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(2)  A  process  for  the  gasification  of  a  solid  carbon-containing  fuel. 

Coal  is  ground,  dried  and  subsequently  subjected  to  a 
partial  combustion  with  oxygen  or  oxygen-enriched  air,  the 
oxygen  having  been  obtained  from  an  air  separation  plant. 
Hot  synthesis  gas  produced  by  the  partial  combustion  is  first 
cooled  to  100-500°C  and  then  further  cooled  to  25-250°C  by 
means  of  indirect  heat  exchange  with  a  nitrogen-rich  gas 
stream  obtained  in  the  air  separation  plant.  Preferably,  the 
heated  nitrogen-rich  gas  stream  is  used  to  dry  the  coal. 



The  i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   for   the  g a s i f i c a t i o n   of  a  

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

a)  the   fue l   is  ground  f i n e   and  d r i e d ,  

b)  the   fue l   is  s u b s e q u e n t l y   p a r t i a l l y   combusted  to  s y n t h e s i s   g a s  

by  means  of  oxygen  or  o x y g e n - e n r i c h e d   a i r ,   which  oxygen  o r i g i n a t e s  

from  an  a i r   s e p a r a t i o n   p l a n t .  

c)  the   s y n t h e s i s   gas  is  coo led   to  a  t e m p e r a t u r e   of  100-500°C,  

a n d  

d)  the  cooled  s y n t h e s i s   gas  is  f u r t h e r   cooled   to  a  t e n p e r a t u r e  

of  25-250°C  by  means  of  i n d i r e c t   hea t   exchange  wi th   a  n i t r o g e n -  

r i c h   gas  o r i g i n a t i n g   from  the  a i r   s e p a r a t i o n   p l a n t .  

In  the  g a s i f i c a t i o n   ( p a r t i a l   combustion)  of  a  s o l i d   c a r b o n -  

c o n t a i n i n g   fue l   s y n t h e s i s   gas  is  formed  s u b s t a n t i a l l y   c o n s i s t i n g  

of  carbon  monoxide  a n d  h y d r o g e n .   S u i t a b l e   s o l i d   f u e l s   are  c o a l ,  

brown  c o a l ,   coke,  p e a t ,   wood,  e t c .  

A  s o l i d   fue l   is  g e n e r a l l y   l e s s   r e a c t i v e   than  a  gaseous   or  a  

l i q u i d   f u e l .   In  o rder   n e v e r t h e l e s s   to  ob t a in   a  r ap id   r e a c t i o n   t h e  

s o l i d   f ue l   is  ground  f i n e .   The  ground  fue l   is  s u b s e q u e n t l y   t r a n s -  

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

l a r g e   q u a n t i t y   of  water   may  agg lomera t e   dur ing   t r a n s p o r t   and  t h u s  

cause   b l o c k a g e s   in  the  t r a n s p o r t   l i n e .   In  o rder   to  p r e v e n t   t h i s  

the  s o l i d   fuel   is  d r i ed   b e f o r e   being  t r a n s p o r t e d   to  the  r e a c t o r .  

A f t e r   d ry ing   the  m o i s t u r e   c o n t e n t   of  the  fue l   i s - p r e f e r a b l y   0-10% 

by  we igh t .   The  s o l i d   fue l   is  p a r t i a l l y   combusted  wi th   oxygen  o r  

wi th   o x y g e n - e n r i c h e d   a i r ,   s ince   the  r e a c t i o n   then  p roceeds   more  

r a p i d l y   than  with  a i r .   F u r t h e r ,   the  s y n t h e s i s   gas  formed  now 

c o n t a i n s   l e s s   n i t r o g e n   than  when  i t   is  g a s i f i e d   with  a i r .   T h i s  

s i m p l i f i e s   the  subsequen t   p u r i f i c a t i o n   of  the  s y n t h e s i s   g a s .  

Moreover ,   s y n t h e s i s   gas  p r e p a r e d   by  means  of  oxygen  is  m o r e  

s u i t a b l e   for  c e r t a i n   s y n t h e s e s ,   for   example  t h a t   of  methanol   o r  

h y d r o c a r b o n s .  



The  oxygen  r e q u i r e d   as  r e a c t a n t   is  p r e p a r e d   in  a  p l a n t   w h e r e  

a i r   is  s e p a r a t e d   i n t o   an  o x y g e n - r i c h   and  at  l e a s t   one  n i t r o -  

g e n - r i c h   gas.  To  t h i s   end  use  is  made  of  c r y o g e n i c   d i s t i l l a t i o n .  

The  p a r t i a l   combus t ion   p r e f e r a b l y   t akes   p l a c e   in  the  p r e s e n c e  
of  a  mode ra to r .   The  m o d e r a t o r   has  a  modera t ing   e f f e c t   on  t h e  

t e m p e r a t u r e   in  the  r e a c t o r   by  endo the rmic   r e a c t i o n   wi th   t h e  

r e a c t a n t s   and /o r   the  p a r t i a l   o x i d a t i o n   p r o d u c t s .   S u i t a b l e   mode-  

r a t o r s   are  steam  and  carbon   d i o x i d e .  

A f t e r   the  fue l   has  r e a c t e d   with  the  oxygen,  the  s y n t h e s i s   g a s  

formed  l eaves   the  r e a c t o r   at   a  t e m p e r a t u r e   of  1200°C-1700°C.  A p a r t  

from  carbon  monoxide  and  hydrogen  the  gas  may  a l so   c o n t a i n ,   i n t e r  

a l i a ,   carbon  d i o x i d e ,   wa te r   vapour ,   su lphur   compounds,  methane  a n d  

small   amounts  of  hydrogen  cyanide   and  ammonia.  Moreover,   i t  

e n t r a i n s   s lag  d r o p l e t s .   The  s lag  d r o p l e t s   may  p r e s e n t   p r o b l e m s  

when  they  cool  down.  The  f a c t   is  t h a t   they  have  no  m e l t i n g   p o i n t  

but  a  me l t i ng   range  t h a t   can  be  hundreds  of  degrees   c e n t i g r a d e .  

Since  they  are  s t i c k y   in  the  me l t i ng   range,   they  may  cause  b l o c k -  

ages.   If   coal   is  used  as  f u e l ,   the  s lag  is  u s u a l l y   s t i c k y   in  t h e  

t e m p e r a t u r e   range  of  900-1500°C.  Sol id   s lag  is  no  longer   s t i c k y .  

T h e r e f o r e ,   the  hot   gas  is   p r e f e r a b l y   r a p i d l y   cooled   to  a  t e m p e r a -  

t u r e   of  700-900°C  by  i n j e c t i n g   cold  gas  or  a  cold   l i q u i d .   As  a  

r e s u l t   of  the  r a p i d   c o o l i n g   the  s lag  d r o p l e t s   q u i c k l y   s o l i d i f y   t o  

s o l i d   p a r t i c l e s .   S u i t a b l e   c o o l a n t s   are  r e c y c l e d   s y n t h e s i s   g a s ,  

water   and /or   steam.  The  cooled   s y n t h e s i s   gas  is  s u b s e q u e n t l y  

f u r t h e r   cooled  to  100-500°C,  p r e f e r a b l y   in  a  was te   heat   b o i l e r   i n  

which  u s e f u l   h i g h - p r e s s u r e   steam  is  g e n e r a t e d .   S u b s e q u e n t l y ,   t h e  

s o l i d   s lag  p a r t i c l e s   are   p r e f e r a b l y   removed  from  the  g a s .  

A f t e r   the  s o l i d   s lag   p a r t i c l e s   have  been  s e p a r a t e d   from  t h e  

gas,  the  s y n t h e s i s   gas  is   f u r t h e r   p r o c e s s e d .   For  example,  t h e  

o the r   i m p u r i t i e s   are  then  removed  frcm  the  s y n t h e s i s   gas.  To  t h i s  

end  i t   is  advan tageous   to  reduce  the  t e m p e r a t u r e   of  the  i m p u r e  

s y n t h e s i s   gas  to  25-250°C.  This  has  so  far   been  per formed  by  means  

of  a i r   or  water   c o o l e r s .   In  t h i s   manner,  however,   the  r e s i d u a l  

heat   of  the  s y n t h e s i s   gas  was  not  app l i ed   u s e f u l l y .  



The  c r y o g e n i c   d i s t i l l a t i o n   of  a i r   y i e l d s   a  n i t r o g e n - r i c h   g a s  
which  is  g e n e r a l l y   d i s c h a r g e d   i n to   the  a tmosphere .   I t   is  a l s o  

p o s s i b l e   t h a t ,   in  a d d i t i o n   to  an  o x y g e n - r i c h   gas,  pure  or  s u b s t a n -  

t i a l l y   pure  n i t r o g e n   and  a  s t ream  of  was te   n i t r o g e n   is  p r o d u c e d .  

The  pure  n i t r o g e n   is  p r e f e r a b l y   used  in  the  p r o c e s s ,   for  e x a m p l e  

as  c a r r i e r   gas  for   the  ground  fue l   d u r i n g   the  t r a n s p o r t   to  t h e  

r e a c t o r .   Another   a p p l i c a t i o n   is  in  the  s y n t h e s i s   of  ammonia.  The 

waste  n i t r o g e n   s t ream,   which  s t i l l   c o n t a i n s   some  per  cen t s   o f  

oxygen,  is  u s u a l l y   d i s c h a r g e d   i n to   the  a tmosphere .   The  t e m p e r a t u r e  

of  the  n i t r o g e n - r i c h   gas  t h a t   is   d i s c h a r g e d   is  g e n e r a l l y   c h o s e n  

about  10°C  lower  than  the  t e m p e r a t u r e   of  the  ambient  a i r .  

In  the  p r o c e s s   accord ing   to  the  p r e s e n t   i n v e n t i o n   the  r e l a -  

t i v e   cold  of  the  n i t r o g e n - r i c h   gas  is  used.   The  s y n t h e s i s   gas  i s  

f u r t h e r   cooled  to  a  t e m p e r a t u r e   of  25-250°C  by  means  of  i n d i r e c t  

hea t   exchange  with  the  n i t r o g e n - r i c h   g a s .  

The  above-n-ent ioned  i n d i r e c t   hea t   exchange  can  take  p l a c e  

immedia te ly   a f t e r   the  passage   of  the   s y n t h e s i s   gas  th rough   t h e  

waste   hea t   b o i l e r .   However,  the  s o l i d   s lag   p a r t i c l e s   are  p r e f e r -  

ably  at  l e a s t   p a r t l y   f i r s t   removed  from  the  s y n t h e s i s   gas.  This  i s  

e f f e c t e d   in  a  s u i t a b l e   s e p a r a t o r ,   such  as  a  cyc lone ,   bend  s e p a r a -  

t o r ,   f i l t e r ,   e t c .   The  heat   exchange  between  the  s y n t h e s i s   gas  a n d  

the  n i t r o g e n - r i c h   gas  p r e f e r a b l y   t akes   p l a c e   a f t e r   the  gas  has  a t  

l e a s t   p a r t l y   been  f reed   from  the  s o l i d   s lag   p a r t i c l e s   in  t h e  

s e p a r a t o r .   Although  at  l e a s t   the  g r e a t e r   p a r t   of  the  s o l i d   s l a g  

p a r t i c l e s   has  been  s e p a r a t e d   from  the  s y n t h e s i s   gas  in  the  s e p a r a -  

t o r ,   s o l i d   s lag  p a r t i c l e s   can  remain  beh ind   in  the  gas  and  t h e s e  

remain ing   s lag  p a r t i c l e s   c o n s t i t u t e   a  r i s k   of  f o u l i n g   of  t h e  

c o o l e r .   The  s y n t h e s i s   gas  is  t h e r e f o r e   more  p r e f e r a b l y   not  f u r t h e r  

cooled  by  means  of  i n d i r e c t   hea t   exchange  with  the  n i t r o g e n - r i c h  

gas  u n t i l   a f t e r   i t   has  at  l e a s t   once  been  scrubbed  with  water .   The 

washing  s tep  r e s u l t s   in  an  aqueous  s u s p e n s i o n   of  s o l i d   s l a g  

p a r t i c l e s   and  s y n t h e s i s   gas  t h a t   has  s u b s t a n t i a l l y   been  p u r i f i e d  

of  s lag  p a r t i c l e s .   The  aqueous  s u s p e n s i o n   is  s e p a r a t e d   from  t h e  

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

the  system.  S u i t a b l e   s c r u b b e r s   are  V e n t u r i   s c rubbe r s   and  g a s  



s c r u b b e r s   in  which  gas  and  wate r   are  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  

with  each  o t h e r .  

In  the  s c rubb ing   s tep   the  s y n t h e s i s   gas  is  a l r e a d y   c o o l e d  

down.  By  means  of  the  i n d i r e c t   h e a t   exchange  wi th   the  n i t r o g e n -  

r i ch   gas  the  s y n t h e s i s   gas  is  f u r t h e r   cooled  p r e f e r a b l y   to  a  

t e m p e r a t u r e   of  40 -140°C.  

As  a  r e s u l t   of  the  s c r u b b i n g   s t ep   the  s y n t h e s i s   gas  c o n t a i n s  

much  water   vapour .   The  gas  is  p r e f e r a b l y   d r i e d .   This  is  m o s t  

simply  e f f e c t e d   by  c o o l i n g   the  s y n t h e s i s   gas  to  below  the  dew-  

p o i n t ,   as  a  r e s u l t   of  which  p a r t   of  the  water   vapour  condenses .   I f  

i t   is  cooled   to  far   below  the  dewpoin t ,   the  g r e a t e r   p a r t   of  t h e  

water   vapour  condenses .   S u b s e q u e n t l y ,   the  dry  gas  is  s e p a r a t e d  

from  the  c o n d e n s a t e .   The  s y n t h e s i s   gas  is  p r e f e r a b l y   cooled   to  f a r  

below  the  dewpoint   in  a  coo l ing   t r e a t m e n t   t a k i n g   p lace   a f t e r   t h e  

i n d i r e c t   hea t   exchange  wi th   the  n i t r o g e n - r i c h   gas.  During  s a i d  

coo l ing   the  s y n t h e s i s   gas  is  a d v a n t a g e o u s l y   cooled   to  a  t e m p e r a -  

tu re   of  10-75°C.  The  c o o l i n g   can  be  c a r r i e d   out  both  wi th   a i r   a n d  

with  water .   Since  the  s y n t h e s i s   gas  has  a l r eady   been  cooled   t o  

25-250°C  by  means  of  i n d i r e c t   hea t   exchange  wi th   the  n i t r o g e n - r i c h  

gas,  a  r e l a t i v e l y   small   coo l e r   w i l l   s u f f i c e .  

The  n i t r o g e n - r i c h   gas  hea t ed   a c c o r d i n g   to  the  i n v e n t i o n   i s  

p r e f e r a b l y   a p p l i e d   u s e f u l l y   for   d ry ing   the  s o l i d   fue l .   D r y i n g  

takes   p lace   b e f o r e   the  fue l   is  fed  i n to   the  g a s i f i c a t i o n   r e a c t o r .  

If   the  s o l i d   fue l   is  s u p p l i e d   as  not  too  coarse   lumps,  d ry ing   c a n  

be  per formed  b e f o r e   i t   is  passed   to  the  g r i n d i n g   m i l l .   I f   t h e  

fuel   c o n s i s t s   of  l a r g e   lurrps,  then  i t   is  more  e f f i c i e n t   to  dry  i t  

dur ing  and/or   a f t e r   g r i n d i n g .   If   the   fue l   has  a  high  wa te r   c o n -  

t e n t ,   the  hot  n i t r o g e n - r i c h   gas,   o p t i o n a l l y   a f t e r   f u r t h e r   h e a t i n g ,  

can  be  used  to  dry  the  fue l   e n t i r e l y   or  p a r t l y .   In  the  l a t t e r   c a s e  

drying  to  the  r e q u i r e d   wate r   c o n t e n t   t akes   p l ace   a f t e r w a r d s   i n  

ano ther   manner  or  wi th   a n o t h e r   hot   gas.   I t   is  p o s s i b l e   to  use  many 

types   of  g r i n d i n g   m i l l s .   Depending  on  the  type  of  g r i n d i n g   m i l l  

drying  t akes   p lace   dur ing   or  a f t e r   g r i n d i n g .   For  example,  i f   a  

b a l l   m i l l   or  a  r o l l e r   m i l l   is  used,   the  hot  n i t r o g e n - r i c h   gas  i s  

i n t r o d u c e d   in to   the  m i l l   and  a l r e a d y   e x e r c i s e s   i t s   d r y i n g  



e f f e c t   dur ing   g r i n d i n g .   The  hot  n i t r o g e n - r i c h   gas  is  s u b s e q u e n t l y  

used  to  d i s c h a r g e   the  ground  fue l   from  the  g r i n d i n g   m i l l   and  d r i e s  

the  fue l   p a r t i c l e s   dur ing   t r a n s p o r t .  

Before   the  d ry ing   of  the  s o l i d   fue l   the  n i t r o g e n - r i c h   gas  i s  

p r e f e r a b l y   hea ted   to  a  t e m p e r a t u r e   in  the  range  of  50  to  400°C,  

depending  on  the  water   c o n t e n t   of  the   f u e l .   For  the  g r e a t e r   p a r t  

of  the  f u e l s   a  t e m p e r a t u r e   of  90-150°C  is  s u i t a b l e .   The  l o w e r  

t e m p e r a t u r e   l i m i t   is  such  t h a t   j u s t   enough  e x p e l l i n g   power  i s  

a v a i l a b l e   to  remove  the  water   p r e s e n t   from  the  fue l .   The  u p p e r  

t e m p e r a t u r e   l i m i t   is  de te rmined   by  economic  mot ives .   The  h e a t  

c o n t e n t   of  the  s y n t h e s i s   gas  is  such  t h a t   the  r e q u i r e d   q u a n t i t y   o f  

the  n i t r o g e n - r i c h   gas  can  be  hea ted   to  a  t e m p e r a t u r e   up  to  400°C.  

As  a l r e a d y   s t a t e d   b e f o r e ,   the  n i t r o g e n - r i c h   gas  is  p r e f e r a b l y  

the  waste  n i t r o g e n   s t ream  formed  in  the  c ryogen ic   d i s t i l l a t i o n   o f  

a i r .   The  i n v e n t i o n   is  not  l i m i t e d   t h e r e t o .   Use  can  be  made  of  a n y  

n i t r o g e n - r i c h   gas  o r i g i n a t i n g   from  the  a i r   s e p a r a t i o n   p l a n t .   If   a  

n i t r o g e n - r i c h   gas  having  a  r e l a t i v e l y   high  oxygen  c o n t e n t   is  u s e d  

to  dry  the  ground  f u e l ,   t h e r e   is  a  r i s k   of  an  e x p l o s i v e   c o m b u s t i o n  

of  the  fue l   with  the  oxygen.  T h e r e f o r e ,   the  n i t r o g e n - r i c h   g a s  

p r e f e r a b l y   c o n t a i n s   l e s s   than  12%  by  volume  of  oxygen,  more  

p r e f e r a b l y   l e s s   than  10%  by  volume.  The  waste   n i t r o g e n   s t r e a m  

complies   with  sa id   r e q u i r e m e n t s .  

The  i n v e n t i o n   is  now  f u r t h e r   i l l u s t r a t e d   with  r e f e r e n c e   t o  

the  F i g u r e s   to  which  the  i n v e n t i o n   is  o t h e r w i s e   by  no  means  

l i m i t e d .   A u x i l i a r y   means,  such  as  c o m p r e s s o r s ,   pumps,  v a l v e s ,  

e t c . ,   are  not  shown  in  the  d i ag rammat i c   f i g u r e s .  

In  Fig.  1  a  c a r b o n - c o n t a i n i n g   s o l i d   fue l   is  i n t r o d u c e d   in to   a  

g r i n d i n g   mi l l   2  via  l ine   1.  Via  a  l i n e   3  a  s t ream  of  hot  n i t r o g e n -  

r i ch   gas  is  i n t r o d u c e d   in to   the  g r i n d i n g   mi l l   2,  where  the  g a s  
d r i e s   the  f i n e l y   ground  f u e l .   Ground  and  d r i ed   f u e l ,   t o g e t h e r   w i t h  

the  gas  mix ture   of  i n t e r   a l i a   n i t r o g e n   and  water   vapour ,   i s  

conducted  to  a  s e p a r a t o r   5  th rough   a  l i ne   4.  S u i t a b l e   s e p a r a t o r s  

are  for  example,  bend  s e p a r a t o r s ,   c y c l o n e s ,   f i l t e r s   e tc .   In  t h e  

s e p a r a t o r   5  the  ground  fue l   is  s e p a r a t e d   f rom the   g a s .  T h e   g a s  

mainly  c o n s i s t i n g   of  n i t r o g e n   and  wa te r   vapour  is  ven ted   th rough  a  



l i n e   7.  The  s e p a r a t e d   fue l   p a r t i c l e s   are  pa s sed   to  a  r e a c t o r   8 

t h r o u g h   a  l i n e   6.  (Since  the  g a s i f i c a t i o n   r e a c t o r   8  is  p r e f e r a b l y  

o p e r a t e d   at  e l e v a t e d   p r e s s u r e ,   the   fue l   is  b r o u g h t   to  the  d e s i r e d  

p r e s s u r e   by  means  of  c o m p r e s s o r s ,   supply  v e s s e l s ,   locks   e t c .   w h i c h  

are  not   shown  in  the  F i g u r e . )   An  o x y g e n - r i c h   gas  o r i g i n a t i n g   f r o m  

an  a i r   s e p a r a t i o n   p l a n t   10  is  a l so   i n t r o d u c e d   i n t o   the  r e a c t o r   8 

v ia   a  l i n e   9.  Air  is  fed  i n t o   the  a i r   s e p a r a t i o n   p l a n t   10  v i a   a  

l i ne   11.  In  p l a n t   10  are  formed  an  o x y g e n - r i c h   gas  s t r eam  t h a t   i s  

passed   to  the  r e a c t o r   8  v i a   the  l i n e   9  and  a  s u b s t a n t i a l l y   p u r e  

n i t r o g e n   s t ream,   which  can  at  l e a s t   p a r t l y   be  used  in  the  t r a n s -  

po r t   of  the  fue l   to  the  r e a c t o r   t h rough   the  l i n e   6.  (Said  s t r e a m  

is  not   shown  in  the  F i g u r e . )   The  p l a n t   10  a l so   p roduces   a  w a s t e  

n i t r o g e n   s t ream  which  is  d i s c h a r g e d   v ia   a  l i n e   12.  The  g a s i f i c a -  

t i o n   of  the  c a r b o n - c o n t a i n i n g   f ue l   wi th   the  oxygen  and  a  m o d e r a t o r  

(steam  or  C02)  s u p p l i e d   v ia   a  l i n e   13  t akes   p l ace   in  the  r e a c t o r  

8.  The  r e s u l t i n g   s y n t h e s i s   gas  loaded  wi th   s lag   d r o p l e t s   i s   p a s s e d  

v ia   a  l i n e   14  to  a  c o o l i n g   zone  15  where  i t   is  coo led   down  by  

i n j e c t i n g   a  cooled  and  p u r i f i e d   r e c y c l e d   s y n t h e s i s   gas  t h a t   i s  

s u p p l i e d   v ia   l i ne   16.  In  the  c o o l i n g   zone  15  a l l   s lag  d r o p l e t s   i n  

the  hot   s y n t h e s i s   gas  s o l i d i f y .   Via  a  l i n e   17  a  m ix tu re   of  s y n t h e -  

s i s   gas  and  s o l i d   s lag  p a r t i c l e s   is  d i s c h a r g e d   from  the  c o o l i n g  

zone  15  and  passed  i n to   a  waste   hea t   b o i l e r   18  where  i t   is  c o o l e d  

i n d i r e c t l y   wi th   water   t h a t   is  s u p p l i e d   v ia   a  l i n e   19  and  d i s c h a r g -  

ed  as  steam  v ia   a  l i n e   20.  From  the  waste   hea t   b o i l e r   18  the  s t i l l  

warm  m i x t u r e   of  s y n t h e s i s   gas  and  s o l i d   s lag  p a r t i c l e s   is  p a s s e d  

to  a  V e n t u r i   tube  22  v ia   a  l i n e   21.  There  i t   is  c o n t a c t e d   wi th   a  

s u s p e n s i o n   of  s o l i d   s lag  p a r t i c l e s   in  wate r   t h a t   is  conduc ted   t o  

the  V e n t u r i   tube  22  v ia   a  l i n e   23.  In  the  V e n t u r i   tube  22  a l l   t h e  

wate r   of  the  su spens ion   e v a p o r a t e s   and  a  m i x t u r e   of  s y n t h e s i s   g a s ,  

water   vapour   and  s o l i d   s lag   p a r t i c l e s   is  passed   v ia   a  l i n e   24  to  a  

cyc lone   25  where  the  g r e a t e r   p a r t   of  the  s o l i d   s lag   p a r t i c l e s   i s  

s e p a r a t e d   from  the  gas  m ix tu re   and  is  d i s c h a r g e d   from  the  i n s t a l l a -  

t i on   v ia   a  l i ne   26.  The  r emainder   of  the  s o l i d   s lag  p a r t i c l e s   i s  

pa s sed ,   t o g e t h e r   wi th   the  gas  m i x t u r e ,   via  a  l i n e   27  i n t o .  a  

V e n t u r i   s c rubbe r   28  where  i t   is  c o n t a c t e d   wi th   an  aqueous  s u s p e n -  



sion  of  s o l i d   s lag   p a r t i c l e s   s u p p l i e d   v ia   a  l i n e   29.  The  m i x t u r e  

of  s y n t h e s i s   gas,   wa te r   vapour ,   drops  of  wa te r   and  s o l i d   s lag  p a r -  
t i c l e s   formed  in  the  Ven tu r i   s c rubbe r   28  is   conducted   to  a  s e p a -  

r a t o r   31  via  a  l i n e   30.  Here  an  aqueous  s u s p e n s i o n   of  s o l i d   s l a g  

p a r t i c l e s   is  s e p a r a t e d   from  the  gas  m ix tu re   and  d i s c h a r g e d  v i a   t h e  

l i n e   23  th rough   which  l i n e   the  a q u e o u s '  s u s p e n s i o n   is  passed  to  t h e  

Ven tu r i   tube  22.  The  mix tu re   of  s y n t h e s i s   gas  and  water   v a p o u r  
s t i l l   c o n t a i n i n g   a  small   q u a n t i t y   of  s o l i d   s lag   p a r t i c l e s   i s  

i n t r o d u c e d   via   a  l i ne   32  in to   the  lower  p a r t   of  a  gas  s c rubbe r   3 3 ,  

where  i t   is  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   wi th   water   t h a t   is  p a s s e d  

to  the  upper  p a r t   of  the  column  33  via   a  l i n e   35.  In  the  column  33 

the  l a s t   r e s i d u e s   of  s o l i d   s lag  p a r t i c l e s   are  removed  from  the  g a s  
mix tu re   owing  to  which  an  aqueous  s u s p e n s i o n   of  s o l i d   s lag   p a r t i -  

c l e s   is  formed  t h a t   is  passed   from  the  column  33  to  the  V e n t u r i  

s c rubbe r   28  via   the  l i ne   29.  The  gas  m i x t u r e   t h a t   is  now  p r a c t i c a l -  

ly  f ree   from  s o l i d   s lag  p a r t i c l e s   is  conduc ted   v ia   a  l i n e   34  to  a  

coo le r   36  where  the  s y n t h e s i s   gas  m ix tu re   is  f u r t h e r   cooled  by  

i n d i r e c t   heat   exchange  wi th   the  cold  waste   n i t r o g e n   s t ream  f r o m  

the  l ine   12  and  the  waste   n i t r o g e n   s t ream  is  hea ted .   The  r e s u l t i n g  

hot  s t ream  is  passed   from  the  coo l e r   36  to  the  g r i n d i n g   mi l l   2  v i a  

the  l ine   3.  If  the  s y n t h e s i s   gas  m ix tu re   is  cooled  to  below  t h e  

dewpoint   in  the  coo l e r   36  a  mix tu re   of  s y n t h e s i s   gas,   water   v a p o u r  

and  water   is  conducted   v ia   a  l ine   37  to  an  a i r   coo l e r   38  to  w h i c h  

a i r   is  s u p p l i e d   via   a  l i ne   39  and  d i s c h a r g e d   v ia   a  l ine   40.  H e r e  

coo l ing   to  far   below  the  dewpoint   t akes   p l a c e ,   awing  to  w h i c h  

s u b s t a n t i a l l y   the  whole  q u a n t i t y   of  wate r   vapour   condenses .   If   t h e  

s y n t h e s i s   gas  mix tu re   is  cooled  in  the  c o o l e r   36  to  a  t e m p e r a t u r e  

above  the  dewpoint   of  the  gas  m ix tu r e ,   the  l i n e   37  c o n t a i n s  

e x c l u s i v e l y   s y n t h e s i s   gas  and  water   vapour .   A  mix ture   of  a  s y n t h e -  

s i s   gas,  c o n d e n s a t i o n   water   and  a  small   q u a n t i t y   of  water   v a p o u r  
is  passed   from  the  coo l e r   38  to  a  s e p a r a t o r   42  via  a  l i n e   41.  I n  

the  s e p a r a t o r   42  the  mix ture   is  s e p a r a t e d   i n to   condensa te   t h a t   i s  

d i s c h a r g e d   via  a  l i ne   43  and  a  s u b s t a n t i a l l y   dry  s y n t h e s i s   g a s  

t h a t   is  d i s c h a r g e d   via   a  l ine   44.  Pa r t   of  the  condensa te   i s  

r e c y c l e d   to  the  column  33  via  the  l i ne   35.  The  remain ing   pa r t   i s  



d i s c h a r g e d   from  the  a p p a r a t u s   v i a   a  l i n e   45.  Pa r t   of  the  s u b s t a n -  

t i a l l y   dry  s y n t h e s i s   gas  is   r e c y c l e d   to  the  coo l ing   zone  15  v i a  

the  l i n e   16.  The  r emain ing   p a r t   of  s y n t h e s i s   gas  is  d i s c h a r g e d   a s  

f i n a l   p roduc t   from  the  a p p a r a t u s   v i a   a  l i n e   46  for   f u r t h e r   p r o c e s -  

s i n g .  

Fig.   2  shows  a n o t h e r   embodiment  of  the  p r o c e s s   a c c o r d i n g   t o  

the  i n v e n t i o n .   Said  p r o c e s s   is   p a r t i c u l a r l y   s u i t a b l e   to  be  u s e d  

for   s o l i d   f u e l s   c o n t a i n i n g   a  r e l a t i v e l y   l a r g e   q u a n t i t y   of  w a t e r .  

Immedia te ly   a f t e r   l e av ing   the  was te   hea t   b o i l e r   18  the  s y n t h e s i s  

gas  is  passed   v ia   the  l i n e   21  to  a  hea t   exchanger   101  where  i t   i s  

coo led   by  means  of  a  p r e h e a t e d   s t ream  of  n i t r o g e n - r i c h   gas  s u p -  

p l i e d   to  the  hea t   exchanger   101  v ia   a  l i n e   102  and  d i s c h a r g e d   v i a  

a  l i n e   103  to  the  g r i n d i n g   m i l l   2.  The  cooled   s y n t h e s i s   gas  i s  

pa s sed   v ia   a  l i ne   105  to  a  V e n t u r i   tube  106.  Here  i t   is  c o n t a c t e d  

wi th   a  water   s t ream  v ia   a  l i n e   107.  All   the  wate r   i n t r o d u c e d  .  

e v a p o r a t e s   in  the  Ven tu r i   tube  106.  The  gas  mix tu re   is  passed   v i a  

l i n e   108  to  a  bag  f i l t e r   109.  Here  the  s o l i d   s lag   p a r t i c l e s   a r e  

s e p a r a t e d   from  the  gas  m i x t u r e .   The  s e p a r a t e d   s o l i d   s lag   p a r t i c l e s  

are  d i s c h a r g e d   from  the  a p p a r a t u s   v ia   a  l i n e   110.  The  gas  m i x t u r e  

is  pa s sed   via   a  l i ne   111  to  the  c o o l e r   36  from  which  i t   i s   c o n d u c -  

ted  to  the  coo le r   38  v ia   the  l i n e   37.  Water  vapour  condenses   i n  

the  c o o l e r s   36  and  38.  A f t e r   s e p a r a t i o n   of  the  c o n d e n s a t i o n   w a t e r  

from  the  s y n t h e s i s   gas  in  the  s e p a r a t o r   42  p a r t   of  the  wa te r   i s  

conduc ted   to  the  Ven tu r i   tube  106  v ia   the  l i n e   107.  The  c o l d  

n i t r o g e n - r i c h   gas  s t ream  is  i n t r o d u c e d   in to   the  coo le r   36  v i a   t h e  

l i n e   12  and  a f t e r   h e a t i n g   i t   is  d i s c h a r g e d   v i a   the  l i n e   3.  The 

somewhat  warm  gas  s t ream  can  be  f u r t h e r   hea ted   by  i n d i r e c t   h e a t  

exchange  with  s u p e r h e a t e d   steam  in  a  hea t   exchanger   104  to  w h i c h  

the  steam  is  supp l i ed   via  a  l i n e   112  and  from  which  i t   is  d i s c h a r g -  

ed  v i a   a  l ine   113.  To  t h i s   end  use  can,  for   example,  be  made  o f  

steam  o b t a i n e d   in  the  l i ne   20.  I n s t e a d   of  i n d i r e c t   hea t   e x c h a n g e  

with  steam  i t   is  a lso   p o s s i b l e   to  use  steam  i n j e c t i o n   i n to   t h e  

n i t r o g e n - r i c h   gas  s t ream  in  o r d e r   to  r a i s e   the  t e m p e r a t u r e   of  t h e  

gas  s t ream.   The  warm  n i t r o g e n - r i c h   gas  s t ream  is  passed   t o  

the  hea t   exchanger   101.  Here  i t   coo l s   the  s y n t h e s i s   gas  f u r t h e r  



and  is  f u r t h e r   hea t ed   i t s e l f .   The  hot  gas  s t ream  is  s u b s e q u e n t l y  

passed   to  the  g r i n d i n g   m i l l   2  v ia   the  l i ne   103  in  o r d e r   to  dry  t h e  

f u e l .  

EXAMPLE  1 

By  a  p r o c e s s ,   as  d e s c r i b e d   in  Fig.   1,  45.8  t o n s   per  h o u r  

( t /h)   of  coal   having   the  f o l l o w i n g   compos i t ion   is  passed   to  t h e  

mi l l   2 :  

A  q u a n t i t y   of  123.3  t / h   of  a  n i t r o g e n - r i c h   gas  s t ream  of  120°C  i s  

added  t h e r e t o .   The  gas  has  the  f o l l o w i n g   c o m p o s i t i o n :  

The  ground  coal   is  s e p a r a t e d   from  the  gas  in  a  f i l t e r   5.  A  q u a n t i -  

ty  of  43.93  t / h   of  coal   powder  is  passed   to  the  r e a c t o r   8  v i a   t h e  

l i ne   6.  125.17  t / h   of  the  n i t r o g e n - r i c h   gas  with  water   vapour   i s  

ven ted   v ia   the  l i n e   7.  The  gas  has  a  t e m p e r a t u r e   of  70°C  and  t h e  

f o l l o w i n g   c o m p o s i t i o n :  

The  wa te r   c o n t e n t   of  the  coal   powder  is  s t i l l   2.0%  by  we igh t .   The 

t e m p e r a t u r e   of  the  s y n t h e s i s   gas  g e n e r a t e d   in  the  r e a c t o r   8  i s  

360°C  in  the  l i n e   21.  

A f t e r   the  washing  s tep  with  wate r   the  t e m p e r a t u r e   is  s t i l l  

130°C.  In  the  c o o l e r   36  a  q u a n t i t y   of  176.5  t / h   of  s y n t h e s i s   g a s  
is  coo led   wi th   123.3  t / h   n i t r o g e n - r i c h   gas  of  10°C.  The  t e m p e r a -  

tu re   of  the  r e s u l t i n g   mix tu re   of  s y n t h e s i s   gas,  water   vapour   a n d  

water   is  122°C;  the  n i t r o g e n - r i c h   gas  is  hea ted   to  120°C.  



In  the  c o o l e r   38  the  t e m p e r a t u r e   of  the  s y n t h e s i s   g a s - c o n t a i n i n g  

m i x t u r e   is  r educed   to  50°C  by  a i r   c o o l i n g ,   owing  to  which  a  t o t a l  

q u a n t i t y   of  19.1  t / h   of  wate r   vapour  condenses .   A f t e r   the  s e p a r a -  
t i o n   of  the  m i x t u r e   in  the  s e p a r a t o r   42  the  l i n e   45  d i s c h a r g e s  

1 . 5 5  

t / h   of  wa te r   and  the  l i n e   46  d i s c h a r g e s   84.5  t / h   of  s y n t h e s i s   g a s  
of  the  f o l l o w i n g   c o m p o s i t i o n   from  the  a p p a r a t u s :  

EXAMPLE  2 

In  a  p r o c e s s   as  d e s c r i b e d   in  Fig.   2  a  q u a n t i t y   of  50  t / h   o f  

brown  coal   is  pa s sed   to  the  m i l l   2.  The  brown  coal   has  the  f o l l o -  

wing  c o m p o s i t i o n :  

135  t / h   of  n i t r o g e n - r i c h   gas  of  370°C  having   the  f o l l o w i n g   c o m p o s i -  

t i o n   is  added  t h e r e t o   v ia   the  l ine   103:  

A f t e r   s e p a r a t i o n   in  f i l t e r   5  35.8  t / h   of  brown  coal   powder  i s  

conduc ted   to  the  r e a c t o r   8  via   the  l i n e   6  and  149.2  t / h   of  n i t r o g e n -  

r i c h   gas  wi th   wa te r   vapour  is  vented   v i a   the  l i ne   7.  The  v e n t e d  



gas  has  a  t e m p e r a t u r e   of  90°C  and  the  f o l l o w i n g   c o m p o s i t i o n :  

The  wa te r   c o n t e n t   in  the  brown  coa l   powder  is  s t i l l   9%  by  w e i g h t .  

The  t e m p e r a t u r e   of  the  s y n t h e s i s   gas  g e n e r a t e d   in  r e a c t o r   8 

is  400°C  in  the  l i n e   21.  Said  t e m p e r a t u r e   is  reduced   to  220°C  i n  

the  hea t   exchanger   101,  whi le   the  n i t r o g e n - r i c h   gas  in  the  l i n e  

102  is  hea t ed   from  180°C  to  gas  of  370°C,  which  is  passed   to  t h e  

m i l l   2  v ia   the  l i n e   103.  The  gas  l e a v i n g   the  bag  f i l t e r   109  s t i l l  

has  a  t e m p e r a t u r e   of  180°C.  103.1  t / h   of  s y n t h e s i s   gas  is  c o o l e d  

in  the  c o o l e r   36  to  98°C  wi th   135  t / h   of  cool  n i t r o g e n - r i c h   gas  o f  

10°C.  In  t h i s   coo l i ng   s tep   the  n i t r o g e n - r i c h   gas  is  hea t ed   t o  

160°C.  Said  gas  is  f u r t h e r   hea ted   to  180°C  wi th   steam  in  the  h e a t  

exchanger   104,  a f t e r   which  i t   is  pa s sed   to  the  hea t   exchanger   101 

via   the  l i n e   102.  The  mix tu re   of  s y n t h e s i s   gas,   wate r   vapour   a n d  

water   formed  in  the  c o o l e r   36  is  coo led   to  50°C  in  the  a i r   c o o l e r  

38,  o w i n g  t o   which  a  t o t a l   q u a n t i t y   of  7.1  t / h   of  wa te r   v a p o u r  

condenses .   A f t e r   the  s e p a r a t i o n   of  the  mix tu re   in  the  s e p a r a t o r   42 

the  l i n e   45  d i s c h a r g e s   5.4  t / h   of  wate r   and  the  l i n e   46  d i s c h a r g e s  

58.0  t / h   of  s y n t h e s i s   gas  of  the  f o l l o w i n g   c o m p o s i t i o n   from  t h e  

a p p a r a t u s :  



1.  A  p r o c e s s   for  g a s i f y i n g   a  s o l i d   c a r b o n - c o n t a i n i n g   f u e l ,  

c h a r a c t e r i z e d   in  t h a t :  

a)  the  fue l   is   ground  f ine   and  d r i e d ,  

b)  the   fue l   is  s u b s e q u e n t l y   p a r t i a l l y   combusted  to  s y n t h e s i s   g a s  

by  means  of  oxygen  or  o x y g e n - e n r i c h e d   a i r ,   which  oxygen  o r i g i n a t e s  

from  an  a i r   s e p a r a t i o n   p l a n t ,  

c)  the   s y n t h e s i s   gas  is  coo led   to  a  t e m p e r a t u r e   of  100°C-500°C,  

d)  the  coo led   s y n t h e s i s   gas  is  f u r t h e r   cooled   to  a  t e m p e r a t u r e  

of  25-250°C  by  means  of  i n d i r e c t   h e a t   exchange  wi th   a  n i t r o g e n -  

r i c h   gas  o r i g i n a t i n g   from  the  a i r   s e p a r a t i o n   p l a n t .  

2.  A  p r o c e s s   as  c la imed  in  c l a im  1,  c h a r a c t e r i z e d   in  t h a t   t h e  

s y n t h e s i s   gas  is  f u r t h e r   cooled   by  means  of  i n d i r e c t   hea t   e x c h a n g e  

wi th   the  n i t r o g e n - r i c h   gas  a f t e r   the   s o l i d   s lag   p a r t i c l e s   have  a t  

l e a s t   p a r t l y   been  removed  from  the  s y n t h e s i s   g a s .  

3.  A  p r o c e s s   as  c la imed  in  c la im  2,  c h a r a c t e r i z e d   in  t h a t   t h e  

s y n t h e s i s   gas  is  f u r t h e r   cooled   to  a  t e m p e r a t u r e   of  40-140°C  by  

means  of  i n d i r e c t   hea t   exchange  wi th   the  n i t r o g e n - r i c h   g a s .  

4.  A  p r o c e s s   as  c la imed  in  any  one   or  more  of  the  p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i z e d   in  t h a t   a f t e r   the  i n d i r e c t   hea t   e x c h a n g e  

wi th   the  n i t r o g e n - r i c h   gas  the  s y n t h e s i s   gas  is  f u r t h e r   cooled   t o  

a  t e m p e r a t u r e   of  10-75°C  in  a  c o o l e r .  

5.  A  p r o c e s s   as  c la imed  in  any  one   or  more  of  the  p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i z e d   in  t h a t   the  n i t r o g e n - r i c h  g a s   is  h e a t e d   to  a  

t e m p e r a t u r e   in  the  range  of  50 -400°C .  

6.  A  p r o c e s s   as  c la imed  in  any  one   or  more  of  c la ims   1 - 5 ,  

c h a r a c t e r i z e d   in  t h a t   the  n i t r o g e n - r i c h   gas  thus   hea t ed   is  used  t o  

dry  the  s o l i d   f u e l .  

7.  A  p r o c e s s   as  c la imed  in  c la im  1,  as  d e s c r i b e d   h e r e i n b e f o r e ,  

wi th   s p e c i a l   r e f e r e n c e   to  the  F i g u r e .  

8.  S y n t h e s i s   gas,  as  fa r   as  o b t a i n e d   by  the  p r o c e s s   a c c o r d i n g   t o  

one  or  more  of  the  p r e c e d i n g   c l a i m s .  
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