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Introductlon

Efforts to fnprove the overal l  thermal stress
reeLetance of epecfalty graphites have centered upon
lncreaaing the leotropy of the graphLte atructure.
In order to effectLvely deternine the effect of
these varlous nethode of Lsotropy funprovement, ob-
Jectfve quantl tat lve nethods of anfeotropy measure-
rnentÉr are necessary and are the eecondary topic of
both thle and the aueceedtng paper.

I t  ghould be underetood that graphlte hae both
a cryetal lographlc and a defect anfsotropy whfch
affect phyeical propert lea. Theee are general ly
fnter-releted and are strongly lnf luenced by the
fabrfcatfon procedure. I^lht le the effects of cry-
etal lographic anieotropy are reaeonably under-

"¿o6¿( I r2 ,3 ) ,  
the  e f fec tB  o f  de fec t  an lso t ropy  on

the physfcal propertfes are vague. These defects
w111 strongly affect both the thernal expanelon as
well  ae the r¡echanleal propert les, thus having a
strong effect on the overel l  thermal reslstance.

In  the  preeent  s tudy ,  CTEre  o f  a  ser ies  o f
graphltes lrere found to vary regularly r¡lth coke
preparatfon temperature. Theee graphltes have been
examlned to deternfne whether the CTE dlfferences
were due to orfentatfon or structural dlf ferences
reeult lng fro¡o the nodlf lcat lons fn the fabrlcatlon
procedures.

Orlentatfon effecte were determlned by uee of
an X-rav dlf fract lon technLoue conceived bv Jetter
and Borie(4) and applled to graphfte by cavrn(S).
lhis technfque dlrect ly yields the cryotal l l te
orfentatfon processing varlablee. Values of the
preferred orlentat lon parameter R were also ca1-
culated frorn both CTE and electr lcal resistfvl ty
data. Thus, dfrect comperlsona $rere made between
the actuel cryetal lographfc preferred orlentet lon,
the CTE anisotropy wlth a c-axl.e accommodation type
of defect atructure and the reslst lvl ty anfsotropy
wlth a defect Btructure that hfnders conductfvfty
1n the a-axle.

Experfsrental

A. Sanrple Preparatfon

The Hl graphftes were fabrlcated from experl-
mental green cokes prepared frorn A-240 petroleum
pltch obtalned fron Ashland 0f1 Company. The green
cokee were prepared by fusfng approximately 1800 g
of. A-240 pltch 1n carbon boats for t  hour at 575,
600, 650, ot 675 C under an lnert atmosphere. After
ffrlng, the cokee were ground and dry-nlxed wlth
approprfate amounts of A-240 pltch binder and sub-
sequently slurry-blended wlth benzene untf l  reeson-
ably dry. After grlndfng to -120 meeh, the mix r¡as
warm molded at approxlmately 95 C at a preeeure of
2000 pe1. The 1.6-lnch-dlameter blocks were cooled
under pressure and placed 1n restrafnfng holders.
After heat treatment to 1000 C on a control led 3-day
cycle, the carbonlzed blocke erere removed from the
restrainfng holders and heated to 2800 C on a l-day
cycle. The graphlt lzed bodlee $rere then machlned

for physlcal and orlentat lon property mcaaure¡nent
specÍmene.

B. Property Measuremente

The CTEts (room tempereture to 1000 C) were
calculated uelng data obtained fro¡r a TernPree TD-7
d l la tometer . .

X-ray dlf fract lon data, obtalned fron epherfcal.
eamples machlned on one end of a eyLlndrtcal scem,
were determlned by use of a North Amerlcan Phll l1ps
X-ray dtffract lon unLt. Readfnge of lntenslty of
the dif fracted beam at varloue orlentat lone of the
anlsotroplc ephere and of the background radiat lon
were made by the ORTEC Model 432A Digital Rate Meter
and recorded on teletype tape.

Orfentat lon parametera were eubeequently cal-
cu la ted  f rom (1)  X- ray  d i f f rac t lon  ¿6¡¿(5) ,  i2 ¡  f ro .
CTE meaeurementa(4) uging

1 ¡T f i

\ ,  
=0.5ry +1.0

and (3 )  f rom e lec t r l . ca l  res is t fv f ty  (p )  va lues(4)
using

+ =+ +0.5.'l¡ "-t
Accommodatl-on factors were calculated uetng(2)

o  = R  o  + ( 1 - R  ) v  o  .
o z  o z o z  o z  o z c

Results and Discueal.on

Propert les of the experímental graphltes are
l le ted  1n  Tab le  1 .

As lndicated ln Ffgure 1, the blnder content
dld not notlceably affect the CTE measurementa. But
a signlf lcant decrease 1n the CTE para1lel ¡¡1th the
moldfng dLrectlon, accompanled by an equlvalent
change in the perpendlcular dlrectfon, occurred with
fncreasing heat treatment temperatule. As eholIn fn
Flgure 2, no change fn crystal l f te orlentatfon rras
reveaLed by X-ray analysle. As l l luetrated fn Fig-
ure 3, the accommodatfon faetor showed a slgnlf icant
decrease wlth lncreaslng heat-treatment temperature.

Thus, the CTE dffferencea were due to struct-
ural dif ferences result lng from the heat-treatnent
temperature variatfon 1n that the development of an
internal microcrack defect structure lncreased wfth
lncreasing coking temperature.
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Ffg. 1. The Effect of A-240 Pitch Heat-
Treetment Temperature on the Coefflclent
of ?her¡nal Expanelon of Graphltes Fabrlcated
fron A-24O-Derfved Cokea.
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Accomodatlon as a Functlon of Heat-
Treatment Temperature.
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