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Process  and  apparatus  for  producing  synthesis  gas  by 
partial  combustion  of  carbon-containing  fuel  with  oxygen- 
containing  gas  in  a  reactor  in  which  molten  slag  is  removed 
through  a  slag  discharge  in  the  bottom  and  passed  by  grav- 
ity  into  a  water  bath  where  it  is  solidified  by  quenching.  The 
slag  is  passed  in  the  water  bath  through  a  sloping  screen 
covering  the  total  horizontal  cross  section  of  the  bath  and 
slag  captured  by  the  screen  is  conducted  to  the  wall  of  the 
bath. 



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   p r e p a r a t i o n   o f  

s y n t h e s i s   gas  by  the  p a r t i a l   combus t ion   of  a  c a r b o n - c o n t a i n i n g  

f u e l   w i th   an  o x y g e n - c o n t a i n i n g   gas  in  a  r e a c t o r   in  which  t h e  

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

the   r e a c t o r   and  s l ag   is   removed  t h r o u g h   a  s l a g   d i s c h a r g e   in  t h e  

bo t tom  of  the   r e a c t o r   and  p a s s e d   by  g r a v i t y   i n t o   a  wa te r   b a t h  

where  i t   is  s o l i d i f i e d   by  q u e n c h i n g .  

The  p a r t i a l   combus t ion   of  c a r b o n - c o n t a i n i n g   f u e l   w i t h  

s u b s t a n t i a l l y   pure   oxygen  as  o x y g e n - c o n t a i n i n g   gas  y i e l d s  

s y n t h e s i s   gas  ma in ly   c o n s i s t i n g   of  ca rbon   monoxide  and  h y d r o g e n .  

When  the  o x y g e n - c o n t a i n i n g   gas  is   a i r   or  o x y g e n - e n r i c h e d   a i r ,  

the   s y n t h e s i s   gas  formed  of  cou r se   a l s o   c o n t a i n s   a  s u b s t a n t i a l  

q u a n t i t y   of  n i t r o g e n .   By  c a r b o n - c o n t a i n i n g   f u e l   is   g e n e r a l l y   m e a n t  

coa l   or  a n o t h e r   s o l i d   f u e l ,   such  as  brown  c o a l ,   p e a t ,   wood ,  

coke,   soot   e t c . ,   but   l i q u i d   f u e l s ,   such  as  t a r   sand  o i l   or  s h a l e  

o i l ,   and  m i x t u r e s   of  l i q u i d   and  p a r t i c u l a t e   s o l i d   f u e l s ,   a r e  

a l s o   p o s s i b l e .  

P r e f e r a b l y ,   a  m o d e r a t o r   is   a l s o   i n t r o d u c e d   i n t o   the  r e a c t o r .  

The  o b j e c t   of  the   m o d e r a t o r   is   to  e x e r c i s e   a  m o d e r a t i n g   e f f e c t  

on  the   t e m p e r a t u r e   on  the  r e a c t o r .   This  is   e n s u r e d   by  e n d o t h e r m i c  

r e a c t i o n   between  the   m o d e r a t o r   and  the   r e a c t a n t s   a n d / o r   p r o d u c t s  

of  the   s y n t h e s i s   gas  p r e p a r a t i o n .   S u i t a b l e   m o d e r a t o r s   are   s t e a m  

and  carbon   d i o x i d e .  

The  g a s i f i c a t i o n   is   p r e f e r a b l y   c a r r i e d   out   a t   a  t e m p e r a t u r e  
in  the   range   from  1200  to  1700°C  and  a t   a  p r e s s u r e   in  the  r a n g e  
from 1  to  200  b a r .  

The  r e a c t o r   in  which  the  p r e p a r a t i o n   of  s y n t h e s i s   gas  t a k e s  

p l a c e   may  have  the   shape  of  a  s p h e r e ,   cone  b l o c k   or  a  c y l i n d e r .  



P r e f e r a b l y   the   r e a c t o r   ma in ly   has  the   shape  of  a  c i r c u l a r  

c y l i n d e r .  

The  supp ly   of   c a r b o n - c o n t a i n i n g   f u e l   and  o x y g e n - c o n t a i n i n g  

gas  can  t a k e   p l a c e   t h r o u g h   the   bo t tom  of  the   r e a c t o r .   I t   i s   a l s o  

p o s s i b l e   to  supp ly   one  of  the   r e a c t a n t s   t h r o u g h   the   bo t tom  o f  

the   r e a c t o r   and  one  or  more  o t h e r s   t h r o u g h   the   s i d e   wa l l   of  t h e  

r e a c t o r .   However,  bo th   the   f u e l   and  the   o x y g e n - c o n t a i n i n g   g a s  
and  the   m o d e r a t o r   a re   p r e f e r a b l y   s u p p l i e d   t h r o u g h   the   s i d e   w a l l  

of  the   r e a c t o r .   This   i s   a d v a n t a g e o u s l y   p e r f o r m e d   by  means  of  a t  

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

r e a c t o r   ax i s   in  a  low  p a r t   of  the   s ide   w a l l .  

P a r t   of  the   s l a g   i s   e n t r a i n e d   by  the   s y n t h e s i s   gas  as  s m a l l  

d r o p l e t s   and  l e a v e s   t he   r e a c t o r   v i a   t he   gas  o u t l e t   a t   the   top  o f  

the   r e a c t o r .  

The  r e m a i n d e r   of  t he   l i q u i d   s l a g   formed  in  the   c o m b u s t i o n  

r e a c t i o n   d rops   down  and  is   d r a i n e d   t h r o u g h   the   s l a g   d i s c h a r g e  

l o c a t e d   in  the   r e a c t o r   b o t t o m .  

To  remove  the   s l a g   from  the   g a s i f y i n g   p r o c e s s ,   i t   i s  

a l r e a d y   known  to  a r r a n g e   a  quench ing   w a t e r   ba th   a t   the   bo t tom  o f  

t he   g a s i f y i n g   v e s s e l ,   in  which  w a t e r   b a t h   the   s l a g   d e s c e n d i n g  

due  to   i t s   g r a v i t y ,   i s   c a p t u r e d ,   quenched ,   and  forms  c l i n k e r  

g r a n u l e s   or  a g g l o m e r a t i o n s .   A f t e r   such  g r a n u l a t i o n ,   the   c l i n k e r  

i s   p e r i o d i c a l l y   or  c o n t i n u o u s l y   removed  from  the   w a t e r   ba th   b y  

means  of  c o n v e n t i o n a l   a r r a n g e m e n t s .  

As  a  r e s u l t   of  the   c o o l i n g   or  quench ing   of  the   s l ag   in  t h e  

w a t e r   b a t h   and  the   a t t e n d a n t   v i o l e n t   m o s t   of  t h e  

c l i n k e r   g r a n u l a t e   i s   r e l a t i v e l y   smal l   in  s i z e .   However,  a s  s h o w n  

by  e x p e r i e n c e ,  a t   the   s t a r t - u p ,   shu t -down  and  d i s t u r b a n c e s   o r  

u p s e t s   of  the   p r o c e s s   l a r g e   g r a n u l e s   or  c l i n k e r   a g g l o m e r a t i o n s  

form  in  the   w a t e r   b a t h ,   and  i t   i s   ve ry   d i f f i c u l t   to  remove  s u c h  

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

A c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n   t h i s   p rob lem  is   s o l v e d  

by  a r r a n g i n g   a  s c r e e n   in   the   w a t e r   b a t h   which  s c r e e n   ho lds   b a c k  

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

smal l   g r a n u l e s   pas s   t h r o u g h   i t .  



The  p r e s e n t   i n v e n t i o n   t h e r e f o r e   r e l a t e s   to  a  p r o c e s s   f o r  

p r o d u c i n g   s y n t h e s i s   gas  by  the  p a r t i a l   combus t ion   of  a  c a r b o n -  

c o n t a i n i n g   fue l   w i th   an  o x y g e n - c o n t a i n i n g   gas  in  a  r e a c t o r   i n  

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

the  top  of  the   r e a c t o r   and  mol ten   s l ag   is   removed  t h r o u g h   a  s l a g  

d i s c h a r g e   in  the  bo t tom  of  the  r e a c t o r   and  p a s s e d   by  g r a v i t y  

i n t o   a  wa t e r   b a t h   where  i t   i s   s o l i d i f i e d   by  q u e n c h i n g ,   c h a r a c -  

t e r i z e d   in  t h a t   a t   l e a s t   p a r t   of  the   s l ag   is   p a s s e d   in  the   w a t e r  

ba th   t h r o u g h   a  s l o p i n g   s c r e e n   c o v e r i n g   the   t o t a l   h o r i z o n t a l  

c ro s s   s e c t i o n   of  the   ba th   and  s l ag   c a p t u r e d   by  the   s c r e e n   i s  

conduc t ed   to  the  wa l l   of  the   b a t h .  

The  i n v e n t i o n   a l s o   r e l a t e s   to  an  a p p a r a t u s   fo r   the   p a r t i a l  

combus t ion   of  a  c a r b o n - c o n t a i n i n g   f u e l   wi th   an  o x y g e n - c o n t a i n i n g  

gas  which  a p p a r a t u s   c o m p r i s e s   a  r e a c t o r   which  i s   equ ipped   w i th   a  

gas  o u t l e t   at   the   top  and  a  s l ag   d i s c h a r g e   in  the   b o t t o m ,  

debouch ing   i n t o   a  wa t e r   ba th   c h a r a c t e r i z e d   in  t h a t   the   w a t e r  

ba th   is   p r o v i d e d   wi th   a  s l o p i n g   s c r e e n   c o v e r i n g   i t s   t o t a l  

h o r i z o n t a l   c r o s s   s e c t i o n .  

When  a  s l ag   d r o p l e t s - c a r r y i n g   s t r e a m   of  s y n t h e s i s   gas  i s  

p a s s e d   upwards  t h r o u g h   the  r e a c t o r ,   s l ag   d r o p l e t s   c o l l i d e   w i t h  

each  o t h e r   and  f a l l   down  to  the  bo t tom  of  the   r e a c t o r .   The  g a s  
is   thus   a t   l e a s t   p a r t l y   f r e e d   from  s l ag   d r o p l e t s .   The  c o l l e c t e d  

l i q u i d   s l ag   d r i p s   from.  the  r e a c t o r   bo t tom  and  drops   down  a s  

smal l   d r o p l e t s   t h r o u g h   the   s l ag   d i s c h a r g e   i n t o   the   wa te r   b a t h .  

A p p l i c a n t s   have  now  found  t h a t   d u r i n g   the  s t a r t - u p ,   s h u t - d o w n ,  

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

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

a g g l o m e r a t i o n s   wh i l e   d u r i n g   the   normal   c o u r s e   of  the   p r o c e s s  

r e l a t i v e l y   smal l   s o l i d   s l ag   g r a n u l e s   are  formed  in  the   w a t e r  

b a t h .  

The  s c r e e n   is   o b l i q u e l y   p l a c e d   in  the   wa t e r   ba th .   C o n s e -  

q u e n t l y ,   the   l a r g e   c l i n k e r   a g g l o m e r a t e s   p r e s e n t   on  the  s c r e e n  

s l i d e   to  the  l owes t   p a r t   of  the   s c r e e n ,   wh i l e   the   smal l   s l a g  

g r a n u l e s   pass   t h r o u g h   the  open ings   in  the  s c r e e n   to  the  b o t t o m  

of  the  wa te r   ba th   from  which  they  can  e a s i l y   be  d i s c h a r g e d .  



In  o r d e r   to  e n s u r e   t h i s   the   s c r e e n   is   p r e f e r a b l y   f l a t   a n d  

a r r a n g e d   o b l i q u e l y   in  the   r e a c t o r .   The  r e t a i n e d   c l i n k e r  

a g g l o m e r a t e s   now  s l i d e   on  the   s c r e e n   to  the   l o w e s t   p o i n t s   w h e r e  

the   s c r e e n   i s   f i t t e d   to  the   w a t e r   b a t h   w a l l .   A f t e r   the   g a s i f i c a t i o n  

p r o c e s s   has  been  shu t  down  the   c l i n k e r   a g g l o m e r a t e s   are   a d v a n t a -  

g e o u s l y   removed  from  the   s c r e e n   t h r o u g h   one  or  more  open ings   i n  

the   w a t e r   b a t h   w a l l   which  a re   l o c k e d ,   s u i t a b l y   by  one  or  m o r e  

r emovab le   f l a n g e s ,   d u r i n g   the   normal   o p e r a t i o n   of  the   g a s i f i c a t i o n  

p r o c e s s .  

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

the   w a l l .   This   i s   fo r   a  s u b s t a n t i a l   p a r t   d e t e r m i n e d   by  the   s l o p e  

a t   which  the   s c r e e n   is   f i t t e d   in  the  w a t e r   b a t h .   I t   has  a p p e a r e d  

ve ry   s u i t a b l e   t h a t   the   s c r e e n   i s   f i t t e d   a t   an  ang le   of  20-70°  t o  

the   r e a c t o r   a x i s .   The  s c r e e n   is   most  p r e f e r a b l y   p l a c e d   a t   a n  

a n g l e   of  abou t   45°.  I t   i s   thus   e n s u r e d   t h a t   p r a c t i c a l l y   a l l  

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

p a r t   of  the   r e a c t o r   w a l l   in  which  the   o p e n i n g ( s )   f o r  r e m o v i n g  

a g g l o m e r a t e s   m e n t i o n e d   h e r e i n b e f o r e   i s   (are)  s i t u a t e d .  

In  a n o t h e r   p r e f e r r e d   enbod imen t   of  the   i n v e n t i o n   the   s c r e e n  

has  t he   shape  of  a  p a r t   of  a  c y l i n d e r   w a l l .   The  convex  s i de   o f  

the   c y l i n d e r   w a l l   i s   d i r e c t e d   upwards .   The  s c r e e n   then   has  t h e  

shape  of  a  s a d d l e .   The  s l a g   a g g l o m e r a t e s   r e t a i n e d   by  the   s c r e e n  

s l i d e   to  the   r e a c t o r   w a l l   a long   the   s a d d l e   s u r f a c e   to  bo th   i t s  

d e e p e s t   p o i n t s .   S ince   t h e s e   p o i n t s   a re   s i t u a t e d   a t   the   s ide   o f  

the   s a d d l e ,   the   s l a g   a g g l o m e r a t e s   s l i d e   over   the   s ide   of  t h e  

s a d d l e   to  the   two  l o w e s t   p o i n t s   of  i n t e r s e c t i o n   be tween  t h e  

c y l i n d e r   w a l l   of  s c r e e n   and  t h a t   of  the   w a t e r   ba th .   As  a  r e s u l t  

the   s o l i d   s l a g   a g g l o m e r a t e s   a re   u n e q u a l l y   d i v i d e d   over   t h e  

r e a c t o r   w a l l   a l s o   in  s a i d   e m b o d i m e n t .  

I f   the   c y l i n d e r   w a l l   i s   f i t t e d   in  the   r e a c t o r   w i th   t h e  

convex  s i de   d i r e c t e d   downwards,   a  " g u t t e r "   i s   formed.  I f   t h e  

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

s l i d e s   to  t he   c e n t r e   of  the   g u t t e r   and  b l o c k s   the   c e n t r e .   So 

t h i s   i s   r a t h e r   u n a t t r a c t i v e .   T h e r e f o r e   the   g u t t e r   is   a d v a n t a -  

g e o u s l y   f i t t e d   in  t he   r e a c t o r   o b l i q u e l y ,   so  t h a t   the   l o w e s t  



p o i n t   of  the   g u t t e r   l i e s   a g a i n s t   the   r e a c t o r   w a l l .   The  c a p t u r e d  

s l ag   s l i d e s   to  s a id   l owes t   p o i n t .   The  c y l i n d e r   r a d i u s / r e a c t o r  

r a d i u s   r a t i o   i s   p r e f e r a b l y   1:1  to  1 0 : 1 .  

I f   use  is   made  of  the   a b o v e - d e s c r i b e d   p r e f e r r e d   e m b o d i m e n t s ,  

the  c a p t u r e d   s o l i d i f i e d   s l ag   s l i d e s   to  p a r t ( s )   of  the   r e a c t o r  

w a l l ,   from  which  i t   is  p e r i o d i c a l l y   removed  t h r o u g h   o p e n i n g s  

t h e r e i n ,   which  open ings   are   c l o s e d   d u r i n g   normal   o p e r a t i o n   o f  

the   g a s i f i c a t i o n   p r o c e s s .  

In  some  cases   i t   is   a d v a n t a g e o u s   to  pass   the   c a p t u r e d  

s o l i d i f i e d   s l ag   downwards  as  even ly   as  p o s s i b l e   d i s t r i b u t e d   o v e r  

.  t h e   c i r c u m f e r e n c e   of  the   r e a c t o r   w a l l .   I t   i s   t hus   e n s u r e d   t h a t  

no  p a r t   of  the  p e r i p h e r y   of  the   r e a c t o r   wa l l   is   e x t r a   h e a v i l y  

loaded   wi th   the  s l ag   a g g l o m e r a t e s .   This  o b j e c t   is  p r e f e r a b l y  

r e a c h e d   by  u s i n g   a  s c r e e n   hav ing   the   form  of  a  dome-shaped  c a p .  

Owing  to  the  domed  shape  the   c a p t u r e d   s l ag   a g g l o m e r a t e s   s l i d e  

even ly   to  the  l owes t   p o i n t s   on  the   s c r e e n .   In  o r d e r   to  e n s u r e  

t h a t   the   c a p t u r e d   s l ag   a g g l o m e r a t e s   on  the  dome-shaped  cap  s t a r t  

s l i d i n g   to  the  l owes t   p o i n t s   the  curve   of  the   dome  must  b e  

s u f f i c i e n t .   T h e r e f o r e ,   the   r a d i u s   r a t i o   of  the   sphere   to  t h e  

r e a c t o r   is   p r e f e r a b l y   1:1  to  1 0 : 1 .  

If   a  s l ag   a g g l o m e r a t e   f a l l s   on  the   c e n t r e   of  t h e  

d a r e - s h a p e d   s c r e e n ,   the   curve   of  the   s c r e e n   is   r a t h e r   smal l   a t  

s a id   p l a c e .   C o n s e q u e n t l y ,   t h e r e   is  a  r i s k   of  the   a g g l o m e r a t e   n o t  

s l i d i n g   to  the   w a l l ,   bu t   s t a y i n g   a t   i t s   p l a c e .   This   r i s k   i s  

r a t h e r   smal l   i f   the   s c r e e n   has  the  shape  of  a  c o n i c a l   s u r f a c e  

the  apex  of  which  is   d i r e c t e d   upwards .   By  c h o o s i n g   the   s u i t a b l e  

h e i g h t   of  the   cone  in  r e l a t i o n   to  the  r a d i u s   of  i t s   b a se ,   i t   i s  

e n s u r e d   t h a t   the   c o n i c a l   s u r f a c e   is   s u f f i c i e n t l y   o b l i q u e .   A 

s u i t a b l e   ang le   of  the   c o n e - d e s c r i b i n g   l i n e s   to  the  base   i s   i n  

the  range   from  20-70°  so  t h a t   the   apex  ang le   of  the   c o n i c a l  

s u r f a c e   is  p r e f e r a b l y   in  the   range  from  40  to  1 4 0 ° .  

P r e f e r a b l y   the  apex  of  the  c o n i c a l   s u r f a c e   is   s i t u a t e d   o n  
the  c e n t r e   l i n e   of  the   wa t e r   ba th   and  i t s   base   is   a d j a c e n t   t o  

the   wa l l   of  the   w a t e r   b a t h .   In  t h i s   way  the  c l i n k e r   a g g l o m e r a t e s  



are   e v e n l y   d i s t r i b u t e d   over   the   space  be tween   the   lower  p a r t   o f  

the   c o n i c a l   s u r f a c e   and  the   i n s i d e   of  the   w a t e r   ba th   w a l l .   From 

t h i s   space  the   a g g l o m e r a t e s   can  be  removed  p e r i o d i c a l l y   t h r o u g h  

o p e n i n g s   in  the   w a t e r   b a t h   wa l l   which  a re   c l o s e d   d u r i n g   n o r m a l  

o p e r a t i o n .  

The  s c r e e n s   s u i t a b l y   c o n s i s t   of  a  l a t t i c e   work  of  b a r s .   F o r  

example ,   the   l a t t i c e   work  may  c o n s i s t   of  a  bund le   of  p a r a l l e l  

b a r s   a t t a c h e d   to  t he   r e a c t o r   w a l l .   I t   is   a l s o   p o s s i b l e   to  make 

c o n n e c t i o n s   be tween   the   p a r a l l e l   b a r s   so  t h a t   the   shape  of  a  

p e r f o r a t e d   p l a t e   i s   f o r m e d .  

A l though   i t   is   p o s s i b l e   t h a t   p a r t   of  s c r e e n   s t a n d s   o u t  

above  the   w a t e r   l e v e l   of  the   w a t e r   b a t h ,   a c c o r d i n g   to  a  p r e f e r r e d  

embodiment   of  the   p r e s e n t   i n v e n t i o n   the   t o t a l   s c r e e n   is  i n m e r s e d  

in  t he   w a t e r   b a t h .   In  t h i s   way  the   s c r e e n   comes  only   in  c o n t a c t  

w i th   s o l i d i f i e d   s l a g   which  does  not   s t i c k   to  the   s c r e e n   w h e r e a s  

the   mo l t en   s l a g   which  drops   down  from  the   r e a c t o r   o u t l e t   i s  

s t i c k y   and  would  adhe re   to  the   s c r e e n   i f   not   immersed  in  w a t e r .  

In  o r d e r   to  improve  the   s l i d i n g   of  the   c l i n k e r   a g g l o m e r a t e s  

a long   the   u p s i d e   o f  t h e   s c r e e n   the   s c r e e n   is  p r e f e r a b l y   p r o v i d e d  

w i t h   v i b r a t i n g   means  so  t h a t   the   s c r e e n   is   a d v a n t a g e o u s l y  

v i b r a t e d   c o n t i n u o u s l y   or  i n t e r m i t t e n t l y   in  o r d e r   to  o b v i a t e  

b l o c k i n g   of  the   s c r e e n .   The  smal l   s o l i d i f i e d   s l ag   g r a n u l e s   t h u s  

e a s i l y   pass   t h r o u g h   the   o p e n i n g s   in  the   s c r e e n .   The  l a r g e  

c l i n k e r   a g g l o m e r a t i o n s   s l i d e   over   the  s c r e e n   s u r f a c e   to  t h e  

space   n e i g h b o u r i n g   the   w a t e r   b a t h   w a l l .   As  the   l a r g e   c l i n k e r  

a g g l o m e r a t i o n s   are   p r e d o m i n a n t l y   p roduced   d u r i n g   the   s t a r t - u p ,  

shu t -down ,   d i s t u r b a n c e   or  u p s e t   p e r i o d s   of  the   g a s i f i c a t i o n  

p r o c e s s   on ly   p a r t   of  the   s c r e e n   s u r f a c e   w i l l   be  cove red   by  t h e  

a g g l o m e r a t i o n s   d u r i n g   normal   p r o c e s s   run.   A f t e r   the   s t a r t - u p  

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

pass   t h r o u g h   the   open ings   of  t h a t   p a r t   of  the   s c r e e n   which  i s  

no t   c o v e r e d   by  the   l a r g e   a g g l o m e r a t i o n s ,   to  the   bo t tom  of  w a t e r  

b a t h   from  which  t hey   a re   removed  by  means  of  a  p r o p e r  
c o n v e n t i o n a l   s l u i c i n g   s y s t e m .  



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   wi th   r e f e r e n c e   t o  

the  F i g u r e .   C o n t r o l   and  r e g u l a t i n g   d e v i c e s ,   c o o l i n g   s y s t e m s ,  

i n s u l a t i o n ,   e t c . ,   are  not   shown  in  the   F i g u r e   which  g ives   a  

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

p a r t i a l   combus t ion   of  a  c a r b o n - c o n t a i n i n g   f u e l .  

Via  b u r n e r s   2  in  the  s ide   wa l l   of  a  r e a c t o r   1  (only  p a r t l y  

shown)  a  c a r b o n - c o n t a i n i n g   f u e l ,   an  o x y g e n - c o n t a i n i n g   gas  a n d  

p o s s i b l y   a  m o d e r a t o r   are  i n t r o d u c e d   i n t o   the  r e a c t o r   1.  The  

p a r t i a l   combus t ion   y i e l d s   s y n t h e s i s   gas  and  s l ag .   The  g r e a t e r  

p a r t   of  the   l i q u i d   s l ag   formed  l e a v e s   the   r e a c t o r   v i a   a  s l a g  

d i s c h a r g e   3  in  the  bo t tom  of  the   r e a c t o r   1.  The  s y n t h e s i s   g a s  
flows  upwards  and  l e a v e s   the  r e a c t o r   1  v i a   a  gas  o u t l e t   ( n o t  

shown)  a t   the  top  of  the  r e a c t o r .   The  l i q u i d   s l ag   d r i p s   down 

from  the  o u t l e t   3  and  f a l l s   i n t o   a  wa te r   ba th   4  where  i t  

s o l i d i f i e s .   Small  s o l i d   s l ag   g r a n u l e s   which  are   p r e d o m i n a n t l y  

formed  a f t e r   the   s t a r t - u p   p e r i o d   of  the  g a s i f i c a t i o n   p r o c e s s   a n d  

which  have  a  d i a m e t e r   in  the  range  from  0.1  to  40  mn  p a s s  
downwards  t h r o u g h   the  open ings   in  the  s c r e e n   5  i n to   a  s l a g .  

d i s c h a r g e   6.  Through  v a l v e s   7  and  8  they  are  p a s s e d   i n t o   a  s l a g  

c o n t a i n e r   9  from  which  they  are  s l u i c e d   out  v i a   v a l v e s   10  a n d  

11 .  

Large  c l i n k e r   a g g l o m e r a t e s   which  are  p r e d o m i n a n t l y   f o r m e d  

d u r i n g   the  s t a r t - u p   p e r i o d   of  the   g a s i f i c a t i o n   p r o c e s s   and  w h i c h  

have  a  d i a m e t e r   in  the  range  from  40  to  1000  mm  canno t   pass   t h e  

open ings   of  the   s c reen   5.  They  s l i d e   down  over   the  c o n i c a l  

s u r f a c e   of  the   s c r een   5  to  the  bot tom  of  the  a n n u l a r   s p a c e  
between  the  s c reen   5  and  the  wa l l   of  the   wa te r   ba th   4.  From  t h i s  

space  they  are   removed  a t   the  end  of  the  g a s i f i c a t i o n   run  p e r i o d  

a f t e r   the   g a s i f i c a t i o n   u n i t   has  been  shu t   down.  This  r e m o v a l  

t akes   p l a c e   v i a   open ings   12  in  the  wa t e r   ba th   wa l l   which  a r e  

c l o s e d ,   e .g .   by  removable   f l a n g e s   (not  shown)  d u r i n g   the  n o r m a l  

o p e r a t i o n   of  the   g a s i f i c a t i o n   p r o c e s s .  
EXAMPLE 

The  f o l l o w i n g   e x p e r i m e n t   was  c a r r i e d   out  in  an  a p p a r a t u s   a s  

shown  in  the  F i g . ,   in  which  the  s c r een   c o n s i s t e d   of  a  p e r f o r a t e d  



cone  hav ing   c i r c u l a r   p e r f o r a t i o n s   w i t h   a  d i a m e t e r   of  40  mm  w h i l e  

95%  of  the   c o n i c a l   s u r f a c e   c o n s i s t s   of  the   t o t a l   p e r f o r a t i o n s .  

An  h o u r l y   q u a n t i t y   of  6.6  tons   of  coa l   powder  in  n i t r o g e n ,  

5.6  tons   of  o x y g e n - c o n t a i n i n g   gas  and  0.6  tons   of  s team  w a s  

i n t r o d u c e d   i n t o   the  4 m3  r e a c t o r   v i a   the  b u r n e r s .  

The  coa l   powder  had  an  a v e r a g e   p a r t i c l e   s i z e   of  5 .10-5   m 

and  had  the   f o l l o w i n g   c o m p o s i t i o n   on  a  dry  and  a s h l e s s   b a s i s :  

The  ash  c o n t e n t   was  8%  by  w e i g h t   and  the   m o i s t u r e   c o n t e n t  

1%  by  w e i g h t .   The  o x y g e n - c o n t a i n i n g   gas  c o n s i s t e d   of  99%  p u r e  

o x y g e n .  
The  p r e s s u r e   in  the   r e a c t o r   was  30  b a r .  

An  h o u r l y   q u a n t i t y   of  12  tons   of  s y n t h e s i s   gas  of  1400°C 

hav ing   the   f o l l o w i n g   c o m p o s i t i o n   was  removed  v i a   the   g a s  

d i s c h a r g e   ( c a l c u l a t e d   as  dry  g a s ) :  

A  q u a n t i t y   of  178  kg/h   of  s l a g   was  e n t r a i n e d   by  t h e  

s y n t h e s i s   g a s .  
The  q u a n t i t y   of  s l a g   drawn  o f f   v i a   the   s l ag   d i s c h a r g e   was  

350  kg  per   hour .   I t   d r i p p e d   down  i n t o   the   wa te r   ba th   where  i t  

s o l i d i f i e d .   Dur ing  the   s t a r t - u p   p e r i o d   of  1  hour  10  kg  c l i n k e r  

a g g l o m e r a t e s   were  formed  hav ing   a  d i a m e t e r   in  the   range   f r o m  

40  to  100  mn.  They  d id   no t   pass   t h r o u g h   the   s c r e e n   but   were  k e p t  
in  the   wa t e r   ba th   a t   the   bo t tom  of  the   a n n u l a r   space  be tween  t h e  

s c r e e n   and  the   w a t e r   ba th   w a l l .   They  were  removed  t h r o u g h  

open ings   in  the   w a t e r   ba th   a t   the   end  of  the   g a s i f i c a t i o n   r u n  
which  l a s t e d   240  h o u r s .  



During  the  normal  g a s i f i c a t i o n   run  a f t e r   the   s t a r t - u p  

p e r i o d   s o l i d   s l ag   g r a n u l e s   having   a  d i a m e t e r   in  the  range  f r o m  

0.1  to  20  mm  were  formed  in  the   wa te r   ba th .   They  p a s s e d   t h r o u g h  

the  open ings   in  the  s c r e e n   to  the  bo t tom  of  the   wa t e r   ba th   f r o m  

which  they  were  removed  p e r i o d i c a l l y .  



1.  A  p r o c e s s   fo r   p r o d u c i n g   s y n t h e s i s   gas  by  the   p a r t i a l  

combus t ion   o f  a   c a r b o n - c o n t a i n i n g   f u e l   w i th   an  o x y g e n - c o n t a i n i n g  

gas  in  a  r e a c t o r   in  which  the   s y n t h e s i s   gas  is   d i s c h a r g e d   t h r o u g h  

a  gas  o u t l e t   a t   the   top  of  the   r e a c t o r   and  mol ten   s l ag   i s  

removed  t h r o u g h   a  s l ag   d i s c h a r g e   in  the   bo t tom  of  the  r e a c t o r  

and .  passed   by  g r a v i t y   i n t o   a  w a t e r   ba th   where  i t   is   s o l i d i f i e d  

by  q u e n c h i n g ,   c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   p a r t   of  the   s l ag   i s  

p a s s e d   in  the   w a t e r   ba th   t h r o u g h   a  s l o p i n g   s c r een   c o v e r i n g   t h e  

t o t a l   h o r i z o n t a l   c r o s s   s e c t i o n   of  the   ba th   and  s l ag   c a p t u r e d   b y  

the   s c r e e n   is   c o n d u c t e d   to  the   wa l l   of  the   b a t h .  

2.  A  p r o c e s s   as  c l a 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 c r e e n   is   f l a t   and  p l a c e d   o b l i q u e l y   in  the   r e a c t o r .  

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

s c r e e n   i s   p l a c e d   a t   an  angle   of  20-70°  to  the   r e a c t o r   a x i s .  

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

s c r e e n   has  the   shape  of  a  p a r t   of  a  c y l i n d e r   w a l l .  

5.  A  p r o c e s s   as  c l a i m e d   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 c r e e n   has  the   shape  o f  a   p a r t   of  a  s p h e r i c a l   s u r f a c e .  

6.  A  p r o c e s s   as  c l a imed   in  c l a im   5,  c h a r a c t e r i z e d   in  t h a t   t h e  

r a d i u s   r a t i o   of  the   sphe re   and  the   r e a c t o r   r anges   f r o m  1 : 1  t o  

1 0 : 1 ;  

7.  A  p r o c e s s   as  c l a 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 c r e e n   has  the   shape  of  a  c o n i c a l   s u r f a c e   the  apex  of  which  i s  

d i r e c t e d   upwards  and  the   apex  ang le   of  which  is   in  the   r a n g e  
from  40  to  1 4 0 ° .  

8.  A  p r o c e s s   as  c l a imed   in  c l a im   7,  c h a r a c t e r i z e d   in  t h a t   t h e  

apex  of  the   c o n i c a l   s u r f a c e   is   s i t u a t e d   on  the  c e n t r e   l i n e   o f  

the   w a t e r   ba th   and  i t s   base   i s   a d j a c e n t   to  the  wa l l   of  the   w a t e r  

b a t h .  

9.  A  p r o c e s s   as  c l a 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   s c r e e n   is   s i t u a t e d   below  t h e  

w a t e r   l e v e l   of  the   w a t e r   b a t h .  



1 0 .  A   p r o c e s s   as  c l a 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   s c r e e n   i s   v i b r a t e d .  

11.  An  a p p a r a t u s   for   the  p a r t i a l   combus t ion   of  a  c a r b o n -  

c o n t a i n i n g   f u e l   w i th   an  o x y g e n - c o n t a i n i n g   gas ,   which  a p p a r a t u s  

compr i se s   a  r e a c t o r   which  i s   equ ipped   wi th   a  gas  o u t l e t   a t   t h e  

top  and  a  s l ag   d i s c h a r g e   in  the  bo t tom,   debouch ing   i n t o   a  w a t e r  

b a t h ,   c h a r a c t e r i z e d   in  t h a t   the   wa t e r   ba th   is   p r o v i d e d   wi th   a  

s l o p i n g   s c r een   c o v e r i n g   i t s   t o t a l   h o r i z o n t a l   c r o s s   s e c t i o n .  
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