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©  A  nozzle  assembly  for  bottom  blown  steel  converter. 
A  bottom  blowing  nozzle  assembly  for  use  in  refining  of 

molten  metal  by  blowing  various  gases  from  the  bottom  of  a 
steel  making  furnace  such  as  a  steel  converter  containing  the 
molten  metal.  The  bottom  blowing  nozzle  assembly  has  a 
plurality  of  thin  metal  nozzles  embedded  in  a  refractory  block 
in  a  side-by-side  relation  at  predetermined  intervals  so  as  to 
extend  in  the  longitudinal  direction  of  the  refractory  block. 
According  to  this  arrangement,  it  is  possible  to  remarkably 
improve  the  durability  of  the  bottom  blowing  nozzle  of  the 
kind  described. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  g a s   b l o w i n g  

n o z z l e   a s s e m b l y   f o r   u se   in  r e f i n i n g   m o l t e n   m e t a l   b y  

b l o w i n g   v a r i o u s   g a s e s   f rom  t h e   b o t t o m   of   a  v e s s e l   c o n t a i n -  

ing  t h e   m o l t e n   m e t a l .   More  p a r t i c u l a r l y ,   t h e   i n v e n t i o n  

i s   c o n c e r n 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   a s s e m b l y  

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

e m b e d d e d   in  a  b l o c k   of  a  r e f r a c t o r y   m a t e r i a l .  

D e s c r i p t i o n   of   t h e   P r i o r   A r t  

I t   i s   w e l l   known  to   p r o m o t e   t h e   m e t a l l u r g i c a l  

r e a c t i o n   of  m o l t e n   s t e e l   in  a  s t e e l   m a k i n g   f u r n a c e ,   e . g .  

a  s t e e l   c o n v e r t e r ,   by  b l o w i n g   a  gas   s u c h   as  Ar ,   N2,  C O 2 ,  

CO  or  t h e   l i k e   ( r e f e r r e d   to   s i m p l y   as  " g a s "   h e r e i n a f t e r )  

f r o m   t h e   b o t t o m   of  t h e   f u r n a c e .  

On  t h e   o t h e r   h a n d ,   in  t h e   f i e l d   of  t h e   o x y g e n  

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

c a r b o n   d i o x i d e   gas   ( r e f e r r e d   t o  a s   " C O "   h e r e i n a f t e r )  

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   w h i l e   b l o w i n g   o x y g e n  

( r e f e r r e d   to  as  " 0 "   h e r e i n a f t e r )   f r o m   an  u p p e r   n o z z l e .  

T h i s   a t t e m p t   is   a d v a n t a g e o u s   in  t h a t   t h e   m o l t e n   m e t a l  

can   be  s t i r r e d   and  a g i t a t e d   s t r o n g l y   and  t h a t   t h e   CO2 

can  be  c h a n g e d   i n t o   c o m b u s t i b l e   CO  g a s .  

I t   i s   w e l l   known  t h a t ,   when  C02  i s   b lown  i n t o  

a  s t e e l   c o n v e r t e r   f r o m   t h e   b o t t o m ,   a  s o - c a l l e d   m u s h r o o m  

2  i s   f o r m e d   j u s t   a b o v e   t h e   b o t t o m   b l o w i n g   n o z z l e   1  a s  

shown  in  F i g .   1.  The  m u s h r o o m   2  i s   a  body   f o r m e d   b y  



h a l f - s o l i d i f i e d   m o l t e n   m e t a l ,   a n d  i s   c o n s i d e r e d   to  h a v e  

a  c e n t r a l   g a s   h o l e   3  and  a  n u m b e r   of  s m a l l   p e r i p h e r a l   g a s  

a p e r t u r e s   4.  I t   i s   i m p o r t a n t   to   s t a b l y   m a i n t a i n   t h i s  

m u s h r o o m   2  b e c a u s e   i t   i s   e f f e c t i v e   in  p r o t e c t i n g   t h e  

b o t t o m   b l o w i n g   n o z z l e   1  and  t h e   r e f r a c t o r y   s t r u c t u r e   5 

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

t h e   g a s .   The  m u s h r o o m   2,  h o w e v e r ,   i s   g e n e r a l l y   u n s t a b l e  

and  weak  a n d ,   h e n c e ,   t e n d s   to   be  e x t i n g u i s h e d   d e p e n d i n g  

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

n a t i v e l y ,   l i a b l e   to   be  s o l i d i f i e d   u n d e s i r a b l y .   O n c e  

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

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

b l o c k   t h e   b o t t o m   b l o w i n g   n o z z l e   or  to   c a u s e   o t h e r  

p r o b l e m s .   T h u s ,   i t   i s   q u i t e   d i f f i c u l t   to   s u i t a b l y  

c o n t r o l   and  m a i n t a i n   t h e   m u s h r o o m .  

The  p r e s e n t   i n v e n t o r s   h a v e   f o u n d  t h r o u g h  

t h e i r   e x p e r i e n c e   t h a t   i t   i s   q u i t e   e f f e c t i v e   to   r e d u c e  

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

t h e   l i n e a r   v e l o c i t y   of  C02  b l o w n   i n t o   t h e   f u r n a c e ,   i n  

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

t h e   same  f rom  b e c o m i n g   l a r g e .   The  r e d u c e d   d i a m e t e r   o f  

t h e   b o t t o m   b l o w i n g   n o z z l e   1,  h o w e v e r ,   t e n d s   to  r e d u c e  

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

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

a m o u n t   of  b l o w i n g   in  C02.   To  o v e r c o m e   t h i s   p r o b l e m ,  

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

b l o w i n g   n o z z l e s   1  in  c o m m u n i c a t i o n   w i t h   t h e   b o t t o m   o f  

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



c o s t   and  d i f f i c u l t y   in   m a i n t e n a n c e .  

As  i s   w e l l   k n o w n ,   t h e   b o t t o m   b l o w i n g   n o z z l e   1  i s  

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

good  a n t i - s p a l l i n g   p r o p e r t y   as  w e l l   as  o t h e r   p r o p e r t i e s ,  

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

t i o n s .   A  t y p i c a l   e x a m p l e   of  s u c h   r e f r a c t o r y   m a t e r i a l   i s  

a  MgO-C  s y s t e m .   When  C02  gas   i s   b l o w n   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   made  of  t h e   r e f r a c t o r y   m a t e r i a l   of   MgO-C 

s y s t e m ,   t h e   C02  u n d e s i r a b l y   r e a c t s   w i t h   C  in   t h e   r e f r a c -  

t o r y   m a t e r i a l   a t   h i g h   t e m p e r a t u r e s ,   f o r   e x a m p l e ,   1 0 0 0 ° C  

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

of  l e s s   t h a n   5 0 0 ° C ,   t h e   MgO  r e a c t s   w i t h   t h e   C02  to  f o r m  

MgCO3  t h e r e b y   to   s e r i o u s l y   l o w e r   t h e   s t r e n g t h   of  t h e  

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

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

f i r m e d   by  t h e   p r e s e n t   i n v e n t o r s   t h r o u g h   v a r i o u s   e x p e r i m e n t s .  

The  b l o w i n g   of  a  gas   i s   p r e f e r a b l y   made  t h r o u g h  

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

b u b b l e s .   To  c o p e   w i t h   t h i s   d e m a n d ,   a c c o r d i n g   to   a  c o n -  

v e n t i o n a l   m e t h o d   of  m a k i n g   t h e   gas   b l o w i n g   p i p e ,   a  

m u l t i p l i c i t y   of  f i n e   s t e e l   w i r e s   w e r e   e m b e d d e d   in   a  

r e f r a c t o r y   b l o c k   and  a r e   w i t h d r a w n   t h e r e f r o m   to   l e a v e  

a  m u l t i p l i c i t y   of  f i n e   a p e r t u r e s   in  t h e   r e f r a c t o r y   b l o c k .  

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

(1)  I t   i s   n e c e s s a r y   t o   w i t h d r a w   t h e   f i n e   s t e e l  

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

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

(2)  I f   t h e r e   i s   a  b u r   or   t h e   l i k e   on  t h e   end  o f  



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

w i t h d r a w a l   of  t h e   s t e e l   w i r e .  

(3)  For   e n s u r i n g   s u f f i c i e n t   s t r e n g t h   of  t h e   r e f r a c -  

t o r y   b l o c k ,   i t   i s   n e c e s s a r y   t o   add  c o a r s e   r e f r a c t o r y  

g r a i n s   to   t h e   r e f r a c t o r y   m a t e r i a l .   The  r e f r a c t o r y   g r a i n s ,  

h o w e v e r ,   a r e   l i a b l e   to   be  moved  f o r c i b l y   d u r i n g   t h e   w i t h -  

d r a w a l   of   t h e   s t e e l   w i r e s   to   f o r m   v o i d s   w h i c h   a d v e r s e l y  

a f f e c t   t h e   l i f e   of   t h e   r e f r a c t o r y   b l o c k .   T h e r e f o r e ,  

w i t h   t h e   s t e e l - w e r e   w i t h d r a w a l   m e t h o d ,   i t   h a s   n o t   b e e n  

p o s i b l e   to   add  t h e   c o a r s e   r e f r a c t o r y   g r a i n s   a n d ,   h e n c e ,  

i t   h a s   b e e n   i m p o s s i b l e   to   o b t a i n   a  g a s   b l o w i n g   p i p e  

h a v i n g   a  s u f f i c i e n t l y   h i g h   s t r e n g t h .  

SUMMARY  OF  THE  INVENTION 

The  i n v e n t i o n   has   b e e n   a c c o m p l i s h e d   as  a  

r e s u l t   of  v a r i o u s   s t u d i e s  a n d   e x p e r i m e n t s   c o n d u c t e d   b y  

t h e   p r e s e n t   i n v e n t o r s   w i t h   t h e   k n o w l e d g e   and  e x p e r i e n c e  

e x p l a i n e d   a b o v e .  

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

b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y   c a p a b l e   of   m a i n t a i n i n g  

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

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

t h e   n o z z l e .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

room  f o r m e d   as  a  r e s u l t   of  b l o w i n g   of  C 0 2  g a s ;  

F i g .   2  i s   a  s e c t i o n a l   v i e w   of   a  b o t t o m   b l o w i n g  



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

i n v e n t i o n ;  

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

of  m o u n t i n g   of  t h e   b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y ;  

F i g s .   4  to   6  a r e   p l a n   v i e w s   of   b o t t o m   b l o w i n g  

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

m e t a l   n o z z l e s ;  

F i g .   7  i s   a  s e c t i o n a l   v i e w   s h o w i n g   t h e   s t a t e  

of  m o u n t i n g   of  t h e   b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y ;  

F i g .   8  i s   a  p e r s p e c t i v e   v i e w   of   a n o t h e r   e x a m p l e  

of  t h e   m e t a l   n o z z l e ;   a n d  

F i g s .   9  and  10  a r e   p l a n   v i e w s   of   b o t t o m   b l o w i n g  

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

of  t h e   m e t a l   n o z z l e s .  

T h r o u g h o u t   t h e   d r a w i n g s ,   t h e   f o l l o w i n g   r e f e r -  

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

or  m e m b e r s .   1:  b o t t o m   b l o w i n g   n o z z l e ,   2:  m u s h r o o m ,  

3:  gas   b l o w i n g   h o l e ,   4:  s m a l l   gas   a p e r t u r e s ,   5:  r e -  

f r a c t o r y   b o t t o m   s t r u c t u r e ,   10:  b o t t o m   b l o w i n g   n o z z l e  

a s s e m b l y ,   11:  t h i n   m e t a l   n o z z l e ,   12:  r e f r a c t o r y   b l o c k ,  

13:  b o t t o m   p l a t e   s t r u c t u r e ,   14:  p r o t e c t i n g   s l e e v e ,  

15:  gas   s u p p l y i n g   p i p e ,   16:  t r y e r e   b r i c k ,   17:   s u p p o r t  

b r i c k ,   18:  b a s e   b r i c k ,   19:  b o t t o m   b r i c k   w a l l ,   20:  g a s  

s u p p l y   e q u i p m e n t ,   21:  h e a d e r   p i p e ,   110 :   f l a t t e n e d  

t h i n   m e t a l   n o z z l e ,   1 1 0 a :   o p e n i n g   of  f l a t t e n e d   n o z z l e  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

A c c o r d i n g   to   t he   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d  



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

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

p a r a l l e l   w i t h   one  a n o t h e r   and  a t   a  s u i t a b l e   i n t e r v a l .  

P e f e r r e d   e m b o d i m e n t s   of   t h e   i n v e n t i o n   w i l l   be  d e s c r i b e d  

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

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

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

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

t i o n ,   w h i l e   F i g .   3  i s   a  s i d e   e l e v a t i o n a l   v i e w   s h o w i n g  

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

n o z z l e   of   t h e   i n v e n t i o n   to   t h e   b o t t o m   of   a  c o n v e r t e r .  

The  b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y   of  t h e   i n v e n t i o n ,  

g e n e r a l l y   d e s i g n a t e d   by  a  r e f e r e n c e   n u m e r a l   10,   has   a  

p l u r a l i t y   of  t h i n   m e t a l   n o z z l e s   11  ( r e f e r r e d   to   s i m p l y  

as  " n o z z l e s " ,   h e r e i n a f t e r )   e m b e d d e d   in  a  r e f r a c t o r y   b l o c k  

12  in  t h e   l o n g i t u d i n a l   d i r e c t i o n   of  t h e   l a t t e r .   I n  

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

r e f r a c t o r y   b l o c k   i s   made  of  r e f r a c t o r y   m a t e r i a l   c o m p o s e d  

of   f i n e ,   med ium  and  c o a r s e   r e f r a c t o r y   g r a i n s   m i x e d   a t  

a  s u i t a b l e   m i x i n g   r a t i o .   The  m e t a l   n o z z l e s   11  a r e  

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

a d j a c e n t   o n e s .  

The  b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y   10  of  t h i s  

e m b o d i m e n t   i s   p r o v i d e d   a t   i t s   b o t t o m   w i t h   a  c a v i t y   1 3 a  

w h i c h   s e r v e s   as  a  h e a d e r   f o r   t h e   gas   to  be  b l o w n .   A 

b o t t o m   p l a t e   s t r u c t u r e   13  h a s   a  p r o t e c t i n g   s l e e v e   14  

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

h o l d   t h e   l o w e r   p e r i p h e r a l   e d g e   of  t he   r e f r a c t o r y   b l o c k   2 .  



The  n o z z l e s   11  a r e   c o n n e c t e d   to   t h e   b o t t o m   p l a t e   s t r u c -  

t u r e   13  to   w h i c h   i s   a l s o   c o n n e c t e d   a  g a s   s u p p l y   p i p e   1 5 .  

The  b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y   10  as  a  w h o l e   i s  

m o u n t e d   in  t h e   t u y e r e   b r i c k s   16  of   t h e   b o t t o m   of  c o n v e r -  

t e r ,   and  i s   f i x e d l y   h e l d   by  t h e   b o t t o m   b r i c k   w a l l   1 9  

of  t h e   c o n v e r t e r   by  means   of  s u p p o r t i n g   b r i c k s   17  a n d  

b a s e   b r i c k s   1 8 .  

In  o p e r a t i o n ,   C02  i s   s u p p l i e d   f rom  an  e x t e r n a l  

gas   s u p p l y   e q u i p m e n t   20  to   t h e   b o t t o m   p l a t e   s t r u c t u r e  

13  t h r o u g h   t h e   gas   s u p p l y   p i p e   15  and  t h e n   i n t o   t h e  

c o n v e r t e r   t h r o u g h   e a c h   n o z z l e   11 .   The  n o z z l e s   11  c o r r e s -  

p o n d ,   in  a r e a   to  a  b l o w i n g   p o r t   of  a  p r e d e t e r m i n e d  

d i a m e t e r   and  s e r v e   to   s e p a r a t e   C02  f l o w i n g   t h e r e i n   f r o m  

t h e   r e f r a c t o r y   m a t e r i a l   12  to   p r e v e n t   d i r e c t   r e a c t i o n  

b e t w e e n   t h e   r e f r a c t o r y   m a t e r i a l   12  and  C02.   T h u s ,   t h e  

n o z z l e s   11  can  be  made  of  m e t a l   t u b e s   s u c h   as  c a r b o n  

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

a r e   p e r f o r m e d   w i t h o u t   f a i l .   A c c o r d i n g   to   t h e   e x p e r i e n c e  

of  t h e   p r e s e n t   i n v e n t o r s ,   h o w e v e r ,   t h e   u s e   of   h e a t -  

r e s i s t a n t   m a t e r i a l   s u c h   as  s t a i n l e s s   s t e e l   i s   p r e f e r r e d  

b e c a u s e   t he   t i p   e n d s   of  t h e   n o z z l e s   11  a r e   s u b j e c t e d  

to   a  h i g h   t e m p e r a t u r e   d u r i n g   t h e   u s e .   In  o r d e r   t o  

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

t he   same  f rom  g r o w i n g   l a r g e r ,   e a c h   m e t a l   n o z z l e   11  i s  

made  to  have   a  s m a l l   d i a m e t e r   o f ,   f o r   e x a m p l e ,   3  to  5 

mmϕ  or  l e s s .   I t   i s   e f f e c t i v e   a l s o   to   m a i n t a i n   a  h i g h  

a p p a r a n t   f l o w   v e l o c i t y   of  a b o u t   1000  m / s e c   or  h i g h e r .  

The  number   of  n o z z l e s   11  e m b e d d e d   can  b e  



s e l e c t e d   as  d e s i r e d   in  a c c o r d a n c e   w i t h   t h e   r e q u i r e d  

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

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

o p e r a t i n g   c o n d i t i o n   and  so  f o r t h .   For   i n s t a n c e ,   t h e  

n o z z l e s   11  a r e   e m b e d d e d   in  a  s i d e - b y - s i d e   r e l a t i o n   i n  

t h e   r e f r a c t o r y   b l o c k   12  in  t h e   m a n n e r s   shown  in  F i g s .  

4  to   6 .  

F i g .   8  shows   a n o t h e r   e m b o d i m e n t   in  w h i c h   e a c h  

of   t h e   n o z z l e   110  of   t h e   n o z z l e   a s s e m b l y   h a s   a  f l a t t e n e d  

c r o s s - s e c t i o n   so  as  to  p r e s e n t   a t   i t s   o p e n i n g   a  s l i t  

110a   o f   an  e x t r e m e l y   s m a l l   w i d t h .   The  f l a t t e n e d   m e t a l  

n o z z l e s   110  may  be  e m b e d d e d   so  as  to   e x t e n d   in  p a r a l l e l  

w i t h   t h e   d i a m e t r i c a l   c e n t r a l   a x i s   X  o f   c r o s s - s e c t i o n   of   t h e  

n o z z l e   a s s e m b l y   as  shown  in  F i g .   9  o r ,   a l t e r n a t i v e l y ,  

a r r a n g e d   r a d i a l l y   a r o u n d   t h e   l o n g i t u d i n a l   a x i s   Y  a s  

shown  in  F i g .   10.   In  t h e   i l l u s t r a t e d   e m b o d i m e n t ,  

t h e   w i d t h   "h"  of  t h e   s l i t - l i k e   o p e n i n g   110a   i s   s e l e c t e d  

to  be  in  a  r a n g e   b e t w e e n   0 .5   and  2 .0   mm,  w h i l e   t h e  

b r e a d t h   "w"  i s   s e l e c t e d   b e t w e e n   50  and  200  mm.  S u c h  

s i z e   of  t h e   s l i t - l i k e   o p e n i n g   e n s u r e s   a  good   b l o w i n g  

e f f e c t   by  t h e   b l o w i n g   w i t h   C02  r e g a r d l e s s   of  a  c h a n g e  

in  t h e   r a t e   of  b l o w i n g ,   and  e f f e c t i v e l y   p r e v e n t e d   t h e  

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

110a   e v e n   when  t h e   r a t e   of  b l o w i n g   of  C 0 2  w a s   d e c r e a s e d .  

T h u s ,   in  t h i s   s p e c i f i c a t i o n ,   t he   t e r m   t h i n   m e t a l   n o z z l e  

is   u s e d   to   i n c l u d e   t he   t h i n   m e t a l   n o z z l e   110  w o r k e d  

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

s l i t - l i k e   o p e n i n g   1 1 0 a .  



As  has   been   d e s c r i b e d ,   in  t h e   b o t t o m   b l o w i n g  

n o z z l e   a s s e m b l y   10  of  t h e   i n v e n t i o n ,   t h e   n o z z l e s   1 1  

k e e p s   a  p r e d e t e r m i n e d   d i a m e t e r   and  t h e   r e a c t i o n   b e t w e e n  

t h e   r e f r a c t o r y   b l o c k   12  and  C O 2  i s   a v o i d e d   p e r f e c t l y ,  

so  t h a t   i t   b e c o m e s   p o s s i b l e   to   make  f u l l   u s e   of  t h e  

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

of  MgO-C  s y s t e m .   In  c o n s e q u e n c e ,   i t   b e c o m e s   p o s s i b l e  

to  a t t a i n   a  r e m a r k a b l e   i m p r o v e m e n t   in  t h e   d u r a b i l i t y  

of  t h e   b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y   10.   In  a d d i t i o n ,  

s i n c e   a  m u l t i p l i c i t y   of   t h i n   m e t a l   n o z z l e s   11  a r e  

e m b e d d e d   in  a  s i n g l e   n o z z l e   a s s e m b l y   10,   i t   i s   p o s s i b l e  

to  b low  C 0 2  a t   a  g r e a t e r   r a t e   t h a n   t h e   c o n v e r t i o n a l  

b o t t o m   b l o w i n g   a s s e m b l y   w i t h   a  s i n g l e   b o t t o m   b l o w i n g  

a s s e m b l y .   In  a d d i t i o n ,   s i n c e   e a c h   n o z z l e   11  d i s c h a r g e s  

C 0 2  a t   t h e   r e q u i r e d   h i g h   l i n e a r   v e l o c i t y ,   i t   i s   p o s s i b l e  

to  m a x i m i z e   t he   r e f i n i n g   e f f e c t   a f f o r d e d   by  t h e   b l o w i n g  

of  C O 2 .  

The  e m b o d i m e n t   d e s c r i b e d   h e r e i n b e f o r e   i s   n o t  

e x c l u s i v e .   For   i n s t a n c e ,   an  e q u i v a l e n t   e f f e c t   i s   a t t a i n e d  

when  C02  is   s u b s t i t u t e d   by  an  i n e r t   gas   s u c h   as  N 2 ,  

Ar  or  t h e   l i k e   and  when  g a s e s   s u c h   as  N2,  Ar ,   a i r   o r  

02  i s   a d d e d   to   CO2.  P r o v i d e d   t h a t   t h e   number   of  t h e  

n o z z l e s   11  e m b e d d e d   i s   s m a l l ,   t h e   c o n n e c t i o n   of  t h e  

n o z z l e s   11  e m b e d d e d   in  t h e   r e f r a c t o r y   b l o c k   12  to   t h e  

C02  s u p p l y   p i p e   15  may  be  made  t h r o u g h   a  h e a d e r   p i p e  

21  i n s t a l l e d   e x t e r n a l l y   of  t h e   c o n v e r t e r   as  shown  i n  

F i g .   7.  Such  a  c h a n g e   is   a  m a t t e r   of  d e s i g n   c h o i c e .  

A c c o r d i n g   to  t he   e x p e r i e n c e   of   t h e   p r e s e n t   i n v e n t o r s ,  



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

n o z z l e   a s s e m b l y   10  to   i n c l u d e   a  b o t t o m   p l a t e   s t r u c t u r e  

13  as  shown  in  F i g s .   2  and  3,  f r o m   t h e   v i e w   p o i n t   o f  

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

c o n s t r u c t   t h e   b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y   10  in  s u c h  

a  m a n n e r   t h a t   t h e   n o z z l e s   11  h a v e   a  l e n g t h   s l i g h t l y  

g r e a t e r   t h a n   t h e   m i n i m u m   u s a b l e   t h i c k n e s s   of  t h e   b r i c k  

w a l l   19.   By  so  d o i n g ,   i t   i s   p o s s i b l e   to   m i n i m i z e   t h e  

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

a t   an  i n t e r m e d i a t e   p o r t i o n   of   t h e   p i p i n g   when  t h i n   m e t a l  

n o z z l e   11  a r e   u s e d .   F u r t h e r m o r e ,   i t   was  c o n f i r m e d  

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

a s s e m b l y ,   i t   i s   p o s s i b l e   to   o b t a i n   a  good   s e a l i n g   o f  

C02,   i . e .   to   p e r f e c t l y   e l i m i n a t e   any  l e a k   of  C02  f r o m  

t h e   r e f r a c t o r y   b l o c k   12  and  t h e   j u n c t u r e   of  t h e   n o z z l e   1 1 .  

An  e x a m p l e   of  C02  b l o w i n g   c o n d u c t e d   u s i n g   t h e  

b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y   of  t h e   i n v e n t i o n   is   d e -  

s c r i b e d   b e l o w .  

E x a m p l e  

For  r e f i n i n g   180  t o n s   of  m o l t e n   p i g   i r o n ,   C 0 2  

was  b lown  a t   a  r a t e   of  300  Nm3/h  and  a t   a  p r e s s u r e   o f  

9  K g / c m 2 .   W h i l e   t h e   mean  l i f e   of  a  c o n v e n t i o n a l   b o t t o m  

b l o w i n g   n o z z l e   h a v i n g   a  r e f r a c t o r y   b l o c k   of  MgO-C  s y s t e m  

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

showed   o n l y   a  s h o r t   mean  l i f e   of  50  c h a r g e s ,   t he   b o t t o m  

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

showed   a  l o n g e r   l i f e   in  e x c e s s   of  400  c h a r g e s .   I t   a d d i -  



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

of  9  Kg/cm2  was  m a i n t a i n e d   w i t h o u t   b e i n g   c h a n g e d   e v e n  

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

r a t e   of  300  N m 3 / h .  

The  d i a m e t e r   of  t he   n o z z l e   11  u s e d   in  t h i s  

e x a m p l e   was  3  mm  ϕ,  t h e   number   of   n o z z l e s   11  was  1 1  

and  t h e   r e f r a c t o r y   b l o c k   was  made  of  an  MgO-C  s y s t e m   o n e .  

As  w i l l   be  u n d e r s t o o d   f r o m   t h e   f o r e g o i n g  

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

i n v e n t i o n   has   a  r e m a r k a b l y   i m p r o v e d   d u r a b i l i t y   and  i s  

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

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



1.  A  b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y   c o m p r i s i n g  

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

t o r y   b l o c k   a t   a  p r e d e t e r m i n e d   i n e r v a l   so  as  to   e x t e n d  

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

2.  A  b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y   a c c o r d i n g  

to  c l a i m   1,  w h e r e i n   s a i d   b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y  

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

t i o n   as  a  h e a d e r .  

3.  A  b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y   a c c o r d i n g   t o  

c l a i m   1,  w h e r e i n   s a i d   b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y  

i s   m o u n t e d   in  t h e   t u y e r e   b r i c k s   a t   t h e   b o t t o m   of  a  

f u r n a c e   v e s s e l .  

4.  A  b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y   a c c o r d i n g   t o  

c l a i m   1,  w h e r e i n   e a c h   of   s a i d   t h i n   m e t a l   n o z z l e s   i s  

made  of  a  c y l i n d r i c a l   c a r b o n   s t e e l   t u b e   or  a  s t a i n l e s s  

s t e e l   t u b e .  

5.  A  b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y   a c c o r d i n g  

to  c l a i m   1,  w h e r e i n   e a c h   of   s a i d   t h i n   m e t a l   n o z z l e s   i s  

made  of   a  c a r b o n   s t e e l   t u b e   or   a  s t a i n l e s s   s t e e l   t u b e  

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

6.  A  b o t t o m   b l o w i n g   n o z z l e   a s s e m b l y   a c c o r d i n g  

to  c l a i m   1,  w h e r e i n   s a i d   r e f r a c t o r y   b l o c k   i s   made  o f  

f i n e ,   medium  and  c o a r s e   r e f r a c t o r y   g r a i n s   of  MgO-C  s y s t e m  

m i x e d   a t   a  s u i t a b l e   m i x i n g   r a t i o .  
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