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De termining Electrical Properties of Graphite at
High Temperatures,

by
L. F, Mal'tseva and E, N, Marmer

(All Union Scientific-Research Institute of Electrothermal Equipment)

Graphite is being widely used in electric furnace coustruetion in the role of

a material for the menufacture of heaters, Determination of temperature dependence
of the specific electrical resistance of f:rt-uphite acquires greater importance for
structural organizations , as vell as for enterprisea.;zsing electric furnaces with
graphite heaters,

The data about the temparature dependence of specific electrical resistance
of graphite, are very 'scant. And so, the Moscow Electrode Plant in prospects of its
production speaks only about electrical resistance of graphite at room temperature
where-by this value varies in broad intervals, For example, for graphite type *B* it
constitutes 14=20 clmsm?/m,

The purpose of thic investigation - to determine the wvulues of specific elece
trical resistance in dependence uron temperature (20=2500°) for industrial graphites,
manufactured by the Moscow Electrode Flant,

Testing installation, Determination of temperature dependence of specifie
electric resistance of graphite was done on an installation,consisting of an elec..
tric furnace , vacuum system and electric parte. A cross rection of the werking chamber

is shown in fig.le

The installation consists of a water=colled body 1, upper 2 and lower 25 lids, also

FTD=TT=621708/1+2 1
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Graphite is being widely used in electric furnace construetion in the role of
a material for the manufacture of heaters, Determination of temperature dependence
of the srecific electrical resistance of ¢_1;:phite acquires greater importance for
structural organizations , as well as for enterprisu.-nsing electric furnaces with
graphite heaters,

The data about the temparature dependence of specific electrical resistance
of graphite, are very ;cant. And so, the Moscow Electrode Plant in prospects of its
production speaks only about electrical resistance of graphite at room temperature
where‘hy this value varies in broad intervala, For example, for graphite type "B* it
constitutes 1420 otms.am/m,

The purpose of this investigation = to determine the values of specific elec.
trical resistance in dependence upon temperature (20=2500°) for industrial graphites,
manufactured by the Moscow Electrode Flant,

Testing installation, Determination of temperature dependence of specifie
electric resistance of graphite waa done on an installation,comsisting of an elec..
tric furnace , vacuum system and electric part. A cross rection of the working chamber

is shown in fig.l,

The installation consists of a water=colled body 1, upper 2 and lower 25 lids, also
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having water cooung.lIn the central pert of upper 1id is situated a peeping window 5,
through which it is possible to observe the sample 6 and to measure its temperature
with a pyrcameter, To protect the glass against overheating are set up screens 4,
vwhich are showed aside at the time of measuring,

In the lower furnace 1ids are placed bobbins (lugs) 21‘23 for the insertion of
thermocouple 26 and potential tips 22, with which is measure.! the voltage drop on
the sample, To supply curreat to the sample two copper water-cooled current conductors

ar? used 14, situated on one axis one facing the other, A vacuum of the mgnitnde

of 103 - 1074 m Hg is produced in the furnace by the forevacuum pump RVN=20 and
diffusion pump TSVIplOO*oupled with the installation by fastening device DU-85U,

Pressure in the system was measured with the aid of thormocouple tyhes of LT-2

type and ionization tubes type IWNe2, A VITel type instrument served as vacuummeter,

Graphi e samples were placed and secured in the vacuum chamber with upper 1id

removed by a special contrivance, In fig.l{is evident, how sample 6 200 m long and
10 mm in diameter is secured,

With the aid of strip 9 and bolts 8, made of sraphite, the samples are attached
to a massive graphite ;)hte 10, To this rlate is also attached a copper plate 11.'¢o
which in turn is attached a strip of copper foil 17, connected with the current con—
ductor,. Graphite plates 10 were suprorted by stands 19 made of graphite, insulated
from tho body of the furnace by & ceramic plate 20, In order that the copper plates
and the foil should not melt from direct irradistion (bomberdment) of the sample ,
they were screened with molybdenun sheet 3 with a thickness of 0,2 ma,

In the zone of uniform temperature of the sample (it wes determined by special
exporiments) were fastened potential clamps 7 for measuring voltage drop, The clamps
represented shaped egraphite strips, which with the aid of bolts and nuts made of
graphite were preased[eﬁm%e sample and to it were connected the potential ends

made of tungsten wire 22,

FTD=TT=(2+1708/1+2 2
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Fig.leInstallation for determining electric resistance of graphite at high
temperature,

L*BODY OF FURNACE: 2*UsrZR LID: 3eriolybdenum shicld; 4-shislds for protecting the
glass; S-pesping window; 6é-sample; 7= patentiasl clamps (termimals); 8-rraphite
bolt; 9e=strip; lO=graphite plate; ll=copper plate; l2eupper graphite shield;
13«releageable bolts; li=-current conductors; 15-graphite shisld; lé-steel ring;
17=copper foilj 1l8=~s3teel bolt; l9ezraphite stands; 20eceramic plate; 2lelug for
introduction of potential ends; 22=potential endj 23~lug for introducing therme..
couplo; 2=lover graphite shield; 25-lower 1id; 26-thermocouple,

To reduce body and 1id heating and to improve the conditions of measurin tem.
perature in the interior of the vacuum chamber were mo nted graphite shields. The
electric resistance of zraphite samples was measured by the armeter=voltmeter method,

As i3 evident from fig.2e through the tested sample J was passed an electiric cur,
rent, which was measure! with the aid of UTT-§ transformer and 13 ammeter, The volt-
age drop on the cample } was measured with the aid of 73 voltmeter, To ragulate the
voltage on ths high side of the power tramsformer 3 was used a single phase auto-
transformer 2 type AOCK=25/0,5,enabling a snooth change in voltage in the range of
fraa 0=20 v, The power step down transformer 3 tyoe OCY 40/0,5 offered the possibility

of obtaining on the low side a voltige fram O to 20 ¥v at an amperage of 1400 amp,.

FTD=TT=6221708/1+2 3



GRAPHIC NOT REPRODUCIBLE

The relative error of the experiment ,dctore
o Skl i h ‘ minable by the type of selected scheme, class
)T _:"_:_ of accuracy of moasuring instruments , class

- e e - of accuracy of current transformers, has

; : . :‘):.‘; not exceeded 4%, Determination of the depen -
. ] \\ s ;-:; .
3353 ‘/j ) donce of specific electric resissance of
! 'i::" TS et P
R L sarples upon temperature , was dono in a
N - '
S T . °
_,\ A range of from 20=2500%,
o T W To measure a temperature up to 1000° was
— T T
g T - used a chromel-alumsl thermoccuple, From

1000 to 2500° the temperature was measure
with an optical micropyrometer of OR4-019
Fige24Electric circuit diagram of instale
lation (designations see text) type with separate indicating instrument
- milliammeter (class of accuracy of 0,2%). The relative error of measuring temperae
ture by this instrument with consideration of the accuracy class of tho milliammeter,
absorption of parts of the rays by the peephole glass and correction for trus tempre
ature has not exeeded 2%,

The scale of dependence graphs of electric resistange of graphite upon the
temperature was calculated according to the report[2] on the basis of analyzing
experimentation errors,

Deteruining electric resistance, To conduct tests for the purpose of determining
tho dependence of specific electric resistance upon temperature were selected the
most widely known types of graphite, mamufactured by the Moacow Electrode Flant
types Ay B, C, and D,

Samples of type A graphite were cut out from billets in parallel andi perpene

dicular directions relative to the axis of pressing. To remove the gas the sample

was first heated to a temperature of 1800-2000°,

FTD=TT=62«1708/1+2 4
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The time of exposure, necessary to equate the temperature on the working part
of the sample , usually did not exceaed 10 min, The temperature was measured through
100-150% At each temperaturs value were measured several values of voltage and am~
perage, whereby one of these was measured at the end of the exposure period,

Specific electric resistance was calculatesd by formula 3
L s %@ R
vhere Ra I, and 1 = )1 « value, constant for each samplo,determined at the be,
%xﬁ.ng of the experiment by the gecmetrical dimensions of the sample and the distance

between the terminals,

The sequence of making the tests , exposure time and temperature ranges, in
which the measurements were done, for samples of all types were selected a,proximately
indentical, By the test results “or sach type of graphite were plotted dependence

curves of specific electric resistance upon the mean temperature of the sample,

— e
- - / :
‘; —T a—
- J
500 100 1557 072 T.°%

Fige3eDependence of_speciﬁz electric resistance of type A,B,V graphite upon

the temperature in vacuo 10 © - 10”4 mm Hgs + = type A graphite with parallel arrangC.
ment of grains relative to the axis of deformation (mean value from 9 samples);

O « type A graphite with perpendicular arrangement of grains relative to the axis of

deformation (mean value from 6 samples); o= B type graphite (mean value from 13 samp—

les); A = Type C graphite (mean value from 8 samples).

Mean temperature was calculated by formmla s

tpr ¢t
tmea:x- P t

vhere tp- surface temperature of the sample in ©C, tyg - temperature of the center
0012. 'spec. l

in °C, and ty4 = $p ¢

1 » where \l”“ « gpecific load per sample in watts

FTD=-TT-62-1708/1+2 5



per square centimeter, r ~ radius of sample in cm, )\ - coefficient of heat conduction
of graphite at correa:)onding temperature (since for the type A graphite the coeffie

cient of heat conduction at a temperature of 2500° equals 0,084 cal/cmedegrees.sec E.'j

-
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Fig.leDependence of specific electric Fige5es Dependence of specific electric
resistance of A type graphite with paral. resistance of typs A graphite with perpen-
lel arrangement of grains relative to dicular arrangement of grains relative to
the axis of deformatjon upon tamperature the axis of geformation upon the temperature

in vacue 10=3 = 10~4 m Hg; in vacuo 10”0 « 10™4 m Hg;
lemean value from 9 samples; 2e=maximum lem an values from 6 samples; 2emaximum
values; 3-minimum wvalues, values; 3-minimum valuesg

In fig.3 ars shown temperature dependcnce curves of electric resistance for A,B
and C type graphites from 20 to 2500°,As is evident from graph fig.3. with a rise in
temperature the electric resistance of graphite of all types decreeases at first by
approximately 30%, reaching its minimum value for A and B type graphites at a temper.
ature of 400 = 600° and for C type at a temperaturs of 800-900°, and above a temper-

ature of 1000° it rises linearly, - ——— . ..

9, om rm/m

9 . e o
7. L — %390 1560 %
x00 1564 2000 7, _' : e .

Fig,6eDependence of specific electric Fig.7. Dependence of specific electric ree

resistance of B type aphitz upon tem sistance of g type_ﬁraphite upon temperature
perature in vacuo 10 « 10°% mm Hye in vacuo 10™7 - 10°" mm Hgj

l-mcon value from 13 samples; 2e-mexirum lemean value from 8 samplesj 2emaximum values
value; 3-minimum values, $ 3=minimum values,
Consequently in the rangs of temperatures of 1000-2500° when calculating specific

electris renistance it i3 possible to use formula:

FTD-TT=62-1708/1+2 6
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Y1000
vhere ,1000 - specific electric resistance at a temperature of 1000°,

’Q (t - 1000).

In tig.l, are given temperature dependence curves of specific electric resistance
of A type graphite (mean volumetric weight of samples 1,73 g/em3, porosity 21,7%) for
samples, cut out in direction.\pardnel to the axis of pressing,

It is evident from this graph, that in the temperature range of 1000 = 2500° the
specific electric resistance rises, changing its v.lue from?moo = 6,3 ohms , nmz/;
t°'§72500 = 9,35 ohms nm?/m, 1.8, it rises approximitely by 45%. Deviation of specific

electric resistance values from the mean value in the investigated range of tempora.

tures constitutes X 15%,

P vt moa¥m In fig.5 is shown the tempurature dependence
9 z
[ 1
,im' of specific electric -resictance of A type
’.!,ao 7560 r,Oc; ) grarhite for species*ut out in direction

Fig.Belaspendence of specitic electric
resistance of D type sraphitz upon t m~ fperpendicular to the axis of pressing (mean
perature in vacuo 1077 - 10™% mm Hg,
lemean values from 2 samples; 2-maximum voluretric weight of apecies 1,78 g/cm3.
values; 3eminimum values,

porosity 19,4%). It 19 evident from the graph

thut specific electrig rosistance upon temperature of 1000° to 2500° rises aprproxi.
putely by 40%. Deviation of absolute values of specific eloctric resistance upon m-an
value * 15%,

Fer B type graphite (rorosity 24%, meen volumetric weight of samples 1,7 g/cm)
specific electric resistarne from temperature of fram 1000° to 2500° rises by
approxinately 40X (fig.6). Deviation of absvlute valuesfrom mean values 2 15%,

In fige7 is given the dependence of specifdec clectruc resistance of C type
graphite upon temperature (mean volumetric weight of samples 1,46 g/em3, rorosity 33,6%).
The specific electric resistance rises with temperature, it changes its mean value
from gyg09 = 1249 ohms ,rm?/m to %500 = 16,5 ohms,m?/m, i.ceit rises by approxima{-e‘j

35%. Deviatica of values from mean value X 20%,

In fig,8 is shown the temperature dependence of specific electric resistance

FTD=TT062=1708/1+2
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of D type graphite (meen volumetric weight of samples 1,43 g/em3, 35.5%). This type
of graphite has a slight mechanical strength, end that is whyv the temperature depen
denoce of specific electric resistance 1is presented at 17¢0°, Deviation of values from
meen value 7%,
Conclusions
1. The greater disagreement in walues of srecific electric resistance in dependence
upon temperature can be exjlained by the unstable technolo y of preparing the graphite
and considerable heterogeneity of its structure,
2, Electro resistance of grarhite of ell types upon a rise in temgerature fécm
20° drops at first by approxixately 30%, reaching a minirum for types A, B and D in
the temperature range of 400-600°, for type C = 500-G00°,Above 1000° electric resistance
rises linearly. )
In the range of temperctures of 1000-2500° when calculating specific electric re.
sistance it is possible to apply formila
$ ¢ = %1000 * alt = 1000)
For objeets cut out in direction, parallel to éxis of pressing, this forimla has

the form of

a) for A type graphite: q¢ = (644 £ 0,9) + 0,002 (t=1000)3

(£ 4

I+

b) for B type graphites qy = (5e2 £ 1ah) + 0,002 (£=1000);
¢) for C type graphite: q4 = (1249 * 2,6) + 0,002} (t=1000);
d) for D type graphite in temperature rang-e 1000-1700°
qg ® (7.6 £ 0,7) + 0,0009 (t - 1000),
Absolute values of specific electric resistance for objocts cut out in perpendi
cular direction teo the pressing axis, is approximately by 20X higher,
3¢ Values of specific electric resistance of all types of graphite at a temperature

of 20 and 1500° are approximately identiecal,

FTD=TT=£2-1708/1+2 8



R

e oo 5

Literature

1. Technique of High Temperature (under editorship of Campbell) Foreign
Lit ¥ 1”9. *

2, M, Ye, Blanter, lMethod of Investigating Yetals and Analysis of Experi-
mentals Data, Matallurgizdat, Moscow, 1952, Submitted May 15, 1961,

FTD-TP-62-1708/1+2



SRt e T

DISTRIBUTION LIST

DEPARTMENT OF DEFENSE Nr. Copies MAJOR AIR COMMANDS Nr, Copies
APSC
8CFDD 1
ASTIA 25
HEADQUARTERS USAF TDEFL 5
. TDBEDP 5
AFCIN-3D2 1
ARL (ARB) 1 AEDC (ABY) 1

OTHER AGENCIES

W DD DO O\

:

FID-Tr- 62-1708/142 10



