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Method  for  Casting  ingots  and  apparatus  for  carrying  out  the  method. 
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@  A  method  of  casting  a  metal  bath  (2)  to  single  ingots, 
where  the  bath  is  supplied  into  a  preferably  vertically  posi- 
tioned  mould  (1  ),  in  which  the  bath  solidifies  and  is  moulded  to 
an  ingot  with  a  cross-sectional  geometry  substantially  in  agree- 
ment  with  the  cross-sectional  geometry  of  the  mould,  and 
where  the  bath  is  supplied,  moulded  and  caused  to  solidify  in 
a  substantually  tubular  and  thin-walled  metal  casing  (  1  )  consti- 
tuting  or  comprised  by  said  mould,  which  casing  (1  )  is  caused 
to  follow  along  with  the  ingot  in  process  steps  subsequent  to 
the  casting,  which  casting  is  carried  out  intermittently  as 
down-hill  casting  where  bath  in  known  manner  is  supplied  at  an 
upper  portion  of  the  mould,  casing,  or  intermittently  as  up-hill 
casting  where  bath  in  known  manner  is  supplied  at  a  lower  por- 
tion  of  the  mould,  casing. 

The  method  according  to  the  invention  is  characterized 
especially  in  that  said  casing  in  process  steps  subsequent  to 
the  casting  in  a  manner  known  per  se  is  caused  to  be  consumed 
and  in  a  suitable  process  phase  finally  removed  so  as  not  to  be 
included  in  products  manufactured  of  the  ingot,  and  the  casing 
(1)  is  caused  to  be  consumed  instead  of  the  ingot  material 
inside  thereof  in  orderto  increase  the  yield  of  the  ingot  material, 
and  that  a  hot  top  (1  6)  is  provided  externally  against  an  upper 
portion  (5,  1  5)  of  said  casing  (1  ). 

The  invention  also  relates  to  an  apparatus  for  carrying  out 
the  method. 
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  A  method  of  casting  a  metal  bath  (2)  to  single  ingots, 
where  the  bath  is  supplied  into  a  preferably  vertically  posi- 
tioned  mould  (1  in  which  the  bath solidifies  and  is  moulded  to 
an  ingot  with  a  cross-sectional  geometry  substantially  in  agree- 
ment  with  the  cross-sectional  geometry  of  the  mould,  and 
where  the  bath  is  supplied,  moulded  and  caused  to  solidify  in 
a  substantually  tubular  and  thin-walled  metal  casing  (1)  consti- 
tuting  or  comprised  by  said  mould,  which  casing  (1)  is  caused 
to  follow  along  with  the  ingot  in  process  steps  subsequent  to 
the  casting,  which  casting  is  carried  out  intermittently  as 
down-hill  casting  where  bath  in  known  manner  is  supplied  at  an 
upper  portion  of  the  mould,  casing,  or  intermittently  as  up-hill 
casting  where  bath  in  known  manner  is  supplied  at  a  lower  por- 
tion  of  the  mould,  casing. 

The  method  according  to  the  invention  is  characterized 
especially  in  that  said  casing  in  process  steps  subsequent  to 
the  casting  in  a  manner  known  per  se  is  caused  to  be  consumed 
and  in  a  suitable  process  phase  finally  removed  so  as  not  to  be 
included  in  products  manufactured  of  the  ingot,  and  the  casing 
(1)  is  caused  to  be  consumed  instead  of  the  ingot  material 
inside  thereof  in  orderto  increase  the  yield  of the  ingot  material, 
and  that  a  hot  top  (16)  is  provided  externally  against  an  upper 
portion  (5,  15)  of  said  casing  (1). 

The  invention  also  relates  to  an  apparatus  for  carrying  out 
the  method. 



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

a  m o l t e n  b a t h   i n t e r m i t t e n t l y   to   s o - c a l l e d   i n g o t s .   T h e  

i n v e n t i o n   a l s o   r e l a t e s   t o   an  a p p a r a t u s   f o r   c a r r y i n g  

ou t   t h e   m e t h o d .  

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

mos t   c a s e s   t h e   p r o d u c t i o n   of   i n g o t s   to   be  w o r k e d   s u b -  

s e q u e n t l y ,   i n   s u c h   a  m a n n e r ,   t h a t   a  m e t a l   b a t h   i n   a  

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

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

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

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

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

p h a s e .   The  h e a t   e x c e s s   of   t h e   b a t h   i s   h e r e b y   c o n d u c t e d  

away  b o t h   v i a   t h e   i n g o t   m o u l d   and  d i r e c t l y   to   t h e  

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

c o n t a c t ,   in   c o m b i n a t i o n   w i t h   t h e   r e l a t i v e l y   s h o r t e r  

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

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

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

in   t h e   i n g o t .   When  a  s h e l l   of   s u f f i c i e n t   t h i c k n e s s   h a s  

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

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

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

m o u l d i n g   f u n c t i o n .   In   t h i s   p h a s e   t h e   i n g o t   d i s e n g a g e s  

f r o m   t h e   i n n e r   w a l l s   of   t h e   i n g o t   m o u l d ,   due  to   s o l i d -  

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

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

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

d u c t i o n   s u b s t a n t i a l l y   h a s   come  to   an  e n d .   T h e r e a f t e r ,  

t h e   c o n t i n u e d   h e a t   e m i s s i o n   t a k e s   p l a c e   s u b s t a n t i a l l y  

by  f r e e   c o n v e c t i o n   and  r a d i a t i o n .  



P e r m a n e n t   i n g o t   m o u l d s   f o r   i n t e r m i t t e n t   c a s t i n g   r e q u i r e  

a  h i g h   d e g r e e   of   m a i n t e n a n c e   a n d ,   i n   a d d i t i o n ,   g o o d  

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

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

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

r e d u c e d   y i e l d .  

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

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

to   t h e i r   w o r k i n g ,   t h e   i n g o t s   a r e   h e a t e d ,   u s u a l l y   in   a  

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

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

s o - c a l l e d   s c a l i n g ,   i . e .   o x i d a t i o n   o f   t h e   s u r f a c e   l a y e r  

of   t h e   i n g o t ,   and  i n   c e r t a i n   c a s e s   by  d e c a r b u r i z a t i o n  

i n   a  l a y e r   b e n e a t h   t h e   o x i d i z e d   o n e .   The  d e c a r b u r i z e d  

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

u r i n g   p r o c e s s ,   f o r   e x a m p l e  b y   d e s c a l i n g .   I n t e r m i t t e n t l y  

c a s t   a l l o y e d   c a r b o n   s t e e l s   of   c e r t a i n   g r a d e s   can   l o o s e  

up  to   5%  of   t h e   i n g o t   w e i g h t   by  r o n g h - t u r n i n g .  

The  p r e s e n t   i n v e n t i o n   has   t h e   o b j e c t   to   p r o v i d e   a  m e t h o d  

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

i n t e r m i t t e n t l y   i n   i n g o t   m o u l d s   t o   s i n g l e   i n g o t s ,   b y  

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

d i s a d v a n t a g e s   of   known  a r t   a r e   r e d u c e d   s u b s t a n t i a l l y .  

The  i n v e n t i o n   a l s o   c o m p r i s e s   a  h o t   t o p   a r r a n g e m e n t ,  

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

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

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

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

i n   w h i c h   t h e   b a t h   s o l i d i f i e s   and  i s   m o u l d e d   to   an  i n g o t  

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

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

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

to   s o l i d i f y   i n   a  s u b s t a n t i a l l y   t u b u l a r   and  t h i n - w a l l e d  



m e t a l   c a s i n g   c o n s t i t u t i n g   or   c o m p r i s i n g   s a i d   m o u l d ,  

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

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

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

w h i c h   t h e   b a t h   i n   known  m a n n e r   i s   s u p p l i e d   a t   an  u p p e r  

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

b o t t o m   c a s t i n g ,   a t   w h i c h   t h e   b a t h   in   known  m a n n e r   i s  

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

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

c a s i n g   i n   p r o c e s s   s t e p s   s u b s e q u e n t   to   c a s t i n g   i s   c a u s e d  

in   a - m a n n e r - k n o w n   p e r   se  to   be  c o n s u m e d ,   and  i n   a  s u i t -  

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

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

i n s i d e   t h e r e o f   i n   o r d e r   to   i n c r e a s e   t h e   y i e l d   o f   t h e  

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

a g a i n s t   an  u p p e r   p o r t i o n   of  s a i d   c a s i n g .  

The  i n v e n t i o n   a l s o   r e l a t e s   t o   an  a p p a r a t u s   a t   t h e   c a s t -  

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

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

i n t o   w h i c h   t h e   b a t h   i s   i n t e n d e d   to   be  s u p p l i e d   and  t o  

s o l i d i f y   and  be  m o u l d e d   t h e r e i n   t o   an  i n g o t   w i t h   a  c r o s s -  

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

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

p r i s e s   or   c o n s t i t u t e s   a  s u b s t a n t i a l l y   t u b u l a r   and  t h i n -  

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

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

i n g ,   w h i c h   i s   i n t e n d e d   to   be  c a r r i e d   ou t   i n t e r m i t t e n t l y  

as  d o w n - h i l l   or   u p - h i l l   c a s t i n g .  

The  a p p a r a t u s   i s   c h a r a c t e r i z e d  - e s p e c i a l l y   i n   t h a t   s a i d  

c a s i n g   i s   i n t e n d e d ,   i n   a  way  s u b s t a n t i a l l y   known   p e r   s e ,  
i n   p r o c e s s   s t e p s   s u b s e q u e n t   to   c a s t i n g   to   be  c o n s u m e d  

and  in   a  s u i t a b l e   p r o c e s s   s t e p   f i n a l l y   to   be  r e m o v e d   s o  

as  n o t   to   be  i n c l u d e d   in   p r o d u c t s   made  of  t h e   i n g o t ,  



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

i n s i d e   t h e r e o f   i n   o r d e r   to   i n c r e a s e   t h e   y i e l d   of   t h e  

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

o u t w a r d l y   a g a i n s t   an  u p p e r   p o r t i o n   of   s a i d   c a s i n g .  

The  i n v e n t i o n   i s   d e s c r i b e d   in   g r e a t e r   d e t a i l   i n   t h e  

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

a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h   F i g .   1  i s   a  s c h e m a t i c -  

a l l y   shown   v e r t i c a l   c e n t r a l   s e c t i o n   t h r o u g h   an  a p p a r a t -  

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

i n g ,   F i g .   2  i s   a  s e c t i o n   A-A  a c c o r d i n g   to   F i g .   1,  F i g .   3 

i s   a  s c h e m a t i c a l l y   shown   v e r t i c a l   c e n t r a l   s e c t i o n  

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

to   b o t t o m   c a s t i n g ,   F i g .   4  i s   a  s e c t i o n   B-B  a c c o r d i n g   t o  

F i g .   3,  F i g .   5  i s   a  s c h e m a t i c a l l y   shown  v e r t i c a l   c e n t r a l  

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

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

to  t h e   i n v e n t i o n ,   F i g .   6  i s   a  s c h e m a t i c a l l y   shown  v e r t i c -  

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

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

h o t   t o p   a c c o r d i n g   to   t h e   i n v e n t i o n ,   F i g .   7  i s   a  s c h e m a t -  

i c a l l y   s h o w n   v e r t i c a l   c e n t r a l   s e c t i o n   t h r o u g h   an  a p p a r -  

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

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

i n g   a  d i r e c t i o n a l   s o l i d i f i c a t i o n   of   t h e   i n g o t ,   F i g .   8 

i s   a  s c h e m a t i c a l l y   shown   v e r t i c a l   c e n t r a l   s e c t i o n   t h r o u g h  

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

s u p p o r t   f o r   t h e   c a s i n g   i s   p r o v i d e d ,   a n d  F i g .   9  i s   a  

s e c t i o n   C-C  a c c o r d i n g   to   F i g .   8 .  

In   F i g .   1  t h e   n u m e r a l   1  d e s i g n a t e s   a  s u b s t a n t i a l l y   t u b -  

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

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

i c a l l y .   The  c a s i n g   1  i s   i n t e n d e d   to   c o n s t i t u t e   or   b e  

c o m p r i s e d   i n   t h e   m o u l d ,   i n t o   w h i c h   a  m e t a l   b a t h   2  i s   i n -  

t e n d e d   to   be  s u p p l i e d   and   to   s o l i d i f y   t h e r e i n   and  t h e r e b y  

be  m o u l d e d   t o   an  i n g o t .   At  t h e   e m b o d i m e n t   a c c o r d i n g   t o  

F i g .   1,  t h e   b a t h   2  i s   i n t e n d e d   i n   a  way  s u b s t a n t i a l l y  

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



p o r t i o n   5  of   t h e   c a s i n g  1   as  d o w n - h i l l   c a s t i n g   w i t h  

a  t a p p i n g   j e t   3  f r o m   a  l a d l e   4  or   c o r r e s p o n d i n g   d e v i c e .  

The  c a s i n g   m a t e r i a l ,   6 f   c o u r s e ,   i s   to   be  a d a p t e d   t o  

t h e   i n g o t   m a t e r i a l   a t   l e a s t   so  t h a t  t h e   f u s i o n   p o i n t  

of  t h e   c a s i n g   i s   h i g h e r   t h a n   t h e   c a s t i n g   t e m p e r a t u r e .  

The  c r o s s - s e c t i o n a l   g e o m e t r y   of   t h e   c a s i n g  1 ,   F i g .   2 ,  

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

of  t h e   i n g o t   t o   be .   In   F i g .   2  a  s q u a r e   c r o s s - s e c t i o n  

i s   s h o w n ,   b u t   t h e   c r o s s - s e c t i o n ,   of   c o u r s e ,   c an   b e  

c h o s e n   a t   o p t i o n   a n d ,   f o r   e x a m p l e ,   may  be  r e c t a n g u l a r  

or  c i r c u l a r .  

6  d e s i g n a t e s   an  o u t e r   p i p e   w i t h   t h e   n e c e s s a r y   w e l l -  

- d e f i n e d   w a l l   t h i c k n e s s ,   an  i n g o t   m o u l d   or   c o r r e s p o n d -  

i n g   d e v i c e ,   w h i c h   i s   l o c a t e d  a b o u t   t h e   c a s i n g   1  t o  

s u p p o r t   t h e   same  when   t h e r e   i s   r i s k   f o r   t h e   c a s i n g   t o  

b u c k l e   a t   t h e   s u p p l y   o f   t h e   b a t h .   7  d e s i g n a t e s   a  l a y e r  

of  s t e e l   s a n d ,   o l i v i n e   s a n d   or   c o r r e s p o n d i n g   m a t e r i a l  

l o c a t e d   b e t w e e n   t h e   c a s i n g   1  and  s u p p o r t   6  w i t h   t h e  

o b j e c t   of   a d j u s t i n g   when   t h e   c a s i n g   1  d o e s   n o t   a b u t  

p e r f e c t l y   t h e   s u p p o r t   6.  The  t h i c k n e s s   of   t h e   l a y e r   7 

in   t h e   F i g u r e s   i s   s l i g h t l y   e x a g g e r a t e d   f o r   t h e   s a k e  

of  c l e a r n e s s .  

E s p e c i a l l y   a t   h i g h   r e q u i r e m e n t s   on  t h e   p u r i t y   of   t h e  

m e t a l ,   a  b o t t o m   8  p r e f e r a b l y   of   m e t a l   s u i t a b l y   i s  

j o i n e d   to   t h e   c a s i n g   1,  f o r   e x a m p l e   by  w e l d i n g .  

9  d e s i g n a t e s   a  b a s e ,   f o r   e x a m p l e   a  c a s t i n g   p l a n e .  

A  c a s t i n g   p r o t e c t i o n   10,   i n d i c a t e d   i n   F i g .   1,  c an   b e  

i n s e r t e d   b e t w e e n   t h e   p o r t i o n   5  and  t h e   n o z z l e   11  o f  

t h e   l a d l e   4,  and   a  p l a s t i c   c o v e r   12,   c a r d b o a r d   c o v e r   1 2  

or  c o r r e s p o n d i n g   c o v e r   can   be  p r o v i d e d   a t   t h e   p o r t i o n   5 .  

In  F i g s .   3  a n d  4   a  s e c o n d   e m b o d i m e n t   i s   s h o w n , w h e r e  '  

t h e   c a s t i n g   i s   c a r r i e d   ou t   i n t e r m i t t e n t l y   as  b o t t o m  

c a s t i n g ,   and   t h e   b a t h   2  i s  s u p p l i e d   a t   t h e   l o w e r   p o r t -  

i o n   13  of   t h e   c a s i n g   1  v i a   c h a n n e l   b r i c k s  1 4 .   The  b a s e  

9   in   t h i s   c a s e   i s   a  b o t t o m   c a s t i n g   p l a t f o r m   9,  on  w h i c h  



s e v e r a l   i n g o t s   can   be  c a s t   s i m u l t a n e o u s l y   i n   k n o w n  

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

b o t t o m   8  w i t h   a  h o l e   8'  i s   p r o v i d e d   a t   t h e   l o w e r   p o r t -  

i o n   13  o f   t h e   c a s i n g  a n d  a  c o v e r   1 2 o f   p l a s t i c ,   c a r d -  

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

p o r t i o n   15  o p p o s i t e   t o   t h e   p o r t i o n   13  of   t h e   c a s i n g ,  

as  s h o w n  i n   F i g .   3.  I t   may  a l s o   be  s u i t a b l e   to   p r o v -  
i d e   a  c o v e r   12  a d j a c e n t   s a i d   b o t t o m   8  w i t h   a  h o l e ,  

as  shown  by  d a s h e d   l i n e   i n   F i g .   3.  The  s u p p o r t   6  a n d  

l a y e r   7  a r e   a r r a n g e d   i n   a  way  and  h a v e   a  f u n c t i o n  

c o r r e s p o n d i n g   t o   d o w n - h i l l   c a s t i n g ,   and  t h e   c r o s s -  

- s e c t i o n a l   g e o m e t r y   of   t h e   c a s i n g   1  can   be  c h o s e n  

c o r r e s p o n d i n g l y .   The  c o v e r   and  b o t t o m   a r e   u s e d   p r i m -  

a r i l y   a t   h i g h   m a t e r i a l   p u r i t y   r e q u i r e m e n t s .  

S p a c e   i s   p r e f e r a b l y   t o   be  l e f t   f o r   a  h o t   t o p   16 ,   w h i c h  

i s   shown   s c h e m a t i c a l l y   i n   F i g s .   1  and  3.  The  s p a c e   i s  

to   be  l e f t   i n   c o n n e c t i o n   to   t h e   u p p e r   p o r t i o n   of   t h e  

c a s i n g   1,  F i g s .   1  and   3,  i n   w h i c h   c a s e   t h e   s u p p o r t   6 

p r e f e r a b l y   i s   a  s u p p o r t   a l s o   f o r   t h e   h o t   t o p   16 .   T h e  

s u p p o r t   6  and   l a y e r   7  t e r m i n a t e   s l i g h t l y   b e n e a t h   t h e  

u p p e r m o s t   p o r t i o n   I '   of   t h e   c a s i n g   1 .  

In   F i g s .   5 - 7   d i f f e r e n t   e m b o d i m e n t s   of   h o t   t o p   a r r a n g e m -  
e n t s   a r e   s h o w n   i n   g r e a t e r   d e t a i l .  

At  t h e   e m b o d i m e n t   shown   in   F i g .   5  a  t o p   h o l d e r   17  i s  

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

of   t h e   c a s i n g ,   by  m e a n s   of  w h i c h   h o l d e r   p l a t e s   18  o r  

t h e   l i k e   a r e   h e l d .   The  p l a t e s   18  may  p r o j e c t   u p w a r d  

a b o v e   t h e   c a s i n g   1,  w h e r e b y   b a t h   can   be  p e r m i t t e d   t o  

r i s e   o v e r   t h e   c a s i n g .   The  p l a t e s   n o r m a l l y   c a n n o t   b e  

r e - u s e d .   19  d e s i g n a t e s   a  p l a t e - s h a p e d   c o v e r   i n t e n d e d  

to   c o v e r   t h e   u p p e r   p o r t i o n   of   t h e   c a s i n g .   I t   i s ,   o f  

c o u r s e ,   a l s o   p o s s i b l e   to   e s t a b l i s h   a  c o v e r   by  p o w d e r e d  

m a t e r i a l .  

At  t h e   e m b o d i m e n t   s h o w n   i n   F i g .   6  a l s o   a  t o p   h o l d e r   1 7  



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

17  and  t h e   c a s i n g   1,  i n   w h i c h   s p a c e   p o w d e r e d   m a t e r i a l  

20  i s   l o c a t e d .   In   t h i s   c a s e  t h e  b a t h   p r e f e r a b l y   i s  

n o t   i n t e n d e d   to   r i s e   a b o v e   t h e   c a s i n g ,   a n d   t h e   p o w d e r - -  

ed  m a t e r i a l   i s   i n t e n d e d   t o   be  r e - u s e d .  

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

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

l e a s t   a t   t h e   l o w e r   p o r t i o n   21  o f   t h e   t o p ,   as  s h o w n   i n  

F i g s .   5  and  6,  w h e r e b y   a  d i r e c t i o n a l   s o l i d i f i c a t i o n  

i s   i n t e n d e d   to   be  o b t a i n e d .  

In  F i g .   7  an  e m b o d i m e n t   i s   s h o w n   s c h e m a t i c a l l y ,   a t   w h i c h  

an  i n s u l a t i n g   l a y e r   22  i s   c o m p r i s e d   by  t h e   h o t   t o p ,  

as  in   F i g .   7,  or  in   c o n n e c t i o n   t o   t h e   l o w e r   p o r t i o n  

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

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

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

w a r d   d e c r e a s i n g   w a l l   t h i c k n e s s .   By  m e a n s   of  s a i d   l a y e r  

a  d i r e c t i o n a l   s o l i d i f i c a t i o n   i s   i n t e n d e d   to   be  o b t a i n -  

ed ,   and  a  p o s s i b l e   d e m a n d   of   c o n i c i t y   of   t h e - c a s i n g   i s  

i n t e n d e d   to   be  r e d u c e d   or   e n t i r e l y   e l i m i n a t e d .   I n  

F i g .   7  a  l a y e r   of  p o w d e r e d   m a t e r i a l   20  i s   shown  l o c a t -  

ed  in   a  d o w n w a r d   e x t e n d i n g   t o p   h o l d e r   17.   A  c o r r e s -  

p o n d i n g   l a y e r ,   of  c o u r s e ,   can   be  o b t a i n e d   by  m e a n s   o f  

p l a t e s   or   t h e   l i k e .  

In  F i g s .   8  and  9  a  f u r t h e r   e m b o d i m e n t   of   a  s u p p o r t   f o r  

t h e   c a s i n g   1  i s   s h o w n .   S u p p o r t i n g   p l a t e s   23  or   t h e   l i k e  

a r e   a r r a n g e d   to   t h e   s i d e   of   e a c h   o t h e r   in   t h e   c i r c u m -  

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

S u p p o r t   b e a m s   24  or  t h e   l i k e   p r e f e r a b l y   a r e   p r o v i d e d  

f o r   s u p p o r t i n g   and  s t r u t t i n g   t h e   p l a t e s   23.   At  t h e  

e m b o d i m e n t   s h o w n ,   f o u r   p l a t e s   2 3 * , a r e   p r o v i d e d   f o r   t h e  

s q u a r e   c a s i n g   c r o s s - s e c t i o n ,   one   p l a t e   f o r   e a c h   s i d e   o f  

t h e   c a s i n g   w h e r e   t h e   p l a t e s   can   be  moved   to   and   f r o m  

t h e   c a s i n g .   At  t h e   c a s t i n g   o p e r a t i o n ,   t h e   p l a t e s   2 3  

can   be  r e t a i n e d   in   p l a c e ,   f o r   e x a m p l e ,   by  c l a m p i n g  



m e m b e r s   25  e x t e n d i n g   i n   t h e   c i r c u m f e r e n t i a l   d i r e c t i o n ,  

as  i n d i c a t e d   s c h e m a t i c a l l y   i n   F i g s .  8   a n d   9,  or   t h e y  

may  be  a r r a n g e d   so  as  v i a   t h e   beams   t o   r e s t   a g a i n s t  

an  o u t e r   m o u l d   6,  i n d i c a t e d   by  d a s h e d   l i n e .   I t   a l s o   c a n  

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

beams  a r e   a r r a n g e d   so  as  to   r u n   on  r a i l s   or   t h e   l i k e  

in   t h e   f l o o r ,   on  w h i c h   t h e   c a s i n g   e t c .   a r e   e r e c t e d .  

T h i s   c an   be  a r r a n g e d   i n   an  o b v i o u s   m a n n e r   ( n o t   s h o w n ) .  

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

c o r r e s p o n d i n g   s u p p o r t ,   p r e f e r a b l y   a  s e a l i n g   26  b y  

p o w d e r e d   m a t e r i a l   i s   p r o v i d e d ,   as  i n   F i g s .   8  and   9 .  

At  t h e   a r r a n g e m e n t   c o m p r i s i n g   an  o u t e r   m o u l d   6,  F i g s .  

8  and  9,  s u p p o r t i n g   m e m b e r s   24'   s u i t a b l y   a r e   p r o v i d e d ,  

p r e f e r a b l y   b e t w e e n   t h e   b e a m s   24  and  o u t e r   m o u l d ,   w h i c h  

s u p p o r t i n g   m e m b e r s   24 '   a r e   a d j u s t a b l e   to   t h e   g e o m e t r y  

of  t h e   c a s i n g   1,  so  t h a t   a d j u s t m e n t   can   be  made   a . o .  

to   t h e   d i s t a n c e   b e t w e e n   t h e   c a s i n g   and  o u t e r   m o u l d   2 6 .  

The  m e t h o d   a c c o r d i n g   to   t h e   i n v e n t i o n   and   t h e   mode  o f  

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

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

a b o v e   d e s c r i p t i o n .  

The  c a s i n g   1,  t h u s , i s  p o s i t i o n e d  o n   a  c a s t i n g   p l a n e   9 

w i t h   or   w i t h o u t   s u p p o r t s   6 , 7 ,   w h e r e a f t e r - t h e   b a t h   2 

i s   s u p p l i e d   by  d o w n - h i l l   or  u p - h i l l   c a s t i n g .   The  b a t h  

i s   p r o t e c t e d   a g a i n s t   i m p u r i t i e s   by  t h e   b o t t o m   and   c o v e r  

8  and ,   r e s p e c t i v e l y ,   12.   The  b a t h   a l s o   i s   p r o t e c t e d  

by  t h e   c a s t i n g   p r o t e c t i o n   10.  I t   a l s o   c an   be  i m a g i n e d  

t h a t   a i r   i s   e v a c u a t e d   f r o m   t h e   c a s i n g   1  and   i n e r t   g a s ,  
f o r   e x a m p l e   a r g o n ,   i s   f i l l e d   i n t o   t h e   c a s i n g   1  b y  

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

a p p l i e d   w h e n   t h e r e   i s   b u c k l i n g   r i s k   of   t h e   c a s i n g .   S u c h  

r i s k   a r i s e s ,   f o r   e x a m p l e ,   when  a  c a s i n g   1  of   l o w - c a r b o n  

s t e e l   s h e e t   m e t a l   of  a  few  m i l l i m e t e r s   t h i c k n e s s   i s  

f i l l e d   w i t h   a  s t e e l   b a t h   of   a  h e a t   e x c e e d i n g   a b o u t  
1 5 0 0  C   and   t h e   c a s i n g   c r o s s - s e c t i o n   i s   n o t   c i r c u l a r .  



A  p o s s i b l e   s u p p o r t   can   be  r e m o v e d   when   a  s e l f - s u p p o r t -  

i n g   s o l i d i f i e d   s h e l l   h a s   b e e n   d e v e l o p e d   a d j a c e n t   t h e  

c a s i n g   1 .  

At  t h e   e m b o d i m e n t   a c c o r d i n g   to   F i g s .   8  and  9  w h e r e   t h e  

s u p p o r t   i s   d i v i d e d   and  c o n s i s t s   of   p l a t e s   23  or   t h e   l i k e ,  

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

By  means   o f   a  h o t   t o p   a c c o r d i n g   t o   t h e   i n v e n t i o n ,   t h e  

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

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

c a s i n g   1,  good   i n g o t   s u r f a c e s   a r e   o b t a i n e d   e v e n   a t  

i t s   t o p   e n d .   The  d e s i g n   w i t h   d o w n w a r d   d e c r e a s i n g   w a l l  

t h i c k n e s s   y i e l d s   a  d i r e c t i o n a l   or   a c c e n t u a t e d   d i r e c t -  

i o n a l   s o l i d i f i c a t i o n .   Due  t o   t h e   f a c t   t h a t   t h e   l a y e r  

22  e x t e n d s   a  s u b s t a n t i a l   d i s t a n c e   d o w n w a r d   on  t h e   i n g o t ,  

a  more   e x t e n s i v e   d i r e c t i o n a l   s o l i d i f i c a t i o n   can   b e  

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

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

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

h o t   w o r k i n g   of   t h e   i n g o t .  

The  c a s i n g   1  i s   p e r m i t t e d   to   u n i t e   w i t h   t h e   s o l i d i f i e d  

b a t h   and  to   f o l l o w   a l o n g   w i t h   t h e   i n g o t   t h u s   m o u l d e d  

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

c a s i n g   1  i s   h e r e b y   d i m i n i s h e d   i n   t h i c k n e s s   d u r i n g   t h e  

c o n t i n u e d   p r o c e s s   s t e p s   by  s c a l i n g   e t c .   The  r e m a i n i n g  

c a s i n g   i s   r e m o v e d   by  m a c h i n i n g   i n   a  p r o c e s s   s t e p   d e e m e d  

s u i t a b l e .   The  c a s i n g   1  t h u s   p r e v e n t s   l o s s e s   of   i n g o t  

m a t e r i a l   due  to   s c a l i n g ,   d e c a r b u r i z a t i o n : e t c . T h e   c a s i n g ,  

of   c o u r s e ,   i s   made  of   a  s i m p l e  a n d   i n e x p e n s i v e   m a t e r i a l .  

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

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

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

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

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

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

t a i n e d   e v e n   in   c o n n e c t i o n   to   t h e   t o p .  



The  i n v e n t i o n   h a s   b e e n   d e s c r i b e d   a b o v e   w i t h   r e f e r e n c e  

to   some  e m b o d i m e n t s .   More  e m b o d i m e n t s   and  m i n o r   a l t e r -  

a t i o n s ,   of  c o u r s e ,   c an   be  i m a g i n e d   w i t h o u t   t h e r e f o r e  

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

m e t r y   o f   t h e   c a s i n g - i n g o t ,   as  m e n t i o n e d ,   can   be  c h o s e n  

a t   o p t i o n .  

The  m e t h o d   and   a p p a r a t u s   a c c o r d i n g   to   t h e   i n v e n t i o n  

can  a l s o   be  a p p l i e d   to   c a s t i n g   p r o c e s s e s   o t h e r   t h a n  

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

i n g   to   SE-PS   7 7 0 6 6 9 6 - 7   w h e r e   a  g a s - p o w d e r   m i x t u r e   i s  

i n j e c t e d   i n t o   a  c a s t i n g   j e t ,   a  j e t   of  m o l t e n   m e t a l .  

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

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

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

c a s i n g .   The  s a i d   m e t h o d   c a n   be  u s e d   a t   i n t e r m i t t e n t  

c a s t i n g ,   b u t   p e r   se  a l s o   a t   c o n t i n u o u s   c a s t i n g .  

At  d i v i d e d   s u p p o r t s   i n   t h e   f o r m   of  p l a t e s   23  or   t h e  

l i k e ,   of   c o u r s e ,   s e v e r a l   e m b o d i m e n t s   can   be  i m a g i n e d .  

The  s u p p o r t ,   f o r   e x a m p l e ,   can   be  made  o n l y   as  a  t w o -  

- p i e c e   s u p p o r t .  

The  i n v e n t i o n ,   t h u s ,   m u s t   n o t   be  r e g a r d e d   r e s t r i c t e d  

to   t h e   e m b o d i m e n t s   s e t   f o r t h   a b o v e ,   b u t   c an   be  v a r i e d  

w i t h i n   t h e   s c o p e   o f   t h e   a t t a c h e d   c l a i m s .  -  



1.  A  m e t h o d   of  c a s t i n g   a  m e t a l   b a t h   t o   s i n g l e   i n g o t s ,  

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

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

m o u l d e d   to   an  i n g o t   w i t h   a  c r o s s - s e c t i o n a l   g e o m e t r y  

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

m e t r y   of  t h e   m o u l d ,   and  w h e r e   t h e   b a t h   i s   s u p p l i e d ,  

m o u l d e d   and  c a u s e d   to   s o l i d i f y   i n   a  s u b s t a n t i a l l y  

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

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

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

s u b s e q u e n t   to   t h e   c a s t i n g ,   w h i c h   c a s t i n g   i s   c a r r i e d  

out   i n t e r m i t t e n t l y   as  d o w n - h i l l   c a s t i n g   w h e r e   b a t h   i n  

known  m a n n e r   i s   s u p p l i e d   a t   an  u p p e r   p o r t i o n   of   t h e   m o u l d ,  

c a s i n g ,   or   i n t e r m i t t e n t l y   as  u p - h i l l   c a s t i n g   w h e r e   b a t h  

in   known  m a n n e r   i s   s u p p l i e d   a t   a  l o w e r   p o r t i o n   of  t h e  

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

s a i d   c a s i n g   (1)   in   p r o c e s s   s t e p s   s u b s e q u e n t   to   t h e  

c a s t i n g   i s   c a u s e d   i n   a  m a n n e r   known   p e r   se  to   be  c o n -  

sumed  and   i n   a  s u i t a b l e   p r o c e s s   s t e p   f i n a l l y   i s   r e -  

moved  so  as  n o t   to   be  i n c l u d e d   i n   p r o d u c t s   m a n u f a c t u r e d  

of  t h e   i n g o t ,   t h a t   t h e   c a s i n g   (1)   i s   c a u s e d   to   b e  

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

in   o r d e r   to   i n c r e a s e   t h e   y i e l d   of   t h e   i n g o t   m a t e r i a l ,  

and  t h a t   a  h o t   t o p   ( 1 6 )   i s   p r o v i d e d   e x t e r n a l l y   a g a i n s t  

an  u p p e r   p o r t i o n   ( 5 , 1 5 )   of   s a i d   c a s i n g   ( 1 ) .  

2.  A  m e t h o d   as  d e f i n e d   i n   c l a i m   1,  c  h  a  r  a  c  t   e  r  -  

i  z  e  d   i  n  t h a t   t h e   c a s i n g   (1)   i s   s u p p o r t e d   b y  

an  o u t e r   p i p e   (6)   p r o v i d e d   a b o u t   t h e   c a s i n g   and  h a v i n g  

t h e   n e c e s s a r y   w a l l   t h i c k n e s s ,   a n  i n g o t   m o u l d   (6)   o r  

a n o t h e r   s u p p o r t .  

3.  A  m e t h o d   as  d e f i n e d   i n   c l a i m   2,  c  h  a  r  a  t   e  r  -  ,  
i  z  e  d   i  n  t h a t   t h e   c a s i n g   ( 1 ) . i s   s u p p o r t e d   b y  

means   of   s u p p o r t i n g   p l a t e s   ( 2 3 )   or   t h e   l i k e ,   w h i c h   a r e  

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



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

l e a s t   d u r i n g   an  i n i t i a l   p h a s e   of  t h e   c a s t i n g .  

4.  A  m e t h o d   as  d e f i n e d   i n   c l a i m   3,  c  h  a  r  a  c  t   e  r  -  

i  z  e  d   i  n  t h a t   s a i d   s u p p o r t i n g   p l a t e s   ( 2 3 )   a r e  

s u p p o r t e d   by  m e a n s   o f   an  o u t e r   p i p e   ( 6 ) ,   o u t e r   m o u l d  

(6)   or  t h e   l i k e ,   and   t h a t   means   ( 2 4 , 2 4 ' )   a r e   p r o v i d e d  

b e t w e e n   t h e   p l a t e s   ( 2 3 )   and   o u t e r   m o u l d   (6)   f o r   s u c h  

a d j u s t m e n t   to   t h e   c a s i n g   g e o m e t r y   t h a t   a  s u p p o r t   i s  

a c h i e v e d .  

5.  A  m e t h o d   as  d e f i n e d   i n   c l a i m   2,  c  h  a  r  a  c  t   e  r  -  

i  z  e  d   i  n  t h a t   a  l a y e r   (7)   of  s a n d   or   c o r r e s -  

p o n d i n g   m a t e r i a l   i s   p r o v i d e d   b e t w e e n   t h e   c a s i n g   ( 1 )  

and  s a i d   o u t e r   p i p e   ( 6 ) ,   s a i d   i n g o t   m o u l d   (6)   or   c o r r -  

e s p o n d i n g   d e v i c e ,   f o r   a d j u s t m e n t   p u r p o s e .  

6.  A  m e t h o d   as  d e f i n e d   i n   c l a i m   2 , 3 , 4   or   5,  c  h  a  r  -  

a  c  t   e  r  i  z  e  d   i  n  t h a t   s a i d   o u t e r   p i p e   ( 6 ) ,  

i n g o t   m o u l d   ( 6 ) ,   s u p p o r t i n g   p l a t e s   (23)   or   c o r r e s p o n d -  

i n g   means   a r e   r e m o v e d   a f t e r   a  s e l f - s u p p o r t i n g   s o l i d i f -  

i e d  s h e l l   h a s   b e e n   d e v e l o p e d   a d j a c e n t   t h e   c a s i n g   ( 1 ) .  

7.  A  m e t h o d   as  d e f i n e d   i n   c l a i m   2 , 3 , 4 , 5   or  6 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  t h a t   t h e   h o t   t o p   ( 1 6 )  

i s   c a u s e d   t o   r e s t   a g a i n s t   s a i d   o u t e r   p i p e   (6 )   or   c o r r -  

e s p o n d i n g   d e v i c e ,   and   t h e   c a s i n g   (1)   p r o j e c t s   a b o v e  

t h e   o u t e r  p i p e   or   c o r r e s p o n d i n g   d e v i c e .  

8.  A  m e t h o d   as  d e f i n e d   i n   c l a i m   2 , 3 , 4 , 5 , 6   or   7 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  t h a t   a  d i r e c t i o n a l  

s o l i d i f i c a t i o n   a t   t h e   u p p e r   p o r t i o n   of  t h e   c a s i n g   ( 1 )  

i s   c a u s e d   to   t a k e   p l a c e   by  m e a n s   of   a  h o t   t o p   ( 1 6 )  

w i t h   d o w n w a r d   d e c r e a s i n g   w a l l   t h i c k n e s s   a t   l e a s t   a t  

t h e   l o w e r   p o r t i o n   of   t h e   h o t   t o p .  

9.  A  m e t h o d   as  d e f i n e d   i n   c l a i m   2 , 3 , 4 , 5 , 6 , 7   or  8 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  t h a t   a  d i r e c t i o n a l  

s o l i d i f i c a t i o n   i s   c a u s e d   t o   t a k e   p l a c e   by  m e a n s   o f  



an  i n s u l a t i n g   l a y e r   ( 2 2 )   c o m p r i s e d   i n   t h e   h o t   t o p   ( 1 6 )  

or  c o n n e c t e d   to   t h e   l o w e r   p o r t i o n   of   t h e   h o t   t o p ,   w h i c h  

l a y e r   p r e f e r a b l y   h a s   a  d o w n w a r d   d e c r e a s i n g   w a l l   t h i c k -  

n e s s   and  e x t e n d s   d o w n w a r d   f r o m   t h e   u p p e r   p o r t i o n   o f  

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

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

c a s i n g   can   be  r e d u c e d   or  e n t i r e l y   e l i m i n a t e d .  

10.  A  m e t h o d   as  d e f i n e d   i n   a n y  o n e   of   t h e   p r e c e d i n g  

c l a i m s ,   c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  t h a t   t h e  

h o t   t o p   ( 1 6 )   i s   c a u s e d   to   be  f o r m e d   by  means   of   a  

p o w d e r e d   m a t e r i a l   ( 2 0 ) ,   w h i c h   i s   c a u s e d   to   f i l l   a  

s p a c e   f o r m e d   b e t w e e n   t h e   c a s i n g   (1)   and  a  t o p   h o l d e r  

( 1 7 ) ,   and  s a i d   m a t e r i a l   p r e f e r a b l y   i s   r e - u s e d .  

11.  A  m e t h o d   as  d e f i n e d   i n   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s ,   c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  t h a t   a  

b o t t o m   (8 )   p r e f e r a b l y   of  m e t a l   i s   p r o v i d e d   a t   t h e  

l o w e r   p o r t i o n   ( 1 3 )   of   t h e   c a s i n g   ( 1 ) ,   w h e r e b y   t h e  

r i s k   of  i m p u r i t i e s   to   be  a d m i x e d   to   t h e   b a t h   i s  

r e d u c e d   c o n s i d e r a b l y .  

12.  A  m e t h o d   as  d e f i n e d   i n   c l a i m   11,  w h e r e - t h e  

c a s t i n g   i s   c a r r i e d   ou t   as  b o t t o m   c a s t i n g ,   c  h  a  r  -  

a  c  t   e  r  i  z  e  d   i  n  t h a t   a  c e n t e r i n g   of   t h e  

i n f l o w  o f   t h e   b a t h   i n t o   t h e   c a s i n g   (1)   i s   o b t a i n e d  

by  c o - a c t i o n   b e t w e e n   s a i d   b o t t o m   ( 8 ) ,   w h i c h   f o r   t h i s  

p u r p o s e   i s   p r o v i d e d   w i t h   an  i n l e t   h o l e ,   and  t h e   u p - h i l l  

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

13.  A  m e t h o d   as  d e f i n e d   i n   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s ,   c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  t h a t   a  

c a s t i n g   p r o t e c t i o n   ( 1 0 )  i s   u s e d ,   and  t h a t   t h e   c a s i n g  

(1)  i s   f i l l e d   w i t h   i n e r t   g a s ,   f o r   e x a m p l e   a r g o n   g a s ,  

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

a i r .  

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

s i n g l e   i n g o t s ,   c o m p r i s i n g   a  m o u l d   i n t e n d e d   to   be  p o s i t -  



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

b a t h   i s   i n t e n d e d   to   be  s u p p l i e d   a n d  t o   s o l i d i f y   a n d  

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

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

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

or   c o n s i s t s   o f   a  s u b s t a n t i a l l y   t u b u l a r   and   t h i n - w a l l e d  

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

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

w i t h   t h e   i n g o t   i n   p r o c e s s   s t e p s   s u b s e q u e n t   to   t h e  

c a s t i n g ,   w h i c h   c a s t i n g   i s   i n t e n d e d   to   be  c a r r i e d   o u t  

i n t e r m i t t e n t l y   as  d o w n - h i l l   or  u p - h i l l   c a s t i n g ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  t h a t   s a i d   c a s i n g  

(1)   in   a  m a n n e r   s u b s t a n t i a l l y   known  p e r   se  i s   c a u s e d  

i n   p r o c e s s   s t e p s   s u b s e q u e n t   to   t h e   c a s t i n g   t o   b e  

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

be  r e m o v e d   so  as  n o t   to   be  i n c l u d e d   i n   p r o d u c t s   m a n u f -  

a c t u r e d   o f   t h e   i n g o t ,   and  t h e   c a s i n g   (1)   i s   c o n s u m e d  

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

to   i n c r e a s e   t h e   y i e l d   of   t h e   i n g o t   m a t e r i a l ,   and   t h a t  

a  h o t   t o p   ( 1 6 )   i s   l o c a t e d   e x t e r n a l l y   a g a i n s t   an  u p p e r  

p o r t i o n   ( 5 , 1 5 )   of   s a i d   c a s i n g   ( 1 ) .  

15.  An  a p p a r a t u s   as  d e f i n e d   i n   c l a i m   1 4 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  t h a t   an  o u t e r   p i p e  

(6)  w i t h   n e c e s s a r y   w a l l   t h i c k n e s s ,   an  i n g o t   m o u l d   ( 6 )  

or   t h e   l i k e   ( 2 3 )   i s   l o c a t e d   a b o u t   t h e   c a s i n g   (1)   a s  

a  s u p p o r t .  

16.  An  a p p a r a t u s   as  d e f i n e d   i n   c l a i m   1 5 ,  

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

p l a t e s   ( 2 3 )   or   t h e   l i k e   a r e   l o c a t e d   r e m o v a b l y   t o   t h e  

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

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

s u p p o r t i n g   b e a m s   ( 2 4 )   or   t h e   l i k e   s e r v e   as  s u p p o r t  

and  s t r u t t i n g   f o r   t h e   p l a t e s   ( 2 3 ) .  

17.   An  a p p a r a t u s   as  d e f i n e d   i n   c l a i m   1 6 ,  

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



m e m b e r s   ( 2 4 ' )   a r e   l o c a t e d   b e t w e e n   t h e   s u p p o r t i n g  

p l a t e s   ( 2 3 )   and   an  o u t e r   p i p e   ( 6 ) ,   o u t e r   m o u l d   ( 6 )  

or  t h e   l i k e ,   w h i c h   s u p p o r t i n g   m e m b e r s   ( 2 4 ' )   a r e  

a d j u s t a b l e   t o   t h e   g e o m e t r y   of   t h e   c a s i n g   (1)   so  t h a t  

a d j u s t m e n t   can   be  made  a . o .   to   t h e   d i s t a n c e   b e t w e e n  

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

18.  A n  a p p a r a t u s   as  d e f i n e d   in   c l a i m s   1 5 , 1 6   or  1 7 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  t h a t   a  l a y e r   ( 7 )  

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

t h e   c a s i n g   (1)   and  o u t e r   p i p e   ( 6 ) ,   i n g o t   m o u l d   ( 6 )  

or  c o r r e s p o n d i n g   d e v i c e   f o r   a d j u s t i n g   p u r p o s e .  

19.  An  a p p a r a t u s   as  d e f i n e d   i n   c l a i m   1 5 , 1 6 , 1 7   or   1 8 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  t h a t   t h e   h o t   t o p  

( 1 6 )   r e s t s   a g a i n s t   s a i d   o u t e r   p i p e   (6)   or  c o r r e s p o n d i n g  

d e v i c e ,   a n d   t h e   c a s i n g   (1)  p r o j e c t s   u p w a r d   a b o v e   t h e  

o u t e r   p i p e   (6)   or   c o r r e s p o n d i n g   d e v i c e .  

20.  An  a p p a r a t u s   as  d e f i n e d   in   c l a i m   1 4 , 1 5 , 1 6 , 1 7 , 1 8  

or  19,  c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  t h a t   t h e   h o t  

t o p   ( 1 6 )   a t   l e a s t   a t   i t s   l o w e r   p o r t i o n   h a s   a  d o w n w a r d  

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

i c a t i o n   i s   i n t e n d e d   to   be  o b t a i n e d .  

21.   An  a p p a r a t u s   as  d e f i n e d   in   c l a i m   1 4 , 1 5 , 1 6 , 1 7 , 1 8 ,  

19  or  20,   c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  t h a t   an  i n -  

s u l a t i n g   l a y e r   ( 2 2 )   i s   c o m p r i s e d   in   t h e   h o t   t o p   ( 1 6 )   o r  

c o n n e c t e d   t o   t h e   l o w e r   p o r t i o n   of  t h e   h o t   t o p ,   w h i c h  

L a y e r   ( 2 2 )   e x t e n d s   d o w n w a r d   f r o m   t h e   u p p e r   p o r t i o n   o f  

the  c a s i n g   (1)   a l o n g   a  s u b s t a n t i a l   p a r t   of   t h e   h e i g h t  

of  t h e   c a s i n g   ( 1 ) ,   and  s a i d   l a y e r   ( 2 2 )   h a s   a  p r e f e r a b l y  

downward   d e c r e a s i n g   w a l l   t h i c k n e s s ,   b y  m e a n s   of   w h i c h  

L a y e r   a  d i r e c t i o n a l   s o l i d i f i c a t i o n   i s   i n t e n d e d   to   b e  

o b t a i n e d .  

22.  An  a p p a r a t u s   as  d e f i n e d   i n   c l a i m   1 4 , 1 5 , 1 6 , 1 7 , 1 8 ,  

1 9 , 2 0   or   21,   c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  t h a t   t h e  



ho t   t o p   ( 1 6 )   c o n s i s t s   of   a  p o w d e r e d   m a t e r i a l   ( 20 )   l o c -  

a t e d   b e t w e e n   t h e   c a s i n g   (1 )   and   a  t o p   h o l d e r   ( 1 7 ) ,   w h i c h  

p o w d e r e d   m a t e r i a l   ( 2 0 )   p r e f e r a b l y   i s   i n t e n d e d   t o   b e  

r e - u s e d .  

23.   An  a p p a r a t u s   as  d e f i n e d   i n   c l a i m   1 4 , 1 5 , 1 6 , 1 7 , 1 8 ,  

1 9 , 2 0 , 2 1   or   22,   c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  t h a t  

a  b o t t o m   (8)   p r e f e r a b l y   of   m e t a l   i s   l o c a t e d   a t   t h e   l o w e r  

p o r t i o n   ( 1 3 )   of   t h e   c a s i n g   ( 1 ) ,   w h e r e b y   t h e   r i s k   of   a d -  

m i x t u r e   of   i m p u r i t i e s   i n t o   t h e   b a t h   i s   r e d u c e d   c o n s i d e r -  

a b l y .  

24.  An  a p p a r a t u s   as  d e f i n e d   i n   c l a i m   23  w h e r e   t h e  

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

e  r  i  z  e  d   i  n  t h a t   s a i d   b o t t o m   (8)   i s   c a p a b l e   t o  

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

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

an  i n l e t   h o l e   c o m p r i s e d   i n   t h e   b o t t o m   ( 8 ) .  

25.   An  a p p a r a t u s   as  d e f i n e d   i n   c l a i m   1 4 , 1 5 , 1 6 , 1 7 , 1 8 ,  

1 9 , 2 0 , - 2 1 , 2 2 , 2 3   or   24,   c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  

t h a t   a  c a s t i n g   p r o t e c t i o n   ( 1 0 )   i s   c o m p r i s e d   t h e r e i n ,  

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

e x a m p l e   a r g o n   g a s ,   i n t o   t h e   c a s i n g   ( 1 ) ,   and   p r e f e r a b l y  

a l s o   m e a n s   f o r   e v a c u a t i n g   a i r   f r o m   t h e   c a s i n g   ( 1 ) .  










	bibliography
	description
	claims
	drawings
	search report

