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©  Porous  nozzle  for  molten  metal  vessel. 

A  refractory  porous  nozzle  which  is  arranged  at  the 
bottom  of  a  molten  metal  vessel,  characterized  in  that  said 
porous  nozzle  (1)  is  made  in  one  body  having  a  flange 
portion  (1a)  at  its  upper  portion  and  a  cylindrical  portion  (1b) 
at  its  lower  portion,  the  outer  peripheral  surface  of  the  main 
body  of  said  porous  nozzle  is  gas-tightly  enclosed  with  a 
steel  shell  (3),  a  gas  pool  (2)  is  provided  between  the  bottom 
surface  of  said  flange  portion  and  the  outer  peripheral 
surface  of  said  cylindrical  portion,  and  the  inner  peripheral 
surface  of  said  steel  shell,  and  the  gas  pool  is  communicated 
with  an  inert  gas  feeding  pipe  (4). 



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

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

v e s s e l ,   and  t h e   o b j e c t s   of  w h i c h   a r e   to   f l o a t   up  and  s e p a r a t e  

.  t h e   n o n - m e t a l l i c   i n c l u s i o n s   i n   m o l t e n   m e t a l   in  s a i d   v e s s e l  

and  to  p r e v e n t   a  s l a g   i n v o l v e m e n t   and  a  n o z z l e   o p e n i n g  

c l o s u r e .   More  p a r t i c u l a r l y   i t   r e l a t e s   to   an  i m p r o v e m e n t  

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

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

G e n e r a l l y   t h e   n o z z l e   of  a  l a d l e   or  t u n d i s h   c o n t a i n e r  

is   c o n s t r u c t e d   w i t h   a  d e n s e   r e f r a c t o r y .   H o w e v e r ,   n o n -  

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

t h e   n o z z l e   o p e n i n g   d u r i n g   the   f l o w i n g - d o w n   of  the  m e l t   t o  

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

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

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

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

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

of  t he   n o z z l e   t h r o u g h   the   p o r e s   t h e r e b y   to  form  a  gas  f i l m  

and  r emove   t h e  t h i n g s  a d h e r e d   to  t he   n o z z l e   o p e n i n g .  

F u r t h e r ,   f o r   a n o t h e r   p o r p o s e ,   in  o r d e r   t h a t   the   n o n -  

m e t a l l i c   i n c l u s i o n s   in   the   m o l t e n   s t e e l   w i t h i n   the   v e s s e l  

a re   r e m o v e d   to  make  a  p u r i f i e d   and  good  q u a l i t y   m o l t e n   s t e e l  

t h e r e   is  a l s o   c a r r i e d   out   a  m e t h o d   in   w h i c h   s e p a r a t e l y   f r o m  

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



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

g a s e s   are   j e t t e d   i n t o   t he   m o l t e n   s t e e l   t h r o u g h   the   p o r e s  

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

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

s t e e l   is   i m p r o v e d . '   T h e r e   i s   a n o t h e r   m e t h o d   w h i c h   does   n o t  

use   a  p o r o u s   p l u g .   To  t a k e   a  t u n d i s h   f o r   e x a m p l e ,   a  r e -  

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

f low  of  the  m o l t e n   s t e e l ,   and  the   n o n - m e t a l l i c   i n c l u s i o n s  

in  t he   m o l t e n   s t e e l   a r e   f l o a t e d   up  and  s e p a r a t e d .   A c c o r d -  

ing   to  the  me thod   in   w h i c h   a  w e i r   i s   p r o v i d e d   in   a  t u n d i s h  

c o n t a i n e r ,   i t  e x h i b i t s   e f f e c t s   in   i t s   own  way  f o r   f l o a t i n g  

up  and  s e p a r a t i n g   t h e   n o n - m e t a l l i c   i n c l u s i o n s .   In  v i e w  

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

s t r u c t u r e   and  d e s i g n   of  a  c o n t i n u o u s   c a s t i n g   e q u i p m e n t , . , ,  

h o w e v e r ,   i t   i s   d i f f i c u l t   to  make  an  e f f e c t i v e   w e i r   s h a p e  

or  a r r a n g e   an  e f f e c t i v e   w e i r   w i t h i n   a  c o m p a r a t i v e l y   n a r r o w  

t u n d i s h ,   and  i t   i s   known  t h a t   no t   o n l y   t he   t u n d i s h   d e s i g n  

b e c o m e s   c o m p l i c a t e   b u t   a l s o   i t   is   d i f f i c u l t   to   f i x   a  w e i r  

w i t h i n   t he   t u n d i s h .  

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

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

c l o s u r e   of  n o z z l e ,   bu t   g e n e r a l l y   in   a  c o n t i n u o u s   c a s t i n g  

w o r k i n g   s a i d   n o z z l e   may  i n v o l v e   t he   n o n - m e t a l l i c   i n c l u s i o n s ,  

s l a g ,   e t c .   w h i c h   f l o a t   up  by  a  t u r b u l e n c e   g e n e r a t e d   at   t h e  

u p p e r   p o r t i o n   of  the   n o z z l e   o p e n i n g   when  t h e   l a d l e   i s  

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



F u r t h e r m o r e ,   a c c o r d i n g   to   the   me thod   in   w h i c h   a  p o r o u s   p l u g  

is   p r o v i d e d   a t   t he   b o t t o m   of  a  t u n d i s h   c o n t a i n e r   and  i n e r t  

g a s e s   a r e   j e t t e d   i n t o   the   m o l t e n   s t e e l ,   i t   is  e f f e c t i v e   f o r  

f l o a t i n g   up  and  s e p a r a t i n g   the   i n c l u s i o n s ,   b u t   t h e   p l u g  

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

n o z z l e   so  t h a t   a  c o m p l e t e   e f f e c t   c a n n o t   be  e x h i b i t e d   f o r  

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

g e n e r a t e d   a t   t he   u p p e r   p o r t i o n   of  t he   n o z z l e   o p e n i n g   w h e n  

r e p l a c i n g   the   l a d l e   as  r e f e r r e d   to   a b o v e .  

In  v i ew  of  s a i d   v a r i o u s   d e m e r i t s   of  c o n v e n t i o n a l  

m e t h o d s ,   t he   p r e s e n t   i n v e n t i o n   p r o v i d e s   an  i n t e g r a l ,   f l a n g e -  

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

of  j e t t i n g   i n e r t   g a s e s   u p w a r d l y   i n t o   the   m o l t e n   s t e e l   b y  

a  p o r o u s   p l u g   and  a  f u n c t i o n   of  j e t t i n g   the   i n e r t   g a s e s  

f rom  t h e   i n n e r   p e r i p h e r a l   s u r f a c e   of  a  p o r o u s   n o z z l e   t o  

p r e v e n t   the   n o z z l e   f rom  c l o s i n g ,   and  in   w h i c h   t he   i n -  

c l u s i o n s   in   t he   m o l t e n   s t e e l   a r e   f l o a t e d   up  and  s e p a r a t e d  

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

a v o i d   a  s l a g   i n v o l v e m e n t   c a u s e d   by  the   t u r b u l e n c e   g e n e r a t e d  

at   t he   u p p e r   p o r t i o n   of  t he   n o z z l e   o p e n i n g   when  t he   l a d l e  

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

m o l t e n   s t e e l   of  h i g h   q u a l i t y .   T h a t   i s ,   i t   is   t h e   c h a r a c -  

t e r i s t i c   f e a t u r e   of  t he   i n v e n t i o n   t h a t   the   p o r o u s   n o z z l e  

of  t he   i n v e n t i o n   has   in  c o m b i n a t i o n   b o t h   the  f u n c t i o n s  

of  j e t t i n g   i n e r t   g a s e s   f rom  the   p o r o u s   r e f r a c t o r y   l a y e r  

of  the   f l a n g e   p o r t i o n   i n t o   t he   u p p e r   p o r t i o n   in   t h e  



m o l t e n   s t e e l ,   and  of  j e t t i n g   t h e   i n e r t   g a s e s   i n t o   t h e  

n o z z l e   o p e n i n g .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   more  in   d e t a i l  

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

e m b o d i m e n t s   of  t h e  ' i n v e n t i o n ,   in   w h i c h  

F i g .   1  shows  an  e m b o d i m e n t   of  a  p o r o u s   n o z z l e   o f  

t h e   i n v e n t i o n   and  a  v e r t i c a l   s e c t i o n   of  a  p o r o u s   n o z z l e   i n  

one  body   in   w h i c h   t h e   b o t t o m   of  the   f l a n g e   p o r t i o n   i s  

c o m m u n i c a t e d   w i t h   a  gas   p o o l   of  t he   c y l i n d r i c a l   o u t e r  

c i r c u m f e r e n c e ;  

F i g .   2  shows  a n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n  

and  a  v e r t i c a l   s e c t i o n   of  a  p o r o u s   n o z z l e   i n   w h i c h   t h e  

f l a n g e   p o r t i o n   and  t h e   c y l i n d r i c a l   p o r t i o n   a r e   made  i n  

one  body  t h r o u g h   a  s e a l i n g   m e m b e r ;  

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 e  

i n v e n t i o n   and  a  v e r t i c a l   s e c t i o n   of  a  p o r o u s   n o z z l e   i n  

w h i c h   the   f l a n g e   p o r t i o n   and  t h e   c y l i n d r i c a l   p o r t i o n   a r e  

made  in  one  body   t h r o u g h   a  f i n e   p o r o u s   r e f r a c t o r y   l a y e r ;  

a n d  

F i g .   4  i s   a  v e r t i c a l   s e c t i o n a l   v iew  s h o w i n g   a  

s t a t e   in   w h i c h   the   p o r o u s   n o z z l e   of  F i g .   2  i s   s e t   a t   t h e  

b o t t o m   of  a  m o l t e n   m e t a l   v e s s e l .  

In  F i g .   1  t he   p o r o u s   n o z z l e   a r r a n g e d   at   t h e   p o u r i n g -  

out   p o r t i o n   a t   the   b o t t o m   of  a  m o l t e n   s t e e l   v e s s e l   i s  

m o u n t e d   in   the   n o z z l e   s o c k e t   a t   the   c e n t r a l   p o r t i o n   o f  

a  n o z z l e - r e c e i v i n g   b r i c k ,   the   o u t e r   p e r i p h e r a l   s u r f a c e   o f  



w h i c h   b r i c k   b e i n g   in  c o n t a c t   w i t h   t h e   l i n i n g   r e f r a c t o r y  

b r i c k   of  s a i d   v e s s e l   b o t t o m .   The  o b j e c t   of  t he   i n v e n t i o n  

is   to  p r o v i d e   an  e x c e l l e n t   p o r o u s   n o z z l e   in  w h i c h   t h e  

v e s s e l   i s   s u r r o u n e d   w i t h   an  i r o n   s h e l l   (3)  in  s u c h   a  

m a n n e r   t h a t   a  c i r c u l a r   gas  p o o l   (2)  i s   p r o v i d e d   a t   l e a s t  

a t   a  p a r t   or  t he   who le   of  t he   o u t e r   p e r i p h e r a l   s u r f a c e   o f  

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

a  p o r o u s   n o z z l e   (1)  and  at   l e a s t   a t   a  p a r t   or  t he   w h o l e   o f  

the   f l a n g e   p o r t i o n   at   the  l o w e r   end  of  a  f l a n g e   p o r o u s  

l a y e r   ( l a ) ,   t he   gas   p o o l   (2)  is   c o m m u n i c a t e d   w i t h   a  v e n t  

c l e a r a n c e   (2a )   in   the   o u t e r   p e r i p h e r a l   s u r f a c e   of  t h e  

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

a  p i p i n g   f rom  t he   o u t s i d e   i n t o   a  n o z z l e   o p e n i n g   ( l l a )  

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

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

f rom  t he   i n n e r   p e r i p h e r y   s u r f a c e   of  a  p o r o u s   r e f r a c t o r y  

l a y e r   ( l b )   c o n s t i t u t i n g   the  n o z z l e   c y l i n d r i c a l   p o r t i o n ,  

and  by  d o i n g   so  i t   is  p o s s i b l e   e a s i l y   to   f l o a t   up  a n d  

s e p a r a t e   t he   n o n - m e t a l l i c   i n c l u s i o n s   in  t he   m o l t e n   s t e e l  

w h i l e   p r e v e n t i n g   the   n o z z l e   o p e n i n g   f rom  c l o s u r e   and  s l a g  

i n v o l v e m e n t .  

F i g .   2  shows  an  e m b o d i m e n t   of  a  p o r o u s   n o z z l e   w h e r e  

the   p o r o u s   r e f r a c t o r y   l a y e r   of  F i g .   1  i s   made  d o u b l e .  

Tha t   i s ,   t h i s   p o r o u s   n o z z l e   is  the   one  in   w h i c h   the  p o r o u s  

r e f r a c t o r y   l a y e r   ( l a )   is  i s o l a t e d   by  a  s e a l i n g   member  ( 5 )  

f rom  t he   p o r o u s   r e f r a c t o r y   l a y e r   ( l b )   c o n s t i t u t i n g   t h e  



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

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

the   f u n c t i o n   of  j e t t i n g   them  i n t o   an  n o z z l e   o p e n i n g   ( l l a ) .  

The  p r e s e n t   p o r o u s   n o z z l e   has   in   one  u n i t   a  m e c h a n i s m   o f  

j e t t i n g   g a s e s   to   t he   u p p e r   s u r f a c e   of  t h e   f l a n g e ,   p e r -  

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

t h r o u g h   a  gas  b l o w i n g   o p e n i n g   (4)  m o u n t e d   a t   t he   end  o f  

a  gas   p o o l   (2)  p r o v i d e d   in  t he   c i r c u m f e r e n c e   a t   t he   l o w e r  

end  of  t he   f l a n g e   of  s a i d   p o r o u s   n o z z l e ,   and  a  m e c h a n i s m  

of  j e t t i n g   t h e   g a s e s   i n t o   t he   n o z z l e   o p e n i n g   ( l l a ) ,  

p e r m e a t i n g   t h e   p o r e s   of  the   p o r o u s   r e f r a c t o r y   l a y e r   ( l b )  

of  t he   n o z z l e   c y l i n d r i c a l   p o r t i o n   t h r o u g h   a  gas   p o o l   ( 2 a )  

s u r r o u n d e d   by  an  i r o n   s h e l l   ( 3 ) .   A  s e a l i n g   member  (5)  o f  

s e p a r a t i n g   s a i d   two  m e c h a n i s m   may  be  made  of  s i l i c a ,   a l u m i n a  

or  any  o t h e r   o p t i o n a l   s i n t e r e d   r e f r a c t o r y   to   p r e v e n t   g a s  

l e a k a g e   c o m p l e t e l y ,   and  t he   i m p o r t a n t   t h i n g   is   t h a t   a  g a s  

l e a k a g e   to  t h e   o u t s i d e   is  p r e v e n t e d   and  t h a t   a  gas   p e r -  

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

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

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

member  ( 5 ) .  

The  r e a s o n   of  s e p a r a t i n g   the   gas   e j e c t i o n   m e c h a n i s m  

in  t he   f l a n g e   u p p e r   s u r f a c e   f rom  t h a t   i n   t he   n o z z l e   o p e n i n g  

( l l a )   i s   t h a t   s p e c i f i c a l l y   in   a  p o r o u s   n o z z l e   f o r   t u n d i s h  

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

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



i s   r e c e i v e d   by  the   u p p e r   s u r f a c e   of  t he   f l a n g e ,   and  t h e  

m o l t e n   s t e e l   k i n e t i c   p r e s s u r e   ( p r e s s u r e   i s   r e d u c e d   b a s e d  

on  the   B e r n o u l l i ' s   t h e o r e m )   w h i c h   is  r e c e i v e d   by  the   i n n e r  

p e r i p h e r a l   s u r f a c e   of  the   n o z z l e   d u r i n g   the   t i m e   when  t h e  

m o l t e n   s t e e l   f l o w s - d o w n   w i t h i n   s a i d   n o z z l e   o p e n i n g ,   i t   i s  

n e c e s s a r y   to  s e p a r a t e l y   a d j u s t   t he   gas  b l o w i n g   p r e s s u r e   i n  

t he   f l a n g e   p o r t i o n   and  t h a t   i n t o   the   n o z z l e   o p e n i n g   ( l l a ) .  

C o n c e r n i n g   t he   p r e s s u r e   of  t h e   gas   b lown  i n t o   t he   n o z z l e  

o p e n i n g   ( l l a ) ,   i t   i s   p o s s i b l e   to   p r e v e n t   the   n o z z l e   f r o m  

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

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

a  gas  p r e s s u r e   u n n e c e s s a r i l y   r a i s e d   the   i n e r t   g a s e s   a r e  

i n v o l v e d   i n t o   t he   m o l t e n   s t e e l   when  the   m e l t   f l o w s   d o w n  

i n t o   t he   n o z z l e   o p e n i n g ,   and  t h e r e f o r e   t h e r e   is   an  u n -  

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

ing   p r o c e s s   of  the   m o l t e n   s t e e l .   F u r t h e r ,   the   p r e s e n t  

i n v e n t i o n   has   a  g r e a t   number   of  m e r i t s   in   s u c h   t h a t   i n  

the   c a s e   of  a  c l o s i n g   m e c h a n i s m   of  a  s l i d i n g   n o z z l e   ( l o w e r  

n o z z l e )   c o n s t i t u t i n g   the   l o w e r   p o r t i o n   of  s a i d   p o r o u s   n o z z l e ,  

i t   w i l l   s u f f i c e   on ly   to  e j e c t   gas  f rom  the   u p p e r   s u r f a c e  

of  the   f l a n g e   t h a n k s   to  a  p l u r a l i t y   of  b low  o p e n i n g s   a s  

a r r a n g e d ,   and  i f   n e c e s s a r y   i t   is   c a p a b l e   of  a d j u s t i n g   t h e  

gas  e j e c t i o n   and  gas  p r e s s u r e   f r e e l y   so  as  to   s a v e   the   u s e  

amount   of  i n e r t   g a s e s .  

A c c o r d i n g   to  the  p o r o u s   n o z z l e   of  F i g .   3,  t h e   p o r o u s  

r e f r a c t o r y   l a y e r   of  the   main   body  of  s a i d   p o r o u s   n o z z l e   i s  



c o n s t r u c t e d   in  such   a  way  t h a t   b e t w e e n   t he   p o r o u s   r e f r a c t o r y  

l a y e r   of  the   f l a n g e   n o r t i o n   and  t h a t   of  t he   c y l i n d r i c a l  

p o r t i o n   t h e r e   i s   f o rmed   a  f i n e   p o r o u s   r e f r a c t o r y   l a y e r   ( 6 )  

w h i c h   i s   f i n e   p o r o s i t y   and  has   a  g r e a t   gas   r e s i s t a n c y  

c o m p a r e d   w i t h   the   p o r o u s   r e f r a c t o r y   l a y e r   of  t he   ma in   p o r o u s  

b o d y ,   i n e r t   g a s e s   a r e   g u i d e d   f rom  t h e   gas   b low  o p e n i n g   ( 4 )  

and  t h e   g a s e s   a re   j e t t e d ,   t h r o u g h   t h e   gas   p o o l   ( 2 ) ,   f r o m  

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

t h e   p o r o u s   r e f r a c t o r y   l a y e r   ( l a )   of  the   f l a n g e   p o r t i o n ,  

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

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

t h e   f i n e   p o r o u s   r e f r a c t o r y   l a y e r   (6)  t h e r e b y   to  be  j e t t e d  

i n t o   t h e   n o z z l e   o p e n i n g .   When  a  p a r t   of  t h e   i n e r t   g a s e s  

p e r m e a t e s   t h r o u g h   s a i d   f i n e   p o r o u s   r e f r a c t o r y   l a y e r   ( 6 )  

t h e   gas   p r e s s u r e   is   c o n s i d e r a b l y   r e d u c e d   so  t h a t   t h e   a m o u n t  

of  t he   gas   e n t e r i n g   i n t o   the   n o z z l e   o p e n i n g   ( l l a )   i s   d e -  

c r e a s e d   and  t h e r e f o r e ,   t he   m o l t e n   s t e e l   w i l l   n e v e r   b e  

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

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

n o t   f l a t   in   i t s   s e c t i o n a l   c o n f i g u r a t i o n   b u t   i t   may  be  o f  

o p t i o n a l   s h a p e ,   and  n a t u r a l l y   the  t h i c k n e s s   of  s a i d   l a y e r  

is   o p t i o n a l l y   s e l e c t e d   and  s a i d   l a y e r   is   f o r m e d   in   s h a p e  

and  t h i c k n e s s   a n s w e r i n g   the   c o n d i t i o n s ,   c o n s i d e r i n g   t h e  

p e r m e a t i o n   and  r e s i s t a n c e   of  the   g a s .  

F i g .   4  is  a  s c h e m a t i c a l   s e c t i o n a l   v i ew  of  t he   p o r o u s  

n o z z l e   of  F i g .   2,  in  w h i c h   the   p o r o u s   n o z z l e   w h e r e i n   t h e  



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

f rom  t h a t   i n t o   the   n o z z l e   o p e n i n g ,   i s   a r r a n g e d   a t   t h e  

b o t t o m   of  a  m o l t e n   m e t a l   v e s s e l .   F u r t h e r ,   F i g .   4  is   a l s o  

a  s e c t i o n a l   v iew  of  t he   p o r o u s   n o z z l e   (1)  as  a r r a n g e d ,  

in   w h i c h   a  t h r o u g h  h o l e   i s   p r o v i d e d   a t   t he   b o t t o m   of  a  

v e s s e l   whe re   a  i r o n   c a s i n g   (7)  i s   l i n e d   w i t h   r e f r a c t o r y  

b r i c k s   ( 8 ) ,   s a i d   p o r o u s   n o z z l e   b e i n g   m o u n t e d   in   t he   c e n t r a l  

zone  of  the   i n n e r   p e r i p h e r a l   s u r f a c e   of  a  n o z z l e - r e c e i v i n g  

b r i c k   (9)  f i x e d   in   s a i d   t h r o u g h   h o l e .   F i g :   4  i s   e x a m p l i f i e d  

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

s l i d i n g   n o z z l e   ( 1 0 ) ,   b u t   s a i d   n o z z l e   can  n a t u r a l l y   b e  

a p p l i c a b l e   to  me l t   d i s c h a r g i n g   n o z z l e s   w h i c h   a d o p t   a  s t o p p e r  

s y s t e m   as  a  n o z z l e   o p e n i n g   and  c l o s i n g   m e c h a n i s m .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way  of  e x a m p l e .  

By  m o u n t i n g   the   p o r o u s   n o z z l e   ( shown  in  F i g .   2)  o f  

t he   i n v e n t i o n   to  a  t u n d i s h   c o n t a i n e r   t h e r e   was  c a r r i e d   o u t  

a  4 - c o n t i n u o u s   c a s t i n g   o p e r a t i o n   f o r   s t e e l   p l a t e s   f o r   m o t o r -  

c a r s ,   b u t   as  e x p e c t e d   i n i t i a l l y   t h e r e   was  n e i t h e r   c o n t r a c t i o n  

nor   c l o s u r e   of  t he   n o z z l e   a t   a l l ,   and  no t   o b s e r v e d   any  s l a g  

i n v o l v e m e n t   when  the   l a d l e   was  r e p l a c e d .   M o r e o v e r ,   e v e n  

the   i n d e x   of  the   n o n - m e t a l l i c   i n c l u s i o n s   c o u l d   be  r e d u c e d  

by  30-40%  c o m p a r e d   w i t h   c o n v e n t i o n a l   p o r o u s   n o z z l e s   t o  

o b t a i n   a  v e r y   s a t i s f a c t o r y   r e s u l t .   The  c o n d i t i o n s   o f  

c a r r y i n g   out   the   o p e r a t i o n   a r e   as  f o l l o w s :  



The  more  the   p o r o u s   n o z z l e   of  t he   i n v e n t i o n   w i d e n s  

i t s   w i d t h   in   an  o p e r a b l e   r a n g e   in   t he   l e n g t h  i n   t he   w i d t h  

d i r e c t i o n   of  the   f l a n g e ,   t he   more  i t   p r o d u c e s   i t s   e f f e c t .  

H o w e v e r ,   p u t t i n g   t he   s h a p e   and  c a p a c i t y   of  t he   m e l t   v e s s e l  

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

s i d e r a t i o n   the   op t imum  w i d t h   and  t h i c k n e s s   of  t he   f l a n g e  

s h o u l d   be  s e l e c t e d .   In   the   d r a w i n g s   the   u p p e r   s u r f a c e   6 f  

t h e   f l a n g e   i s   shown  in   a  f l a t   c o n f i g u r a t i o n ,   b u t   the   s h a p e  

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

t r o u b l e   in   use   even   i f   t h e   s u r f a c e   i s   c u r v e d   or  u n e v e n  

a  l i t t l e .   The  i m p o r t a n t   t h i n g   i s   t h a t   the   p o r o u s   n o z z l e  

has   a  f u n c t i o n   f o r   e j e c t i n g   an  i n e r t   gas   t o w a r d   t h e   u p p e r  

p o r t i o n   of  t he   m o l t e n   m e t a l .   The  p o r o u s   n o z z l e   of   t h e  



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

r e s p e c t   to  a  t u n d i s h   n o z z l e   f o r   m o l t e n   s t e e l ,   bu t   t h e  

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

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

as  c o p p e r .  



1.  A  r e f r a c t o r y   p o r o u s   n o z z l e   w h i c h   i s   a r r a n g e d   a t   t h e  

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

s a i d   p o r o u s   n o z z l e   i s   made  i n   one  body   h a v i n g   a  f l a n g e  

p o r t i o n   a t   i t s   u p p e r   p o r t i o n   and  a  c y l i n d r i c a l   p o r t i o n   a t  

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

main  body   of  s a i d   p o r o u s   n o z z l e   i s   g a s - t i g h t l y   e n c l o s e d  

w i t h   a  s t e e l   s h e l l ,   a  gas   p o o l   i s   p r o v i d e d   b e t w e e n   t h e  

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

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

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

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

2.  A  p o r o u s   n o z z l e   as  d e s c r i b e d   in   C l a i m   1  w h e r e i n  

the  f l a n g e   D o r t i o n   and  c y l i n d r i c a l   p o r t i o n   of  t he   n o z z l e  

are   c o n s t r u c t e d   i n   one  body   t h r o u g h   a  s e a l i n g   member ,   a n d  

each  gas  p o o l   i s   c o m m u n i c t e d   w i t h   an  i n e r t   gas  f e e d i n g   p i p e .  

3.  A  p o r o u s   n o z z l e   as  d e s c r i b e d   in   C l a i m   1  w h e r e i n   t h e  

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

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

more  f i n e   t h a n   i n   t h e   n o z z l e   b o d y ,   a  gas   p o o l   i s   p r o v i d e d  

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

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

p i p e .  








	bibliography
	description
	claims
	drawings
	search report

