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UNITED STATES PATENT OFFICE 

2,377,600 
SEMCONDUCTING COMPOSITION 

Harry H. Barker, Irwin, and Lawrence R. Hill, 
Wilkinsburg, Pa., assignors to Westinghouse 
Electric & Manufacturing Company, East Pitts 
burgh, Pa., a corporation of Pennsylvania, 

Application February 10, 1943, Serial No. 45,460 
(C. 201-6) -- 4. Claims. 

This invention relates to means for preventing 
Corona in high voltage conductors and in electri 
cal members disposed in air or other gaseous 
medium. 

In order to eliminate the phenomenon known 
as corona, which is produced when air or other 
gaseous medium is Subjected to certain critical 
electrical stresses, it has been heretofore pro 
posed to apply to the Surfaces of electrical mem 
bers Semi-conducting or resistance paints to re 
duce the voltage gradient to below that value at 
which ionization of gases takes place. 
A satisfactory semi-conducting composition 

for application to surfaces of members must 
meet several requirements. The composition 
should have such ohmic resistance that the volt 
age gradient is so reduced that excessive electri 
cal currents will not flow along the surface of 
the conductor. For most purposes, a composition 
which when applied as a coating has a resistivity 
of from 1 to 1000 megohms per square of area 
for a film 3 to 4 mils thick has been found to 
meet Satisfactorily the resistance requirements 
for Such Service. 

Since electrical apparatus must operate Satis 
factorily for many years without requiring con 
tinual maintenance and repairing, it is a requisite 
for semi-conducting coatings that they retain a 
predetermined resistance throughout the nor 
mal life expectancy of the apparatus to which 
it is applied. One of the many disadvantages 
of prior semi-conducting compositions employed 
to prevent corona resided in the fact that the 
resistance rapidly increased with ageing, where 
by in a few years of time, the composition was 
ineffective for the purpose of lowering the volt 
age gradient along the surfaces of the electrical 
conductors. 
Since corona is essentially a gas phenomenon, 

it tends to occur at surfaces where gases come 
in contact with electrically charged members. 
Semi-conducting compositions are, therefore, 
primarily applied to surfaces exposed to air or 
other gases in Order to reduce the voltage grate 
dient at such points. However, these surfaces 
are exposed and subject to abrasion as will occur 
When electrical apparatus is in operation, or is 
cleaned to remove dust and the like. Conse 
quently, it is necessary that the semi-conducting 
composition be resistant to abrasion and the 
usual wear and tear that takes place at exposed 
surfaces. Furthermore, the composition must 
resist the effects of high temperature, particu 
larly in conjunction with the accelerated oxida 
tion and other chemical effects of air and mois 
ture at elevated temperatures. 
The object of this invention is to provide a 

semi-conducting material which may be readily 
applied with commercial quality control and 
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which is stable when subjected to high tempera 
tures and has good abrasion resistance. 
A further object of this invention is to provide 

a semi-conducting composition capable of retain 
ing a substantially constant predetermined re 
sistance when utilized at high temperatures to 
which dynamo-electric machines and other elec 
trical apparatus are subjected. 
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 the invention, reference should be had 
to the single figure of the drawing, which is a 
plot of the abrasion resistance of several resinous 
coating materials heat-treated for periods of 
time. 
This invention is directed to a combination of 

metallo-organic resins employed as the vehicle 
for a semi-conducting pigment or filler, which 
is stable at elevated temperatures for long pe 
riods of time. 
According to this invention, it has been dis 

covered that anthracite coal properly selected 
and treated is an exceptionally desirable semi 
conducting pigment Or filler suitable for incorpo 
ration into organic film-forming materials in 
producing a semi-conducting coating having 
stability and predetermined resistivity. For the 
purpose of this invention, the anthracite Coal 
employed should contain less than 10% volatile 
matter and be free from earthy matter and other 
undesirable impurities. There are relatively few 
sources of anthracite coal Suitable for the prac 
tice of this invention. The electrical resistivity 
of coals from different sources varies greatly. It 
has been found that for most applications, two 
or more grades of anthracite coal must be 
blended in suitable proportions in order that a 
predetermined electrical resistivity may be se 
cured. Six Samples of anthracite coal were se 
lected which were obtained from different geo 
graphic locations in Pennsylvania. These 
samples in a dry powdered state were tested for 
electrical conductivity. The per cent of volatile 
matter and its relation to electrical resistivity 
for the several coals were as follows: 

Table 

Percent 
Sanple No. volatile Electrical resistance 

Inatter 

As rec'd. 20 mesh. 
009 megs. 
009. 

38. 
1.4. 
8. 

The electrical resistance of the coal was de 
termined directly, and this value is not the re 
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sistivity which will be obtained when the anthra 
cite coal is suitably treated and incorporated in 
various organic film forming materials em 
ployed as a vehicle. The resistivity of the final 
product, however, will vary according to Some 
proportionality to the resistivity indicated in the 
tables, but the values may be of an entirely 
different order. 

Anthracite coal may be purchased in a finely 
broken state such as No. 5 Buckwheat (, inch 
diameter or finer). The anthracite Coal is pre 
pared by blending two or more available anthra 
cite coals as determined by prepared tables and 
experience. It is only rarely that anthracite coal 
from one source is of exactly the correct resistiv 
ity for a given purpose. A semi-conducting paint 
may be prepared from the anthracite coal, as pur 
chased or pre-ground to around 100 mesh, by in 
corporating a predetermined quantity of the an 
thracite coal in a suitable film-forming vehicle, 
such as a metallo-organic insulating varnish. 
The Selection of the vehicle will depend on the 
stability, toughness, hardness and other require 
ments to be met by the paint when applied. 
In producing a paint-like composition from a 

resinous substance and the anthracite coal, it 
has been found that the best results are obtained 
when the anthracite coal and the resin with a 
suitable solvent are milled together, for example, 
in a ball mill, for a period of time of from 2 to 24 
hours. While the coal and resin may be milled 
concurrently for the entire time, another method 
of achieving this result is to initially subject the 
anthracite coal suspended alone in the solvent to 
ball milling until it nearly reaches the desired 
degree of colloidal fineness. The resin or other 
vehicle is added at this time. The ball milling 
of the resin, anthracite coal and solvent is con 
tinued for at least one-half hour to secure an 
intimate and homogeneous paint. Resins which 
polymerize readily are preferably thoroughly 
mixed with the anthracite coal by this short mill 
ing time after the resin is added. After either 
method oi mixing, it may be said that the coal 
is incorporated in the resin. 

It has been found that incorporation of the 
anthracite pigment into the metallo-organic film 
forming material by milling in a ball mill, tube 
mill or other device is necessary in order to secure 
desirable coating properties to provide for uni 
formity of electrical resistivity. The milling oper 
ation reduces the anthracite coal to substantially 
colloidal fineness. A COnvenient method of dea 
termining the degree of comminution of the an 
thracite coal is to place a 0.01% suspension of 
coal in a solvent carrier, such as toluol or acetone, 
and determine the relative light transmission 
through a standard photo-electric colorimeter. 
A 5% light transmission is believed to correspond 
to an average particle size of about one (1) 
micron. Light transmission values of from A of 
1% to 10% are regarded as indicative of suficient 
milling. 

Tests have shown that electrical resistivity of 
the paint composition is best controlled by pre 

n 

5 

20 

() 

60 

5 

paring a composition with from 15% to 90% of 
anthracite coal based on the total weight of coal 
and resin. In this range of proportions, small 
errors or changes do not produce an undue 
change in the electrical resistivity. For most 
purposes, highly satisfactory coatings may be se 
cured when the composition consists of approxi 
mately 50% of anthracite coal and 50% of resin. 
The amount or proportion of solvent is Optional 
in Order to Secure proper brushing, spraying, or 
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2,377,600 
dipping consistencies. Inasmuch as a volatile 
solvent is employed, the solvent will evaporate on 
further processing the coating when applied to 
an electrical member. 

If a particular resistivity is desired, the blend 
of anthracite Coal should be initially selected in 
order to give predetermined values in preference 
to varying the resistivity by varying the quantity 
of anthracite coal pigment incorporated into the 
resin. Not only is the stability of the semi-con 
ducting coating improved when larger quantities 
of pigment are employes, but the variation of re 
sistivity with voltage is not objectionable when 
from 15% to 90% of anthracite coal pigment is 
present in the resin. An undesirable rate of 
change of resistivity with applied voltage usually 
does occur when any carbonaceous pigment is 
present in a film in amounts of about 10% or less, 

In producing semi-conducting coatings for 
electrical members which are to be subjected to 
high temperatures, it has been discovered that the 
effect of the oxygen and moisture in the atmos 
phere as well as the thermal effect tends to cause 
harmful changes when the usual resins are em 
ployed. In some cases, the resinous material 
changes in its properties due to continuing poly 
nerization to a brittle stage with adverse results. 
Cracking of the resin film and other undesirable 
physical changes may take place. Corona will 
take place at such cracked or broken portions, 
thereby defeating the intended purpose of the 
coating. 

It has been discovered that a metallo-Organic 
vehicle or resin may be employed in combination 
with anthracite coal to produce coatings capable 
of maintaining predetermined resistivity for pro 
longed periods of time at temperatures of above 
100° C. to 225 C. and higher. Metallo-organic 
compounds which have been found to be particu 
larly satisfactory for this purpose are the phenyl 
ethyl silicones. The phenyl ethyl silicones pro 
duce a polymerized resinous material when sub 
jected to certain catalysts under elevated temper 
ature conditions, the polymerized silicone being 
soluble in a solvent when in an intermediate stage 
of polymerization. A solution of such interned 
ate polymerized silicone may be applied to men 
bers, and when subjected to heat treatment, fur 
ther polymerization takes place, and the phenyl 
ethyl silicone gives a hard resistant film or coat 
ing capable of withstanding high temperatures 
for prolonged periods of time. 

Polymerized phenyl ethyl silicone is believed to 
Consist of a series of alternate silicon and oxygen 
atoms attached to one another with a phenyl and 
ethyl radical attached to the silicon atoms. In 
Some cases, two phenyl groups may be attached 
to One silicon atom, and in others two ethyl 
groups to One silicon atom. The average compo 
sition indicates that approximately one phenyl 
and one ethyl group is present in the polymer 
for each silicon atom. The ratio of phenyl to 
ethyl radicals may be varied slightly in some 
cases. 
A commercial source of phenyl-ethyl silicones 

for practicing the invention is the resin sold as 
"990-A' by Dow-Corning Sales Company. 
For the purpose of this invention, polymerized 

phenyl ethyl silicone is preferred to other organic 
silicones. While nearly all the silicones ap 
parently have a high degre of resistance to ther 
mal effects, not all the silicones are equally re 
sistant to abrasion. Referring to the figure of 
the drawing, there is shown a plurality of curves 
of the abrasion resistance of several resinous 
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materials plotted against the hours at which the 
resins have been subjected to baking. The 
abrasion test was performed on a standard 
known type of abrasion tester, wherein a rotat 
ing wheel loaded with a given weight is operated 
in contact with a wire carrying the resin to be 
tested. The samples from which the curves have 
been prepared each consisted of No. 15 copper 
wire covered with a layer of continuous flament 
of glass fibers. The resin was applied as a 
varnish or enamel to the glass fiber covered wire 
and baked for the times indicated. The total 
thickness of the wire samples varied from 0.065 
to 0.073 inch. The upper curve. Was that Secured 
by applying a standard thermosetting varnish 
consisting of entirely organic materials sold to 
the trade as Westinghouse Thermoset Warnish. 
The middle abrasion curve was that Secured by 
employing the phenyl ethyl silicone polymer 
specified herein. While the relative abrasion 
resistance of the thermoSet varnish appears to 
be superior to that of the phenyl ethyl silicone, 
it should be noted that the baking temperatures 
are so much greater in case of the phenyl ethyl 
silicone that the abrasion resistance of the lat 
ter is under these conditions unexpected. Ther 
moset varnish could not be subjected to tem 
peratures of 225 C. for similar periods of time 
with any reasonable abrasion resistance being 
secured. 

For comparative purposes, a methyl silicone 
polymer was applied to the same types of glass 
fiber covered conductor. As will be noted, the 
abrasion resistance was almost negligible. The 
conductors failed under the abrasion test in a 
few revolutions. If the methyl silicone treated 
conductor were to be employed in electrical ap 
paratus, vibration, particles of dust, and other 
atmospheric abrasives would soon cause the 
material to fail by Wearing away. Accidental 
contacts with tools while the apparatus was being 
adjusted or repaired would likewise undoubtedly 
cause considerable damage. Consequently, a 
methyl silicone polymer would be unsatisfactory 
on the ground of abrasion resistance. 

It is believed that the phenyl ethyl silicones 
constitute a class of silicone resins that are more 
suitable for use as a Semi-conducting paint to 
be applied to exposed Surfaces than other sili 
cones. There is Some evidence that this is due 
to the fact that the ethyl group in the phenyl 
ethyl silicone under appropriate reaction condi 
tions changes to a vinyl group which may be re 
sponsible for producing a tougher and more 
abrasion resistant polymer than is obtained with 
other organic silicones. 
A semi-conducting composition was prepared 

by incorporating 260 parts by Weight of anthra 
cite coal in 400 parts of phenyl ethyl silicone 
solution composed of 50% solids in toluene 
solvent. The composition was ball milled two 
and one-half hours. The compound was brushed 
into 10 mill thick tape of glass fibers, the tape 
being wound on One-inch diameter glass tubes. 
The resistance of the composition was deter 
mined after subjecting to various conditions. 
After baking 120 hours at 200 C., the resistance 
was found to be 0.8 times that of the initial re 
sistance secured by baking one and one-half 
hours at the same temperature. The compound 
on the glass tape was flexible even after baking 
16 hours at 150° C. No hardness or undesirable 
brittleness was evident. Accelerated ageing tests 
indicate that this material should retain a re 
sistivity of the same order as the initial re 
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sistivity for 10 to 15 years or longer when sub 
jected to normal operating temperatures of elec 
trical apparatus. 
The anthracite coal and phenyl ethyl silicone 

polymer dissolved in a solvent may be applied 
to conductors or electrical members in several 
ways. Fully assembled apparatus, such as gen 
erators, may be treated by brushing or spray 
ing or even dipping the apparatus in the com 
position. Upon drying, a uniform film or coat 
ing covering all the exposed surfaces will be pro 
duced. 
An alternate method of application having de 

sirable features is to paint the exposed end wind 
ings of the apparatus, for example, with a layer 
of the composition, and while wet, the applied 
Semi-conducting paint is wrapped with a porous 
fabric tape, for example, of glass fibers or asbes 
tOS So that the paint will penetrate the tape and 
Ooze through the interstices thereof. Thereafter, 
the tape may be painted with a second layer of 
Semi-conducting composition to cover the entire 
exterior Surface. A highly durable surface coat 
ing is produced by following this procedure. In 
many cases, end Windings which are lashed with 
a tape or twine may be treated to produce the 
Semi-conducting coating on the lashings to grade 
the potential between successive windings. 
Spacer blocks and the like may be likewise 
painted with the resin. In this way, any pos 
sible Source of a potential gradient above the 
critical potential for causing corona will be 
eliminated. 

In some cases the conducting pigment need 
not be entirely anthracite coal, but wood chars 
or other finely divided conducting material may 
be added. Wood chars prepared by heat treat 
ing Wood at predetermined temperatures to a 
given resistivity, as disclosed in McCulloch 

40 Patent No. 2,050,357, may be added up to an equal 
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weight of the anthracite coal and both milled 
with the polymerized silicone to produce a suit 
able Semi-conducting paint. 

It is a requirement that the semi-conducting 
coating be substantially uniformly effective over 
the entire end of an elctrodynamic machine. The 
attainment of a reasonable degree of uniformity 
should not be too difficult or costly. Commer 
cial quality control has ben secured by the prac 
tice of the invention described herein easily and 
conveniently. A maximum variation in re 
sistivity between any portions of end windings 
of the order of 20% has been found commer 
cially practicable. It is believed that this degree 
of uniformity of resistivity has not been possible 
heretofore and is possible only by the use of the 
anthracite coal composition set forth. 
The incorporation of finely divided anthracite 

coal of predetermined resistivity in a phenyl 
ethyl silicone film-forming material by suitably 
ball milling the whole gives a paint capable of 
producing semi-conducting coatings character 
ized not only by a predetermined electrical re 
sistivity of the order of 1 to 100 megohms, but 
also results in a semi-conducting coating having 
remarkably stable characteristics, particularly at 
elevated temperatures, thereby giving it a long 
operating life. Once the electrical members of 
apparatus have been prepared with anthracite 
Coal semi-conducting paint of this invention, the 
apparatus have been prepared with anthracite 
life without requiring re-treatment with the 
semi-conducting paint. The protection of or 
ganic insulation indefinitely against the destruc 
tive action of corona by reducing the potential 



4. 
gradient on the surface thereof will maintain the 
operating eficiency of the insulation for its full 
span of life. 

Since certain obvious changes may be made in 
the above procedures and different embodiments 
of the invention could be made Without departing 
from the Scape thereof, it is intended that all 
matter contained in the above description or 
taken in connection with the accompanying 
drawing, shall be interpreted as illustrative and 
not in a limiting sense. 
We claim as our invention: 
i. An electrically Semi-conducting composition 

comprising, in combination, finely divided ar 
thracite coal of colloidal dimensions embodied in 
a polymerized phenyi ethyl silicone. 

2. An electrically semi-conducting composition 
suitable for application to electrical members to 
provide for a predetermined resistance, compris 
ing finely divided anthracite coal of colloidal di 
mensions, polymerized phenyl ethyl silicone and 
a solvent for the phenyl ethyl silicone. 

3. A composition for application to electrically 
insulated conductors for grading the potential 
on the insulation, comprising finely divided an 
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thracite coal of substantially colloidal finess hav 
ing less than 10% volatile matter and a vehicle 
for the finely divided anthracite coal comprising 
a polymerized phenyl ethyl silicone and a solvent 
for the polymerized phenyl ethyl silicone where 
by when the composition is applied to the insula 
tion and dried, a resinous film with a distribu 
tion of the finely divided anthracite coal there 
in is produced, the film having predetermined 
ohmic resistivity and characterized by a high 
degree of Stability, 

4. A composition for application toy electrically 
insulated members for grading the potential on 
the insulation, corprising from 15 to 90 parts 
by weight of finely divided anthracite coal hav 
ing less than 10% voiatile in atter and from 85 
to 16 parts by weight of polymerized phenyl ethyl 
Silicone, and a Solvent therefor, the composition 
when applied to the member and dried forming 
a film of resin with a distribution of the finely 
divided anthracite coal therein having a pre 
determined ohmic resistivity and characterized 
by a high degree of stability. 

HARRY H. BARKER. 
LAWRENCE R, HLL, 


