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In t roduc t  i on

I t  have  been  repo r ted  a l ready  tha t
ca rbon  na te r i a l s  con ta in ing  su l f u r  and
n i t r ogen  fo rn  pa r t i a l l y  g raph i t i zed  pa r t  a t
re la t i ve  l ow  te rnpe ra tu res  be low  2000 ' -C .
R e c e n t l y ,  F i t z e r  e t  a 1 ( 1 )  d e s c r i b e d  t h a t  t h e
c a t a l y t i c  e f f e c t  o f  s u l f u r  o n  g r a p h i t i z a t i o n
o f  c o k e s ' w i t h  0 . 4 - 0 . 7 w t %  s u l f u r  c a u s e s  t h e
reduc t i on  o f  t he  ac t i va t i on  ene rgy  f o r
g r a p h i t i z a t i o n  f r o n  7 - 1 O e V  t o  a b o u t  3 - 4 e V
b e t w e e n  1 4 0 0 o C  a n d  2 0 0 0 o C .

T h i s  p a p e r  r e p o r t s  o n  t h e  r e s u l t s  o f
X - ray  measu renen ts  and  obse rva t i on  by  h igh -
e lec t ron  n i c roscope  o f  h i gh  su l f u r  con ten t
p e t r o l e u n  c o k e s  h e a t - t r e a t e d  b e t w e e n  1 1 0 0 o C
á n d  1 3 0 0 o C  i n  o r d e r  t o  c l a r i f y  t h e  o r i g i n
o f  pa r t i a l  g raph i t i za t i on  w i t h in  t he  su l f u r
c o n t a i n i n g  c o k e s .

Expe r imen ta l

Kha f j i  and  Gachsa ran  vacuum res idues
w e r e  h e a t - t r e a t e d  a t  4 5 0 o C  f o r  1 5  h r .
Meso -ca rbon  n i c robeads  were  nesophase
sphe ru les  f o rned  i n  Kha f j i  vacuum res idue
h e a t - t r e a t e d  a t  4 2 0 " C ,  a n d  n e s o p h a s e
sphe ru les  h ¡e re  sepa ra ted  f ron  the  hea ted
r e s i d u e  a s  q u i n o l i n e - i n s o l u b l e s .  T h e s e
n i c r o b e a d s  h r e r e  h e a t - t r e a t e d  a t  4 5 0 o C  f o r
15  h r .  The  su l f u r  con ten ts  i n  sanp le  cokes
a re  shown  i n  Tab le  1 .

Tab le  1 .  Su l f u r  con ten t  i n  t he  samp les

Sanp le  Su l f u r  (w t%)

fo r  va r i ous  t i nes  i n  t he  range  o f  0 .5  h r  t o
3 0  h r .  A t  H T T  1 2 0 0 ' C ,  t h e  o b s e r v e d  i n t e n s i t y
o f  t h e  2 6 . 5 "  c o m p o n e n t  f o r  K h a f j i  c o k e  w i t h
t h e  i n i t i a l  s u l f u r  c o n t e n t  o f  6 . 7 w t %
i n c r e a s e s  w i t h  a n  i n c r e a s e  o f  r e s i d e n c e
t ime ,  and  the  26 "  componen t  ex i s t s  as  a
s h o u l d e r  o n  t h e  2 6 . 5 "  c o m p o n e n t  f o r  K h a f j i
c o k e  h e a t e d  f o r  3 0  h r  ( F i g . l - a ) .  I n  t h e
case  o f  Gachsa ran  coke ,  t he  two  conponen ts  o f
26o  and  26 .5o  conponen ts  appea r  when  the
c o k e  i s  h e a t - t r e a t e d  w i t h  t i n e s  l o n g e r  t h a n
t h e  c a s e  o f  K h a f j i  c o k e  ( F i g . f - c ) .  T h e  ( 0 0 2 )
d i f f r a c t i o n  p r o f i l e  o f  K h a f j i  c o k e s  h e a t e d
a t  1 1 0 0 o C  f o r  3 0  h r  i s  s i n i l a r  t o  t h a t  o f
t h e  c o k e s  h e a t e d  a t  1 2 0 0  a n d  1 3 0 0 " C  ( F i g . 1 - b )
G a c h s a r a n  c o k e  h e a t e d  a t  1 1 0 0 o C  f o r  3 0  h r
e x i s t s  t h é  2 6 o  c o m p o n e n t  o n l y  ( F i g . 1 - d ) .

F ig .  2  shows  h igh - reso lu t i on  rn j - c rog raghs
o f  K h a f j i  c o k e s  h e a t - t r e a t e d  a t  1 2 0 0 o C  f o r
0 . 5  h r  a n d  3 0  h r .  A  l o t  o f  s r n a 1 1  l a y e r
p lane  segnen ts  can  be  seen  i n  t he  coke  hea t -
t r e a t e d  f o r  0 . 5  h r .  T h e r e  i s  n o  p r e f e r e d
o r i e n t a t i o n .  T h e  c o k e  t r e a t e d  f o r  3 0  h r
s h o w s  t h e  e x i s t e n c e  o f  w e l l - o r d e r e d  l a y e r
p l a n e s .  T h i s  w e l l - o r d e r e d  r e g i o n s  a r e
p resen t  i n  quan t i t y  i n  t he  coke  and  a re
c o n s i d e r e d  t o  c o r r e s D o n d  t o  t h e  2 6 . 5 o
componen t .

I n  F i g . 5  a r e  s h o w n  p l o t s  o f  s u l f u r
con ten t  i n  t he  cokes  as  a  f unc t i on  o f  HTT .
Su l f u r  re lease  i n  t he  cokes  du r i ng  hea t -
t r ea tmen t  occu rs  a t  a  de f i n i t e  t enpe ra tu re
f o r  e a c h  c o k e ,  i . e . ,  1 3 0 0 o C  f o r  t h e  K h a f j i .
c o k e  a n d  1 4 0 0 ' C  f o r  t h e  G a c h s a r a n  c o k e .  T h e
tenpe ra tu res  a t  wh i ch  su l f u r  r e lease  occu rs
sudden l y ,  co r respond  to  t he  t enpe ra tu res  a t
wh i ch  the  26 .5o  conponen t  appea rs  i n  t he
( 0 0 2 )  d i f f r a c t i o n  p r o f i l e .  T h e r e f o r e ,  t h e
appea rance  o f  t he  26 .5 "  componen t  rnay  be
r e l a t e d  t o  t h e  s u d d e n  r e l e a s e  o f  s u l f u r  i n
the  cokes .  A  s im i l a r  pheno rnenon  was  obse rved
fo r  t he  coke  f rom a  n i x tu re  o f  naph tha lene
and  i no rgan i c  su l f u ¡  conpound .  I n  t h i s  case '
t i r ' e  26 .5o  co rnponen t  becomes  p redo rn inan t  as
t h e  s u l f u r  c o n t e n t  d e c r e a s e s .

On  the  o the r  hand ,  t he  neso -ca rbon
n i c r o b e a d s  w e r e  h e a t - t r e a t e d  a t  1 0 0 0 - 1 5 0 0 ' C
f o r  0 . 5  h r .  T h e  h e a t e d  n i c r o b e a d s  g a v e  t h e
( 0 0 2 )  d i f f r a c t i o n  p r o f i l e s  o f  t h e  2 6 o
conponen t  on l y  a t  a l l  t he  t enpe ra tu re  range
o f  1 0 0 0 o C  t o  1 5 0 0 o C .  T h e  s u l f u r  c o n t e n t s  i n
t h e  h e a t e d  m i c r o b e a d s ,  a s  s h o w n  i n  F i g . 4

F o r  K h a f i i  c o k e  o b t a i n e d  a t  L 2 0 0 o C  f o r
3 0  h r ,  ( I L ? , )  á i f f r a c t i o n  a p p r a t s  s 1 i g h t 1 y ,
i nd i ca t i ng  a  t h ree  d i rnen t i ona l  o rde r  w i t h i n
t h e  c o k e .
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Those  sanp les  we re  hea ted  a t  HTT  above
1000oC,  and  were  exa rn ined  by  X - ray
neasu renen t  and  h igh - reso lu t i on  m ic roscopy .

R e s u l t s  a n d  D i s c u s s i o n

Kha f j i  and  Gachsa ran  cokes  were  hea t -
t r e a t e d  a t  1 0 0 0 - 1 7 0 0 o C  f o r  0 . 5  h r .  ( 0 0 2 )
X - r a y  d i f f r a c t i o n  p r o f i l e s  o f  t h e  c o k e s
cons i s t  o f  two  conponen ts  co r respond ing  to
o rd ina ry  so f t  ca rbon  phase  (26o  conponen t )
and  g raph i t í zed  phase  (26 .5 '  componen t )  f o r
K h a f j i  c o k e  h e a t - t r e a t e d  a b o v e  1 3 0 0 o C  a n d
fo r  Gachsa ran  coke  hea t - t r ea ted  above  1400
o C .  R e p r e s e n t a t i v e  ( 0 0 2 )  d i f f r a c t i o n
p r o f i l e s  a r e  s h o w n  i n  F i g . l  f o r  b o t h  t h e
c o k e  h e a t - t r e a t e d  a t  1 1 0 0  ,  L 2 0 0  a n d  1 3 0 0 o C

Khaf j  i  coke
Gachsa ran  coke
Mic robeads
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d e c r e a s e  g r a d u a l l y  w i t h  t h e  r a i s i n g
t e n p e r a t u r e  f r o n  4 5 0 o C  t o  1 S 0 0 o C  a n d
d e c r e a s e  i n  f a i r l y  l a r g e  q u a n t i t i e s  a t
t h e  t e r n p e r a t u r e  b e t w e e n  1 3 0 0 o C  a n d  1 4 0 0 o C .
T h i s  s u l f u r  r e l e a s e  i n  t h e  h e a t e d  m i c r o b e a d s
i s  d i f f e ren t  behav io r  f r om tha t  i n  t he
K h a f j i  a n d  t h e  G a c h s a r a n  c o k e s .  ( s e e  F i g . 3 )

T h e r e  i s  n o  a p p e a r a n c e  o f  t h e  2 6 . 5 "
co rnponen t  i . n  t he  case  o f  t he  hea ted  m ic ro_
b e a d s .  T h i s  i n d i c a t e s  t h a t  t h e  s u l f u r
r e l e a s e  w h i c h  o c c u r s  g r a d u a l l y  a t  t h e
t e n p e r a t u r e  b e l o w  1 J 0 0 o C  r e d u c e s  t h e
c a t a l y t i c  e f f e c t  o f  s u l f u r  f o r  t h e  f o r m a t i o n
o f  t h e - g r a p h i t i z e d  p h a s e  t o  b e  c a u s e d  b y
t h e  s u l f u r  r e l e a s e ,  e v e n  i f  t h e  s u l f u r
c o n t e n t  d e c r e a s e s  i n  f a i r l y  l a r g e  q u a n t i t i e s
a t  t h e  t e n p e r a t u r e -  1 3 0 0 o C  a n d  t 4 O O d C .

Re ference

( f )  f .  F i t z e r  a n d  S .  W e i s e n b u r g e r ,  C a r b o n ,
1 4 ,  1 9 5  ( 1 9 7 6 )
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F ig .  2 High-resolution electron
nicrographs of Khafji cokes
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