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includes  radiantly  cooling  the  molten  metal  (19)  in  a  zone 
defined  above  the  molten  metal  (19),  across  the  width  of  the 
U-shaped  structure  and  adjacent  the  casting  surface  (20).  The 
method  also  includes  providing  a  non-oxidizing  atmosphere 
in  the  zone. 

An  apparatus  is  also  provided. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   and  a p p a r a t u s   f o r  

d i r e c t   c a s t i n g   of  m e t a l   a l l o y s   f rom  m o l t e n   m e t a l   t o  

c o n t i n u o u s   s t r i p .   More  p a r t i c u l a r l y ,   i t   r e l a t e s   t o  

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

o u t l e t   to  s o l i d i f y   as  c o n t i n u o u s   s t r i p   of  d e s i r e d  

t h i c k n e s s   on  a  m o v i n g   c a s t i n g   s u r f a c e .  

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

m e t h o d s   may  i n c l u d e   t h e   s t e p s   of  c a s t i n g   the   m o l t e n   m e t a l  

i n t o   an  i n g o t   or  b i l l e t   or  s l a b   f o r m ,   t h e n   t y p i c a l l y  

i n c l u d e s   one  or  more   s t a g e s   of  hot   r o l l i n g   and  c o l d  

r o l l i n g ,   as  w e l l   as  p i c k l i n g   and  a n n e a l i n g   a t   any  o f  

v a r i o u s   s t a g e s   of  t h e   p r o c e s s   in  o r d e r   to  p r o d u c e   t h e  

d e s i r e d   s t r i p   t h i c k n e s s   and  q u a l i t y .   The  c o s t   o f  

p r o d u c i n g   c o n t i n u o u s   s t r i p ,   p a r t i c u l a r l y   in  a s - c a s t  

g a u g e s   r a n g i n g   f rom  0 . 0 1 0   i n c h   to  0 . 1 0 0   i n c h   ( 0 . 0 2 5 4   t o  

0 . 2 5 4   cm)  c o u l d   be  r e d u c e d   by  e l i m i n a t i n g   some  of  t h e  

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

s t r i p   c o u l d   be  p r o c e s s e d   c o n v e n t i o n a l l y ,   by  c o l d   r o l l i n g ,  

p i c k l i n g   and  a n n e a l i n g   to  f i n a l   g a u g e s   of  0 . 0 0 2 - 0 . 0 4 0  

i n c h   ( 0 . 0 5 0 8   to   1 . 0 1 6   mm) .  

T h e r e   a r e   known  a  wide   v a r i e t y   of  m e t h o d s   a n d  

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

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

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

r a p i d l y   mov ing   q u e n c h i n g   s u r f a c e   such   as  a  whee l   o r  

c o n t i n u o u s   b e l t ;   m e t h o d s   which   p a r t i a l l y   s u b m e r g e   a  

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

m e t h o d s   which   use   h o r i z o n t a l   l i n k   b e l t s   as  q u e n c h i n g  

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

s o l i d i f i c a t i o n ;   and  m e t h o d s   of  c a s t i n g   w i t h   twin   c a s t i n g  

r o l l s   h a v i n g   a  p o o l   of  m o l t e n   m e t a l   t h e r e b e t w e e n .  

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

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



w i t h   good  q u a l i t y   and  s t r u c t u r e .   U.S .   P a t e n t   1 1 2 , 0 5 4  

d a t e d   F e b r u a r y   21,  1871  d i s c l o s e s   a  m e t h o d   o f  

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

t h r o u g h   an  o r i f i c e   and  o n t o   a  r o t a t i n g   c a s t i n g   s u r f a c e .  

S i m i l a r l y ,   U.S.   P a t e n t   9 0 5 , 7 5 8 ,   i s s u e d   D e c e m b e r   1,  1 9 0 8 ,  

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

o u t l e t   a t   the   l o w e r   end  of  a  v e s s e l   and  o n t o   a  c a s t i n g  

s u r f a c e .   B r i t i s h   P a t e n t   2 4 , 3 2 0 ,   d a t e d   O c t o b e r   24,   1 9 1 0 ,  

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

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

l e a s t   one  s i d e   in  c o n t a c t   w i t h   the   mov ing   c a s t i n g  

s u r f a c e .   R e p r e s e n t a t i v e   of  a  more  r e c e n t   s y s t e m   i s   U . S .  

P a t e n t   3 , 5 2 2 , 8 3 6  -   K i n g ,   i s s u e d   A u g u s t   04,  1 9 7 0 ,   w h i c h  

d i s c l o s e s   a  m e t h o d   of  m a i n t a i n i n g   a  c o n v e x   m e n i s c u s  

p r o j e c t i n g   from  a  n o z z l e   and  m o v i n g   a  s u r f a c e   p a s t   t h e  

n o z z l e   o r i f i c e   o u t l e t   to   c o n t i n u o u s l y   d raw  o f f   m a t e r i a l  

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

m a t e r i a l   i s   m a i n t a i n e d   in   s t a t i c   e q u i l i b r i u m   a t   t h e  

o u t l e t   and  g r a v i t a t i o n a l l y   m a i n t a i n e d   in  c o n t i n u o u s  

c o n t a c t   w i t h   t he   m o v i n g   s u r f a c e .   U.S.   P a t e n t   4 , 2 2 1 , 2 5 7  -  

N a r a s i m h a n ,   i s s u e d   S e p t e m b e r   09,  1 9 8 0 ,   r e l a t e s   to  a  

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

s l o t t e d   n o z z l e   o n t o   t h e   s u r f a c e   of  a  mov ing   c h i l l   b o d y .  

The  o r i f i c e - t y p e   c a s t i n g   s y s t e m s   a r e   g e n e r a l l y  

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

as  c a s t ,   u s u a l l y   of  t h e   o r d e r   of  l e s s   t h a n   a b o u t   0 . 0 1 0  

i n c h   ( 0 . 0 2 5 4   cm).  Such  s y s t e m s   a p p e a r   to  b e  

g a u g e - l i m i t e d ,   f o r   t he   m o v i n g   q u e n c h i n g   s u r f a c e   a p p e a r s  
to   be  l i m i t e d   in  t he   m a t e r i a l   wh ich   i t   can  s o l i d i f y   a n d  

c a r r y   away  as  i t   is   d e l i v e r e d   from  the   n o z z l e   o r i f i c e .  

Such   s y s t e m s   b e h a v e   as  a  m o l t e n   m e t a l   pump  and  t r a n s f e r  

e x c e s s   m o l t e n   m e t a l   f rom  the   o r i f i c e   to  t he   q u e n c h i n g  

s u r f a c e   in  a  m o l t e n   s t a t e   w i t h   more  h e a t   t h a n   can  b e  

e x t r a c t e d   to  p r o v i d e   a  s u i t a b l e   s t r i p .   By  r e d u c i n g   t h e  

d e l i v e r y   r a t e   of  t he   m e t a l   a n d / o r   by  i n c r e a s i n g   t h e  

v e l o c i t y   of  t he   q u e n c h i n g   s u r f a c e ,   such   a  c o n d i t i o n   c a n  



be  o v e r c o m e ,   h o w e v e r   a  r e d u c t i o n   in  gauge   w i l l   r e s u l t .  

When  c r y s t a l l i n e   s t r i p   i s   a t t e m p t e d   to  be  p r o d u c e d  

a t   t he   h i g h   s p e e d s   a s s o c i a t e d   w i t h   the   o r i f i c e - t y p e  

c a s t i n g   s y s t e m s ,   p o o r e r   q u a l i t y   u s u a l l y   r e s u l t s .   As  

m o l t e n   m e t a l   i s   s p r a y e d   upon   a  h i g h - s p e e d   q u e n c h i n g  

s u r f a c e   or  i s   f l o w e d   ou t   f u l l   w i d t h   on  a  s l o w e r - m o v i n g  

h o r i z o n t a l   b e l t ,   i t   r a p i d l y   moves   away  f rom  t h e   s o u r c e   o f  

t he   s u p p l y   in  a  s t i l l   p a r t i a l l y   m o l t e n   s t a t e .   I t   i s   t h i s  

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

as  t h e   s t r i p   r a p i d l y   s o l i d i f i e s   f rom  t he   q u e n c h i n g  

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

o n l y   be  m o d e r a t e d   by  a  f r e s h   s u p p l y   of  m o l t e n   m e t a l .  

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

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

g r e a t l y   r e d u c e   i t s   p h y s i c a l   p r o p e r t i e s .   A t t e m p t s   h a v e  

b e e n   made  to   i m p r o v e   t h e   n o z z l e   g e o m e t r y   to  o v e r c o m e   t h e  

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

U.S.   P a t e n t s   4 , 2 7 4 , 4 7 3 ,   i s s u e d   J u n e   23,  1981  a n d  

4 , 2 9 0 , 4 7 6 ,   i s s u e d   S e p t e m b e r   22,   1981 .   A  d i s a d v a n t a g e   o f  

t he   o r i f i c e - t y p e   c a s t i n g   is   t h a t   t he   o r i f i c e   m e t e r s   o u t  

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

t he   g a u g e   of  the   s t r i p .   F u r t h e r m o r e ,   r e l a t i v e l y   h i g h  

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

m e t a l   to  t he   o r i f i c e   and  a  r e l a t i v e l y   s m a l l   s t a n d o f f  

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

m o l t e n   m e t a l   a l s o   l i m i t s   t h e   s t r i p   g a u g e .  
T h i c k e r   s t r i p   can  be  p r o d u c e d   on  a  s i n g l e   q u e n c h i n g  

s u r f a c e   such   as  by  d i p p i n g   a  s l o w l y   r o t a t i n g   q u e n c h i n g  

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

s o l i d i f i c a t i o n   of  a  much  t h i c k e r   s t r i p .   M o l t e n   m e t a l  

s o l i d i f i e s   on  the   s u r f a c e   of  t h i s   whee l   and  c o n t i n u e s   t o  

t h i c k e n   at   a  p r e d i c t a b l e   r a t e   u n t i l   i t   e m e r g e s   f rom  t h i s  

b a t h   of  m o l t e n   m e t a l   or  i t   s e p a r a t e s   from  the   s u r f a c e .  

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

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

l a y e r   such  as  in  o r i f i c e - t y p e   c a s t i n g .   F u r t h e r   more ,   a n  



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

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

more  u n i f o r m   i n t e r n a l   s t r u c t u r e   and  s u p e r i o r   u p p e r  

s u r f a c e   q u a l i t y .  A   d r a w b a c k   f rom  such   a  d i p   s y s t e m   c o m e s  

f rom  t h e   d i f f i c u l t y   of  k e e p i n g   m o l t e n   m e t a l   f r o m  

s o l i d i f y i n g   upon  the   e d g e s   of  t h e   s l i g h t l y   s u b m e r g e d  

q u e n c h i n g   w h e e l   and  h a v i n g   a  t e n d e n c y   to  c a s t   a  

c h a n n e l - l i k e   s t r u c t u r e .   F u r t h e r m o r e ,   t h e r e   i s   t he   a d d e d  

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

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

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

q u a l i t y   on  t he   c a s t   s i d e   of  t h e   s t r i p .   Such  d i f f i c u l t i e s  

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

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

r e d u c e d   or   l o s t .  

O t h e r   d i r e c t   c a s t i n g   p r o c e s s e s   have   b e e n   p r o p o s e d ,  

b u t   have   no t   d e v e l o p e d   i n t o   c o m m e r c i a l   p r o c e s s e s .   F o r  

e x a m p l e ,   p o u r i n g   of  m o l t e n   m e t a l   on  t h e   t o p   of  a  m o v i n g  

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

e d g e s   and  u n a c c e p t a b l e   q u a l i t y .   U.S.   P a t e n t   9 9 3 , 9 0 4 ,  

d a t e d   May  30,  1911,   d i s c l o s e s   an  a p p a r a t u s   i n c l u d i n g   a  

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

o p e n i n g   i n t o   the   l o w e r   p a r t   of  a  t r a y - l i k e   s e c o n d   v e s s e l  

b e l o w   t he   l e v e l   of  m o l t e n   m e t a l   t h e r e i n .   The  m o l t e n  

m e t a l   p a s s e s   ou t   of  t he   s e c o n d   v e s s e l   t h r o u g h   an  o v e r f l o w  

to  d e l i v e r   m o l t e n   m e t a l   to  a  c a s t i n g   w h e e l .   U.S .   P a t e n t  

3 , 3 8 1 , 7 3 9 ,   i s s u e d   May  7,  1 9 6 8 ,   d i s c l o s e s   a  m e t h o d   o f  

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

s u r f a c e   wh ich   i s   w e t t e d   and  b r i d g i n g   the   d i s t a n c e   to  t h e  

mov ing   c a s t i n g   s u r f a c e   on  w h i c h   i t   s o l i d i f i e s .  

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

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

q u a l i t y   c o m p a r a b l e   to  or  b e t t e r   t h a n   c o n v e n t i o n a l l y -  

p r o d u c e d   s t r i p .   The  m e t h o d   and  a p p a r t u s   of  d i r e c t  

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

o r i f i c e - t y p e   c a s t i n g ,   as  w e l l   as  o t h e r   known  d i r e c t  



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

l i n k   b e l t   q u e n c h i n g   s y s t e m s ,   and  t w i n   c a s t i n g   r o l l s .   I t  

i s   an  o b j e c t i v e   t h a t   t he   m e t h o d   and  a p p a r a t u s   o v e r c o m e  

t h e   d i s a d v a n t a g e s   of  known  d i r e c t   c a s t i n g   m e t h o d s .  

F u r t h e r m o r e ,   what   i s   n e e d e d   i s   a  m e t h o d   and  a p p a r a t u s   t o  

p e r m i t   t he   d i r e c t   c a s t i n g   of  r e l a t i v e l y   t h i c k   s t r i p   o f  

t he   o r d e r   of  g r e a t e r   t h a n   0 . 0 1 0   i n c h   ( 0 . 0 2 5 4   cm)  and  u p  
to  a b o u t   0 . 1 0 0   i n c h   ( 0 . 2 5 4   cm)  or   m o r e .   I t   i s   d e s i r a b l e  

t h a t   t h e   f a c t o r s   c o n t r i b u t i n g   to  s h r i n k i n g   and  c r a c k i n g  

of  d i r e c t   c a s t   s t r i p   be  m i n i m i z e d   or  e l i m i n a t e d   in  o r d e r  

to  p r o v i d e   i m p r o v e d   s u r f a c e   q u a l i t y   and  s t r u c t u r e   o f  

s t r i p .   F u r t h e r m o r e ,   a  m e t h o d   and  a p p a r a t u s   i s   d e s i r a b l e  

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

r e d u c e d   c o s t   and  to  f a c i l i t a t e   p r o d u c t i o n   of  new  a l l o y s .  

The  d i r e c t   c a s t   s t r i p   s h o u l d   have   good  s u r f a c e   q u a l i t y ,  

e d g e s   and  s t r u c t u r e   and  p r o p e r t i e s   a t   l e a s t   as  good  a s  

c o n v e n t i o n a l l y   c a s t   s t r i p .  

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

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

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

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

s t r u c t u r e   of  an  e x i t   end  of  a  c a s t i n g   v e s s e l   o n t o   a n  

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

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

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

zone   d e f i n e d   above   the   m o l t e n   m e t a l ,   a c r o s s   t h e   w i d t h   o f  

t h e   U - s h a p e d   s t r u c t u r e   and  a d j a c e n t   t he   c a s t i n g   s u r f a c e .  

A  n o n - o x i d i z i n g   a t m o s p h e r e   may  a l s o   be  p r o v i d e d   in  t h e  

z o n e .  

An  a p p a r a t u s   is  a l s o   p r o v i d e d   c o m p r i s i n g   a  m o v i n g  

c a s t i n g   s u r f a c e ,   a  c a s t i n g   v e s s e l   h a v i n g   an  e x i t   end  o f  

g e n e r a l l y   U - s h a p e d   s t r u c t u r e   a d j a c e n t   the   c a s t i n g   s u r f a c e  

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

i n c l u d e s   means  fo r   r a d i a n t l y   c o o l i n g   the   m o l t e n   m e t a l   i n  

the   z o n e .   Means  for   p r o v i d i n g   a  n o n - o x i d i z i n g   a t m o s p h e r e  

in  t he   zone  may  a l s o   be  p r o v i d e d .  



The  p r e s e n t   i n v e n t i o n   w i l l   be  more  p a r t i c u l a r l y  

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

w h i c h : -  

F i g u r e   1  is   a  s c h e m a t i c   of  a  s t r i p   c a s t i n g   a p p a r a t u s  

of  t he   p r e s e n t   i n v e n t i o n ,  

F i g u r e   2  i s   an  e l e v a t i o n   v i ew   in  c r o s s   s e c t i o n   of  a  

c a s t i n g   v e s s e l   of  t he   a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n ,  

F i g u r e   2a  i s   a  d e t a i l e d   e l e v a t i o n   v i ew   of  F i g u r e   2 ,  

F i g u r e   2b  i s   a n o t h e r   d e t a i l e d   v i ew   of  F i g u r e   2 .  

F i g u r e   3  is   a  t o p   v i e w   of  t h e   c a s t i n g   v e s s e l   o f  

F i g u r e   2 ,  

F i g u r e   3a  i s   an  end  v i e w   of  t h e   c a s t i n g   v e s s e l   o f  

F i g u r e   3 ,  

F i g u r e   4  is   an  e l e v a t i o n   v i e w   in  c r o s s   s e c t i o n   of  a  

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

of  t h e   p r e s e n t   i n v e n t i o n ,  

F i g u r e   5  i s   a  t o p   v i ew  of  a  p r e f e r r e d   e m b o d i m e n t   o f  

the   c a s t i n g   v e s s e l   of  F i g u r e   4 ,  

F i g u r e   6  is   an  e n l a r g e d   e l e v a t i o n   v i ew   of  a  

p r e f e r r e d   e m b o d i m e n t   of  t he   e x i t   end  of  a  c a s t i n g   v e s s e l  

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

F i g u r e   7  i s   a  p h o t o m i c r o g r a p h   of  t y p i c a l   Type  3 0 4  

a l l o y   a s - c a s t   s t r i p   of  t he   p r e s e n t   i n v e n t i o n ,   a n d  

F i g u r e   8  i s   a  p h o t o m i c r o g r a p h   of  a  t y p i c a l   Type  304  

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

F i g u r e   1  g e n e r a l l y   i l l u s t r a t e s   c a s t i n g   a p p a r a t u s   10 

i n c l u d i n g   t r a n s f e r   v e s s e l   12  and  f e e d   t u n d i s h   14  f o r  

s u p p l y i n g   m o l t e n   m e t a l   to  c a s t i n g   v e s s e l   18  f o r   d i r e c t l y  

c a s t i n g   m o l t e n   m e t a l   on  a  c a s t i n g   s u r f a c e   20  to   p r o d u c e  

c o n t i n u o u s   p r o d u c t   in  s t r i p   or  s h e e t   form  15.  M o l t e n  

m e t a l   19  i s   s u p p l i e d   f rom  v e s s e l   12  to  t u n d i s h   14  t o  

c a s t i n g   v e s s e l   18  in  a  c o n v e n t i o n a l   m a n n e r .   S t o p p e r   r o d  

16  or  o t h e r   s u i t a b l e   means  may  c o n t r o l   t he   f l ow  of  m o l t e n  

m e t a l   to  c a s t i n g   v e s s e l   18  such   as  t h r o u g h   s p o u t   1 7 .  

C a s t i n g   v e s s e l   18  is  shown  s u b s t a n t i a l l y   h o r i z o n t a l  

h a v i n g   a  r e c e i v i n g   end  and  an  e x i t   end  d i p s o s e d   a d j a c e n t  



to  the   c a s t i n g   s u r f a c e   2 0 .  

The  s u p p l y   of  m o l t e n   m e t a l   19  t h r o u g h   t h e   c a s t i n g  

v e s s e l   18  may  be  a c c o m p l i s h e d   by  any  s u i t a b l e  

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

or  m o l t e n   m e t a l   pumps ,   f o r   e x a m p l e .   V e s s e l   12  and  f e e d  

t u n d i s h   14  may  be  of  known  d e s i g n   and  s h o u l d   be  s u i t a b l e  

f o r   s u p p l y i n g   an  a d e q u a t e   a m o u n t   of  m o l t e n   m e t a l   t o  

c a s t i n g   v e s s e l   18  f o r   s t r i p   g e n e r a t i o n   a t   t he   c a s t i n g  

s u r f a c e .  

C a s t i n g   s u r f a c e   20  may  a l s o   be  c o n v e n t i o n a l   and  m a y  
t a k e   the   f o rm  of  a  c o n t i n u o u s   b e l t ,   or  a  c a s t i n g   w h e e l .  

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

t he   c a s t i n g   s u r f a c e   d o e s   no t   a p p e a r   to  be  c r i t i c a l   to  t h e  

p r e s e n t   i n v e n t i o n ,   a l t h o u g h   some  s u r f a c e s   may  p r o v i d e  

b e t t e r   r e s u l t s   t h a n   o t h e r s .   The  m e t h o d   and  a p p a r a t u s   o f  

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

s u r f a c e s   of  c o p p e r ,   c a r b o n   s t e e l   and  s t a i n l e s s   s t e e l .   I t  

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

c a s t i n g   v e s s e l   a t   c o n t r o l l e d   s p e e d s   and  be  a b l e   t o  

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

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

The  c a s t i n g   s u r f a c e   20  i s   m o v a b l e   p a s t   c a s t i n g   v e s s e l   18  

at   s p e e d s   w h i c h   may  r a n g e   f rom  20  to   500  f e e t   pe r   m i n u t e  

( 6 . 1   to   1 5 2 . 4   m e t r e s   pe r   m i n u t e ) ,   p r e f e r a b l y   50  to  3 0 0  

f e e t   pe r   m i n u t e   (FPM)  ( 1 5 . 2 4   to   9 1 . 4 4   m e t r e s   pe r   m i n u t e ) ,  

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

c r y s t a l l i n e   m a t e r i a l .   The  c a s t i n g   s u r f a c e   20  s h o u l d   b e  

s u f f i c i e n t l y   c o o l   in  o r d e r   to  p r o v i d e   a  q u e n c h i n g   of  t h e  

m o l t e n   m e t a l   to   e x t r a c t   h e a t   from  the   m o l t e n   m e t a l   f o r  

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

r a t e s   p r o v i d e d   by  c a s t i n g   s u r f a c e   20  of  a p p a r a t u s   10  a r e  

l e s s   t h a n   1 0 , 0 0 0 ° C   pe r   s e c o n d   and  t y p i c a l l y   p r e f e r a b l y  

l e s s   t han   2000°C   pe r   s e c o n d .  

Two  i m p o r t a n t   a s p e c t s   of  the   c a s t i n g   s u r f a c e   a n d  

c a s t i n g   v e s s e l   a r e   t h a t   the  c a s t i n g   s u r f a c e   have  a  

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



end  of  v e s s e l   18  and  t he   v e s s e l   18  a  f r e e   s u r f a c e   m o l t e n  

m e t a l   p o o l   in  e x i t   end  26.  The  f r e e   s u r f a c e   of  t h e  

m o l t e n   m e t a l   p o o l   in  e x i t   end  26  i s   e s s e n t i a l   t o  

d e v e l o p m e n t   of  good  t op   s u r f a c e   q u a l i t y   of  t he   c a s t  

s t r i p .   By  " f r e e " ,   i t   i s   m e a n t   t h a t   t he   t op   s u r f a c e   i s  

u n c o n f i n e d   by  s t r u c t u r e ,   i . e . ,   no t   in  c o n t a c t   w i t h   v e s s e l  

s t r u c t u r e  a n d   f r e e   to   s e e k   i t s  o w n   l e v e l   b e t w e e n  

r e c e i v i n g   s e c t i o n   22  and  e x i t   end  26.  G e n e r a l l y ,   t h e  

p a t h   i s   o r i e n t e d   a t   an  i n c l u d e d   a n g l e   0  ( F i g u r e   2a)  f r o m  

a b o u t   0°  to  135°   f rom  t h e   h o r i z o n t a l   and  in  t h e   d i r e c t i o n  

of  m e t a l   f l o w   as  m e a s u r e d   b e t w e e n   t he   d i r e c t i o n   of  m e t a l  

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

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

t h e   f r e e   s u r f a c e   in   t he   e x i t   end  of  c a s t i n g   v e s s e l   1 8 .  

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

t a n g e n t   to   t he   f r e e   s u r f a c e   a t   t he   e x i t   end  of  v e s s e l   1 8 .  

P r e f e r a b l y ,   the   a n g l e   i s   b e t w e e n   0°  and  45°   f rom  t h e  

h o r i z o n t a l .   For   a  c a s t i n g   w h e e l ,   p r e f e r a b l y ,   t h e   v e s s e l  

i s   a d j a c e n t   a  p o s i t i o n   in  an  u p p e r   q u a d r a n t   of  t he   w h e e l  

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

of  t h e   c a s t i n g   w h e e l ,   t he   a n g l e   is   a t   a b o u t   t h e   0 °  

p o s i t i o n .  

C a s t i n g   v e s s e l   18  is   e s s e n t i a l   to   t h e   m e t h o d   a n d  

a p p a r a t u s   10  of  t h e   p r e s e n t   i n v e n t i o n   and  i s   b e t t e r   s h o w n  

in  f i g u r e   2  w h i c h   is   an  e l e v a t i o n   v i ew  of  t h e   v e s s e l   1 8 .  

C a s t i n g   v e s s e l   18  i s   d i s p o s e d   a d j a c e n t   c a s t i n g   s u r f a c e  

20,  p r e f e r a b l y   i s   s u b s t a n t i a l l y   h o r i z o n t a l ,   and  i s  

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

d e s c r i b e d   b e l o w .   T h i s   a r r a n g e m e n t   is   n e c e s s a r y   f o r  

p r o v i d i n g   the  r e q u i r e d   u n i f o r m   and  f u l l y - d e v e l o p e d   f l o w  

of  m o l t e n   m e t a l   to  t he   c a s t i n g   s u r f a c e   20.   V e s s e l   18  

i n c l u d e s   a  r e c e i v i n g   end  22  at   a  r e a r w a r d   s e c t i o n   and  a n  
e x i t   end  26.  P r e f e r a b l y ,   r e c e i v i n g   end  22  and  e x i t   e n d  

26  have   s u b s t a n t i a l l y   t he   same  c r o s s - s e c t i o n a l   a r e a   o r  
e x i t   end  26  has  a  g r e a t e r   c r o s s - s e c t i o n a l   a r e a   a s  

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



from  the   r e c e i v i n g   end  22  to  e x i t   end  26.  R e c e i v i n g   e n d  

22  is  shown  d e e p e r   t h a n   e x i t   end  26  wh ich   f a c i l i t a t e s  

r e c e i v i n g   m o l t e n   m e t a l   19  such   as  f rom  s u p p l y   s p o u t   17  

and  f o r   d e v e l o p i n g   a  f l o w   of  m o l t e n   m e t a l   to  e x i t   end  2 6 .  

E x i t   end  26  of  v e s s e l   18  has  a  g e n e r a l l y   U - s h a p e d  

s t r u c t u r e   d e f i n e d   by  a  b o t t o m   w a l l   p o r t i o n   28  a n d  

s i d e w a l l s   30,  as  i s   shown  in  F i g u r e   3.  S i d e w a l l s   30  m a y  
have  v e r t i c a l   i n s i d e   s u r f a c e s   31,  b u t   p r e f e r a b l y ,   t h e  

s u r f a c e s   31  of  s i d e w a l l s   30  of  t h e   U - s h a p e   s t r u c t u r e  

d i v e r g e   to  open   u p w a r d l y   to  f a c i l i t a t e   m e t a l   f l o w .   T h e  

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

26,  bu t   t o o   g r e a t   a  t a p e r   may  c a u s e   a  l o s s   of  s u r f a c e  

t e n s i o n   c o n t r o l   and  f l o o d i n g   of  m o l t e n   m e t a l .   A  t a p e r   o f  

l e s s   t h a n   10°   p e r   s i d e   and  p r e f e r a b l y   1 - 5 0   i s   p r o v i d e d .  

E x i t   end  26  i n c l u d e s   b o t t o m   w a l l   28  wh ich   has   a  

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

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

m o l t e n   m e t a l   f rom  t h e   e x i t .   P r e f e r a b l y ,   t h e   l e n g t h   o f  

the   p l a n a r   w a l l   p o r t i o n   as  m e a s u r e d   in  t he   d i r e c t i o n   o f  

m e t a l   f l o w   is   a t   l e a s t   e q u a l   to   t h e   d e p t h   of  m o l t e n   m e t a l  

poo l   to  be  c o n t a i n e d   in  e x i t   end  26.   More  p r e f e r a b l y ,  

t he   r a t i o   of  l e n g t h   to  d e p t h   i s   a t   l e a s t   1:1  or  g r e a t e r .  

E x i t   end  26  p r e f e r a b l y   has   f i x e d   or   u n i f o r m   d i m e n s i o n s   o f  

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

i n s i d e   s u r f a c e   of  b o t t o m   w a l l   28  to   d e f i n e   a  u n i f o r m  

c r o s s - s e c t i o n a l   a r e a   in  e x i t   end  26.  The  w i d t h   of  t h e  

e x i t   end  26  as  m e a s u r e d   b e t w e e n   t he   i n s i d e   s u r f a c e s   31  o f  

s i d e w a l l s   30  a l o n g   t he   f r e e   s u r f a c e   of  m o l t e n   m e t a l   p o o l  

is   s u b s t a n t i a l l y   as  wide  as  the   s t r i p   to  be  c a s t .  

P r e f e r a b l y ,   e x i t   end  26  i s   p o s i t i o n e d   a d j a c e n t   c a s t i n g  

s u r f a c e   20  w i t h   t he   ends   or  e d g e s   of  t he   s i d e w a l l s   30  a n d  

b o t t o m   w a l l   28  d e f i n i n g   t he   U - s h a p e d   s t r u c t u r e   b e i n g  

s u b s t a n t i a l l y   p a r a l l e l   to  the   c a s t i n g   s u r f a c e .  

To  f a c i l i t a t e   t r a n s i t i o n   f l o w   b e t w e e n   r e c e i v i n g  

s e c t i o n   22  and  e x i t   end  26,  an  i n t e r m e d i a t e   s e c t i o n   24 

c o m m u n i c a t i n g   b e t w e e n   t he   r e c e i v i n g   end  22  and  the   e x i t  



end  26  s h o u l d   be  p r o v i d e d   in  o r d e r   to  have   a  

s u b s t a n t i a l l y   u n i f o r m   f l o w   a t   e x i t   end  26.  P r e f e r a b l y ,  

i n t e r m e d i a t e   s e c t i o n   24  m a i n t a i n s   s u b s t a n t i a l l y   u n i f o r m  

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

s e c t i o n   22  to  e x i t   end  26.  I n t e r m e d i a t e   s e c t i o n   24  s h o w n  

in  F i g u r e   3  has  a  g r a d u a l l y   i n c r e a s i n g   w i d t h   f rom  t h e  

r e c e i v i n g   end  22  to  e x i t   end  26  and ,   as  shown  in  F i g u r e  

2,  a  g r a d u a l l y   d e c r e a s i n g   d e p t h   so  as  to  m a i n t a i n   a  

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

l e n g t h .   I n t e r m e d i a t e   s e c t i o n   24  may  be  p r o v i d e d   w i t h   a  

t a p e r e d   b o t t o m   w a l l   32  w h i c h   g r a d u a l l y   d e c r e a s e s   t h e  

d e p t h   of  t he   v e s s e l   18  f rom  t he   r e c e i v i n g   end  22  to   t h e  

e x i t   end  26.  S i m i l a r l y ,   i n t e r m e d i a t e   s e c t i o n   24  may  h a v e  

a t   l e a s t   one  s i d e w a l l   34  w h i c h   f a n s   o u t w a r d l y   in  o r d e r   t o  

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

r e c e i v i n g   end  22  to   t h e   w i d e r   e x i t   end  26.  F i g u r e   2  i s   a  

top   v iew  of  c a s t i n g   v e s s e l   18  i l l u s t r a t i n g   t h e   w i d e n i n g  

of  s i d e w a l l   34  of  i n t e r m e d i a t e   s e c t i o n   2 4 .  

F i g u r e   2  a l s o   i l l u s t r a t e s   t h a t   w e i r s   or  w e i r   p l a t e s  

36  may  be  u s e d   in  c a s t i n g   v e s s e l   18  s u c h   as  in  a n  

i n t e r m e d i a t e   s e c t i o n   24  or  n e a r   w h e r e   s e c t i o n   24  m e r g e s  
i n t o   e x i t   end  26  in  o r d e r   to  f u r t h e r   f a c i l i t a t e  

d e v e l o p m e n t   of  u n i f o r m   f l o w .   Wei r   p l a t e s   36  s h o u l d   b e  

made  of  a  r e f r a c t o r y   or  h e a t - r e s i s t a n t   m a t e r i a l   w h i c h   i s  

a l s o   r e s i s t a n t   to  c o r r o s i o n   by  m o l t e n   m e t a l .   K a o w o o l  

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

s u s p e n s i o n   has  p r o v e n   s a t i s f a c t o r y .   W e i r s   36  may  e x t e n d  

a c r o s s   t he   e n t i r e   w i d t h   or  a  p o r t i o n   of  t h e   w i d t h   o f  

c a s t i n g   v e s s e l   18.  As  shown  in  F i g u r e   2,  p r e f e r a b l y ,   t h e  

m o l t e n   m e t a l   l e v e l   in  t he   r e c e i v i n g   end  22  of  c a s t i n g  

v e s s e l   18  is  a t   a b o u t   t he   same  l e v e l   as  t he   m o l t e n   m e t a l  

in  e x i t   end  26.  W e i r s   36  a r e   u s e f u l   f o r   b a f f l i n g   o r  

d a m p e n i n g   the  f l o w   in  o r d e r   to  f a c i l i t a t e   d e v e l o p m e n t   o f  

a  u n i f o r m   f u l l y - d e v e l o p e d   f low  and  to  r e s t r a i n   m o v e m e n t  

of  s u r f a c e   o x i d e s   and  s l a g .  

F i g u r e s   2a  and  2b  i l l u s t r a t e   t h e   use   of  s u r f a c e  



t e n s i o n   of  t he   f l o w i n g   m o l t e n   m e t a l   to  form  the   s u r f a c e s  

of  t h e   s t r i p   b e i n g   c a s t .   F i g u r e   2a  i s   a  d e t a i l e d  

e l e v a t i o n   v i ew  in  p a r t i a l   c r o s s   s e c t i o n   of  e x i t   end  26  

a d j a c e n t   c a s t i n g   s u r f a c e   20.   M o l t e n   m e t a l   f l o w i n g   f r o m  

the   e x i t   end  26  fo rms   and  m a i n t a i n s   a  m e n i s d u s   35  b e t w e e n  

t he   i n s i d e   s u r f a c e   of  b o t t o m   w a l l   28  of  t he   U - s h a p e d  

s t r u c t u r e   and  the   c a s t i n g   s u r f a c e .   The  s u r f a c e   t e n s i o n  

f o r m i n g   m e n i s c u s   35  f o r m s   t h e   b o t t o m   of  t he   s t r i p   1 5  

b e i n g   c a s t .   The  s u r f a c e   t e n s i o n   of  t he   f r e e   s u r f a c e   o f  

t h e   m o l t e n   m e t a l   poo l   in  e x i t   end  26  fo rms   a  c u r v i l i n e a r  

p o r t i o n   39  on  t he   top   of  t h e   m o l t e n   m e t a l   in  t h e   U - s h a p e d  

s t r u c t u r e   as  i t   fo rms   t h e   s t r i p   p r o d u c t .  

F i g u r e   2b  i l l u s t r a t e s   e x i t   end  26  a d j a c e n t   c a s t i n g  

s u r f a c e   20  s h o w i n g   s o l i d i f y i n g   m e t a l   19  t h e r e b e t w e e n   in  a  

v i e w   f rom  u n d e r   e x i t   end  26.  The  s u r f a c e   t e n s i o n   of  t h e  

m o l t e n   m e t a l   19  fo rms   t h e   c o n v e x   s u r f a c e s   or   m e n i s c u s   37  

b e t w e e n   e x i t   end  26  and  c a s t i n g   s u r f a c e   20  a t   t h e   i n s i d e  

s u r f a c e   31  of  s i d e w a l l s   30  n e a r   b o t t o m   w a l l   2 8 .  

A  p r e f e r r e d   e m b o d i m e n t   of  c a s t i n g   v e s s e l   18  i s   s h o w n  

in  t h e   e l e v a t i o n   and  t o p   v i e w s   of  F i g u r e s   4  and  5 ,  

r e s p e c t i v e l y .   V e s s e l   18  i s   shown  h a v i n g   an  o u t e r   m e t a l  

s u p p o r t   s h e l l   38,  a  r e f r a c t o r y   i n s u l a t i o n   40,  and  a  l i n e r  

42  w h i c h   d e f i n e s   t he   i n t e r n a l   s u r f a c e   of  t h e   c a s t i n g  

v e s s e l   18  and  which   i s   in  c o n t a c t   w i t h   m o l t e n   m e t a l  

d u r i n g   c a s t i n g .   The  c o n s t r u c t i o n   of  v e s s e l   18  s h o u l d   b e  

made  f rom  r e f r a c t o r y   m a t e r i a l   w h i c h   is   h e a t   i n s u l a t i v e  

and  r e s i s t a n t   to  m o l t e n   m e t a l   c o r r o s i o n .   The  c a s t i n g  

v e s s e l   may  be  s e c u r e d   to  some  s u i t a b l e   t a b l e   or  means   t o  

o r i e n t   and  p o s i t i o n   the   v e s s e l   a t   t he   d e s i r e d   c a s t i n g  

p o s i t i o n   r e l a t i v e   to  the   c a s t i n g   s u r f a c e   or  w h e e l   2 0 .  

The  e x i t   end  26  of  c a s t i n g   v e s s e l   18  s h o u l d   have   t h e  

f r o n t   f a c e   or  e d g e s   33  of  s i d e w a l l s   30  and  b o t t o m   w a l l   28  

w h i c h   d e f i n e   and  form  t h e   U - s h a p e d   s t r u c t u r e   c o n t o u r e d   t o  

t h e   c a s t i n g   s u r f a c e .   T h i s   can  be  done   s i m p l y   by  u s i n g   60 

or  1 0 0 - g r i t   s i l i c o n   c a r b i d e   g r i n d i n g   p a p e r   h e l d   b e t w e e n  

t he   c a s t i n g   s u r f a c e   and  the   v e s s e l   a s s e m b l y   and  r u b b i n g  



t he   p a p e r   a g a i n s t   t he   v e s s e l   18  to  make  t h e   e d g e s  

p a r a l l e l   to  t h e   w h e e l .   The  f r o n t   s u r f a c e   33  of  t h e  

c a s t i n g   v e s s e l   18  may  t h e n   be  b r u s h   c o a t e d   w i t h   z i r c o n i a  

c e m e n t   and  a l l o w e d   to   d r y   b e f o r e   c a s t i n g .  

F i g u r e s   4  and  5  i l l u s t r a t e   a  p r e f e r r e d   e m b o d i m e n t   o f  

t h e   c a s t i n g   v e s s e l   18  of  t he   p r e s e n t   i n v e n t i o n   w h i c h   i s  

u s e f u l   f o r   c a s t i n g   s t r i p s   of  4  i n c h e s   C10 .16   cm),  and  u p  
to  a b o u t   13  i n c h e s   ( 3 3 . 0 2   cm)  wide  and  may  be  u s e f u l   u p  

to   48  i n c h e s   ( 1 2 1 . 9 2   cm)  w i d e .   The  m e t a l   s u p p o r t   s h e l l  

38  may  be  u sed   d e p e n d i n g   upon  the   t y p e   of  m a t e r i a l   u s e d  

f o r   t he   i n s u l a t i o n   l a y e r   40.  I n s u l a t i o n   l a y e r   40  may  b e  

a  foamed   c e r a m i c  c e m e n t   i n s u l a t i o n   w h i c h   w o u l d   need  a n  

e x t e r n a l   s u p p o r t   s u c h   as  a  m e t a l   s u p p o r t   s h e l l   38.  I n  

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

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

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

d i m e n s i o n s ,   t h e n   t h e   o u t e r   s h e l l   38  i s   n o t   n e c e s s a r y .  
The  v e s s e l   18  may  a l s o   be  a  m o n o l i t h i c   s h a p e   f o r m e d   f r o m  

c a s t a b l e   c e r a m i c   m a t e r i a l .   L i n e r   42  on  t h e   i n t e r n a l  

s u r f a c e   of  c a s t i n g   v e s s e l   18  is   a l s o   made  of  a n  

i n s u l a t i n g   r e f r a c t o r y   m o l t e n   m e t a l   r e s i s t a n t   m a t e r i a l .  

I t   has   been   f o u n d   t h a t   an  i n s u l a t i n g   b l a n k e t   of  a  h i g h  

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

F i b e r f r a x   b r a n d   m a t e r i a l ,   t h a t   has  b e e n   s a t u r a t e d   in  a  

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

t h e   c a s t i n g   v e s s e l   18  and  t h e n   d r i e d   p r i o r   to  a c t u a l   u s e .  

F i g u r e s   4  and  5  a l s o   show  a  r e a r   o v e r f l o w   e l e m e n t   44 

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

i n n e r   s u r f a c e   of  c a s t i n g   v e s s e l   18  to  t he   o u t e r   w a l l s   o f  

v e s s e l   18.  The  h e i g h t   of  the   o v e r f l o w   e l e m e n t   44 

d e t e r m i n e s   the   maximum  d e p t h   of  m o l t e n   m e t a l   t h a t   may  b e  

c o n t a i n e d   in  t he   r e c e i v i n g   end  22  and ,   a c c o r d i n g l y ,   t h e  

d e p t h   of  the   m o l t e n   m e t a l   in  the  e x i t   end  26  of  c a s t i n g  

v e s s e l   18.  O v e r f l o w   e l e m e n t   44  f a c i l i t a t e s   c o n t r o l   o f  

the   m o l t e n   m e t a l   l e v e l   in  the   c a s t i n g   v e s s e l   18  wh ich   i s  

e s s e n t i a l   to  g a u g e   and  q u a l i t y   c o n t r o l   of  t he   c a s t   s t r i p .  



A l s o   shown  in  F i g u r e   4  is   a  c a s t i n g   v e s s e l   18  w h i c h  

may  o p t i o n a l l y   i n c l u d e   a  c o v e r   a s s e m b l y   46  in  t h e  

v i c i n i t y   of  i n t e r m e d i a t e   s e c t i o n   24  of  c a s t i n g   v e s s e l   1 8 .  

C o v e r   46  i n c l u d e s   d o w n w a r d l y - e x t e n d i n g   w a l l s   48  and  50 

j o i n e d   by  a  b o t t o m   s u r f a c e   52.   The  d o w n w a r d l y - e x t e n d i n g  

w a l l s   48  and  50  a r e   s i m i l a r   to  t he   w e i r   p l a t e s   shown  i n  

F i g u r e   2.  C o v e r   46  i s   g e n e r a l l y   c o m p o s e d   of  a  r e f r a c t o r y  
i n s u l a t i v e   m a t e r i a l   r e s i s t a n t   to  m o l t e n   m e t a l .   C o v e r   46  

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

an  o u t e r   m e t a l   s h e l l   s i m i l a r   to  t he   l i n e r   42,  r e f r a c t o r y  

i n s u l a t i o n   l a y e r   40  and  o u t e r   m e t a l   s h e l l   38  of  c a s t i n g  

v e s s e l   18.  The  c o v e r   46  may  e x t e n d   a c r o s s   t h e   e n t i r e  

w i d t h   or  p a r t   of  t h e   w i d t h   of  c a s t i n g   v e s s e l   18  in  t h e  

v i c i n i t y   of  i n t e r m e d i a t e   s e c t i o n   24.  I t   i s   i m p o r t a n t  

t h a t   t h e   p r e s e n c e   of  a  c o v e r   46,  w h i c h   i s   u s e f u l   f o r  

r e t a i n i n g   the   h e a t   in  t h e   m o l t e n   m e t a l   in  t h e   c a s t i n g  

v e s s e l   18,  does   no t   c o n t a c t   t he   m o l t e n   m e t a l   in   t h e  

r e c e i v i n g   end  22  and  e x i t   end  26  in  o r d e r   to   m a i n t a i n   t h e  

f r e e   s u r f a c e   in  t h e   p o o l   in  e x i t   end  26.  The  c o v e r   a l s o  

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

22  to   c o n t a i n   a  p r o t e c t i v e   a t m o s p h e r e   t h e r e i n .  

F i g u r e   6  i l l u s t r a t e s   a n o t h e r   e m b o d i m e n t   w h e r e i n   t h e  

e x i t   end  26  of  v e s s e l   18  i s   p r o v i d e d   w i t h   a  means   f o r  

p r o v i d i n g   a  n o n - o x i d i z i n g   a t m o s p h e r e   in  a  zone   d e f i n e d  

a b o v e   t h e   m o l t e n   m e t a l   a c r o s s   t h e   w i d t h   of  t h e   U - s h a p e d  

s t r u c t u r e   of  the   e x i t   end  a d j a c e n t   to  t he   c a s t i n g   s u r f a c e  

20  t o g e t h e r   w i t h   a  means   f o r   r a d i a n t l y   c o o l i n g   t h e   m o l t e n  

m e t a l   in  t h a t   z o n e .   The  two  f e a t u r e s   may  be  p r e s e n t  

s e p a r a t e l y   or  in  c o m b i n a t i o n .  

Means  f o r   p r o v i d i n g   a  n o n - o x i d i z i n g   a t m o s p h e r e  

p r o v i d e s   a  p r o t e c t i v e   c o v e r   or  b l a n k e t   of  i n e r t   o r  

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

U - s h a p e d   s t r u c t u r e   of  e x i t   end  26.  The  g a s e s   m i n i m i z e   o r  

p r e v e n t   the   b u i l d - u p   or  f o r m a t i o n   of  s l a g   and  o x i d e s   on  

t he   t o p   s u r f a c e   of  t he   m o l t e n   m e t a l ,   wh ich   o x i d e   c o u l d   b e  

c a s t   i n t o   the   c a s t   s t r i p .   The  n o n - o x i d i z i n g   a t m o s p h e r e  



may  be  s t a t i c ,   or  a  r e c i r c u l a t i n g   a t m o s p h e r e .  

P r e f e r a b l y ,   a  n o n - c o n t a c t i n g   c o v e r   o v e r   t he   zone   a b o v e  

the   m o l t e n   m e t a l   p o o l   a t   t h e   e x i t   end  26  of  c a s t i n g  

v e s s e l   18  and  a t   l e a s t   one  gas   n o z z l e   or  a  s e r i e s   o f  

n o z z l e s   56  p r o v i d e s   a  c o n t i n u o u s   f l o w   of  i n e r t   o r  

r e d u c i n g   gas  c o u n t e r   to  t h e   d i r e c t i o n   of  t h e   c a s t   s t r i p .  

P r e f e r a b l y   the   gas  i s   i n t r o d u c e d   so  t h a t   i t   i m p i n g e s   i n  

t h e   zone   on  the   t o p   of  t h e   m o l t e n   m e t a l   l i q u i d   p o o l   w h e r e  

t h e   s t r i p   is   e m e r g i n g .   The  e m b o d i m e n t   may  p r o v i d e   a  

p r o t e c t i v e   c o v e r   f o r   s e a l i n g   t h e   zone  o v e r   t he   m o l t e n  

m e t a l   p o o l   c o n t a i n i n g   a  b l a n k e t   of  i n e r t   or  r e d u c i n g  

g a s e s   d i r e c t e d   i n t o   s t r e a m s   of  g a s e s   to  push  any  o x i d e  

away  f r o m   t he   f o r m i n g   of  t h e   s t r i p .   The  s e r i e s   of  n a r r o w  

gas   n o z z l e s   56  is   p o s i t i o n e d   a l o n g   t he   w i d t h   of  t h e  

c a s t i n g   s t r i p   so  t h a t   s t r e a m s   or   j e t s   of  gas  i m p a c t   t h e  

zone  w h e r e i n   t he   s t r i p   e m e r g e s   f rom  t h e   l i q u i d   p o o l .  

N o z z l e s   56  a r e   d i r e c t e d   c o u n t e r   to   t he   c a s t i n g   of  t h e  

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

p r e f e r a b l y   a b o u t   2 0 °  -   30° .   The  gas   b l a n k e t   may  be  a  g a s  
s e l e c t e d   f rom  h y d r o g e n ,   a r g o n ,   h e l i u m ,   a n d / o r   n i t r o g e n   i n  

o r d e r   to   m i n i m i z e   the   o x i d e s   t h a t   may  be  f o r m e d   d u r i n g  

c a s t i n g .   The  v e l o c i t y   of  t h e   g a s e s   f rom  n o z z l e   56  s h o u l d  

be  q u i t e   low,   f o r   h i g h e r   v e l o c i t i e s   may  c a u s e   a  

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

and  r e s u l t   in  damage  to  t h e   c a s t   s t r i p .  

Means   f o r   r a d i a n t l y   c o o l i n g   t he   m o l t e n   m e t a l   in  t h e  

zone  may  i n c l u d e   p r o v i d i n g   a  c o o l a n t   in  t he   v i c i n i t y   o f  

t he   zone   to   f a c i l i t a t e   e x t r a c t i o n   of  h e a t   f rom  t h e   t o p  

s u r f a c e   of  the   m o l t e n   m e t a l .   The  c o o l a n t   may  be  p r o v i d e d  

by  a  p a n e l   of  t u b e s   or  p i p e s   54  l o c a t e d   above   t h e   m o l t e n  

l i q u i d   to  remove  r a d i a t e d   h e a t   f rom  the   m o l t e n   m e t a l .  

W a t e r   or  o t h e r   f l u i d   may  be  u s e d   as  a  c o o l a n t .  

P r e f e r a b l y ,   a  c o v e r   is  p r o v i d e d   which   i n c l u d e s   a  s e r i e s  

of  w a t e r - c o o l e d   t u b e s   54  s e a l e d   to  the   top   of  the   c a s t i n g  

v e s s e l   18  w i t h   r e f r a c t o r y   m a t e r i a l   and  c e m e n t .   R a d i a n t  

c o o l i n g   of  the   top   s u r f a c e   of  m o l t e n   m e t a l   as  i t   f l o w s  



from  t h e   U - s h a p e d   s t r u c t u r e   of  e x i t   end  26  o n t o   t h e  

c a s t i n g   s u r f a c e   i m p r o v e s   t h e   h e a t   e x t r a c t i o n   f rom  t he   t o p  

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

a s - c a s t   s t r i p   t op   s u r f a c e   q u a l i t y   and  s t r u c t u r e   b y  

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

s t r i p .  

P r e f e r a b l y ,   means   f o r   p r o v i d i n g   a  n o n - o x i d i z i n g  

a t m o s p h e r e   and  t he   means   f o r   r a d i a n t l y   c o o l i n g   a r e   u s e d  

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

zone  o v e r   t h e   m o l t e n   m e t a l   a t   t h e   e x i t   end  26  i n c l u d e s   a  

c o o l i n g   means   to  r emove   r a d i a t e d   h e a t   f rom  t he   m o l t e n  

m e t a l   and  a  n o n - o x i d i z i n g   a t m o s p h e r e   m e a n s .   P r e f e r a b l y ,  

t h e   c o v e r   i n c l u d e s   a  s e r i e s   of  w a t e r - c o o l e d   t u b e s   54  a n d  

a  s e r i e s   of  gas   n o z z l e s   56.  The  i n e r t   g a s e s   in  t h i s  

e m b o d i m e n t   a r e   c o o l e d   by  t h e   t u b e s   54  w h i c h   f u r t h e r  

f a c i l i t a t e   r e m o v a l   of  t he   r a d i a n t   h e a t .   The  c o v e r  

c o n t a i n i n g   t h e   c o o l i n g   t u b e s   54  s e a l s   t he   zone  to  r e d u c e  

o x i d e   or  s l a g   f o r m a t i o n   w h i c h   c o u l d   be  d e p o s i t e d   on  t h e  

s t r i p   p r o d u c t .  

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

p r e s e n t   i n v e n t i o n ,   v e s s e l   12,  t u n d i s h   14  and  c a s t i n g  

v e s s e l   18  a r e   p r e h e a t e d   to  o p e r a t i n g   t e m p e r a t u r e s   p r i o r  

to  i n t r o d u c i n g   m o l t e n   m e t a l   i n t o   t he   c a s t i n g   v e s s e l   18  

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

h e a t i n g   means   s h o u l d   be  s u i t a b l e   and  may  be  u s e d .   An 

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

in  t he   r e c e i v i n g   end  22,  as  w e l l   as  p r o v i d i n g   a  p r e h e a t  

f r o n t   c o v e r   f o r   the   f r o n t   e d g e s   of  t he   c a s t i n g   v e s s e l  

U - s h a p e d   s t r u c t u r e   which   w i l l   be  p l a c e d   a d j a c e n t   t h e  

c a s t i n g   s u r f a c e   20.   Normal   p r e h e a t i n g   t e m p e a t u r e s   f o r  

c a s t i n g   m o l t e n   s t a i n l e s s   s t e e l   may  be  of  the   o r d e r   o f  
1 9 0 0 - 2 0 0 0 ° F   ( 1 0 3 8  -   1 0 9 3 0 C ) .   A f t e r   t he   minimum  p r e h e a t  

l e v e l s   d e s i r e d   a r e   r e a c h e d ,   the   h e a t i n g   l a n c e s   a r e  

r emoved   and  the   v e s s e l   18  i s   p o s i t i o n e d   a d j a c e n t   t h e  

c a s t i n g   s u r f a c e   at   a  p r e s e t   s t a n d o f f   d i s t a n c e   such   a s  

b e t w e e n   5  and  20  m i l s   ( 0 . 1 2 7   and  0 . 5 0 8   mm).  



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

f rom  m o l t e n   m e t a l   to  c o n t i n u o u s   s t r i p ,   m o l t e n   m e t a l   19  i s  

s u p p l i e d   f rom  a  b u l k   t r a n s f e r   l a d l e   or  v e s s e l   12  to   a  

f e e d   t u n d i s h   14  and  t h e r e a f t e r   to  t he   c a s t i n g   v e s s e l   18  

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

of  m o l t e n   m e t a l   f rom  f e e d   t u n d i s h   14  to  c a s t i n g   v e s s e l   1 8  

may  be  c o n t r o l l e d   and  r e g u l a t e d   by  v a l v e   means   such  a s  

s t o p p e r   rod  16  and  t h r o u g h   s p o u t   17  i n t o   t h e   r e a r   f e e d  

s e c t i o n   or  r e c e i v i n g   end  22  of  c a s t i n g   v e s s e l   18.  As  

v e s s e l   18  b e g i n s   to   f i l l   w i t h   m o l t e n   m e t a l ,   t h e   m o l t e n  

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

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

24  and  the   e x i t   end  26  as  shown  in  F i g u r e   2.  C a s t i n g  

v e s s e l   18  p e r m i t s   t h e   m o l t e n   m e t a l   to   f l o w   so  as  to  f e e d  

t h e   m o l t e n   m e t a l   to   t h e   e x i t   end  26  of  v e s s e l   1 8 .  

C a s t i n g   v e s s e l   18  may  i n c l u d e   w e i r s   36  s u c h   as  shown  i n  

F i g u r e   2  to  dampen  and  b a f f l e   t h e   f l o w   of  m o l t e n   m e t a l   19  

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

e x i t   end  26.  The  m o l t e n   m e t a l   p r e f e r a b l y   m a i n t a i n s   a  

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

t h e   r e c e i v i n g   end  22  t h r o u g h   t h e   e x i t   end  26.  G e n e r a l l y  

e x i t   end  26  is   w i d e r   t h a n   t he   r e c e i v i n g   end  22  and  t h e  

U - s h a p e d   s t r u c t u r e   has   a  w i d t h   w h i c h   a p p r o x i m a t e s   t h e  

w i d t h   of  the   s t r i p   to   be  c a s t .   C a s t i n g   v e s s e l   18  has  a  

c a s t i n g   vo lume  h a v i n g   t a p e r e d   and  f a n n e d   i n t e r m e d i a t e  

s e c t i o n .   C a s t i n g   v e s s e l   18  i s   d e s i g n e d   to   p r e v e n t   c r o s s  

f l o w s   of  m o l t e n   m e t a l   w i t h i n   t h e   v e s s e l   w h i l e   d e v e l o p i n g  

a  u n i f o r m   t u r b u l e n t   f l o w   f rom  e x i t   end  26  a c r o s s   t h e  

w i d t h   of  the   U - s h a p e d   s t r u c t u r e   in  end  26  such   t h a t   t h e  

f u l l y - d e v e l o p e d   f l o w   has   t he   b u l k   of  t h e   v e l o c i t i e s   i n  

t h e   d i r e c t i o n   of  f l o w   f rom  t he   r e c e i v i n g   end  22  to  t h e  

e x i t   end  26.  The  l e v e l   of  moten   m e t a l   in  e x i t   end  26  i s  

a b o u t   t he   same  as  t he   l e v e l   in  r e c e i v i n g   end  22,  a l t h o u g h  

the   d e p t h   of  the   m o l t e n   m e t a l   w i l l   be  l e s s   in  e x i t   e n d  

26.  The  m o l t e n   m e t a l   c o n t i n u e s   to  f l ow  f rom  the   e x i t   e n d  

26  o n t o   the  moving   c a s t i n g   s u r f a c e   20  s u c h   t h a t   a c r o s s  



t h e   w i d t h   of  t he   U - s h a p e d   s t r u c t u r e   of  e x i t   end ,   a  

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

to   t he   c a s t i n g   s u r f a c e   20.  The  m o l t e n   m e t a l   in  e x i t   e n d  

26  has  a  top   s u r f a c e   t e n s i o n   and  t h e   m o l t e n   m e t a l   l e a v i n g  

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

t h e   t o p   and  e d g e s ,   r e s p e c t i v e l y ,   o f  t h e   c a s t   s t r i p   1 5 .  

The  b o t t o m   s u r f a c e   i s   f o r m e d   f rom  s u r f a c e   t e n s i o n   in  t h e  

fo rm  of  a  m e n i s c u s   b e t w e e n   t he   b o t t o m   i n s i d e   s u r f a c e   o f  

t h e   U - s h a p e d   s t r u c t u r e   and  t he   c a s t i n g   s u r f a c e .  

Though  t h e r e   i s   no  i n t e n t   to  be  b o u n d   by  t h e o r y ,   i t  

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

l e a v i n g   the   e x i t   end  of  v e s s e l   18  c o m m e n c e s   w i t h   t h e  

m o l t e n   m e t a l   c o n t a c t i n g   t he   c a s t i n g   s u r f a c e   as  i t   l e a v e s  

t h e   b o t t o m   of  t h e   U - s h a p e d   o p e n i n g   of  e x i t   end  26  o f  

v e s s e l   18.  The  s t r i p   i s   s o l i d i f i e d   f rom  t h e   p o o l   o f  

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

end  of  v e s s e l   18  and  f o r m s   a  t h i c k n e s s   w h e r e i n   t h e  

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

o v e r s u p p l y   of  m o l t e n   m e t a l   u n t i l   l e a v i n g   t h e   e x i t   end  2 6  

of  v e s s e l   18.  Such  a  p o o l   of  m o l t e n   m e t a l   i s   b e l i e v e d   t o  

fo rm  a  s u b s t a n t i a l   p a r t   of  t he   s t r i p   t h i c k n e s s   as  i t  

c o n t a c t s   t he   m o v i n g   c a s t i n g   s u r f a c e   20  w i t h   o n l y   a  m i n o r  

p o r t i o n   of  t he   s t r i p   t h i c k n e s s   r e s u l t i n g   f rom  m o l t e n  

m e t a l   s o l i d i f i e d   as  i t   was  p u l l e d   ou t   of  t h e   v e s s e l   18  

a d j a c e n t   the   t o p   c u r v i l i n e a r   s u r f a c e   t e n s i o n   p o r t i o n   3 9 .  

I t   i s   e s t i m a t e d   t h a t   more  t h a n   70%  and  p r o b a b l y   more  t h a n  

a b o u t   80%  of  t he   s t r i p   t h i c k n e s s   r e s u l t s   f rom  the   poo l   o f  

m o l t e n   m e t a l   p r o v i d e d   a d j a c e n t   t he   m e n i s c u s   35.  T h e  

m o l t e n   m e t a l   s o l i d i f i e s   f rom  the   b o t t o m   of  t he   m o l t e n  

m e t a l   poo l   p r o v i d e d   to   t he   c a s t i n g   s u r f a c e   f rom  t h e  

b o t t o m   of  the   U - s h a p e d   s t r u c t u r e   of  e x i t   end  26  of  v e s s e l  

1 8 .  

C a s t i n g   s u r f a c e   20  moves  p a s t   c a s t i n g   v e s s e l   18  in  a  

g e n e r a l l y   upward   d i r e c t i o n   f rom  the   b o t t o m   of  t h e  

U - s h a p e d   o p e n i n g   of  e x i t   end  26  to  t he   open  t o p   of  t h e  

o p e n i n g .   The  p o s i t i o n   of  v e s s e l   18  on  t he   c a s t i n g  



s u r f a c e   20  and  t he   s p e e d   of  t h e   c a s t i n g   s u r f a c e   a r e  

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

g a u g e   of  t he   c a s t   s t r i p .   I f   t he   c a s t i n g   s u r f a c e   20  i s   a  

c a s t i n g   w h e e l ,   t h e n   t h e   v e s s e l   18  is   p o s i t i o n e d ,  

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

By  t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   i s   a n  

i m p o r t a n t   c o n t r o l   of  s e v e r a l   f a c t o r s   which   r e s u l t s   in  t h e  

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

f rom  0 . 0 1   to   0 . 0 6   i n c h   ( 0 . 0 2 5 4   to   0 . 1 5 2 4   cm)  w i t h   g o o d  

s u r f a c e   q u a l i t y ,   e d g e s   and  s t r u c t u r e .   The  c o n t r o l   o f  

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

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

of  t he   m o l t e n   m e t a l   p o o l ,   and  t h e   c o n t r o l l e d   d e p t h   o f  

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

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

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

In   o r d e r   to  b e t t e r   u n d e r s t a n d   t he   p r e s e n t   i n v e n t i o n ,  

f o r   f o l l o w i n g   e x a m p l e s   a r e   p r e s e n t e d .  

E x a m p l e   I  

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

shown  in  t he   F i g u r e   2  b u t   h a v i n g   o n l y   one  w e i r   p l a t e   36  

n e a r   t h e   e x i t   end  26  was  c o n s t r u c t e d   from  h a r d e n e d   b l o c k s  

of  K a o w o o l   r e f r a c t o r y ,   w h i c h   i s   an  a l u m i n a - s i l i c a  

c o m p o s i t i o n   m a t e r i a l .   I t   was  t r e a t e d   by  s o a k i n g   i t   w i t h  

a  c o l l o i d a l   s i l i c a   s u s p e n s i o n   d r i e d   o v e r n i g h t   a t   2 5 0 ° F  

( 1 2 1 ° C )   and  t h e n   f i r e d   f o r   I  h o u r   a t   2000°F   ( 1 0 9 3 ° C )   i n  

a i r .   A f t e r   the   b l o c k s   w e r e   cu t   and  s h a p e d ,   t h e y   w e r e  

c o a t e d   w i t h   a  t h i n   l a y e r   of  Kaowool   c e m e n t .   The  v e s s e l  

was  s h a p e d   to  t h e   c o n t o u r   of  t h e   whee l   and  t h e n   t h e  

U - s h a p e d   s t r u c t u r e   ends   we re   c o a t e d   w i t h   a  t h i n   l a y e r   o f  

a  z i r c o n i a   c e m e n t .   A  w e i r   of  s i m i l a r   c o m p o s i t i o n   w a s  

u s e d .   The  c a s t i n g   v e s s e l   was  t h e n   h e a t e d   w i t h  

a i r - a c e t y l e n e   l a n c e s .   The  v e s s e l   18  was  a b o u t   8 . 7 5  

i n c h e s   ( 2 2 . 2 3   cm)  long   f rom  t he   r e c e i v i n g   end  22  to  t h e  

e x i t   end  26  and  was  a b o u t   6 .5   i n c h e s   ( 1 6 . 5   cm)  wide   a t  

t he   r e c e i v i n g   end  22  and  a b o u t   4  i n c h e s   ( 1 0 . 1 6   cm)  w i d e  



at   b o t t o m   w a l l   28  and  e x i t   end  26.  M o l t e n   m e t a l   of  T y p e  
304  a l l o y   was  t a p p e d   a t   1 5 8 0 ° C ,   s u p p l i e d   to   t he   v e s s e l   18  

and  m a i n t a i n e d   a t   a  l e v e l   of  a b o u t   1 . 7 5   i n c h e s   ( 4 . 4 5   cm) 

d e e p   in  t h e   r e c e i v i n g   end  22  and  t h e   m o l t e n   m e t a l   w a s  

a b o u t   0 . 7 5   i n c h e s   ( 1 . 9   cm)  d e e p   in  t h e   U - s h a p e d   s t r u c t u r e  

in  t h e   e x i t   end  26  of  v e s s e l   1 8 .   A  c a s t i n g   s u r f a c e   was  a  

c o p p e r   c a s t i n g   w h e e l   h a v i n g   a  w i d t h   o f  7   i n c h e s   ( 1 7 . 7 8  

cm)  and  a  d i a m e t e r   of  a b o u t   36  i n c h e s   ( 9 1 . 4 4   cm)  w h i c h  

p r o v i d e d   c o o l i n g   of  t he   o r d e r   of  l e s s   t h a n   2 0 0 0 ° C / s e c .  

The  c a s t i n g   w h e e l   was  r o t a t e d   a t   a  s p e e d   of  a b o u t   2050  t o  

300  f e e t   pe r   m i n u t e   ( 7 6 . 2   to  9 1 . 4 4   m e t r e s   pe r   m i n u t e )  

p a s t   t h e   e x i t   end  of  v e s s e l   18  and  s p a c e d   a b o u t   40  m i l s  

( 1 . 0 1 6   mm)  t h e r e f r o m   a t   an  a n g l e   0  of  a b o u t   40° .   T h e  

U - s h a p e d   s t r u c t u r e   of  t he   v e s s e l   had  d i v e r g i n g   or  t a p e r e d  

i n s i d e   s u r f a c e   31  of  s i d e w a l l s   30  of  e x i t   end  26  o p e n i n g  

u p w a r d l y .   The  t a p e r   was  of  the   o r d e r   of  a b o u t   3°  p e r  
i n s i d e   s u r f a c e .   Run  25  of  a b o u t   100  p o u n d s   ( 4 5 . 3 6   k g )  

was  c a s t   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   and  r e s u l t e d  

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

4  i n c h e s   ( 1 0 . 1 6   cm)  and  a  u n i f o r m   t h i c k n e s s   of  from  16  t o  

18  m i l s   ( 0 . 4 0 6   to   0 . 4 5 7   mm)  h a v i n g   s m o o t h   and  u n i f o r m  

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

no  s i g n s   of  r a g g e d n e s s   or  c u r l s .  

E x a m p l e   I I  

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

shown  in  F i g u r e   4  was  c o n s t r u c t e d   h a v i n g   a  K a o w o l  

r e f r a c t o r y   and  a l u m i n a   b u b b l e   r e f r a c t o r y   i n s u l a t i o n   40  i n  

a  m e t a l   s h e l l   38.  The  l i n e r   42  was  made  of  F i b e r f r a x  

m a t e r i a l ,   0 .5   i n c h   ( 1 . 2 7   cm)  t h i c k   a t   e i g h t   p o u n d s   p e r  
c u b i c   f o o t   ( 1 2 8 . 1 4   k g / m  )   wh ich   was  s a t u r a t e d   w i t h   a  

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

to  u s e .   The  v e s s e l   18  o u t s i d e   d i m e n s i o n s   were   a b o u t   15 

i n c h e s   ( 3 8 . 1   cm)  l o n g   and  18  i n c h e s   ( 4 5 . 7 2   cm)  wide  a t  

t he   e x i t   end  and  v e s s e l   18  had  a  s l i g h t   i n c r e a s i n g  

c r o s s - s e c t i o n a l   a r e a   to  e x i t   end  26.  We i r   p l a t e   36  w a s  

made  and  p o s i t i o n e d   s i m i l a r   to  E x a m p l e   I  and  c e m e n t e d  



b e t w e e n   s i d e w a l l s   of  v e s s e l   18.  The  i n s i d e   s u r f a c e s   31  

of  s i d e w a l l s   30  were   a l s o   t a p e r e d   or  d i v e r g i n g   of  t h e  

o r d e r   of  a b o u t   3°  pe r   s u r f a c e .   The  c a s t i n g   v e s s e l   w a s  

s e t   a t   a  s t a n d o f f   d i s t a n c e   of  a b o u t   35  m i l s   ( 0 . 8 9   mm)  a t  

an  a n g l e   of  a b o u t   0°  f o r   the   f r e e   s u r f a c e   of  t he   m o l t e n  

m e t a l   was  n e a r   t h e   crown  of  t he   c a s t i n g   w h e e l .   A  5 0 0 -  

pound  (226 . .8   kg)  Run  84-97   of  m o l t e n   m e t a l   of  Type  3 0 4  

was  c a s t   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   on  a  c a s t i n g  

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

1 2 . 7 5 - i n c h   ( 3 2 . 3 9   cm)  o u t s i d e   d i a m e t e r ,   a  0 . 3 7 5 - i n c h  

( 0 . 9 5   cm)  w a l l   t h i c k n e s s ,   48  i n c h e s   ( 1 2 1 . 9 2   cm)  wide  a n d  

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

r o t a t e d   a t   a b o u t   200  FPM  ( 6 0 . 9 6   m e t r e s   p e r   m i n u t e )   a t   t h e  

s t a r t   of  t h e   c a s t i n g   f o r   1 0 - 1 5   s e c o n d s   to  f a c i l i t a t e  

f l u s h i n g   of  t h e   i n i t i a l   m e t a l   f l o w   and  t h e n   s l o w e d   to   1 0 0  

FPM  ( 3 0 . 4 8   m e t r e s   pe r   m i n u t e )   f o r   t h e   d u r a t i o n   of  t h e  

Run.  The  m o l t e n   m e t a l   m a i n t a i n e d   a  d e p t h   of  a b o u t   2 

i n c h e s   ( 5 . 0 8   cm)  in  t he   e x i t   end  26  and  2 . 7 5   i n c h e s   ( 6 . 9 8  

cm)  in  t he   r e c e i v i n g   end  2 2 .  

The  v e s s e l   18  a l s o   i n c l u d e d   a  c o v e r   h a v i n g   a  m e a n s  

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

a t m o s -   p h e r e   as  shown  in  F i g u r e   6.  The  c o o l i n g   w a s  

e f f e c t e d   by  c i r c u l a t e d   w a t e r   a t   a b o u t   3  g a l l o n s   ( 1 3 . 6 4  

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

0 . 3 7 5 - i n c h   ( 0 . 9 5   cm)  o u t s i d e   d i a m e t e r .  

The  a s - c a s t   s t r i p   was  a b o u t   13  i n c h e s   (33  cm)  w i d e ,  

and  h a v i n g   a  u n i f o r m   t h i c k n e s s   of  a b o u t   45  m i l s   ( 1 . 1 4 3  

mm)  and  h a v i n g   good  u p p e r   s u r f a c e   q u a l i t y   w h i c h   w a s  

u n i f o r m ,   s m o o t h   and  c r a c k   f r e e .   The  a s - c a s t   s t r i p   w a s  

t h e n   c o n v e n -   t i o n a l l y   p r o c e s s e d   by  p i c k l i n g   in  a  

n i t r i c / h y p o f l u o r i c   a c i d ,   c o l d   r o l l i n g   a b o u t   50% 

r e d u c t i o n ,   a n n e a l i n g   a t   1950°F   ( 1 0 6 5 ° C )   f o r   5  m i n u t e s ,  

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

to  5  m i l s   ( 0 . 1 2 7   mm)  and  a n n e a l e d .   The  room  t e m p e r a t u r e  

m e c h a n i c a l   p r o p e r t i e s   of  the   a n n e a l e d   a s - c a s t   s a m p l e s   a r e  

shown  b e l o w   in  c o m p a r i s o n   to  t y p i c a l   p r o p e r t i e s   o f  

c o n v e n t i o n a l l y   p r o d u c e d   Type  304  a n n e a l e d   h o t - r o l l e d  

b a n d .  



Type  304  a l l o y   c o n v e n t i o n a l l y   p r o d u c e d   may  h a v e  

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

of  a n n e a l e d   h o t - r o l l   band   of  1 0 1 . 1   KSI  t e n s i l e   s t r e n g t h ,  

4 3 . 8   KSI  y i e l d   s t r e n g t h   and  57%  e l o n g a t i o n   in  2  i n c h e s  

( 5 . 0 8 c m ) .  

F i g u r e   7  i s   a  p h o t o m i c r o g r a p h   of  a s - c a s t   s t r i p   o f  

t he   p r e s e n t   i n v e n t i o n   s h o w i n g   the  t y p i c a l   i n t e r n a l  

s t r u c t u r e   from  Run  8 4 - 5 2 .   The  Type  304  a l l o y ,   shown  a t  

100X  m a g n i f i c a t i o n ,   i l l u s t r a t e s   t he   t y p i c a l   a s - c a s t  

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

d i r e c t i o n   of  s t r i p   t h i c k n e s s ,   i . e . ,   t o p   to  b o t t o m  

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

d i r e c t i o n   of  h e a t   e x t r a c t i o n   from  t h e   s t r i p   as  i t  

s o l i d i f i e s .   The  m e t h o d   and  a p p a r a t u s   of  t h e   p r e s e n t  
i n v e n t i o n   c o n t r o l s   t h e   g r o w t h   of  t he   d e n d r i t i c   s t r u c t u r e  

in  t h e   s t r i p   to  p r o d u c e   an  a s - c a s t   s t r i p   w h i c h   can  b e  

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

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

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

F i g u r e   8  i l l u s t r a t e s   a  t y p i c a l   s t r u c t u r e   of  a  

c o n v e n t i o n a l l y   p r o d u c e d   h o t - r o l l   band  of  Type  304  a l l o y  

a t   100X  m a g n i f i c a t i o n .  

I t   is   o b s e r v e d   t h a t   t he   me thod   and  a p p a r a t u s   of  t h e  



p r e s e n t   i n v e n t i o n   r e s u l t s   in  e v e n   b e t t e r   s t r i p   s t r u c t u r e  

and  q u a l i t y   as  t he   gauge   of  t h e   s t r i p   p r o d u c t   i n c r e a s e s  

and  as  t h e   w i d t h   of  t h e   s t r i p   i n c r e a s e s .   The  t e n d e n c y   o f  

edge  c u r l   in  t he   s t r i p   p r o d u c t   c a s t   in  4  to  6 - i n c h   ( 1 0 . 1 6  

to  1 5 . 2 4   cm)  w i d t h s   a p p e a r s   to   no  l o n g e r   be  p r e s e n t   i n  

the   w i d e r   w i d t h s   up  to  13  i n c h e s   ( 3 3 . 0 2   cm).   T h e  m e t h o d  

and  a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s  a n  

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

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

s t r i p .   The  s h r i n k i n g   and  c r a c k i n g   p r o b l e m s   of  f i n i t   f i l m  

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

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

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

The  m e t h o d   and  a p p a r a t u s   a p p e a r   u s e f u l   f o r   v a r i o u s  

m e t a l s   and  a l l o y s ,   i n c l u d i n g   s t a i n l e s s   s t e e l   and  s i l i c o n  

s t e e l s .  



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

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

c o m p r i s i n g :  

f l o w i n g   m o l t e n   m e t a l   (19)   f rom  a  g e n e r a l l y   U - s h a p e d  

s t r u c t u r e   of  an  e x i t   end  (26)   of  a  c a s t i n g   v e s s e l   ( 1 8 )  

o n t o   an  a d j a c e n t   c a s t i n g   s u r f a c e   ( 2 0 ) ;  

m o v i n g   t he   c a s t i n g   s u r f a c e   (20)   g e n e r a l l y   u p w a r d l y  

p a s t   t he   e x i t   end  (26)  of  t h e   c a s t i n g   v e s s e l   (18)  a t   a  

p r e d e t e r m i n e d   d i s t a n c e   t h e r e f r o m ;   a n d  

r a d i a n t l y   c o o l i n g   t h e   m o l t e n   m e t a l   (19)  in  a  z o n e  

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

U - s h a p e d   s t r u c t u r e   and  a d j a c e n t   t h e   c a s t i n g   s u r f a c e   ( 2 0 ) .  

2.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   t h e  

r a d i a n t   c o o l i n g   of  t h e   m o l t e n   m e t a l   (19)  e x t r a c t s   h e a t  

f rom  a b o v e   t h e   m o l t e n   m e t a l .  

3.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1  or  2,  f u r t h e r  

i n c l u d i n g   p r o v i d i n g   a  n o n - o x i d i z i n g   a t m o s p h e r e   in  t h e  

s a i d   z o n e .  

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

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

c o m p r i s i n g :  

a  m o v a b l e   c a s t i n g   s u r f a c e   ( 2 0 ) ;  

a  c a s t i n g   v e s s e l   (18)   h a v i n g   an  e x i t   end  ( 2 6 )  

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

(19)   o n t o   t he   mov ing   c a s t n g   s u r f a c e   (20)   a d j a c e n t   t h e r e t o  

and  a t   a  p r e d e t e r m i n e d   d i s t a n c e   t h e r e f r o m ;   a n d  

means   (54)   f o r   r a d i a n t l y   c o o l i n g   the   m o l t e n   m e t a l  

(19)  in  a  zone  d e f i n e d   a b o v e   t h e   m o l t e n   m e t a l ,   a c r o s s   t h e  

w i d t h   of  t he   U - s h a p e d   s t r u c t u r e   and  a d j a c e n t   the   c a s t i n g  

s u r f a c e   ( 2 0 ) .  

5.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   4,  w h e r e i n   t h e  

c o o l i n g   means  i n c l u d e s   a t   l e a s t   one  t u b e   (54)  h a v i n g   a  

c i r c u l a t i n g   c o o l a n t   t h e r e i n .  

6.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   4  or  5,  w h e r e i n   t h e  

means  (54)  fo r   r a d i a n t l y   c o o l i n g   is   l o c a t e d   above   t h e  



m o l t e n   m e t a l   ( 1 9 ) .  

7.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   4,  5  or   6 ,  

i n c l u d i n g   means   (46)   f o r   s e a l i n g   the   z o n e .  

8.  A p p a r a t u s   a c c o r d i n g   to  any  one  of  c l a i m s   4  to  7 ,  

f u r t h e r   i n c l u d i n g   means   (56)   f o r   p r o v i d i n g   a  

n o n - o x i d i z i n g   a t m o s p h e r e   in   t h e   z o n e  
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