
T H E  E F F E C T  O F  N A T U R A L  C O A L  I M P U R I T I E S  O N  C A R B O N  G A S I F I C A T I O N

I n  a n  e a r l i e r  s t u d y ,  s t e a m - g a s i -
f r c a t i o n  k i n e t i c s  o f  6  c h a r s ,  p r e p a r e d
f r o m  c o a l s  o f  U . S .  a n d  G e r m a n  o r i g i n ,  a n d
.  i r e  g r a p h i t e  w e r e  c o m p a r e d .  T h e
9 a s  i f  i c a t i o n  w a s  f o l l o w e d  g r a v i -

: t r i c a l l y  i n  a  r e c i r c u l a t i o n  s y s t e m  a t  a
r 3 t e r  p r e s s u r e  o f  2 . 6 7  k P a .  R a t e s  w e r e
- ¡ a l u a t e d  p e r  u n i t  s u r f a c e  a r e a ,  o b t a i n e d
. r  s i t u ,  f r o m  c a r b o n  d i . o x i d e  a d s o r p t i o n  a t
. : l e  t e m p e r a t u r e  o f  d r y  i c e .  F i v e  o f  t h e
- -  ¡ . x  c h a r s  y i e l d e d  s p e c i f  i c  A a s i f  i c a t i o n
- a t e s  l e s s  t h a n  a  f a c t o r  o f  4  h i g h e r  ( a t
i 5 0  C )  t h a n  t h a t  o f  p u r e  g r a p h i t e .  T h e

i x t h  c h a r ,  p r e p a r e d  f r o m  a  G e r m a n
-  i g n i t e ,  B r a u n k o h l e  ( B K )  ,  y r e l d e d  a
l C - f o 1 d  r a t e  i n c r e a s e  o v e r  g r a p h i t e .  A t
- r e  s a m e  t i m e ,  t h e  a c t i v a t i o n  e n e r g y  o f
; a s i . f i c a t i o n  o f  t h i s  c h a r  w a s  l o w e r  ( 5 9
<ca l , /mo l )  t han  the  co r respond ing  va lues  o f
' . i 1e  o the r  cha rs  (65 -82  kca l , /mo l ) .  I t  was
o f  i n te res t  t o  s tudy  w i th  t he  same
e x p e r i m e n t a l  a r r a n g e m e n t ,  w h e t h e r  t h e
r e a c t i v i t y  o f  B K  c h a r  w a s  h i g h e r  d u e  t o  a
t r u e  c a t a l y t i c  a c t i o n  o f  i t s  i m p u r i t i e s ,
o r  t o  an  i nc rease  i n  t he  number  o f
q a s i f i c a t i o n  s i t e s .

Th ree  app roaches  ! \ r e re  se lec ted  to
s t u d y  t h e  e f f e c t s  o f  n a t u r a l  c o a l
i r npu r  i t i es  on  the  s team gas  i f  i ca t i on  o f
c h a r s :  ( a )  a d d i t i o n  o f  c o a l  a s h  t o
E r a o h i t e ,  ( b )  a d d i t i o n  o f  a s h  t o  a  l e s s
r e a c t i v e  c o a l ,  a n d  ( c )  r e m o v a l  o f
n o n c a r b o n a c e o u s  m a t t e r  f r o m  t h e  l i g n i t e  b y
:  c  i . d - l each  i ng .

M e t a l s ,  s u c h  a s  F e ,  C o ,  N i ,  R u ,  R h ,
? d  a n d  P t  c a n  i n c r e a s e  s t e a m  g a s i f i c a t i o n
c f  g r a p h i t e  b y  s e v e r a l  o r d e r s  o f
r a g n i t u d e .  T h e  r e s u l t s  o b t a i n e d  f o r  3 t  o f
3K  ash  rn  g raph i t e  a re  shown  i n  t he  t ab le
b e l - o w .  R a t e s ,  t a k e n  a t  8 5 6  C ,  r e m a i n
c o n s t a n t  u p  t o  a l m o s t  8 0 8  b u r n - o f f .  A  1 2 -
t o  1 6 - f o l d  e n h a n c e m e n t  i s  o b s e r v e d
c o m p a r e d  t o  p u r e  g r a p h i t e ,  a s  t h e  t a b l e
s h o w s ,  a c c o m p a n i e d  b y  a  d e c r e a s e  i n
a c t i v a t i o n  e n e r g y .  A d d i t ¡ - o n  o f  a s h  f r o m  a
? i t t s b u r g h  s e a m  c o a l  ( P S C )  t o  g r a p h i t e  d i d
l o t  c a u s e  s u c h  c h a n g e s .

N i c k e I  a n d  o t h e r  c a t a l y s t s ,  w h i c h  a r e
: u i t e  a c t i v e  i n  g r a p h i t e  g a s i f i c a t i o n ,
i n f l u e n c e  t h ó  r e a c t i o n  o f  c h a r s  m u c h  l e s s .
l u r t h e r m o r e ,  a c t i v i t y  i n  c h a r s  i s  o f t e n
l o s t  g u i c k l y ,  w h i l e  i t  p e r s i s t s  i n
q r  a p h  i t e . T h e s e  d i s c r e p a n c i e s  c a n  b e
e x p l a i n e d  b y  s t r u c t u r a l  d i f f e r e n c e s .
l i r u s ,  e l e c t r o n  m i c r o g r a p h s  s h o w  e x t e n s i v e
: h a n n e f  f o r m a t i o n s  i n  g r a p h i t e ,  i n d : . c a t i n g
c r e s e r v a t i o n  o f  c o n t a c t  b e t w e e n  m e t a l
: a r t i c l e s  a n d  g r a D h i t e  s u r f a c e ,  w h i . 1 e

P u r e  S P l - G r a p h i t e
1 3  3 . 6  8 0 . 5

G r a p h i t e  +  3 t  B K  A s h
s  2 . 5  6 1  . 9

1 4  3 . 4  6 g . r
2 8  4 . 3  6 1 . 9
4 A  5 . 3  6 1 . 4
8 s  7  . 9  9 4 . 5

P S C  C h a r ,  u n t r e a t e d
1 9  4 0 7  6 6 . 3

B K  C h a r ,  u n t r e a t e d
2 4  4 3 6  5 9  . 5

K .  O t t o  a n d  M .  S h e l e f ,  C h e m i s t r y
F o r d  M o t o r  C o m p a n y ,  P " O . B o x

D e p a r t m e n t ,  F e s e a r c h  S t a f f
2 0 5 3 ,  D e a r b o r n ,  M r  4 8 1 2 1

c o n t a c t  l o s s  i n  c h a r s  c a n  b e  d e d u c e c ]  f r o m
t h e  a g g l o m e r a t i o n  a n d  i s o l a t  i o n  o f
c a t a l y s t  p a r t i c l e s  i n  c r a t e r s  o f  t h e  c h a r
s t r u c t u r e .  f n  a d d  i . t i o n ,  t h e  m u c h  l a r g e r
s u r f a c e  a r e a s  o f  c h a r s  r e g u i r e  a  1 0 0 - f o l d
i n c r e a s e  i n  c a t a l y s t  c o n c e n t r a t i o n  p e r
u n i t  w e i g h t ,  c o m p a r e d  t o  g r a p h i t e ,  t o
a c h i e v e  t h e  s a m e  r a t i o  o f  c a t a l y s t  w e i g h t
t o  c a r b o n - s u r f a c e  a r e a .
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Wi th  t hese  fac t s  i n  n ind ,  t he  e f f ec t
: f  3 t  BK  ash ,  added  to  pSC,  a  coa l  o f  l ow
:eac t i v i t y ,  was  examined .  Fo r  comparab le
: ¡ r f a c e  a r e a s  a n d  s t a g e s  o f  b u r n - o f f ,  t h e
s g e c i f i c  a a s i f i c a t i o n  r a t e  o f  B K  c h a r
: ¡ ceeds  tha t  o f  PSC cha r  more  than  6 - fo ld .
l f  t he  t r do  cha rs ,  BK  shows  the  l ower
appa ren t  ac t i va t i on  ene rgy .  Add i t i on  o f
l l  BK  ash  to  pSC p roduced  a  marked
enhancemen t  i n  t he  ra te  o f  cha r
; a s i f i c a t i o n .  T h e  r a t e  d e c r e a s e  w i t h
:u rn -o f f  i nd i ca tes  so rne  con tac t  l oss
.€ tneen  the  ac t i ve  ash  pa r t i c l es  and  the
: h a r  s u r  f a c e . A t  1 7 t  b u r n - o f f ,  t h e
< ine t i c  da ta  f a l l  abou t  ha l fway  be tween
- -he  co r respond ing  va lues  o f  t he  un t rea ted
: i r a r s  o f  BK  and  PSC.  PSC cha r  con ta in ing
: i cke l  o r  po tass ium ca rbona te  showed  a
: u c h  s t e e p e r  l o s s  o f  c a t a l y t i c  a c t i v i t y .
I t  i s  r ena rkab le  t ha t  t he  samp le  pe l l e t
con ta in ing  BK  ash  cou ld  be  reac ted
:omp le te l y  wh i l e suspended b y a
: u a r t z - g l a s s  f i b e r t  i n  f a c t ,  t h e  s u r f a c e
: f  t he  rema in ing  ash  cou ld  be  neasu red  i n
s  i t u .  T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e
added  ash  has  the  ab i l i t y  t o  p rese rve
c o n t a c t  w i t h  t h e  c a r b o n  s u r f a c e ,  p o s s i b l y
. y  i n c i p i e n t  m e l t i n g  a n d  w e t t i n g ,  o r  b y
r e d i s t r i b u t i o n  t h r o u g h  t h e  v a p o r  p h a s e .

Ana l yses  o f  t he  ashes  o f  BK  and  pSC

"y  
x - ray  f l uo rescence  showed  the  same

e lemen ts  t o  be  p resen t ,  t he  ma : .n  e lemen ts
c e i n g  F e ,  C á ,  T i ,  S i ,  A I ,  K  a n d  S .
Soneve r ,  t he re  l r as  a  d i s t i nc t  d i f f e rence
i n  t h e  d i s t r i b u t i o n  o f  t h e s e  e l e m e n t s .
Quan t i t a t i ve l y ,  one  wou ld  have  expec ted  an
advan tage  o f  t he  h ighe r  ash  con ten t  o f  pSC
( 6 3 )  o v e r  t h a t  o f  B K  ( 4 t ) .  W h e n  B K  w a s

l e a c h e d  b y  a  m i x t u r e  o f  H N O 1 ,  H F  a n d
HC1,  e lemen ts  f ound  i n  t he  só iu t i on  by
a t o m i c  a d s o r p t i o n  w e r e  F e ,  C a ,  T i ,  S i ,  A l ,
B  and  Mg .

A  compar i son  o f  t he  gas i f i ca t i on
r a t e s  o f  B K  c h a r ,  a f t e r  t h e  a c i d
l e a c h i n g s ,  i s  l i s t e d  i n  t h e  t a b l e .  T h e
s imu l taneous  l each ing  by  t he  th ree  ac ids
caused  a  dec rease  o f  t he  spec i f i c  r a te  by
a  fac to r  o f  t h ree ,  and  an  i nc rease  i n  t he
appa ren t  ac t i va t i on  ene rgy .  I t  i s  no t
known ,  whe the r  t he  h ighe r  ac t i va t i on
ene rgy  resu l t s  f r o ¡n  a  l oss  i n  ca ta l y t i c
a c t i . o n r  o r  f r o m  a n  i n c r e a s e  i n  p o r e  s i z e ,
wh i ch  appea rs  poss ib le  i n  v i ew  o f  t he
inc reased  su r face  a rea .  The  two  o the r
l each ings  caused  sma l l e r  dec reases  i n  t he
reac t i on  ra tes ,  ás  shown  i n  t he  t ab le .
D i f , f e r e n c e s  a r e  a l s o  n o t i c e a b l e  i n  t h e
m ic rog raphs  o f  l eached  and  un leached  BK
c h a r .

A  pa ra l . 1e1  s tudy  was  pe r fo rmed  w i th  a
l i g n i t e  o f  N o r t h  D a k o t a  o r i g i n ;  i t  w a s
found  to  be  even  more  reac t i vé  t han  BK
when  exposed  to  s team.  The  k ine t i c
resu l t s  ob ta ined  f rom the  l each ing  and
ash - impregna t i on  expe r i nen ts  on  the  two
I  i g n i t e s , w h  i c h show d  i s  t  i n c t
s i m i l a r i t i e s ,  a r e  c o m p a r e d  i n  c o n s i d e r a b l e
r l e t a i l .

Ash  t rans fe r  f r om a  reac t i ve  t o  an
unrea ct  ] .ve coa l  i s  an  i n te res t i . ng
p o s s i b i l i t y  f o r  i m p r o v i n g  g a s i f i c a t i o n  o f
a  p a r t i c u l a r  c o a 1 ,  o r  f o r  e g u a J . i z i n g
g .as i f i ca t i on  cha rac te r i s t i cs  when  b lend ing
c o a l s  o f  d i f f e r e n t  s o u r c e s .
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