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Int roduction

Po lycrys ta l l ine  graph i tes  fo r  e lec t r i c -a rc -
fu rnace e lec t rodes  and aerospace app l ica t ions  shou ld
have low coeff icients of therrnal expansion to be
ther rna l l y  shock- res is tan t .  The type o f  f i l l e r  coke
directly inf luences the therrnal expansion of bulk
graph i te ;  rneasurements  o f  the  ther rna l  expans ion  o f
g raph i tes  fabr ica ted  f ro rn  a  var ie ty  o f  cokes  have
shown ¡|¡s dependence of therrnal expansion on the
f i l l e r  coke [1J .  The low vo lu rne t r i c  ther rna l  expan-
s ion  o f  po lyc rys ta l l ine  graph i tes  and cokes ,  in  a l l
cases lower than the volurnetr ic therrnal expansion
of  s ing le  c rys ta l  g raph i te ,  has  been a t t r ibu ted  to  the
degree o f  p re fe r red  or ien ta t ion  o f  the  c rys ta l l i tes
IZJ  and to  accornrnodat ion  o f  the  c rys ta l l i te  c -ax is
expans ion  by  in te rc rys ta l l ine  vo ids  [3 ] .  The pre-
fe r red  or ien ta t ion  deoends on  the  s t ruc tu re  o f  the
f i l l e r  c o k e  p a r t i c l e s  a n d  o n  t h e  f a b r i c a t i o n  p r o c e s s .
It  has becorne apparent that accornrnodation appears
to relate to the developrnent of shrinkage cracks
upon the  in i t ia l  heat  t rea t rnent  o f  sern i -cokes  [4 ] .

As  a  c lass ,  g raph i tes  fabr ica ted  w i th  need le
cokes have the lowest coeff icients of therrnal exDan-
s ion ,  Prev ious  work  on  the  ther rna l  exoans ion  ó f
need le  cokes  [4 ,  S ]  has  shown tha t  the  f ine  f ib rous
rn ic rocons t i tuent ,  wh ich  cons t i tu tes  on ly  a  por t ion
of a typical delayed needle coke [6],  is aniJotropic
in i ts therrnal expansion. The f ine f ibrous structure,
cons is t ing  o f  fo lded,  cor rugated  ar rays  o f  g raph i t i c
layers  tha t  a re  s t ra igh t  and para l le l  a long the  need le
ax is ,  has  a  low ther rna l  expans ion  para l le l  to  th is
axis that is a function only of the crystal l i te a-axis
expans ion .  In  the  t ransverse  d i rec t ion ,  the  ther rna l
expans ion  is  s l igh t ly  h igher ,  bu t  less  than the  ther -
rnal expansion of the cornplex, three-dirnensional
rnorpho logy  o f  a  f ine  iso t rop ic  coke.  I t  was  a lso
shown that the therrnal exoansion in the transverse
d i rec t ion  o f  g reen need le  toke  had a  very  h igh  ther -
rnal expansion and that the therrnal expansion was
reduced^signif icantly with heat treatrnent to only
?oo-8oooc? ,  ?1 .

Understanding the rnechanisrn of accornrnoda-
t ion of therrnal expansion of an individual coke
rn ic rocons t i tuent  invo lves  re la t ing  the  coke rnor -
pho logy  and rn ic rocrack  s t ruc tu re  to  heat - t rea t rnent
ternperature and the intr insic therrnal expansion of
the  coke i t se l f  .  Thus ,  the  ob jec t ives  o f  th is  work
were to rneasure the therrnal expansion of the f ine
f ib rous  rn ic rocons t i tuent  o f  need le  coke and the  f ine
iso t rop ic  rn ic rocons t i tuent  o f  an  iso t rop ic  coke as  a
function of heat treatrnent ternperature and to observe
the  changes in  rn ic ros t ruc ture  w i th  heat  t rea t rnent .

Expe r irnental

Therrnal expansion specirnens 4rnrn square by
l0 rnrn  long were  cu t  f rom la rger  p ieces  o f  Mara thon
and Carborundurn prerniurn needle cokes that had a
d is t inc t i ve  need le  shape and appearance.  The long
d imens ion  was nor lTra l  to  the  need le  ax is .  Spec i -
rnens  o f  a  f ine  iso t rop ic  (Rob inson)  coke and an  iso-
t rop ic  coke prepared f ro rn  an  Edg ing ton  aspha l t
p y r o l y z e d  t o  4 2 5 " C  w e r e  a l s o  p r e p a r e d .  T h e  t h e r -

mal expansion was^rneasured with a Leítz quartz
d i la to rne ter  to  400"C a f te r  each heat  t rea t rnent .  In
sorne cases ,  the  sarne  spec i rnens  were  success ive ly
heat  t rea ted  to  h igher  te rnpera tures  and measured.

Resu l ts

The effect of heat treatrnent on the therrnal
expans ion  in  the  t ransverse  d i rec t ion  o f  the  f ine
fibrous rnicroconsti tuent and on the therrnal expan-
s ion  o f  the  f ine  iso t rop ic  rn ic rocons t i tuent  i s  shown
in  F ig .  I ,  a long w i th  s i rn i la r  r r reasurer r ten ts  by
Moch ida  [5J .  For  bo th  rn ic rocons t i tuents ,  a  s ign i f i -
can t  reduc t ion  in  ther rna l  exoans ion  occur red  uoon
heat  t rea t rnent  to  on ly  7000 i .  Th is  reduc t ion  in
expansion is related to the developrnent of shrinkage
cracks  assoc ia ted  w i th  the  dens i f i ca t ion  o f  the  green
c o k e .  T h e  r e a l  d e n s i t y ^ o f  g r e e n  c o k e  i n c r e a s e s
f r o r n ^ l  . !  g / c c  n e a r  6 0 0 " C  t o  a b o u t  2 .  Z  g / c c  a t
1 4 0 0 - C  [ 8 J ,  p r o d u c i n g  t h e s e  s h r i n k a g e  c r a c k s .
L i t t le  reduc t ion  in  ther rna l  exoans ion  occur red  uoon
heat  t rea t rnent  to  g raph i t i z ing  te rnpera tures .

Micrographic evidence of the forrnation of
shr inkage c racks  upon heat  t rea t rnent  o f  the  green
cokes  is  g iven  in  F igs .  2  and 3 .  For  the  f ine  f ib rous
rn ic rocons t i tuent ,  a  s ign i f i can t  inc rease in  the  num-
ber  o f  shr inkase c racks  occur red  be tween 550 and
6 O O o C .  O n  h e i t i n g  t o  1 1 0 0 o C ,  t h e  s h r i n k a g e  c r a c k s
widened,  bu t  d id  no t  no t iceab ly  inc rease in  number .
A t  ó 0 0 " C ,  s h r i n k a g e  c r a c k s  a l s o  o c c u r r e d  i n  t h e
f ine  iso t rop ic  rn ic rocons t i tuent  (F ig .  3 ) ,  whereas
they  were  no t  p resent  a t  425"C.  The shr inkage
cracks  in  the  f ine  f ib rous  rn ic rocons t i tuent  tend to
be la rge  cornpared to  i t s  fo lded,  cor rugated  rnor -
pho logy  as  charac ter ized  by  po la r ized- l igh t  ex t inc -
t ion  contour  spac ings  o f  I  to  10  rn ic rons .  The c racks
which  run  para l le l  to  the  layers  a long the  need le  ax is ,
can ex tend fa i r l y  eas i l y  in  the  t ransverse  d i rec t ion .
In  cont ras t ,  the  shr inkage c racks  in  the  iso t rop ic
rn ic rocons t i tuent  a re  ou i te  s rna l l  as  the  c racks  are
conf ined by  the  doub ly -qu¡ved layers  o f  i t s  cornp lex ,
thr ee - dirnen sional rno rphology.

The ther rna l  expans ion  o f  g reen rnesophase coke
is  h igher  than tha t  fo r  c rys ta l l ine  graph i te .  Th is  rnay
be explained by the fact that at this stage extensive
po ly rner iza t ion  has  no t  begun and the  ind iv idua l  rno le -
cu les  are  bonded by  van der  W'aa ls  fo rces  bo th  per -
pendicular and paral lel to the plane of the rnolecule.
The low dens i ty  o f  g reen coke i rnp l ies  tha t  the  f ree
vo lu rne  o f  a  typ ica l  rnesophase rno lecu le  ís  60%
greater  than a  reg ion  o f  a  g raph i t i c  basa l  p lane w i th
a  s i rn i la r  mass .  Th is  f ree  vo lu rne  wou ld  a l low
greater thermal rnotiontánd thus a high therrnal
expans ion  in  bo th  d i rec t ions .

Th is  work  has  shown tha t  the  two coke mic ro-
cons t i tuents ,  f ine  f ib rous  and f ine  iso t rop ic ,  wh ich
resu l t  f ro rn  d i f fe ren t  p recursors  [8 ] ,  have d i f fe ren t
ther¡nal expansions and that for both the shrinkage
cracks  in t roduced by  heat  t rea t rnent  to  on ly  ?OO"C
act  as  accornrnodat ion  s i tes ,  However ,  w i th in  a
typ ica l  need le  coke produced f ro rn  a  de formab le
r n e s o p h a s e  p r e c u r s o r ,  t h e r e  a r e  s e v e r a l  d i s t i n c t
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t l l-  : : : ccons t i tuents  o f  wh ich  the  f ine  f ib rous  s t ruc-

r  - :e  i s  jus t  one.  Re la t ing  the  ther rna l  expans ion  o f
--" : ;e other rnicroconsti tuents to their rnorphology
¿- :  sh¡ inkage c rack  s t ruc tu re  rnay  thus  lead to  the
-:: : : t i f icat ion of a coke rnorphology, and a coking
: : rcess ,  tha t  wou ld  have an  even lower  ther rna l
¿ r:ansion than the f ine f ib¡ous rnicroconsti tuent.
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F ig .  3 .  Shr inkage c racks  in  f ine  iso t rop ic  ó
rn ic rocons t i tuent  heat  t rea ted  to  600-C;
( a )  c r o s s  p o l a r i z e r s ,  ( b )  b r i g h t  f i e l d .

Effect of heat treatrnent on therrnal
expansion of f ine f ibrous and iso-
t roo ic  rn ic rocons t i tuents ,  The da ta
by  Moch ida  [S ]  a r^ "  fo r  tempera ture
r a n s e  o f  3 5 0 - 4 5 0 " C .

5 5 0  C  6 0 0 c  1 1 0 0 c

p. ig.  2.  Shr inkage cracks in  t ransverse cross sect ion of  f ine f ibrous rn icroconst i tuent ,  polar ized l ight .
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