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B a c k g r o u n d   of  t he   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  f u r n a c e   fo r   g a s i f i c a t i o n   o f  

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 ,   p a r t i c u l a r l y   to  a  g a s i f i c a t i o n  

f u r n a c e   u t i l i z i n g   a  m o l t e n   m e t a l   b a t h ,   in  w h i c h   t h e   h e a t  

r e q u i r e d   f o r   g a s i f y i n g   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   i s  

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

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   such   as  c o a l ,  

c o k e ,   e t c .   ( h e r e u n d e r   s o m e t i m e s   c o l l e c t i v e l y   r e f e r r e d   to  a s  

" c o a l " )   is   c a r r i e d   ou t   u n d e r   p r e s s u r e .   More  p a r t i c u l a r l y ,  

t h i s   i n v e n t i o n   r e l a t e s   to  a  g a s i f i c a t i o n   f u r n a c e   in  w h i c h   a  

c o o l i n g   means   is   p r o v i d e d   f o r   p r o t e c t i n g   t he   l i n i n g   of  t h e  

f u r n a c e .   A  g a s i f i c a t i o n   f u r n a c e   u t i l i z i n g   a  m o l t e n   m e t a l  

b a t h   i s   h e r e i n a f t e r   s o m e t i m e s   c a l l e d   a  " m o l t e n   m e t a l   c o a l  

g a s i f i c a t i o n   f u r n a c e "   or  a  " m o l t e n   i r o n   c o a l   g a s i f i c a t i o n  

f u r n a c e "   f o r   c o n v e n i e n c e .  

As  a  r e s u l t   of  a  s e r i e s   of  s o - c a l l e d   " e n e r g y   c r i s e s " ,   a  

number   of  n a t i o n a l   p r o j e c t s   to  e x p l o i t   an  e n e r g y   s o u r c e  

o t h e r   t h a n   p e t r o l e u m   has  b e e n  u n d e r t a k e n   in  o r d e r   to  e n s u r e   a  
s t a b l e   s u p p l y   of  e n e r g y   on  a  l o n g - t e r m   b a s i s   u s i n g   c o a l ,  

e s p e c i a l l y   low  g r a d e   c o a l   w h i c h   has  a  r e l a t i v e l y   h i g h  

c o n t e n t   of  s u l f u r   and  a s h .  

Many  t y p e s   of  c o a l   g a s i f i c a t i o n   p r o c e s s e s   a n d  

a p p a r a t u s e s   u s i n g   a  m o l t e n   m e t a l   b a t h   have   been   p r o p o s e d   i n  

the   p a s t .  

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

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

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

C o a l  g a s i f i c a t i o n   w h i c h   u t i l i z e s   s u c h   a  m o l t e n   i r o n  

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

1 4 0 0  -   1600°C  in  a  f u r n a c e   h a v i n g   a  l i n i n g   of  r e f r a c t o r y  

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

o x y g e n ,   a n d ,   i f   n e c e s s a r y ,   an  a u x i l i a r y   a g e n t   such   as  s t e a m  

in  a d d i t i o n   to   a  s l a g - f o r m i n g   a g e n t   s u c h   as  q u i c k   l i m e .   T h e  



s l a g - f o r m i n g   a g e n t   i s   a d d e d   no t   o n l y   to  p r o m o t e   t he   s l a g  

f o r m a t i o n   b u t   a l s o   to   a d j u s t   the   b a s i c i t y   of  t he   s l a g ,   i . e .  

t h e   r a t i o   of  CaO  to   S iO2  of  t h e   s l a g .   The  o p e r a t i o n   of  t h e  

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

q u i t e   s i m i l a r   to   t h a t   of  a  s t e e l   m a k i n g   p r o c e s s   u t i l i z i n g   a n  

o x y g e n - b l o w i n g   c o n v e r t e r .  

One  s y s t e m   of  t h i s   t y p e   is   f o u n d   in  U . S .   P a t e n t s  

4 , 3 8 8 , 0 8 4   and  4 , 3 8 9 , 2 4 6   in  w h i c h   p u l v e r i z e d   c o a l ,   o x y g e n ,  
and  o t h e r   a u x i l i a r y   a g e n t s   a r e   b lown  t h r o u g h   a  t o p - b l o w i n g  

l a n c e   o n t o   t h e   s u r f a c e   of  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   p r e p a r e d   in  a  f u r n a c e .  

U . S .   P a t e n t s   3 , 5 3 3 , 7 3 9   and  3 , 5 2 6 , 4 7 8   p r o p o s e   a n o t h e r  

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

b lown   i 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  b o t t o m - b l o w i n g  

n o z z l e   p r o v i d e d   in  t h e   b o t t o m   of  t he   f u r n a c e .  

As  m e n t i o n e d   a b o v e ,   t h e   o p e r a t i o n   of  an  o x y g e n - b l o w i n g  

c o n v e r t e r   f o r   s t e e l   m a k i n g   may  in  p r i n c i p l e   be  a p p l i e d   t o  

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

w h a t   is   e s s e n t i a l l y   d i f f e r e n t   from  t h e   s t e e l   m a k i n g  

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

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

p r o c e s s   to   be  r e n d e r e d   p r a c t i c a l .   A  mere   a p p l i c a t i o n   of  a n  

o x y g e n - b l o w i n g   c o n v e r t e r   of  t he   same  s t r u c t u r e   to  c o a l  

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

a c c u m u l a t i o n   of  s l a g   d u r i n g   o p e r a t i o n .   The  t h u s   b u i l t - u p  

s l a g   has   to   be  r e m o v e d ,   and  t h e   o p e r a t i o n   has   to   s t o p   d u r i n g  

t h e   r e m o v a l   of  s l a g .   In  a d d i t i o n ,   t he   r e p a i r   of  a  f u r n a c e  

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

i n t e r r u p t i o n   of  o p e r a t i o n .   T h u s ,   t he   w o r k i n g   e f f i c i e n c y  

d e c r e a s e s ,   m a k i n g   t h e   g a s i f i c a t i o n   of  c o a l   i m p r a c t i c a l   i n  

v i e w   of  m a n u f a c t u r i n g   c o s t s .  

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

g a s i f i c a t i o n   f u r n a c e   a r e   e r o d e d   by  m o l t e n   i r o n   and  s l a g ,  

i n e v i t a b l y   r e s u l t i n g   in  m e c h a n i c a l   and  c h e m i c a l   damage   t o  

t h e   r e f r a c t o r y   l i n i n g ,   i . e .   e r o s i o n   and  c o r r o s i o n   of  t h e  

r e f r a c t o r y   l i n i n g .   The  e r o s i o n   and  c o r r o s i o n   of  t h e  



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

g a s i f i c a t i o n   is  s t o p p e d .   The  g a s i f i c a t i o n ,   t h e r e f o r e ,  

c a n n o t   be  c o n t i n u e d   f o r   a  l ong   p e r i o d   of  t i m e .  

T h e r e f o r e ,   in  o r d e r   to  c a r r y   ou t   c o n t i n u o u s  

g a s i f i c a t i o n   o v e r   a  l o n g   p e r i o d   i t   is  i m p o r t a n t   to  p r o l o n g  

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

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

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

l e v e l   of  t h e   s l a g   w h i c h   c o n t a c t s   t h e   f u r n a c e   w a l l .   T h e  

p o r t i o n   of  t he   f u r n a c e   w a l l   w h i c h   is  in  c o n t a c t   w i t h   m o l t e n  

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

o p e r a t i o n .  

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

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

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

l e v e l ,   even   i f   i t   is   n o t   n e c e s s a r y   to  r e m o v e   i t   f rom  t h e  

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

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

of  t h e   m o l t e n   i r o n   b a t h .   T h u s ,   t he   d i s s o l u t i o n   of  c o a l   i n t o  

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

t h e   g a s i f i c a t i o n   e f f i c i e n c y   of  t he   c o a l   s u p p l i e d .  

In  o r d e r   to   e l i m i n a t e   s u c h   p r o b l e m s   i t   has   b e e n  

p r o p o s e d   to   b low  an  a g i t a t i n g   gas  i n t o   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   a  n o z z l e   p r o v i d e d   a t   t h e   b o t t o m   or  l o w e r   s i d e s   o f  

the   f u r n a c e .   T h i s   p r o c e s s   is   s i m i l a r   to  a  b o t t o m - b l o w i n g  

p r o c e s s   f o r   s t e e l   m a k i n g ,   and  i t   has  some  i n h e r e n t  

d i s a d v a n t a g e s .   T h a t   i s ,   i t   is  q u i t e   d i f f i c u l t   to   c h a n g e   t h e  

a m o u n t   of  t h e   gas  b lown   t h r o u g h   a  b o t t o m - b l o w i n g   n o z z l e .   I n  

p a r t i c u l a r ,   i t   is  q u i t e   d i f f i c u l t   to  blow  a  v e r y   s m a l l  

a m o u n t   of  gas   i n t o   t h e   m o l t e n   i r o n   b a t h   t h r o u g h   a  

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

T h u s ,   t he   f o r m a t i o n   or  a c c u m u l a t i o n   of  s l a g   l i k e   t h i s  

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



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

One  of  t h e   o b j e c t s   of  t h i s   i n v e n t i o n   is   to   p r o v i d e   a  

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

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

A n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   i s   to   p r o v i d 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   a  h i g h   g a s i f i c a t i o n   e f f i c i e n c y .  

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

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

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

r e f r a c t o r y   l i n 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   o f  

t h e   i n n e r   w a l l   of  t h e   f u r n a c e   is   c o m p o s e d   of  a  m u l t i - h o l e  

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

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

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

t h e   f u r n a c e .  

A c c o r d i n g   to   one  e m b o d i m e n t   of  t h i s   i n v e n t i o n ,   t h i s  

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

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

t h e   f u r n a c e   i n n e r   w a l l   b e i n g   p r o v i d e d   in  an  i n n e r   w a l l   o f  

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

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

A c c o r d i n g   to   a n o t h e r   e m b o d i m e n t   of  t h i s   i n v e n t i o n ,   t h i s  

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

m u l t i - h o l e   r e f r a c t o r y   member  fo r   b l o w i n g   a  c o o l i n g   f l u i d   f o r  

t h e   f u r n a c e   i n n e r   w a l l   b e i n g   p r o v i d e d   in  an  i n n e r   w a l l   w h e r e  

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

The  c o o l i n g   f l u i d   f o r   c o o l i n g   t h e   f u r n a c e   w a l l   may  b e  

s t e a m ,   c a r b o n   d i o x i d e   g a s ,   or  m i x t u r e s   t h e r e o f .   As  t h e  

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

i n v e n t i o n   may  be  u s e d   and  an  i n e r t   gas   s u c h   as  n i t r o g e n ,  

a r g o n ,   e t c .   and  a  h y d r o c a r b o n   gas  s u c h   as  p r o p a n e ,   m e t h a n e ,  



e t c .   w h i c h   d e c o m p o s e s   when  b lown  i n t o   t h e   f u r n a c e   may  a l s o  

be  e m p l o y e d .   In  p l a c e   of  t he   a b o v e - m e n t i o n e d   c o o l i n g   g a s ,   a  

f l u i d   l i k e   a  h e a v y   f u e l   o i l   wh ich   d e c o m p o s e s   when  b lown  i n t o  

t he   f u r n a c e ,   and  a  f l u i d   l i k e   a  s u s p e n s i o n   c o n t a i n i n g   a  

p u l v e r i z e d   s o l i d   s u c h   as  p u l v e r i z e d   c o a l   may  a l s o   be  u s e d   i n  

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

The  p r o v i s i o n   of  t h e   m u l t i - h o l e   r e f r a c t o r y   member  w h i c h  

is   p r o v i d e d   on  or  a b o v e   t he   s l a g   l i n e   i s   e f f e c t i v e   no t   o n l y  

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

f u r n a c e   w a l l   f rom  t h e   s p i t t i n g   of  s l a g .   The  p r o v i s i o n   o f  

t he   m u l t i - h o l e   r e f r a c t o r y   member  in  an  a r e a   w h e r e   t he   m o l t e n  

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

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

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

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

A c c o r d i n g   to   a  p r e f e r r e d   e m b o d i m e n t   of  t h i s   i n v e n t i o n ,  

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

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

i n t o   t he   f u r n a c e   i s   p r o v i d e d   in  a t   l e a s t   one  p l a c e   in  b o t h  

t h e   i n n e r   w a l l   of  t h e   f u r n a c e   on  or  a b o v e   t h e   s l a g   l i n e   a n d  

in  t h e   i n n e r   w a l l   of  t h e   f u r n a c e   w h e r e   m o l t e n  m e t a l   c o n t a c t s  

t h e   i n n e r   w a l l .  

I t   is   to   be  n o t e d   t h a t   t h i s   i n v e n t i o n   may  be  a p p l i e d  

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

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

t h r o u g h   a  t o p - b l o w i n g   l a n c e ,   bu t   a l s o   to  a  c o a l   g a s i f i c a t i o n  

f u r n a c e   in  wh ich   p u l v e r i z e d   c o a l   is   b lown   i 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  b o t t o m - b l o w i n g   n o z z l e .  

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

F i g .   1  is   a  c r o s s - s e c t i o n a l   v i e w   s h o w i n g   an  e m b o d i m e n t  

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

i n v e n t i o n ;  

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

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



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

e m b o d i m e n t   of  t h i s   i n v e n t i o n ;  

F i g .   4  i s   a  f r o n t   v i ew   of  a  m u l t i - h o l e   r e f r a c t o r y  

member  w h i c h   is   e m p l o y e d   in  t h i s   i n v e n t i o n ;   a n d  

F i g .   5  is   a  l o n g i t u d i n a l ,   s e c t i o n a l   v i e w   of  t h e  

m u l t i - h o l e   r e f r a c t o r y   member  shown  in  F i g .   4 .  

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

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  

t h e   a t t a c h e d   d r a w i n g s .  

F i g . l   is  a  d i a g r a m m a t i c a l ,   s e c t i o n a l   v i ew   of  a n  

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

t h i s   i n v e n t i o n .   As  i s   a p p a r e n t   f rom  t h e   d r a w i n g ,   a  f u r n a c e  

w a l l   1  i s   c o m p r i s e d   of  a  r e f r a c t o r y   l i n i n g   w i t h i n   w h i c h   a  

m o l t e n   i r o n   b a t h   2  i s   m a i n t a i n e d .   S l a g   4  i s   f o r m e d   on  t h e  

m o l t e n   i r o n   b a t h   2  and  i s   s u r r o u n d e d   by  t h e   f u r n a c e   w a l l   1 .  

S i n c e   t h e   a r e a   on  or  a b o v e   t h e   s l a g   l i n e ,   t h e   l o w e s t   l e v e l  

w h e r e   t h e   f u r n a c e   w a l l   1  c o n t a c t s   s l a g   4,  i s   mos t   s e v e r e l y  

d a m a g e d ,   m u l t i - h o l e   r e f r a c t o r y   m e m b e r s   5 , 5 '   a r e   p r o v i d e d   i n  

t h e   a r e a   on  or  a b o v e   t h e   s l a g   l i n e .   The  s t r u c t u r e   of  t h e  

m u l t i - h o l e   r e f r a c t o r y   member   is   shown  in  d e t a i l   in  F i g s .   4 

and  5.  P r e f e r a b l y ,   t h e y   a r e   p r o v i d e d   in  t h e   f u r n a c e   w a l l   s o  

as  to   e x t e n d   f rom  t h e   s l a g   l i n e   to   a b o v e   t h e   s l a g   s u r f a c e .  

The  m u l t i - h o l e   r e f r a c t o r y   member   has   a  p l u r a l i t y   of  f i n e l y  

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

w a l l   of  t h e   f u r n a c e .   Each   of  t h e s e   o u t l e t s   is   c o m p o s e d   o f  

an  i r o n   p i p e   h a v i n g   a  f i n e   p o r e ,   i . e .   a  s m a l l   i n n e r  

d i a m e t e r .   A l t e r n a t i v e l y ,   i t   may  be  c o m p o s e d   of  a  p o r o u s  

r e f r a c t o r y   w i t h   f i n e   p o r e s .  
The  m u l t i - h o l e   r e f r a c t o r y   member s   5 , 5 '   a r e   c o n n e c t e d  

t h r o u g h   c o n d u i t s   6 , 6 '   to  a  s o u r c e   of  a  c o o l i n g   f l u i d   ( n o t  

shown)   f o r   c o o l i n g   t h e   f u r n a c e   w a l l .   P r e f e r a b l y ,   t h e  

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

of  t h e   f u r n a c e   w h i c h   is  in  c o n t a c t   w i t h   t h e   s l a g   in  t h e  

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



p e r i p h e r y   of  t h e   f u r n a c e   w a l l   w i t h   the   r e s t   of  t h e   p e r i p h e r y  

c o m p r i s i n g   u s u a l   r e f r a c t o r y   b r i c k .   P r e f e r a b l y ,   3 0  -   70  %  o f  

t h e   t o t a l   p e r i p h e r a l   a r e a   whe re   the   i n n e r   w a l l   of  t h e  

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

p o r o u s   m e m b e r .  

The  m u l t i - h o l e   r e f r a c t o r y   members   5 , 5 ' ,   as  shown  i n  

F i g s .   4  and   5,  a r e   p r e p a r e d   by  e m b e d d i n g   a  p l u r a l i l t y   o f  

f i n e   i r o n   p i p e s   7  in  a  b r i c k   9.  A l t e r n a t i v e l y ,   t h e  

m u l t i - h o l e   r e f r a c t o r y   member  may  be  f o r m e d   of  a  p o r o u s   b r i c k  

c o n t a i n i n g   no  p i p e s   7 .  

T h u s ,   t h e   m u l t i - h o l e   r e f r a c t o r y   member  e m p l o y e d   in  t h i s  

i n v e n t i o n   may  be  e i t h e r   a  member  wh ich   c o m p r i s e s   a  p l u r a l i t y  

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

e m b e d d e d   in  b r i c k ,   or  a  member  wh ich   is  a  p o r o u s   b r i c k   w i t h  

a  p l u r a l i t y   of  f i n e   p o r e s .   I f   t he   m u l t i - h o l e   r e f r a c t o r y  

member   c o m p r i s e s   a  p l u r a l i t y   of  i r o n   p i p e s ,   t h e   i n t e r v a l  

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

2 0  -   50  mm  and  0 . 5  -   1 .5   mm,  r e s p e c t i v e l y .   When  t h e  

i n t e r v a l   i s   s m a l l   and  t he   p o r e   is  l a r g e   in  d i a m e t e r ,   a n  

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

to  r e n d e r   t h e   g a s i f i c a t i o n   o p e r a t i o n   u n s t a b l e .  

On  t h e   o t h e r   h a n d ,   when  t he   i n t e r v a l   i s   l a r g e   and  t h e  

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

w a l l   i s   d e t e r i o r a t e d ,   r e s u l t i n g   in  much  s p i t t i n g   of  s l a g  

o n t o   t h e   f u r n a c e   w a l l ,   and  a  c o o l i n g   f l u i d   a t   a  h i g h e r  

p r e s s u r e   i s   a l s o   r e q u i r e d .   The  t o t a l   a r e a   of  t h e   b l o w i n g  

i n l e t s   i s   p r e f e r a b l y   a b o u t   2 0  -   80%  of  t h e   w h o l e   a r e a   of  t h e  

i n n e r   end  s u r f a c e   of  t h e   m u l t i - h o l e   r e f r a c t o r y   m e m b e r .   T h e  

m u l t i - h o l e   r e f r a c t o r y   member  is  p r e f e r a b l y   in  t h e   s h a p e   of  a  

wedge   in  s e c t i o n   and  is  d e t a c h a b l y   f i t t e d   i n t o   t h e   f u r n a c e  

w a l l .   On  t h e   o u t e r   ends   of  t he   m u l t i - h o l e   r e f r a c t o r y  

m e m b e r s ,   f l u i d - d i s t r i b u t i n g   c h a m b e r s   8 ,8"   c o n n e c t e d   t o  

c o n d u i t s   6 , 6 '   a r e   p r o v i d e d .  

A  c o o l i n g   f l u i d   s u p p l i e d   f rom  an  e x t e r n a l   s o u r c e   ( n o t  

shown)   i s   p a s s e d   t h r o u g h   c o n d u i t s   6 , 6 '   to  m u l t i - h o l e  

r e f r a c t o r y   members   5 , 5 '   p r o v i d e d   s u r r o u n d i n g   t h e   s l a g   4 



f o r m e d   on  t h e   m o l t e n   m e t a l   b a t h   2.  The  c o o l i n g   f l u i d   i s  

b l o w n   i n t o   t h e   f u r n a c e   f rom  f l u i d - d i s t r i b u t i n g   c h a m b e r s   8 , 8 '  

t h r o u g h   a  p l u r a l i t y   of  gas   o u t l e t s ,   as  shown  by  a r r o w s .  

F i g .   2  i s   a  d i a g r a m m a t i c a l ,   s e c t i o n a l   v i e w   s h o w i n g  

a n o t h e r   e m b o d i m e n t   of  t h i s   i n v e n t i o n ,   in  w h i c h   p a r t   of  t h e  

f u r n a c e   w a l l   1  w h e r e   t h e   m o l t e n   i r o n   b a t h   2  c o n t a c t s   t h e  

l i n i n g   i s   c o m p r i s e d   of  m u l t i - h o l e   r e f r a c t o r y   m e m b e r s   5 , 5 ' .  

The  m u l t i - h o l e   r e f r a c t o r y   members   5 , 5 '   a r e   c o n n e c t e d   t h r o u g h  

c o n d u i t s   6 , 6 '   to  an  e x t e r n a l   s o u r c e   of  a  c o o l i n g   f l u i d   ( n o t  

s h o w n )   f o r   c o o l i n g   t h e   f u r n a c e   w a l l .   The  m u l t i - h o l e  

r e f r a c t o r y   member  5  may  be  p l a c e d   a r o u n d   t h e   e n t i r e  

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

t h e r e o f .   P r e f e r a b l y ,   i t   is  p l a c e d   n e a r   t h e   b o t t o m   of  t h e  

f u r n a c e   w h e r e   e r o s i o n   and  c o r r o s i o n   of  t h e   r e f r a c t o r y   l i n i n g  

1  a r e   s e v e r e .   The  m u l t i - h o l e   r e f r a c t o r y   m e m b e r s   5 , 5 '  

e m p l o y e d   in  t h i s   c a s e   a r e   t h e   same  as  t h o s e   shown  in  F i g s .   4 

and  5.  When  a  b o t t o m - b l o w i n g   f u r n a c e   ( n o t   shown)   i s  

e m p l o y e d ,   t h e   m u l t i - h o l e   r e f r a c t o r y   m e m b e r s   5 , 5 '   a r e  

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

p o r o u s   b r i c k .   Such  p o r o u s   b r i c k   may  be  a r r a n g e d   as  shown  i n  

F i g .   2 .  

O u t s i d e   t h e   m u l t i - h o l e   r e f r a c t o r y   m e m b e r s   5 , 5 ' ,   t h e r e  

a r e   p r o v i d e d   f l u i d - d i s t r i b u t i n g   c h a m b e r s   8 , 8 ' ,   w h i c h   a r e  

c o n n e c t e d   w i t h   c o n d u i t s   6 , 6 ' ,   r e s p e c t i v e l y .  

F i g .   3  shows  s t i l l   a n o t h e r   e m b o d i m e n t   of  t h i s  

i n v e n t i o n ,   in  w h i c h   t h e   m u l t i - h o l e   r e f r a c t o r y   members   5 , 5 '  

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

and  in  t h e   f u r n a c e   w a l l   in  an  a r e a   w h e r e   t h e   m o l t e n   i r o n  

b a t h   2  c o n t a c t s   t h e   f u r n a c e   w a l l   1.  The  b a s i c   s t r u c t u r e   o f  

t h e   f u r n a c e   in  F i g . 3   i s   t h e   same  as  in  F i g s .   1  and  2,  a n d  

t h e   same  m e m b e r s   a r e   i n d i c a t e d   by  t h e   same  r e f e r e n c e  

n u m e r a l s .  

I t   i s   h e r e i n   to  be  n o t e d   t h a t   damage   to   t h e   r e f r a c t o r y  

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

of  t h e   c o a l   s u p p l i e d   is   m a r k e d l y   i m p r o v e d   by  e m p l o y i n g   t h e  

a r r a n g e m e n t   shown  in  F i g .   3 .  



T h i s   i n v e n t i o n   w i l l   be  f u r t h e r   d e s c r i b e d   w i t h   r e f e r e n c e  

to  some  w o r k i n g   e x a m p l e s ,   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 .  

E x a m p l e  1  

G a s i f i c a t i o n   was  c a r r i e d   ou t   u s i n g   t h e   m o l t e n   i r o n   c o a l  

g a s i f i c a t i o n  f u r n a c e   shown  in  F i g .   1,  w h i c h   c o n t a i n e d   10  

t o n s   of  m o l t e n   i r o n   a t   1 4 5 0 ° C .   P u l v e r i z e d   c o a l ,   70%  or  m o r e  

of  w h i c h   was  -200   m e s h ,   was  b lown  o n t o   t h e   s u r f a c e   of  t h e  

m o l t e n   i r o n   b a t h   m a i n t a i n e d   in  t he   f u r n a c e   a t   a  r a t e   of  2 . 5  

t o n s / h r   t o g e t h e r   w i t h   o x y g e n   g a s ,   i . e .   a  g a s i f i c a t i o n   a g e n t  

a t   a  r a t e   of  1600  N m 3 / h r   and  s t e a m   a t   a  r a t e   of  200  k g s / h r  

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

s l a g - f o r m i n g   a g e n t ,   q u i c k   l i m e   was  a d d e d   a t   a  r a t e   of  80  k g s  

p e r   ton   of  t he   c o a l   s u p p l i e d .  

A  p o r t i o n   of  t h e   p r o d u c t   g a s ,   a f t e r   b e i n g   d u s t - r e m o v e d  

and  c o o l e d ,   was  r e c y c l e d   to   t h e   m u l t i - h o l e   r e f r a c t o r y  

member s   and  was  b l o w n   i n t o   t h e   f u r n a c e   a t   a  r a t e   of  1 5 0  -  

200  Nm3  p e r   ton  of  t h e   c o a l   s u p p l i e d .   The  p r o p o r t i o n   of  t h e  

gas   b lown  t h r o u g h   t h e   m u l t i - h o l e   r e f r a c t o r y   members   w a s  

a b o u t   1 /10   to  1 /15   of  t h e   t o t a l   v o l u m e   of  t h e   p r o d u c t   g a s .  
The  m u l t i - h o l e   r e f r a c t o r y   members   e m p l o y e d   in  t h i s  

e x a m p l e   were   p r e p a r e d   by  e m b e d i n g   i r o n   p i p e s   w i t h   an  i n n e r  

d i a m e t e r   of  1 .0   mm  in  a  r e f r a c t o r y   m a t e r i a l   a t   i n t e r v a l s   o f  

30  mm a t   a  d i s t a n c e   of  2  m e t e r s   a b o v e   t h e   s l a g   l i n e .   A 

s e r i e s   of  m u l t i - h o l e   r e f r a c t o r y   members   we re   p l a c e d   a t  

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

h a l f   of  t he   c i r c u m f e r e n c e   was  o c c u p i e d   by  t he   p o r o u s   b r i c k  

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

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

A f t e r   2 0 0 - h o u r   r u n n i n g ,   i t   was  d e t e r m i n e d   how  m u c h  

damage   has  o c c u r r e d   to   t h e   m u l t i - h o l e   r e f r a c t o r y   member  a n d  

t h e   u s u a l   b r i c k   p o r t i o n .   The  damage   to  t h e   u s u a l   b r i c k   w a s  

200  mm  t h i c k ,   bu t   d a m a g e   to   t he   m u l t i - h o l e   b r i c k   of  t h i s  

i n v e n t i o n   was  a b o u t   o n e - t e n t h   of  t h i s   v a l u e ,   i . e .   19  mm.  I t  

is  t h e r e f o r e   to  b e  n o t e d   t h a t   w i t h o u t   p r o v i d i n g   m u l t i - h o l e  



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

a f t e r   r u n n i n g   f o r   100  h o u r s   b e c a u s e   of  e x c e s s i v e   damage   t o  

t h e   r e f r a c t o r y   l i n i n g .  

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

m u l t i - h o l e   r e f r a c t o r y   m e m b e r s   we re   e m p l o y e d ,   i t   was  p o s s i b l e  

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

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

E x a m p l e   2 

T h i s   e x a m p l e   was  i d e n t i c a l   to   E x a m p l e   1  e x c e p t   t h a t   t h e  

g a s i f i c a t i o n   f u r n a c e   shown  in  F i g .   2  was  e m p l o y e d   and  a  

p r o d u c t   gas   was  r e c y c l e d   to   t h e   m u l t i - h o l e   r e f r a c t o r y  

m e m b e r s   a t   a  r a t e   of  7 5  -   100  Nm3  p e r   t on   of  i n p u t   c o a l .  

The  p r o p o r t i o n   of  t h e   p r o d u c t   gas   b lown  i n t o   t he   f u r n a c e   w a s  

a b o u t   1 / 2 0  -   1 / 3 0   of  t h e   t o t a l   v o l u m e   of  t h e   p r o d u c t   g a s .  

The  m u l t i - h o l e   r e f r a c t o r y   members   we re   p l a c e d   a t   a  d e p t h  

of  1  m e t e r   b e l o w   t h e   s l a g   l i n e   w i t h   a  w i d t h   of  1  m e t e r   w i d e  

in  c o n t a c t   w i t h   t h e   m o l t e n   i r o n   b a t h .   In  t h i s   e x a m p l e ,   t h e  

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

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

c i r c u m f e r e n c e   of  t h e   i n n e r   f u r n a c e   w a l l   was  c o v e r e d   by  t h e  

m u l t i - h o l e   r e f r a c t o r y   m e m b e r s .   For  c o m p a r a t i v e   p u r p o s e s ,  
u s u a l   b r i c k   p o r t i o n s   w e r e   l e f t   b e t w e e n   t h e   m u l t i - h o l e  

r e f r a c t o r y   m e m b e r s .  

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

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

m e m b e r s ,   i t   was  n o t e d   t h a t   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 e  

g a s i f i c a t i o n   e f f i c i e n c y   was  i m p r o v e d   by  a b o u t   2%.  

In  a d d i 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 ,   t h e r e   was  n o  

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

a f t e r   100  h o u r s   of  r u n n i n g .  

E x a m p l e   3 

In  t h i s   e x a m p l e ,   E x a m p l e s   1  a n d   2  w e r e   r e p e a t e d   u s i n g  

t h e   g a s i f i c a t i o n   f u r n a c e   shown  in  F i g .   3 .  

The  p r o d u c t   g a s   b l o w n   i n t o   t he   f u r n a c e   t h r o u g h   t h e  



u p p e r   m u l t i - h o l e   m e m b e r s   was  1 5 0  -   200  Nm3  per   ton  of  t h e  

i n p u t   c o a l .   The  p r o d u c t   gas  b lown  i n t o   the   m o l t e n   i r o n   b a t h  

t h r o u g h   t h e   l o w e r   m u l t i - h o l e   m e m b e r s   was  7 5  -   100  Nm3  p e r  

ton  of  t h e   i n p u t   c o a l .  

I t   can  be  s a i d   t h a t   a c c o r d i n g   to  t h i s   e x a m p l e ,   E x a m p l e  

1  and  E x a m p l e   2  w e r e   s i m u l t a n e o u s l y   c a r r i e d   o u t .  

A f t e r   a b o u t   200  h o u r s   of  r u n n i n g ,   t he   damage   to  t h e  

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

no  damage   to   t h e   m u l t i - h o l e   r e f r a c t o r y   members   c o n t a c t i n g  

t h e   m o l t e n   i r o n   b a t h ,   and  t h e   damage   to  t he   m u l t i - h o l e  

r e f r a c t o r y   m e m b e r s   c o n t a c t i n g   t h e   s l a g   was  a b o u t   20  mm 

t h i c k .   T h u s ,   i t   can  be  s a i d   t h a t   t h e   m u l t i - h o l e   r e f r a c t o r y  

members   w e r e   p r a c t i c a l l y   f r e e   f rom  d a m a g e .  

In  a d d i t i o n ,   t h e   g a s i f i c a t i o n   e f f i c i e n c y   was  i m p r o v e d  

by  a b o u t   2%  in  c o m p a r i s o n   w i t h   t h e   c a s e   in  w h i c h   a  

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

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

to   p r e f e r r e d   e m b o d i m e n t s ,   i t   i s   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   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 h e   c o n c e p t   of  t h e   i n v e n t i o n   as  d e f i n e d   i n  

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



1.  A  f u r n a c e   f o r   g a s i f y i n g   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  

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

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

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

f u r n a c e   i s   c o m p o s e d   of  a  m u l t i - h o l e   r e f r a c t o r y   m e m b e r ,   and  a  

p l u r a l i t y   of  f i n e l y   d i v i d e d   b l o w i n g   o u t l e t s   is  p r o v i d e d   i n  

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

s u p p l i e d   to   c o o l   t he   w a l l   p o r t i o n   of  t he   f u r n a c e .  

2.  A  g a s i f i c a t i o n   f u r n a c e   as  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 u l t i - h o l e   r e f r a c t o r y   member  is   c o m p o s e d   of  a  p o r o u s  

r e f r a c t o r y   b r i c k   or  a  r e f r a c t o r y   m a t e r i a l   in  w h i c h   a  

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

p o r e s   a r e   e m b e d d e d .  

3.  A  g a s i f i c a t i o n   f u r n a c e   as  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 .  

4.  A  g a s i f i c a t i o n   f u r n a c e   as  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 .  

5.  A  g a s i f i c a t i o n   f u r n a c e   as  d e f i n e d   in  C l a i m   1,  in  w h i c h  

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

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

6.  A  g a s i f i c a t i o n   f u r n a c e   as  d e f i n e d   in  a n y  o n e   of  C l a i m s  

1  -   5,  in  w h i c h   s a i d   m u l t i - h o l e   r e f r a c t o r y   member  i s  

p r o v i d e d   in  an  i n n e r   w a l l   of  t h e   f u r n a c e   on  and  a b o v e   t h e  

s l a g   l i n e .  

7.  A  g a s i f i c a t i o n   f u r n a c e   as  d e f i n e d   in  a n y  o n e   of  C l a i m s  

1  -   5,  in  w h i c h   s a i d   m u l t i - h o l e   r e f r a c t o r y   member  i s  

p r o v i d e d   in  an  i n n e r   w a l l   w h e r e   m o l t e n   m e t a l   c o n t a c t s   t h e  



i n n e r   w a l l   of  t he   f u r n a c e .  

8.  A  g a s i f i c a t i o n   f u r n a c e   as  d e f i n e d   in  a n y  o n e   of  C l a i m s  

1  -   5,  in  w h i c h   s a i d   m u l t i - h o l e   r e f r a c t o r y   member  i s  

p r o v i d e d   a t   l e a s t   one  p l a c e   e a c h   of  an  i n n e r   w a l l   of  t h e  

f u r n a c e   on  and  a b o v e   t he   s l a g   l i n e   and  of  an  i n n e r   w a l l   o f  

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