. However slightly higher or 
lower ball and ring numbers may be indicative 
of a suitable product for SOme purposes. The 
ester, when at the desired acid number and ball 
and ring temperature, is dumped from the reac 
tion vessel while hot into a pan or tank where it 
is allowed to cool to room temperature or slightly 
higher. 
After being cooled, the glycol-maleate ester is 

dissolved by adding a suitable solvent therefor, 
such, for example, as benzene, acetone, methyl 
ethyl ketone, or higher ketones or mixtures 
thereof. In practicing this invention, it has been 
found that exceptionally good results have been 
obtained with a solvent mixture consisting of 
approximately 50% benzene and 50% acetone. 
For some unexpected reason, the acetone-benzene 
mixture is capable of producing a resin Solution 
that will penetrate fibrous material and spread 
between mica flakes by capillary action at a rate 
that is estimated at about 100 times that of a 
solution of the resin in acetone alone having the 
same viscosity. The satisfactory penetration of 
material to which the solution may be applied at 
a high rate results in a saving of time as Well as 
producing a better product. 
To the ester solution so prepared about 0.1% 

to 1% of an inhibitor, such for example as hydro 
quinone, eugenol, or quinhydrone, or, in some 
cases, organic copper salt inhibitors, may be 
added, in order to increase the storage life at room 
temperature as weii as to secure a predetermined 
rate of solidification of the resin during subse 
quent operations, including the final molding heat 
treatment of the insulation produced therewith. 
After adding the inhibitor, 20% to 50% by 

weight of monostyrene, or a simple substituted 
styrene, such as monomeric alpha methyl para, 
methyl styrene based on the weight of the glycol 
maleate ester is added to the solution. The pro 
portions of the styrene determine the relative 
hardness of the final product. Compositions hav 
ing about 20% monostyrene and 50% monor 
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4. 
styrene, respectively, are relatively soft, while 
those embodying an intermediate amount of from 
25 to 40% of monostyrene are much harder and 
in most cases, somewhat more desirable for the 
practice of the invention. 
Just prior to applying the solution to mica 

flakes and the like from about 0.5% to 2% of a 
catalyst, such as benzoyl peroxide, aScaridole, Or 
other organic oxide or other suitable catalyst is 
added to the solution of resins. The ratio of 
catalyst to inhibitor determines the tank life, 
the rate of setup of the resin, and the time and 
temperature required in the final heat-treatment 
of the insulation. A ratio of 1 part of inhibitor 
to from 4 to 30 parts of catalyst has given ex 
cellent results. 
For application to mica flakes, a 27% solids 

solution in a 50% acetone-50% benzene solvent 
mixture proved to be quite satisfactory. The resin 
solids in the solution were composed of approxi 
mately 4 parts by weight of the glycol-maleate 
and one part of styrene. In the solution 0.1% 
quinhydrone, as an inhibitor, and 2% benzoyl 
peroxide, as a catalyst, was present. 
This specific solution was employed in a con 

mercial wet bond mica machine where it was 
applied to a layer of mica flakes by dripping on 
the mica flakes passing below on a moving belt. 
The mica flakes with the solution were then sub 
jected to heating in an oven to remove the major 
portion of the solvent. The resins penetrated 
between the mica flakes with good wetting and 
adhesion, giving a long flexible sheet. The flex 
ible sheet was cut into standard sized shapes, and 
the cut pieces superimposed to produce a pre 
determined thickness. The stack of cut pieces 
was then subjected to heat and pressure of the 
order of 200 pounds per square inch at a tem 
perature of 160° C. for 1% hours. The product 
was a hard thermoset sheet or body of the type 
shown in Fig. 1 of the drawing. The sheet 
is sanded in a drum sander to a substantially 
uniform thickness. The sheet to may be milled, 
cut, or punched to produce any predetermined 
shape or form of electrical insulator required. 
In order to provide for predetermined strength 
and other properties, a modification of the struc 
ture shown in Fig. 1 may be prepared by dispos 
ing the flexible partially dried sheets from the 
mica machine upon a layer of a reinforcing fl 
brous fabric, such as glass cloth or asbestos cloth. 
Sufficient of the solution of the glycol-maleate 
styrene resin may be applied to the cloth to in 
pregnate the interstices of the fibers, the impreg 
nated cloth being dried to remove the solvent. 
Upon being subjected to heat and pressure, a 
unitary body, such as shown at 8 in Fig. 2, will 
be produced. The mica flakes 2 and the glass or 
asbestos cloth it will be bonded into a unitary 
thermoset body. 
Where it is desired to produce electrical insu 

lation having predetermined curvature or a shape 
other than a flat sheet, the flexible mica sheets 
produced from a mica machine may be super 
imposed to a predetermined thickness and pressed 
at several hundred pounds per square inch at 
about 150° C. for a short period of time of the 
order of a minute. The resin will not have com 
pletely hardened under this treatment and is suf 
ficiently flexible or plastic to withstand molding 
and shaping to any desired form. However, the 
resin is hard enough to sand to predetermined 
thickness without gumming, delaminating, or 
breaking up the partially hardened sheet. The 
sheet may then be cut by means of a saw or 
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punched in a press to a selected shape, for ex 
ample, a ring or a collar for pressing into a V-ring. 
The cut or punched members may be finish 
molded by subjecting them to preSSure in a 
shaped die at a higher pressure at a temperature 
of the Order of 150° C. for one-half hour or more. 
V-rings, channels, tubes, and other forms of mica 
insulation may be produced by this procedure. 

In some cases it may be advantageous to em 
ploy the reinforced mica, sheet of Fig. 2 in pro 
ducing V-ringS. A structure of this kind is shown 
at 20 in Fig. 3 where the glass cloth 6 has been 
applied to the sheets of mica flakes and the whole 
molded to a V-ring shape with the glass cloth 
6 disposed at the outer side of the V. In other 

cases, reinforcing glass or asbestOS may be dis 
posed within the V as well. 

The amount of resin in the bonded sheet of 
mica flakes may range from 3% to 10% or more, 
depending on the physical requirements, the size 
of the mica flakes, and other factors. 

it will be apparent to those skilled in the art 
that the styrene-glycol-maleate resin may be 
heat-treated at higher pressures of up to 1 ton 
per square inch or more, and at lower or higher 
temperatures than 150° C., suitable provision 
being made by extending or shortening the period 
during which the pressure and temperature are 
applied. The resin produces a thermoset product 
that will not soften or distort even when operated 
continuously at 200° C. for prolonged periods of 
time. 
Among the properties of the binder that render 

it advantageous for bonding mica flakes to pro 
duce high grade electrical insulation are its com 
plete insolubility in any known solvent when com 
pletely polymerized to a thermoset state. It is 
oil and Water-proof as well. Most acids and alka 
lies appear to have very little effect upon the 
resin. The temperature stability is exceptionally 
good; one inch cubes of the resin having been 
maintained at 200° C. for one month with a loss 
of less than 1% by weight. The arcing resistance 
of mica flake insulation prepared therewith is 
185 seconds and higher, and the resin is not sub 
jected to tracking when exposed to arcs. The 
dielectric strength is better than 500 volts per 
mill for one-eighth inch thick sheet, 
The physical properties of mica flakes bonded 

with the resin binder of this invention are out 
standing. The tensile strength is over 20,000 
pounds per square inch. No evidence of cold flow 
or hot distortion is evident over a wide range of 
conditions. Tests indicate that the bond strength 
between the resin and mica is superior to that 
of shellac. V-rings produced according to this 
invention have been subjected to compression 
pressures of over 10,000 pounds per square inch 
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at 175 C. without slip or distortion taking place. 
Many glycols, such, for example, as diethylene 

glycol, ethylene glycol, butylene glycol, or poly 
ethylene glycols may be employed in producing 
a suitable ester. Mixtures of glycols are con 
templated in the practice of the invention. In 
all cases, equimolar amounts of glycol per mol 
of maleic anhydride should be maintained within 
2%. Maleic anhydride has been found to give 
excellent results in the practice of this invention. 
In Some cases, maleic acid, fumaric acid, citra 
conic acid or citraconic anhydride may be em 
ployed alone or admixed with maleic anhydride 
with good results. 
Since certain obvious changes may be made in 

the above procedure and different embodiments 
of the invention could be made without departing 
from the scope thereof, it is intended that all 
matter contained in the above description shall 
be interpreted as illustrative and not in a limiting 
SeSe. 
We claim as Our invention: 
The process of preparing mica, insulation which 

comprises applying to mica flakes a solution com 
posed of 100 parts by weight of the ester of sub 
stantially equimolar amounts of at least one 
unsaturated compound selected from the group 
consisting of maleic anhydride, fumaric acid, 
citraconic acid, citraconic anhydride and maleic 
acid, and a glycol and from 20 to 50 parts by 
Weight of monostyrene and a volatile organic 
Solvent comprising essentially benzene and ace 
tone, heating the treated mica flakes to remove 
the volatile organic solvent and applying heat 
and pressure to the mica flakes to copolymerize 
the glycol maleate ester and monostyrene into a 
thermoset binder for the mica flakes. 
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