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©  Continuous  vacuum  degassing  and  casting  of  steel. 
  The  invention  provides  an  improved  system  for  con- 
tinuous  processing  of  molten  steel  and  other  metals  com- 
prising  continuous  withdrawal,  vacuum  treatment  and  cast- 
ing,  employing  a  specialized  post-treatment  vessel  stationed 
adjacent  to  a  continually  maintained  supply  of  metal  in  a 
furnace  bath.  The  post-treatment  vessel  incorporates  a 
vacuum  degassing  column  chamber  section  which  is  fed 
with  metal  through  a  withdrawal  tube  with  the  inlet  inserted 
into  the  furnace  bath  and  the  outlet  into  the  degassing 
column,  the  lower  portion  of  which  extends  laterally  into  a 
tundish  pouring  section  from  which  metal  is  poured  through 
a  nozzle  directly  into  a  continuous  caster.  Sealing  of  the 
continuous  casting  tundish  cover,  which  is  incorporated  into 
the  post-treatment  vessel  assembly,  is  a  key  element  of  the 
invention. 





The  i n v e n t i o n   r e l a t e s   to  the  t e c h n o l o g y   of  s t e e l m a k i n g   a n d ,  

more  p a r t i c u l a r l y ,   to  an  improved  method  and  a p p a r a t u s   for   c o n t i n u o u s  

vacuum  d e g a s s i n g   and  c a s t i n g   of  molten  s t e e l . .  

My  United  S t a t e s   Pa tent   No.  3 ,514 ,280   d e s c r i b e s   c o n t i n u o u s  

metal  m e l t i n g ,   wi thdrawal   and  d i s c h a r g e   from  a  metal  ba th   m a i n t a i n e d  

wi th in   a  r o t a r y   fu rnace   emplying  a  s iphon  tube  l ead ing   to  an  e x t e r n a l  

chamber  m a i n t a i n e d   under  a  n e g a t i v e   p r e s s u r e   c o n t r o l l e d   in  such  a  manner  

as  to  r e g u l a t e   the  r a t e   of  metal  d i s c h a r g e   v ia   the  chamber.  F u r t h e r ,   my 

U.S.  Pa ten t   A p p l i c a t i o n   No.  351,669  d i s c l o s e s   a  p r o c e s s   for  h igh ly   e n e r g y -  

e f f i c i e n t   charge  p r e h e a t i n g ,   s t e e l m a k i n g ,   wi thdrawal   and  c a s t i n g   on  a  

c o n t i n u o u s   b a s i s ,   i n c o r p o r a t i n g   a  more  s o p h i s t i c a t e d   vacuum  wi thdrawal   a n d  

p o s t - t r e a t m e n t   system  for   the  molten  s t e e l   for   c a s t i n g .  

Because  of  i t s   high  t e m p e r a t u r e   and  s i n g u l a r   chemical  a n d  

p h y s i c a l   p r o p e r t i e s   in  the  molten  c o n d i t i o n ,   s t e e l   poses  a  unique  c o m b i n a t i o n  

of  p r o c e s s i n g   problems  which  have  not  been  f u l l y   overcome  by  the  above  o r  

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

E f f e c t i v e   s t e e l   d e g a s s i n g   r e q u i r e s   very   high  vacuum  l e v e l s ,   t h a t  

is ,   v i r t u a l l y   complete  e v a c u a t i o n ,   in  combina t ion   with  l a rge   exposed  s u r f a c e  

a r e a - t o - v o l u m e   r a t i o ,   and  it   is  an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  m o s t  

e f f i c i e n t l y   p rov ide   for  i n i t i a t i n g   and  m a i n t a i n i n g   of  c o n s i s t e n t l y   high  vacuum 

l e v e l s   i n  t h e   degass ing   o p e r a t i o n .  



Any  exposure   to  a i r   or  oxygen  a d v e r s e l y   a f f e c t s   s t e e l   c l e a n l i n e s s  

and  con t ro l   of  c o m p o s i t i o n ,   and  a n o t h e r   o b j e c t   is  to  e l i m i n a t e   or  m i n i m i z e  

meta l   exposure  to  a tmosphere   dur ing   and  f o l l o w i n g   d i s c h a r g e   from  t h e  

f u r n a c e .  

The  high  t e m p e r a t u r e   and  c h e m i c a l l y   a c t i v e   n a t u r e   of  mo l t en   s t e e l  

e rodes   the  r e f r a c t o r y   i n t e r i o r s   of  c o n t a i n i n g   v e s s e l s ,   d u c t s ,   v a l v e s ,   e t c .  

r e s u l t i n g  i n   g radual   and  p r o g r e s s i v e   changes  of  d imens ions   du r ing   o p e r a t i o n  

and  i t   is  a  f u r t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  e l i m i n a t e   a n y  

s i g n i f i c a n t   e f f e c t   of  t he se   o c c u r r e n c e s   on  p r o c e s s   c o n t r o l   p a r a m e t e r s .  

Small  p a s s a g e s ,   v a l v e s   and  flow  a d j u s t m e n t   dev i ce s   can  be  s u b j e c t  

to  p lugging   by  l o c a l i z e d   meta l   f r e e z i n g   and  a l so   by  c h a r a c t e r i s t i c   g r a d u a l  

b u i l d - u p s   of  agg lomera ted   n o n - m e t a l l i c   i n c l u s i o n   m a t e r i a l   from  w i t h i n   t h e  

me ta l ,   as  well  as  mechan ica l   p rob lems ,   and  s t i l l   a n o t h e r   o b j e c t   is  to  r e d u c e  

to  a  maximum  of  one  the  number  of  such  flow  r e s t r i c t i o n s   in  the  m o l t e n  

meta l   sequence  of  movement  a f t e r   l e a v i n g   the  m o l t e n  f u r n a c e   b a t h .  

Fur the rmore ,   to  s t a r t   o p e r a t i o n ,   the  methods  p r e v i o u s l y  

d e s c r i b e d   u t i l i z e   a  s econda ry   s h u t - o f f   and  seal   ahead  of,   and  in  a d d i t i o n   t o ,  

the  ca s t i ng   gate  or  t h r o t t l i n g   va lve ,   as  n e c e s s a r y   to  p rov ide   for   an  i n i t i a l  

s t a r t i n g   vacuum  and  f i l l i n g   of  the  w i thd rawa l   a p p a r a t u s   with  m e t a l ,  a n d   i t   i s  

a  s t i l l   f u r t h e r  o b j e c t   to  e l i m i n a t e   the   need  for   t h i s   s econdary   s h u t - o f f  

and  s e a l .  

The  key  element  of  the  p r e s e n t   i n v e n t i o n   is  the  c l o s u r e   and  

s e a l i n g   of  c a s t i n g   pool  t u n d i s h   from  the  o u t s i d e   a t m o s p h e r e .   This   is  p r o v i d e d  

in  combinat ion  with  s u f f i c i e n t   d e g a s s i n g   chamber  h e i g h t   to  accomodate  m o l t e n  

metal  column  with  a  o n e - a t m o s p h e r e   f e r r o s t a t i c   head  of  metal   above  the  h i g h e s t  

furnace   l e v e l ,   and  e l i m i n a t i o n   of  flow  l i m i t i n g   or  c o n t r o l l i n g   s i z e   r e s t r i c t i o n s  

o f  t h e   f u r n a c e - t o - v e s s e l   passage   or  v e s s e l - t o - t u n d i s h   p a s s a g e ,   to  r e a l i z e  

a  more  e f f e c t i v e ,   simple  and  t r o u b l e - f r e e   system.   At  s t a r t - u p ,   a  ga te   v a l v e  

(or  va lves)   at  the  c a s t i n g   o u t l e t ( s )   sea l   the  sys tem,   a l l owing   drawing  o f  

i n i t i a l   vacuum  and  f i l l - u p   with  m e t a l ,   and  then  the  c a s t i n g   o u t l e t ( s )  



act  as  the  only   con t ro l   po in t   dur ing   o p e r a t i o n .   The  absence   of  o the r   f l o w  

r e s t r i c t i o n   r e n d e r s   any  d imens iona l   change  in  o the r   p a r t s   of  the  system  f rom 

e r o s i o n   or  t he rmal   e f f e c t s   e s s e n t i a l l y   i r r e l e v a n t   to  the  end  o p e r a t i n g   r e s u l t .  

The  method  of  the  p r e s e n t   i n v e n t i o n   thus  i n c o r p o r a t e s   methods  f o r  

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

in  which  a  mol ten   metal  column  is  m a i n t a i n e d   with  i t s   top  s u r f a c e   under   vacuum 

in  a  c o n t i n u o u s   p o s t - t r e a t m e n t   v e s s e l   l o c a t e d   a d j a c e n t   to  a  c o n t i n u a l l y  

r e p l e n i s h e d   mol ten   metal  bath ,   wi th   the  column  having  a  b a r o m e t r i c   h e i g h t  

above  the  bath  c o r r e s p o n d i n g   to  the  d i f f e r e n t i a l   between  p r e v a i l i n g   a t m o s -  

p h e r i c   p r e s s u r e   on  the  bath  s u r f a c e   and  the  vacuum  p r e s s u r e ,   and  t h e  

column  is  fed  with  metal  from  the  ba th   by  way  a  tube  with  the  i n l e t   end  i n s e r t e d  

below  a n d  w i t h d r a w i n g   metal  from  b e n e a t h   the  s u r f a c e   of  the  ba th   and  the  o u t l e t  

d i r e c t e d   in to   the  column,  and  which  i n c l u d e s   a  l a t e r a l   e x t e n s i o n   of  the  l o w e r  

p o r t i o n   of  sa id   column  forming  a  p o u r i n g   pool  c o n f i n e d   w i t h i n   a  t u n d i s h  

chamber  equipped  with  at  l e a s t   one  n o z z l e   o u t l e t   for   p o u r i n g   of  metal   at  a  

l eve l   below  the  su r f ace   level   of  the  mol ten   bath;   and  in  c o m b i n a t i o n  

with  these   f e a t u r e s   i n t r o d u c e s   the  s tep   of  s e a l i n g   of  the   p o u r i n g   p o o l  

apa r t   from  the  o u t s i d e   a tmosphere ,   thus   s u b s t a n t i a l l y   p r e v e n t i n g   any  c o n t a c t  

of  the  mol ten   metal   with  the  a tmosphe re   du r ing   metal   p a s s a g e   from  w i t h i n  

sa id   ba th ,   t h r o u g h   said  tube,   column  and  pour ing   poo l ,   at  l e a s t   u n t i l  

passage   of  mol ten   metal  t h rough   the  n o z z l e   o u t l e t .  

Under  these   c o n d i t i o n s ,   because   the  top  of  the  t u n d i s h   is  c l o s e d  

and  s e a l e d ,   the   top  level   of  metal   t he re in  does   not  a f f e c t   the  p r e s s u r e   at  t h e  

nozz le   i n l e t .   For  a  given  mol ten  m e t a l ,   with  no  flow  r e s t r i c t i o n   in  the  w i t h -  

drawal  tube  or  p o s t - t r e a t m e n t   v e s s e l   which  is  small  enough;, to  cause  a  

s i g n i f i c a n t   f r i c t i o n a l   p r e s s u r e   loss   from  metal  f low,  the   o v e r a l l   r a t e   o f  

metal   flow  is  s u b s t a n t i a l l y   governed  only  by  the  s i ze   and  c h a r a c t e r i s t i c s  

of  the  nozz l e   and  the  f e r r o s t a t i c   head  of  of  metal  c o r r e s p o n d i n g   to  t h e  



d i f f e r e n c e   in  metal  level   between  the  su r f ace   of  the  mol ten   meta l   bath  a n d  

the  i n l e t   to  the  nozz le .   As  the  mol ten   bath  su r f ace   is  the  only  s u r f a c e  

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

magni tude   of  the  vacuum  a lso   do  not  d i r e c t l y   i n f l u e n c e   the  p r e s s u r e   at  t h e  

n o z z l e .  

A  complete  vacuum  m a i n t a i n e d   over  the  column  s u r f a c e   f a c i l i t a t e s  

e f f e c t i v e   metal  degass ing   and  m a i n t a i n s   a  column  wi th   a  c o n s t a n t   d i f f e r e n t i a l  

of  a p p r o x i m a t e l y  4 h   fee t   in  h e i g h t   above  the  metal  ba th   s u r f a c e .  

In  combinat ion  with  a  comple te   c lo su re   fo r   the  t u n d i s h   nozz le   o u t l e t  

open ing ,   the  method  also  p r o v i d e s   a  new  and  c o n v e n i e n t   means  f o r   c r e a t i n g  

i n i t i a l   vacuum  and  s t a r t i n g   f low,   by  c l o s i n g   the  n o z z l e   open ing   with  the  e f f e c t  

of  s u b s t a n t i a l l y   s e a l i n g   the  t u n d i s h   and  vacuum  chamber  when  in  the  p r e -  

o p e r a t i o n a l   n o n - f i l l e d   c o n d i t i o n ;   e v a c u a t i n g   the  t u n d i s h   and  vacuum 

chamber  to  e f f e c t   molten  meta l   flow  by  movement  from  said  ba th   th rough   t h e  

tube  in to   the  degass ing   chamber  and  p r o g r e s s i v e   f i l l i n g   of  the  chamber  a n d  

t u n d i s h   with  molten  metal  up  to  the  b a r o m e t r i c   h e i g h t   of  the  column;  and  t h e n  

removing  the  c losure   from  the  n o z z l e   o u t l e t   to  a l low  metal   d i s c h a r g e   to  b e g i n  

and  t h e r e b y   e s t a b l i s h   the  c o n d i t i o n s   of  con t inuous   vacuum  d e g a s s i n g   and  p o u r i n g .  

Also  acco rd ing   to  the  method  of  the  i n v e n t i o n ,   the  meta l   may  b e  

i n t r o d u c e d   d i r e c t l y   into  a  v e r t i c a l   con t inuous   c a s t i n g   mold  of  a  c o n t i n u o u s  

c a s t i n g   machine.  The  t r a n s f e r   p a s s a g e   may  be  s e a l e d ,   e x t e n d i n g   the  s e a l e d  

metal  path  excluded  from  the  a tmosphere   a l l   the  way  from  f u r n a c e - t o - m o l d   o r  

even  f u r n a c e - t o - s o l i d i f i e d   c a s t i n g   in  h o r i z o n t a l   mach ines   or  c o v e r e d - m o l d  

v e r t i c a l   ( i nc lud ing   curved  mold)  mach ines .   The  w i t h d r a w a l   speed  of  the  s o l i d -  

i f i e d   c a s t i n g   from  the  c a s t i n g   machine  is  i n h e r e n t l y   the  so le   e x t e r n a l   c o n t r o l  

of  molten  metal  flow  r a t e   in  c o m p l e t e l y   closed  sys tems  such  as  m o s t  

h o r i z o n t a l   c a s t e r s ,   and  t h i s   c o n t r o l   a lso  i nc ludes   v e r t i c a l   (or  curved  mold)  

c a s t e r s   equipped  with  a u t o m a t i c   t u n d i s h - t o - m o l d   l e v e l   c o n t r o l ,   as  now  a r e  



p r e v a l e n t   in  the  a r t   of  con t inuous   c a s t i n g .  

The  i n v e n t i o n   a lso  p rov ides   an  a p p a r a t u s   fo r   conduc t ing   the  me thod  

compr is ing   a  con t inuous   p o s t - t r e a t m e n t   v e s s e l   i n c o r p o r a t i n g   an  e n c l o s e d  

vacuum  degass ing   column  chamber  s e c t i o n ,   a  metal   w i t h d r a w a l   tube  and  a  l a t e r a l l y  

ex t end ing   t u n d i s h   pour ing   s e c t i o n ,   the  l a t t e r   i n c o r p o r a t i n g   at  l e a s t   o n e  

nozz le   o u t l e t   for   molten  me ta l   and  equipped  with  an  enc lo sed   and  s e a l e d  

cover  in  combinat ion   wi th   the  above.   According  to  one  embodiment,  t h e  

nozz le   o u t l e t   is  d i r e c t e d   i n to   a  v e r t i c a l   (or  curved)  con t inuous   c a s t i n g  

machine  mold,  the  nozz le   opening  being  a u t o m a t i c a l l y   r e g u l a t e d   by  c l o s e d -  

loop  c o n t r o l   m a i n t a i n i n g   a  c o n s t a n t   mold  meta l   l e v e l .   In  ano the r   embodiment ,  

d i s c h a r g e   is  d i r e c t   from  the  t u n d i s h   in to   a  h o r i z o n t a l   con t inuous   c a s t i n g  

mold,  whereby  t h e r e   is  not  any  molten  metal   exposure  to  atmosphere  a l l   t h e  

way  from  fu rnace   to  s o l i d i f i c a t i o n ,   and  the  meta l   flow  r a t e   from  the  f u r n a c e  

through  the  w i t h d r a w a l   and  d e g a s s i n g   system  is  e s t a b l i s h e d   s o l e l y   by 

a d j u s t m e n t s   to  the  r a t e   of  w i thd rawing   the  s o l i d i f i e d   meta l   c a s t i n g .  

P r io r   p o s t - t r e a t m e n t   and  hand l ing   systems  in  the  a r t   of  l a d l e  

m e t a l l u r g y ,   vacuum  d e g a s s i n g   and  con t inuous   c a s t i n g   i n c l u d e   some  form  o f  

e x t e r n a l   t u n d i s h   l e v e l   c o n t r o l   and  l a d l e   flow  c o n t r o l   in  open- shu t   o r  

t h r o t t l i n g   mode,  in  which  p o s t - t r e a t m e n t   v e s s e l s   are  f i l l e d   and  e m p t i e d  

and  m a i n t a i n e d   by  e x t e r n a l l y   c o n t r o l l e d   d e v i c e s .   The  p r e s e n t   i n v e n t i o n  

e l i m i n a t e s   need  for   these   a d d i t i o n a l   e x t e r n a l   c o n t r o l s ,   as  the  new  m e t h o d  

and  a p p a r a t u s   i n h e r e n t l y  m a i n t a i n s  b a l a n c e d   flow  r a t e s  f r o m   molten  f u r n a c e  

b a t h - t o - c a s t i n g ,   which  co r re spond   to  the  r a t e   of  w i t h d r a w a l   o f  t h e   s o l i d i f i e d  

c a s t i n g .   I t   is  t h e r e f o r e   only  n e c e s s a r y   to  ba lance   the  c a s t i n g   w i t h d r a w a l  

speed  wi th   the  molten  meta l   supply  in  the  b a t h .  

Various  o the r   o b j e c t s ,   f e a t u r e s   and  advan tages   of  the  method  a n d  

a p p a r a t u s   of  t h i s   i n v e n t i o n   w i l l   become  appa ren t   from  the  f o l l owing   d e t a i l e d  

d e s c r i p t i o n   and  c l a ims ,   and  by  r e f e r r i n g   to  the  accompanying  drawing,   o f  

which  Figure   1  is  a  d i ag rammat ic   s e c t i o n a l   view  i l l u s t r a t i n g   an  embodiment  



of  the  method  and  appa ra tu s   of  the  i n v e n t i o n   f e a t u r i n g   v e r t i c a l   c o n t i n u o u s  

ca s t i ng   and  having  the  t und i sh   cover  c o m p l e t e l y   s ea led   from  the  a t m o s p h e r e ,  

and  Figure  2  is  an  a l t e r n a t i v e   embodiment  f e a t u r i n g   h o r i z o n t a l   c o n t i n u o u s  

c a s t i n g   and  p r o v i d i n g   for  the  op t ion   of  expos ing   the  t u n d i s h   pool  t o  

a tmospher i c   p r e s s u r e ,   dur ing  c o n t i n u o u s   s t e a d y - s t a t e   o p e r a t i o n ,   a f t e r  m e t a l  

flow  has  been  e s t a b l i s h e d .  

R e f e r r i n g   to  Figure   1,  by  way  of  example,  a  bath  of  mol ten   m e t a l  

1  is  m a i n t a i n e d   behind  an  annu l a r   dam  r e s t r i c i t o n   3  of  the  d i s c h a r g e   o p e n i n g  

of  a  r o t a r y   fu rnace   2,  which  is  l i ned   with  r e f r a c t o r y   m a t e r i a l   4  and  h e a t e d  

by  burner   5  to  ma in t a in   the  metal  in  molten  c o n d i t i o n .   In  the  embodiment  

i l l u s t r a t e d ,   a  s t a t i o n a r y   b a r r i e r   6  equipped  with  g a s - c o n t a i n e r   s e a l s   7 

acts   to  l i m i t   i n t e r c h a n g e   of  heat   and  gases   between  the  o u t s i d e   a t m o s p h e r e  

and  the  fu rnace   i n t e r i o r .   Slag  8  which  f l o a t s   on  the  metal   may  be  d i s c h a r g e d  

by  ove r f lowing   the  annu la r   d i s c h a r g e   o p e n i n g .  

The  metal  wi thdrawal   and  d e g a s s i n g   a p p a r a t u s   compr i ses   t h e  

cont inuous   p o s t - t r e a t m e n t   v e s s e l   9  which  i n c o r p o r a t e s   the  vacuum  d e g a s s i n g  

column  chamber  s e c t i o n   10,  the  top  pa r t   of  which  is  evacua t ed   by  way  of  vacuum 

connec t ion   11  employing  e j e c t o r s   or  a  vacuum  pump.  The  metal   w i t h d r a w a l  

tube  12  has  i t s   i n l e t   end  i n s e r t e d   down  in  mol ten  ba th ,   and  the   o u t l e t  

connected  into  the  degass ing   column  chamber  s e c t i o n   10  and  can  be  e q u i p p e d  

with  a  s l i d i n g   s h u t - o f f   valve  13.  The  i n t e r n a l   duct  of  w i thd rawa l   tube  12 

p r e f e r a b l y   has  a  l a rge   enough  cross   s e c t i o n   to  avoid  s i g n i f i c a n t   f r i c t i o n a l  

p r e s su re   drop  through  t h e  r a n g e   of  o p e r a t i o n   f low  r a t e s   ( e x c e p t i n g   i n i t i a l  

f i l l i n g ) ,   whereby  changes  o c c u r r i n g   in  t h i s   c r o s s - s e c t i o n ,   f o r   e x a m p l e ,  

through  e ros ion   by  molten  me ta l ,   do  not  have  any  s i g n i f i c a n t   i n f l u e n c e   on 

the  o p e r a t i o n .   A  pour ing   t u n d i s h   chamber  s e c t i o n   14  p r o j e c t s   l a t e r a l l y   o u t  

from  the  lower  p o r t i o n   of  the  column  chamber  s e c t i o n   10,  and  c o n t a i n s   a t  

l eas t   one  pour ing   nozz le   o u t l e t   15  which  is  equipped  with  a  s l i d e - g a t e  

valve  16  for  opening  and  c l o s i n g   to  i n t e r u p t   flow  of  meta ls   or  gases   t h r o u g h  



the  n o z z l e .  

The  degass ing   column  chamber  s ec t ion   10  most  c o n v e n i e n t l y   has  a  

removable  cover  17  to  f a c i l i t a t e   access   and  r e f r a c t o r y   r e p a i r ,   which  i s  

s e a l e d ,   for  example,  by  a  w a t e r - c o o l e d   r ing  18  c a r r y i n g   a  c i r c u l a r   s e a l  

19  r e s t i n g   on  s e a l i n g   f l ange   20  e x t e n d i n g   around  the  d e g a s s i n g   column  chamber 

c i r c u m f e r e n c e s .   Feeding  of  a l l o y s   and  r e agen t s   into  the  d e g a s s i n g   column 

is  accompl i shed   via  a  sea led   condu i t   21,  and  a  s ea led   r o t a r y   ga te   valve  2 2  

or,  a l t e r n a t i v e l y ,   a  two-chamber  vacuum  lock,  is  employed  to  m a i n t a i n   a  

vacuum  seal   dur ing   t r a n s f e r   of  the  a d d i t i v e   m a t e r i a l s .   A  porous  r e f r a c t o r y  

plug  23  s u p p l i e d   with  s t i r r i n g   gas  v ia   valve  24  and  p ipe   25  may  be  i n c l u d e d  

to  a s s i s t   in  s t i r r i n g   and  d e g a s s i n g   of  the  column  m e t a l .   An  i n j e c t i o n  

lance  26,  which  may  be  w a t e r - c o o l e d ,   may  be  i nc luded ,   and  s u p p l i e d   w i t h  

oxygen,  c a r r i e r   gas  and  a d d i t i v e s   by  way  of  valve  27  and  tube  28.  These  

e x p e d i e n t s   are  a l l   wel l -known,   per  se,  in  the  a r t   of  l a d l e   m e t a l l u r g y .  

The  pour ing   t u n d i s h   chamber  s ec t i on   14  i n c o r p o r a t e s   a  top  cover  32 

which  is  s e a l ed   a g a i n s t   the  a tmosphere   during  s t a r t - u p   and  o p e r a t i o n .  

The  cover  p r e f e r a b l y   is  removable  to  f a c i l i t a t e   r e f r a c t o r y   r e p a i r   and  r e -  

p l acemen t ,   and  the  cover  p e r i m e t e r   36  is  sea led  with  r e f r a c t o r y   mor tar   a n d / o r  

a  s e a l i n g   compound  during  p l acement   p r i o r   to  o p e r a t i o n .   Al though  v a r i o u s  

such  s e a l i n g   m a t e r i a l s   are  a d e q u a t e ,   a  supplementary   sea l   may  a lso   be  

p r o v i d e d ,   for   example,  by  a  w a t e r - c o o l e d   ring  and  sea l   p r e s s e d   aga ins t   a  :  

s e a l i n g   f l a n g e ,   in  a  manner  s i m i l a r   to  tha t   for  column  s e c t i o n   cover  17 .  

A  r e f r a c t o r y   wall  b a r r i e r   33  may  be  i n c o r p o r a t e d   in to   the  assembly  t o  

r e s t r i c t   f r ee   mixing  of  mol ten  meta l   between  vacuum  d e g a s s i n g   column  chamber 

s e c t i o n   10  and  tund i sh   chamber  s e c t i o n   14.  The  r e q u i r e d   metal   t r a n s f e r  

pas sages   34,35  can  have  a  very  small   cross   s ec t ion   r e l a t i v e   to  the  j u n c t i o n  

area   between  column  and  t u n d i s h   s e c t i o n s   to  s u b s t a n t i a l l y   p r even t   s h o r t  

c i r c u i t i n g   of  i n a d e q u a t e l y   r e a c t e d   and  non-degassed  metal   from  the  d e g a s s i n g  

column  s e c t i o n   10  into  the  pour ing   t und i sh   s ec t ion   14,  a l t hough   not  so  s m a l l  

so  as  to  r e s u l t   in  a  s i g n i f i c a n t   f r i c t i o n a l   flow  p r e s s u r e   d r o p .  



It  will   be  evident   t ha t   by  c l o s u r e   of  the  top  t r a n s f e r   opening  34 

when  v e s s e l   f i l l i n g   flow  is  e s t a b l i s h e d ,   t ha t   the  t u n d i s h   top  s e a l   could  be  

opened  and  the  tund ish   s u b s e q u e n t l y   o p e r a t e d   in  the  normal  manner,   w i t h  

a t m o s p h e r i c   p r e s su re   m a i n t a i n i n g   the  t u n d i s h   metal  s u r f a c e   at  a p p r o x i m a t e l y  

the  same  l eve l   as  the  bath  s u r f a c e .   This  p rocedu re ,   however,   i n t r o d u c e s   t h e  

mechan ica l   r equ i rement   for  a  b l o c k i n g   ga te   or  e q u i v a l e n t   fo r   top  passage   3 4 ,  

and  exposes  the  sur face   of  the  t u n d i s h   pool  to  a tmosphe re .   A  p o s s i b l e  

advan tage   is  ease  of  adding  r e a g e n t s   such  as  d e o x i d i z e r s   in to   the  t u n d i s h  

pool  via  an  opening  in  the  t u n d i s h   r o o f .  

In  the  Figure  1  embodiment,   the  pour ing   n o z z l e   o u t l e t   15  from  the  ;  

t u n d i s h   d i s c h a r g e s   d i r e c t l y   in to   a  v e r t i c a l   w a t e r - c o o l e d   mold  29  of  a  

v e r t i c a l   (or  curved)  con t inuous   c a s t i n g   machine,  from  which  the  p a r t i a l l y  

s o l i d i f i e d   c a s t i n g   30  is  t y p i c a l l y   w i thdrawn  by   a  w i thd rawa l   mechan ism 

having  an  a d j u s t a b l e   and  c o n t r o l l e d   wi thdrawal   speed  which  is  l o c a t e d   b e l o w  

and  beyond  a  wa te r - coo led   spray  chamber  adapted  to  comple te   the  m e t a l  

s o l i d i f i c a t i o n   p rocess .   The  s t ream  from  t u n d i s h - t o - m o l d   is  s e p a r a t e d  

from  the  a tmosphere  by  a  ceramic  sh roud   3 1 .  

Figure   2  shows  an  a l t e r n a t i v e   embodiment  i n c l u d i n g   a  t u n d i s h   c o v e r  

a p e r t u r e   37  equipped  with  a n o t h e r   s l i d e - g a t e   valve  38  for   making  and  b r e a k i n g  

the  t u n d i s h   cover  sea l ,   The  top  meta l   passage   34  from  c o l u m n - t o - t u n d i s h  

has  been  e l i m i n a t e d ,   l eav ing   o n l y .  p a s s a g e   35  which  is  f u l l y   at  a  level   l o w e r  

than  the  su r f ace   of  molten  bath  1,  whereby  o p e r a t i o n   can  be  i n i t i a t e d   s i m p l y  

by  c l o s i n g   of  s h u t - o f f   valve  13  p r i o r   to  s t a r t - u p ,   fo l lowed   by  near   c o m p l e t e  

e v a c u a t i o n   of  the  cont inuous   p o s t - t r e a t m e n t   ves se l   b e f o r e   r e - o p e n i n g   v a l v e  

13  to  e f f e c t   f i l l i n g   of  the  v e s s e l .   Af t e r   f i l l i n g   with  mol ten   meta l ,   t h e  

t u n d i s h   cover  ape r tu re   27  could  be  opened  and  o p e r a t e   s u b s e q u e n t l y   with  t h e  

ambient  a i r   or  a r t i f i c i a l   a tmosphere   above  the  metal   s u r f a c e .   In  t h e  

absence  of  s i g n i f i c a n t   f r i c t i o n a l   p r e s s u r e   losses   from  mol ten   meta l   f l o w  

through  withdrawal   tube  12  or  p a s s a g e   35,  the  top  s u r f a c e   of  the  metal  i n  



pour ing   t und i sh   chamber  14  then  would  co inc ide   with  the  su r face   level   o f  

molten  bath  1 .  

Figure  2  a l so   shows  a  t u n d i s h - p o o l   sh roud ing   a r rangement   whereby  

l o w - p r e s s u r e   i n e r t   or  r e d u c i n g   gas  such  as  argon  is  i n t r o d u c e d   at  i n l e t   40 

to  f i l l   tube  39  and  the  space  41  over  the  t u n d i s h   pour ing   pool,   u t i l i z i n g  

r e s t r i c t e d   exi t   42  to  m a i n t a i n   s l i g h t   p o s i t i v e   p r e s s u r e   and  exclude  t h e  

s u r r o u n d i n g   a i r .   Rotary   va lve   43  is  i l l u s t r a t e d   as  an  example  of  a  m e t h o d  

of  i n t r o d u c i n g   r e a g e n t s   in to   the  t u n d i s h .   C o n t i n u o u s l y   fed  wire ,   as  w e l l  

known  in  the  a r t ,   is  a n o t h e r   obvious  a l t e r n a t i v e   for  adding  m a t e r i a l s .  

Should  s u b s t a n t i a l   q u a n t i t i e s   of  s l a g - f o r m i n g   c o n s t i t u e n t s   be  n e c e s s a r y  

for   m e t a l l u r g i c a l   r e a s o n s ,   a  s l a g - s p o u t   s ea l ed   by  a  t emporary   b a r r i e r  

(not  shown)  would  a l so   be  i n d i c a t e d .  

Figure  2  a lso   i l l u s t r a t e s   d i a g r a m m a t i c a l l y   the  connec t ion   into  a  

h o r i z o n t a l   continuous  c a s t e r .   Tundish  nozzle   o u t l e t   15  leads   d i r e c t l y   i n t o  

b r e a k - r i n g   44  forming  the  i n l e t   to  w a t e r - c o o l e d   mold  45,  the  metal   pa th   a t  

the  t u n d i s h - m o l d   j u n c t i o n   being  e n t i r e l y   s e p a r a t e d   from  con tac t   with  t h e  

s u r r o u n d i n g   a tmosphere .   The  embodiment  shown  e f f e c t s   the  n e c e s s a r y   seal   f o r  

i n i t i a l   p o s t - t r e a t m e n t   v e s s e l   evacua t ion   and  f i l l i n g   by  means  of  s e a l i n g   t h e  

c l e a r a n c e   between  the  dummy  bar  head  and  the  inner   mold  walls   at  the  o u t s e t ,  

H o r i z o n t a l   c a s t e r s   a l so   have  inc luded   a  s l i d e - g a t e   v a l v e   between  the  t u n d i s h  

nozz le   o u t l e t   and  the  break  r ing   .(not  i l l u s t r a t e d ) ,   which  would  p rov ide   a  

p r imary   c losu re   and  s e a l ,   the  dummy  bar  then  being  a  secondary   o n e .  

As  a  g e n e r a l   exemplary  d e s c r i p t i o n   of  the  o p e r a t i o n ,   the  c o n t i n u o u s  

p o s t - t r e a t m e n t   v e s s e l   assembly   as  in  Figure  1  is  p r e p a r e d   and  moved  i n t o  

p o s i t i o n   with  the  w i thd rawa l   tube  i n s e r t e d   into  the  fu rnace   and  both  t u b e  

s l i d e - g a t e   13  and  nozz le   s l i d e - g a t e   1'alve  16  c losed ,   and  a  vacuum  is  c r e a t e d  

through  vacuum  l i ne   11.  With  the  i n l e t   of  wi thdrawal   tube  12  submerged  i n  

bath  1,  s l i d e - g a t e   13  is  opened,  drawing  the  metal   in  to  p r o g r e s s i v e l y   f i l l  

the  t und i sh   chamber  s e c t i o n   10  and  then  the  column  chamber  s e c t i o n   11,  up  



to  the  b a r o m e t r i c   he igh t   above  bath  1,  a c c o r d i n g   to  the  vacuum  p r e s s u r e  

e f f e c t e d .   The  s l i d e - g a t e   16  is  opened  a l l owing   flow  from  t u n d i s h   to  mold  by  

way  of  pour ing  nozzle   o u t l e t   15.  This  p r o c e d u r e   forms  and  e s t a b l i s h e s   a  

c o n t i n u o u s   sealed  f l o w - p a t h   of  molten  metal  w i th in   the  p o s t - t r e a t m e n t  

v e s s e l   9  ex tending   from  wi th in   the  fu rnace   ba th   1  a l l   the  way  through  to  t h e  

nozz le   o u t l e t   15,  and  hence  in to   the  c o n t i n u o u s   c a s t i n g   m o l d .  

I t   is  ev iden t   t ha t   by  i n c o r p o r a t i n g   t h r o t t l i n g   a c t i on   i n t o  

s l i d e   gate  valve  16  with  a  s e n s o r - c o n t r o l   c i r c u i t   between  metal  m e n i s c u s  

l eve l   35  and  the  t h r o t t l i n g   va lve ,   flow  t h r o u g h   the  nozz le   15  wil l   b e  

a u t o m a t i c a l l y   ba lanced  with  the  s o l i d i f i e d   c a s t i n g   w i thd rawa l   speed,  t h e  

l a t t e r   thus  being  the  sole  con t ro l   of  the  o v e r a l l   meta l   t h roughou t   r a t e  

t h r o u g h   the  con t inuous   p o s t - t r e a t m e n t   v e s s e l   9.  D e t a i l s   are  not  i l l u s t r a t e d  

but  are  well  known  in  the  a r t   of  v e r t i c a l   and  curved  mold  cont inuous   c a s t i n g .  

In  h o r i z o n t a l  c a s t i n g   as  in  F igure   2,  the  meta l   p a s s a g e   from  n o z z l e - t o - m o l d  

is  e s s e n t i a l l y   c losed  and  f u l l   of  metal  and  s e a l e d ,   i n h e r e n t l y   w i t h o u t  

freedom  for  a  v a r i a b l e   metal   level   in  the  mold,  y i e l d i n g   a  d i r e c t - a c t i n g  

mechan ica l   c a u s e - a n d - e f f e c t   r e l a t i o n s h i p   between  the  s o l i d i f i e d   metal   w i t h -  

drawal  motion  and  flow  through  the  t u n d i s h   n o z z l e   and  b r e a k - r i n g   i n t o  

the  m o l d .  

It  wil l   be  a p p r e c i a t e d   tha t   p r e f e r r e d   emodiments  of  an  improved  

method  and  appa ra tus   for   con t inuous   vacuum  d e g a s s i n g   and  c a s t i n g   of  s t e e l  

and  o the r   metals   have  been  de sc r i bed   and  i l l u s t r a t e d   and  tha t   v a r i a t i o n s  

and  m o d i f i c a t i o n s   may  be  made  by  pe rsons   s k i l l e d   in  the   a r t ,   w i t h o u t  

d e p a r t i n g   from  the  scope  of  the  i n v e n t i o n   d e f i n e d   in  the  appended  c l a i m s .  



.  1 .   In  a  method  for  cont inuous ,  vacuum  p r o c e s s i n g   and  c a s t i n g  

of  molten  s t e e l   and  other  metals   in  which  a  molten  me ta l   column  is  m a i n t a i n e d  

wi th   i t s   top  surface   under  vacuum  in  a  cont inuous   p o s t - t r e a t m e n t   v e s s e l  

l o c a t e d   a d j a c e n t   to  a  c o n t i n u a l l y   r e p l e n i s h e d   molten  meta l   ba th ,   and  s a i d  

column  is  fed  with  metal  from  sa id   ba th   by  way  of  a  w i t h d r a w a l   tube  w i t h  

the  i n l e t   end  i n s e r t e d   below  and  w i thd rawing   metal   f r o m  b e n e a t h   the  s u r f a c e  

of  s a id   bath  and  the  o u t l e t   d i r e c t i n g   the  metal   i n to   s a i d   column,  with  a  

l a t e r a l   e x t e n s i o n   of  the  lower  p o r t i o n   of  sa id   column  forming  a  p o u r i n g  

pool  conf ined   wi th in   a  t u n d i s h   chamber  s e c t i o n   equ ipped   wi th   at  l e a s t   one 

nozz le   o u t l e t   for  pouring  of  metal   at  a  l e v e l   below  the  s u r f a c e   l e v e l   o f  

s a id   molten  bath;   c h a r a c t e r i z e d   by  the  combinat ion  t h e r e o f   w i t h :   s e a l i n g   o f  

s a i d   pour ing   pool  apar t   from  the  o u t s i d e   a tmosphere   thus   s u b s t a n t i a l l y  

p r e v e n t i n g   any  contact   of  the  mol ten  metal  with  the  a tmosphere   dur ing  m e t a l  

p a s s a g e   from  wi th in   said  ba th ,   t h rough   sa id   tube ,   column  and  pour ing   p o o l ,  

a t   l e a s t   u n t i l   such  time  as  passage   of  molten  metal   t h r o u g h   s a id   n o z z l e  

o u t l e t   t akes   p l a c e .  

2.  A  method  accord ing   to  claim  1  which  a lso  i n c l u d e s   the  s tep  o f  

m a i n t a i n i n g   said  s ea l ing   of  s a id   pour ing   pool  a p a r t   from  o u t s i d e   a t m o s p h e r e  

d u r i n g   con t inu ing   o p e r a t i o n ,   thus  s u b s t a n t i a l l y   p r e v e n t i n g   any  con t ac t   o f  

the  molten  m e t a l  w i t h   the  a tmosphere   dur ing   passage  from  w i t h i n   sa id   b a t h  

as  the  metal   passes  through  sa id   tube ,   column  and  pou r ing   pool ,   at  l e a s t  

u n t i l   passage  of  molten  metal   t h rough   sa id   nozzle   o u t l e t ;   and  i n t r o d u c i n g  

the  molten  metal  via  sa id   nozzle   o u t l e t   d i r e c t l y   i n t o   a  con t inuous   c a s t i n g  

m o l d  w i t h i n   which  at  l e a s t   the  o u t e r   s u r f a c e   of  the  me ta l   s o l i d i f i e s   a n d  

from  which  the  metal  e x i t s   at  a  r a t e   governed  by  e x t e r n a l   a d j u s t m e n t   of  t h e  

w i t h d r a w a l   speed  of  the  s o l i d i f i e d   c a s t i n g .  

3.  A  method  according   to  Claim  1  o r   Claim  2  in  which  s a id   m o l t e n  

meta l   column  has  a   ba rome t r i c   h e i g h t   above  the  bath  s u b s t a n t i a l l y   c o r r e s p o n d i n g  

to  the  d i f f e r e n t i a l   between  p r e v a i l i n g   a tmosphe r i c   p r e s s u r e   on  the  s u r f a c e  



of  said  bath  and  the  magnitude  of  s a id   vacuum  and  in  which  the  f e r r o s t a t i c  

p r e s su re   at  the  i n l e t   to  said  nozzle   o u t l e t   is  s u b s t a n t i a l l y   e q u i v a l e n t   t o  

the  f e r r o s t a t i c   head  of  metal  c o r r e s p o n d i n g   to  the  d i f f e r e n c e   in  meta l   l e v e l  

between  the  su r f ace   of  sa id   molten  meta l   ba th   and  said  i n l e t   to  s a i d   n o z z l e .  

4.  A  method  a cco rd ing   to  C la im 1 ,   Claim  2  or  Claim  3  i n c l u d i n g  

t h r o t t l i n g   of  the  cross  s e c t i o n   s i ze   of  s a i d   nozz le   o u t l e t   a d a p t e d   to  a d j u s t  

and  con t ro l   the  r a t e   of  metal   f low  t h e r e t h r o u g h ,   whereby  the  o v e r a l l   r a t e  

of  metal  flow  from  sa id   bath  t h rough   s a i d   d e g a s s i n g   chamber  a n d  t u n d i s h  

e s s e n t i a l l y   depends  only  upon  the  s i ze   of  s a i d   n o z z l e .  

5.  A  method  acco rd ing   to  any  one   of  Claims  1  to  4,  in  which  t h e  

top  su r f ace   of  sa id   column  is  m a i n t a i n e d   under   a  nea r l y   complete   vacuum  w i t h  

a  p r e s su re   l e s s   than  1  per  cen t  o f  one   a t m o s p h e r e ,   and  the  column  b a r o m e t r i c  

he igh t   the reby   s u b s t a n t i a l l y   c o r r e s p o n d s   to  a  one -a tmosphere   f e r r o s t a t i c  

head,  amounting  to  a p p r o x i m a t e l y   a  s t e e l   column  he igh t   of  41 2  f e e t   above  t h e  

su r f ace   of  s a id   molten  b a t h .  

6.  A  method  accord ing   to  any  one  of  Claims  1  to  5  i n c l u d i n g   the  s t e p  

of  enc los ing   the  f l w   path  l e a d i n g   from  sa id   nozz le   i n to   s a id   mold  w h e r e b y  

the  metal   is  s ea l ed   away  from  c o n t a c t   wi th   the  a tmosphere  t h r o u g h o u t   t h e  

e n t i r e   flow  path  ex t end ing   from  w i t h i n   s a id   molten  meta l   ba th ,   t h r o u g h   s a i d  

column  pouring  pool  and  nozzle   o u t l e t   up  to  e n t r y   in to   sa id   m o l d .  

7.  A  method  acco rd ing   to  any  one  of  Claims  1  to  6  where in   s a i d   m e t a l  

pours  from  sa id   nozzle   in to   a  v e r t i c a l l y   a r r a n g e d   cont inuous   c a s t i n g   mold  a n d  

which  also  i nc ludes   au toma t i c   l e v e l   c o n t r o l   by  means  adap ted   for   r e g u l a t i n g  

the  molten  metal   flow  through  sa id   n o z z l e   o u t l e t   which  a u t o m a t i c a l l y  

main ta ins   a  s u b s t a n t i a l l y   c o n s t a n t   me ta l   s u r f a c e   l e v e l   in  s a i d   mold  t h r o u g h o u t  

the  range  of  v a r i a t i o n   of  s a i d  w i t h d r a w a l   speed  of  the  s o l i d i f i e d   c a s t i n g ;  

and  in  which  said  column  has  a  b a r o m e t r i c   h e i g h t   above  the  ba th   s u b s t a n t i a l l y  

co r respond ing   to  the  d i f f e r e n t i a l   be tween  p r e v a i l i n g   a t m o s p h e r i c   p r e s s u r e  



on  the  s u r f a c e   of  s a i d   bath  and  the  magni tude   of  s a id   vacuum  and  in  w h i c h  

the  f e r r o s t a t i c   p r e s s u r e   at  the  i n l e t   to  s a id   nozz le   o u t l e t   is  s u b s t a n t i a l l y  

e q u i v a l e n t   to  the  f e r r o s t a t i c   head  of  meta l   c o r r e s p o n d i n g   to  the  d i f f e r e n c e  

in  metal   l e v e l   between  the  s u r f a c e   of  s a id   molten  meta l   bath  and  s a i d   i n l e t  

to  s a id   n o z z l e ;   a l s o   i n c l u d i n g   the  s tep   of  e x t e r n a l l y   c o n t r o l l i n g   t h e  

w i t h d r a w a l   speed  of  the  s o l i d i f i e d  c a s t i n g   from  s a i d   mold,  whereby  s a i d  

w i t h d r a w a l   speed  i s   the  so le   e x t e r n a l   o p e r a t i n g   a d j u s t m e n t   and  the   p r i m a r y  

means  of  c o n t r o l l i n g   the  o v e r a l l   r a t e   of  molten  metal   pas sage   be tween   s a i d  

molten  ba th   and  s a i d   c a s t i n g   m o l d .  

8.  A  method  a c c o r d i n g   to  any  one  of  Claims  1  t o   7  whe re in   s a i d   m o l t e n  

metal   e x i t s   from  s a i d   t u n d i s h   pour ing   pool   by way  of  a  nozz le   o u t l e t  d i r e c t e d  

h o r i z o n t a l l y   from  s a i d   pool  e n t e r i n g   d i r e c t l y   i n to   a  h o r i z o n t a l l y - o r i e n t e d  

mold  s e c t i o n   of  a  h o r i z o n t a l   con t inuous   c a s t i n g   machine  having  the   mold  

i n l e t   and  e n t e r i n g   me ta l   passage  s u b s t a n t i a l l y   s e a l e d   and  s e p a r a t e d   f r o m  

the  a tmosphe re ,   whereby  the  metal   is  s u b s t a n t i a l l y   s e a l e d   away  from  c o n t a c t  

with  the  a tmosphe re   t h r o u g h o u t   the  e n t i r e   flow  pa th   e x t e n d i n g   from  w i t h i n   s a i d  

molten  meta l   ba th   t h rough   sa id   column,  pour ing   poo l ,   nozz l e   o u t l e t   and  c a s t i n g  

mold  up  to  the  e x i t   from  sa id   mold  and  exposure   of  s o l i d i f i e d   me ta l   t o  

a tmosphere   f o l l o w i n g   e x i t ;   and  in  which  s a id   column  has  a  b a r o m e t r i c   h e i g h t  

above  the  ba th   s u b s t a n t i a l l y   c o r r e s p o n d i n g   to  the  d i f f e r e n t i a l   be tween  p r e v a i l i n g  

a t m o s p h e r i c   p r e s s u r e   on  the  s u r f a c e   of  s a id   bath  and  the  magn i tude   of  s a i d  

vacuum  and  in  which  i n l e t   to  s a i d . n o z z l e   o u t l e t   is  s u b s t a n t i a l l y   e q u i v a l e n t  

to  the  f e r r o s t a t i c   head  of  metal  c o r r e s p o n d i n g   to  the  d i f f e r e n c e   in  m e t a l  

l e v e l   between  the  s u r f a c e   of  s a id   molten  metal   ba th   and  s a id   i n l e t   to  s a i d  

n o z z l e ;   a l so   i n c l u d i n g   the  s tep  of  e x t e r n a l l y   c o n t r o l l i n g   the  w i t h d r a w a l  

speed  of  the  s o l i d i f i e d   c a s t i n g   from  s a id   mold,  whereby  sa id   w i t h d r a w a l   s p e e d  

is  the  so le   e x t e r n a l   o p e r a t i n g   a d j u s t m e n t   and  the  p r imary   means  of  c o n t r o l l i n g  

the  o v e r a l l   r a t e   of  molten  metal   passage   between  sa id   molten  ba th   and  s a i d  

con t inuous   c a s t i n g   m o l d .  



9.  A  method  accord ing   to  Claim  1  a lso  i n c l u d i n g   the  c o m b i n a t i o n  

t h e r e o f   with  the  a d d i t i o n a l   s t eps   p r e c e d i n g   the  a f o r e m e n t i o n e d   s t e p s ,   t o  

s t a r t   i n i t i a l   f low,  compr i s ing :   s e a l i n g   of  the  cover  of  the  t u n d i s h   chamber  

a g a i n s t   the  o u t s i d e   a tmosphere ;   c l o s i n g   sa id   nozzle   opening   wi th   the  e f f e c t  

of  s u b s t a n t i a l l y   s e a l i n g   sa id   t u n d i s h   and  vacuum  chamber  when  in  the  p r e -  

o p e r a t i o n a l   n o n - f i l l e d   c o n d i t i o n ;   e v a c u a t i n g   sa id   t u n d i s h   and  vacuum  chamber  

to  e f f e c t   molten  metal  flow  by  movement  from  sa id   ba th   t h rough   sa id   t u b e  

i n t o   said  degas s ing   chamber  and  p r o g r e s s i v e   f i l l i n g   of  s a id   chamber  and  t u n d i s h  

wi th   molten  meta l   up  to  sa id   b a r o m e t r i c   he igh t   of  s a i d   column;  and  r e m o v i n g  

the  c losure   from  sa id   nozzle  o u t l e t   to  a l l o w  m e t a l   d i s c h a r g e   to  begin  a n d  

t h e r e b y   e s t a b l i s h   the  c o n d i t i o n s   of  con t inuous   vacuum  d e g a s s i n g   and  p o u r i n g .  

10.  A  method  accord ing   to  Claim  1  a l so   i n c l u d i n g   the  c o m b i n a t i o n  

t h e r e o f   wi th   the  a d d i t i o n a l   s t eps   p r eced ing   the  above  s u b s t a n t i a l l y   s t e a d y -  

s t a t e   c o n d i t i o n s   to  s t a r t   i n i t i a l   f low,  compr i s ing :   s e a l i n g   of  the  c o v e r  

of  the  t u n d i s h   chamber  a g a i n s t   the  o u t s i d e   a tmosphere ;   e f f e c t i n g   c l o s u r e  

and  s e a l i n g   of  the  metal  passage  th rough   sa id   w i t h d r a w a l   tube ;   c l o s i n g  

sa id   nozzle   opening  with  the  e f f e c t   of  s u b s t a n t i a l l y   s e a l i n g   sa id   t u n d i s h  

and  vacuum  chamber  when  in  the  p r e - o p e r a t i o n a l   n o n - f i l l e d   c o n d i t i o n ;  

e v a c u a t i n g   sa id   t und i sh   and  vacuum  chamber;  opening  of  s a id   meta l   p a s s a g e  

c l o s u r e   t h rough   said  w i thd rawa l   tube  to  e f f e c t   molten  me ta l   flow  by  movement 

from  sa id   ba th   through  sa id   tube  i n t o   sa id   degass ing   chamber  and  p r o g r e s s i v e  

f i l l i n g   of  s a id   chamber  and  t u n d i s h   wi th   molten  metal   up  to  sa id   b a r o m e t r i c  

he igh t   of  sa id   column;  and  removing  the  c losure   from  s a id   nozzle   o u t l e t   t o  

al low  metal   d i s c h a r g e   to  b e g i n m d   the reby   e s t a b l i s h   the  c o n d i t i o n s   o f  

cont inuous   vacuum  degass ing   and  p o u r i n g .  

11.  A  method  according   to  Claim  9  or  Claim  10  in  which  a l l   of  t h e  

passageway  between  the  lower  p o r t i o n   of  sa id   column  and  sa id   t und i sh   p o o l  

is  at  an  e l e v a t i o n   lower  than  the  s u r f a c e   of  said  me ta l   bath  and  w h i c h  

i nc ludes   the  a d d i t i o n a l   s tep  of  opening  sa id   sea l   of  the  t u n d i s h   cover  a n d  



c a r r y i n g   out  the  subsequen t   o p e r a t i o n   under  s u b s t a n t i a l l y   s t e a d y - s t a t e  

c o n d i t i o n s   but  with  the  s u r f a c e   of  said  pour ing  pool  in  the  t u n d i s h   s e c t i o n  

exposed  to  a tmospher ic   p r e s s u r e .  

12.  A  method  a c c o r d i n g   to  Claim  11  in  which  the  metal   s u r f a c e   l e v e l  

of  s a id   tund i sh   pour ing  pool  and  the  s u r f a c e   l e v e l   of  sa id   molten  metal   b a t h  

e s s e n t i a l l y   co r respond ,   under  s a id   s t e a d y - s t a t e   c o n d i t i o n s ,   t h a t   i s ,   t h e r e  

is  not  any  s i g n i f i c a n t   flow  f r i c t i o n a l   p r e s s u r e   loss   dur ing   passage   t h r o u g h  

sa id   p o s t - t r e a t m e n t   v e s s e l   between  said  molten  metal   bath  and  sa id   n o z z l e ,  -  

and  sa id   column  has  a  b a r o m e t r i c   he igh t   above  the  ba th   s u b s t a n t i a l l y   c o r r e s p -  

onding  to  the  d i f f e r e n t i a l   between  p r e v a i l i n g   a t m o s p h e r i c   p r e s s u r e   on  t h e  

s u r f a c e   of  said  bath  and  the  magni tude  of  sa id   vacuum  and  in  which  t h e  

f e r r o s t a t i c   p r e s s u r e   at  the  i n l e t   to  sa id   nozz le   o u t l e t   is  s u b s t a n t i a l l y  

e q u i v a l e n t   to  the  f e r r o s t a t i c   head  of  metal   c o r r e s p o n d i n g   to  the  d i f f e r e n c e  

in  metal   level   between  the  s u r f a c e   of  s a idmol t en   meta l   bath  and  sa id   i n l e t  

to  sa id   n o z z l e .  

13.  In  an  a p p a r a t u s   for   con t inuous   vacuum  d e g a s s i n g   and  pour ing   o f  

molten  s t e e l   and  o the r   me ta l s   from  a  c o n t i n u a l l y   r e p l e n i s h e d   molten  m e t a l  

ba th ,   compris ing  a  con t inuous   p o s t - t r e a t m e n t   v e s s e l   s t a t i o n e d   a d j a c e n t   t o  

s a id   molten  metal  bath  i n c o r p o r a t i n g   a  vacuum  d e g a s s i n g   column  s e c t i o n   w i t h  

an  evacua ted   top  space  m a i n t a i n e d   over  a  columnar  e n c l o s u r e   for   molten  m e t a l  

e x t e n d i n g   upwards  above  the  l e v e l   of  said  molten  metal  b a t h  a n d   i n c o r p o r a t i n g  

a  metal   wi thdrawal   tube  wi th   the  i n l e t   i n s e r t e d   benea th   the  s u r f a c e   of  s a i d  

bath  and  the  o u t l e t   connec ted   in to   said  degass ing   column  s e c t i o n ,   the  l o w e r  

p o r t i o n   of  which  is  in  d i r e c t   communication  wi th   a  l a t e r a l l y   e x t e n d i n g  

pour ing   tund i sh   s e c t i o n   i n c o r p o r a t i n g   at  l e a s t   one  pour ing   nozzle   o u t l e t  

s i t u a t e d   below  the  s u r f a c e   l e v e l   of  sa id   m e t a l  b a t h ;   the  c o m b i n a t i o n  

t h e r e o f   wi th :   an  enc losed   and  s e a l e d   cover  over  sa id   t und i sh   s e c t i o n  

adap ted   to  exclude  the  o u t s i d e   a tmosphere   and  p r e v e n t   communica t ion  

b e t w e e n   the  i n t e r i o r   of  sa id   t u n d i s h   s ec t i on   and  the  o u t s i d e   a t m o s p h e r e  



dur ing   evacua t ion   of  sa id   p o s t - t r e a t m e n t   v e s s e l   and  the  course  of  m e t a l  

passage   through  s a id   pour ing   t und i sh   s e c t i o n   to  s a id   d i s c h a r g e   n o z z l e  

o u t l e t ;   and  s e a l e d   opening  and  c lo su re   means  for   s a i d   pour ing   nozz l e   o u t l e t  

adapted   to  f a c i l i t a t e   e v a c u a t i o n   of  sa id   t u n d i s h   chamber  s e c t i o n   when 

c losed   and  flow  of  molten  meta l   t h e r e t h r o u g h   when  o p e n e d .  

14.  An  a p p a r a t u s   a c c o r d i n g   to  Claim  13  which  a l so   i n c l u d e s   c l o s u r e  

means  for   sa id   nozz le   o u t l e t   adap ted   to  complete   the  s e a l i n g   of  s a i d   p o s t -  

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

evacua t ion   of  s a id   v e s s e l   to  e f f e c t   i n i t i a l   f i l l i n g   wi th   molten  me ta l   b y  

way  of  said  w i t h d r a w a l   tube  at  the  s t a r t   of  o p e r a t i o n .  

15.  An  a p p a r a t u s   a c c o r d i n g   to  Claim  13  or  Claim  14  which  a l so   i n c l u d e s  

a  s e p a r a t i n g   b a r r i e r   adap ted   to  l i m i t   f r e e   movement  of  molten  me ta l   b e t w e e n  

sa id   vacuum  column  s e c t i o n   and  sa id   pour ing   t u n d i s h   s e c t i o n ,   sa id   b a r r i e r  

cover ing   the  major  p o r t i o n   of  the  t u n d i s h   pool  e n t r y   c ross   s e c t i o n ,   w i th   a t  

l e a s t   one  passageway  t h e r e t h r o u g h   i n c l u d i n g   a  passageway  l o c a t e d   a t   a  

l e v e l   proximate   the  s u r f a c e   l e v e l   of  s a id   molten  me ta l   b a t h .  

16.  An  a p p a r a t u s   a c c o r d i n g   to  Claim  13,  Claim  14  or  Claim  15  in  w h i c h  

at   l e a s t   one  nozz le   o u t l e t   is  adap ted   fo r   d i s c h a r g i n g   downwardly  and  w h i c h  

a l so   i nc ludes   a  c o n t i n u o u s   c a s t i n g   machine  wi th   a  v e r t i c a l l y - o r i e n t e d   m o l d  

p o s i t i o n e d   under  s a i d   nozz le   o u t l e t   and  means  f o r   s e n s i n g   of  meta l   l e v e l  i n  

the  mold  with  means  fo r   f eedback   and  a u t o m a t i c   c o n t r o l   by  t h r o t t l i n g   of  t h e  

metal   stream  th rough  s a i d   n o z z l e  o u t l e t ,   which  m a i n t a i n s   a  s u b s t a n t i a l l y  

cons t an t   metal  l e v e l   in  the  mold  dur ing   c a s t i n g ;   in  combina t ion   w i t h  e x t e r n a l l y  

c o n t r o l l e d   v a r i a b l e   speed  w i thd rawa l   means  below  the  mold  adap ted   to  w i t h d r a w  

the  s o l i d i f i e d   c a s t i n g   at  a  s e l e c t e d   and  c o n t r o l l e d   r a t e ,   sa id   r a t e   o f  

w i thd rawa l   t he r eby   a l so   s o l e l y   and  d i r e c t l y   g o v e r n i n g   the  o v e r a l l   r a t e   o f  

molten  metal  t h r o u g h p u t   from  sa id   molten  bath  t h rough   sa id   c o n t i n u o u s  

p o s t - t r e a t m e n t   v e s s e l   to  s a id   nozzle   o u t l e t ,   under   c o n d i t i o n s   of  c o n s t a n t  

vacuum  p r e s s u r e   m a i n t a i n e d   in  sa id   e v a c u a t e d   top  space   of  sa id   vacuum 



degass ing   column  s e c t i o n .  

17.  An  a p p a r a t u s   acco rd ing   t o  C l a im   16  which  a l so   i n c l u d e s   a  s e a l i n g  

shroud  e x t e n d i n g   from  said  nozzle   o u t l e t   to  an  o u t l e t   l o c a t i o n   b e n e a t h  

said  metal  l e v e l   in the  mold,  thus  ex tend ing   the  metal   path  exc luded   f rom 

the  a tmosphere   from  the  w i thd rawa l   tube  i n l e t   l o c a t i o n   in  s a id   molten  b a t h  

a l l   the  way  th rough   sa id   p o s t - t r e a t m e n t   v e s s e l   and  n o z z l e   o u t l e t   to  a  

l o c a t i o n   below  s a i d   metal  l e v e l   w i t h i n   said  mo ld .  

18.  An  a p p a r a t u s   a c c o r d i n g   to  Claim  13,  Claim  14  or  Claim  15  in  w h i c h  

at  l e a s t   one  nozz le   o u t l e t   is  d i r e c t e d   h o r i z o n t a l l y   and  which  i n c l u d e s   a  

h o r i z o n t a l l y   d i s p o s e d   mold  of  a  h o r i z o n t a l   cont inuous   c a s t i n g   machine  c o n n e c t e d  

d i r e c t l y   i n to   s a id   nozzle   via   a  s e a l e d   connec t ion ,   t h e r e b y   e x c l u d i n g   t h e  

a tmosphere   from  the  molten  metal   a l so   th roughout   metal   passage   from  the  n o z z l e  

o u t l e t   up  to  exposure   of  the  s o l i d i f i e d   ca s t i ng   to  the  a tmosphere   f o l l o w i n g  

ex i t   from  sa id   mold,  and  a l so   i n c l u d i n g   e x t e r n a l l y   c o n t r o l l e d   v a r i a b l e  

speed  w i thd rawa l   means  adapted   to  withdraw  the  s o l i d i f i e d   c a s t i n g   at  a  s e l e c t e d  

and  c o n t r o l l e d   r a t e ,   sa id   r a t e   of  w i thd rawa l   t he reby   a l so   s o l e l y   and  d i r e c t l y  

govern ing   the  o v e r a l l   r a t e   of  molten  metal   t h roughpu t   from  s a id   molten  b a t h  

through  sa id   con t inuous   p o s t - t r e a t m e n t   v e s s e l   to  sa id   nozz le   o u t l e t ,   u n d e r  

c o n d i t i o n s   of  c o n s t a n t   vacuum  p r e s s u r e   main ta ined   in  s a id   e v a c u a t e d   t o p  

space  of  s a id   vacuum  degass ing   s e c t i o n .  

19.  An  a p p a r a t u s   a c c o r d i n g   to  any  one  of  Claims  13  to  18  i n c l u d i n g  

the  combina t ion   of  an  enc losed   and  s ea l ed   cover  over  s a id   t u n d i s h   s e c t i o n  

adapted   to  exc lude   the  o u t s i d e   a tmosphere   and  p reven t   communicat ion  be tween  

the  i n t e r i o r   of  sa id   t und i sh   s e c t i o n   and  the  ou t s ide   a tmosphere   d u r i n g  

e v a c u a t i o n   of  s a id   p o s t - t r e a t m e n t   v e s s e l ;   a  t und i sh   cover  a p e r t u r e   w i t h  

s ea l ed   opening  and  c lo su re   means  in  sa id   cover  above  the  s u r f a c e   l eve l   o f  

sa id   molten  bath  adapted  to  al low  opening  of  sa id   t u n d i s h   to  a t m o s p h e r i c  

p r e s s u r e   f o l l o w i n g   f i l l i n g   of  sa id   p o s t - t r e a t m e n t   v e s s e l   wi th   molten  m e t a l ;  

a  s ea l ed   opening  and  c losure   means  for   said  w i thd rawa l   tube ;   and  a  s e p a r a t i n g  



b a r r i e r   adap ted   to  l i m i t   f r ee   movement  of  molten  meta l   between  sa id   vacuum 

column  s e c t i o n   and  said  pour ing  t u n d i s h   s e c t i o n ,   sa id   b a r r i e r   c o m p l e t e l y  

cove r ing   the  tund i sh   chamber  en t ry   cross  s e c t i o n   to  a  l e v e l   e x t e n d i n g  

e s s e n t i a l l y   below  the  su r face   l e v e l   of  sa id   molten  metal   ba th ;   and  s e a l e d  

opening   and  c losu re   means  for   s a id   pour ing   nozzle  o u t l e t   adap ted   to  f a c i l i t a t e  

e v a c u a t i o n   of  sa id   tund i sh   chamber  s e c t i o n   when  c losed   and  flow  of  m o l t e n  

meta l   t h e r e t h r o u g h   when  o p e n e d .  

20.  An  appara tus   acco rd ing   to  Claim  19  which  a l so   i n c l u d e s   s h r o u d i n g  

gas  supply   means  for  said  t u n d i s h   cover  a p e r t u r e   f o r   s a id   pour ing   t u n d i s h  

s e c t i o n .  
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