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@  Coal  gasification  process. 

@  Ash-slagging  fixed  bed  gasification  of  carbonaceous 
materials  with  steam  and  oxygen  is  effected  by  substituting 
at  least  a  portion  of  the  steam  with  an  aqueous  liquor.  The 
liquor  may  be  water  per  se  eg.  boiler-feed  water  or  an  ef- 
fluent  liquor  comprised  of  condensed  organic  compounds 
and  unreacted  steam  and  solubilised  salts  which  liquor  is 
obtained  by  treating  the  product  gas.  Although  oxygen  con- 
sumption  is  slightly  increased,  the  economic  effect  is  offset 
by  not  having  to  expend  energy  in  steam  raising. 
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  Ash-slagging  fixed  bed  gasification  of  carbonaceous 
materials  with  steam  and  oxygen  is  effected  by  substituting 
at  least  a  portion  of  the  steam  with  an  aqueous  liquor.  The 
liquor  may  be  water  per  se  eg.  boiler-feed  water  or  an  ef- 
fluent  liquor  comprised  of  condensed  organic  compounds 
and  unreacted  steam  and  solubilised  salts  which  liquor  is 
obtained  by  treating  the  product  gas.  Although  oxygen  con- 
sumption  is  slightly  increased,  the  economic  effect  is  offset 
by  not  having  to  expend  energy  in  steam  raising. 



This  i n v e n t i o n   r e l a t e s   to  coal  g a s i f i c a t i o n   p r o c e s s e s .  

During  the  g a s i f i c a t i o n   of  coal   with  steam  and  oxygen  an  a q u e o u s  

l i q u o r   is  produced  c o n s i s t i n g   mainly  of  s o l u b i l i z e d   phenol ic   compounds,  

ammonia,  hydrogen  s u l p h i d e ,   hydrogen  cyan ide ,   a l k a l i   meta ls   and  s a l t s .  

This  e f f l u e n t   cannot  be  d i s cha rged   to  waste  wi thout   t r e a t m e n t   s ince  t h e  

b i o l o g i c a l   oxygen  demand  is  far  too  g rea t   for  the  environment   to  cope  

with  wi thout   s e r ious   e c o l o g i c a l   e f f e c t s .   The  problem  is  far  more 

s e r i ous   with  a s h - s l a g g i n g   p r o c e s s e s   than  with  d ry -ash   p roces se s   s i n c e  

the  steam  r equ i r emen t   for  the  p rocess   is  g e n e r a l l y   l ess   and  t h e  

by-produced  e f f l u e n t   l i q u o r s   tend  to  be  more  c o n c e n t r a t e d .  

C o n v e n t i o n a l l y ,   these   e f f l u e n t   l i q u o r s   can  be  t r e a t e d   to  remove 

phenols  and  ammonia  before   b i o l o g i c a l   t r e a t m e n t s .   A l t e r n a t i v e l y   t h e  

u n t r e a t e d   or  p a r t i a l l y   t r e a t e d   l i q u o r   can  be  i n c i n e r a t e d ,   l eav ing   a  

so l id   for  d i s p o s a l .   All  of  these  e f f l u e n t   t r e a t m e n t   p roce s se s   h a v e  

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

The  r e c y c l i n g   of  aqueous  l i q u o r s   ob t a ined   dur ing  the  s t e a m / o x y g e n  

g a s i f i c a t i o n   of  coal  is  a l r eady   known.  For  example,  in  PCT  p u b l i c a t i o n  

No  WO  80/00974  there   is  d i s c l o s e d   a  p rocess   wherein   aqueous  l i q u o r s  

ob ta ined   during  the  d r y - a s h ,   f ixed  bed  g a s i f i c a t i o n   of  coal  is  fed  t o  

an  e n t r a i n e d   bed  a s h - s l a g g i n g   g a s i f i e r .   S i m i l a r l y ,   US  P a t e n t  

S p e c i f i c a t i o n   No  3971636  t eaches   r e c y c l i n g   an  aqueous  c o n d e n s a t e  

s e p a r a t e d   from  s y n t h e s i s   gas  o b t a i n e d   by  the  a s h - s l a g g i n g ,   f l u i d i s e d  

bed  g a s i f i c a t i o n   of  coa l .   In  these   examples  the  aqueous  l i quo r   is  u sed  

a  v e h i c l e   for  feeding  coal   f ines   in  the  form  of  s l u r r i e s   to  t h e  



g a s i f i e r .  

Although  in  these  r e f e r e n c e s   the  pr imary  g a s i f i e r   is  an  

a s h - s l a g g i n g   g a s i f i e r ,   they  had  comple t e ly   d i f f e r i n g   modes  o f  

o p e r a t i o n .   In  n e i t h e r   case  is  the  a s h - s l a g g i n g   g a s i f i e r   of  f ixed  bed 

c o n s t r u c t i o n   and  because  of  th i s   there   are  obvious  advantages   in  that   a  

n o n - f i x e d   bed  a r rangement   al lows  the  l i q u o r   to  be  r a p i d l y   heated  and 

thus  e l i m i n a t e s   any  danger  of  the  r e a c t i o n s   being  q u e n c h e d .  

Indeed  as  wi l l   be  seen  from  the  t e a c h i n g s   in  W080/00974,  e f f l u e n t  

l i q u o r   o b t a i n e d   from  the  f ixed  bed  s tage  is  only  r ecyc led   to  t h e  

e n t r a i n e d   s t a g e .  

From a  c o n s i d e r a t i o n   of  the  p r i o r   i t   would  not  be  expected  t h a t  

r e c y c l e   l i q u o r   i n j e c t i o n   could  be  s u c c e s s f u l l y   achieved  with  fixed  bed 

a s h - s l a g g i n g   g a s i f i e r s .  

We  have  now  s u r p r i s i n g l y   found  tha t   e f f e c t i v e   o p e r a t i o n   of  a  c o a l  

g a s i f i c a t i o n   under  f ixed  bed,  ash  s l a g g i n g   can  be  achieved  by  d i r e c t  

i n j e c t i o n   of  aqueous  l i q u o r   t o g e t h e r   with  o the r   g a s i f y i n g ,  a n d   t h a t  

where  such  l i q u o r   is  an  e f f l u e n t   l i q u o r   the  problem  of  d i s p o s a l   i s  

s u b s t a n t i a l l y   a l l e v i a t e d .  

Thus  the  p r e s e n t   i n v e n t i o n   p rov ides   a  p rocess   for  the  p r o d u c t i o n  

of  m e t h a n e - c o n t a i n i n g   gases  wherein  a  f e e d s t o c k   compr i s ing   a  s o l i d  

ca rbonaceous   m a t e r i a l   is  g a s i f i e d   in  the  p resence   of  steam  and  oxygen 

as  g a s i f y i n g   a g e n t s ,   under  f i x e d - b e d ,   a s h - s l a g g i n g   c o n d i t i o n s   and  t h e  



product   gas  is  t r e a t e d   to  remove  t h e r e f r o m  u n r e a c t e d   steam,  w a t e r  

so lub le   compounds  and  c o n d e n s i b l e   organic   compounds  c h a r a c t e r i s e d   i n  
E 

tha t   at  l e a s t   a  p o r t i o n   of  the  steam  r equ i remen t   for  the  r e a c t i o n   i s  

provided  by  adding  an  aqueous  l i quo r   in  admixture   with  the  o t h e r  

g a s i f y i n g   a g e n t s .  

P r e f e r a b l y   the  aqueous  l i q u o r   is  the  e f f l u e n t   l i quo r   der ived   f rom 

the  t r e a t m e n t   of  the  product   gas.  However,  the  aqueous  l i q u o r  m a y  

comprise  purer   forms  of  water  such  as  that   used  for  coo l ing   purposes   o r  

as  b o i l e r   f e e d .  

The  r ecyc led   l i quo r   is  i n j e c t e d   at  the  point   where  the  o t h e r  

g a s i f y i n g   agents   are  added  ie  through  tuye res   into  the  raceway.  I n  

p r a c t i c e   the  steam  b u f f l e   and  tuye res   would  be  modif ied  to  p r o v i d e  

l i quor   or  water  at  the  point   of  steam  i n j e c t i o n .  

The  a d d i t i o n   of  the  aqueous  spec ies   confe r s   a  number  of  s u r p r i s i n g  

advan tages ,   a l though   it   was  to  be  expected   tha t   such  a d d i t i o n   would 

have  an  adverse   e f f e c t   upon  e i t h e r   the  o p e r a t i o n   of  the  g a s i f i e r   or  t h e  

s l a g - t a p p i n g   o p e r a t i o n s .   However,  in  n e i t h e r   case  was  any  d i f f i c u l t y  

noted.   The  oxygen  consumption  (based  upon  the  amount  of  c a r b o n a c e o u s  

m a t e r i a l   consumed)  was  found  to  have  i n c r e a s e d   s l i g h t l y   but  th i s   was 

more  than  o f f s e t   in  the  savings   in  cost   in  not  having  to  r a i s e   s t e a m .  

In  a d d i t i o n   a  c o n s i d e r a b l e   advantage  accured  in  that   if  the  l i q u o r   i s  

aqueous  e f f l u e n t   not  only  are  there   c o n s i d e r a b l e   savings   in  being  a b l e  

to  reuse  the  water ,   but  also  the  d i s s o l v e d   and  suspended  m a t e r i a l s   a r e  

d i sposed   of  in  the  r e a c t o r .   The  organic   spec i e s   are ,   of  c o u r s e ,  



u s e f u l   as  a  r e a c t a n t   s p e c i e s .  

T h u s , - i n   r e c y c l i n g   l i q u o r   in  th is   way  the  steam  requ i rement   f o r  

g a s i f i c a t i o n   is  s u b s t a n t i a l l y   reduced,   for  example,  to  about  50X  o f  

v i r t u a l l y   a l l   the  l i q u o r   normal ly   produced  for  a  b i tuminous   coal  i s  

r e c y c l e d .   Up  to  50%  the  t o t a l   H20  s p e c i e s   r equ i remen t   for  t h e  

g a s i f i c a t i o n   r e a c t i o n   may  be  provided  by  the  aqueous  l i quo r   viz  a s  

water  p e r   se  or  as  r ecyc l ed   l i q u o r .   A  f u r t h e r   advantage  is  t h a t  

i n o r g a n i c   m a t e r i a l s   c o n t a i n e d   in  the  e f f l u e n t   l i q u o r   and  taken  up  by  

the  s lag  and  thus  are  removed,  with  the  s l ag ,   from  the  system.  The 

heavy  metal   c o n t e n t   of  the  s lag  eg.  z i rconium  is  i n c r e a s e d   compared 

wi th  no   l i q u o r   i n j e c t i o n   being  employed.  A  bleed  off  of  some  of  t h e  

l i q u o r   may  be  d e s i r a b l e   for  t r e a t m e n t   to  remove  c h l o r i d e s   and  o t h e r  

s a l t s   when  bu i ld   up  of  these  compounds  in  the  r e c y c l i n g   l i quo r   b e g i n s  

to  occur .   The  aqueous  l i q u o r   may  c o n t a i n   some  organic   s p e c i e s  

d i s s o l v e d   or  e m u l s i f i e d   t h e r e i n .   However,  in  a d d i t i o n ,   the  l i q u o r   may 

be  used  as  v e h i c l e   for  conveying  suspended  so l id   m a t e r i a l s ,   ie  c o a l  

f i n e s ,   to  the  r e a c t o r .  

The  i n v e n t i o n   wi l l   now  be  i l l u s t r a t e d   by  r e f e r e n c e   to  t h e  

fo l lowing   example :  

A  f i x e d - b e d ,   a s h - s l a g g i n g   coal   g a s i f i c a t i o n   p l a n t ,   for  example  as  i n  

"The  Chemistry  of  Coal  U t i l i z a t i o n " ,   2nd  Supplementary   Volume,  1981 ,  

pub l i shed   by  John  Wiley  &  Son,  Inc,   was  modif ied   to  al low  i n j e c t i o n   o f  

l i q u i d   aqueous  spec i e s   down  the  steam  oxygen  t u y e r e s .   The  plant   was 

s t a r t e d   up  accord ing   to  c o n v e n t i o n a l   t e c h n i q u e s   for  the  s t e a m / o x y g e n  

g a s i f i c a t i o n   on  Markam  Mains  Coal  at  a  working  p r e s s u r e   o f  



24.78  b a r ( g ) .   The  r e a c t a n t   feed  r a t e s   and  gas  p r o d u c t i o n   ra te   a r e  

summar ized  in   the  f o l l owing   Table.   In  colum  A,  the  r e a c t a n t   r a t e s  

p r io r   to  l i quo r   i n j e c t i o n   are  given.   Liquor  i n j e c t i o n   was  i n c r e a s e d   by 

the  s teps   shown  in  Columns  B,  C  and  D  over  a  period  of  21  h o u r s .  



1.  A  p r o c e s q  f o r   the  p r o d u c t i o n   of  m e t h a n e - c o n t a i n i n g   gases  wherein  a  

f e e d s t o c k   compr i s ing   a  so l i d   ca rbonaceous   m a t e r i a l   is  g a s i f i e d   in  t h e  

p resence   of  steam  and  oxygen  as  g a s i f y i n g   a g e n t s ,   under  f i x e d - b e d  

a s h - s l a g g i n g   c o n d i t i o n s   and  the  product   gas  is  t r e a t e d   to  remove 

t h e r e f r o m   u n r e a c t e d   steam,  w a t e r - s o l u b l e   compounds  and  c o n d e n s i b l e  

o rgan ic   compounds,  c h a r a c t e r i s e d   in  tha t   at  l e a s t   a  p o r t i o n   of  t h e  

steam  r e q u i r e m e n t   for  the  r e a c t i o n   is  provided  by  adding  an  aqueous  

l i q u o r   in  admix ture   with  the  o the r   g a s i f y i n g   a g e n t s .  

2.  A  p rocess   as  c laimed  in  Claim  1  wherein   said  aqueous  l i q u o r   i s  

water  per  s e .  

3.  A  process   as  claimed  in  c la im  1  wherein   said  l i q u o r   comprises   a n  

e f f l u e n t   l i q u o r   c o n t a i n i n g   condensed  u n r e a c t e d   steam,  water  s o l u b l e  

compounds  and  condensed  organic   compounds,  ob t a ined   by  t r e a t i n g   s a i d  

product   g a s .  

4.  A  p rocess   as  claimed  in  Claim  2  or  Claim  3  where in   up  to  50%  o f  

the  H20  s p e c i e s   r equ i r ed   for  the  g a s i f i c a t i o n   r e a c t i o n   are  p r o v i d e d  

by  aqueous  l i q u o r .  

5.  A  p rocess   as  claimed  in  Claim  1  where in   said  aqueous  l i quo r   is  a  

v e h i c l e   for  suspended  m a t e r i a l s .  

6.  A  process   as  c laimed  in  Claim  5  whe re in   said  suspended  m a t e r i a l s  

are  coal   f i n e s .  
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