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I n t r oduc t i on

E f f o r t s  t o  imp rove  l he  ove ra l l  t he rma l  s t r ess
res i s t ance  o f  spec ia l t y  g raph i t es  have  cen te red  upon
inc reas ing  t he  i so t r opy  o f  t he  g raph i t e  s t r uc tu re .
I n  o rde r  t o  e f f ec t i ve l y  de te rm ine  t he  e f f ec t  o f
t hese  va r i ous  me thods  o f  i so t r opy  imp rovemen ts ,  ob -
j ec t i ve  quan t i t a t i ve  me thods  o f  an i so t ropy  measu re -
menEs  a re  necessa ry  and  a re  t he  seconda ry  t op i c  o f
b o t h  t h i s . a n d  t h e  s u c c e e d i n g  p a p e r .

I t  shou ld  be  unde rs tood  t ha t  g raph i t e  has  bo th
a  c r ys ta l l og raph i c  and  a  de fec t  an i so t ropy  wh i ch  a f -
f ec t  phys i ca l  p rope r . t i e s .  These  a re  gene ra l l y  i n -
t e r - r e l a ted  and  a re  s t r ong l y  i n f l uenced  by  t he  f ab -
r i ca t i on  p rocedu re .  Wh i l e  t he  e f f ec t s  o f  c r ys ta l l o -
g r a p h i c  a n i s o t r o p y  a r e  r e a s o n a b l y  u n d e r s t 6 6 ¿ 1 1 ' 2 , 3 ) ,
t he  e f f ec t s  o f  de fec t  an i so t ropy  on  t he  phys i ca l
p rope r t i es  a re  vague .  These  de fec t s  w i l l  s t r ong l y
a f f ec t  bo th  t he  t he rma l  expans ion  as  we l l  as  t he
mechan i ca l  p rope r t i es ,  t hus  hav ing  a  s t r ong  e f f ec t
on  t he  ove ra l l  t he rma l  r es i s t ance .

I n  t h e  p r e s e n t  s t u d y ,  C T E r s  o f  a  s e r i e s  o f
g raph i t es  we re  f ound  t o  va r y  r egu la r l y  w i t h  mo ld i ng
p ressu re .  These  g raph i t es  have  been  exam ined  t o  de -
t e rm ine  whe the r  t he  CTE  d i f f e rences  we re  due  t o  o r i -
en ta t i on  o r  sE ruc tu ra l  d i f f e rences  resu l t i ng  f r om
the  mod i f i ca t i ons  i n  t he  f ab r i ca t i on  p rocedu res .

0 r i en ta t i on  e f f ec t s  we re  de le rm ined  by  use  o f
a n  X - r a y  d i f f r a c t i o n  t e c h n i q u e  c o n c e i v e d  b y  J e ! L e r
a n d  B o r i e ( 4 )  a n d  a p p l i e d  t o  g r a p h i r e  b y  C a ; i n ( 5 ) .
Th i s  t echn ique  d i r ec t l y  y i e l ds  t he  c r ys ta l l i t e  o r i -
en ta t i on  p rocess ing  va r i ab les .  Va lues  o f  t he  p re -
f e r red  o r i en ta t i on  pa rame le r  R  we re  a l so  ca l cu l a ted
f rom bo th  CTE  and  e l ec t r i ca l  r es i s t i v i t y  da ta .  Thus ,
d i r ec !  compar i sons  we re  made  be t r ^ reen  t he  ac tua l
c r ys ta l l og raph i c  p re fe r red  o r i en ta t i on .  r he  CTE  an i_
so t ropy  w i t h  a  c -ax i s  accommoda t i on  t ype  o f  de fec t
s t r uc tu re  and  t he  res i s t j . v i t y  an i so t ropy  w i t h  a  de -
f ec t  s t r uc tu re  t ha t  h i nde rs  conduc t i v i t v  i n  t he  a -
a x i s .

Expe r imen ta l

A .  Samp le  P repa ra t i on
The  H2  g raph i t es  we re  f ab r i ca ted  f r om h igh

qua l i t y  ac i cu l a r  g reen  coke  supp l i ed  by  G rea t  Lakes
C a r b o n  C o r p o r a t i o n .  A f t e r  a d d i t i o n  o f  2 0 .  p p h  o f
30 -n  p i t ch  ob ta i ned  f r om A l l i ed  Chemica l  Co rpo ra t i on ,
t h e  m í x t u r e  w a s  s l u r r i e d  i n  b e n z e n e .  s t i r r e d  u n t i l
d r y  and  t hen  m ik ropu l ve f i zed .  A f t e r  f i r i ng  f o r  I
hou r  a t  325 -350  C ,  t he  mod i f i ed  coke  was  aga in  m i k -
ropu l ve r i zed .  App rop r i a te  quan t i t i e s  o f  A -240  b i nde r
p i t ch  ( ob ta i ned  f r om Ash land  O i1  Company )  we re  d r y
m i x e d  w i t h  t h e  m o d i f i e d  f i l l e r  a n d  s u b s e q u e n t l y  s l u r -
r y  b l ended  r . r s i ng  benzene  un t i l  r easonab l y  d r y .  A f t e r
g r i nd ing  t o  - i 20  mesh ,  t he  m ix  was  wa rm mo lded  a t
a p p r o x i m a t e t y  9 5  C  a n d  a t  p r e s s u r e s  o f  1 0 0 0 ,  1 5 0 0 ,
2 0 0 0 ,  a n d  3 0 0 0  p s i .  T h e  1 . 6 - i n . - d i a m e t e r  b l o c k s
n e r e  p l a c e d  i n t o  r e s t r a i n i n g  h o l d e r s .  A f t e r  c a r b o n -
i z a E i o n  t o  1 0 0 0  C  o n  a  c o n t r o l l e d  3 - d a y  c y c l e ,  t h e
c¿ r rbon i zed  b l ocks  v re re  r emoved  f r om the  res t r a ín i ns

ho lde rs  and  hea ted  t o  2800  C  on  a  l - day  cyc l e .  The
g raph i t i zed  bod ies  we re  t hen  mach íned  t o  ob ta i n
samp les  f o r  t he  phys i ca l  and  o r i en ta t i on  p rope rEy
neasu remen l s .

B .  P rope r t y  Measu re rnen t s

The  CTE ts  ( r oom tempe ra tu re  r o  1000  C )  we re
ca l cu la ted  us i ng  da ta  ob ta i ned  f r om a  Tempres  TD-
7 1 0  d i l a t o m e t e r .

X - ray  d i f f r ac t i on  da ta ,  ob ta i ned  f r om sphe r i ca l
samp les  mach ined  on  one  end  o f  a  cy1 índ r i ca l  s t em,
r ^ / e re  de te rm ined  by  use  o f  a  No r th  Amer i can  ph i l l i p s
X - ray  d i f f r ac t i on  un i t .  Read ings  o f  i n t ens i t y  o f
t he  d i f f r ac ted  bea rn  a t  va r i ous  o r i en ta t i ons  o f  t he
an i so t rop l c  sphe re  and  o f  t he  backg round  rad ia t i on
were made by the oRTEC Model  432A Digi ta l  Rate
M e t e r  a n d  r e c o r d e d  o n  t e l e t y p e  t a p e .

Or i en ta t i on  pa rame te rs  we re  subsequenE ly  ca l -
c u l a t e d  f r o m  ( 1 )  X - r a y . é i f f r a c r i o n  d a r a ( 5 ) ,  ( 2 )
f r o r n  C T E  m e a s u r e m e n t " ( 4 )  u s í n g
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Resu l t s  and  D i scuss ion

c a l c u l a t e d  u s i n g ( 2 )
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P rope r t i es  o f  Ehe  expe r imen ta l  g raph i t es  a re
I  i s t e d  i n  T a b l e  l .

As  i nd i ca ted  i n  t he  Tab le  and  1n  F igu re  l ,  t he
b inde r  conEen t  d i d  no t  noE i ceab l y  a f f ec t  t he  CTE
measu remen ts  o f  t he  g raph i t es .  Howeve r ,  t he  w i t h -
g ra i n  CTE  shows  a  cons tan t  va l ue  w i t h  i nc reas ing
mo ld  p ressu re  wh i l e  t he  ac ross -g ra i n  CTE  i nc reases
w i t h  mo ld i ng  p ressu re .  Thus ,  t he  deg ree  o f  CTE
an i so t ropy  i s  d i r ecC l y  p ropo r t i ona l  t o  mo ld  p res -
su re .  The  d i r ec t  dependence  o f  an i so t ropv  on  mo ld -
i n g  p r e s s u r e  w a s  a  r e f l e c t i o n  o f  a  c o r r e s p o n d i n g  i n -
c rease  i n  t he  deg ree  o f  p re fe r red  o r i en ta t i on  w i t h
mo ld  p ressu re .  Th i s  wou ld  i nd i ca te  a  dec rease  i n
t he  o r i en ta t i on  pa rame le r  R  ms¿s ¡ red  i n  t he  d i r ec -
t i on  o f  mo ld i ng .  Howeve r ,  when  t he  samp les  we re
ana l yzed  by  X - ray  d i f f r ac t i on ,  no  change  i n  R  i n
e i t he r  d i r ec t i on  was  obse rved  t o  occu r  w i t h  va r y i ng
m o l d i n g  p r e s s u r e  ( F i g u r e  2 ) .  A  c h a n g e  i n  C T E  w i L h  n o
change  i n  c r ys ta l l i t e  g i i en ta t j . on  mus t  be  a t c r i huEed
to  a  change  i n  t he  deg ree  o f  accommoda t i on .  Thus .  as
shown  i n  F i gu re  3 ,  y . . i n c reases  and  t he  deg ree  o f
f o rma t i on  o f  m i c roc r ' ácks  wh i ch  accommoda te  t he rna l
e x p a n s i o n  i n  t h e  p a r a 1 1 e 1  d i r e c t í o n  d e c r e a s e s  w i t h
i n c r e a s  i n g  m o l d i n g  p r e s s u r e .
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