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©  A  seal  at  a  junction  between  a  refractory  nozzle  2 
dependent  from  a  veseel  containing  a  molten  metal  charge 
and  a  tubular  shroud  3  for  enveloping  the  molten  metal 
during  teeming,  comprising  a  pliable  ring  gasket  (7  or  8) 
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containing  or  consisting  of  a  material  designed  to  soften  at 
the  operating  temperature  experienced  at  said  junction 
sufficient  to  assume  a  shape  and  attitude  such  as  to  seal  any 
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i n h i b i t i n g   the  b lockage  of  the  t u n d i s h   nozz les   c o n s e q u e n t  

h i t h e r t o   on  such  o x i d a t i o n .   The  use  of  i ne r t   gas  e n v e l o p e s  

is  a v o i d e d .  

F u r t h e r ,   the  seal   can  e a s i l y   be  broken  at  the  end  of  c a s t i n g  

one  l a d l e   and  can  be  r e a d i l y   re-made  on  a  second  l a d l e   t o  

the  e x i s t i n g   shroud  when  sequenc ing   c a s t s ,   tha t   i s ,  

d i s c h a r g i n g   in  sequence  the  c o n t e n t s   of  s u c c e s s i v e   l a d l e s  

moved  in to   p o s i t i o n   over  the  t u n d i s h .   In  a d d i t i o n ,   b e c a u s e  

of  i t s   compla in t   mode,  the  sea l   m a i n t a i n s   i t s   i n t e g r i t y  

du r ing   the  movement  of  the  nozz le   as  the  s l i d e   gate  va lve   i s  

opened  and  t h r o t t l e d   etc  dur ing  teeming,   ie  i t   a d j u s t s   t o  

the  p o s i t i o n s   and  a t t i t u d e s   adopted  dur ing  the  s t ream  f l o w  

c o n t r o l .  

In  o rde r   tha t   the  i n v e n t i o n   may  be  f u l l y   u n d e r s t o o d ,  t w o  

embodiments  t h e r e o f   w i l l   now  be  d e s c r i b e d   with  r e f e r e n c e   t o  

the  accompanying  drawings ,   in  w h i c h :  

F igure   1  i l l u s t r a t e s   the  g e n e r a l   layout   with  one  f o r m  

of  s ea l   and 

F igure   2  i l l u s t r a t e s   ano ther   form  of  s e a l  

R e f e r r i n g   now  to  Figure  1  the re   is  shown  only  one  r e l e v e n t  

component  of  the  s l i d i n g   gate  v a l v e ,   namely  the  c o l l e c t o r   1 

having  a  t ape red   end  2  on  i t s   dependent   n o z z l e .  

Mounted  benea th   the  c o l l e c t o r   nozz le   is  a  f l a r e d   t u b u l a r  

r e f r a c t o r y   shroud  3  and  t h i s   is  mounted  and  s u p p o r t e d   on  a  

s e p a r a t e   p l a t f o r m   (not  shown).  The  lower  end  of  the  s h r o u d  

is  immersed  below  the  l e v e l   of  the  molten  s t e e l   4  in  t h e  

t u n d i s h   5,  the  su r face   of  the  s t e e l   being  covered  with  a  

l a y e r   of  i n s u l a t i n g   powder  6.The  j u n c t i o n   between  the  u p p e r  
f l a r e d   end  of  the  shroud  3  and  the  c o l l e c t o r   2  is  s e a l e d   by 

an  0 - r i n g   7  which  is  sandwiched  in  p lace   as  the  nozz le   and 

shroud  mate  t o g e t h e r .   More  p a r t i c u l a r l y ,   t h i s   r ing  c o m p r i s e s  

a  t u b u l a r   cas ing  of  flame  r e t a r d a n t   or  flame  r e s i s t a n t  



m a t e r i a l   e n c l o s i n g   w i th in   it   a  powdery  compos i t ion   of  e g  

bor ic   oxide  and  c a l c i u m / a l u m i n o   s i l i c a t e .  

In  o p e r a t i o n ,   s t e e l   is  teemed  through  the  nozzle   as  i t   i s  

moved  in to   a l i g n m e n t   with  the  l a d l e   pour  opening  (not  shown) 

and  as  the  t e m p e r a t u r e   of  the  j u n c t i o n   r i s e s   c o n s e q u e n t  

upon  t h i s   the  c o m p o s i t i o n   wi th in   the  t u b u l a r   c a s ing   of  t h e  

o- r ing   s o f t e n s   and  the  whole  assumes  a  shape  and  a t t i t u d e   t o  

seal   the  j u n c t i o n   and  f i l l   any  v o i d s .  

The  e n t r a i n m e n t   of  a i r   is  i n h i b i t e d   and  t u r b u l e n c e   a r o u n d  

the  base  of  the  shroud  in  the  t u n d i s h   is  minimised  so  as  n o t  

n o t i c e a b l y   to  d i s t u r b   the  i n s u l a t i o n   powder  6 .  

R e s t r i c t e d   movement  of  the  c o l l e c t o r   is  r e a d i l y  

accommodated  by  the  seal   which  ac t s   in  a  s e l f - s e a l i n g  

fash ion   under   the  c i r c u m s t a n c e s .   The  t u b u l a r   c a s ing   s h o u l d  

simply  be  s t r o n g   enough  to  w i t h s t a n d   minor  a b r a s i o n   so  as  t o  

r e t a i n   the  c o m p o s i t i o n   w i th in   i t   be fore   v o l a t i l i s a t i o n   a n d  

may  be  formed  from  a  p l a s t i c s   m a t e r i a l   e.g  p o l y v i n y l c h l o r i d e  

in  the  manner  of  a  sausage  skin  or  a  p l a s t i c s   hose  or  e v e n  

tough  pape r ;   each  may  be  t r e a t e d   with  sodium  s i l i c a t e   f o r  

flame  r e s i s t a n c e .  

Figure  2  shows  an  a l t e r n a t i v e   form  of  s ea l   in  which  a  

t apered   r i n g   g a s k e t   8  of  c o n v e n t i o n a l   des ign   has  a  

c e m e n t i t i o u s   s o f t e n a b l e   compos i t ion   9,  as  above,  l a y e r e d   on 

to  i t s   s u r f a c e   so  t ha t   when  compressed  into  p o s i t i o n   t h i s  

su r face   l a y e r   comple tes   a  g a s - i m p e r v i o u s   sea l   over  t h e  

normal ly   p e r v i o u s   g a s k e t .  

Although  t h i s   i n v e n t i o n   has  been  d e s c r i b e d   with  r e f e r e n c e   t o  

the  s p e c i f i c   embodiments  i l l u s t r a t e d ,   i t   is  to  be  u n d e r s t o o d  

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

d e p a r t i n g   from  the  scope  of  t h i s   i n v e n t i o n .   For  e x a m p l e ,  

the  p r e c i s e   p o s i t i o n i n g   of  the  sea l   is  not  c r i t i c a l   so  l o n g  

as  the  j u n c t i o n   is  e f f e c t i v e l y   c losed   and  i t   is  n o t  

e s s e n t i a l   for   the  c o l l e c t o r   and  the  shroud  to  have  m a t i n g  



t a p e r s .   P o s i t i o n i n g   of  the  sea l   may  be  f a c i l i t a t e d   by  

i n c o r p o r a t i n g   a  p r o t r u d i n g   handle   by  which  it   can  b e  

m a n i p u l a t e d   from  a  d i s t a n c e .   The  dependent   nozzle   may  n o t  

n e c e s s a r i l y   be  a  component  of  a  s l i d e   gate  v a l v e .  



1.  A  sea l   at  a  j u n c t i o n   between  a  r e f r a c t o r y   nozzle  dependen t   from  a 

ve s se l   c o n t a i n i n g   a  molten  meta l   charge   and  a  t ubu la r   shroud  f o r  

enve lop ing   the  mol ten   metal   dur ing   teeming,   c h a r a c t e r i s e d   by  a  p l i a b l e  

r ing  gasket   (7  or  8,  9)  sandwiched  between  the  nozzle  and  the  s h r o u d ,  

the  gasket   c o n t a i n i n g   or  c o n s i s t i n g   of  a  m a t e r i a l   des igned   to  s o f t e n  

at  the  o p e r a t i n g   t e m p e r a t u r e   e x p e r i e n c e d   at  said  j u n c t i o n   s u f f i c i e n t  

to  assume  a  shape  and  a t t i t u d e   such  as  to  seal   any  v o i d s .  

2.  A  seal   a c c o r d i n g   to  claim  1,  c h a r a c t e r i s e d   in  tha t   the  g a s k e t   (7)  i s  

in  the  form  of  a  c i r c u l a r   tube  of  c i r c u l a r   c r o s s - s e c t i o n .  

3.  A  sea l   a c c o r d i n g   to  claim  2,  c h a r a c t e r i s e d   in  tha t   the  m a t e r i a l   is  a  

powder  c o m p o s i t i o n   (at  normal  room  t e m p e r a t u r e )   encased  in  a  p l i a b l e   f lame 

r e t a r d a n t   or  flame  r e s i s t a n t   c a s i n g .  

4.  A  sea l   a c c o r d i n g   to  c la im  3,  c h a r a c t e r i s e d   in  t ha t   the  ca s ing   is  a  

hose  made  of  paper   or  a  p l a s t i c s   m a t e r i a l .  

5.  A  sea l   a c c o r d i n g   to  claim  4,  c h a r a c t e r i s e d   in  t ha t   the  p l a s t i c s  

m a t e r i a l   is  p o l y v i n y l c h l o r i d e .  

6.  A  sea l   a c c o r d i n g   to  any  one  of  the  claims  1  to  5,  c h a r a c t e r i s e d   in  t h a t  

the  r ing  gaske t   i n c o r p o r a t e s   a  p r o t r u d i n g   handle  by  which  the  gaske t   can  be  

p o s i t i o n e d   from  a  remote  s i t e .  

7,  A  sea l   a c c o r d i n g   to  claim  1,  c h a r a c t e r i s e d   in  t h a t   the  g a s k e t  

comprises   a  c o m p r e s s i b l e   r e f r a c t o r y   body  i n c o r p o r a t i n g   the  s a i d   m a t e r i a l   i n  

the  form  of  a  c e m e n t i t i o u s   p r o d u c t .  

8.  A  seal   a c c o r d i n g   to  c la im  1,  c h a r a c t e r i s e d   in  t h a t   the  g a s k e t  

comprises  a  c o m p r e s s i b l e   r e f r a c t o r y   body  (8)  on  the  s u r f a c e   of  which  h a s  

been  spread  the  sa id   m a t e r i a l   in  the  form  of  a  c e m e n t i t i o u s   p roduc t   ( 9 ) .  

9.  A  seal   a c c o r d i n g   to  any  one  of  the  claims  1  to  8,  c h a r a c t e r i s e d   i n  

that   the  said  m a t e r i a l   is  ca lc ium  or  alumino  s i l i c a t e   or  lead  g l a s s .  

10.  A  seal   a c c o r d i n g   to  any  one  of  the  claims  1  to  9,  c h a r a c t e r i s e d   i n  

that   the  said  m a t e r i a l   i n c o r p o r a t e s   bor ic   acid  as  the  s o f t e n i n g   a g e n t .  
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s u r f a c e .   This  in  turn   causes   heat  l o s s e s ,   and  the  b u i l d   up 
of  f r o z e n   s t e e l   around  the  exposed  shroud  metal   i n t e r f a c e .  

It  is  an  o b j e c t   of  t h i s   i n v e n t i o n   to  provide  an  a i r - t i g h t  

s e a l ,   s p e c i f i c a l l y   at  the  j u n c t i o n   of  the  shroud  a n d  

5.  c o l l e c t o r   n o z z l e .  

a 

From  one  a s p e c t   the  p r e s e n t   i n v e n t i o n   p rov ides   a  s e a l   at  a  

j u n c t i o n   be tween  a  r e f r a c t o r y   nozz le   dependent  from  a  v e s s e l  

c o n t a i n i n g   a  mol ten  meta l   charge  and  a  t u b u l a r   shroud  f o r  

e n v e l o p i n g   the  molten  meta l   dur ing  teeming,   c o m p r i s i n g   a  

10.  p l i a b l e   r i ng   gaske t   sandwiched  between  the  nozz le   and  t h e  

shroud,   the  gaske t   c o n t a i n i n g   or  c o n s i s t i n g   of  a  m a t e r i a l  

des igned   to  s o f t e n   at  the  o p e r a t i n g   t e m p e r a t u r e   e x p e r i e n c e d  

at  sa id   j u n c t i o n   s u f f i c i e n t   to  assume  a  shape  and  a t t i t u d e  

such  as  to  s ea l   any  v o i d s .  

15.  P r e f e r a b l y   the  gaske t   is  in  the  form  of  a  c i r c u l a r   tube  o f  

c i r c u l a r   c ro s s   s e c t i o n ,   the  m a t e r i a l   being  a  p o w d e r  

c o m p o s i t i o n   (at  normal  room  t e m p e r a t u r e )   encased  in  a  f l a m e  

r e s i s t a n t   c a s ing ;   the  gaske t   is  s l i pped   onto  the  end  o f  

c o l l e c t o r   nozz le   or  into  the  i n s i d e   of  the  f l a r e d   mouth  o f  

20.  the  s h r o u d .  

A l t e r n a t i v e l y ,   the  said  m a t e r i a l   may  be  in  the  form  of  a  

c e m e n t i t i o u s   p roduc t   l a y e r e d   on  the  su r f ace   of  a  

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

above  or  indeed  the  m a t e r i a l   may  be  i n c o r p o r a t e d   as  a n  

25.  i n h e r e n t   c o n s t i t u e n t   of  the  gaske t   i t s e l f .  

The  sa id   m a t e r i a l   may  comprise  calcium  s i l i c a t e   or  a l u m i n o  

s i l i c a t e   and  embody  bor ic   oxide  as  the  s o f t e n i n g   a g e n t , o r  

a l t e r n a t i v e l y   powdered  lead  g l a s s   or  lead  borax  g l a s s .  

In  a c c o r d a n c e   with  t h i s   i n v e n t i o n   then,  the  d e s i g n   p r o v i d e s  

30.  a  very  e f f i c i e n t   sea l   a g a i n s t   the  i n g r e s s   of  a i r   d u r i n g  

teeming,   m i n i m i s i n g   n i t r o g e n   p ick-up   and  the  o x i d a t i o n   o f  

the  s t e e l   in  the  t u b u l a r   r e f r a c t o r y   shroud  and  e f f e c t i v e l y  



This  i n v e n t i o n   r e l a t e d   to  metal   teeming  seals  and  more  

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

are  mounted  in  j u x t a p o s i t i o n   in  teeming  metal ,   eg  s t e e l ,  

from  a  l ad le   to  a  t u n d i s h .  

5.  During  con t inuous   c a s t i n g   of  s t e e l ,   it  is  now  common 

p r a c t i c e   to  teem  the  l ad l e   s t ream  through  a  s l i d e   gate  v a l v e  

into  the  t u n d i s h   through  a  r e f r a c t o r y   tube  (known  as  a  

s h r o u d ) .  

This  reduces   the  r e a c t i o n   of  the  atmosphere  with  the  l a d l e  

10.  s t ream;  min imises   t e m p e r a t u r e   f a l l   from  the  s t e e l   a n d  

g e n e r a l l y   makes  the  c a s t i n g   envi ronment   more  t o l e r a b l e   f rom 

the  p resence   of  f l y i n g   d r o p l e t s   of  s t e e l .  

This  shroud  is  f i t t e d   on  to  the  bottom  of  the  d e p e n d e n t  

l ad l e   nozzle   j u s t   before   the  gate  is  opened.  A  form  o f  

15.  gasket   of  sometimes  used  at  the  j u n c t i o n   but  a l t h o u g h  

compres s ib l e   i t   is  s t i l l   pe rmeable .   More  f r e q u e n t l y ,   t h e  

' s e a l '   is  g e n e r a l l y   a  s imple  su r f ace   contact   between  t h e  

r e f r a c t o r y   shroud  and  the  nozz le   but  unless   a  p e r f e c t   g a s -  

t i g h t   seal   is  a ch ieved ,   the  flow  of  s t e e l   through  t h i s  

20.  ar rangement   induces   a  s u c t i o n   e f f e c t   e x p l o i t i n g   any  w e a k n e s s  

in  the  s ea l ,   p a r t i c u l a r l y   s ince   the  i n t e r n a l   d i ame te r   of  t h e  

shroud  is  l a r g e r   than  the  bore  in  the  nozzle ,   the  s h r o u d  

a c t i n g   as  a  mixing  chamber  promot ing   a i r   e n t r a i n m e n t .   T h i s  

r e s u l t s   in  the  pick  up  of  n i t r o g e n ,   the  o x i d a t i o n   o f  

25.  d i s s o l v e d   e lements   such  as  aluminium,  and  the  en t r apmen t   o f  

such  oxides  in  the  s o l i d i f y i n g   s t e e l   leading  to  an  

accumula t ion   on  the  t und i sh /mou ld   nozzle  with  the  danger   o f  

an  even tua l   b l o c k a g e .  

If  an  i n e r t   gas  such  as  argon  envelopes   the  head  of  t h e  

30.  shroud  and  is  allowed  to  be  sucked  in  these  problems  a r e  

p r e v e n t e d ,   but  s ince  argon  does  not  d i s so lve   in  s t e e l ,   t h e  

r e l e a s e   of  t h i s   gas  in  the  t und i sh   can  cause  t u r b u l e n c e  

which  d r ives   away  any  i n s u l a t i o n   powder  f l o a t i n g   on  t h e  
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i n h i b i t i n g   the  b lockage   of  the  t und i sh   nozz les   c o n s e q u e n t  

h i t h e r t o   on  such  o x i d a t i o n .   The  use  of  i ne r t   gas  e n v e l o p e s  

is  a v o i d e d .  

F u r t h e r ,   the  seal   can  e a s i l y   be  broken  at  the  end  of  c a s t i n g  

5.  one  l a d l e   and  can  be  r e a d i l y   re-made  on  a  second  l a d l e   t o  

the  e x i s t i n g   shroud  when  sequenc ing   c a s t s ,   tha t   i s ,  

d i s c h a r g i n g   in  sequence  the  c o n t e n t s   of  s u c c e s s i v e   l a d l e s  

moved  in to   p o s i t i o n   over  the  t u n d i s h .   In  a d d i t i o n ,   b e c a u s e  

of  i t s   compla in t   mode,  the  seal   m a i n t a i n s   i t s   i n t e g r i t y  

10.  dur ing   the  movement  of  the  nozz le   as  the  s l i d e   gate  va lve   i s  

opened  and  t h r o t t l e d   etc  during  teeming,   ie  i t   a d j u s t s   t o  

the  p o s i t i o n s   and  a t t i t u d e s   adopted  dur ing  the  s t ream  f l o w  

c o n t r o l .  

In  o rder   tha t   the  i n v e n t i o n   may  be  f u l l y   u n d e r s t o o d ,   two 

15.  embodiments  t h e r e o f   w i l l   now  be  d e s c r i b e d   with  r e f e r e n c e   t o  

the  accompanying  d rawings ,   in  w h i c h :  

F igure   1  i l l u s t r a t e s   the  g e n e r a l   layout  with  one  f o r m  

of  s ea l   and 

F igure   2  i l l u s t r a t e s   ano ther   form  of  s e a l  

20.  R e f e r r i n g   now  to  Figure   1  the re   is  shown  only  one  r e l e v e n t  

component  of  the  s l i d i n g   gate  v a l v e ,   namely  the  c o l l e c t o r   1 

having  a  t ape red   end  2  on  i t s   dependent   n o z z l e .  

Mounted  benea th   the  c o l l e c t o r   nozz le   is  a  f l a r e d   t u b u l a r  

r e f r a c t o r y   shroud  3  and  t h i s   is  mounted  and  s u p p o r t e d   on  a  

25.  s e p a r a t e   p l a t f o r m   (not  shown).  The  lower  end  of  the  s h r o u d  

is  immersed  below  the  l e v e l   of  the  molten  s t e e l   4  in  t h e  

t u n d i s h   5,  the  su r f ace   of  the  s t e e l   being  covered  with  a  

l aye r   of  i n s u l a t i n g   powder  6.The  j u n c t i o n   between  the  u p p e r  

f l a r e d   end  of  the  shroud  3  and  the  c o l l e c t o r   2  is  s e a l e d   by 

30.  an  0 - r i n g   7  which  is  sandwiched  in  place  as  the  nozz le   and 

shroud  mate  t o g e t h e r .   More  p a r t i c u l a r l y ,   t h i s   r ing   c o m p r i s e s  

a  t u b u l a r   cas ing  of  flame  r e t a r d a n t   or  flame  r e s i s t a n t  
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