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SEMICONDUCTING MATERIAL

Harry H. Barker, Irwin, Pa., assignor to West-
inghouse Electric Corporation, East Pittsburgh,
Pa., a corporation of Pennsylvania

Application December 3, 1942, Serial Ne. 467,727
12 Claims. (CL 174—105)

This invention relates to means for preventing
corong in high voltage conductors and electrical
members disposed in air or other gaseous me-
dium.

More particularly, this invention relates to a
semiconducting material for application to insu-
lated conductors, the material having predeter-
mined electrical resistivity and a high degree of
stability.

In high voltage machines, the formation of
corona tends to limit the life and thereby limits
the permissible voltage in electrical members and
conductors since corona can be so destructive
that organic insulation may be destroyed or so
impaired that the electrical ' insuletion is ren-
dered ineffective. The phenomenon leading to
corons in electrical apparatus is that of gas ioni-
zation occurring when air or other gaseous me-
dium is subjected to an electrostatic voltage
gradient high enough to cause the molecules of
air or other gas to become highly active chem-
ically and electrically. Ozone, nitrous gases and
other powerful chemical substances may be
formed under these conditions. The dgecomposi-
tion or deterioration of organic insulation occurs
so readily due to these chemicels and to such an
extent that in some cases in & few months or-
ganic insulation may fail and become useless for
its intended purpose. In cases Where the insu-
lation comprises inorganic materlals, such, for
example, as mica combined with an organic
binder, corona may be sufficlently destructive of
the organic binder as to require refinishing of the
insulation at frequent intervals.

It has been proposed heretofore to employ cer-
tain resistance compositions available to the trade
for application to the surfaces of insulation sub-
jected to voltage gradients leading to the forma-
tion of corona. For example, a colloidal sus-
pension of graphite in a vehicle, sold to the trade
as Aquadag, has been applied to conductors to
produce semiconducting coating to ground the
surface voltage present on the electrical insula-
tion, and thereby the formation of corona was
prevented. When applied closely to the surface
of electrical insulation so that there is no air
gap between the insulation and the applied semi-
conducting Aquadag paint coatings, corona is not
formed since the entire surface of the insulation
is at very nesarly the same relative electrical
potential.

Aquadag and similar semiconducting coatings,
while having a substantial ohmic resistivity, nev-
ertheless are so low in resistivity that these prior
art materials are only useful for application to
jow voltage electrical members and for certain
specialized applications, such, for example, as
slots in laminated armatures. The resistivity of
the conducting coatings is of the order of from
100 to 10,000 ohms per square inch of 3 to 4 mil

10

16

20

25

30

35

40

45

650

thick film. Such low resistance is not entirely
satisfactory in grading potentials for various rea-
sons. Since the amount of current flowing in
the conducting paint is inversely ‘proportional to
the resistance, and directly proportional te the
voltage developed by the conductor, g relatively
large current will flow in these prior art medium
resistivity conducting coatings when the voltage
is of the order of 6600 volts or higher in the con-
ductor to which they are applied. In fact, the
insulation surface may become too hot to touch
due to the flow of a considerable quantity of elec-
trical current. Ezxcessive heat is just as detri-
mental to organic insulation as is corona. There-
fore, many prior art conducting compositions are
Ensuitable for application to high voltage insula-
ica.

It is not practical to reduce the proportion of
graphite in a composition, such as Aquadag, to
produce a high resistivity of the order of 1
megohm or more for example, since the quantity
of graphite would be relatively small and small
errors in compounding or applying it would give
enormous differences in resistivity. Furthermore,
the resultant coatings would be relatively un-
stable since the barest film of graphite particles
is required for such high resistance and would
be so thin that ageing, expansion, wear and other
factors would easily render the coating inefiective.
Likewise, such thin graphitic coatings have an
excessive change in resistivity with voltage
change.

In order to produce a much higher resistivity
composition, it is known to subject wood to & pre-
determined temperature of heat treatment, there-
by securing & carbonized or charred material
providing & much higher resistivity coating when
incorporated in practical amounts in a vehicle
and applied, as compared to the Aquadag ma-
terial referred to herein. Unfortunately, the
coating including chars prepared by heat-treat-
ing wood is not sufficiently stable, and the coat-
ing increases in resistance with time so that in
a few years it is unsatisfactory for the purpose.
Tt is belleved that, among other factors, the wood
chars carry large quantities of gbsorbed gases
which react with the vehicle or binder in which
they are embodied, thereby causing progressive
change in the vehicle. Since it is necessary to
incorporate a large quantity of char into the
vehicle in order to prepare a suitable composi-
tion, organic base vehicles and the like are sub-
ject to a continual and undesirable change.

Investigation of the requirements of a semicon-
ducting paint or composition for application to
insulation on high voltage conductors indicates

. that the semiconducting -paint should have &
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resistivity of from 1 to 1000 megohms per square
of area of 3 to 4 mils thick film in order to ade-
quately grade the surface potential whereby to
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prevent the generation of corona without electri-
cal currents of such magnitude being produced
by high voltage that the surface of the conductor
is subjected to undue heating. .Since resistance of
an area Is determined by.the ratio of length to
width of the area, and all squares having a con-
stant ratio, the resistance is independent of the
_ dimenslons of squares, The resistivity desired de-

pends on the voltage of the conductor, the length

of the conductor being coated, and other factors,
and no particular value can be given,

The object of the invention is to provide a high
resistence conducting material which may be
readily applied with commercial quality control
and which is stable under the operating condi-.
tions to which it may be subjected in use.
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mined directly, and is not the resistivity which will
be obtalned when the anthracite coal is suitably

* treated and incorporated in various orgenic film-
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Another object of this invention is to provide

on an insulated conductor a semiconducting sur-
iace coating which will prevent the generation of
corena. :

Other cobjects of the invention will, in part, be
obvious and will, in part, appear hereinafter.

For & fuller understending of the nature and
objects of this invention, reference should be hag
to the figures of the drawings, in which:

- Figure 1 is & graph plotting the per cent of
. anthracite coal plgment in a resin film against
-the electrical resistance of the film; ° :

Fig. 2 is a graph of an accelerated ageing test
plotting the days to which the semiconducting
materials were tested against the resistance:; )

Fig. 3 is & fragmentary view partly in section
of the end windings of & dynamo-electric ma-
chine; TR P e T S

Fig. ¢ is & fragmeniary crogs-sectional view of
a tape coated with resin and anthracite coal; and

Fig. 5 is & partly broken view in. elevation of a

conductor in process of tres !

According to this invention X
covered thet anthracite coal properly selected and
treated is an exceptionally desirable semiconduct-
ing pigment or filler suitable for incorporation in-
to organic film-forming materials in producing a
semiconducting coating composition having sta-
bility and predetermined resistivity. For the pur-
pose of this invention, the anthracite coal em-
ployed should contein less than 10% volatile mat-
ter and be free from earthy matter and other un-
desirable impurities. Since there are relatively
few sources of anthracite coal suitable for the
purpose of this invention and the electrical re-
sistivity varies considerably at the source, 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 specific elec-
trical resistivity may be secured. For example,
six samples of anthracite coal were selected from
Pennsylvania anthracite coal and the dry pow-
dered samples were tested for electrical conduc-
tivity, The per cent of volatile matter and its re-
lation to electrical resistivity for the several coals
was as follows:

Table
| .
Percent
Sample No. - vol. |Electrical resistance
matter
{ Asrec'd 20 mesh

1 201 . 0. 009 megs.
2 3.1 .009
3 4,9 .23
4 8.4 .38
5. 6.7 1.4
8. 7.7 7.8

" The electrical resistance of the coal was deter-
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forming materials employed as & vehicle. The
resistivity of the final product, of course, will
vary almost directly with the resistivity indicated
in the table, but the values will be of an entirely

" different order.

Anthracite coal may be purchased in & finely
broken state such as No. 5 buckwheat (g inch
diameter or finer). The anthracite coal is pre-
pared by blending two or more available anthra-
cite coals as determined by experience. It is only
rarely that anthracite cosl from one source is of
exactly correct resistivity for a given purpese. A
semiconducting. composition may be prepared
from the anthracite cozl, as purchased or pre-

-ground to around 100 mesh, by incorporating g
‘predetermined quantity of the anthracite coal in

& suitable film-forming vehicle, such as an insu-
lating varnish, Both natural and synthetic res-
ins may be used as a vehicle for the cosl.
selection of the vehicie will depend on the stability,

>
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toughness, hardness and other requirements of :

the coating. For example, one part of coal and
two parts of a linseed.oil modified glycerol

" phthalate resin dissolved in 2 parts of petroleum

30

spirits, or other suitable solvent is a suggested
combination. One part ethyl cellulose and 3 parts
anthracite coal are another specific combination.
The anthracite coal and vehicle including a sol-
vent are put into a ball mill and ball miiled for &

*peried of time from 2 to 24 hours.
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The anthracite coal may be initially ball milled

5 in the solvent alone until at nearly the desired

degree of fineness. The resin iIs then added at
this point and ball milling continued for at least
cne-half hour to secure an intimate and homo-
geneous composition. Easily polymgﬂzed resins
are preferably incorporated with the anthracite
coal in this fashion.

It has been found that incorporation of the
anthracite pigment into the organic film-forming
material by miiling in a ball mill, tube mill or
other device is necessary in order to secure de-
sirable coating properties to provide for uni-
formity of electrical resistivity. The milling op-
eration reduces the anthracite coal to substan-
tially colloidal fineness. A convenient method of
determining the degree of comminution of the
anthracite coal is to place & 0.019% suspension
of coal in & solvent carrier, such as acetone, and
determine the reletive light transmission through
& standard photoelectric colorimeter. A 59 light
transmission is believed to correspond to an av-
erage particle of about one (1) micron. Light
transmission values of from 1 of 1% to 10% are
regarded as indicative of sufficient milling.

The compositions of this invention are com-
posed of natural anthracite coal. By natural
anthracite coal it is intended to mean anthra-
cite coal that has not been subjected to any de-
composition processes, such as would reduce the
volatile content, except mechanical operations to
reduce it to proper particle size for use in semi-
conducting coatings. :

Referring to Fig. 1 of the drawings, there is
shown a graph plotting the percentage of anthra-
cite coal pigment in an organic resin against the
electrical resistivity for coating brushed into 10

. mil thick tape, the total thickness being about 12

&

mils. Since the resistivity varies so rapidly with
change in proportions when about 109 or. less
of pigment is present, electrical resistivity is bet-
ter controlled by preparing a semiconducting

3
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composition with from about 15% to 90% of pig-
ment to the total weight of pigment and resin.
Small changes in compounding do not produce
an undue change in the electrical resistivity in
this range. For most purposes, it has been found
that highly satisfactory coatings are produced
when gpproximately 50% of the semiconducting
coating is anthracite coal and 50% is resin.
When over 90% of a film is anthracite coal, the
film is usually too weak mechanically and dusts
easily on contact. Almost any proportion of sol-
vent may be employed to provide for proper
brushing, spraying, or other methods of applying
the composition to the conductor insulation being
treated therewith.

If variations in resistivity are desired, the

blend of anthracite coal should be initially se-
lected in order to give predetermined values in
preference to varying the resistivity by varying
the quantity of anthracite coal pigment. Not
only is the stability of the semiconducting coating
improved when larger quantities of pigment are
-employed, but likewise the variation of resistivity
with voltage is not objectionable when from 15%
to 909 of anthracite coal pigment is present in
the resin. An undesirable rate of change of re-
sistivity with applied voltage does occur when

any carbonaceous pigment is present in a ﬁlm,

in amounts of 109 or less.

Numerous resins may be employed as vehicles
in preparing a coating composition by milling
the resin with the anthracite coal. Reactive
resins which continue oxidizing, polymerizing or
cond~nsing after being applied as painted films to
surfaces may be selected for the practice of this
invention. Coumarone resins, various alkyd
resins such as glycerol-phthalate and maleic an-
hydrice-glycol resins, shellac and' phenol-alde-
hyde resins, including the modified phenolics are
examples of this class. Non-polymerizing resins
and other non-reactive organic substance such as
asphalt and similar organic film-forming mate-
rials have been found to be satisfactory for car-
rying the anthracite pigment and providing dur-
able semiconducting coatings on electrical insu-
lation. Ethyl cellulose, cellulose acetate and
other cellulosic esters and ethers are examples of
the latter class. Other examples are given in the
Barker, Hill and Atkinson patent application,
Serial No. 467,728, filed December 3, 1942.

Inorganic film material such as silicates or
properly prepared bentonite may be employed as
a vehicle in some cases for the anthracite coal..

Reactive resins usually exhibit certain film
properties which are desirable. The property of
oxidation or further polymerization after being
applied to a surface generally increases the sol-
vent resistance and reduces the degree of soften-
ing with temperature rise. The thermobplastic
non-reactive resins typified by cellulose acetate
while not as desirable due to their heat soften-
ing properties, are superior in some features for
the purpose of this invention since semi-conduct-
ing coatings produced by their use attain a sub-
stantially constant resistivity on fully drying.
Furthermore non-polymerizing resins need not
be heat treated to attain their optimum proper-
ties, while polymerizing resins must be heat
" treated to some extent.

The prime characteristic that renders the an-
thracite organic film-forming material superior
to known semiconducting pdints is the reiative
non-ageing properties of the material. Reference
should be had to Fig. 2 of the drawings in which
curves plotted from accelerated ageing tests dis-
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close some of the advantages of the present inven-
tion. In each case one part of carbonaceous pig-
ment per one part of solid resin was applied to
1Y, inch tape 10 mils thick by saturating the tape
with the composition and drying. The curves of
Fig. 2 were secured by plotting the number of days
at which films of different semiconducting mate-
rials in several resins have been aged at 200° C
against the electrical resistivity of the films during
the test. 'The uppermost curve is that of a beech-
wood char in g linseed oil-modified glycerol
phthalate resin which exhibited a resistivity at
five days of slightly over 100 megohms. There-
after, the coating increased in resistance ex-
tremely rapidly, and at the end of fifty days had
a resistivity of approximately 16,000 megohms.
This final resistivity value is entirely too high
for any practical use and would not appreciably
prevent corona.

By comparison, a particular blend of anthra-
cite coal selected and pulverized and incorpo-
rated by ball milling in the same oil-modified
glycerol phthalate resin had an initial resis-
tivity at five days of just over one megohm, as
shown in the lowermost curve of Fig. 2. After
fifty days, the resistivily had not increased to an
appreciable extent over that possessed at flve
days.

Also shown in Fig. 2, are two curves obtained
when a pulverized anthracite blend of a higher
inherent resistivity was incorporated both in
coumarone resin and in asphalt. The initial re-
sistivity at five days ageing was approximately 18
and 16% megohms per square respectively, for
each material. After the fifty days ageing test,
the resistivity had not increased materially, heing
22 and 21 megohms per square respectively.

The anthracite coal may be combined with
wood chars or other less desirable semiconduct-
ing solids in producing a compeosition which may
have desirable features. In Fig. 2 there is a plot
of the ageing resistivity of a tape prepared from
a mixture of 509 anthracite of the same blend
as used in the test for the lowest curve and 50%
beechwood char, similar in resistivity to that used

-in the topmost curve. The resistivity is interme-

diate in resistance to that shown in the upper
and lowermost curves. It indicates a moderate
increase of from 8.3 tc 43 megohms in resistivity
over the test period, which may be acceptable
in many ceses.

It will be seen, therefore, that pulverized an-
thracite coal may be incorporated in a variety
of organic fillm-forming materials to give coat-
ings that have a high degree of stability. This
feature is exceedingly important since numerous
prior art materials are of temporary benefit only,
and it is necessary to recoat electrical members
periodically in order to secure adequate protec-
tion against the generation of corona.

Reference to Fig. 3 of the drawings shows a
portion of a generator 10 including the end wind-
ings thereof to which the semiconducting com-
position of this invention has been applied with
success. The generator includes laminated mag-
netic material §2 held together by means of end
plates 14. The laminations {2 and end plates 14
are provided wi.* slots 16 to provide for the re-
ception of conductor coils §8. The conductors
{8 terminate in end windings 20 that are bent
and twisted to provide for proper re-entry into
other slots 6. The end windings 20 are braced
or blocked by means of spacers or blocks 22 which
may be made conventionally of wood or suitable
electrical insulating material or semiconducting
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material. The end windings are lashed together.

by means of lashing of rope or tape 24 in the
region of the spacers 22. Adjacent the laming-
tions {2 and end windings (4, it is customary o
brece the coils by means of channeled wedge
blocks 26 and to apply lashings or ties 24 af this
point to secure the windings rigidly together.
The various blocks and spacers and lashings are
necessary in order to prevent vibration of the end
windings under the stress of the powerful cur-
rents flowing therein as well as to prevent dam-

-age from external sources.

At the opposite end of the apparatus (8 the
colls terminate in conductor leads that are elec-
trically connected by cross-connectors and at-
teched to rings. The cress-connectors and rings
are supported from the frame of the machine £0.
Insulation is applied to the cross-connectors and
rings. .

The high voltege present in conductors 18 es-
tablishes & potential gradient of such magnitude
that corona would normally be generated at the
surfaces of the end windings exposed to the air
or other gaseous medium. An anthracite coal
and resin film-forming composition prepared as
disclosed herein is applied to the entire exterior
surface of the end windings including the lash-
ings and the spacer blocks and wedges, prefer-
ably before assembly. The semiconducting com-
position may be -applied by brushing or spray-
ing or the like. On drying, the solvent in the
composition evaporates leaving a resin film car-

. rying a fine distribution of anthracite coal.

While the semiconducting composition may be
applied as a single coating to electrical members,

beneficial. PFurthermore, after the semiconduct- -
ing tape or twine is applied to the windings, and
additional surface coating of a weather resist-

. ing paint may be applied to seal off the air and

ig
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for the best mechanical adhesion, it has been. .

found that the semiconducting composition is

preferably applied as shown in Fig. 5 as & first
layer 32 to the insulated conductor 8, and while
wet, the semiconducting coating is wrapped with
& porous fabric tape 24, for example, either. of
glass fibers or cotton or asbestos, so that the com-
position will penetrate into the tape and ocoze
through the interstices thereof. Thereafter the
tape is painted with a second layer 36 of semi-
conducting composition to cover the entire exte-
rior surface. The tape prevents the semicon-
ducting paint from peeling or flaking off under
accidental blows, stresses or hest, and thereb
increases its durabliity. :
The insulated conductor {8 within the slots 16
is likewise pailnied to provide a semiconducting
surface in order to secure a satisfactory grading
of the potential over the surface of the entire
electrical conductor. The slot walls of the lami-
nations and the windings {8 therein are coated
additionally with a paint of much lower resist-
ance, for example, an Aquadag composition. The
surface conducting coating applied to the end
windings and conductor is thus grounded through
the slots in order to reduce the potential gradient.
In this way, any tendency toward thé generation
of corona is eliminated. The cross-connectors
and rings may be similarly rendered semicon-
ducting at their surfaces to reduce the electro-
static potential. )
In some cases, the end windings, may be lashed

- by using a tape or twine of fibrous material previ-

ously prepared by applying semiconducting com-
position thereto and drying. The tape so pre-
pared i1s wrapped tightly about the insulated
windings to equalize the surface potential suffi-
ciently to prevent any substantial smount of
corona being generated. A coating of semicon-
ducting composition after tying the tape may be

moisture from the windings.

Referring to Fig, 4 of the drawings, there Is
shown a semiconducting tape 43 of the type re-
ferred to. The tape 40 is prepared by dipping a.-
tepe 42 of glass flbers, cotton cloth, ashestos,
or other suitable materials or mixtures there-
of in the semiconducting composition described
herein and drying the applied composition to
remove the resin solvents. One or more coat-
ings of the compdsition may be applied to the
tape. The final dry tape will be impregnated
with - resin carrying o distribution of firely di-
vided anthracite coal. Also a surface coating
48 of resin with the anthracite coal will be
present on the tape. The tape so prepared
is advantageous for applying to machines which
are In service. Tape prepared from glass fibers
is particularly good for use as lashing since it
has exceptional strength characteristics.

It is a requirement that the semiconducting
coating be substantially uniformly effective over
the. entire end winding. The attainment of a
reasonable degree of uniformity should not be
too difficult or costly. Commercial quality con-
trol has been secured by the practice of the in-
vention described herein easily and conveniently.
A maximum variation in resistivity between any -
portions of the end windings of the order of
*20% has been found commercially practical.
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 an organic
film-forming material by suitably ball milling
broduces a composition capable of producing
semiconducting coatings characterized not only
by & predetermined electrical resistivity of, the
order of 1 to 100 megohms, but also results in a
semiconducting coating having remarkably stable
characteristics, thereby giving it a long operat-
ing life. Once the electrical members of appara-
tus have been prepared with the anthracite coal -
semi-conducting composition of this invention,

® the apparatus will operate successively for its
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normal life without requiring re-treatment with
the semiconducting composition. 'The protection
of organic insulation indefinitely against the de-
structive action of corona by reducing the poten-
tial gradient on the surface thereof will maintain
the operating efficiency of the insulation for its
full span of life,

Since certain obvious changes may be made
in the above procedures and different embodi-
ments of the invention could be made without
departing from the scope thereof, it is intended

that all matter contained in the above descrip-

tion or taken in connection with the accompany-
ing drawings, shall be interpreted as illustrative
and not in a limiting sense.

Iclaim as my invention: ) ]

1. A composition for application to electrically
insulated conductors for grading the potential
on the insulation, comprising finely divided nat-
ural anthracite coal of substantially colloidal
fineness having less than 10% volatile matter and
a vehicle for the finely divided natural anthra-
cite coal comprising a resin and a solvent.for
the resin whereby when the composition is ap-
pled to the insulation and dried, a resinous film
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with g disteibution of the finely divided anthra-
cita coal therein is produced, the film having pre-
determined chmic resistivity and characterized
by @ high degree of stability.

2, A composition for application to electrically
insulated members for grading the potential on
tho insulation, comprising from 15 to 80 parts
by weight of finely divided matural anthracite
coal having less than 10% volatile matter and
from 85 to 10% parts by welght of an organic
vestn, end @ solveni therefor, the composition
when applied to the member and dried forming
5 film of resin with & distribution of the finely
divided natural anthracite coal therein having
& predetermined chmie resistlvity and character-
ized by & high degree of stability. ,

3. A composition for application to electrically
insulated members for grading the potential on
the. insulation, comprising from 15 to 80 parts by
weight of fnely divided natural anthracite coal
havipg less than 10% volatile meatter and from
85 to 10 parts by welght of en organic resin, sub-
ject to substentially no further reaction when
dried as & film, and & solvent therefor, the com-

position when epplied to the member and dried

forming @ film of resin with a distribution of the
finely divided natural enthracite coal therein
heving ® predetermined ohmic resistivity and
characterized by & high degree of stability.

4. & composition for application to electrically .

insulated members for grading the potential on
the insulation, comprising from 156 to 90 parts
by weight of finely divided electrically conduct-
ing material including & substantial proportion

of najural anthracite cosl having less than 10%

volstile metter and from 85 to 10 parts by weight

[~
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tential on the surface of the insulation compris-
ing, a fabric tape, a resin applied to the surface
of the fabric, and a distribution of finely divided
natural anthracite coal having less than 10% vol-
atile matter and of predetermined electrical re-
sistivity carried by the resin.

8. A resistance tape suitable for application to
insulated electrical members for grading the po-
tential on the surface of the insulation compris-
ing, a fabric tape, from 10 to 85 parts of & resin
subject to substantiaily no further reaction when

_ dried as a film applied to the surface of the fabric

15
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and from 15 to 90 parts of a distribution of finely
divided natural anthracite coal having less than
10% volatile matter and of predetermineq elec-
trical resistivity carried by the resin.

9. An insulated conductor comprising, in com-
bination, a conductor, insulation of high chmic
resistance applied to the eonductor, and a surface
coating of semi-conducting material applied to

. the insulation, the semi-conducting material

25

of an organic resin, and & solvent therefor, the

composition when spplied to the member and

drled forming & flm of resin with a distribution

of the Snely divided natural anthracite coal

thereln baving & predetermined ohmic resistiv-

;% and charecterized by a high degree of sta-
by ' ‘

5. The method of incorporating anthracite coal
into resin solutions to provide for application
to insulated electricel members to produce & pre-
-determined grading of potential stresses which
comprises combining finely divided natural an-
thracite cosl having less than 10% volatile mat-
ter from different sources in proportions to give
a desired electricel resistance, adding the com-
bined coal to @ solution of resin and milling the
coal to colloidal fineness in the resin solution to
provide for uniformity and fineness, whereby
when the resin solution and incorporated coal is
appled to the electrical members & coating of
resin and coal having g relatively high degree of
uniformity is produced. o

8. A tape for application to insulated electrical
members to grade the potential on the surface
of the ingulation comprising, & fabric tape and &
coating of fnely divided natural anthracite coal
having less then 10% volatile materlal and of
predetermined electrical resistivity applied to the
fabrlc teps.

7, A reststance tepe suitable for application to
insulated electrical members for grading the po-
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comprising 15 to 90 parts by weight of a finely
pulverized natural anthracite cosl hgving less
than 10% volatile matter and from 85 to 10 parts
by weight of a binder.

10. An insulated electrical conductor compris-
ing, in combination, a conductor, insulation of
high ohmic resistance applied to the conductor
and semiconducting material applied to the sur-
face of the insulation, the semiconducting mate-
rial comprising e first coating of a semiconduct-

ing composition including finely pulverized nat-

ural anthracite coal, a layer of porous tape sink-
ing into the first coating and a second coating of
a semiconducting composition including finely
pulverized natura] anthracite coal applied over
the porous tape.

11. An insulated electrical conductor compris-
ing, in combination, a conductor, insulation of
high ohmic resistance applied to the conductor
and semiconducting material applied to the sur-
face of the insulation, the semiconducting mate-
rial comprising s first coating of a semiconduct-
ing composition including from 15 to 80 parts of
pulverized natural anthracite coal, and from 88
parts to 10 parts of a film forming resin, & layer
of porous tape sinking into the first coating and
a second coating of & semiconducting composi-
tion including finely pulverized natural anthra-
cite coal applied over the porous tape.

.12. The method of incorporating esnthracite

 coal into resin solutions to provide for applica-
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tion to insulated electrical members to provide
s predetermined grading of potential stresses
which comprises combining finely divided natural
anthracite coal having less than 10% volatile
matter from different sources in proportions to
give a desired electrical resistance, adding the
combined coal to a solvent and milling the coal
to colloidal fineness in the presence of the sol-
vent, adding a resin soluble in the solvent tc the
colloidal coal and milling the whole for & pericd

of time sufficient to produce a uniform suspension

for application as & coating to insulated conduc-
tors to provide a semiconducting coating thereon.

HARRY E. BAREER.




