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Coal  gasification  method  and  apparatus  therefor. 

(§5  A  method  and  apparatus  for  gasifying  a  solid  car- 
bonaceous  material  such  as  coal  is  disclosed  in  which 
powdery  coal  is  top-blown  together  with  oxygen  gas  and 
steam  onto  a  molten  metal  bath  through  a  non-immersing 
multihole  lance,  said  powdery  coal  is  blown  separately  from 
the  oxygen  gas  and  steam,  and  the  steam  is  commingled 
with  the  oxygen  gas  within  the  lance  before  they  are  injected 
out  of  the  lance. 
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B a c k g r o u n d   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   of  c a r r y i n g   ou t   t h e  

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

coke   or  t h e   l i k e   ( s o m e t i m e s   r e f e r r e d   to  as  " c o a l "  

c o l l e c t i v e l y   h e r e u n d e r )   by  b l o w i n g   c o a l   and  o x y g e n   t o g e t h e r  

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

d i o x i d e   gas   o n t o   a  h i g h   t e m p e r a t u r e   m o l t e n   m e t a l   b a t h .  

In  p a r t i c u l a r ,   t h i s   i n v e n t i o n   r e l a t e s   to  t h e  

g a s i f i c a t i o n   m e t h o d   d e f i n e d   a b o v e ,   w h i c h   can  a c h i e v e  

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

wh ich   can  a l s o   a c h i e v e   p r e c i s e   c o n t r o l   of  t h e   t e m p e r a t u r e   o f  

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

l a n c e   u s e d   in  b l o w i n g   o x y g e n   and  c o a l .  

G e n e r a l l y   s p e a k i n g ,   s o - c a l l e d   c o a l   g a s i f i c a t i o n   u s i n g   a  

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

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

f rom  t h e   m o l t e n   m e t a l .   The  g a s i f i c a t i o n   of  c o a l   is   e f f e c t e d  

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

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

the   c o a l   w h i c h   is  s u p p l i e d .  

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

m e t a l   b a t h   is  s c h e m a t i c a l l y   shown  in  F i g .   1.  A  m e l t i n g  

f u r n a c e ,   i . e .   g a s i f i c a t i o n   f u r n a c e   1,  c o n t a i n s   a  s u b s t a n t i a l  

a m o u n t   of  m o l t e n   m e t a l ,   u s u a l l y   m o l t e n   i r o n   2.  T h r o u g h   a  

n o n - i m m e r s i n g   l a n c e   3,  c o a l   5,  o x y g e n   6,  and  a  s u p p l e m e n t a r y  

g a s i f y i n g   a g e n t   7  s u c h   as  s t e a m ,   c a r b o n   d i o x i d e   g a s ,   a n d  

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

e f f e c t   t h e   g a s i f i c a t i o n   of  c o a l .   See  c o p e n d i n g   U.S .   S e r i a l  

No.  4 0 4 , 3 3 2   and  U . S .   P a t e n t s   4 , 3 8 8 , 0 8 4   and  4 , 3 8 9 , 2 4 6 .   T h e  

n o n - i m m e r s i n g   l a n c e   may  be  r e p l a c e d   by  an  i m m e r s i n g   l a n c e   o r  

b o t t o m - b l o w i n g   n o z z l e   ( n o t   shown  in  F i g .   1 ) .   See  U . S .  

P a t e n t   3 , 5 2 6 , 4 7 8   and  3 , 5 3 3 , 7 3 9 ,   w h i c h   d i s c l o s e   a  

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



The  s l a g   f o r m e d   on  t he   s u r f a c e   of  t he   m o l t e n   m e t a l   i s  

i n d i c a t e d   by  r e f e r e n c e   number   4.  The  s u p p l e m e n t a r y   a g e n t   7 

such   as  s t e a m   or  c a r b o n   d i o x i d e   gas  s e r v e s   as  a  c o o l i n g  

a g e n t   to  c o n t r o l   t h e   t e m p e r a t u r e   of  the   m o l t e n   m e t a l   b a t h  

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

or  c a r b o n   d i o x i d e   gas  is  u s e d ,   i t   s e r v e s   as  an  a d d i t i o n a l  

o x y g e n   s o u r c e ,   t o o .   Such  a  c o o l i n g   a g e n t   is  e f f e c t i v e   f o r  

p r o m o t i n g   a  w a t e r   gas   r e a c t i o n   w i t h   c a r b o n   in  t h e   m o l t e n  

m e t a l   or  a  c a r b o n   s o l u t i o n   r e a c t i o n .  

I t   is  c o n v e n t i o n a l   in  t he   g a s i f i c a t i o n   of  c o a l   t o  

s u p p l y   t h e   s u p p l e m e n t a r y   g a s i f y i n g   a g e n t   s e p a r a t e l y   f rom  t h e  

p r i m a r y   g a s i f i c a t i o n   a g e n t   ( i . e . ,   o x y g e n   g a s ) ,   b l o w i n g   i t  

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

b o t t o m - b l o w i n g   n o z z l e .  

In  c a s e   a  n o n - i m m e r s i n g   l a n c e   is  u s e d ,   a l t h o u g h   a  

p r o l o n g e d   s e r v i c e   l i f e   of  t h e   l a n c e   can  be  a t t a i n e d ,   t h e  

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

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

on  t h e   s u r f a c e   of  t h e   b a t h .   (CO  +  H20  4   C02  +  H 2 ) .  
A l t e r n a t i v e l y ,   i f   a  s h a r p e n e d   l o c a l   c o o l i n g   i s   c a u s e d  

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

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

gas  f o r m a t i o n   or  c a r b o n   s o l u t i o n   r e a c t i o n .   T h i s   means   t h a t  

the   s u p p l e m e n t a r y   a g e n t ,   wh ich   is  a l s o   a  c o o l i n g   a g e n t ,   d o e s  

not   e x e r t   i t s   c o o l i n g   e f f e c t   to  a  s u f f i c i e n t   d e g r e e ,   n o r  

does   i t   s e r v e   as  an  e f f e c t i v e   s u p p l e m e n t a r y   a g e n t ,   r e s u l t i n g  

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

g a s i f i c a t i o n   even   i f   such   a  c o o l i n g   a g e n t   is  a d d e d .  

On  t h e   o t h e r   h a n d ,   a  m e t h o d   u s i n g   an  i m m e r s e d   l a n c e   o r  

b o t t o m - b l o w i n g   n o z z l e   can  i m p r o v e   t he   r a t e   of  a  w a t e r   g a s  

r e a c t i o n   w i t h   c a r b o n   in  t h e   m o l t e n   m e t a l   and  i t   a l s o  

i n c r e a s e s   t he   r e a c t i o n   r a t e   of  c a r b o n   s o l u t i o n ,   r e s u l t i n g   i n  

an  i n c r e a s e   in  t he   t h e r m a l   e f f i c i e n c y .   H o w e v e r ,   s u c h   a  

m e t h o d   is   no t   p r a c t i c a l ,   s i n c e   t h e   damage   of  l a n c e s   o r  

n o z z l e s   due  to  t h e   ho t   m o l t e n   m e t a l   is  m a r k e d ,   m a k i n g   a  

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



In  a  m e t h o d   of  c o a l   g a s i f i c a t i o n   u s i n g   a  m o l t e n   m e t a l  

b a t h ,   i t   is  n e c e s s a r y   t h a t   t he   s u p p l e m e n t a r y   g a s i f y i n g   a g e n t  
( i . e . ,   t h e   c o o l i n g   a g e n t )   be  d i s s o l v e d   and  d i f f u s e d   i n t o   a  
m o l t e n   m e t a l   b a t h   in  an  e f f i c i e n t   m a n n e r   so  as  to  i n c r e a s e  

t h e   c h a n c e s   of  t he   c o o l i n g   a g e n t   c o n t a c t i n g   c a r b o n   in  t h e  

m o l t e n   m e t a l .   I t   is   a l s o   n e c e s s a r y   to  p l a c e   t he   l a n c e   a s  

f a r   as  p o s s i b l e   f rom  t h e   m o l t e n   m e t a l   b a t h   so  as  to  p r o l o n g  
i t s   s e r v i c e   l i f e .  

H o w e v e r ,   in  t h e   c o n v e n t i o n a l   m e t h o d ,   a  p l u r a l i t y   o f  

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

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

p l u r a l i t y   of  i n j e c t i o n   n o z z l e s   f o r   c o a l ,   o x y g e n   g a s ,   and  t h e  

s u p p l e m e n t a r y   g a s ,   r e s p e c t i v e l y ,   is  u s e d .   The  o x y g e n   g a s  
and  s u p p l e m e n t a r y   gas   a r e   s e p a r a t e l y   b lown   o n t o   t h e   m o l t e n  

m e t a l   b a t h ,   r e s u l t i n g   in  l e s s   e f f i c i e n t   d i s s o l v i n g   of  t h e  

s u p p l e m e n t a r y   a g e n t   in  t h e   b a t h .  

Summary  of  t h e   I n v e n t i o n  

The  o b j e c t   of  t h i s   i n v e n t i o n   is  to  e l i m i n a t e   p r i o r   a r t  

d i s a d v a n t a g e s   such   as  t h o s e   m e n t i o n e d   a b o v e .  

The  p r i m a r y   g a s i f y i n g   a g e n t ,   i . e .   o x y g e n   g a s ,   is  b l o w n  

o n t o   t he   m o l t e n   m e t a l   b a t h   a t   a  s p e e d   of  Mach  Number  1  -   3 ,  

and  t h e   o x y g e n   gas  t h u s   i n j e c t e d   f o r m s   a  h i g h   t e m p e r a t u r e  
ho t   s p o t   on  t h e   s u r f a c e   of  t h e   m o l t e n   m e t a l   b a t h .   T h e  

i n v e n t o r s   of  t h i s   i n v e n t i o n   f o u n d   t h a t   when  t h e  

s u p p l e m e n t a r y   a g e n t   is  c a r r i e d   on  an  o x y g e n   j e t ,   i t   can  b e  

i n j e c t e d   deep   i n t o   t h e   m o l t e n   m e t a l   b a t h ,   w h e r e   t h e  

t e m p e r a t u r e   of  t he   b a t h   is   much  h i g h e r   t h a n   on  t h e   s u r f a c e  

of  t h e   b a t h .   The  a g e n t   t h u s   i n j e c t e d   deep   i n t o   t he   m o l t e n  

m e t a l   b a t h   can  e a s i l y   and  e f f i c i e n t l y   be  d i s s o l v e d  

t h e r e i n t o .  

On  t h e   b a s i s   of  t h e   f i n d i n g s   m e n t i o n e d   a b o v e ,   t h e  

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

T h u s ,   t h i s   i n v e n t i o n   r e s i d e s   in  a  m e t h o d   f o r   g a s i f y i n g  

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



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

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

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

t h a t   s a i d   s o l i d   c a r b o n a c e n o u s   m a t e r i a l   is  b lown   o n t o   t h e  

m o l t e n   m e t a l   b a t h   s e p a r a t e l y   f rom  t h e   o x y g e n   gas  and  t h e  

s u p p l e m e n t a r y   a g e n t ,   and  t h a t   t h e   s u p p l e m e n t a r y   a g e n t   i s  

c o m m i n g l e d   w i t h   t he   o x y g e n   gas  w i t h i n   t he   l a n c e   b e f o r e   t h e y  

a r e   i n j e c t e d   ou t   of  t he   l a n c e .  

For  t h e   p u r p o s e   of  t h i s   i n v e n t i o n ,   a  l a n c e   is  u s e d   i n  

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

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

i n j e c t i n g   end  of  t h e   l a n c e .   The  p o i n t   w h e r e   two  s u c h  

p a s s a g e w a y s   a r e   c o m b i n e d   w i l l   be  c a l l e d   a  " j u n c t i o n   p o i n t "  

h e r e u n d e r .  

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

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 a c e o u s   m a t e r i a l ,   w h i c h  

c o m p r i s e s ,   in  c o m b i n a t i o n ,   a  g a s i f i c a t i o n   f u r n a c e  

m a i n t a i n i n g   a  m o l t e n   m e t a l   b a t h   and  a  n o n - i m m e r s i n g  

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

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

g a s i f y i n g   a g e n t   a r e   b lown  o n t o   t he   m o l t e n   m e t a l   b a t h ,   s a i d  

l a n c e   h a v i n g   a  main   i n j e c t i o n   n o z z l e   c o m m u n i c a t e d   w i t h   a  

main   p a s s a g e w a y   f o r   t he   s o l i d   c a r b o n a c e o u s   m a t e r i a l ,   s a i d  

main  i n j e c t i o n   n o z z l e   b e i n g   s u r r o u n d e d   by  a  p l u r a l i t y   o f  

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

p a s s a g e w a y s   f o r   o x y g e n   gas  and  t he   s u p p l e m e n t a r y   a g e n t ,   t h e  

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

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

o x y g e n   gas   b e f o r e   t h e   p a s s a g e w a y   f o r   o x y g e n   gas   r e a c h e s   t h e  

i n j e c t i n g   end  of  t he   s u b s i d i a r y   n o z z l e .  

T h u s ,   a c c o r d i n g   to  t h i s   i n v e n t i o n ,   t he   s u p p l e m e n t a r y  

g a s i f y i n g   a g e n t   is  a d d e d   to   o x y g e n   gas   b e f o r e   i t   is  i n j e c t e d  

f rom  t he   l a n c e   so  t h a t   a  s u f f i c i e n t   l e v e l   of  d i s s o l u t i o n   a n d  

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

b a t h   as  w e l l   as  a  p r o l o n g e d   s e r v i c e   l i f e   of  t h e   l a n c e   can  b e  

a t t a i n e d   s i m u l t a n e o u s l y .  



F u r t h e r m o r e ,   a c c o r d i n g   to  t h i s   i n v e n t i o n ,   s i n c e   t h e  

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

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

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

an  e f f i c i e n t   d i s s o l u t i o n   and  d i f f u s i o n   of  t h e   a g e n t   i n t o   t h e  

m o l t e n   m e t a l   b a t h .   T h i s   a l s o   p r o m o t e s   t h e   r e a c t i o n   w i t h  

c a r b o n   in  t h e   m e t a l   b a t h .   In  a d d i t i o n ,   t h e   l a n c e   e m p l o y e d  

in  t h i s   i n v e n t i o n   is  of  t h e   n o n - i m m e r s i n g   t y p e .  

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

o p e r a t i o n   f o r   c o a l   g a s i f i c a t i o n   is  made  p r a c t i c a l .  

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

l a n c e   w h i c h   has  a  main   n o z z l e   f o r   i n j e c t i n g   p o w d e r y   c o a l   a n d  

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

f o r   i n j e c t i n g   a  j e t   s t r e a m   of  o x y g e n   c a r r y i n g   t h e  

s u p p l e m e n t a r y   a g e n t   ( i . e . ,   s t e a m ,   C02,  h y d r o c a r b o n   g a s e s ,   o r  

a  m i x t u r e   t h e r e o f ) .   The  s u b s i d i a r y   n o z z l e s   a r e  

s y m m e t r i c a l l y   p r o v i d e d   s u r r o u n d i n g   t h e   main   n o z z l e .   T h e  

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

of  t he   n o z z l e s   to  t h o r o u g h l y   c o m m i n g l e   t h e   a g e n t   w i t h   t h e  

o x y g e n   gas   b e f o r e   t he   two  a r e   i n j e c t e d   f rom  t h e   l a n c e .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

F i g .   1  i s   a  s c h e m a t i c   c r o s s - s e c t i o n a l   i l l u s t r a t i o n   of  a  

g a s i f i c a t i o n   f u r n a c e ;  

F i g .   2  i s   a  c r o s s - s e c t i o n a l   v i e w   of  a  l a n c e   e m p l o y e d   i n  

t h i s   i n v e n t i o n ;  

F i g .   3  is   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   a l o n g   t h e   l i n e  

I I I  -   I I I   of  F i g .   2;  a n d  

F i g .   4  is   an  end  v i ew  of  t h e   l a n c e   shown  in  F i g .   2  a n d  

3 .  



D e t a i l e d   D e s c r i p t i o n   of  t he   P r e f e r r e d   E m b o d i m e n t s  

An  e x a m p l e   of  a  n o n - i m m e r s i n g   l a n c e   is  s c h e m a t i c a l l y  

shown  in  F i g s .   2  t h r o u g h   4.  As  shown  t h e r e i n ,   t h e   m a i n  

p a s s a g e w a y   a 1  a n d   s u b s i d i a r y   p a s s a g e w a y s   a2,   a3  a r e   a r r a n g e d  

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

p a s s a g e w a y   a1 .   The  e x i t   of  t h e   s u b s i d i a r y   p a s s a g e w a y   f o r   a  

s u p p l e m e n t a r y   g a s i f y i n g   a g e n t   is   c o m b i n e d   w i t h   a  p a s s a g e w a y  
f o r   o x y g e n   g a s .   A  p a s s a g e w a y   f o r   c o o l i n g   w a t e r   (W)  i s   a l s o  

p r o v i d e d .  

T h u s ,   a c c o r d i n g   to   t h i s   i n v e n t i o n ,   t h r o u g h   t h e  

p a s s a g e w a y ,   i . e .   h o l e   a1 ,   c o a l   p o w d e r   is  s u p p l i e d ,   t h r o u g h  

h o l e   a 2  s t e a m   is   s u p p l i e d   and  t h r o u g h   h o l e   a3  o x y g e n   gas  i s  

s u p p l i e d .   A  s t r e a m   of  t h e   s u p p l e m e n t a r y   a g e n t   is   c o m b i n e d  

w i t h   t h e   o x y g e n   gas   s t r e a m   a t   t he   j u n c t i o n   p o i n t   n e a r   t h e  

e x i t   end  of  t h e   l a n c e   and  t h e y   a r e   t h e n   b lown   o n t o   t h e  

m o l t e n   m e t a l   b a t h .   As  m e n t i o n e d   p r e v i o u s l y ,   t h e   j u n c t i o n  

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

s u p p l e m e n t a r y   a g e n t   w i t h   t h e   o x y g e n .   I t   is  p r e f e r a b l e   t h a t  

t h e   j u n c t i o n   p o i n t   i s   l o c a t e d   a t   a  d i s t a n c e   L .  f r o m   t h e   e x i t  

end  of  t h e   n o z z l e   ( s e e   F i g .   2 ) ,   w h i c h   is  s h o r t e r   t h a n   h a l f  

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

w a l l   of  t h e   p a s s a g e w a y   f o r   t he   o x y g e n   gas  to  t he   e x i t   end  o f  

t he   n o z z l e   ( L 0 ) ,   n a m e l y ,   L 1 <   L o x l / 2 .   When  t he   d i s t a n c e   L1 
is   l o n g e r   t h a n   h a l f   t h e   d i s t a n c e   L0,  t h e   j e t   s t r e a m   of  t h e  

o x y g e n   gas   is  s o m e t i m e s   d i s t u r b e d .  

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

g a s i f y i n g   a g e n t   is  a d d e d   to  a  j e t   of  o x y g e n   gas  and  i s  

d i s p e r s e d   t h r o u g h o u t   t h e   s t r e a m   of  t he   o x y g e n   j e t   b e f o r e  

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

of  o x y g e n   gas   e f f i c i e n t l y   r e a c h e s   t he   ho t   s p o t   f o r m e d   in  t h e  

m o l t e n   m e t a l   b a t h .   T h e r e f o r e ,   t he   s u p p l e m e n t a r y   g a s i f y i n g  

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

d i f f u s e d   t h o r o u g h l y .   As  a  r e s u l t ,   t he   a g e n t   e f f e c t i v e l y  

s e r v e s   as  a  c o o l i n g   a g e n t   to  p r e c i s e l y   c o n t r o l   t h e  

t e m p e r a t u r e   of  t he   m o l t e n   m e t a l   b a t h ,   r e s u l t i n g   in  a  



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

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

The  s u p p l e m e n t a r y   g a s i f y i n g   a g e n t   may  be  a n y  o n e   w h i c h  

is  e n d o t h e r m i c   when  a d d e d   to  a  h i g h   t e m p e r a t u r e   m o l t e n  

m e t a l .   For  t he   p u r p o s e   of  t h i s   i n v e n t i o n ,   s t e a m ,   c a r b o n  

d i o x i d e   g a s ,   and  m i x t u r e s   t h e r e o f   may  be  e m p l o y e d  

a d v a n t a g e o u s l y   as  a  s u p p l e m e n t a r y   g a s i f y i n g   a g e n t .   O f  

t h e s e ,   s t e a m   is  p r e f e r r e d .  

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

c o a l   may  be  i n j e c t e d   w h i l e   b e i n g   c a r r i e d   in  a  p r e s s u r i z e d  

a i r   as  a  c a r i e r   g a s .  

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

m u l t i h o l e   l a n c e   such   as  t h e   one  shown  in  F i g s .   2  -   4.  T a k e ,  

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

can  be  p r o c e s s e d   a t   a  r a t e   of  1  -   2 .7   t o n s / h o u r   w h i l e   b e i n g  

c a r r i e d   in  p r e s s u r i z e d   a i r   as  a  c a r r i e r   gas   a t  a   f l o w   r a t e  

of  5 0  -   220  N m 3 / h o u r .   Oxygen   gas   is  i n t r o d u c e d   a t   a  r a t e   o f  

9 0 0  -   2200  N m 3 / h o u r ,   and  s t e a m   a t   1 0 0  -   500  k g / h o u r .   When  a  

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

is  u s e d ,   t h e   v o l u m e s   of  t h e   o x y g e n   gas  and  t he   s u p p l e m e n t a r y  

a g e n t   to  be  b l o w n   t h r o u g h   t h e   l a n c e   may  p r o p o r t i o n a t e l y   b e  

i n c r e a s e d .   A  p l u r a l i t y   of  l a n c e s   may  be  u s e d   f o r   t h i s  

p u r p o s e .  
T h i s   i n v e n t i o n   w i l l   be  d e s c r i b e d   in  c o n j u n c t i o n   w i t h  

some  e x a m p l e s   of  t h i s   i n v e n t i o n ,   wh ich   a r e   p r e s e n t e d   m e r e l y  

f o r   i l l u s t r a t i v e   p u r p o s e s   and  i t   s h o u l d   be  u n d e r s t o o d   t h a t  

t h e y   do  n o t   r e s t r i c t   t h i s   i n v e n t i o n   in  any  w a y .  

E x a m p l e s  

A  s e r i e s   of  e x p e r i m e n t s   were   c a r r i e d   ou t   u s i n g   a  1 5  -  

ton   m e l t i n g   f u r n a c e   s i m i l a r   to  t h a t   shown  in  F i g .   1 .  

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

w i t h   o x y g e n   gas  and  s t e a m   as  a  s u p p l e m e n t a r y   g a s i f y i n g   a g e n t  

o n t o   a  m o l t e n   i r o n   b a t h   m a i n t a i n e d   w i t h i n   t he   f u r n a c e .   T h e  

l a n c e   u sed   was  s i m i l a r   to  t h a t   shown  in  F i g s .   2  -   4 .  

The  m o l t e n   i r o n   b a t h   c o n t a i n e d   0 . 5  -   3%  c a r b o n   and  t h e  



t e m p e r a t u r e   t h e r e o f   was  1 4 0 0  -   1 6 0 0 ° C .   The  c o a l   to  be  b l o w n  

o n t o   t he   m o l t e n   m e t a l   was  f i n e l y   d i v i d e d   such   t h a t   80%  o f  

the   c o a l   was  -200   mesh .   Th i s   f i n e l y   d i v i d e d   p o w d e r y   c o a l  

was  b lown  t h r o u g h   a  h o l e   a1  of  t he   l a n c e   o n t o   t he   m o l t e n  

m e t a l   a t   a  r a t e   of  2.5  t o n s / h o u r ,   w h i c h   is  t he   p r o c e s s i n g  

c a p a c i t y   of  t he   g a s i f i c a t i o n   f u r n a c e   u s e d .   P r e s s u r i z e d   a i r  

was  u sed   as  a  c a r r i e r   gas  f o r   t he   p o w d e r y   c o a l .  

The  o x y g e n   gas  was  s u p p l i e d   t h r o u g h   a  h o l e   a3  a t   a  r a t e  

of  8  k g / c m 2 A ,   i . e .   1540  N m 3 / h o u r .   The  s u p p l e m e n t a r y  

g a s i f y i n g   a g e n t ,   in  t h i s   c a s e   s t e a m ,   was  b lown  t h r o u g h   a  

h o l e   a2  a t   a  r a t e   of  6  k g / c m 2 A ,   i . e .   200  k g / h o u r .   T h e  

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

b e f o r e   t h e   s t e a m   was  b lown  out   of  t h e   l a n c e   t h r o u g h   a  h o l e  

a4 ,   i . e .   t he   s t e a m   was  a d d e d   to  t h e   o x y g e n   gas  w i t h i n   t h e  

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

s t e a m   w i t h i n   t h e   l a n c e ,   i t   is  d e s i r a b l e   to  o v e r h e a t   t h e  

s t e a m   to  a  t e m p e r a t u r e   1 0 0  -   200°C  h i g h e r   t h a n   t h e  

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

The  a n a l y s i s   of  t he   c o a l   u s e d   in  t h e s e   e x a m p l e s   i s  

shown  in  T a b l e   1  b e l o w .   The  r e s u l t s   of  t h e   e x p e r i m e n t s   a r e  

s u m m a r i z e d   in  T a b l e   2 .  

For  c o m p a r a t i v e   p u r p o s e s ,   t he   r e s u l t s   o b t a i n e d   by  u s i n g  

t he   c o n v e n t i o n a l   n o n - i m m e r s i n g   m u l t i h o l e   l a n c e   and  i m m e r s e d  

l a n c e   a r e   shown  in  C o m p a r a t i v e   E x a m p l e s   1  and  2.  T h e  

c o n v e n t i o n a l   n o n - i m m e r s i n g   l a n c e   u s e d   in  C o m p a r a t i v e   E x a m p l e  

1  is  s i m i l a r   to  t h a t   shown  in  F i g .   2  of  U .S .   P a t e n t  

4 , 3 8 8 , 0 8 4 .   The  i m m e r s e d   l a n c e   was  p r o t e c t e d   by  c o a t i n g   t h e  

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

In  C o m p a r a t i v e   E x a m p l e   1  u s i n g   t he   c o n v e n t i o n a l  

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

g a s i f y i n g   a g e n t   was  no t   c o m b i n e d   w i t h   a  j e t   s t r e a m   of  o x y g e n  
b e f o r e   b e i n g   i n j e c t e d   f rom  t he   l a n c e .   In  C o m p a r a t i v e  

E x a m p l e   2,  p o w d e r y   c o a l   and  o x y g e n   gas   were   s u p p l i e d  

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

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

a b o v e .   S i n c e   i t   is  a d v a n t a g e o u s   to  i n t r o d u c e   s t e a m   t h r o u g h  



an  i m m e r s e d   l a n c e   in  v i ew  of  i t s   r e a c t i v i t y   t o w a r d s   c a r b o n  

in  t h e   m o l t e n   i r o n ,   t h i s   c o m p a r a t i v e   e x a m p l e   is  a  c o n t r o l  

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

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

t he   l a n c e   is  no t   s a t i s f a c t o r y .  

As  is  a p p a r e n t   f rom  t h e   d a t a   shown  in  T a b l e   2,  c o a l  

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

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

a c h i e v e   a  h i g h   t h e r m a l   e f f i c i e n c y   due  to  t he   a d d i t i o n   of  t h e  

s u p p l e m e n t a r y   g a s i f y i n g   a g e n t   as  a  c o o l i n g   a g e n t .   I n  

p a r t i c u l a r ,   t he   t h e r m a l   e f f i c i e n c y   is   t h e   same  as  f o r   a n  

i m m e r s e d   l a n c e   ( s e e   C o m p a r a t i v e   E x a m p l e   2 ) .   F u r t h e r m o r e ,  

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

f rom  s e v e r e   damage   d u r i n g   g a s i f i c a t i o n ,   and  c o u l d   t h e r e f o r e  

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

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

T a b l e   2  a r e   a v e r a g e   v a l u e s .  



A l t h o u g h   t h e   i n v e n t i o n   has  been  d e s c r i b e d   w i t h  

p r e f e r r e d   e m b o d i m e n t s ,   i t   is  to  be  u n d e r s t o o d   t h a t  

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

d e p a r t i n g   f rom  t he   c o n c e p t   of  t h i s   i n v e n t i o n   as  d e f i n e d   i n  

t h e   f o l l o w i n g   c l a i m s .  



1.  A  m e t h o d   f o r   g a s i f y i n g   a  s o l i d   c a r b o n a c e o u s   m a t e r i a l   b y  

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

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

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

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

b lown  o n t o   t h e   m o l t e n   m e t a l   b a t h   s e p a r a t e l y   f rom  t h e   o x y g e n  

gas  and  t h e   s u p p l e m e n t a r y   a g e n t ,   and  t h a t   t h e   s u p p l e m e n t a r y  

a g e n t   is   c o m m i n g l e d   w i t h   t h e   o x y g e n   gas   w i t h i n   t h e   l a n c e  

b e f o r e   t h e y   a r e   i n j e c t e d   o u t   of  t h e   l a n c e .  

2.  The  m e t h o d   d e f i n e d   in  C l a i m   1,  in  w h i c h   s a i d  

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

d i o x i d e   g a s ,   and  m i x t u r e s   t h e r e o f .  

3.  The  m e t h o d   d e f i n e d   in  C l a i m   2,  in  w h i c h   s a i d  

s u p p l e m e n t a r y   g a s i f y i n g   a g e n t   i s   s t e a m .  

4.  The  m e t h o d   d e f i n e d   in  C l a i m   1,  in  w h i c h   s a i d   s o l i d  

c a r b o n a c e o u s   m a t e r i a l   is  c o a l .  

5.  The  m e t h o d   d e f i n e d   in  C l a i m   1,  in  w h i c h   s a i d   m o l t e n  

m e t a l   b a t h   is  a  m o l t e n   i r o n   b a t h .  

6.  The  m e t h o d   d e f i n e d   in  C l a i m   3,  in  w h i c h   t h e   s t e a m   i s  

o v e r h e a t e d   to  a  t e m p e r a t u r e   1 0 0  -   200°C  h i g h e r   t h a n   t h e  

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

i n t o   t h e   l a n c e .  

7.  The  m e t h o d   d e f i n e d   in  C l a i m   1,  in  w h i c h   t h e   s t r u c t u r e  

of  t h e   n o n - i m m e r s i n g   l a n c e   i s   t h a t   a  main  i n j e c t i o n   n o z z l e  

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

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

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



a g e n t ,   and  t h a t   a  s u b s i d i a r y   p a s s a g e w a y   fo r   t h e  

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

f o r   o x y g e n   gas  b e f o r e   t he   p a s s a g e w a y   f o r   t he   o x y g e n   g a s  
r e a c h e s   t he   i n j e c t i n g   end  of  t he   n o z z l e .  

8.  An  a p p a r a t u s   f o r   t h e   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 a c e o u s   m a t e r i a l ,   wh ich   c o m p r i s e s ,   in  c o m b i n a t i o n ,   a  

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

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

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

g a s i f y i n g   a g e n t   a r e   b lown  o n t o   t h e   m o l t e n   m e t a l   b a t h ,   s a i d  

l a n c e   h a v i n g   a  main  i n j e c t i o n   n o z z l e   c o m m u n i c a t e d   w i t h   a  

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

main  i n j e c t i o n   n o z z l e   b e i n g   s u r r o u n d e d   by  a  p l u r a l i t y   o f  

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

p a s s a g e w a y s   f o r   o x y g e n   gas  and  t h e   s u p p l e m e n t a r y   a g e n t ,   t h e  

end  of  e ach   p a s s a g e w a y   f o r   s a i d   s u p p l e m e n t a r y   g a s i f y i n g  

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

o x y g e n   gas  b e f o r e   t he   p a s s a g e w a y   f o r   o x y g e n   gas  r e a c h e s   t h e  

i n j e c t i n g   end  of  t he   s u b s i d i a r y   n o z z l e .  

9.  The  a p p a r a t u s   d e f i n e d   in  C l a i m   8,  in  w h i c h   s a i d   s o l i d  

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

s t e a m ,   t he   c o a l   is  b lown  t h r o u g h   t he   main   p a s s a g e w a y  

p r o v i d e d   at   t he   c e n t e r   of  t h e   l a n c e ,   and  a  p l u r a l i t y   o f  

s u b s i d i a r y   p a s s a g e w a y s   f o r   o x y g e n   gas   and  s t e a m   a r e   p r o v i d e d  

s u r r o u n d i n g   t he   main  p a s s a g e w a y .  

10.   The  a p p a r a t u s   d e f i n e d   in  C l a i m   8,  in  wh ich   t h r e e  

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

to  t he   main  n o z z l e .  
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