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©  Process  and  burner  for  the  gasification  of  solid  fuel  and  gas  so  prepared. 

Process  and  burner  for  preparing  hydrogen  and  carbon 
monoxide  by  the  partial  combustion  of  finely  divided  solid 
fuel  with  oxygen-containing  gas  using  moderator  gas.  The 
reactants  are  separately  supplied  to  an  empty  reactorthrough 
the  burner.  The  solid  fuel  is  passed  in  a  carrier  gas  centrally 
(7).  The  oxygen-containing  gas  is  passed  concentrically  (6) 
around  and  separate from  the  fuel  stream.  The  moderator  gas 
is  passed  concentrically  (5)  around  and  separate  from  the 
oxygen-containing  gas. 



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

s o l i d   f u e l .  

This  g a s i f i c a t i o n  -   also  known  as  p a r t i a l   combus t ion  -   i s  

c a r r i e d   out  by  r e a c t i o n   of  so l id   fue l   with  an  o x y g e n - c o n t a i n i n g  

gas.  The  fuel   con ta ins   as  u s e f u l   components  mainly  carbon  and 

hydrogen,   which  r eac t   with  the  oxygen -   and  p o s s i b l y   with  steam  and  

carbon  d i o x i d e  -   to  form  carbon  monoxide  and  hydrogen.  Depending  on 

the  t e m p e r a t u r e ,   the  fo rmat ion   of  methane  is  also  p o s s i b l e .   I n  

p r i n c i p l e ,   a l l   p o s s i b l e   so l id   m a t e r i a l s   of  v e g e t a b l e   and  a n i m a l  

o r i g i n ,   such  as  coal ,   brown  coal ,   wood pulp ,   etc.   are  s u i t a b l e   a s  

fue l .   The  o x y g e n - c o n t a i n i n g   gas  is  u s u a l l y   a i r   or  oxygen  or  a 

mixture   t h e r e o f .  

In  e x i s t i n g   coal  g a s i f i c a t i o n   p r o c e s s e s ,   coal  p a r t i c l e s   a r e  

con t ac t ed   with  the  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  a  f ixed  o r  
f l u i d i z e d   bed  at  t empera tu re s   below  1000oC.  The  r e s idence   time  o f  

the  coal  p a r t i c l e s   is  r e l a t i v e l y   long  ( c e r t a i n l y   more  than  one 

minu te ) .   A  drawback  of  said  p roces se s   is  tha t   not  a l l   types  o f  

so l id   fue l   can  be  g a s i f i e d   in  t h i s   manner,  which  l i m i t s   the  f l e x i -  

b i l i t y   of  said  p r o c e s s e s .   Highly  swe l l i ng   coal ,   for  example,  i s  

u n s u i t a b l e   because  it   s i n t e r s   t o g e t h e r   and  clogs  the  r e a c t o r .   I n  

some  cases  the  high  y i e ld   of  methane  of  said  p rocesses   is  a  d i s a d -  

v a n t a g e .  

An  a l t e r n a t i v e   process   has  t h e r e f o r e   been  developed  in  which  

f i n e l y   d iv ided   so l id   fuel   is  passed  in to   a  r e a c t o r   through  a  b u r n e r  

at  a  r e l a t i v e l y   high  v e l o c i t y   and  in  which  process   the  fuel   r e a c t s  

the re   in  the  flame  with  the  o x y g e n - c o n t a i n i n g   gas  at  t e m p e r a t u r e s  

above  1000oC.  In  the  l a t t e r   process   the  r e s i d e n c e   time  of  the  f u e l  

in  the  r e a c t o r   is  r e l a t i v e l y   short   ( u s u a l l y   less   than  10  s e c o n d s ) .  

By  t h i s   process   it   is  p o s s i b l e   to  g a s i f y   a l l   types  of  sol id   f u e l .  

The  methane  y ie ld   is  low.  The  process   can  be  c a r r i e d   out  at  h i g h  

p r e s s u r e .  
In  the  l a t t e r   process   the  fuel   is  u s u a l l y   passed  in  a  c a r r i e r  

gas  to  the  r e a c t o r   through  the  bu rne r ,   while  the  o x y g e n - c o n t a i n i n g  



gas  is  a lso   passed  to  the  r e a c t o r   through  the  bu rne r .   Since  t h e  

so l id   f u e l ,   even  i f   i t   is  f i n e l y   d iv ided ,   is  u s u a l l y   l e s s   r e a c t i v e  

than  l i q u i d   or  gaseous  fue l   ( i t   cannot  be  atomized  by  the  b u r n e r )  

grea t   care  is  bestowed  on  the  manner  in  which  the  fue l   and  oxygen 

are  mixed.  When  the  mixing  in  the  r e a c t o r   is  i n s u f f i c i e n t ,   zones  o f  

u n d e r h e a t i n g   occur  in  the  r e a c t o r   next  to  zones  of  o v e r h e a t i n g ,  

s ince  pa r t   of  the  fue l   does  not  r ece ive   enough  oxygen  and  an  o t h e r  

par t   of  the  fue l   r e c e i v e s   too  much  oxygen.  Part   of  the  fue l   is  t h e n  

not  f u l l y   g a s i f i e d   and  an  other   part   is  conver ted   comple t e ly   i n t o  

carbon  d iox ide   and  water  vapour.   A  drawback  of  l o c a l l y   high  t e m p e r -  

a tu re s   in  the  r e a c t o r   is  t ha t   damage  is  caused  to  the  r e f r a c t o r y  

l i n i n g   which  is  u s u a l l y   p rov ided   t h e r e i n .  

In  order   to  check  the  t empera tu re   in  the  r e a c t o r   a  w a t e r  

v a p o u r - c o n t a i n i n g   modera tor   gas  is  of ten   supp l i ed   to  the  r e a c t o r .  

The  water  vapour  r e a c t s   with  par t   of  the  f u e l ,   with  the  f o r m a t i o n  

of  hydrogen  and  carbon  monoxide.  The  r e a c t i o n   in  q u e s t i o n   is  endo-  

the rmic .   The  modera tor   gas  can  be  suppl ied   to  the  r e a c t o r   t h r o u g h  

the  burner   or  o t h e r w i s e .  

In  order   to  ensure  a  good  mixing  of  fuel   and  o x y g e n - c o n t a i n i n g  

gas  i t   has  a l r e a d y   been  proposed  to  have  the  mixing  a l r e a d y   t a k e  

place  in  or  ups t ream  of  the  burner .   A  great   d i s a d v a n t a g e   t h e r e o f  

i s ,   however,   t h a t  -   e s p e c i a l l y   when  the  g a s i f i c a t i o n   is  c a r r i e d   o u t  

at  high  p r e s s u r e  -   the  design  and  o p e r a t i o n   of  an  appa ra tu s   s u i t a b l e  

for  sa id   purpose  is  h igh ly   c r i t i c a l .   The  fac t   is  t ha t   the  t i m e  

e l a p s i n g   between  the  moment  of  mixing  and  the  moment  when  t h e  

mix ture   e n t e r s   the  r e a c t o r   must  i n v a r i a b l y   be  s h o r t e r   than  t h e  

combust ion  i n d u c t i o n   time  of  said  mixture .   This  i n d u c t i o n   t i m e  

d e c r e a s e s   s u b s t a n t i a l l y   at  a  r i s e   in  the  g a s i f i c a t i o n   p r e s s u r e .   I n  

view  of  t h i s   problem  i t   should  be  borne  in  mind  tha t   the  fue l   i s  

supp l i ed   in  a  c a r r i e r   gas,  tha t   the  fuel   load  of  the  c a r r i e r   gas  
must  be  high  to  ensure  tha t   the  c a r r i e r   gas  does  not  c o n s t i t u t e   an 
exces s ive   thermal   b a l l a s t   and  tha t   the  q u a n t i t y   of  oxygen  to  be  

supp l i ed   is  r e l a t e d   to  the  q u a n t i t y   of  fue l   s u p p l i e d ,   but  tha t   i n  

sp i t e   of  a l l   these   l i m i t i n g   f a c t o r s   it   should  be  p o s s i b l e   to  o p e r a t e  

the  r e a c t o r   at  a  v a r i a b l e   p roduc t i on   r a t e ,   t ha t   is  to  supply  f u e l  



in  a l t e r n a t e l y   l a rge   and  small  q u a n t i t i e s   th rough  one  and  the  same 

burne r .   It  w i l l   be  obvious  t ha t   when  supp ly ing   a  small  q u a n t i t y   o f  

fue l   ( c a r r i e r   gas)  t o g e t h e r   with  a  small  q u a n t i t y   of  o x y g e n - c o n -  

t a i n i n g   gas  the  v e l o c i t y   in  the  burner   w i l l   be  low,  so  tha t   t h e  

above-ment ioned   i n d u c t i o n   time  is  reached  or  e x c e e d e d .  

T h e  o b j e c t   of  the  p re sen t   i n v e n t i o n   is  to  remove  these   d raw-  

backs  and  provide  a  process   in  which  on  the  one  hand  the  fuel   and 

the  o x y g e n - c o n t a i n i n g   gas  are  only  mixed  near  the  end  of  the  b u r n e r  

and  on  the  o ther   hand  an  i n t e n s i v e   mixing  is  reached  in  an  e a r l y  

s t age ,   i . e .   at  the  en t rance   of  the  fuel   and  the  o x y g e n - c o n t a i n i n g  

gas  into  the  r e a c t o r  -   wi thout   causing  o v e r h e a t i n g   of  the  r e a c t o r  

wall  near  the  b u r n e r .  

The  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 rocess   for  the  p r e -  

p a r a t i o n   of  a  gas  compris ing  hydrogen  and  carbon  monoxide  by  t h e  

p a r t i a l   combustion  of  a  f i n e l y   d iv ided   s o l i d   fue l   with  an  oxygen-  

c o n t a i n i n g   gas  using  a  moderator   gas,  in  which  said  th ree   components 

are  each  s e p a r a t e l y   suppl ied   to  an  empty  r e a c t o r   space  through  a  

bu rne r ,   which  process   in  c h a r a c t e r i z e d   in  tha t   the  so l id   fuel   i s  

passed  in  a  c a r r i e r   gas  c e n t r a l l y   through  the  bu rne r ,   the  oxygen-  

c o n t a i n i n g   gas  is  passed  through  the  burner   c o n c e n t r i c a l l y   a round  

and  s e p a r a t e   from  the  fuel   s t ream,  and  the  modera tor   gas  is  p a s s e d  

through  the  burner  c o n c e n t r i c a l l y   around  and  s e p a r a t e   from  t h e  

o x y g e n - c o n t a i n i n g   g a s .  
Now  tha t   the  moderator   gas  surrounds  the  streams  of  fuel   and 

o x y g e n - c o n t a i n i n g   gas  f lowing  out  of  the  burner   and  a  degree  o f  

t o l e r a n c e   is  formed  in  r e spec t   of  the  v e l o c i t y   at  which  and  t h e  

d i r e c t i o n   in  which  the  moderator   gas  and  the  o x y g e n - c o n t a i n i n g   gas  

leave  the  burner ,   on  the  one  hand  an  e f f e c t i v e   mixing  of  fuel   and 

o x y g e n - c o n t a i n i n g   gas  can  be  ensured  and,  on  the  o ther   hand,  s a t i s -  

f a c t o r y   cool ing   of  the  r e a c t o r   wall  near  the  burner   can  be  e f f e c t e d ,  

since  the  modera tor   gas  comes  into  contac t   t h e r e w i t h .  

Moreover,   the  j acke t   of  moderator   gas  which  surrounds  t h e  

streams  of  f u e l - c o n t a i n i n g   gas  and  o x y g e n - c o n t a i n i n g   gas  in  t h e  

r e a c t o r   immediate ly   bes ide   the  burner ,   p r even t s   tha t   the  hot  m i x t u r e  

of  carbon  monoxide  and  hydrogen  which  has  formed  in  the  r e a c t o r  



become  p r e m a t u r e l y  m i x e d   with  the  stream  of  o x y g e n - c o n t a i n i n g   g a s  
(whereby  a  c o n s i d e r a b l e   degree  of  o v e r h e a t i n g   is  p r e v e n t e d   in  t h e  

v i c i n i t y   of  the  burner   mouthl.   The  fo rma t ion   of  a  hot  flame  f r o n t  

at  the  burner   mouth  is  thus  p r e v e n t e d .  

In  order   to  ob ta in   a  good  mixing  of  f u e l - c o n t a i n i n g   gas  and  

o x y g e n - c o n t a i n i n g   gas,  accord ing   to  the  i n v e n t i o n   i t   is  p r e f e r a b l y  

ensured  t ha t   the  f u e l - c o n t a i n i n g   c a r r i e r   gas  l eaves   the  burner   w i t h  

an  e x a c t l y   a x i a l   moment  and  t ha t   the  o x y g e n - c o n t a i n i n g   gas  l e a v e s  

the  burner   wi th   an  a x i a l   moment  and  an  inwardly   d i r e c t e d   r a d i a l  

moment.  In  t h i s   way,  the  s tream  of  o x y g e n - c o n t a i n i n g   gas  is  d i r e c t e d  

to  the  s t ream  of  f u e l - c o n t a i n i n g   c a r r i e r   gas  ou t s ide   the  b u r n e r .  

In  t h i s   s p e c i f i c a t i o n   by  "moment"  of  a  gas  stream  is  meant  t h e .  

product   of  the  mass  th roughput   and  v e l o c i t y   (in  vl ,   the  mass  t h r o u g h -  

put  being  the  number  of  kg  of  mass  of  the  r e l e v a n t   s tream  p e r  
second  l e a v i n g   the  burner .   The  mass  th roughput   is  expressed   in  kg 

of  mass / second   and  the  v e l o c i t y   in  m / sec . .  

A  good  mixing  is  u s u a l l y   o b t a i n e d   in  p r a c t i c e   when  the  r a t i o  

between  the  r a d i a l   moment  of  the  o x y g e n - c o n t a i n i n g   gas  and  t h e  

ax i a l   moment  of  the  f u e l - c o n t a i n i n g   c a r r i e r   gas  is  between  0.2  and 

1 . 0 .  

The  p rocess   accord ing   to  the  p r e s e n t   i n v e n t i o n   enables   the  u s e  

of  a  burner   of  which  at  the  f ron t   par t   a  wall   ad jo ins   with  i t s  

f ron t   face  the  r e a c t o r   space,  said  wall   being  cooled  on  the  i n s i d e  

of  the  burner   with  the  modera tor   gas.  In  t h i s   manner  a  s a t i s f a c t o r y  

p r o t e c t i o n   of  the  f ron t   par t   of  the  burner   is  o b t a i n e d .  

T h e  m o d e r a t o r  g a s  p r e f e r a b l y   l eaves   the  burner   with  an  a x i a l _  

moment  and  an  inward ly   d i r e c t e d   r a d i a l   moment.  Consequen t ly ,   i t   i s  

p r e v e n t e d   t h a t   the  f u e l - c o n t a i n i n g   gas  and  the  o x y g e n - c o n t a i n i n g  

gas  become  mixed  in  a  premature   s tage  with  hot  carbon  monoxide  and 

hydrogen  and  come  into  con tac t   with  the  r e a c t o r   wall  near  t h e  

bu rne r ,   so  tha t   l o c a l   o v e r h e a t i n g   is  p r e v e n t e d .  

The  p rocess   accord ing   to  the  i n v e n t i o n   can  of  course  also  be  

c a r r i e d   out  by  means  of  two  or  more  burners   debouching  into  t h e  

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

The  i n v e n t i o n   also  r e l a t e s   to  a  burner   for  c a r r y i n g   out  t h e  



p r e s e n t   p roces s .   Such a  burner   has  a  c e n t r a l   passage  for  f u e l - c o n -  

t a i n i n g   c a r r i e r   gas  and  c o n c e n t r i c   pas sages   for  o x y g e n - c o n t a i n i n g  

gas  and  moderator   gas  around  said  c e n t r a l   p a s s a g e .  

According  to  the  i n v e n t i o n   said  burner   has  o u t l e t   openings  f o r  

the  o x y g e n - c o n t a i n i n g   gas  which  are  d i r e c t e d   o b l i q u e l y   forward  t o  

one  point   and  one  or  more  o u t l e t   openings  for  the  moderator   ga s  

r u n n i n g  m a i n l y   p a r a l l e l   with  the  former  openings .   With  a  burner   o f  

t h i s   type  good  r e s u l t s   are  o b t a i n e d .  

The  f ron t   par t   of  said  burner   is  p rov ided   with  a  wall  having  a  

f ron t   face  normal  to  the  burner   ax i s ,   along  the  i n s ide   of  said  w a l l  

the  passage  for  moderator   gas  is  l o c a t e d ,   which  passage  changes  

d i r e c t i o n   at  t h i s   po in t .   In  t h i s   manner  a  s a t i s f a c t o r y   cool ing  o f  

the  burner   f ron t   is  o b t a i n e d .  

The  i n v e n t i o n   wi l l   be  f u r t h e r   i l l u s t r a t e d   below  with  r e f e r e n c e  

to  the  a p p e r t a i n i n g   d r a w i n g .  

The  drawing  shows  d i a g r a m m a t i c a l l y   an  ax i a l   c r o s s - s e c t i o n   o f  

the  f ron t   par t   of  a  burner  accord ing   to  an  embodiment  of  the  i n v e n -  

t i o n .  

The  burner   is  f i t t e d   in  an  opening  of  the  r e a c t o r   wall  1, 

which  is  shown  d i a g r a m m a t i c a l l y   and  comprises   an  outer   wall  2  and 

an  inner   double  wall  3,4.  Between  the  outer   wall  2  and  the  o u t e r  

double  wall   3  is  an  annular   space  5  for  the  passage  of  the  m o d e r a t o r  

gas.  Between  the  double  walls   3  and 4  is  an  annular   space  6  for  t h e  

passage   of  o x y g e n - c o n t a i n i n g   gas  and  w i th in   the  inner  double  w a l l  4  

is  an  a x i a l   passage  7  for  c a r r i e r   gas  with  f i n e l y   d iv ided   s o l i d  

f u e l .  

The  passage  7  debouches  d i r e c t l y   into  the  space  8  wi th in   t h e  

burner   mouth.  The  f r on t s   of  t h e  d o u b l e   wal ls   3,4  are  connected  by  a  

connec t ing   wall  9.  In  t h i s   wall  a  number  of  bores  10  are  p r o v i d e d ,  

the  c e n t r e l i n e s   11  of  which  are  l o c a t e d   in  a  con ica l   p lane,   t h e  

apex  J2  of  which  l i e s   in  or  even  beyond  the  space  8  seen  in  t h e  

d i r e c t i o n   of  flow  13.  The  bores  10  form  the  connec t ion   between  t h e  

space  6  and  the  space  8.  

The  f ron t   of  the  outer   wall  2  is  p rovided   with  a  f ront   face  14 

w h i c h  i s   d i r e c t e d   normal  to  the  c e n t r e l i n e   15  of  the  burner  and 



has  also  an  inwardly   d i r e c t e d   end  16  which  f i t s   l o o s e l y   in  an  

annular   s l o t   17  of  the  connec t ing   wall   9.  In  t h i s   manner  the  s p a c e  

5  extends   near  the  burner   f ron t   along  the  i n s ide   of  the  f ron t   f a c e  

14  and  sa id   space  5  n e v e r t h e l e s s   debouches  in to   the  space  8  in  a  

d i r e c t i o n   which  is  s u b s t a n t i a l l y   p a r a l l e l   to  the  bores  10. 

During  o p e r a t i o n   the  burner   i n j e c t s   a  we l l -mixed   s t ream  o f  

fuel   and  oxygen,  surrounded  by  a  j a c k e t   of  modera tor   gas,  in to   t h e  

r e a c t o r ,   the  f ron t   par t   of  the  burner   being  cooled  by  m o d e r a t o r  

g a s .  
It  w i l l   be  obvious  tha t   numerous  a l t e r a t i o n s   can  be  made  t o  

the  burner   shown.  For  example,  the  number  of  bores  10  may  be  v a r i e d  

or  r e p l a c e d   by  an  annular   s l i t   and  the  annular   s lo t   17  can  b e  

r e p l a c e d   by  s e p a r a t e   bores .   ; 



1.  A  process   for  the  p r e p a r a t i o n   of  a  gas  compris ing  hydrogen  and 

carbon  monoxide  by  the  p a r t i a l   combust ion   of  a  f i n e l y   d iv ided   s o l i d  

fue l   with  an  o x y g e n - c o n t a i n i n g   gas  us ing  a  moderator   gas,  in  which  

process   said  th ree   components  are  each  s e p a r a t e l y   suppl ied   to  an  

empty  r e a c t o r   space  through  a  b u r n e r ,   c h a r a c t e r i z e d   in  tha t   t h e  

so l id   fuel   is  passed  in  a  c a r r i e r   gas  c e n t r a l l y   through  the  b u r n e r ,  

the  o x y g e n - c o n t a i n i n g   gas  is  passed   th rough  the  burner   c o n c e n t r i -  

c a l l y   around  and  s epa ra t e   from  the  fue l   s t ream,   and  the  m o d e r a t o r  

gas  is  passed  through  the  burner   c o n c e n t r i c a l l y   around  and  s e p a r a t e  
from  the  o x y g e n - c o n t a i n i n g   g a s .  

2.  A  process   as  claimed  in  claim  1,  c h a r a c t e r i z e d   in  tha t   t h e  

f u e l - c o n t a i n i n g   c a r r i e r   gas  l eaves   the  burner   with  an  exac t ly   a x i a l  

moment  and  the  o x y g e n - c o n t a i n i n g   gas  l eaves   the  burner  with  an 

a x i a l   moment  and  an  inwardly  d i r e c t e d   r a d i a l   moment. 

3.  A  process   as  claimed  in  claim  2,  c h a r a c t e r i z e d   in  tha t   t h e  

r a t i o   between  the  r a d i a l   moment  of  the  o x y g e n - c o n t a i n i n g   gas  and  

the  ax i a l   moment  of  the  f u e l - c o n t a i n i n g   c a r r i e r   gas  is  between  0 . 2  

and  1 . 0 .  

4.  A  process   as  claimed  in  claims  1,  2  or  3,  c h a r a c t e r i z e d   i n  

tha t   use  is  made  of  a  burner  of  which  at  the  f ron t   part   a  w a l l  

ad jo ins   with  i t s   f ron t   face  the  r e a c t o r   space  and  tha t   said  wall  i s  

cooled  on  the  i n s ide   of  the  burner   with  the  moderator   g a s .  

5.  A  process   as  claimed  in  claims  1,2,  3  or  4,  c h a r a c t e r i z e d   i n  

tha t   the  moderator   gas  leaves   the  burner   with  an  ax ia l   moment  and 

an  inwardly  d i r e c t e d   r a d i a l   moment. 

6.  A  burner   for  ca r ry ing   out  the  p rocess   as  claimed  in  any one  o f  

the  p reced ing   c la ims ,   c h a r a c t e r i z e d   in  tha t   i t   is  provided  with  a 

c e n t r a l   passage  (7)  for  f u e l - c o n t a i n i n g   c a r r i e r   gas  and  c o n c e n t r i c  

passages   for  o x y g e n - c o n t a i n i n g   gas  (6)  and  moderator   gas  (5)  a round  

said  c e n t r a l   passage ,   o u t l e t   openings  (10)  for  the  o x y g e n - c o n t a i n i n g  

gas  being  d i r e c t e d   o b l i q u e l y   forward  to  one  p o i n t ,   and  one  or  more 

o u t l e t   openings  (17)  for  the  moderator   gas  extending  mainly  p a r a l l e l  

with  the  former  openings ,   and  in  t ha t   the  burner  is  f u r t h e r   p r o v i d e d  



with  a  wal l   (2)  having  a  f ron t   face  (14)  normal  to  the  burner   a x i s ,  

along  the  i n s i d e   of  said  wall   the  passage  (17)  for  modera tor   gas  i s  

l o c a t e d ,   which  passage  changes  d i r e c t i o n   at  t h i s   p o i n t .  

7.  A  burner   s u b s t a n t i a l l y   as  h e r e i n b e f o r e   d e s c r i b e d   with  s p e c i a l  

r e f e r e n c e   to  the  d r a w i n g .  

8.  A  gas  compr is ing   hydrogen  and  carbon  monoxide  whenever  p r e p a r e d  

by  the  p rocess   as  claimed  in  any one  of  claims  1 - 5 .  






	bibliography
	description
	claims
	drawings
	search report

