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THERMAL EXPANSION OF ARTIFICIAL GRAPHITE AND
CARBON

By Peter Hidnert

abstract

The linear thermal expansion of longitudinal sections cut from 14, 3, 1)4, and
1 inch artificial graphite electrodes and of transverse sections cut from 14 and 3
inch electrodes, were investigated at various temperatures between 20 and 1,000 C.
A comparison of the average expansion curves of the longitudinal and transverse
sections is shown in figure 3, and the ranges of the coefficients of expansion for

various temperature ranges are given in table 4. The coefficients of expansion
of the transverse sections are larger than the coefficients of expansion of the longi-

tudinal sections. For example, for the range from 20 to 1,000 C, the linear

expansion of the transverse sections cut from 3-inch graphite is about 1 10 percent
greater than the expansion of the longitudinal sections cut from 3-inch graphite
electrodes. Other conclusions are listed in section V of this paper.
The linear thermal expansion of two types of carbon which are used for expan-

sion elements in temperature regulators for domestic gas ovens, were investigated
at various temperatures between 20 and 350 C. The coefficients of expansion
of carbon made with lampblack are about three times as large as the coefficients

of carbon made with petroleum coke.
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I. INTRODUCTION

During the past few years there has been a demand for data on the
thermal expansion of artificial graphite at elevated temperatures for

the following purposes:
1. To calculate the volumes of graphite crucibles used in determin-

ing the specific volumes of molten metals and alloys.

2. For a reference standard in the determination of the thermal
expansion of refractory materials. During the past few years,

expansion data to 600 C by Hidnert and Sweeney 1 have been extra-

polated and used for these purposes.

i Hidnert and Sweeney B.S. Technologic Paper 335.
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In 1927 Hidnert and Sweeney published in B.S. Technologic Paper
335 a table of data on the thermal expansion of graphite (natural 2

and artificial) and of other forms of carbon by Fizeau, Muraoka,
Dewar, Day and Sosman, and Sieglerschmidt. Available data by
other observers are given in table 1.

Table 1.

—

Expansion data by previous observers on graphite and other forms of
carbon a

Observer Date Material

Tempera-
ture or
tempera-
ture range

Coeffi-

cient of

linear
expan-
sion per
degree
centi-

grade

Remarks

C
( 20

xio-e
0.85

1865
30 1.00

1866

1888

1898

1908

1911

1912

do

|
40

I 50
40

/ 13-614
14-645
15-300

/ 300-645

1 15-143
143-263
263-282

\ 282-602

f 0-400
400-580

1 580-686

I 686-750

1.14
1.29
1.18

6.66
6.6
5.6
8
4.5
7.7
14.0
9

/2.8
/4.4
'6.8

/ 11.4

Same diamond as used by Fizeau in
1865.

Experiment 1.

Experiment 2.

{•Experiment 3.

Joly • Diamond

Carbon in the form
of films made of

commerciallamp-
black and a lac-

quer called
"zapon L".

'Electrodes:
Coal

Experiment 4.

At a temperature of 850 C the diamond
began to burn rapidly. Its surface
soon became stepped in a manner

\ characteristic of certain crystals.

Stewart » -..

Once commenced, the combustion
continued till the oven was cooled

I down to about 712 C.
The result obtained shows the coeffi-

220-1, 820
180-1, 920
440-1, 720
25-1, 000

f-188to-79
-79 to

< 0to+23
+23 to 55

I 55 to 78

11.0
7.2
10

6.0

0.18
.58
.97
1.17
1.45

cient of carbon in the form of lamp-
black to be about 0.0002, which is

from 10 to 30 times that of the pure
metals.

National Car- Coke
bon Co. ft Graphite

Arc carbon of lamp-
. black.

° For data by other observers (Fizeau, Muraoka, Dewar, Day and Sosman, and Sieglerschmidt), see
Hidnert and Sweeney, B.S. Technologic Paper 335, table 1.

fc Fizeau, Comptes Rendus, vol. 60, p. 1161, 1865.
' Fizeau, Comptes Rendus, vol. 62, pp. 1101, 1133, 1866.
d Monckman, Proc. Royal Society of London, vol. 44, p. 220, 1888.
• Joly, Scientific Trans. Royal Dublin Society, vol. 6 (series 2), p. 283, 1898.
/ Computed by Hidnert in 1934 from expansion data given by Joly.
o Stewart, Physical Review, vol. 26, p. 333, 1908.
* See Chaney, International Critical Tables, vol. 2, p. 303, 1927.
» Rontgen, Sitzungsberichte der mathematisch-physikalischen Klasse der K. B. Akademie der Wis-

senschaften zu Miinchen, vol. 42, p. 381, 1912.

2 For graphite from Batongol, Fizeau (Comptes Rendus, vol. 68, p. 1125, 1869) reported 7.86X10~6 for the
coefficient of linear expansion at 40 C, and for graphite from Cumberland, Dewar (Proc. Roy. Soc. London,
vol. 70, p. 237, 1902) obtained 73.3X10~6 for the average coefficient of cubical expansion between —186 and
+17 C.



Hidnert] Thermal Expansion of Graphite and Carbon 39

In the present investigation, thermal expansion measurements were
made on longitudinal and transverse sections of artificial graphite at
various temperatures between 20 and 1,000 C. A neutral atmosphere
was used in order to prevent oxidation of the graphite samples at

elevated temperatures. Two other types of carbon which are of im-
portance from the standpoint of expansion, were included in this

investigation.

The author expresses his appreciation to H. D. Batchelor of the
National Carbon Co., Cleveland, Ohio, and M. S. May of the Speer
Carbon Co., Saint Marys, Pa., for their cooperation in this investiga-

tion. Acknowledgment is also due to the following members of the
staff of the National Bureau of Standards: H. W. Bearce, W. Souder,
and C. G. Peters, for valuable suggestions; to H. S. Krider for as-

sistance during the measurements; and to S. Alpher for aid in the
preparation of the figures.

II. MATERIALS INVESTIGATED

The following materials were investigated: (1) artificial graphite,

longitudinal and transverse sections; and (2) carbon. A description
of these materials is given in tables 2, 3, and 5. Information about
the preparation of 14-inch artificial graphite electrode, chemical
composition and density, have been published 3 in 1927.

In 1927, Chaney 4 stated ''Manufactured carbon articles in the
form of rods, plates, blocks, tubes, etc., in a wide variety of shapes are

made by molding or extruding specially prepared mixtures of pulver-
ized carbon 'flours' with binding materials of tar or pitch, and subse-
quently carbonizing the binder at high temperatures. The resulting

products always consist of a porous mass of carbon particles knit
together by the residual carbon resulting from the decomposition of

the binding materials. Because of the variations inherent in all

manufacturing processes the physical properties of commercial
carbons are subject to characteristic variations, the allowable range
of which is determined by the service and cost requirements of the
consumer. A high degree of precision in the individual determinations
is therefore valueless, the typical range of variation being alone
significant. Individual values where given must be regarded merely
as representative."

Mantell
5 in 1928 described the manufacture and uses of graphite

and other forms of carbon. He stated that "The particular field of

graphite is that of electrolytic work, where its low resistance and long
life are very important. Graphite electrodes are extensively used in

the electrolytic production of chlorine and caustic, the chlorination of

gold ores, the recovery of copper, nickel, and zinc, the production of

hypochlorites and many other similar applications." In a later

publication, Mantell 6 stated that "carbon has shown its suitability

in equipment employed in five different fields: (1) Acid manufacture,
(2) papermaking, (3) the electrochemical industries, (4) combustion
equipment, and (5) machinery operating under corrosive conditions."

3 See footnote 1.
4 Chaney, Commercial Carbons for Electrical Uses, International Critical Tables, vol. 2, p. 303, 1927.
Mantell, Industrial Carbon, Industrial Chemical Monographs, D. Van Nostrand & Co., Inc., 1928.

'Mantell, Industrial and Engineering Chemistry, vol. 24, p. 1255, 1932.
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III. APPARATUS

Figure 1 of B.S. Scientific Paper 524 shows part of the apparatus
used in the investigation. The samples of artificial graphite were
investigated at various temperatures between 20 and 1,000 C in the
white furnace shown at the left end of the figure. The same furnace
was used for the samples of carbon which were investigated at various
temperatures between 20 and 350 C. Micrometer microscopes were
sighted on fine wires suspended from the ends of the sample. The
samples of graphite were mounted in the furnace as illustrated in

figure 5 of the paper mentioned, but the samples of carbon were
mounted as shown in figure 4 of the same paper. Each sample was
300 mm long.

Since graphite oxidizes in air at about 640 C, it was necessary to

use a neutral atmosphere in the furnace at elevated temperatures.
The neutral atmosphere consisted of a mixture of nitrogen and hydro-
gen gas (about 5 percent hydrogen). A combination reducing valve
and flow meter was attached to the cylinder containing the mixture of

nitrogen and hydrogen gas. The large gage indicated the pressure
(pounds per square inch) of the gas in the cylinder and the small gage
indicated the flow (liters per minute) of the gas from the cylinder.

The gas was passed through copper gauze contained in a long copper
tube supported horizontally in a tube furnace heated electrically to

about 700 C, in order to remove oxygen. The hot gas was cooled

by passing it through a copper coil surrounded by flowing water. The
cooled gas was then passed through bottles or drying tubes containing
calcium chloride and magnesium perchlorate trihydrate, in order to

remove moisture. The dry gas was passed through another flow meter
and finally into the furnace at both ends. The reducing valve was
adjusted so that the gas flowed at a rate of about 5 liters per minute.
The gas was allowed to flow into the furnace containing the graphite
sample, during the time the sample was heated from 400 to 1,000 C
and cooled to 600 C or less.

The samples of carbon were not heated in a neutral atmosphere,
for measurements were only made to 350 C.

IV. RESULTS

The results obtained on artificial graphite and carbon are given in

subsections 1 and 2, respectively.

1. ARTIFICIAL GRAPHITE

The linear thermal expansion of longitudinal sections cut from 14-,

3-, l}i-, and 1-inch graphite electrodes and of transverse sections cut
from 14- and 3-inch graphite electrodes, were investigated at various
temperatures between 20 and 1,000 C. The results obtained on the
longitudinal sections are given in figure 1 and in table 2, and the
results on the transverse sections in figure 2 and table 3.
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INCH

HEATING

FIRST TEST O

SECOND TEST A

100 200 300 400 500 600 700 800 900 1000 C
TEMPERATURE

Figure 1.

—

Linear thermal expansion of longitudinal sections cut from 14-, S-, 1%-,
and 1-inch diameter artificial graphite electrodes.

Note.—A tagged symbol indicates more than one observation.
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o HEATING

• COOLING

100 200 300 400 500 600 700 800 900 1000 C
TEMPERATURE

Figure 2.

—

Linear thermal expansion of transverse sections cut from 14- and 3-inch
diameter artificial graphite electrodes.

(Expansion curves for first and second tests of sample '1184],have been given in B.S. Technologic
Paper 335.)

Note.—The tagged symbol indicates more than one observation. . .



Hidnert] Thermal Expansion of Graphite and Carbon 43

i . to i «*« n. co t-- i-^ p* cs i

© .ui c3T3 bX>mm? a a
»o iOiiOP*0»h«0.-iOi
g iO>'0 0OO0OO"

S3

*5 ro^

III
g S i f i

•+ + + + + + + i

* i 1 i i i

03

1 1 10000 1 C5 t> Tp Tjt Tf PI i-» r-l CO t>. CO 1

i i i r i inn . pi pi pi pi pi pi pi co pi pi pi i iO I I I I I l£- I r I

gs x
j

i
j j

i :

w
j

j

j"H

cO

si
? i i i

00 "-1

i i* i

M i° i*
5

i

10
io i ! !m" iw i !«' !pi !n 'n 'n !

x
i i i i i i i i i i i i i i i i

©
c3

bp

oO => i i Tj< (v. i iOO ICO lOXN^OM i

d o i ! l^-pipi ! iciei Ipi ! pi .-5 pi pi cm" pi©
§1 x i i i i

w
i i i i i i i©

M
®

©
ft

oO

si
Y ' ' 1 «5 1 OO i lO i »H IN ' P* i -H i 100

o 1 i In In ! In lei !h 'ci !cj < lei

x
j j j j j

i i |
j

j j j j j i

d oQ

8§

<o i iN iCONtJ* iNWNOlHOOnnWHMONHN
© i i pi i pi ci pi i pi pi pi -4 pi -4 •—* -4 pi pi pi pi pi pi pi

x i i i i

CO

a

ft

CD 3° <o i CO iO i iiioi i O i o
o 1 pi pi 1 1 1 pi 1 1 1 i I pi 1 pi

x i ; i ; ; ; : ; : i i i i i i i i i

O
CO

sl
a
.2

©
CD
O

oQ

si

<o tf * I "*< CO PI -^ CO 'C.00!£l»CC"OCOfflNO)NO)NOS
o pi pi 1 pi pi pi pi pi 1

—
' i-5 r-5 -4 ,-4 -5 ih ,-4 i-5 .-4 i-4 i-5 ^4 ^4

x
j

jO
CD
bfl oQ o NNHW I lOiHNOON iCOlOM'-iNiCNiONlOCO
o3

CD sl
o pi pi pi pi 1 1 J pi pi p4ih 1 i-i <-* .-4 r-5 -4 r-5 -4 r-5 i-4h —5

X II i

<j

oO

sl

<° O O ihoC 'NOl i 00 •*!< CM -<*i PI ri O "0 CO "5 CO "3 CO id

o pi pi i pi ^4 i i-j r-5 iHi-irtri'tHH o" t-i i-i i-i i-J ?h ih i-i

x i i i

oO

sl

o C5 OS i PI i ICO000O "CO l i i OS CO CO O •*< OS -^ OS "5

O r-5 1-4 1 Pi 1 1 r-5 1-4 r-5 11-5 1 1 1 o 'hhho'hoh
x ii: : : ; i

a
EH 1*

rH(NCOHHrtrtrtrHHHrt(NN«HHHNINrtrHN

.!!!!!!! 1 ! ©O i i i i i i i i tJ
T3 • ' ii. . © • 5
© j

i . i i i . T3 c
fcH ' ' ' 111 1 Q 1 +J
+j I i I I I l I £ I oO -^ I CD
CD i i i i i i i o i -a
r-. , , I , , , i CD • ©

2 "3
: s**!!!"!!! ! © ' 'dH ! ! ! ! ! ' *= ' -d

-^
!

-S ft
ft -S «
C3 ft t-

H ii i iii <£ c£
bo u.

_. . bt ^3
xa

i , _, , o
« i i i i i i i -a a
a , 1 1 1 1 , 1 o .2a

_o

d.
1-1

1 1 1 1 1 1 1

M
!

t~i

o a i i : i i i : s i a
O i

' O i o
CD

P
3 1 1 1 1 1 1 1 3 ! 3,"111111 1 « I «

O i I I I I i I CD ' O
CD ' '

i
' ' '

i CD ! CD
CO 1 1 1 1 1 1 m 1 M

a 1 1 1 1 1 1 1 a 1 a
4 1 1 1 1 1 1 1 t3 1 -3
S i i i i i i i fl i 3
.-£ o o o o o o o a o .-^

be "O T3 T3 'O'O'O T) bo "O M
a > •

; j
• a • a

o o o
h) 1 j ! 1 1 1 j hJ 1 H^

^2
ft

OQ

<i JM ^ j^Jh J -' -' s'
O i-l y-i i-H NNN iO CO 0> Oi
00 0000 00 oooooo oo K «o o

CN ^
CS «
._©
fto
io 'S
co-
co g

S Mas
2 O co

i? a
«5

.2«

o 2 5^ © ®
C co

B O

®EH^S

-2gW©
.2W3+J 03

1^82

.. JN A

ltd OT

X3« © 3
H0k5O'

© >.a a

a

35«
c3 >2 b
ft©5

E o fto
X -d

03

T)

>I
C
03 W3

pi
oo

rn be© 2da©
o 3 £"© °
ft

3 5^d
C3

pq 2 « a
ft©'p

o
T3

a 2Sg
03

oa «£ 2
i

H 2
5 © 53 cs

A
Js b'3

C4
c og.S

X
^J

© "i fc 3
® dS"CO g ©

CD
i 5 o«o

ft

E
03
D9

*o

a
o

pi •

.73

a

c
c
c
o

F

O e 3

o <- —

<

u, as:

CO

09
co
O
U

a
a

s

as

dj

a
©
©

io
b£

B0

§.2^^>

a*d'5
+a Oo &

.2
c
o

IO a
o

i-5 ^ —
SagS c*

>»
cc

-d c

CD o
D
Q a

d cu -e-d
§§ ^-2I©

2c3 fa |ts
Oft.- co 2 co

§OS-2c3 -2

^|.20-S2

tl 2 d
oO

li
CO

**

^_^ CD

.3 v;

-gggg-s:
5x2^^3^:

d o
«*§
So

S25

3<^ „ .m . On

d .o S Ml, Ui

£§^S^o>>Srt X2 gn o3 03 tr

: I.- ®^= d
j-o o-O-S o a m

© feo^^5

bo-g o. © g ^ 2

a!
co a
K C

P >

©s©§5 3 o

'S.a'o^o^'o
J5_ '-ts d © °
"'S'SloSo

3 m © r-n-2-3

' Q,ft„ ftftft.3 w
jcagdgg £«•-

<» 2 ^d 2 J3-2£
© t>,'3 o
a B^s



44 Journal of Research of the National Bureau of Standards [Vol. is

©5 Is "a bo

co

e ©
CO o
8 8

Ohan

n

len
fterh

ing

a
cooli

g 1 + 1 !

o°
O^H 1 Iosco 1

is x ; ; :
1-1

5° ©
o !

© S§T3
03

X
M

oQ to 00 ooioo 1

o
© S° X
©

be oQ

si

<o COO0 i r^o

T3
©
X

1-1 !-H 1 i-i (M

a

O cQ Y t-- -^ t-- co co io i

C/3 £§ x :

a
©

o
oO I

X

«o»o

a

'o 2° <o »o CO CO * CO CO "*!

<D s§ X

©
cm oD I

.-HCN.-i.-i.-ICN

© Sg X
<

oQ IZ
0003 050

as X

oD ©
oo t>-i>.r^ o

8 g X

ggS
.-H -t CN CN —1 ^H CN

^a-°

CD
T3
O

CD

0)

M
p.
03

6X1

.a
a O

a

a 1—1

o
8
A

a

"3

o
fl
o
o
CDw

.a

3
S3 o
he "O
a

3

©
a,

a «' »'
a

»o CO

OO
o ow co

© O

aa

2 EC

t "©"©

5^23
® 2 £ 2
g^OO

s

2j> 60

.23 S£
C£

a a •s>

rtrt

oaa w
o o CO

UU "3i

©+J o3 'O bo
cd c a s

I <N ll
l CN li
l O i 1

Chan

in

len

after

h

ing

a
cooli

§ £ ; + ! : 1

£ i i i

_0
5o o lONN i ^•**< •«*<

8*. X
i CO CO CO io"5 "^

,h

-2° o
CO l I CO

CD

03

Sg X
w

«h

8 §1
1
X

r- oorfno ^-i co cn

CO CO CO CO S^>o «c >o

CD

tx oD T CO i i OS

-o
il

o CO i *

Pi

X

CI oO T NIONHCOCOCC-*N

"to

a
<S

S§
o
X

COCOCOCOCO-^irfllOTfi

© oO f CO '

*o Si X
CO I

a
CD oO <o Ort<'#CONi-*o:'^iOOO'*

CD 81
Ocococococo'cocN-*-*'^-^

X
X
CD oO <|>-<J<CN.-H I © OS 00 T»< CO CO CN

© §1
O CO CO* CO* I CN* CN* CN* -<=* Tj* i#" Tj*

x i

<!

-8°

Si

<p CNOOO©CO«OCOCO©-*
O CO CO tNI CN CN CN CN >** **

X

oO

8§

<o i-H00C500COCN^CNa>COt^
O CO CN CN CN CN* CN CN^j" CO Tl* CO*

X

! ! !«
! ! !

©
•

: :a
e i > 5

i i
»->

s i ia

1 : iN
-

i

!"§§
s : °!

1 i !i5

.2*

o

•2 I i

*|
i

i lei
j3 i © to

9 : : >

«

CD

s ; : a s ©

3 ; X3t- ih

2 :^s -
fi

! !vh5 a
.2 '

i O CD g
O JT>S g

CO
i i g< S3 CD

1 ! :|-1
m o o oja 3
2 1 io.S s
EH : !« ft

CD

A
Sam

'

' =•'
!

<
00 00 00 CO CO



Hidnert] Thermal Expansion of Graphite and Carbon 45

as
o a
^^©T3
ass

c3 ©

n
a E

H
©03

T3 be

B 8,Q

apMcc

WO >>Q

i 2 £

a°£
CT3 C
33 a» «
gS-s

© a ©M o o
s8«

ft
o?F>>g•PC*

©.£ ©
s a a

M«§
2o3

"35 a

~ ° So
o
G

•~ 05 & &
wE-* 02 ©
8 •o'S

SB *«
'5 t^s 2

•Soa-M
i

a >> oj cj

08 ,->
_ r^-

,Q . cnv_

Hill
ftJ*

as
C3.Q

5.

o> ft
•a a

- a'

©Oh ^ g a

g^-Sft-g

A © W b 03

a P 03 ©" °

03 S^S "

S 03T3 © ©
p > S

lH *

BfiJODOOO« s
««B»OiDN» ft^>

1*3 &f£

o u rC
6SE

i-< 03
© a

OOhh-INN

O vi i-J rH Oi <N' CO

sss;

c o o o o o o

o

©o

««

*C



46 Journal oj Research oj the National Bureau oj Standards [vol. is

Some of the tests could not be carried to 1,000 C, for one or both
observation wires broke before this temperature was reached. Plat-

inum-osmium (6 percent osmium), platinum-iridium (20 percent
indium), and platinum-rhodium (20 percent rhodium) wires, 0.002-

inch diameter, were tried. None of these wires gave entire satisfac-

tion. The platinum-rhodium (20 percent rhodium) wire was found
to give the best results under the conditions of the test which required

1
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Figure 3.- Comparison of average expansion curves of longitudinal and transverse
sections of artificial graphite electrodes.

that each observation wire should sustain a load of about 15 grams
at temperatures up to 1,000 C in an atmosphere consisting of nitrogen
and hydrogen.
From the coefficients of expansion in tables 2 and 3, average expan-

sion curves shown in figure 3 were derived for the various longitudinal

and transverse sections of graphite. A comparison of the range of

coefficients of expansion of the longitudinal and transverse sections is

given in table 4.
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Table 4.

—

Comparison of average coefficients of expansion of longitudinal and
transverse sections of artificial graphite

Material

Average coefficients of expansion per degree centigrade

20 to 100 C 20 to 200 C 20 to 300 C 20 to 400 C

Longitudinal sections:
Cut from 14-inch electrode. _ ._. .

XlO-oj
1. 3 to 12. 2(7)
0.6 to 1.4(6)
0.9 to 1.5(3)

0.7 to 0.9(5)

2.2 to 3.1(7)

3.7 to 4.3(4)

XlO-e
1.2 to 2. 1(11)
0.9 to 1.5(6)
1.3 to 1.5(3)
0.9 to 1.0(6)

2. 5 to 3. 2(7)
4.0 to 4. 4(3)

XlO-o
1.5 to 2. 3(11)
1.1 to 1.7(6)
1.5 to 1.7 (3)

1. 1 to 1. 2(6)

2. 8 to 3. 4(6)
4. 2 to 4. 6(4)

X10-«
1. 6 to 2. 4(12)
1.3 to 1.9(6)

Cut from 1 }4-inch electrode 1.7 to 1.9(3)
Cut from 1-inch electrode 1.3 to 1.5(7)

Transverse sections:
Cut from 14-inch electrode __ . . 2. 9 to 3. 6(7)
Cut from 3-inch electrode . _ 4. 4 to 4. 8(4)

Average coefficients of expansion per degree
centigrade

20 to 500 C 20 to 600 C 20 to 700 C

Longitudinal sections: X10-6
2. 5 to 2. 6(3)

X10-6
1.9 to 2. 7(10)
1.5 to 2. 3(6)
2.1 to 2. 2(3)
1.4 to 1.7 (6)

3.1 to 3. 7(5)
4. 6 to 5. 1(4)

X10-6
2.0 to 2. 8(4)
1.7 to 2. 2(3)

2. 0(2)
1.5(2)

3.6(1)

2-3(1)
Cut from 1-inch electrode -- . . . 1.6 to 2. 0(4)

Transverse sections:
Cut from 14-inch electrode. . . -- 3.3(1)

4.9(1)

Material

Average coefficients of expansion per degree
centigrade

20 to 800 C 20 to 900 C 20 to 1,000 C

Longitudinal sections:
Cut from 14-inch electrode

xio-«
2.3 to 2. 7(5)
1.8 to 2. 7(6)

X10-6
2.3 to 3. 1(4)
2.0 to 2. 5(3)

X10-«
2. 4 to 2. 9(7)

Cut from 3-inch electrode . .- 2. 1 to 3. 1 (6)

Cut from lJ4-inch electrode. ... -

Cut from 1-inch electrode. . .. ....... 1.8 to 2. 0(4)

3. 4 to 3.8(4)
5.1 to 5. 3(3)

2.0 to 2.1(2)

3.6(1)
5.3(1)

1.9 to 2.3(4)
Transverse sections:

Cut from 14-inch electrode - . ... 3.7 to 3.9(3)
5.4(2)

Note.—The number in the parenthesis following each range of coefficients of expansion, indicates the
number of determinations.

The following general conclusions may be drawn from an examina-
tion of the data:

1. The coefficients of expansion of the longitudinal and transverse
sections of graphite increase with temperature.

2. The coefficients of expansion of the transverse sections are
larger than the coefficients of expansion of the longitudinal sections.

Figure 3 indicates that for the range from 20 to 1,000 C, the linear

expansion of the transverse sections cut from 3-inch graphite is about
110 percent greater than the expansion of the longitudinal sections
cut from 3-inch graphite electrodes.

3. There appears to be a tendency for the coefficients of expansion
of a longitudinal section to increase 7 with increase in the diameter

i The longitudinal section cut from l|4-inch graphite electrode prepared by Speer Carbon Co., is an excep-
tion. The other longitudinal sections from 1-, 3-, and 14-inch electrodes, were prepared by Acheson Graphite
Co. After an examination of these results, M. S. May of the Speer Carbon Co., recently stated that the
lK-inch graphite does not fall in line with the Acheson product because it is made by a somewhat different
process.

64093—34-
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of the graphite electrode from which the longitudinal section has been
cut.

4. The coefficients of expansion of the transverse sections cut from
the 3-inch graphite electrodes are larger than the coefficients of

expansion of the transverse sections cut from the 14-inch electrodes.

For example, for the range from 20 to 1,000 C the average coefficient

of expansion of the transverse sections from the 3-inch graphite is

about 40 percent greater than the coefficient of expansion of the
transverse sections from the 14-inch graphite electrodes.

5. The difference between the expansion of the transverse and
longitudinal sections cut from the 3-inch graphite electrodes is con-
siderably greater than the difference between the expansion of the
transverse and longitudinal sections cut from the 14-inch electrodes.

Figure 3 indicates that the former difference is about 145 percent
greater than the latter difference for the linear expansion between
20 and 1,000 C.

6. The coefficients of expansion of the longitudinal sections cut
from the 1-inch graphite electrodes are in good agreement with the
data obtained by Day and Sosman 8 on %-inch 9 graphite electrode.

7. The longitudinal and transverse sections of graphite indicate

changes in length after heating to elevated temperatures and cooling
to room temperature. A second heating and cooling cause smaller
changes.

It has been indicated in a previous publication 10 that the differences

in expansion and tensile strength between the transverse and longi-

tudinal sections of a 14-inch graphite electrode may be due to the
fact that the graphite electrode in the process of manufacture has
been compressed differently in the two directions. Attention was
also directed to statements of Taylor n on the effects of the extrusion
process by which the "green" electrodes are formed. He stated that
during extrusion the outer portions are retarded by friction with the
walls of the die. There is therefore a good deal of internal motion
parallel to the axis of the forming electrode. This internal motion
causes a marked difference in the structure in the two directions.

There is a tendency for the material to have a laminated structure

in the transverse direction. The aggregate particles and cell walls

are more firm and continuous in a lengthwise direction of the electrode

than in a crosswise direction. Voids or pores tend to form with their

longer axes lengthwise of the electrode. It seems quite probable that
this has an effect on expansivity in the two directions. The longitudi-

nal increment is practically a measure of the linear expansion of the

material, and the transverse change is the linear expansion plus an
increment of distortion due to increased spring in the arches formed
by the cell walls of the voids and pores. Taylor also believed that
the lower tensile strength in the transverse direction is due to the
laminated structure mentioned.
As appreciable differences were found in the thermal expansion of

sections cut from different size electrodes, an endeavor was made to

obtain information about the ratio of the coke and plastic organic

material, and the approximate grain size of the different electrodes.

Referring to the graphite electrodes prepared by Acheson Graphite

* Day and Sosman, Jour. Ind. and Eng. Chem., vol. 4, p. 490, 1912, or J. Wash. Acad. Sci., vol. 2, p. 284,

1912 (see also Day, Sosman, and Hostetter, Amer. Jour. Sci., vol. 37, 4th series, p. 1, 1914).
9 Hidnert and Sweeney, B.S.Technologic Paper 335, table 1, footnote 5.

» Hidnert and Sweeney, B.S.Technologic Paper 335, p. 228.
u See reference, footnote 10.
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Co., H. D. Batchelor, director of research of the National Carbon Co.,

Inc., Cleveland, Ohio, stated the following:

"The ratio of coke and plastic organic material is approximately
the same for all sizes of graphite electrodes. It varies somewhat
according to size but not to exceed 10 percent. The grain sizes of

different size electrodes do vary in accordance with their size. The
coarsest particles in 3- and 4-inch electrodes will all pass through a
20-mesh screen and a greater proportion of them will pass through a
200-mesh screen. In a 14-inch electrode the coarse particles are be-

tween 0.03 and 0.06 inch in

diameter, the next closest

lie between 0.03 and 0.015
and finally, here again, the
larger portion of the par-

ticles will pass through the
200-mesh screen.

"In addition to the dif-

ference in grain size above
mentioned, possibly one ^
should take into considera- o

tion the normal variation to £

be expected in commercial 2

electrodes. As to just what g
this variation is in terms of z

thermal expansion, we have |
no information, * * *." w

M. S. May of the Speer
Carbon Co., recently stated

:

"It appears probable that
the difference in expansion
between the different sized

Acheson rods is because
they are made from flours

of different finenesses rather
than because of the differ-

ence of diameter itself.
'

' As
insufficient data on grain
sizes of the different size

electrodes are available, it

was not possible to defi-

nitely determine the rela-

tion between expansion and
grain size.

The linear thermal expansion of artificial graphite electrode depends
on various factors indicated in this section. The direction (longitu-
dinal or transverse) along which expansion measurements are made,
appears to be the most important factor. Graphite should therefore
be used with caution for the purposes indicated in the introduction of
this paper.

2. CARBON

Two types of carbon 12 which are important from the standpoint of
thermal expansion were included in this investigation. These types

12 Submitted by Speer Carbon Co., Saint Marys, Pa., in 1932. Made by hot extrusion process.

200
TEMPERATURE

400 C

Figure 4. -Linear thermal expansion of two
types of carbon.

1497 — Composed of petroleum coke, bonded with coal tar
pitch coke. 1498 — Composed of lampblack bonded with
coal tar pitch coke.
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of carbon are used for expansion elements 13 in temperature regulators
for domestic gas ovens.
Measurements of linear thermal expansion were made u at various

temperatures between 20 and 350 C. Figure 4 and table 5 show the
results obtained.

Table 5.

—

Average coefficients of expansion of carbon

Sam-
ple

Description
Test
num-
ber

Average coefficients of expansion per
degree centigrade

Change
in

length

20 to
60 C

20 to
100 C

20 to
200 C

20 to
300 C

20 to
350 C

after

heating
and

cooling

1497 Carbon, grade 2079, b M6-inch diam-

1

-i

xio-6

1.4
4.0

........

X10-6
1.5
4.1
3.9
4.0
3.8

X10-6
1.4
4.3
4.2
4.3
4.2

X10-6
1.7
4.5

X10-6
1.8
4.7
4.3
4.7
4.4

Percent
+0. 004

1498 Carbon, grade 2095, « Mo-inch diam- } +• 012

} +.011

« The plus (+) sign indicates an increase in length.
b Composed of petroleum coke, bonded with coal tar pitch coke; carries about 0.5 percent ash (mineral

matter) and under 1 percent volatile. Baked to about 1,000 C.
« Composed of lampblack bonded with coal tar pitch coke; carries about 1 percent ash and under 1 percent

volatile. Baked to about 1,000 C.
d Cooling.

The coefficients of expansion of the carbon made with lampblack
are about three times as large as the coefficients of the carbon made
with petroleum coke. It therefore appears that the latter carbon is

more suitable for the low expanding element of temperature regula-

tors, for the regulation depends on the difference of expansion between
the carbon rod and the metal tube into which the rod is inserted.

Both samples of carbon indicated an increase in length after heating
to 350 C and cooling to 20 C.

V. CONCLUSIONS

1. ARTIFICIAL GRAPHITE

1. The coefficients of expansion of the longitudinal and transverse

sections of graphite increase with temperature.
2. The coefficients of expansion of the transverse sections are larger

than the coefficients of expansion of the longitudinal sections. For
the range from 20 to 1,000 C, the linear expansion of the transverse

sections cut from 3-inch graphite is about 110 percent greater than the
expansion of the longitudinal sections cut from 3-inch graphite
electrodes.

3. There appears to be a tendency for the coefficients of expansion
of a longitudinal section to increase with increase in the diameter of

the graphite electrode from which the longitudinal section has been
cut.

4. The coefficients of expansion of the transverse sections cut from
the 3-inch graphite electrodes are larger than the coefficients of ex-

pansion of the transverse sections cut from the 14-inch electrodes.

For example, for the range from 20 to 1,000 C, the average coefficient

is Maximum temperature in service 600 F (316 Q).
14 In the longitudinal direction.
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of expansion of the transverse sections from the 3-inch graphite is

about 40 percent greater than the coefficient of expansion of the

transverse sections from the 14-inch graphite electrodes.

5. The difference between the expansion of the transverse and
longitudinal sections from the 3-inch graphite electrodes is considerably

greater than the difference between the expansion of the transverse

and longitudinal sections from the 14-inch electrodes. Figure 3 indi-

cates that the former difference is about 145 percent greater than the

latter difference for the linear expansion between 20 and 1,000 C.
6. The coefficients of expansion of the longitudinal sections cut

from the 1-inch graphite electrodes are in good agreement with the

data obtained by Day and Sosman on %-inch graphite electrode.

7. The longitudinal and transverse sections of graphite indicate

changes in length after heating to elevated temperatures and cooling

to room temperature. A second heating and cooling cause smaller
changes.

8. The differences in expansion and tensile strength between the
transverse and longitudinal sections of a graphite electrode may be
due to the fact that the electrode in the process of manufacture has
been compressed differently in the two directions. Taylor has indi-

cated that during extrusion the outer portions of the electrode are

retarded by friction with the walls of the die. There is a tendency
for the material to have a laminated structure in the transverse direc-

tion. The aggregate particles and cell walls are more firm and contin-
uous in lengthwise direction. Voids or pores tend to form with their

longer axes lengthwise of the electrode. It seems probable that this

has an effect on the expansion in the two directions. Taylor stated
that the longitudinal increment is practically a measure of the linear

expansion of the material, and the transverse change is the linear

expansion plus an increment of distortion due to the laminated
structure.

9. The grain sizes of the different size electrodes appear to have an
effect on expansion.

10. Graphite should be selected with care for the purposes indicated
in section I of this paper.

2. CARBON

The coefficients of expansion of carbon made with lampblack are
about three times as large as the coefficients of carbon made with
petroleum coke. It therefore appears that the latter carbon is more
suitable for the low expanding element of temperature regulators.

Washington, April 21, 1934.










