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Introduct ion

Most  of  carbons have been c lass i f ied in to
ei ther  graphi t iz ing or  non-graphi t iz ing
ca rbons .  Th i s  c l ass i f i ca t i on  o f  ca rbons  i s
rather  rough,  but  very convenient  to  expla in
and understand the graphi t izat ion behaviour
of  carbons at  h igh temperatures under normal
p res  su re .

fVe have heat- t reated d i f ferent  k inds of
carbons under a pressure of  5 kbars.  The
non-graphi t iz ing carbons,  phenol  : ' :es in char
[ 1 ] ,  g I a s s y  c a r b o n [ 2 ]  a n d  é a r b o n  b e a d s  1 3 , 4 1 ,
are graphi t ized complete ly  under 5 kbars at
l - h o  r a l : # i r r a l r ¡  I-o\d temperature as 1600oC.
On the graphi t iz ing carbons,  however,  the
di f ferent  resul ts  are obta ined ;  on the polv
v iny lchlor ide coke carbonized up to 7OO'ó
the complete graphi t izat ion thróuqh hetero-
g e n e o u s  p r o c e s s  i s  o b s e r v e d [ 5 r 6 ] ,  b u t  o n  t h e
same coke heat- t reated at  h iqh temperature
the  g raph i t i za t i on  re ta rds  rémarkab l y tT l  .

He re ,  we  w i l l  show the  g raph i t i zab i l i t y
of  carbons under h igh pressure qui te
di f ferent  f rom that  under normai  pressure:
the carbons non-graphi t iz ing under normal
pressure ar .e graphi t iz ing under h igh
p ressu re .

Exper imenta l

Di f ferent  carbons were used as the star t -
ing mater ia ls .  These carbons were heat-
t reated under a sol id  pressure of  5 kbars at
var ious temperatures for  I  hour .  The p is ton
cyl inder  type apparatus was used.  The
temperature of heat treatment was determined
from electr ic  power input  by us ing.  the re la-
t ion between temperature aná powei ' input
which was establ ished beforehánd wi th the
aid of  a chromel-a lumel  thermocouple.

On the specimen heat- t reated,  the X-rav
d i f f r ac t i on  p ro f i l es  v /e re  measu red  bv  us iño
Ni- f i l tered Cu Kq radiat ion and a reóor¿iné
goniometer .  The average inter layer  spacing
dooz  \das  de te rm ined  f rom 002  and  OO4
prof i les referr ing to an inner  s tandard of
s i 1  i con .

Resu l t s

.  I n  F i g s .  1  a )  a n d  b ) ,  t h e  c h a n g e s  o f  0 0 4
di f f ract ion prof i le  wi th FITT under 5 kbars
are shown on two d i f ferent  petro leum cokes
ca l c i ned  up  to  l 4O0 .C .  The  fo rmaer  i s
graphi t ized complete ly ,  as has been observed
on  the  po l yv iny l ch lo r i de  coke  t51 .  The
lat ter ,  however,  shows only par t ia l  graphi -
t izat ion even af ter  the heat  t reatment  at
l 900oC unde r  5  kba rs .  I t  appea rs  t o  cons i_s t
of t\do component profi les, the component at
h igh  ang le  s i de  hav ing  the  dooz -spác ing  o f
3 .36  A  (g raph i t i c  componen t ) .  I , f e  f ouná  a
s im i l a r  pa r t i a l  g raph i t i za t i on  on  va r i ous
petro leum cokes calc ined,  the amount  of  the

qraphi t ic  component  depending on the coke.
.  I n  F igs .  2  a )  and  b )  ,  t he  changes  o f  004

di f f ract ion prof i le  are a lso shown on the
mesophase spherules which have been separat-
ed f rom an asphal t  by quinol ine.  fhe ás-
separated spherules show par t ia l  graphi t iza-
t ion,  but  on the same sphérules p ie-heated
aL 2200"C no graphi t ic  component  detected. .
The retardat ion ef fect  of  pre-heat- t reatment
on graohi t izat ion under 5 kbars was observed
on  o the r  k i nds  o f  mesophase  sphe ru les  I g ] .
A s imi lar  retardat ion of  graphi t izat ion
under 5 kbars vras observed. on the fluid coke
[ 9 ]  a n d  g i l s o n i t e  c o k e t l 0 l .

I n  F i g s .  3  a )  a n d  b ) ,  t h e  c h a n g e  o f  0 0 2
di f f ract ion prof i le  are shown on the carbon
beads.  They are made f rom pi tches and are
non-graphi t iz ing under normal  pressure.
The carbon beads carbonized up to l000oC are
g raph i t i zed  ab rup t l y  a t  abou t  1600oC.  The
sarne abrupt  graphi t izat ion was observed on
the  pheno l  r es in  cha r I I ]  and  g lassy  ca rbon
sphe res [2 ] .  The  re ta rda t i on  e f f ec l  o f  p re -
heat- t reatment  is  again observed on the
ca rbon  beads .  I n  t h i s  case ,  howeve r ,  i t  i s
not  so remarkable as the cases descr ibed
above. Large amount of graphitic component
seems to be formed after the heat treatment
a t  1800"C  unde r  5  kba rs .

D i scuss ion

From th is  ser ies of  exper iments,  we
understand the importance of  the micro-
st ructure of  the star t ing mater ia ls  on the
graphi t izat ion under 5 kbars.  The isotropic
random microstructure is  favorable for
graphi t izat ion under pressure,  though i t
does not  g ive graphi te s t ructure under nor-
mal  pressure.  Therefore,  we wouJ_d say that
the non-graphi t iz ing carbons are graphi t iz-
ing under h igh pressure.  The carbons wi th
anisotropic  microstructure show a wide range
of  graphi t izabi t i ty ,  f rom complete graphi t i -
za t i on  t o  a lmos t  no  g raph i t i za t i on  a t  19O0oC
under 5 kbars.  Accordj_ng to the deta i led
observat ions by h igh resolut ion e lect ron
mic roscopy [11 ] ,  t he  s i zes  o f  t he  e lemen ta l
domaine of  carbon layers are 10 -  30 ñ for
both graphi t iz ing and non-graphi t iz ing car-
bons.  These carbons are graphi t j_zed under
5 kbars.  By the heat  t reatment  under normal
pressure,  e lemental  domaines grow remarkably
in graphi t tz íng carbgns,  but  ónlv  1 i t t le  in
non -g raph i t i z j - ng  ca rbons .  The  s i zes  o f  t he
doma ine ,  i n  o the r  wo rds ,  t he  s i zes  o f  g ra -
ph i t e - l i ke  l aye rs ,  a re  p robab l y  respon i i b l e
for  retardat ion ef fect  of  pre-heat- t reatment
on  g raph i t i za t i on  unde r  5  kba rs ,  f o r
graphi t iz ing carbons the ef fect  being
remarkable and for  non-graphi t iz ing carbons
not  so remarkable.
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