
INnllENCE OF COKE STRUCTURE ON GASIFICATION KINETICS 
AND SELECTIVE GASIFICATION 

H. Marsh, C. Ca lver t  and V. Markovic, 

Northern Carbon Research L a b o r a t o r i e s ,  School  of Chemistry,  
U n i v e r s i t y  of Newcastle upon Tyne, 
Newcastle upon Tyne N E 1  7RU, U . K .  

1. INTRODUCTION Coals,  carbons ,  cokes and g r a p h i t e s ,  i n d u s t r i a l l y ,  are mostly used 
i n  o x i d a t i v e  a t rmspheres  r e s u l t i n g  i n  g a s i f i c a t i o n  of t h e  carbonaceous m a t e r i a l .  
This  g a s i f i c a t i o n  i s  o f t e n  t h e  r e q u i r e d  process  as i n  s team g a s i f i c a t i o n  o f  c o a l s  
and chars and i n  t h e  e l e c t r o l y t i c  r e d u c t i o n  o f  b a u x i t e  t o  aluminium where carbon 
anodes a re  consumed. The major p a r t  o f  t h e  w o r l d ' s  energy requi rements  a r e  m e t  by 
combustion of c o a l  i n  e l e c t r i c a l  power s t a t i o n s .  On t h e  o t h e r  hand, i t  i s  undes i rab le  
t h a t  m e t a l l u r g i c a l  coke i n  t h e  b l a s t  furnace  should  undergo g a s i f i c a t i o n  t o  carbon 
monoxide w h i l s t  i n  t h e  s t a c k  o f  t h e  b l a s t  furnace .  
s t e e l  making i s  t o  t r a n s m i t  e l e c t r i c a l  energy t o  t h e  c r u c i b l e .  
t h e  a rc-e lec t rode  i s  d e t r i m e n t a l  t o  performance. 

The purpose o f  a r c - e l e c t r o d e s  i n  
Here g a s i f i c a t i o n  of 

The l i t e r a t u r e  o f  carbon g a s i f i c a t i o n  i s  dominantly concerned w i t h  t h e  k i n e t i c s  
of g a s i f i c a t i o n  r e a c t i o n s  us ing  oxygen, s team,  n i t r o u s  oxide ,  s u l p h u r  d i o x i d e ,  carbon 
d ioxide  and hydrogen (1-5). A n  a s p e c t  of g a s i f i c a t i o n  r e a c t i o n s  which h a s  rece ived  
m c h  l e s s  a t t e n t i o n  i s  t h e  r o l e  o f  t h e  s t r u c t u r e  of t h e  carbon and t h e  i n f l u e n c e  of 
g a s i f i c a t i o n  r e a c t i o n s  upon t h e  p r o p e r t i e s  o f  t h e  s o l i d  carbon as t h e  r e a c t i o n s  
proceed (6-8). The purpose of t h i s  paper  is  t o  d i s c u s s  f u r t h e r  t h e  r o l e  o f  carbon 
s t r u c t u r e  dur ing  g a s i f i c a t i o n  r e a c t i o n s .  

1.1. S o l i d  carbons The term ' s o l i d  carbon'  covers  a l l  n a t u r a l  and s y n t h e t i c  
subs tances  c o n s i s t i n g  mainly o f  atoms of t h e  element carbon and w i t h  t h e  s t r u c t u r e  
o f  g r a p h i t e  o r  a t  l e a s t  wi th  two-dimensionally o r d e r e d  l a y e r s  of carbon atoms (91. 
S o l i d  carbons ( r e f e r r e d  t o  ds ' c a r b o n s ' )  e x i s t  a s  n o n - g r a p h i t i c  non-graphi t izab le  
forms, a s  non-graphi t ic  g r a p h i t i z a b l e  forms o r  as g r a p h i t i c  forms. Non-graphi t ic  
carbons have two-dimensional long  range o r d e r  o f  carbon atoms i n  p l a n a r  hexagonal 
networks b u t  wi thout  measurable c r y s t a l l o g r a p h i c  o r d e r  i n  t h e  t h i r d  d i r e c t i o n .  Cn 
h e a t  t rea tment  t o  above 2500 K t h e  g r a p h i t i z a b l e  carbons adopt a more O K  l e s s  p e r f e c t  
three-dimensional c r y s t a l l i n e  o r d e r  as g r a p h i t i c  carbon,  whereas t h e  non-graphi t izab le  
carbons r e t a i n  only  two-dimensional o r d e r .  

1.2. Formation of s o l i d  carbons The non-graphi t izab le  c;.rbons a r e  mostly der ived  
from p a r e n t  subs tances  which do not p a s s  through a f l u i d  phase  on c a r b o n i z a t i o n .  
They a r e  t h e r e f o r e  s t r u c t u r a l  pseudomorphs of t h e  p a r e n t  m a t e r i a l ,  examples b e i n g  
charcoa l  from wood, chars  from low rank c o a l s  and carbonized  a n t h r a c i t e .  They have 
u s u a l l y  s u r f a c e  a r e a s  >>lo0 m'g-l, a r e  microporous and a r e  i s o t r o p i c  i n  p o l i s h e d  
s e c t i o n  i n  p lane  p o l a r i z e d  l i g h t  o p t i c a l  microscopy. The g r a p h i t i z a b l e  carbons a r e  
mostly der ived  from p a r e n t  s u b s t a n c e s  which p a s s  through a f l u i d  phase on carboniza- 
t i o n .  Here t h e  r e s u l t a n t  s o l i d  carbon i s  formed v i a  an i n t e r m e d i a t e  phase ,  t h e  
MESOPHASE, of a romat ic  l a m e l l a r  nemat ic  l ' q u i d  c r y s t a l s  ( 1 0 ) .  The g r a p h i t i z a b l e  
carbons have, u s u a l l y ,  s u r f a c e  a r e a s  <5 m'g-', they  c o n t a i n  l i t t l e  O K  no micro- 
p o r o s i t y  and a r e  a n i s o t r o p i c  i n  p o l i s h e d  s e c t i o n  i n  p l a n e  p o l a r i z e d  l i g h t  o p t i c a l  
microscopy (11).  Thus,  t h e  term ' s o l i d  carbon'  i s  a g e n e r i c  te rm and c o n t a i n s  many 
q u i t e  d i v e r s e  m a t e r i a l s .  

1 . 3 .  These m a t e r i a l s  e x h i b i t  a wide range of s t r u c t u r e  b e s t  
c h a r a c t e r i z e d  by o p t i c a l  microscopy (11) .  The l i q u i d  c r y s t a l s  of t h e  c a r b o n i z a t i o n  
process  e x h i b i t  a s i z e  range, observable  i n  o p t i c a l  microscopy, between -1 pm and 
200 Urn diameter.  The l i q u i d  c r y s t a l s ,  a s  c a r b o n i z a t i o n  tempera tures  i n c r e a s e ,  can 
e i t h e r  ( a )  f u s e  t o g e t h e r  wi thout  l o s s  of i d e n t i t y  or (b)  c o a l e s c e  i n t o  each o t h e r  
wi th  l o s s  o f  i d e n t i t y  t o  g ive  l a r g e r  c r y s t a l s .  The s t r u c t u r e  o f  the  r e s u l t a n t  
a n i s o t r o p i c  carbon (coke) i s  a consequence o f  t h i s  f u s i n g  o r  c o o l c s c i n g  and is  made 
up o f  t h e  ' m a c r o c r y s t a l s '  from t h e  l i q u i d  c r y s t a l s .  The s i z e  range o f  t h i s  macro- 
c r y s t a l l i n i t y  i s  d e s c r i b e d  a s  t h e  o p t i c a l  t e x t u r e  o f  t h e  carbon and a nomenclature 

Aniso t ropic  carbons 
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e x i s t s  (12) cove r ing  from t h e  ve ry  f i n e - g r a i n e d  mosaics (c0.5 d i a . )  t o  domains 
(-200 pm d i a . ) .  
e x i s t  and need t o  be s p e c i f i e d .  

1.4. I n f l u e n c e s  upon g a s i f i c a t i o n  I t  has t o  b e  emphasized t h a t  r a r e l y  ( i f  ever )  
does a s o l i d  carbon e x i s t  i n  t h e  pure form,  i . e .  c o n t a i n i n g  only the  r iement  carbon.  r 
It i s  always a s s o c i a t e d  wi th  hydrogen and oxygen,  o t h e r  h e t e r o a t o m  and mine ra l  

f i  
i . e .  CATALYTIC e f f c c t s  e x i s t  ( 3 ,  4) .  G a s i f i c a t i o n  r e a c t i o n s  of  carbon a r e  he t e ro -  
gznsous p rocesses  and a complete  s p e c i f i c a t i o n  of  the  s o l i d  carbon of  the s tudy  i s  
d e s i r a b l e  ( i f  n o t  e s s e n t i a l ) .  This  s p e c i f i c a t i o n  should i n c l u d e  ( a )  f o r  a n i s o t r o p i c  
carbons,  the  h e a t  t r ea tmen t  t empera tu re  (HTT) and s i z e l s h a p e  o f  o p t i c a l  t e x t u r e  
(b) an i n d i c a t i o n  of t h e  impur i ty  conten t  of t h e  carbon,  heteroatoms and mine ra l  
m a t t e r  c) s u r f a c e  a r e a .  The s u r f a c e  a r e a  of carbons v a r i e s  from -2000 m2g-l t o  
-0 .01  b 8 - l  (13, 14).  Rates  o f  g a s i f i c a t i o n  w i l l  a cco rd ing ly  vary c o n s i d e r a b l y ,  
carbon t o  carbon,  s imply on t h e  b a s i s  of s u r f a c e  a v a i l a b i l i t y  a lone ,  2. t o t a l  
s u r f a c e  a r e a  (TSA). However, some twenty y e a r s  ago,  t h e  concept of Act ive Sur face  
Area ( M A )  was in t roduced  and has  r e c e n t l y  been developed ( 5 ) .  This  concept s t a t e s  
t h a t  s u r f a c e s  of carbons of e q u a l  s u r f a c e  a r e a  do not  n e c e s s a r i l y  have the  same 
' r e a c t i v i t y '  under  s t a n d a r d i z e d  c o n d i t i o n s ,  b u t  can have d i f f e r e n t  s u r f a c e  concentra-  
t i o n s  of a c t i v e  s i t e s .  These must be r e l a t e d  t o  s t r u c t u r e  ( i . e .  d e f e c t s  and he te ro -  
atom c o n t e n t )  w i t h i n  the  p l a n a r  hexagonal  network o f  carbon Z m  which make up the 
s t r u c t u r e  w i t h i n  carbons.  

1.5. S e l e c t i v e  g a s i f i c a t i o n  S o l i d  carbons a r e  e s s e n t i a l l y  non-homogeneous m a t e r i a l s  
!glassy carbons b e i n g  one o f  the  more homogeneous forms). 
i s o t r o p i c  carbons c o n t a i n  t h e  d i v e r s e  s t r u c t u r e s  o f  the  pa ren t  m a t e r i a l  and 
manufactured carbons a r e  mos t ly  composi te  m a t e r i a l s  made up of  s e v e r a l  carbon 
forms each of which is he te rogeneous  w i t h  a range of  s i z e l s h a p e  o f  o p t i c a l  t e x t u r e .  
As a consequence of  t h i s ,  d u r i n g  g a s i f i c a t i o n  r e a c t i o n s ,  i t  i s  observed t h a t  s u r f a c e s  
of carbons e x h i b i t  a r e a s  of s e l e c t i v e  p r e f e r e n t i a l  g a s i f i c a t i o n ,  r e s u l t i n g  i n  p i t t i n g  
and f i s s u r i n g  (6 ,  7 ) .  Thus, d u r i n g  g a s i f i c a t i o n ,  the  composi t ion of  the  carbon 
m a t e r i a l  i s  i t s e l f  changing. Likewise,  p h y s i c a l  p r o p e r t i e s  a l s o  change such a s  
s t r e n g t h  and crack r e s i s t a n c e  ( 1 5 ) .  Th i s  p rocess  of  s e l e c t i v e  g a s i f i c a t i o n  can 
thus  i n f l u e n c e  the  ' s h i f t - l i f e '  of  i n d u s t r i a l  carbon a r t i f a c t s ,  e .g .  t h e  aluminium 
anode and m e t a l l u r g i c a l  coke. 

1.6.  
g a s i f i c a t i o n  p rocesses  by e . g .  s t eam and carbon d i o x i d e  (16) .  S t u d i e s  which encompass 

r e a c t i v i t i e s ,  p a r t l y  due t o  lack  of ASA d a t a  t o  c o r r e c t  the  TSA. 
a carbon has a given ' r e a c t i v i t y '  which can p l a c e  i t  i n  a given 'pecking-order '  could 
be u s e f u l .  
gas ,  9. carbon d ioxide ,  ' peck ing-o rde r s '  depend upon expe r imen ta l  c o n d i t i o n s .  
When s e v e r a l  gases  a r e  cons ide red  t h e  concept  of  a r e a c t i v i t y  pecking-order  f o r  a l l  
gases  i s  v i r t u a l l y  uns tud ied .  

2.  OBJECTIVES The o b j e c t i v e s  o f  t h i s  pape r  a re  ( a )  t o  p repa re  ca rbons ,  w i t h  a s i z e  
r ange  o f  o p t i c a l  t e x t u r e ,  made from pure  model o r g a n i c  compounds and Ashland A240 
petroleum p i t c h  c o n t a i n i n g  chemical  and i n e r t  a d d i t i v e s ;  (b) t o  s tudy  the  g a s i f i c a t i o n  
o f  t h e s e  carbons by carbon d i o x i d e  and r e l a t i n g  r a t e s  t o  o p t i c a l  t e x t u r e  and topo- 
g r a p h i c a l  f e a t u r e s  of p i t t i n g  e t c .  u s i n g  scann ing  e l e c t r o n  microscopy (SEM); (c )  t o  
s tudy  the  r e l a t i v e  r e a c t i v i t i e s  o f  p i t c h  cokes o f  d i f f e r e n t  o p t i c a l  t e x t u r e s  t o  
N20, 02 and CO2 as we l l  as spontaneous i g n i t i o n  t empera tu res  (SIT) i n  a i r ;  (d)  t o  
s tudy  t h e  r e l a t i v e  e f f i c a c i e s  of c a t a l y s t s  i n  e q u a l  c o n c e n t r a t i o n s ,  i n  carbons of 
d i f f e r e n t  o p t i c a l  texLures  from t h e  Ashland A240 p i t c h .  

Thus,  w i t h i n  a n i s o t r o p i c  carbons a lone  wide v a r i a t i o n s  i n  s t r u c t u r e  

i m p u r i t i e s .  These o t h e r  e lements  s i g i i i f i c a n t l y  a f f e c t  r a t e s  of  g a s i f i c a t i o n  r e a c t i o n s ,  

-~ 

The non-g raph i t i z ing  

- 

The r e a c t i v i t y  o f  carbons Rate  expres s ions  have been developed t o  d e s c r i b e  

' f a m i l i e s '  of carbons i n t o x n e t i c  d a t a  a r e  l i m i t e d  (17 )  but  i n d i c a t e  a s p r e a d  of I 
The concept  t h a t  

The l i m i t e d  ev idence  a v a i l a b l e  s u g g e s t s  t h a t  even f o r  a s i n g l e  g a s i f y i n g  

I 

3.  EXPERIMENTAL AND RESULTS 
3.1. Use of model corn ounds (18) 
n i t r o g e n ,  i n  tube furn:ces t o  1273 K (lOOO°C) a t  5 K min-' of acenaphthylene ( I ) ,  
a c r i d i n e  ( I I ) ,  anthrone ( I I I ) ,  t h i a n t h r o n e  (IV) as w e l l  as 9 : l  and 1:l mixtures  of 
acenaphthylene wi th  11 t o  I V  and c e l l u l o s e  (V). OpFical t e x t u r e s  were a s ses sed  by 
o p t i c a l  microscopy (11) and r a t e s  o f  g a s i f i c a t i o n  i n  carbon d i o x i d e  were measured 
g r a v i m e t r i c a l l y  u s i n g  a S tan ton  Redc ro f t  STA 780 wi th  microbalance f a c i l i t y  (DTG) 

Carbons were p repa red  by c a r b o n i z a t i o n  under 
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CO? f low r a t e  o f  50 cm3min-l. o a r t i c l e  s i z e  250-500 um, between 1073 and 1273 K. 

I I >60 8 

, .  
R e s u l t s  a r e  summarized i n  Table  1. 

1 4 0  

Table 1. 

I1 
111 
I V  

9 : l  ( 1 : I I )  
1:l ( 1 : I I )  
9 : l  ( 1 : I I I )  
1:l ( 1 : 1 I I )  
9 : l  ( 1 : I v )  
1:l (1 : Iv)  
9 : l  (1:v) 
1:l (1 :v)  

10-60 
<1  

>60 
>60 

5-30 
<5-30 

5-30 
<5-30 

5-30 
1.5-5.0 

I s o t r o p i c  

20 

56 
19 
22 
13 

185 
12 
17 
23 
9 2  

28 
186 
1 7 0  
180 
88 
- 

1 6 0  
- 
- 

120 
170 
200 

Rates  of g a s i f i c a t i o n  a r e  expressed  on a g g-ls-' ( i . e .  s-') b a s i s .  
a r e  not measured. 
( 8 ~ 1 0 - ~  s - l )  and l a r g e s t  o p t i c a l  t e x t u r e .  The t h r e e  carbons o f  s m a l l e s t  o p t i c a l  
t e x t u r e  from (IV) ( 1 : l  (1:III)) ( l : l ( I : V ) )  have t h e  h i g h e s t  r e a c t i v i t y  k. 56, 
185 and 9 2 ~ 1 0 - ~  s" r e s p e c t i v e l y .  C e r t a i n l y ,  t h e  presence  o f  he te roa toms w i t h i n  
t h e  carbon, e. n i t r o g e n  (TI), oxygen (111 and V) and s u l p h u r  enhance r e a c t i o n  r a t e s ,  
the  oxygen b e i n g  t h e  most e f f e c t i v e .  As t h e  s i z e  of o p t i c a l  t e x t u r e  decreased ,  t h e  
topographica l  f e a t u r e s  o f  g a s i f i c a t i o n  changed from f i s s u r e s  t o  p i t t i n g .  

3.2.  Use o f  Ashland A240 pe t ro leum p i t c h  (18) Carbons were p r e p a r e d  from Ashland 
A240 p i t c h ,  s i n g l y  and wi th  a d d i t i o n s  of c e l l u l o s e  and s u l p h u r ,  as d e s c r i b e d  above. 
R e a c t i v i t i e s  were measured 1073-1273 K and s u r f a c e  a r e a s  m a s u r e d  v o l u m e t r i c a l l y  a t  
77 K u s i n g  krypton  a s  adsorba te .  Resul t s  a r e  s u m r i z e d  i n  Table  2. 

Sur face  a r e a s  
The pure carbon (wi thout  he te roa toms)  (I) h a s  t h e  lowest r e a c t i v i t y  

1 

Table 2 .  

\ Dominant Rate a t  A c t i v a t i o n  S u r f a c e  Area/ Rate.  a t  1240 K 1 1 S i z e  o f  1 1240 K / /  Energy/ I -1 1 
O p t i c a l  S-1x10-6 kJ m1-l R s-1m-2x10-6 

Texturelpm 

A240+v 1:l 1.5-5.0 1.21 
A24WS 9 : l  5-10 185 0.48 11 
A240+s 6 : l  I s o t r o  i c  155 2.04 

Compared w i t h  t h e  d a t a  of Table  1, carbons from A240 p i t c h  a r e  l e s s  r e a c t i v e  
than  carbons from acenaphthylene ( u n i t s  of s-'). In t h e s e  u n i t s  t h e  a d d i t i o n  of 
oxygen i n  c e l l u l o s e  (more so)  and su lphur  ( l e s s  so) enhances the  r a t e s  o f  g a s i f i c a t i o n .  
But when expressed  i n  u n i t s  of g s - % I - ~ ,  t h e  r a t e s  of g a s i f i c a t i o n  d e c r e a s e  wi th  
a d d i t i o n  o f  c e l l u l o s e  and s u l p h u r ,  e. the  ASA a p p a r e n t l y  d e c r e a s e s .  
e n e r g i e s  a l s o  d e c r e a s e .  

3 . 3  
d iameter ,  t o  p i t c h  m a t e r i a l s  i n f l u e n c e  t h e  c a r b o n i z a t i o n  p r o c e s s  by r e s t r i c t i n g  
coalescence o f  mesophase (19, 20). Consequently,  t h e  p r o g r e s s i v e  a d d i t i o n s  o f  such 
s o l i d s  ( o f t e n  r e f e r r e d  t o  as QI m a t e r i a l )  t o  a p i t c h  can reduce  t h e  s i z e  of o p t i c a l  
t e x t u r e  of r e s u l t a n t  carbon from domains ( > b o  u m  d i a )  t o  i s o t r o p i c  (<0 .5  u m  d i a ) .  
This 'mechanical'modification t o  o p t i c a l  t e x t u r e  is d i s t i n c t  from t h a t  brought about 
by ' chemica l '  a d d i t i o n s ,  as i n  Tables  1, 2. E x p e r i m e n t a l l y ,  carbons were prepared  
from A240 p i t c h  con ai i n g  known d i s p e r s i o n s  of TK800 s i l i c a  ( p a r t i c l e  d i a  -10 nm; 
s u r f a c e  a r e a  -150 m g ) .  Rates of g a s i f i r a t i o n  and s u r f a c e  a r e a s  were measured a s  
descr ibed  above. R e s u l t s  a r e  sunnnarized i n  Table  3 .  R a t e s  a r e  c o r r e c t e d  f o r  s i l i c a  
conten t .  

A c t i v a t i o n  

Addition of TK800 s i l i c a  t o  A240 p i t c h  Addi t ions  o f  ' i n e r t ' s o l i d s ,  <1 u m  

5 -P 
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Table  3. 

10% 0.5-1.5 26 220 290 
15% 0.5-1.5 83 145 
25% 0.5-1.5 130 190  12 

of TK800 

Addi t ions  o f  ' i n e r t '  s i l i c a  h a v e  s i g n i f i c a n t  e f f e c t s  on t h e  r a t e s  of g a s i f i c a t i o n  
when expressed  i n  u n i t s  of g s-lm-2, r a t e s  v a r y i n g  by t h r e e  o r d e r s  o f  magnitude. The 
' i n e r t '  m a t e r i a l  should  n o t  b e  cons idered  a s  b e i n g  chemica l ly  i n e r t .  Its a d d i t i o n  t o  
t h e  p i t c h  and i t s  presence  i n  the l i q u i d  c r y s t a l  phase of c a r b o n i z a t i o n  m u s t  i n f l u e n c e  
t h e  chemistry of conversion of p i t c h  t o  carbon such t h a t  major changes r e s u l t  i n  the  
ASA of t h e  carbon,  more than  observed  by chemical a d d i t i o n s .  I n  a s e p a r a t e  experiment 
o f  mechanical mix ing  o f  carbon w i t h  t h e  TK BOO s i l i c a ,  the  l a t t e r  w a s  no t  observed t o  
be  a c a t a l y s t  t o  g a s i f i c a t i o n  r e a c t i o n s .  

3 . 4 .  R e l a t i v e  r e a c t i v i t i e s  of p i t c h  cokes (21) Cokes were prepared  from 21 p i t c h  
m a t e r i a l s  and examined by o p t i c a l  microscopy w i t h  r a t e s  of g a s i f i c a t i o n  be ing  
measured u s i n g  oxygen, n i t r o u s  oxide  and carbon d i o x i d e .  Spontaneous i g n i t i o n  
tempera tures  (SIT) (21) were de te rmined  i n  s t a t i c  a i r .  Table  4 l i s ts  t h e  p i t c h  
cokes i n  i n c r e a s i n g  SIT v a l u e s ,  *.of d e c r e a s i n g  r e a c t i v i t y  ( 1  t o  21) t o g e t h c r  
w i t h  an o p t i c a l  t e x t u r e  index  (OTI) a measure of average s i z e  o f  o p t i c a l  t e x t u r e  (12) ,  
QI content of p i t c h  and kCO 
o r d e r  o f  p i t c h  cokes r e l a t i s e  t o  t h e  o r d e r  e s t a b l i s h e d  based  on SIT. 
t h e s e  two Tables  s u g g e s t  broad  c o r r e l a t i o n s  between SIT and OTI and Q I  conten t  as 
w e l l  as ka)* ( t 2 4 0  K ) .  
g a s e s  change wi th  t h e  g a s i f y i n g  gas b e i n g  used. 
s i n g l e  g a s ,  e. carbon d i o x i d e ,  depends upon t h e  tempera ture  o f  measurement of the  
r a t e  of g a s i f i c a t i o n .  There i s  an i d e n t i f i a b l e  c o r r e l a t i o n  between SIT and b2 and 
kN20. However, a t  t h e  h i g h e r  t e m p e r a t u r e s  needed t o  de te rmine  k some major 
displacements of p o s i t i o n  occur .  
a func t ion  of t h e  gas used as w e l l  as b e i n g  a f u n c t i o n  of the  s t r u c t u r e  of the  carbon. 
An unknown f a c t o r  i n  t h i s  p a r t i c u l a r  s t u d y  i s  t h e  lack  of knowledge of p o s s i b l e  
c a t a l y t i c  m i n e r a l  i m p u r i t i e s  w i t h i n  t h e  p i t c h  coke and d e r i v e d  from t h e  p i t c h .  
C a t a l y s i s  i s  s e n s i t i v e  t o  t h e  r e a c t i n g  gas (4)  and t h e  tempera ture  of g a s i f i c a t i o n  
and t h i s  f a c t o r  may account f o r  d i sp lacements  i n  t h e  pecking-order.  

3.5.  C a t a l y s t  e f f i c a c i e s  i n  p i t c h  carbon The A240 p i t c h  and p i t c h e s  No. 16 and 14 
were doped w i t h  n i c k e l  a c e t y l a c e t o n a t e  and sodium c h l o r i d e  accord ing  t o  t h e  r a t i o s  
i n  Table 6 and carbonized  as d e s c r i b e d .  R e a c t i v i t i e s  o f  r e s u l t a n t  carbons t o  carbon 
d ioxide  were a s s e s s e d  t o  g ive  a r a t e  a t  1240 K (kc0  1. Relevant d e t a i l s  and r e s u l t s  
a r e  i n  Table 6 .  
more e f f e c t i v e  i n  carbons of medium s i z e d  o p t i c a l  t e x t u r e ,  a s  f o r  p i t c h  carbons 
(No. 16). 
carbons of h i g h  r e a c t i v i t y ,  - e . g .  Nos. 1, 3 ,  5 ,  6 ,  ?4 may conta in  c a t a l y t i c a l l y  a c t i v e  
m i n e r a l  i m p u r i t i e s .  

4. CAUSES OF SELECTIVE GASIFICATION Examination of s u r f a c e s  of carbons ,  a f t e r  
g a s i f i c a t i o n ,  by scanning  e l e c t r o n  microscopy i n d i c a t e s  t h e  formation o f  f i s s u r e s  
w i t h i n  carbons of l a r g e s t  s i z e  o p t i c a l  t e x t u r e  and of p i t t i n g  w i t h i n  carbons of 
s m a l l e s t  s i z e  o f  o p t i c a l  t e x t u r e .  T h i s  i m p l i e s  a h e t e r o g e n e i t y  of s t r u c t u r a l  
components w i t h i n  t h e  carbon. I n  d i s c u s s i n g  g a s i f i c a t i o n  mechanisms the  (e .g . )  
carbon d ioxide  molecule r e a c t s  s p e c i f i c a l l y  w i t h  only  ONE carbon atom i n  t h e  
a v a i l a b l e  s u r f a c e .  
(3.) p i t t i n g  impl ies  e i t h e r  t h a t  a volume element w i t h i n  t h e  carbon is  more 
' r e a c t i v e '  than  t h e  sur rounding  carbon, o r  t h a t  t h e  removal of a s i n g l e  carbon 
atom or  even a p l a n a r  hexagonal network o f  carbon atoms may induce OK c r e a t e  a 

(1240 K) i n  u n i t s  of s-'. Table  5 l ists  t h e  pecking- 
The d a t a  w i t h i n  

It i s  s e e n  t h a t  the  pecking-orders of r e a c t i v i t i e s  i n  d i f f e r e n t  
The pecking-order ,  when u s i n g  a 

T h i s  s u g g e s t s  t h a t  t h e  ASA of %bons could b e  

These a r e  p r e l i m i n a r y  d a t a  and s u g i e s t  t h a t  t h e  c a t a l y s t s  may b e  

Comparison o f  Table 4 wi th  6 ,  u s i n g  kCO (1240 K) d a t a ,  sugges t  t h a t  t h e  

The e x i s t e n c e  of p r e f e r e n t i a l  s e l e c t i v e  g a s i f i c a t i o n  t o  produce 
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Based on O p t i c a l  QI 
S I T  v a l u e s  T e x t u r e  Content/  

(low t o  h i g h )  Index  w t .  % 
I 7.3 8.1 
2 3.2 

3 1 7.6 
4 3.6 

k a t  1240 K 
“2 

s-1x10-6 
6 8  

5 6 .4  
6 7.2 
7 I 5.7 
8 
9 

10 
11 
12 
1 3  
14 
1 5  
16  
17 

12.8 
3.6 
7.4 
4.7 

10.2 
5 .2  
2.9 
8.7 
4.6 

10.8 
18 7 . 0  
19 12.8 
20 I 11.4 
2 1  I 1 4 . 0  

17.6 
10.9 
24.7 

7.7 
8.5 
8.0 
0.8 

20.3 
8 .4  

15.6 
5.7 

11.0 
17.7 
0.8 

18.0 
0.3 

10.6 
3 . 1  
0.1 
0.2 

36 
42 
25 
67  
49 
14  
33  
31 
29 
19 
26 
2 1  
42 
27 
11 
35 
14 
11 
10 
7 

T a b l e  5. 

Pecking-Order for 2 1  P i t c h  Cokes 
(Most Reac t ive  t o  Leas t  Reac t ive)  

Based on Based on  Based on Based on kCO 

(low t o  h i g h )  ( h i g i  t o  low) (h igh  t o  low) ( h i g h  t o  low) 
SIT v a l u e s  :900 K kN20:900 K 1173 K 1273 K 1223 K 

1 3 1 1 14 1 4  
2 1 11 5 1 5 
3 2 3 3 5 1 3  
4 6 5 8 3 4 
5 7 6 2 10 3 
6 10 7 6 9  1 
7 11 8 14  20 6 
8 8 4 10 6 2 
9 5 10 13 4 7 

10 4 2 1 7  13 10 
8 18 11 1 2  9 16 

12 13 15 7 17  19  
2 20 13  9 12 20 

14 1 4  14 12 1 2  15 
1 5  16  19  11 15 12  
16 18 13  15 18 8 

4 11 11 1 7  15 17 
18 19 18 9 7 17 

19 19 16 19 17 16  
2 1  16  19 20  20 20 
18 21 2 1  21 2 1  21 

Average di-splaced p o s i t i o n  __ 1.91 __ 1.95 3.82 4.38 4.10 
- - _ _  - 
- - -  
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Table  6 .  

m r e  r e a c t i v e  

Carbon 

A240 

A240 + 0.01 mol  N i  
A240 + 0 . 0 1  m o l  Na 
A240 + 0.034 mol N a  

P i t c h  No. 16 
+ 0.01 mol N i  
+ 0.01 mol Na 

0.034 m o l  Na 

P i t c h  No .  14 
+ 0.01 mol N i  
+ 0 . 0 1  mol Na 

0.034 mol Na 
j l t l O n .  The d a t a  o f i  

a t  1240 K OTI 
co2- 

s 1x10-6 

4.6 

2.9 
120 
100 
140 

l e  3 s u g g e s t  t h a t  CG 

Content/  
W t .  x 

17.7  

ions of d i f f e r e n t  o p t i c a l  
t e x t u r e  c a n  have markedly d i f f e r e n t  r e a c t i v i t i e s ,  p a r t i c u l a r l y  i f  o p t i c a l  t e x t u r e  is  
i n f l u e n c e d  by t h e  presence  o f  ' i n e r t '  (QI) m a t e r i a l  w i t h i n  t h e  p i t c h .  I n  carbon 
composites o r  even i n  s i n g l e  c a r b o n s ,  t h e  e x i s t e n c e  o f  a r a n e e  of s i z e  o f  o p t i c a l  
t e x t u r e  is conmon exper ience .  The d i f f e r e n c e s  i n  r e a c t i v i t i e s  between t h e s e  'macro- 
c r y s t a l s '  of o p t i c a l  t e x t u r e  may account  f o r  s e l e c t i v e  g a s i f i c a t i o n  p r o c e s s e s .  

However, t h e  reason  why c e r t a i n  ' m a c r o c r y s t a l s '  a r e  more r e a c t i v e  h a s  t o  be  
cons idered  s p e c i f i c a l l y .  Dur ing  g a s i f i c a t i o n ,  (s.) carbon d i o x i d e  probably  r e a c t s  
p r e f e r e n t i a l l y  wi th  carbon atoms at p r i s m a t i c  edge p r e s e n t a t i o n s  or a t  d e f e c t s  w i t h i n  
t h e  b a s a l  p l a n e s  of t h e  p l a n a r  ne tworks  ( 2 2 ) .  A s t u d y  of shape  and s i z e  of t h e s e  p l a n a r  
networks ( w i t h i n  carbons of s e v e r a l  o p t i c a l  t e x t u r e s )  by phase c o n t r a s t  h igh  r e s o l u t i o n  
e l e c t r o n  microscopy (23) s u g g e s t s  t h a t  a s  t h e  s i z e  of o p t i c a l  t e x t u r e  decreases  s o  t h e  
s i z e  and p l a n a r i t y  of t h e  networks o f  carbon atoms a l s o  d e c r e a s e s .  T h i s  s u g g e s t s  t h a t  
t h e  MA of a carbon s u r f a c e  i s  dependent  upon t h e  s i z e  and p e r f e c t i o n  of t h e  networks 
which make up t h a t  p lane  and t h a t  t h e s e  f a c t o r s  a r e  n o t  independent of o p t i c a l  t e x t u r e .  
V a r i a t i o n s  o f  ' r e a c t i v i t y '  between carbon atoms i n  d i f f e r e n t  p o s i t i o n s  w i t h i n  a network 
have r e c e n t l y  been r e p o r t e d  (24) .  However, t h e  p r e s e n c e  o f  c a t a l y t i c  m i n e r a l  i m p u r i t i e s  
w i t h i n  t h e  carbon can o v e r r i d e  t h e  above d e l i b e r a t i o n s .  
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