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A  fluidised  bed  catalytic  coal  gasification  process. 

@  Coal  or  similar  carbonaceous  solids  impregnated  with 
gasification  catalyst  constituents  (16)  are  oxidized  by 
contact  with  a  gas  containing  between  2  volume  percent  and 
21  volume  percent  oxygen  at  a  temperature  between  50  °C 
.and  250  °C  in  an  oxidation  zone  (24)  and  the  resultant 
oxidized,  catalyst  impregnated  solids  are  then  gasified  in  a 
fluidized  bed  gasification  zone  (44)  at  an  elevated  pressure. 
The  oxidation  of  the  catalyst  impregnated  solids  under  these 
conditions  insures  that  the  bed  density  in  the  fluidized  bed 
gasification  zone  will  be  relatively  high  even  though  the 
solids  are  gasified  at  elevated  pressure  and  temperature. 
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C o a l   or  similar  carbonaceous  solids  impregnated  with 
gasification  catalyst  constituents  (16)  are  oxidized  by 
contact  with  a  gas  containing  between  2  volume  percent  and 
21  volume  percent  oxygen  at  a  temperature  between  50 °C 
and  250°C  in  an  oxidation  zone  (24)  and  the  resultant 
oxidized,  catalyst  impregnated  solids  are  then  gasified  in  a 
fluidized  bed  gasification  zone  (44)  at  an  elevated  pressure. 
The  oxidation  of the  catalyst  impregnated  solids  under  these 
conditions  insures  that  the  bed  density  in  the  fluidized  bed 

gasification  zone  will  be  relatively  high  even  though  the 
solids  are  gasified  at  elevated  pressure  and  temperature. 



T h i s   i n v e n t i o n   r e l a t e s   t o   t h e   g a s i f i c a t i o n   o f  

c o a l   and  s i m i l a r   c a r b o n a c e o u s   s o l i d s   and  i s   p a r t i c u l a r l y  

c o n c e r n e d   w i t h   a  m e t h o d   f o r   m a i n t a i n i n g   a  r e l a t i v e l y  

h i g h   g a s i f i e r   bed  d e n s i t y   in  a  f l u i d i z e d   bed  c a t a l y t i c  

g a s i f i c a t i o n   p r o c e s s .  
The  f o r m a t i o n   o f   a g g l o m e r a t e s   i s   a  p r o b l e m  

f r e q u e n t l y   e n c o u n t e r e d   in  t h e   g a s i f i c a t i o n   of   c a k i n g  

c o a l s .   T h i s   i s   c a u s e d   by  p l a s t i c   p r o p e r t i e s   w h i c h  

d e v e l o p   when  s u c h   c o a l s   a r e   s u b j e c t e d   t o  t e m p e r a t u r e s  

a b o v e   t h e i r   s o f t e n i n g   p o i n t .   Upon  r e a c h i n g   t h i s   p o i n t ,  

g e n e r a l l y   b e t w e e n   a b o u t   3 7 0 ° C   and  a b o u t   4 8 0 ° C ,   t he   c o a l  

p a r t i c l e s   b e g i n   to  s w e l l   and  d e f o r m   due   to   t h e   f o r m a t i o n  

of  b u b b l e s   d u r i n g   d e v o l a t i l i z a t i o n .   As  t h e   t e m p e r a t u r e  

i n c r e a s e s ,   d e f o r m a t i o n   b e c o m e s   more   s e v e r e ,   t h e   c o a l  

b e c o m e s   p l a s t i c   and  s t i c k y ,   and  may  e v e n t u a l l y   b e c o m e  

f r a g i l e .   The  s t i c k y   p a r t i c l e s   t e n d   to   a g g l o m e r a t e   a n d  

f o r m   c o h e r e n t   s o l i d   m a s s e s   w h i c h   r e d u c e   g a s   p e r m e -  

a b i l i t y ,   and  t e n d   to   b l o c k   t h e   r e a c t o r   and  t h e   r e a c t o r  

f e e d   l i n e s .  

S e v e r a l   m e t h o d s   h a v e   b e e n   d e v i s e d   to  a l l e v i a t e  

a g g l o m e r a t i o n   p r o b l e m s   e n c o u n t e r e d   when  c a k i n g   b i t u -  

m i n o u s   c o a l s   a r e   g a s i f i e d .   One  s u c h   m e t h o d   p r o p o s e d  

in  t h e   p a s t   i s   to   p r e t r e a t   t h e   raw  c o a l   by  c o n t a c t i n g   i t  

w i t h   a i r   a t   r e l a t i v e l y   h i g h   t e m p e r a t u r e s   p r i o r   t o  

p a s s i n g   t h e   c o a l   i n t o   t h e  g a s i f i c a t i o n   r e a c t o r .   P a s t  

s t u d i e s   h a v e   i n d i c a t e d   t h a t   t r e a t m e n t   of   raw  c o a l  

in   s u c h   a  f a s h i o n   t e n d s   t o   d e s t r o y   i t s   c a k i n g   p r o p e r t i e s  

and  t h e r e b y   p r e v e n t s   i t   f r o m   a g g l o m e r a t i n g   d u r i n g  

g a s i f i c a t i o n .   I t   h a s   b e e n   n o t e d   t h a t   s u c h   p r e t r e a t m e n t  

p r o c e s s e s   h a v e   p r o n o u n c e d   d i s a d v a n t a g e s  i n   t h a t  t h e y   a r e  



e i t h e r   e x p e n s i v e   or  r e s u l t   in   t h e   l o s s   of  v a l u a b l e  

v o l a t i l e   c o n s t i t u e n t s   f r o m   c o a l   and  a r e   t h e r e f o r e  

u n d e s i r a b l e   f o r   u s e   in  a  g a s i f i c a t i o n   p r o c e s s .   T h u s ,  

in  l i e u   of  p r e t r e a t i n g   raw  c o a l   w i t h   a i r   a t   h i g h  

t e m p e r a t u r e s   i t   h a s   b e e n   s u g g e s t e d   in   t h e   p a s t   t h a t   t h e  

c o a l   be  t r e a t e d   w i t h   a q u e o u s   s o d i u m   h y d r o x i d e   or  s i m i l a r  

a l k a l i n e   s o l u t i o n s   in   o r d e r   to   p r e v e n t   a g g l o m e r a t i o n   a n d  

s w e l l i n g   d u r i n g   g a s i f i c a t i o n .   P a s t   s t u d i e s   h a v e   s h o w n  

t h a t   raw  c o a l   t r e a t e d   w i t h   a q u e o u s   s o l u t i o n s   of   s o d i u m  

h y d r o x i d e   e x i b i t s   a  f r e e - s w e l l i n g   i n d e x   in   t h e  r a n g e  

f rom  a b o u t   1  to   2  and   t h e r e f o r e   i s   r e l a t i v e l y   n o n - c a k i n g .  

B e c a u s e   of   p a s t   t e a c h i n g s   t h a t   s o d i u m   h y d r o x -  

i d e   and  o t h e r   a l k a l i   m e t a l   c o m p o u n d s   t e n d   to   d e c a k e  

c o a l ,   i t   was  f e l t   t h a t   a g g l o m e r a t i o n   w o u l d   n o t   be  a  

p r o b l e m   in  t h e   c a t a l y t i c   g a s i f i c a t i o n   of  c a k i n g   c o a l s   i f  

t h e   c a t a l y s t   was  a d d e d   to   t h e   raw  c o a l   p r i o r   to   t h e  

i n t r o d u c t i o n   of  t h e   c o a l   i n t o   t h e   g a s i f i e r .   I n d e e d ,   i t  

has   b e e n   f o u n d   in   t h e   p a s t   t h a t   when   c o a l   i s   i m p r e g n a t e d  

w i t h   a l k a l i   m e t a l   c o m p o u n d s   and  g a s i f i e d   in   a  f l u i d i z e d  

bed  a t   r e l a t i v e l y   low  p r e s s u r e s ,   a g g l o m e r a t i o n   p r o b l e m s  

a r e   s u b s t a n t i a l l y   o b v i a t e d .   I t   h a s   now  b e e n   s u r p r i s -  

i n g l y   d i s c o v e r e d ,   h o w e v e r ,   t h a t   when   f l u i d i z e d   b e d  

c a t a l y t i c   g a s i f i c a t i o n   i s   c a r r i e d   o u t   a t   h i g h e r  

p r e s s u r e s ,   t h e   d e n s i t y   of  t h e   r e s u l t a n t .  f l u i d i z e d   bed  o f  

c h a r   p a r t i c l e s   i s   v e r y   l o w ,   in   some  i n s t a n c e s   as  low  a s  

80  k g / m 3 .   S u c h   low  bed  d e n s i t i e s   r e s u l t   in   a  s u b -  

s t a n t i a l   r e d u c t i o n   in   t h e  a m o u n t   of   c o a l   t h a t   can   b e  

p r o c e s s e d   in   a  g i v e n   g a s i f i e r   and  t h e r e f o r e   s u b -  

s t a n t i a l l y   d e c r e a s e   t h e   a m o u n t   o f   p r o d u c t   g a s   t h a t   c a n  

be  p r o d u c e d   in   t h e   p r o c e s s .   In  o r d e r   t o   c o n v e r t   m o r e  

c o a l   i n t o   g a s   p e r   u n i t   of  t i m e ,   i t   w o u l d   be  n e c e s s a r y   t o  

u t i l i z e   a  much  l a r g e r   g a s i f i e r   or  to   e m p l o y   m u l t i p l e  

g a s i f i e r s ,   p r o c e d u r e s   t h a t   w o u l d   r e s u l t   in   a  s u b s t a n t i a l  



i n c r e a s e   in   t h e   i n v e s t m e n t   c o s t   of  a  c o m m e r c i a l   p l a n t  

and  t h e   r e s u l t i n g   p r i c e   of  t h e   p r o d u c t   g a s .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  i m p r o v e d  

f l u i d i z e d   bed  c a t a l y t i c   c o a l   g a s i f i c a t i o n   p r o c e s s   w h i c h  

r e s u l t s   in  t h e   m a i n t e n a n c e   of  a  r e l a t i v e l y   h i g h   f l u i d i z e d  

bed  d e n s i t y   in  t h e   g a s i f i c a t i o n   r e a c t o r .   In  a c c o r d a n c e  

w i t h   t h e   i n v e n t i o n ,   . .   r e l a t i v e l y  

h i g h   f l u i d i z e d   bed  d e n s i t i e s ,   n o r m a l l y   d e n s i t i e s   a b o v e  

a b o u t   160  k g / m 3 ,   a r e   m a i n t a i n e d   in   a  g a s i f i e r  

o p e r a t i n g   a t   e l e v a t e d   p r e s s u r e   and  t e m p e r a t u r e   b y  

i m p r e g n a t i n g   t h e   c a r b o n a c e o u s   f e e d   s o l i d s   w i t h   a  c a t -  

a l y s t   and  s u b s e q u e n t l y   s u b j e c t i n g   t h e   i m p r e g n a t e d   s o l i d s  

to  a  m i l d   o x i d a t i o n   p r i o r   t o   t h e   g a s i f i c a t i o n   s t e p .   T h e  

c a r b o n a c e o u s   f e e d   s o l i d s   a r e   c o n t a c t e d   w i t h   an  a q u e o u s  

s o l u t i o n   c o n t a i n i n g   w a t e r - s o l u b l e   g a s i f i c a t i o n   c a t a l y s t  

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

s o l i d s   a r e   o x i d i z e d   by  c o n t a c t   w i t h   an  o x y g e n - c o n t a i n i n g  

g a s   a t   a  t e m p e r a t u r e   b e l o w   a b o u t   2 5 0 ° C .   N o r m a l l y ,   t h e  

c a t a l y s t   c o n s t i t u e n t s   w i l l   c o m p r i s e   a l k a l i   m e t a l  

c o n s t i t u e n t s ,   p r e f e r a b l y   p o t a s s i u m   c o n s t i t u e n t s   i n c l u d -  

i ng   p o t a s s i u m   c a r b o n a t e   and  p o t a s s i u m   h y d r o x i d e .  

I t   h a s   b e e n   s u r p r i s i n g l y   f o u n d   t h a t   o p t i m u m   f l u i d i z e d  

bed  d e n s i t i e s   a r e   d e p e n d e n t   u p o n   t h e   t e m p e r a t u r e   a t  

w h i c h   t h e   o x i d a t i o n   i s   c a r r i e d  o u t   and  on  t h e   c o n c e n t r a -  

t i o n   of  o x y g e n   in   t h e   o x y g e n - c o n t a i n i n g   g a s .   N o r m a l l y ,  

t h e   o x y g e n   c o n c e n t r a t i o n   w i l l   r a n g e   b e t w e e n   a b o u t  

2 . 0   v o l u m e   p e r c e n t   and  a b o u t   21  v o l u m e   p e r c e n t ,   p r e f e r -  

a b l y   b e t w e e n   a b o u t   4 . 0  v o l u m e   p e r c e n t   and  a b o u t   1 5  

v o l u m e   p e r c e n t ;   and   t h e   t e m p e r a t u r e   w i l l   r a n g e   b e t w e e n  

a b o u t   50°C  and  a b o u t   2 5 0 ° C ,   p r e f e r a b l y   b e t w e e n   a b o u t  

1 2 5 ° C   and  a b o u t   2 2 5 ° C .   ' I f   a  b i t u m i n o u s   c o a l ,   s u c h   a s  

I l l i n o i s   N o .  6   c o a l ,   i s   g a s i f i e d   a t   a  p r e s s u r e   a b o v e  

a b o u t   .7  MPa,  i t   i s   i m p o r t a n t   t h a t   t h e   o x i d a t i o n   of   t h e  



c a t a l y s t   i m p r e g n a t e d   c o a l   t a k e   p l a c e   a t   a  t e m p e r a t u r e  

b e t w e e n   a b o u t   1 7 5 ° C   and  a b o u t   2 2 5 ° C   when  t h e   o x y g e n  

c o n c e n t r a t i o n   of   t h e   o x i d i z i n g   g a s   i s   b e t w e e n   a b o u t   4 . 0  

v o l u m e   p e r c e n t   and  a b o u t   8 . 0   v o l u m e   p e r c e n t .   I f ,   on  t h e  

o t h e r   h a n d ,   t h e   o x y g e n   c o n c e n t r a t i o n   i s   b e t w e e n   a b o u t  

8 .0   v o l u m e   p e r c e n t   and  a b o u t   1 2 . 0   v o l u m e   p e r c e n t ,   i t  i s  

i m p o r t a n t   t h a t   t h e   o x i d i z i n g   t e m p e r a t u r e   r a n g e   b e t w e e n  

a b o u t   1 2 5 ° C   and   a b o u t   1 7 5 ° C .  

The  i n v e n t i o n   i s   b a s e d   in  p a r t   u p o n   t h e  

s u r p r i s i n g   d i s c o v e r y   t h a t   b i t u m i n o u s   c o a l s   i m p r e g n a t e d  

w i t h   a l k a l i   m e t a l   c a t a l y s t   c o n s t i t u e n t s   y i e l d   r e l a t i v e l y  

low  f l u i d i z e d   bed  d e n s i t i e s   d u r i n g   g a s i f i c a t i o n   a t  

e l e v a t e d   p r e s s u r e   as  o p p o s e d   to   t h e   r e l a t i v e l y   h i g h  

d e n s i t i e s   t h a t   had  b e e n   f o u n d   in   t h e   p a s t   when  g a s i f i c a -  

t i o n   was  c a r r i e d   o u t   a t   r e l a t i v e l y   low  p r e s s u r e s .  

L a b o r a t o r y   s t u d i e s   d e s i g n e d   to   p r e d i c t   bed  d e n s i t y   b y  

m e a s u r i n g   t h e   s w e l l i n g   t e n d e n c i e s   of  c o a l   u n d e r   p r e s s u r e  
i n d i c a t e   t h a t   c o a l   i m p r e g n a t e d   w i t h   a l k a l i   m e t a l   c a t -  

a l y s t   c o n s t i t u e n t s   s w e l l   when  s u b j e c t e d   to  r a p i d l y  

i n c r e a s i n g   t e m p e r a t u r e s   a t   t h e   h i g h   p r e s s u r e s   t h a t  .  

a r e   f o u n d   in  t y p i c a l   h i g h   p r e s s u r e   g a s i f i c a t i o n   r e a c t o r s .  

T h e s e   l a b o r a t o r y   s t u d i e s   a l s o   show  t h a t   t h e   s w e l l i n g  

t e n d e n c i e s   a r e   d r a s t i c a l l y   r e d u c e d   when  t h e   c a t a l y s t  

i m p r e g n a t e d   c o a l   i s   o x i d i z e d ' b y   c o n t a c t i n g   i t   w i t h   a n  

o x y g e n - c o n t a i n i n g   g a s .   The  s t u d i e s   f u r t h e r   i n d i c a t e  .  

t h a t   c a r e f u l   c o n t r o l   of   t h e   o x y g e n   c o n c e n t r a t i o n   and  t h e  

t e m p e r a t u r e   d u r i n g   o x i d a t i o n   i s   n e c e s s a r y   in   o r d e r   t o  

o b t a i n   o p t i m u m   bed  d e n s i t i e s   when  g a s i f y i n g   t h e   c a t -  

a l y z e d   c o a l   a t   h i g h   p r e s s u r e s   in   a  p i l o t   p l a n t   f l u i d i z e d  

bed  g a s i f i e r .  

The  p r o c e s s   of   t h e   i n v e n t i o n   p r o v i d e s   a n  

e f f i c i e n t   m e t h o d   f o r   t h e   f l u i d i z e d   bed  c a t a l y t i c   g a s i f i -  

c a t i o n   o f   b i t u m i n o u s   c o a l s   and  s i m i l a r   c a r b o n a c e o u s  

s o l i d s   t h a t  t e n d   to   a g g l o m e r a t e  a n d   s w e l l   a t   e l e v a t e d  



t e m p e r a t u r e s   and  h i g h   p r e s s u r e s   w h i c h   r e s u l t s   in   r e l a t i v e l y  

h i g h   d e n s i t i e s   in  t h e   f l u i d i z e d   b e d .   As  a  r e s u l t   of  t h e  

h i g h e r   bed  d e n s i t i e s ,   more   c o a l   and  p r o d u c t   g a s   c a n   b e  

p r o d u c e d   f o r   a  g i v e n   s i z e   g a s i f i e r   t h u s   r e s u l t i n g   i n  

s u b s t a n t i a l   s a v i n g s   e s p e c i a l l y   when  c o m p a r e d   t o   t h e   c a s e  

w h e r e   a  l a r g e r   g a s i f i e r   or  m u l t i p l e   g a s i f i e r s   w o u l d   b e  

r e q u i r e d   in  o r d e r   to   c o m p e n s a t e   f o r   low  bed  d e n s i t i e s .  

The  i n v e n t i o n   is   descnbed  with  r e f e r e n c e   to  the  drawings  w h e r e i n  

F i g u r e   1  i s   a  s c h e m a t i c   f l o w  

d i a g r a m   of   a  f l u i d i z e d   bed   c a t a l y t i c   c o a l   g a s i f i c a t i o n  

p r o c e s s   c a r r i e d   o u t   in   a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ;  

F i g u r e   2  i s   a  p l o t   i l l u s t r a t i n g   t h a t   t h e  

l a b o r a t o r y   s w e l l i n g   i n d e x   o f  a   b i t u m i n o u s   c o a l   i m -  

p r e g n a t e d   w i t h   p o t a s s i u m   h y d r o x i d e   d r a m a t i c a l l y   i n -  

c r e a s e s   as   p r e s s u r e   r i s e s   f r o m   a t m o s p h e r i c   to   a b o u t   4 

MPa  and  t h a t   t h e   s w e l l i n g   i n d e x   c a n   be  m a i n t a i n e d   a t   a  

r e l a t i v e l y   c o n s t a n t   v a l u e   b e l o w   1 . 0   by  o x i d i z i n g   t h e  

i m p r e g n a t e d   c o a l ;  

F i g u r e   3  i s   a  p l o t   i n d i c a t i n g   t h a t   t h e   b e d  

d e n s i t y   in   a  f l u i d i z e d   bed   g a s i f i c a t i o n   r e a c t o r   f e d  

w i t h   a  b i t u m i n o u s   c o a l   i m p r e g n a t e d   w i t h   p o t a s s i u m  

h y d r o x i d e   i n c r e a s e s   as   t h e   l a b o r a t o r y   s w e l l i n g   i n d e x   o f  

t h e   i m p r e g n a t e d   c o a l   d e c r e a s e s ;   a n d  

F i g u r e   4  i s   a  p l o t  i l l u s t r a t i n g   t h a t   t h e  

l a b o r a t o r y   s w e l l i n g   i n d e x   of   a  b i t u m i n o u s   c o a l   i m -  

p r e g n a t e d   w i t h   p o t a s s i u m   c a t a l y s t   c o n s t i t u e n t s   and  t h e n  

o x i d i z e d   by  c o n t a c t   w i t h   an  o x y g e n - c o n t a i n i n g   g a s   i s  

d e p e n d e n t   upon   t h e   t e m p e r a t u r e   of  t h e   o x i d a t i o n   and  t h e  

c o n c e n t r a t i o n   o f   o x y g e n   in   t h e   o x y g e n - c o n t a i n i n g   g a s .  

The  p r o c e s s   d e p i c t e d   in  F i g u r e   1  i s   o n e  

f o r   t h e   p r o d u c t i o n   of   a  s u b s t i t u t e   n a t u r a l   g a s   by  t h e  

f l u i d i z e d  b e d   c a t a l y t i c   g a s i f i c a t i o n   of   b i t u m i n o u s   c o a l ,  

s u b b i t u m i n o u s   c o a l ,   l i g n i t e ,   l i q u e f a c t i o n   b o t t o m s ,   o i l  



s h a l e   or  s i m i l a r   c a r b o n a c e o u s   s o l i d s   w h i c h   c o n t a i n  

v o l a t i l i z a b l e   h y d r o c a r b o n   c o n s t i t u e n t s   and  may  t e n d  

to  s w e l l   and   a g g l o m e r a t e   a t   e l e v a t e d   t e m p e r a t u r e s .   I t  

w i l l   be  u n d e r s t o o d   t h a t   t h e   i n v e n t i o n   i s   n o t   r e s t r i c t e d  

to  t h i s   p a r t i c u l a r   g a s i f i c a t i o n   p r o c e s s   and  i n s t e a d   m a y  
be  e m p l o y e d   in   any   f l u i d i z e d   bed  g a s i f i c a t i o n   o p e r a t i o n  

in  w h i c h   a  c a t a l y s t   i s   u s e d   to   p r o m o t e   t h e  r e a c t i o n   o f  

o x y g e n ,   s t e a m ,   h y d r o g e n ,   c a r b o n   d i o x i d e ,   or  a  s i m i l a r  

g a s i f i c a t i o n   a g e n t   w i t h   s o l i d   c a r b o n a c e o u s   f e e d   m a t e r i a l  

in  a  f l u i d i z e d   bed  g a s i f i c a t i o n   r e a c t o r   o p e r a t e d   a t  

e l e v a t e d   p r e s s u r e s .  
In  t h e   p r o c e s s   shown  in  F i g u r e   1,   t h e   s o l i d  

c a r b o n a c e o u s   f e e d   m a t e r i a l   t h a t   h a s   b e e n   c r u s h e d   to   a  

p a r t i c l e   s i z e   of   a b o u t   8  mesh  or  s m a l l e r   on  t h e   U . S .  

S i e v e   S e r i e s   S c a l e   i s   p a s s e d ,  i n t o   l i n e   10  f r o m   a  f e e d  

p r e p a r a t i o n   p l a n t   or  s t o r a g e   f a c i l i t y   t h a t   i s   n o t   s h o w n  

i n  t h e   d r a w i n g .   The  s o l i d s   i n t r o d u c e d   i n t o   l i n e   10  a r e  

f ed   i n t o   a  h o p p e r   or  s i m i l a r   v e s s e l   12  f r o m   w h i c h   t h e y  

a r e   p a s s e d   t h r o u g h   l i n e   14  i n t o   c a t a l y s t   i m p r e g n a t i o n  

z o n e   1 6 .   T h i s   z o n e   c o n t a i n s   a  s c r e w   c o n v e y o r   or  s i m i l a r  

d e v i c e ,   n o t   shown   in   t h e   d r a w i n g ,   w h i c h   t r a n s p o r t s   t h e  

s o l i d s   f r o m   one   end  of   t h e   z o n e   to  t h e   o t h e r   w h i l e   t h e y  

a r e   b e i n g   s p r a y e d   w i t h   a  c a t a l y s t - c o n t a i n i n g   s o l u t i o n  

s u p p l i e d   t h r o u g h   l i n e   20  a n d - i n t r o d u c e d   i n t o   t h e   z o n e  

t h r o u g h   a  s e r i e s   o f   s p r a y   n o z z l e s   or  s i m i l a r   d e v i c e s  

18 .   The  a q u e o u s   s o l u t i o n   of  w a t e r - s o l u b l e   c a t a l y s t   i s  

r e c y c l e d   t o   l i n e   20  t h r o u g h   l i n e   62  f r o m   t h e   c a t a l y s t  

r e c o v e r y   p o r t i o n   of   t h e   p r o c e s s   w h i c h   i s   d e s c r i b e d   i n  

more   d e t a i l   h e r e i n a f t e r .   N o r m a l l y ,   s u f f i c i e n t   c a t a l y s t -  

c o n t a i n i n g   s o l u t i o n   i s   p a s s e d   i n t o   t h e   i m p r e g n a t i o n   z o n e  

to   t h o r o u g h l y   wet   t h e   c o a l .   The  r e s i d e n c e   t i m e   of   t h e  

c o a l   in   t h e   c a t a l y s t   i m p r e g n a t i o n   z o n e   i s   s u f f i c i e n t   t o  

a l l o w   t h e  c a t a l y s t   c o n s t i t u e n t s   in  t h e   s o l u t i o n   t o  

d e p o s i t   o n t o   and  i m p r e g n a t e   t h e  c o a l   or   s i m i l a r  



c a r b o n a c e o u s   f e e d   s o l i d s .   In  g e n e r a l ,   t h e   s o l i d s   l e a v i n g  

__  t h e   c a t a l y s t   i m p r e g n a t i o n   zone   w i l l   c o n t a i n  

b e t w e e n   a b o u t   5 . 0   and  a b o u t   30  w e i g h t   p e r c e n t   c a t a l y s t  

c o n s t i t u e n t s ,   p r e f e r a b l y   b e t w e e n   a b o u t   10  and  a b o u t   2 0  

w e i g h t   p e r c e n t .   I t   w i l l   be  u n d e r s t o o d   t h a t   in  l i e u   of   a  

s c r e w   c o n v e y o r ,   t h e   c a t a l y s t   i m p r e g n a t i o n   z o n e   may  be  a  

r i b b o n   m i x e r   or  any  o t h e r   d e v i c e   in   w h i c h   i n t i m a t e  

c o n t a c t   b e t w e e n   t h e   f e e d   s o l i d s   and  c a t a l y s t   c o n t a i n i n g  

s o l u t i o n   c a n   be  a c h i e v e d .  

In   c o n v e n t i o n a l   c a t a l y t i c   g a s i f i c a t i o n   p r o c e s -  

s e s ,   t h e   c a t a l y s t   i m p r e g n a t e d   s o l i d s   p r o d u c e d   in  z o n e   1 6  

w o u l d   be  d r i e d   and  p a s s e d   i n t o   t h e   g a s i f i e r .   I t   ha s   now 

s u r p r i s i n g l y   b e e n   f o u n d   t h a t   when  c a t a l y s t   i m p r e g n a t e d  

s o l i d s   a r e   g a s i f i e d   in   a  f l u i d i z e d   bed  g a s i f i e r   o p e r a t e d  

a t   a  r e l a t i v e l y   h i g h   p r e s s u r e ,   n o r m a l l y   a b o v e   a b o u t  

.35  MPa  and  p r e f e r a b l y   a b o v e   a b o u t   .7  MPa,  t h e   d e n s i t y  

of  t h e   f l u i d i z e d   bed  i s   v e r y   l o w .  T h i s ,   in   t u r n ,  

r e s u l t s   in   t h e   n e e d   f o r   a  l a r g e r   g a s i f i e r   in   o r d e r   t o  

p r o d u c e   t h e   d e s i r e d   q u a n t i t i e s   of  p r o d u c t   g a s .   I t   h a s  

now  b e e n   f o u n d   t h a t   t h e   d e n s i t y   of  t h e   f l u i d i z e d   bed  i n  

t h e   g a s i f i e r   c a n   be  s u b s t a n t i a l l y   i n c r e a s e d   t h e r e b y  

o b v i a t i n g   t h e   n e e d   f o r   a  l a r g e r   g a s i f i e r   by  c o n t a c t i n g  

t h e   s o l i d s   a f t e r   t h e y   h a v e   b e e n   i m p r e g n a t e d   w i t h   t h e  

c a t a l y s t   c o n s t i t u e n t s   w i t h   a n - o x y g e n - c o n t a i n i n g   g a s   a t   a  

t e m p e r a t u r e   b e l o w   a b o u t   250°C   b u t   p r e f e r a b l y   a b o v e  

a m b i e n t   t e m p e r a t u r e .  

R e f e r r i n g   a g a i n   to   F i g u r e   1,  t h e   c a t a l y s t  

i m p r e g n a t e d   s o l i d s   a r e   w i t h d r a w n   f r o m   z o n e   16  and  p a s s e d  

t h r o u g h   l i n e   22  i n t o   o x i d i z e r   or  s i m i l a r   v e s s e l   24 ,   w h i c h  

c o n t a i n s   a  f l u i d i z e d   bed   of  c a r b o n a c e o u s   s o l i d s   e x t e n d -  

ing   u p w a r d   w i t h i n   t h e   v e s s e l   a b o v e   an  i n t e r n a l   g r i d   o r  

s i m i l a r   d i s t r i b u t i o n   d e v i c e   n o t   shown   in   t h e   d r a w i n g .  

The  c a r b o n a c e o u s   s o l i d s   a r e   m a i n t a i n e d   in   a  f l u i d i z e d  

s t a t e   w i t h i n  t h e   o x i d i z e r   by  m e a n s   of   an  o x y g e n -  



c o n t a i n i n g   g a s   i n t r o d u c e d   i n t o   t he   o x i d i z e r   t h r o u g h  

b o t t o m   i n l e t   l i n e   26.   The  o x y g e n   in   t h e   g a s   i n j e c t e d  

i n t o   t h e   b o t t o m   of  t h e   o x i d i z e r   r e a c t s   w i t h   c o m p l e x  

h y d r o c a r b o n   m o l e c u l e s   in  t h e   p a r t i c l e s   t h a t   c o m p r i s e   t h e  

f l u i d i z e d   bed   t o   f o rm  c a r b o n   d i o x i d e ,   c a r b o n   m o n o x i d e  

and  m o l e c u l e s   c o n t a i n i n g   o x y g e n   f u n c t i o n a l   g r o u p s  

i n c l u d i n g   c a r b o x y l i c   a c i d   g r o u p s   and   e t h e r   l i n k a g e s .  

The  h e a t   g e n e r a t e d   by  t h e s e   r e a c t i o n s   s e r v e s   to   d r i v e  

o f f   t h e   w a t e r   i n   t h e   wet   s o l i d s   e n t e r i n g   t h e   o x i d i z e r  

t h e r e b y   d r y i n g   t h e   p a r t i c l e s   b e f o r e   or  d u r i n g   t h e  

o x i d a t i o n   p r o c e s s .   N o r m a l l y ,   t h e   o x i d i z e r   w i l l   b e  

o p e r a t e d   a t   a t m o s p h e r i c   p r e s s u r e   and  a t   a  t e m p e r a t u r e  

b e t w e e n   a b o u t   50°C  and  a b o u t   2 5 0 ° C ,   p r e f e r a b l y   b e t w e e n  

a b o u t   1 2 5 ° C   and  a b o u t   2 2 5 ° C .   The  o x y g e n - c o n t a i n i n g   g a s  

i n j e c t e d   i n t o   b o t t o m   i n l e t   l i n e   26  w i l l   n o r m a l l y   h a v e   a n  

o x y g e n   c o n c e n t r a t i o n   b e t w e e n   a b o u t   2 . 0   v o l u m e   p e r c e n t  

and  a b o u t   21  v o l u m e   p e r c e n t ,   p r e f e r a b l y   b e t w e e n   a b o u t  

4 .0   v o l u m e   p e r c e n t   and  a b o u t   15  v o l u m e   p e r c e n t .   N o r m a l l y ,  

t h e   o x y g e n - c o n t a i n i n g   g a s   w i l l   be  a  m i x t u r e   of  a i r   a n d  

r e c y c l e   f l u e   g a s   in   w h i c h   t h e   o x y g e n   c o n c e n t r a t i o n   i s  

c o n t r o l l e d   by  t h e   a m o u n t   of  r e c y c l e   f l u e   g a s   u t i l i z e d .  

In  g e n e r a l ,   t h e   a v e r a g e   r e s i d e n c e   t i m e   of   t h e   c a t a l y s t  

i m p r e g n a t e d   c a r b o n a c e o u s   s o l i d s   in  t h e   o x i d i z e r   w i l l  

r a n g e   b e t w e e n   a b o u t   0 . 2 5   h o u r s   and  a b o u t   20  h o u r s ,  

p r e f e r a b l y   b e t w e e n   a b o u t   2  h o u r s   and  a b o u t   8  h o u r s .  

The  g a s   l e a v i n g   t h e   f l u i d i z e d   b e d   in  o x i d i z e r  

24  p a s s e s   t h r o u g h   t h e   u p p e r   s e c t i o n   of   t h e   o x i d i z e r ,  

w h i c h   s e r v e s   as   a  d i s e n g a g e m e n t   z o n e   w h e r e   p a r t i c l e s   t o o  

h e a v y   to   be  e n t r a i n e d   by  t h e   g a s   l e a v i n g  t h e   v e s s e l   a r e  

r e t u r n e d   t o   t h e   b e d .   I f   d e s i r e d ,   t h i s   d i s e n g a g e m e n t  

z o n e   may  c o n t a i n   one   or  more   c y c l o n e   s e p a r a t o r s   or  t h e  

l i k e   f o r   t h e   r e m o v a l   o f  r e l a t i v e l y   l a r g e   p a r t i c l e s   f r o m  

t h e   g a s . . T h e   g a s   w i t h d r a w n   f r o m   t h e   u p p e r   p a r t   of  t h e  



o x i d i z e r   t h r o u g h   l i n e   28  w i l l   n o r m a l l y   c o n t a i n   a  m i x t u r e  

of  c a r b o n   m o n o x i d e ,   c a r b o n   d i o x i d e ,   w a t e r   v a p o r ,   n i t r o g e n ,  

s u l f u r   d i o x i d e   f o r m e d   f r o m   t h e   s u l f u r   c o n t a i n e d   in  t h e  

s o l i d s   f e d   to   t h e   o x i d i z e r   and  e n t r a i n e d   f i n e s .   T h i s  

h o t   f l u e   g a s   is   i n t r o d u c e d   i n t o   a  c y c l o n e   s e p a r a t o r   o r  

s i m i l a r   d e v i c e ,   n o t   shown  in  t h e   d r a w i n g ,   w h e r e   t h e   f i n e  

p a r t i c u l a t e s   a r e   r e m o v e d .   The  r a w ,   h o t   f l u e   g a s   f r o m  

w h i c h   t h e   f i n e s   h a v e   b e e n   r e m o v e d   i s   w i t h d r a w n   f r o m   t h e  

s e p a r a t o r   and  c an   be  p a s s e d   to  a  w a s t e   h e a t   b o i l e r   o r  

o t h e r   d e v i c e   w h e r e   i t s   h e a t   can  be  u t i l i z e d   to   g e n e r a t e  

s t e a m   or  f o r   some  o t h e r   p u r p o s e .   A  p o r t i o n   of  t h e  

c o o l e d   f l u e   g a s   is   n o r m a l l y   m i x e d   w i t h   a i r   to  p r o d u c e  

t h e   o x y g e n - c o n t a i n i n g   gas   w h i c h   i s   f e d   to   t h e   o x i d i z e r  

t h r o u g h   b o t t o m   i n l e t   l i n e   2 6 .  

The  o x i d i z e d ,   c a t a l y s t   i m p r e g n a t e d   c a r -  

b o n a c e o u s   s o l i d s   p r o d u c e d   in  o x i d i z e r   24  a r e   w i t h d r a w n  

t h r o u g h   l i n e   30  and  p a s s e d   to   c l o s e d   h o p p e r   or  s i m i l a r  

v e s s e l   32  f r o m   w h i c h   t h e y   a r e   d i s c h a r g e d   t h r o u g h   a  s t a r  

w h e e l   f e e d e r   or  e q u i v a l e n t   d e v i c e   36  in   l i n e   34  a t   a n  

e l e v a t e d   p r e s s u r e   s u f f i c i e n t   to  p e r m i t   t h e i r   e n t r a i n m e n t  

i n t o   a  s t r e a m   of   h i g h   p r e s s u r e   s t e a m ,   r e c y c l e   p r o d u c t  

g a s ,   i n e r t   g a s   or  o t h e r   c a r r i e r   g a s   i n t r o d u c e d   i n t o  

l i n e   38  v i a   l i n e   40 .   The  c a r r i e r   g a s   and   e n t r a i n e d  

s o l i d s   a r e   p a s s e d   t h r o u g h   l i n e   38  i n t o   m a n i f o l d   41  a n d  

f e d   f r o m   t h e   m a n i f o l d   t h r o u g h   l i n e s   42  and  n o z z l e s ,   n o t  

shown  in   t h e   d r a w i n g ,   i n t o   g a s i f i e r   44 .   In  l i e u   o f  

or  in   a d d i t i o n   t o   h o p p e r   32  and  s t a r   w h e e l   f e e d e r   3 6 ,  

t h e   f e e d   s y s t e m   may  e m p l o y   p a r a l l e l   l o c k   h o p p e r s ,  

p r e s s u r i z e d   h o p p e r s ,   a e r a t e d   s t a n d p i p e s   o p e r a t e d   i n  

s e r i e s ,   or  o t h e r   a p p a r a t u s   to   r a i s e   t h e   i n p u t   f e e d   s o l i d  

s t r e a m   to   t h e   r e q u i r e d   p r e s s u r e   l e v e l .  

G a s i f i e r   44  c o m p r i s e s   a  r e f r a c t o r y   l i n e d  

v e s s e l   c o n t a i n i n g   a  f l u i d i z e d   bed  of   c a r b o n a c e o u s   s o l i d s  



e x t e n d i n g   u p w a r d   w i t h i n   t h e   v e s s e l   a b o v e   an  i n t e r n a l  

g r i d   or   s i m i l a r   d i s t r i b u t i o n   d e v i c e   n o t   shown   in  t h e  

d r a w i n g .   The  bed  i s   m a i n t a i n e d   in   t h e   f l u i d i z e d  

s t a t e   by  m e a n s   of  s t e a m   i n t r o d u c e d   t h r o u g h   l i n e   4 6 ,  

m a n i f o l d   48  and  p e r i p h e r a l l y   s p a c e d   i n j e c t i o n   l i n e s   a n d  

n o z z l e s   5 0 ,   and  by  m e a n s   of   r e c y c l e   h y d r o g e n   and  c a r b o n  

m o n o x i d e   i n t r o d u c e d   t h r o u g h   b o t t o m   i n l e t   l i n e   52.   T h e  

p a r t i c u l a r   i n j e c t i o n   s y s t e m   shown  in   t h e   d r a w i n g   i s  

n o t   c r i t i c a l ,   h e n c e   o t h e r   m e t h o d s   f o r   i n j e c t i n g   t h e  

s t e a m   and  h y d r o g e n   and  c a r b o n   m o n o x i d e   may  be  e m p l o y e d .  

In  some  i n s t a n c e s ,   f o r   e x a m p l e ,   i t   may  be  p r e f e r r e d   t o  

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

m u l t i p l e   n o z z l e s   to  o b t a i n   a  more   u n i f o r m   d i s t r i b u t i o n  

of  t h e   i n j e c t e d   f l u i d   and  r e d u c e   t h e   p o s s i b i l i t y   o f  

c h a n n e l i n g   and  r e l a t e d   p r o b l e m s .  

The  i n j e c t e d   s t e a m   r e a c t s   w i t h   c a r b o n   in  t h e  

f e e d   m a t e r i a l   in  t h e   f l u i d i z e d   bed  in  g a s i f i e r   44  a t   a  

t e m p e r a t u r e   w i t h i n   t h e   r a n g e   b e t w e e n   a b o u t   4 2 5 ° C   a n d  

a b o u t   8 7 0 ° C ,   p r e f e r a b l y   b e t w e e n   a b o u t   6 0 0 ° C   and   a b o u t  

. 7 6 0 ° C ,   and  a t   a  p r e s s u r e   n o r m a l l y   a b o v e   .7  MPa.  T h e  

p r e s s u r e   w i l l   n o r m a l l y   r a n g e   b e t w e e n   a b o u t   1 . 4   MPa  a n d  

a b o u t   4 . 9   MPa  and  w i l l   p r e f e r a b l y   be  b e t w e e n   a b o u t   2 . 8  

MPa  and  a b o u t   4 . 2   MPa.  When  t h e   c a t a l y s t   c o n s t i t u e n t s  

u t i l i z e d   to   i m p r e g n a t e   t h e   c a r b o n a c e o u s   f e e d   m a t e r i a l   i n  

i m p r e g n a t i o n   z o n e   16  c o m p r i s e   a l k a l i   m e t a l   c o n s t i t u e n t s ,  

t h e s e   c o n s t i t u e n t s   w i l l   i n t e r a c t   a t   t h e   g a s i f i c a t i o n  

t e m p e r a t u r e   w i t h   c a r b o n   in  t h e   c a r b o n a c e o u s   s o l i d s   t o  

f o r m   a  c a r b o n - a l k a l i   m e t a l   c a t a l y s t ,   w h i c h   w i l l   u n d e r  

p r o p e r   c o n d i t i o n s   e q u i l i b r a t e   t h e   g a s   p h a s e   r e a c t i o n s  

o c c u r i n g   d u r i n g   g a s i f i c a t i o n .   Due  to   t h e   g a s   p h a s e  

e q u i l i b r i u m   c o n d i t i o n s   e x i s t i n g   in   t h e   bed   as   a  r e s u l t  

of   t h e   p r e s e n c e   o f   t h e   c a r b o n - a l k a l i   m e t a l   c a t a l y s t   a n d  

t h e   r e c y c l e   h y d r o g e n   and  c a r b o n   m o n o x i d e   i n j e c t e d   n e a r  

t h e   l o w e r   end   of   t h e   b e d ,   t h e   n e t   r e a c t i o n   p r o d u c t s   w i l l  



n o r m a l l y   c o n s i s t   e s s e n t i a l l y   of  m e t h a n e   and  c a r b o n  

d i o x i d e .   C o m p e t i n g   r e a c t i o n s   t h a t   in   t h e   a b s e n c e   o f  

c a t a l y s t   and  t h e   h y d r o g e n   and  c a r b o n   m o n o x i d e   w o u l d  

o r d i n a r i l y   t e n d   to   p r o d u c e   a d d i t i o n a l   h y d r o g e n   a n d  

c a r b o n   m o n o x i d e   a r e   s u p p r e s s e d .   At  t h e   same  t i m e  

s u b s t a n t i a l   q u a n t i t i e s   of  e x o t h e r m i c   h e a t   a r e   r e l e a s e d  

as  a  r e s u l t   of  t h e   r e a c t i o n   of   h y d r o g e n   w i t h   c a r b o n  

m o n o x i d e   and  t h e   r e a c t i o n   of   c a r b o n   m o n o x i d e   w i t h   s t e a m .  

T h i s   e x o t h e r m i c   h e a t   t e n d s   to   b a l a n c e   t h e   e n d o t h e r m i c  

h e a t   c o n s u m e d   by  t h e   r e a c t i o n   of  s t e a m   w i t h   c a r b o n ,  

t h e r e b y   p r o d u c i n g   an  o v e r a l l   t h e r m o n e u t r a l   r e a c t i o n .   S o  

f a r   as  t h e   h e a t   of   r e a c t i o n   i s   c o n c e r n e d ,   t h e   g a s i f i e r  

i s   t h e r e f o r e   l a r g e l y   in  h e a t   b a l a n c e .   The  h e a t   e m p l o y e d  

to  p r e h e a t   t h e   f e e d   s o l i d s   to   r e a c t i o n   t e m p e r a t u r e   a n d  

c o m p e n s a t e   f o r   h e a t   l o s s   f r o m   t h e   g a s i f i e r   i s   s u p p l i e d  

f o r   t h e   m o s t   p a r t   by  e x c e s s   h e a t   in  t h e   g a s e s   i n t r o d u c e d  

in  t h e   g a s i f i e r   t h r o u g h   l i n e s   50  and  52 .   S u c h   a  g a s i f i -  

c a t i o n   s y s t e m   i s   d e s c r i b e d   in  d e t a i l   in   U . S .   P a t e n t   N o s .  

4 , 0 9 4 , 6 5 0   and  4 , 1 9 8 , 2 0 4 .  

I t   w i l l   be  u n d e r s t o o d  

t h a t   t h e   p r o c e s s   of  t h e   i n v e n t i o n   i s   n o t   l i m i t e d   to   t h i s  

t y p e   of   a  g a s i f i c a t i o n   s y s t e m   and  c an   be  u s e d   w i t h   a n y  

t y p e   of   g a s i f i c a t i o n   r e a c t o r   in   w h i c h   a  f l u i d i z e d   bed  i s  

m a i n t a i n e d   a t   e l e v a t e d   p r e s s u r e s .   For   e x a m p l e ,   t h e  

p r o c e s s   of  t h e   i n v e n t i o n   may  e m p l o y   a  c a t a l y t i c   g a s i f i e r  

in   w h i c h   o x y g e n   i s   i n j e c t e d   i n t o   t h e   g a s i f i e r   to  b u r n   a  

p o r t i o n   of   t h e   c a r b o n a c e o u s   m a t e r i a l   in   t h e   f l u i d i z e d  

bed  to  g e n e r a t e   t h e   h e a t   r e q u i r e d   to   m a i n t a i n   t h e  

r e a c t o r   in   h e a t   b a l a n c e .  

The  g a s   l e a v i n g   t h e   f l u i d i z e d   bed  in   g a s i f i e r  

44  p a s s e s   t h r o u g h   t h e   u p p e r   s e c t i o n   of   t h e   g a s i f i e r ,  

w h i c h   s e r v e s   as   a  d i s e n g a g e m e n t   z o n e   w h e r e   p a r t i c l e s   t o o  

h e a v y   to   be  e n t r a i n e d   by  t h e   g a s   l e a v i n g   t h e   v e s s e l   a r e  



r e t u r n e d   to   t h e   b e d .   I f   d e s i r e d ,   t h i s   d i s e n g a g e m e n t  

zone   may  i n c l u d e   one  or  m o r e   c y c l o n e   s e p a r a t o r s   or  t h e  

l i k e   f o r   r e m o v i n g   r e l a t i v e l y   l a r g e   p a r t i c l e s   f r o m   t h e  

g a s .   The  g a s   w i t h d r a w n   f r o m   t h e   u p p e r   p a r t   of   t h e  

g a s i f i e r   t h r o u g h   l i n e   54  w i l l   n o r m a l l y   c o n t a i n   m e t h a n e ,  

c a r b o n   d i o x i d e ,   h y d r o g e n ,   c a r b o n   m o n o x i d e ,   u n r e a c t e d  

s t e a m ,   h y d r o g e n   s u l f i d e ,   a m m o n i a ,   and  o t h e r   c o n t a m i n a n t s  

f o r m e d   f r o m   t h e   s u l f u r   and  n i t r o g e n   c o n t a i n e d   in  t h e  

f e e d   m a t e r i a l ,   and  e n t r a i n e d   f i n e s .   T h i s   g a s   i s   i n t r o -  

d u c e d   i n t o   a  c y c l o n e   s e p a r a t o r   or  s i m i l a r   d e v i c e ,  

n o t   s h o w n   in  t h e   d r a w i n g ,   f o r   r e m o v a l   of   f i n e   p a r -  
t i c u l a t e s .   The  r e s u l t i n g   raw  p r o d u c t   g a s   may  t h e n   b e  

p a s s e d   t h r o u g h   s u i t a b l e   h e a t   e x c h a n g e   e q u i p m e n t   f o r   t h e  

r e c o v e r y   of  h e a t   and  t h e n   p r o c e s s e d   f o r   t h e   r e m o v a l  

of  a c i d   g a s e s .   Once  t h i s   h a s   b e e n   a c c o m p l i s h e d ,   t h e  

r e m a i n i n g   g a s ,   c o n s i s t i n g   p r i m a r i l y   of   m e t h a n e ,  

h y d r o g e n ,   and  c a r b o n   m o n o x i d e ,   may  be  c r y o g e n i c a l l y  

s e p a r a t e d   i n t o   a  p r o d u c t   m e t h a n e   s t r e a m   and  a  r e c y c l e  

s t r e a m   of   h y d r o g e n   and  c a r b o n   m o n o x i d e   w h i c h   i s   r e t u r n e d  

to  t h e   g a s i f i e r   t h r o u g h   l i n e   52 .   C o n v e n t i o n a l   g a s  

p r o c e s s i n g   e q u i p m e n t   can   be  u s e d .   S i n c e   a  d e t a i l e d  

d e s c r i p t i o n   of  t h i s   d o w n s t r e a m   g a s   p r o c e s s i n g   p o r t i o n   o f  

t h e   p r o c e s s   i s   n o t   n e c e s s a r y   f o r   an  u n d e r s t a n d i n g   of   t h e  

i n v e n t i o n ,   i t   h a s   b e e n   o m i t t e d .  

In  o r d e r   to  p r o d u c e   a  r e a s o n a b l e   a m o u n t   o f  

p r o d u c t   m e t h a n e   in  g a s i f i e r   44,   i t   i s   n e c e s s a r y   t o  

m a i n t a i n   t h e   f l u i d i z e d   bed   in   t h e   g a s i f i e r   a t   a  d e n s i t y  

a b o v e   a b o u t   160  k g / m 3 .   The  d e n s i t y   of   t h e   f l u i d i z e d  

bed   i s   c o n t r o l l e d   by  t h e   o p e r a t i n g   c o n d i t i o n s   i n  

o x i d i z e r   24.   The  c a t a l y s t   i m p r e g n a t e d   c a r b o n a c e o u s  

s o l i d s   f e d   to   o x i d i z e r   24  a r e   p r e f e r a b l y   c o n t a c t e d   w i t h  

a  g a s   c o n t a i n i n g   b e t w e e n   a b o u t   4  v o l u m e   p e r c e n t   a n d  

a b o u t   15  v o l u m e   p e r c e n t   o x y g e n   a t   a  t e m p e r a t u r e   b e t w e e n  

a b o u t   1 2 5 ° C   and  a b o u t   2 2 5 ° C   f o r   a  t i m e   f r o m   a b o u t   2  



h o u r s   to   a b o u t   8  h o u r s .   The  a c t u a l   t e m p e r a t u r e  

m a i n t a i n e d   in  t h e   o x i d i z e r   w i l l   d e p e n d   a t   l e a s t   in  p a r t  

u p o n   t h e   d e n s i t y   of  t h e   f l u i d i z e d   bed  d e s i r e d   in   g a s i -  

f i e r   44  and  t h e   o x y g e n   c o n c e n t r a t i o n  i n   t h e   g a s   i n j e c t e d  

i n t o   t h e   o x i d i z e r   t h r o u g h   b o t t o m   i n l e t   l i n e   26.   F o r  

e x a m p l e ,   i f   i t   i s   d e s i r e d   to  m a i n t a i n   t h e   d e n s i t y   of  t h e  

f l u i d i z e d   bed  in   t h e   g a s i f i e r   a t   a  v a l u e   a b o v e   a b o u t   2 4 0  

kg /m3   and   t h e   g a s   i n j e c t e d   i n t o   t h e   o x i d i z e r   t h r o u g h  

l i n e   26  c o n t a i n s   a b o u t   5  v o l u m e   p e r c e n t   o x y g e n ,   t h e n   t h e  

t e m p e r a t u r e   in   t h e   o x i d i z e r   w i l l   n o r m a l l y   be  b e t w e e n  

a b o u t   1 7 5 ° C   and  a b o u t   2 2 5 ° C .   To  m a i n t a i n   t h e   s a m e  

d e n s i t y   in  t h e   g a s i f i e r   u t i l i z i n g   a  g a s   c o n t a i n i n g   a b o u t  

10  v o l u m e   p e r c e n t   o x y g e n ,   t h e   t e m p e r a t u r e   in   t h e  

o x i d i z e r   w i l l   n o r m a l l y   be  b e t w e e n   a b o u t   125°C   and  a b o u t  

1 7 5 ° C .   A  r e s i d e n c e   t i m e   in  t h e   o x i d i z e r   a b o v e   a b o u t  

2  h o u r s   i s   n o r m a l l y   s u f f i c i e n t   to  o b t a i n   t h e   d e s i r e d  

f l u i d i z e d   bed  d e n s i t i e s   in   g a s i f i e r   4 4 .  

I t   i s   n o t   f u l l y   u n d e r s t o o d   why  h i g h e r  

p r e s s u r e s   t e n d   to   y i e l d   l o w e r   bed  d e n s i t i e s   when  c a t -  

a l y s t   i m p r e g n a t e d   c o a l   or  s i m i l a r   c a r b o n a c e o u s   s o l i d s  

a r e   g a s i f i e d .   I t   i s   p r e s e n t l y   b e l i e v e d   t h a t   h i g h e r  

g a s i f i c a t i o n   p r e s s u r e s   t e n d   to   r e t a r d   t h e   v a p o r i z a t i o n  

of   l i q u i d s   f r o m   t h e   p a r t i c l e s   c o m p r i s i n g   t h e   f l u i d i z e d  

bed  and  t h i s   in   t u r n   s o f t e n s   t h e   p a r t i c l e s   and  m a k e s  

t h e m   more   a m e n a b l e   to   s w e l l i n g   by  e s c a p i n g   g a s e s .   I t   i s  

p r e s e n t l y   b e l i e v e d   t h a t   o x i d a t i o n   of   t h e   c a t a l y s t  

i m p r e g n a t e d   p a r t i c l e s   p r i o r   to   g a s i f i c a t i o n   c a u s e s  

c o n d e n s a t i o n   r e a c t i o n s   to   t a k e   p l a c e   b e t w e e n   o x y g e n  

f u n c t i o n a l i t i e s   o f  t h e   l o w e r   m o l e c u l a r   w e i g h t   c o n -  

s t i t u e n t s   t h e r e b y   f o r m i n g   h i g h e r   m o l e c u l a r   w e i g h t  

c o n s t i t u e n t s   w h i c h   do  n o t   l i q u e f y   a t   g a s i f i c a t i o n  

c o n d i t i o n s .   I t   i s   f e l t  t h a t   a  r e d u c t i o n   i n   t h e   f o r m a -  

t i o n   of  l i q u i d s   d u r i n g   g a s i f i c a t i o n   t e n d s   to   d e c r e a s e  

p a r t i c l e   s o f t e n i n g   w h i c h   in  t u r n  r e d u c e s   t h e   p a r t i c l e  



s w e l l i n g   and  r e s u l t s   in   h i g h e r   f l u i d i z e d   bed   d e n s i t i e s .  

R e f e r r i n g   a g a i n   to   F i g u r e   1,  c h a r   p a r t i c l e s  

c o n t a i n i n g   c a r b o n a c e o u s   m a t e r i a l ,   a s h   and  c a t a l y s t  

r e s i d u e s   a r e   c o n t i n u o u s l y   w i t h d r a w n   t h r o u g h   l i n e   56  f r o m  

t h e   b o t t o m   of  t h e   f l u i d i z e d   bed   in   g a s i f i e r   44  in   o r d e r  

to  c o n t r o l   t h e   a s h   c o n t e n t   of   t h e   s y s t e m   and  to  p e r m i t  

t h e   r e c o v e r y   and  r e c y c l e   of   c a t a l y s t   c o n s t i t u e n t s .   T h e  

w i t h d r a w n   s o l i d s   a r e   p a s s e d   to   c a t a l y s t   r e c o v e r y   u n i t  

58,   w h i c h   w i l l   n o r m a l l y   c o m p r i s e   a  m u l t i s t a g e ,   c o u n t e r -  

c u r r e n t   l e a c h i n g   s y s t e m   in  w h i c h   t h e   c h a r   p a r t i c l e s   a r e  

c o u n t e r c u r r e n t l y   c o n t a c t e d   w i t h   f r e s h   w a t e r   or  s o m e  

o t h e r   a q u e o u s   s o l u t i o n   i n t r o d u c e d   t h r o u g h   l i n e   60 .   I f  

t he   c a t a l y s t   u t i l i z e d   in   i m p r e g n a t i o n   z o n e   16  c o m -  

p r i s e s   a l k a l i   m e t a l   c o n s t i t u e n t s ,   t h e   f i r s t   s t a g e   o f  

t h e   c a t a l y s t   r e c o v e r y   u n i t   may  u t i l i z e   c a l c i u m   h y d r o x i d e  

d i g e s t i o n   to   c o n v e r t   w a t e r - i n s o l u b l e   c a t a l y s t   c o n -  

s t i t u e n t s   i n t o   w a t e r - s o l u b l e   c o n s t i t u e n t s .   Such   a  

d i g e s t i o n   p r o c e s s   i s   d e s c r i b e d   in  d e t a i l   in   U . S .   P a t e n t  

N o .  4 , 2 1 9 , 3 3 8 .  

An  a q u e o u s   s o l u t i o n   of  w a t e r -  

s o l u b l e   c a t a l y s t   c o n s t i t u e n t s   i s   w i t h d r a w n   f r o m   t h e  

r e c o v e r y   u n i t   t h r o u g h   l i n e   62  and  may  be  r e c y c l e d  

t h r o u g h   l i n e s   20  and  18  to   i m p r e g n a t i o n   z o n e   1 6 .  

N o r m a l l y ,   t h e   w a t e r - s o l u b l e   c a t a l y s t   c o n s t i t u e n t s   in   t h e  

a q u e o u s   s o l u t i o n   w i l l   c o m p r i s e   a l k a l i   m e t a l   c o n s t i t u e n t s  

s u c h   as   a l k a l i   m e t a l   c a r b o n a t e ,   b i c a r b o n a t e ,   h y d r o x i d e  

and  s i m i l a r   a l k a l i   m e t a l   s a l t s   a c t i v e   in   p r o m o t i n g   t h e  

s t e a m   g a s i f i c a t i o n   of  c o a l   and  s i m i l a r   c a r b o n a c e o u s  

- s o l i d s .   P r e f e r a b l y , ' t h e   w a t e r - s o l u b l e   c a t a l y s t   w i l l  

c o m p r i s e   p o t a s s i u m   c o n s t i t u e n t s .   P a r t i c l e s   f rom  w h i c h  

s u b s t a n t i a l l y   a l l   t h e   s o l u b l e   c a t a l y s t   c o n s t i t u e n t s   h a v e  

b e e n   e x t r a c t e d   a r e   w i t h d r a w n   f r o m   t h e   c a t a l y s t   r e c o v e r y  
u n i t   t h r o u g h   l i n e   64  and   may  be  d i s p o s e d   o f   as  l a n d f i l l  

or  u s e d   f o r   o t h e r   p u r p o s e s .  



In  t h e   e m b o d i m e n t   of   t h e   i n v e n t i o n   shown  i n  

F i g u r e   1  and  d e s c r i b e d   a b o v e ,   c a r b o n a c e o u s   s o l i d s  

i m p r e g n a t e d   w i t h   c a t a l y s t   c o n s t i t u e n t s   a r e   p a s s e d   i n t o  

o x i d i z e r   24  w h e r e   t h e y   a r e   d r i e d   and  o x i d i z e d .   I t   w i l l  

be  u n d e r s t o o d   t h a t   t h e   p r o c e s s   of   t h e   i n v e n t i o n   i s   n o t  

l i m i t e d   to  t h e   s i t u a t i o n   w h e r e   t h e   d r y i n g   and  o x i d i z i n g  

s t e p s   o c c u r   in   t h e   same  v e s s e l   and  i s  e q u a l l y   a p p l i c a b l e  

to  t h e   s i t u a t i o n   w h e r e   t h e   wet   i m p r e g n a t e d   s o l i d s   f r o m  

z o n e   16  a r e   p a s s e d   i n t o   a  s e p a r a t e   d r y i n g   z o n e   p r i o r   t o  

i n t r o d u c t i o n   i n t o   o x i d i z e r   2 4 .  

The  n a t u r e   and  o b j e c t s   of   t h e   i n v e n t i o n   a r e  

f u r t h e r   i l l u s t r a t e d   by  t h e   r e s u l t s   of   l a b o r a t o r y   a n d  

p i l o t   p l a n t   t e s t s .   The  f i r s t   s e r i e s   of   t e s t s   i l l u -  

s t r a t e s   t h a t   t h e   l a b o r a t o r y   s w e l l i n g   i n d e x   f o r   a  

b i t u m i n o u s   c o a l   i m p r e g n a t e d   w i t h   p o t a s s i u m   h y d r o x i d e  

r i s e s   and  t h e n   f a l l s   as  p r e s s u r e   i n c r e a s e s .   The  s e c o n d  

s e r i e s   of  t e s t s   i l l u s t r a t e s   t h a t   t h e   l a b o r a t o r y   s w e l l i n g  

i n d e x   c an   be  m a i n t a i n e d   a t   a  r e l a t i v e l y   c o n s t a n t   v a l u e  

b e l o w   1 . 0   by  o x i d i z i n g   t h e   p o t a s s i u m   h y d r o x i d e   i m -  

p r e g n a t e d   c o a l   p r i o r   to  s u b j e c t i n g   i t   to   t h e   s w e l l i n g  

t e s t .   The  t h i r d   s e r i e s   o f  t e s t s   i l l u s t r a t e s   t h a t   t h e  

d e n s i t y   of  t h e   f l u i d i z e d   bed  in  a  p i l o t   p l a n t   g a s i f i e r  

s i m i l a r   to   t h e   one   d e p i c t e d   in  F i g u r e   1  i n c r e a s e s   as   t h e  

l a b o r a t o r y   s w e l l i n g   i n d e x   of   t h e   f e e d   c o a l   d e c r e a s e s .  

The  f o u r t h   s e r i e s   of   t e s t s   i l l u s t r a t e s   t h a t   t h e   m i n i m u m  

l a b o r a t o r y   s w e l l i n g   i n d e x   and  t h e r e f o r e   maximum  f l u i d i z e d  

bed  d e n s i t y   i s   d e p e n d e n t   upon   t h e   t e m p e r a t u r e   o f   t h e  

o x i d a t i o n   and  t h e   c o n c e n t r a t i o n   of   o x y g e n   in   t h e  

o x i d i z i n g   g a s .  

In  t h e   f i r s t   s e r i e s   of   t e s t s ,   40  mg  of   I l l i n o i s  

N o .  6   c o a l ,   a  b i t u m i n o u s   c o a l ,   s i z e d   b e t w e e n   30  and  50  

mesh   and  i m p r e g n a t e d   w i t h   p o t a s s i u m   h y d r o x i d e   was  p l a c e d  

in   a  q u a r t z   t u b e   a p p r o x i m a t e l y   1 3 . 5   cm  l o n g   and  h a v i n g  

an  i n s i d e   d i a m e t e r   of   a b o u t   2  mm.  The  t u b e   was  t h e n  



p r e s s u r i z e d   w i t h   e i t h e r   h y d r o g e n   or  n i t r o g e n   to   a  

p r e d e t e r m i n e d   v a l u e   and  t h e   h e i g h t   of  t h e   i m p r e g n a t e d  

c o a l   in  t h e   t u b e   was  m e a s u r e d .   The  p o t a s s i u m   h y d r o x i d e  

i m p r e g n a t e d   c o a l   was  t h e n   s u b j e c t e d   to   r a p i d   h e a t i n g   a t  

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

p l a c i n g   t h e   p r e s s u r i z e d   t u b e   i n t o   a  s p e c i a l l y   d e s i g n e d  

l a b o r a t o r y   f u r n a c e   m a i n t a i n e d   a t   a  t e m p e r a t u r e   of   a b o u t  

9 5 0 ° C .   The  t u b e   was  r e m o v e d   f r o m   t h e   f u r n a c e   a f t e r  

a b o u t   30  s e c o n d s   and  was  a l l o w e d   to   c o o l .   The  h e i g h t   o f  

t h e   i m p r e g n a t e d   c o a l   was  t h e n   m e a s u r e d .   The  r a t i o   o f  

t h e   h e i g h t   of  c o a l   in  t h e   t u b e   a f t e r   h e a t i n g   to  t h e  

h e i g h t   b e f o r e   h e a t i n g   was  t h e n   c a l c u l a t e d   and  i s   r e f e r -  

r ed   to   as  t h e   l a b o r a t o r y   s w e l l i n g   i n d e x .   The  r e s u l t s   o f  

t h i s   s e r i e s   of  t e s t s   i s   s e t   f o r t h   in   F i g u r e   2.  As  c a n  

be  s e e n ,   t h e   s w e l l i n g   i n d e x   i n c r e a s e s   r a p i d l y   as  t h e  

p r e s s u r e   i n c r e a s e s   up  to   a b o u t   4  MPa  and  t h e n   b e g i n s   t o  

d e c r e a s e .   T h i s   o b s e r v e d   t r e n d   a p p e a r s   to   be  i n d e p e n d e n t  

of   t h e   g a s e o u s   a t m o s p h e r e   in   w h i c h   t h e   i m p r e g n a t e d   c o a l  

i s   h e a t e d .   As  w i l l   be  s e e n   h e r e i n a f t e r ,   s w e l l i n g  

i n d i c e s   a b o v e   1 . 0 5   a r e   i n d i c a t i v e   of  r e l a t i v e l y   l o w  

g a s i f i e r   f l u i d i z e d   bed  d e n s i t i e s .  

The  s e c o n d   s e r i e s   of  t e s t s   was  c o n d u c t e d   i n  

t h e   same   g e n e r a l   m a n n e r   as  d i s c u s s e d   in   r e l a t i o n   t o   t h e  

f i r s t   s e r i e s   of   t e s t s   e x c e p t   t h e   p o t a s s i u m   h y d r o x i d e  

i m p r e g n a t e d   c o a l   was  m i l d l y   o x i d i z e d   b e f o r e   s a m p l e s   w e r e  

p l a c e d   i n t o   t h e   q u a r t z   t u b e   and  s u b j e c t e d   to   h i g h  

t e m p e r a t u r e s   a t   v a r i o u s   p r e d e t e r m i n e d   p r e s s u r e s   in   a  

h y d r o g e n   a t o m o s p h e r e .   The  o x i d a t i o n   was  c o n d u c t e d   b y  

p l a c i n g   a b o u t - 2 0 0   g r a m s   of  p o t a s s i u m   h y d r o x i d e  

i m p r e g n a t e d   I l l i n o i s   N o .  6   c o a l   in  a  b e n c h   s c a l e  

f l u i d i z e d   bed   o x i d a t i o n   u n i t   o p e r a t e d   a t   a t m o s p h e r i c  

p r e s s u r e   and   a t   a  t e m p e r a t u r e   of   a b o u t   2 0 0 ° C .   T h e  

o x i d i z i n g  g a s ,   a  m i x t u r e   of   n i t r o g e n   and  a i r ,   c o n t a i n e d  

a b o u t   6  v o l u m e   p e r c e n t   o x y g e n   and   was  p a s s e d   u p w a r d  



t h r o u g h   t h e   i m p r e g n a t e d   c o a l   p a r t i c l e s   f o r   6  h o u r s   a t   a  

s u p e r f i c i a l   v e l o c i t y   of  a b o u t   .03   m e t e r s   p e r   s e c o n d .  

The  r e s u l t s   of  t h i s   s e r i e s   of   t e s t s   a r e   a l s o   s e t   f o r t h  

in  F i g u r e   2.  I t   can   be  s e e n   f rom  t h e   f i g u r e   t h a t   t h e  

s w e l l i n g   i n d e x   of   t h e   o x i d i z e d ,   p o t a s s i u m   h y d r o x i d e  

i m p r e g n a t e d   c o a l   was  l e s s   t h a n   1 . 0   and  r e m a i n e d   r e l a t i v e l y  

c o n s t a n t   as   t h e   p r e s s u r e   i n c r e a s e d .   S i n c e ,   as  w i l l   b e  

s e e n   h e r e i n a f t e r ,   a  s w e l l i n g   i n d e x   b e l o w   1 . 0   i s   i n d i c a t i v e  

of  r e l a t i v e l y   h i g h   g a s i f i e r   f l u i d i z e d   bed  d e n s i t i e s ,  

t h e s e   d a t a   show  t h a t   o x i d a t i o n   of   c a t a l y s t   i m p r e g n a t e d  

c o a l   r e s u l t s   in  i n c r e a s i n g   g a s i f i e r   f l u i d i z e d   b e d  

d e n s i t i e s .  

The  t h i r d   s e r i e s   of   t e s t s   was  c a r r i e d   o u t  

in  a  p i l o t   p l a n t   s o m e w h a t   s i m i l a r   to   t h e   one  d e p i c t e d   i n  

F i g u r e   1.  I l l i n o i s   N o .  6   c o a l   was  s p r a y e d   w i t h   a n  

a q u e o u s   s o l u t i o n   of  p o t a s s i u m   h y d r o x i d e ,   and  t h e   w e t  

c o a l   was  p a s s e d   t h r o u g h   a  s e r i e s   of  s c r e w   d r y e r s   i n  

w h i c h   t h e   i m p r e g n a t e d   c o a l   was  d r i e d   by  i n d i r e c t   c o n t a c t  

w i t h   s t e a m .   The  d r y   c o a l   was  t h e n   p a s s e d   i n t o   a  
f l u i d i z e d   bed  o x i d a t i o n   v e s s e l   in   w h i c h   i t   was  c o n t a c t e d  

w i t h   a  m i x t u r e   o f   n i t r o g e n   and  o x y g e n .   The  v e s s e l   w a s  

s t e a m   j a c k e t e d   in   o r d e r   to   c o n t r o l   t h e   t e m p e r a t u r e  

d u r i n g   o x i d a t i o n .   The  o x i d i z e d ,   p o t a s s i u m   h y d r o x i d e  

i m p r e g n a t e d   c o a l   was  t h e n   p a s s e d   i n t o   a  f l u i d i z e d   b e d  

g a s i f i e r   in   w h i c h   i t   was  c o n t a c t e d   w i t h   a  m i x t u r e   o f  

s t e a m ,   h y d r o g e n ,   and  c a r b o n   m o n o x i d e   a t   a  t e m p e r a t u r e   o f  

a b o u t   7 0 0 ° C   and  a t   a  p r e s s u r e   of  a b o u t   1 . 8 6   MPa.  F o r  

e a c h   r u n   t h e   c o n d i t i o n s   in   t h e   o x i d a t i o n   v e s s e l   w e r e  

r e c o r d e d   and  t h e   d e n s i t y   of  t h e   f l u i d i z e d   bed   in  t h e  

g a s i f i e r   was  d e t e r m i n e d   by  m e a s u r i n g   t h e   p r e s s u r e   d r o p  

a c r o s s   p r e s s u r e   t a p s   in   t h e   g a s i f i e r   b e d .   A  s m a l l  

s a m p l e   of  e a c h   b a t c h   o f - o x i d i z e d ,   c a t a l y s t   i m p r e g n a t e d  

c o a l   f e d   t o   t h e   g a s i f i e r   w a s  s u b j e c t e d   to  t e s t s   s i m i l a r  

to   t h o s e   d i s c u s s e d   in  r e l a t i o n   t o  t h e   f i r s t   and  s e c o n d  



s e r i e s   of   t e s t s   e x c e p t   t h a t   t h e   q u a r t z   t u b e   was  n o t  

p r e s s u r i z e d   t o   a  p r e d e t e r m i n e d   p r e s s u r e   p r i o r   to   b e i n g  

p l a c e d   in   t h e   f u r n a c e .   I n s t e a d ,   a f t e r   t h e   s a m p l e   o f  

o x i d i z e d ,   c a t a l y s t   i m p r e g n a t e d   c o a l   was  p l a c e d   in  t h e  

t u b e ,   t h e   end  of  t h e   t u b e   was  s e a l e d   by  h e a t i n g   i t   in  a  

h i g h   t e m p e r a t u r e   f l a m e .   When  t h e   q u a r t z   t u b e   was  t h e n  

p l a c e d   in   t h e   f u r n a c e ,   p r e s s u r e s   a b o v e   3 . 5   MPa  w e r e  

g e n e r a t e d   in   s i t u .   A f t e r   t h e   q u a r t z   t u b e   was  r e m o v e d  

f r o m   t h e   f u r n a c e ,   t h e   s w e l l i n g   i n d e x   was  d e t e r m i n e d   a s  
d e s c r i b e d   in   t h e   f i r s t   and  s e c o n d   s e r i e s   of   t e s t s .  

The  r e s u l t s   of  t h i s   s e r i e s   of  t e s t s   a r e   s e t   f o r t h   i n  

F i g u r e   3 .  

As  c an   be  s e e n   f r o m   F i g u r e   3,  t h e   s w e l l i n g  
ind ices   of  t h e   v a r i o u s   s a m p l e s   of  o x i d i z e d ,   p o t a s s i u m  

h y d r o x i d e   i m p r e g n a t e d   c o a l   as  d e t e r m i n e d   by  t h e   l a b o r a -  

t o r y   t e c h n i q u e   a p p e a r   to   c o r r e l a t e   w e l l   w i t h   t h e  

f l u i d i z e d   bed  d e n s i t i e s   as  m e a s u r e d   in  t h e   p i l o t   p l a n t  

g a s i f i e r .   As  t h e   s w e l l i n g   i n d e x   i n c r e a s e s ,   t h e  

f l u i d i z e d   bed  d e n s i t y   d e c r e a s e s .   A l t h o u g h   a l l   t h e  

p o i n t s   p l o t t e d   in   t h e   f i g u r e   a r e   f o r   s a m p l e s   of   p o t a s s i u m  

h y d r o x i d e   i m p r e g n a t e d   c o a l   t h a t   had  b e e n   s u b j e c t e d   t o  

o x i d a t i o n ,   t h e   low  f l u i d i z e d   bed  d e n s i t i e s   o b s e r v e d   i n  

some  of  t h e   r u n s   a r e   t h o u g h t   to   be  due  to   t h e   f a c t   t h a t  

t h e   p i l o t   p l a n t   o x i d a t i o n   was  i n e f f e c t i v e   f o r   one  r e a s o n  

or  t h e   o t h e r .   P o s s i b l e   e x p l a n a t i o n s   f o r   a c h i e v i n g  

i n e f f e c t i v e   o x i d a t i o n   i n c l u d e   t e m p e r a t u r e s   in  t h e  

o x i d a t i o n   v e s s e l   t h a t   w e r e   e i t h e r   t o o   h i g h   or  t o o   l o w  

and  r e s i d e n c e   t i m e s   t h a t   w e r e   t o o   s h o r t   or  t o o   l o n g .   I t  

i s   c l e a r   f r o m   t h e s e   d a t a   and  t h e   d a t a   i n   F i g u r e   4  t h a t  

s w e l l i n g   i n d e x   and   bed   d e n s i t y   a r e   v e r y   s e n s i t i v e   t o  

o x i d a t i o n   c o n d i t i o n s .   I t   was  n o t   p o s s i b l e   t o   i n c l u d e   a  

p o i n t   in   t h e   F i g u r e   3  c o r r e s p o n d i n g   to   a  s a m p l e   o f  

p o t a s s i u m   h y d r o x i d e   i m p r e g n a t e d   c o a l   t h a t   had  n o t   b e e n  

o x i d i z e d ,   s i n c e   in   s u c h   s i t u a t i o n s   p r o b l e m s   w e r e  



e n c o u n t e r e d   in  t r y i n g   to   f e e d   t h e   u n o x i d i z e d   c o a l  

t h r o u g h   t h e   h i g h   p r e s s u r e   f e e d   l i n e s   i n t o   t h e   g a s i f i e r .  

The  d a t a   s e t   f o r t h   in   F i g u r e   3  c l e a r l y   show  t h a t   t h e  

l a b o r a t o r y   m e a s u r e d  s w e l l i n g   i n d e x   i s   i n d i c a t i v e   o f   t h e  

f l u i d i z e d   bed  d e n s i t y   t h a t   i s   o b t a i n e d   when  s u b j e c t i n g  

c a t a l y s t   i m p r e g n a t e d   c o a l   to   g a s i f i c a t i o n   a t   r e l a t i v e l y  

h i g h   p r e s s u r e s .  
The  f o u r t h   s e r i e s   of  t e s t s   i l l u s t r a t e s   t h a t  

t h e   c o n d i t i o n s   u n d e r   w h i c h   t h e   c a t a l y s t   i m p r e g n a t e d  

c o a l   i s   o x i d i z e d   a r e   c r i t i c a l   in   o b t a i n i n g   o p t i m u m  

s w e l l i n g   i n d i c e s   and  t h e r e f o r e   maximum  g a s i f i e r  

f l u i d i z e d   bed  d e n s i t i e s .   In  t h i s   s e r i e s   o f   t e s t s ,  

I l l i n o i s   N o .  6   c o a l   was  m i x e d   w i t h   an  a q u e o u s   s o l u t i o n  

of  p o t a s s i u m   h y d r o x i d e   or  p o t a s s i u m   c a r b o n a t e   and  t h e  

r e s u l t a n t   s l u r r y   was  p l a c e d   in  a  v a c u u m   o v e n   and  d r i e d  

in  a  n i t r o g e n   a t m o s p h e r e .   S a m p l e s   of   t h e   d r i e d   a n d  

c a t a l y s t   i m p r e g n a t e d   c o a l   w e r e   t h e n   o x i d i z e d   in  a n  

a t m o s p h e r i c   b e n c h   s c a l e   f l u i d i z e d   bed  o x i d a t i o n   u n i t   b y  

f l u i d i z i n g   e a c h   s a m p l e   w i t h   a  m i x t u r e   of   n i t r o g e n   a n d  

o x y g e n   a t   v a r i o u s   t e m p e r a t u r e s   and  r e s i d e n c e   t i m e s .   T h e  

o x y g e n   c o n c e n t r a t i o n   of   t h e   f l u i d i z i n g   g a s   was  a l s o  

v a r i e d .   The  s w e l l i n g   i n d e x   of  e a c h   s a m p l e   of   o x i d i z e d ,  

c a t a l y s t   i m p r e g n a t e d   c o a l   was  t h e n   m e a s u r e d   in  t h e   s a m e  

m a n n e r   as  d i s c u s s e d   in  r e l a t i o n   to  t h e   t h i r d   s e r i e s   o f  

t e s t s .   The  r e s u l t s   of   t h i s   s e r i e s   of   t e s t s   a r e   s e t  

f o r t h   in   F i g u r e   4 .  

As  can   be  s e e n   f r o m   F i g u r e   4,  f o r   a  g i v e n  

o x y g e n   c o n c e n t r a t i o n   in  t h e   o x i d i z i n g   g a s ,   t h e   l a b o r a -  

t o r y   s w e l l i n g   i n d e x   d e c r e a s e s   w i t h   r i s i n g   t e m p e r a t u r e   t o  

a  m i n i m u m   and  t h e n   i n c r e a s e s   as   t h e   t e m p e r a t u r e  

c o n t i n u e s   to   r i s e .   The  t e m p e r a t u r e   a t   w h i c h   t h e   m i n i m u m  

s w e l l i n g   i n d e x   o c c u r s   a p p e a r s   to   be  d e p e n d e n t   on  t h e  

c o n c e n t r a t i o n   of   o x y g e n   in   t h e   f l u i d i z i n g   g a s .   As  c a n  

be  s e e n   f r o m   F i g u r e   3,  low  s w e l l i n g   i n d i c e s   i n d i c a t e  



h i g h   g a s i f i e r   f l u i d i z e d   bed  d e n s i t i e s .   T h u s ,   f o r   e a c h  

p a r t i c u l a r   c o n c e n t r a t i o n   of  o x y g e n ,   t h e r e   a p p e a r s   to   b e  

a  c r i t i c a l   t e m p e r a t u r e   r a n g e   in  w h i c h   t h e   s w e l l i n g   i n d e x  

r e a c h e s   an  o p t i m u m   m i n i m u m   v a l u e   a n d  t h e r e f o r e   i n d i c a t e s  

a  maximum  f l u i d i z e d   bed   d e n s i t y .   The  d a t a   in   F i g u r e   4 

i n d i c a t e   t h a t   f o r   I l l i n o i s   N o .  6   b i t u m i n o u s   c o a l ,   t h e  

c r i t i c a l   t e m p e r a t u r e   r a n g e   f o r   an  o x y g e n   c o n c e n t r a t i o n  

of  5 . 2 5   v o l u m e   p e r c e n t   i s   b e t w e e n   a b o u t   1 7 5 ° C   and  a b o u t  

225°C  and  f o r   an  o x y g e n   c o n c e n t r a t i o n   of  1 0 . 5   v o l u m e  

p e r c e n t   i s   b e t w e e n   a b o u t   125°C   and  a b o u t   1 7 5 ° C .  

I t   w i l l   be  a p p a r e n t   f rom  t h e   f o r e g o i n g   t h a t  

t h e   i n v e n t i o n   p r o v i d e s   a  p r o c e s s   w h i c h   r e s u l t s   i n  

h i g h   f l u i d i z e d   bed  d e n s i t i e s   when  c o a l   or  s i m i l a r  

c a r b o n a c e o u s   m a t e r i a l s   i m p r e g n a t e d   w i t h   c a t a l y s t   c o n s t i -  

t u e n t s   a r e   g a s i f i e d   a t   e l e v a t e d   p r e s s u r e s .   A s  a   r e s u l t ,  

t h e   n u m b e r   and  s i z e   of  t h e   g a s i f i e r s   r e q u i r e d   to   c a r r y  

o u t   t h e   g a s i f i c a t i o n   a r e   r e d u c e d   t h e r e b y   l o w e r i n g   t h e  

o v e r a l l   c o s t  o f   t h e   p r o c e s s .  



1.  A  p roces s   for  the  f l u i d i s e d   bed  c a t a l y t i c   g a s i f i c a t i o n   o f  

ca rbonaceous   s o l i d s   which  tend  to  agg lomera t e   and  swell   at  e l e v a t e d  

t e m p e r a t u r e s ,   which  c o m p r i s e s :  

(a)  c o n t a c t i n g   sa id   ca rbonaceous   s o l i d s   with  an  aqueous  s o l u t i o n  

c o n t a i n i n g   w a t e r - s o l u b l e   g a s i f i c a t i o n   c a t a l y s t   c o n s t i t u e n t s ,  

t he r eby   i m p r e g n a t i n g   said  ca rbonaceous   so l id s   with  g a s i f i c a t i o n  

c a t a l y s t   c o n s t i t u e n t s ;  

(b)  o x i d i s i n g   sa id   c a t a l y s t   impregna ted   carbonaceous   s o l i d s   by 

c o n t a c t i n g   sa id   s o l i d s   with  an  o x y g e n - c o n t a i n i n g   gas  i n  a n  

o x i d a t i o n   zone  at  a  t e m p e r a t u r e   below  250°C;  and 

(c)  g a s i f y i n g   sa id   o x i d i s e d   c a t a l y s t   impregnated   c a r b o n a c e o u s  

s o l i d s   at  an  e l e v a t e d   p r e s s u r e   and  t e m p e r a t u r e   in  a  f l u i d i s e d  

bed  g a s i f i c a t i o n   zone,  whereby  the  d e n s i t y   of  the  f l u i d i s e d  

bed  in  said  g a s i f i c a t i o n   zone  is  ma in t a ined   at  a  r e l a t i v e   h i g h  

v a l u e .  

2.  A  p roce s s   a c c o r d i n g   to  c la im  1  wherein   said  c a r b o n a c e o u s  

s o l i d s   comprise   c o a l .  

3.  A  p roces s   a c c o r d i n g   to  Claim  1  or  Claim  2  where in   s a i d  

carbonaceous   s o l i d s   comprise   b i tuminous   c o a l .  

4.  A  p roce s s   a c c o r d i n g   to  any  one  of  claims 1-3 wherein  s a i d  

w a t e r - s o l u b l e   g a s i f i c a t i o n   c a t a l y s t   c o n s t i t u e n t s   comprise  a l k a l i   m e t a l  

c o n s t i t u e n t s .  



5.  A  p rocess   a c c o r d i n g   to  any  one  of  claims  1 -4  

wherein  said  w a t e r - s o l u b l e   g a s i f i c a t i o n   c a t a l y s t   c o n s t i t u e n t s   c o m p r i s e  

po tas s ium  c o n s t i t u e n t s .  

6.  A  p rocess   a c c o r d i n g   to  any  one  of  claims  1-5  where in   s a i d  

o x i d a t i o n   zone  comprises   a  f l u i d i s e d   bed  r e a c t o r .  

7.  A  p rocess   a c c o r d i n g   to  any  one  of  claims  1-6  where in   s a i d  

o x y g e n - c o n t a i n i n g   gas  c o n t a i n s   between  2  volume  p e r c e n t   and  21  volume 

pe rcen t   oxygen  and  the  t e m p e r a t u r e   in  said  o x i d a t i o n   zone  is  b e t w e e n  
50°C  and  250°C. 

8.  A  p rocess   a c c o r d i n g   to  any  one  of  the  claims  1-7  w h e r e i n  

said  o x y g e n - c o n t a i n i n g   gas  c o n t a i n s   between  4  volume  p e r c e n t   and  15 

volume  p e r c e n t   oxygen  and  the  t e m p e r a t u r e   in  said  o x i d a t i o n   zone  i s  

between  125°C  and  225°C.  

9.  A  p roces s   a c c o r d i n g   to  any  one  of  the  claims  1-7  w h e r e i n  

said  o x y g e n - c o n t a i n i n g   gas  c o n t a i n s   between  4  volume  p e r c e n t   and  8 

volume  p e r c e n t   oxygen  and  the  t e m p e r a t u r e   in  said  o x i d i s i n g   zone  i s  

between  175°C  and  225°C.  

10.  A  p roces s   a c c o r d i n g   to  any  one  of  claims  1 - 7  

wherein   said  o x y g e n - c o n t a i n i n g   gas  c o n t a i n s   between  8  volume  p e r c e n t   and  

12  volume  p e r c e n t   oxygen  and  the  t e m p e r a t u r e   in  said  o x i d a t i o n   zone  i s  

ma in ta ined   between  125°C  and  175°C.  

11.  A  p roces s   a c c o r d i n g   to  any  one  of  claims  1-10  where in   t h e  

c a t a l y s t   impregna ted   s o l i d s   in  s tep  (a)  are  d r i ed   p r i o r   to  t h e i r   i n t r o d u c t i o n  

into  said  o x i d a t i o n   z o n e .  



12.  A  p rocess   a c c o r d i n g   to  any  one  of  claims  1-11  wherein  t h e  

r e s i d e n c e   time  in  said  o x i d a t i o n   zone  is  between  .25  hours  and  20  h o u r s .  












	bibliography
	description
	claims
	drawings
	search report

