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(S)  Casting  in  a  low  density  atmosphere. 
  An  apparatus  and  method  for  casting  metal  strip  (6) 
include  a  moving  chill  body  that  has  a  quench  surface  (5).  A 
nozzle  mechanism  (4)  deposits  a  stream  of  molten  metal  on  a 
quenching  region  (14)  of the  quench  surface to  form the  strip. 
The  nozzle  mechanism  has  an  exit  portion  (26)  with  a  nozzle 
orifice  (22).  A  depletion  mechanism  supplies  a  low  density 
atmosphere  to  a  depletion  region  located  adjacent  to  and 
upstream  of  the  quenching  region.  The  quench  surface  is 
heated  to  a  temperature  that  substantially  prevents  precipita- 
tion  of  condensed  or  solidified  constituents  from  the  low 
density  atmosphere  onto  the  depletion  region. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  the   I n v e n t i o n  

The  i n v e n t i o n   r e l a t e s   to  t he   c a s t i n g   of  m e t a l   s t r i p  

d i r e c t l y   f r o m  a   m e l t ,   and  more  p a r t i c u l a r l y   to  the   r a p i d  

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

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

2.  D e s c r i p t i o n   of  the   P r i o r   A r t  

U .S .   P a t e n t   No.  4 , 1 4 2 , 5 7 1   i s s u e d   to   M.  N a r a s i m h a n  

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

r a p i d l y   q u e n c h i n g   a  s t r e a m   of  m o l t e n   m e t a l   to  fo rm  c o n -  

t i n u o u s   m e t a l   s t r i p .   The  m e t a l   can  be  c a s t   in  an  i n e r t  

a t m o s p h e r e   or  a  p a r t i a l   vacuum.   U .S .   P a t e n t   N o .  

3 , 8 6 2 , 6 5 8   i s s u e d   to  J .   B e d e l l   and  U.S .   P a t e n t   N o .  

4 , 2 0 2 , 4 0 4   i s s u e d   to  C.  C a r l s o n   d i s c l o s e   f l e x i b l e   b e l t s  

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

a  q u e n c h   s u r f a c e .  

The  c a s t i n g   of  v e r y   smooth   s t r i p   has  been   d i f f i c u l t  

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

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

q u e n c h i n g   form  gas   p o c k e t   d e f e c t s .   T h e s e   d e f e c t s ,   a l o n g  

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

q u e n c h   s u r f a c e   s i d e   as  w e l l   as  the   o p p o s i t e ,   f r e e   s u r -  

f a c e   s i d e   of  t he   c a s t   s t r i p .   In  some  c a s e s ,   t he   s u r f a c e  

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

p e r f o r a t i o n s   t h e r e i n .  

U .S .   P a t e n t   No.  4 , 1 5 4 , 2 8 3   i s s u e d   to  R.  Ray  e t   a l .  

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

f o r m a t i o n   of  gas  p o c k e t   d e f e c t s .   The  vacuum  c a s t i n g  



s y s t e m   t a u g h t   by  Ray  e t   a l .   r e q u i r e s   s p e c i a l i z e d  

c h a m b e r s   and  pumps  to  p r o d u c e   a  low  p r e s s u r e   c a s t i n g  

a t m o s p h e r e .   In  a d d i t i o n ,   a u x i l i a r y   means   a r e   r e q u i r e d  

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

v a c u u m   c h a m b e r .   F u r t h e r ,   in  s u c h   a  vacuum  c a s t i n g  

s y s t e m ,   t h e   s t r i p   t e n d s   to  we ld   e x c e s s i v e l y   to  t h e  

q u e n c h   s u r f a c e   i n s t e a d   of  b r e a k i n g   away  as  t y p i c a l l y  

h a p p e n s   when  c a s t i n g   in  an  a m b i e n t   a t m o s p h e r e .  

U . S .   P a t e n t   No.  4 , 3 0 1 , 8 5 5   i s s u e d   to   H.  S u z u k i   e t  

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

w h e r e i n   t h e   m o l t e n   m e t a l   is   p o u r e d   f rom  a  h e a t e d   n o z z l e  

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

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

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

e v a c u a t e d   by  a  vacuum  pump.  A  h e a t e r   in  t h e   c o v e r   h e a t s  

t h e   r o l l   s u r f a c e   u p s t r e a m   f rom  t h e   n o z z l e   to   r emove   d e w  

d r o p l e t s   and  g a s e s   f rom  t h e   r o l l   s u r f a c e .   The  v a c u u m  

c h a m b e r   l o w e r s   t he   d e n s i t y   of  t h e   m o v i n g   gas   l a y e r   n e x t  

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

t i o n   of   a i r   p o c k e t   d e p r e s s i o n s   in  the   c a s t   r i b b o n .   T h e  

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

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

p o c k e t   d e p r e s s i o n s .  

The  a p p a r a t u s   d i s c l o s e d   by  S u z u k i   e t   a l .   does   n o t  

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

has   e x i t e d   t h e   vacuum  c h a m b e r .   By  t h i s   p r o c e d u r e ,  

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

r i b b o n   f r o m   t h e   vacuum  c h a m b e r   a r e   a v o i d e d .   The  r i b b o n  

is   a c t u a l l y   c a s t   in  t he   open  a t m o s p h e r e ,   o f f s e t t i n g   a n y  

p o t e n t i a l   i m p r o v e m e n t   in  r i b b o n   q u a l i t y .  

U . S .   P a t e n t   No.  3 , 8 6 1 , 4 5 0   to   M o b l e y ,   e t   a l .  

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

f i l a m e n t .   A  d i s k - l i k e ,   h e a t - e x t r a c t i n g   member   r o t a t e s  

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

n o n - o x i d i z i n g   gas   is  i n t r o d u c e d   a t   a  c r i t i c a l   p r o c e s s  

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

n o n - o x i d i z i n g   gas   can  be  a  r e d u c i n g   g a s ,   t h e   c o m b u s t i o n  

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



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

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

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

r e a c t s   w i t h   t h e   o x y g e n   a d j a c e n t   t he   c o v e r   to  p r o d u c e  

n o n - o x i d i z i n g   c a r b o n   m o n o x i d e   and  c a r b o n   d i o x i d e   g a s e s  
w h i c h   can  t h e n   s u r r o u n d   the   d i s k   p o r t i o n   and  the   e n t r y  

r e g i o n   of  t h e   m e l t .  

The  i n t r o d u c t i o n   of  n o n - o x i d i z i n g   g a s ,   as  t a u g h t   b y  

M o b l e y ,   e t   a l . ,   d i s r u p t s   and  r e p l a c e s   an  a d h e r e n t   l a y e r  

of  o x i d i z i n g   gas   w i t h   the   n o n - o x i d i z i n g   g a s .   T h e  

c o n t r o l l e d   i n t r o d u c t i o n   of  n o n - o x i d i z i n g   gas  a l s o  

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

m a t e r i a l s   on  t h e   m e l t   s u r f a c e   f rom  c o l l e c t i n g   a t   t h e  

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

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

i n i t i a l   f i l a m e n t   s o l i d i f i c a t i o n .   F i n a l l y ,   t he   e x c l u s i o n  

of  o x i d i z i n g   gas   and  f l o a t i n g   c o n t a m i n a n t s   f rom  t h e  

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

r e l e a s e   p o i n t   f rom  the   r o t a t i n g   d i s k   by  d e c r e a s i n g   t h e  

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

M o b l e y ,   e t   a l . ,   h o w e v e r ,   a d d r e s s   o n l y   the   p r o b l e m  

of  o x i d a t i o n   a t   the   d i s k   s u r f a c e   and  in  t h e   m e l t .   T h e  

f l o w i n g   s t r e a m   of  n o n - o x i d i z i n g   gas   t a u g h t   by  M o b l e y ,   e t  

a l .   i s   s t i l l   d rawn  i n t o   the   m o l t e n   p o o l   by  the   v i s c o u s  

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

f rom  t h e   d i s k   edge   to  m o m e n t a r i l y   d i s t u r b   f i l a m e n t  

f o r m a t i o n .   The  p a r t i c u l a r   a d v a n t a g e   p r o v i d e d   by  M o b l e y ,  

e t   a l .   is  t h a t   the   n o n - o x i d i z i n g   gas   d e c r e a s e s   t h e  

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

w i t h i n   t he   m e l t   p o o l .   T h u s ,   M o b l e y ,   e t   a l .   f a i l   t o  

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

i n s u l a t e   t he   d i s k   s u r f a c e   f rom  t h e   m e l t .  

U .S .   P a t e n t   No.  4 , 2 8 2 , 9 2 1   and  U.S .   P a t e n t   N o .  

4 , 2 6 2 , 7 3 4   i s s u e d   to   H.  L i e b e r m a n n   d i s c l o s e   an  a p p a r a t u s  

and  m e t h o d   in  w h i c h   c o a x i a l   gas   j e t s   a r e   e m p l o y e d   t o  

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

s t r i p s .   U .S .   P a t e n t   No.  4 , 1 7 7 , 8 5 6   and  U.S .   P a t e n t   N o .  

4 , 1 4 4 , 9 2 6   i s s u e d   to   H.  L i e b e r m a n n   d i s c l o s e   a  m e t h o d   a n d  



a p p a r a t u s   in  w h i c h   a  R e y n o l d s   n u m b e r   p a r a m e t e r   is  c o n -  

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

p h o u s   s t r i p .   Gas  d e n s i t i e s   and  t h u s   R e y n o l d s   n u m b e r s ,  

a r e   r e g u l a t e d   by  the   use  of  v a c u u m   and  by  e m p l o y i n g  

l o w e r   m o l e c u l a r   w e i g h t   g a s e s .  
C o n v e n t i o n a l   m e t h o d s ,   h o w e v e r ,   h a v e   been   u n a b l e   t o  

a d e q u a t e l y   r e d u c e   s u r f a c e   d e f e c t s   in  c a s t   m e t a l   s t r i p  

c a u s e d   by  t h e   e n t r a p m e n t   of  g a s   p o c k e t s .   Vacuum  c a s t i n g  

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

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

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

c a s t   s t r i p   f rom  t he   vacuum  c h a m b e r   have   r e s u l t e d   i n  

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

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

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

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

c r o s s - s e c t i o n .  

SUMMARY  OF  THE  INVENTION 

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

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

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

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

m o v i n g   c h i l l   body   h a v i n g   a  q u e n c h   s u r f a c e ,   and  i n c l u d e s  

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

on  a  q u e n c h i n g   r e g i o n   of  t h e   q u e n c h   s u r f a c e   to   form  t h e  

s t r i p .   The  n o z z l e   means   has   a  e x i t   p o r t i o n   w i t h   a  

n o z z l e   o r i f i c e .   A  d e p l e t i o n   m e a n s   s u p p l i e s   a  low  d e n -  

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

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

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

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

s p h e r e   o n t o   t h e   d e p l e t i o n   r e g i o n .  

In   a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   t h e r e   is  a l s o   p r o -  

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

c h i l l   body   h a v i n g   a  q u e n c h   s u r f a c e   i s   moved  a t   a  

s e l e c t e d   s p e e d ,   and  a  s t r e a m   of  m o l t e n   m e t a l   is  d e p o s -  

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

the   s t r i p .   A  low  d e n s i t y   a t m o s p h e r e   is  s u p p l i e d   to  a  



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

s a i d   q u e n c h i n g   r e g i o n .   The  q u e n c h   s u r f a c e   is  h e a t e d   t o  

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

of  c o n d e n s e d   or  s o l i d i f i e d   c o n s t i t u e n t s   from  t h e  

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

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

a  t h i c k n e s s   of  l e s s   t h a n   a b o u t   15  m i c r o m e t e r s   in  the   a s -  

c a s t   s t a t e .  

The  m e t h o d   and  a p p a r a t u s   of  the   i n v e n t i o n   a d v a n t a -  

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

p o c k e t s   a g a i n s t   t he   q u e n c h e d   s u r f a c e   d u r i n g   the   c a s t i n g  

of  t he   s t r i p .   As  a  r e s u l t ,   t he   i n v e n t i o n   a v o i d s   t h e  

n e e d s   f o r   c o m p l e x   vacuum  c a s t i n g   a p p a r a t u s   and  can  b e  

p r a c t i c e d   in  ap  a m b i e n t   a t m o s p h e r e .   The  h e a t i n g   of  t h e  

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

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

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

the   f o r m a t i o n   of  gas  p o c k e t s   o p e r a t i n g   to  d e c r e a s e   c o n -  

t a c t   b e t w e e n   the   m o l t e n   m e t a l   and  the   quench   s u r f a c e .  

The  more  u n i f o r m   q u e n c h i n g ,   in  t u r n ,   p r o v i d e s   i m p r o v e d  

p h y s i c a l   p r o p e r t i e s   in  t he   c a s t   s t r i p .   In  p a r t i c u l a r ,  

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

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

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

t h a t   can  c a u s e   p r e m a t u r e   f a t i g u e   f a i l u r e .   T h e  

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

( i . e .   t he   s i d e   no t   in  c o n t a c t   w i t h   the  quench   s u r f a c e   o f  

the   c h i l l   body)   is   a l s o   i m p r o v e d   by  the   method   a n d  

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

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

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

q u e n c h i n g   a f f o r d e d   by  the   h e a t e d   q u e n c h   s u r f a c e   and  l o w  

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

f o r m a t i o n   of  the   a m o r p h o u s   s t a t e .   In  m a n u f a c t u r e   of  t h e  

s t r i p   c o m p o s e d   of  m a g n e t i c   m a t e r i a l ,   the   number  and  s i z e  

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

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

S u r f a c e   d e f e c t s   due  to  e n t r a p p e d   gas  p o c k e t s   a r e  



r e d u c e d ,   and  t h e r e   is  much  l e s s   c h a n c e   f o r   a  gas   p o c k e t  

to  p e r f o r a t e   t h e   s t r i p .   S u p r i s i n g l y ,   v e r y   t h i n   s t r i p s  

( l e s s   t h a n   a b o u t   15  m i c r o m e t e r s   in  t h i c k n e s s )   have   b e e n  

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

in  v a r i o u s   a p p l i c a t i o n s .   For  e x a m p l e ,   in  m a g n e t i c  

d e v i c e s ,   s u c h   as  i n d u c t o r s ,   r e a c t o r s   and  h i g h   f r e q u e n c y  

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

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

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

the   s t r e n g t h   of  t he   b r a z e d   j o i n t s .  

M o r e v e r ,   t h e   r e d u c t i o n   of  e n t r a p p e d   gas   p o c k e t s  

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

t h e   m o l t e n   m e t a l   and  t h e   q u e n c h   s u r f a c e .   T h i c k e r   s t r i p s  

of  r a p i d l y   S o l i d i f i e d   m e t a l   can   be  p r o d u c e d .   S u c h  

t h i c k e r   s t r i p   is  d e s i r e a b l e   b e c a u s e   i t   can  be  m o r e  

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

e x i s t i n g   c o m m e r c i a l   a p p l i c a t i o n s .   T h e s e   t h i c k   s t r i p  

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

s o l i d i f i c a t i o n   in  a  s i n g l e   q u e n c h i n g   s t e p   in  much  l e s s  

t i m e   w i t h   d e c r e a s e d   c o s t .  

T h u s ,   t h e   p r e s e n t   i n v e n t i o n   e f f e c t i v e l y   m i n i m i z e s  

gas   p o c k e t   d e f e c t s   on  t h e   s t r i p   s u r f a c e   w h i c h   c o n t a c t s  

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

s u r f a c e   f i n i s h   and  u n i f o r m   p h y s i c a l   p r o p e r t i e s .   C o m p l e x  

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

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

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

t h e   m e l t   a t   l o w e r   c o s t   and  w i t h   h i g h e r   y i e l d .   S u c h  

u l t r a   t h i n   and  e x t r a   t h i c k   s t r i p s   a r e   e s p e c i a l l y   s u i t e d  

f o r   u se   in  s u c h   a p p l i c a t i o n s   as  m a g n e t i c   d e v i c e s ,   a n d  

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

g r e a t e r   e f f e c t i v e n e s s   and  e c o n o m y .  
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

f u r t h e r   a d v a n t a g e s   w i l l   become  a p p a r e n t   when  r e f e r e n c e  

is   made  to   t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   of  t h e  

p r e f e r r e d   e m b o d i m e n t   of  the   i n v e n t i o n   and  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 :  



FIG.  1  shows  a  r e p r e s e n t a t i v e   p r i o r   a r t   a p p a r a t u s  

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

FIG.  2  shows  a  s c h e m a t i c   r e p r e s e n t a t i o n   of  a  e m b o -  

d i m e n t   of  the   i n v e n t i o n   w h i c h   e m p l o y s   an  e n d l e s s   c a s t i n g  

b e l t ;  

FIG.  3  shows  an  e m b o d i m e n t   of  the   i n v e n t i o n   w h i c h  

e m p l o y s   a  gas   d e l i v e r y   means  l o c a t e d   c o a x i a l   w i t h   a  

c a s t i n g   n o z z l e ;  

FIG.  4  shows  an  e m b o d i m e n t   of  the   i n v e n t i o n   w h i c h  

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

FIG.  5  shows  an  e m b o d i m e n t   of  the   i n v e n t i o n   w h i c h  

e m p l o y s   a  f l e x i b l e   h u g g e r   b e l t   to  p r o l o n g   c o n t a c t   of  t h e  

c a s t   s t r i p   w i t h   the   q u e n c h   s u r f a c e ;   a n d  

FIG.  6 ' s h p w s   a  gas  v e l o c i t y   p r o f i l e   a t   the   q u e n c h  

s u r f a c e   p o r t i o n   on  wh ich   m o l t e n   m e t a l   is  d e p o s i t e d .  

DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

For  t he   p u r p o s e s   of  t he   p r e s e n t   i n v e n t i o n   and  a s  

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

der   body  the   t r a n s v e r s e   d i m e n s i o n s   of  which   a re   m u c h  

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

r i b b o n ,   s h e e t   and  the   l i k e   of  r e g u l a r   or  i r r e g u l a r  

c r o s s - s e c t i o n .  

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

composed   of  c r y s t a l l i n e   or  a m o r p h o u s   m e t a l   and  is  p a r t i -  

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

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

a b o u t   1 0 4 ° C / s e c   from  a  m e l t   of  m o l t e n   m e t a l .   S u c h  

r a p i d l y   s o l i d i f i e d   s t r i p   has  i m p r o v e d   p h y s i c a l   p r o p e r -  

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

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

FIG.  1  shows  a  r e p r e s e n t a t i v e   p r i o r   a r t   d e v i c e   f o r  

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

a l l o y   c o n t a i n e d   in  c r u c i b l e   2  is  h e a t e d   by  a  h e a t i n g  

e l e m e n t   3.  P r e s s u r i z a t i o n   of  the   c r u c i b l e   w i t h   an  i n e r t  

gas  f o r c e s   a  m o l t e n   s t r e a m   t h r o u g h   a  n o z z l e   4  at   t h e  

base   of  the   c r u c i b l e   and  d e p o s i t s   the   m o l t e n   m e t a l   o n t o  

a  moving  c h i l l   body ,   such  as  r o t a t a b l e   c a s t i n g   w h e e l  

1.  S o l i d i f i e d   moving   s t r i p   6,  a f t e r   i t s   b r e a k - a w a y  



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

a b l e   w i n d i n g   m e a n s .  

Q u e n c h   s u r f a c e   5  ( s u b s t r a t e )   is   p r e f e r a b l y   a  m a t e -  

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

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

b a s e d   a l l o y s   s u c h   as  b e r y l l i u m   c o p p e r .   To  a c h i e v e   t h e  

q u e n c h   r a t e s   of  a t   l e a s t   a b o u t   104°C  p e r   s e c o n d ,   w h e e l   1 

is  i n t e r n a l l y   c o o l e d   and  r o t a t e d   to  p r o v i d e   a  q u e n c h  

s u r f a c e   t h a t   a d v a n c e s   a t   a  s p e e d   r a n g i n g   f rom  a b o u t   1 0 0  

-  4000  m e t e r s   p e r   m i n u t e .   P r e f e r a b l y ,   t he   q u e n c h   s u r -  

f a c e   s p e e d   r a n g e s   f rom  a b o u t   2 0 0  -   3000  m e t e r s   p e r   m i n -  

u t e .   T y p i c a l l y ,   t he   t h i c k n e s s   of  t he   c a s t   s t r i p   r a n g e s  

f r o m   2 5  -   100  m i c r o n s   ( m i c r o m e t e r s ) .  

FIG.   2 ' s h o w s   a  r e p r e s e n t a t i v e   a p p a r a t u s   of  t h e  

i n v e n t i o n .   A  m o v i n g   c h i l l   b o d y ,   s u c h   as  e n d l e s s   c a s t i n g  

b e l t   7,  has   a  c h i l l e d   c a s t i n g   q u e n c h   s u r f a c e   5.  N o z z l e  

m e a n s ,   s u c h   as  n o z z l e   4,  d e p o s i t s   a  s t r e a m   of  m o l t e n  

m e t a l   o n t o   a  q u e n c h i n g   s u r f a c e   14  of  q u e n c h   s u r f a c e   5  t o  

f o r m   s t r i p   6.  N o z z l e   4  has   an  o r i f i c e   22  l o c a t e d   a t  

e x i t   p o r t i o n   26.  A  d e p l e t i o n   means   is  c o m p r i s e d   of  g a s  

n o z z l e   d e l i v e r y   means   8,  h e a t e r   means   10,  and  gas   s u p p l y  

12.  The  d e p l e t i o n   means   s u p p l i e s   a  gas   24  f rom  g a s  

s u p p l y   12  to   p r o d u c e   a  low  d e n s i t y   a t m o s p h e r e   a n d  

d i r e c t s   t h e   g a s   w i t h   gas   n o z z l e   8  to  a  d e p l e t i o n   r e g i o n  

13  l o c a t e d   a d j a c e n t   to   and  u p s t r e a m   of  q u e n c h i n g   r e g i o n  

14.  N o z z l e   8  is   s u i t a b l y   l o c a t e d   to  d i r e c t   gas   24  a t  

and  a r o u n d   t h e   d e p l e t i o n   r e g i o n   13  so  t h a t   t he   gas   24  

s u b s t a n t i a l l y   f l o o d s   t h e   d e p l e t i o n   r e g i o n   13,   p r o v i d i n g  

a  low  d e n s i t y   a t m o s p h e r e   t h e r e w i t h i n .   A  c o n t r o l   m e a n s  

104  h e a t s   t h e   q u e n c h   s u r f a c e   5  to   a  t e m p e r a t u r e   t h a t  

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

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

d e p l e t i o n   r e g i o n   13.   V a l v e   16  r e g u l a t e s   t he   v o l u m e   a n d  

v e l o c i t y   t h r o u g h   n o z z l e   8.  As  shown  in  FIG.  2,  gas   n o z -  
z l e   8  i s   l o c a t e d   u p s t r e a m   of  q u e n c h i n g   r e g i o n   14  and  i s  

d i r e c t e d   a l o n g   t h e   d i r e c t i o n   of  m o v e m e n t   of  t he   q u e n c h  

s u r f a c e .   O p t i o n a l l y ,   gas   n o z z l e   8  can  be  l o c a t e d  

c o a x i a l  w i t h   c a s t i n g   n o z z l e   4  as  r e p r e s e n t a t i v e l y   s h o w n  



in  FIG.  3 .  

The  t e r m   low  d e n s i t y   a t m o s p h e r e ,   as  u s e d   in  t h e  

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

h a v i n g   a  gas   d e n s i t y   l e s s   t h a n   1  gram  p e r   l i t e r   a n d  

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

0 .5   g r a m s   p e r   l i t e r .  

To  o b t a i n   t he   d e s i r e d   l o w - d e n s i t y   a t m o s p h e r e ,   g a s  
24  is  h e a t e d   to  a t   l e a s t   a b o u t   800K,  and  m o r e  

p r e f e r a b l y ,   is   h e a t e d   to  at   l e a s t   a b o u t   1300K.   I n  

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

have   l o w e r   d e n s i t i e s   and  w i l l   b e t t e r   m i n i m i z e   t h e   f o r m a -  

t i o n   and  e n t r a p m e n t   of  gas  p o c k e t s   b e t w e e n   q u e n c h   s u r -  

f a c e   5  and  t h e   d e p o s i t e d   m o l t e n   m e t a l .  

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

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

s m o o t h n e s s .   In  e x t r e m e   c a s e s ,   t he   gas   p o c k e t s   w i l l  

c a u s e   p e r f o r a t i o n s   t h r o u g h   s t r i p   6.  A  v e r y   s m o o t h  

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

m a g n e t i c   m e t a l   s t r i p   to  form  m a g n e t i c   c o r e s   b e c a u s e  

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

m a t e r i a l .   The  p a c k i n g   f a c t o r   is   t he   vo lume   f r a c t i o n   o f  

the   a c t u a l   m a g n e t i c   m a t e r i a l   in  t he   wound  c o r e   ( t h e  

vo lume  of  m a g n e t i c   m a t e r i a l   d i v i d e d   by  t he   t o t a l   c o r e  

v o l u m e )   and  is   o f t e n   e x p r e s s e d   in  p e r c e n t .   A  s m o o t h  

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

the   m a g n e t i c   p r o p e r t i e s   of  s t r i p   6  and  in  m i n i m i z i n g  

l o c a l i z e d   s t r e s s   c o n c e n t r a t i o n s   t h a t   wou ld   o t h e r w i s e  

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

Gas  p o c k e t s   a l s o   i n s u l a t e   t he   d e p o s i t   m o l t e n   m e t a l  

from  q u e n c h   s u r f a c e   5  and  r e d u c e   the   q u e n c h   r a t e   i n  

l o c a l i z e d   a r e a s .   The  r e s u l t a n t ,   n o n - u n i f o r m   q u e n c h i n g  

p r o d u c e s   n o n - u n i f o r m   p h y s i c a l   p r o p e r t i e s   in  s t r i p   6 ,  

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

p r o p e r t i e s .  

For  e x a m p l e ,   when  c a s t i n g   a m o r p h o u s   m e t a l   s t r i p ,  

gas  p o c k e t s   can  a l l o w   u n d e s i r e d   c r y s t a l l i z a t i o n   i n  

l o c a l i z e d   p o r t i o n s   of  the   s t r i p .   The  gas  p o c k e t s   a n d  

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



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

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

T h u s ,   by  r e d u c i n g   the   e n t r a p m e n t   of  gas   p o c k e t s ,  

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

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

p r o p e r t i e s .   For   e x a m p l e ,   m e t a l   s t r i p   has   been   p r o d u c e d  

w i t h   p a c k i n g   f a c t o r s   of  a t   l e a s t   a b o u t   80%,  and  up  t o  

a b o u t   9 5 % .  

The  m e c h a n i s m   by  w h i c h   gas  p o c k e t s   a r e   r e d u c e d   c a n  

be  more   r e a d i l y   e x p l a i n e d   w i t h   r e f e r e n c e   to   FIG.  6.  T h e  

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

5  and  u p s t r e a m   of  m e l t   p u d d l e   18  is   shown  s c h e m a t i c a l l y  

a t   20.  The  maximum  gas   b o u n d a r y   l a y e r   v e l o c i t y   o c c u r s  

i m m e d i a t e l y  a d j a c e n t   to   q u e n c h   s u r f a c e   5  ( s u b s t r a t e )   a n d  

is   e q u a l   to   t h e   v e l o c i t y   of  the   m o v i n g   q u e n c h   s u r f a c e .  

T h u s ,   m o v i n g   q u e n c h   s u r f a c e   5  o r d i n a r i l y   d r a w s   c o o l   a i r  

f r o m   t h e   a m b i e n t   a t m o s p h e r e   i n t o   u p s t r e a m   r e g i o n   13  a n d  

i n t o   q u e n c h i n g   r e g i o n   14,  t he   r e g i o n   of  t he   q u e n c h  

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

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

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

and  t h e   m o l t e n   m e t a l   do  no t   s u f f i c i e n t l y   h e a t   t he   l o c a l  

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

M e l t   p u d d l e   18  w e t s   the   s u b s t r a t e   s u r f a c e   to  a n  

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

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

p r e s e n c e   of   s u r f a c e   f i l m s .   The  p r e s s u r e   e x e r t e d   by  t h e  

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

h o w e v e r ,   a c t s   to  l o c a l l y   s e p a r a t e   t h e   m e l t   f rom  t h e  

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

a p p e a r   as  " l i f t - o f f "   a r e a s   44  on  t h e   r i b b o n   u n d e r s i d e .  

The  s t a g n a t i o n   p r e s s u r e   of  the   gas  b o u n d a r y   l a y e r  

( p r e s s u r e   i f   t h e   l a y e r   h i t   a  r i g i d   w a l l )   is  g i v e n   by  t h e  

f o r m u l a   Ps= 1 /2  p   v2  w h e r e :   p  =  gas   d e n s i t y ,   v  = 

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

b o u n d a r y   l a y e r   d e n s i t y   or  s u b s t r a t e   v e l o c i t y   a r e  

i m p o r t a n t   in  t h e   r e d u c t i o n   of  t h e   s i z e   and  t h e   number   o f  

gas   p o c k e t s   e n t r a i n e d   u n d e r   the   m o l t e n   m e t a l   p u d d l e .  



For  e x a m p l e ,   r e m o v a l   of  the   gas   b o u n d a r y   l a y e r   b y  

c a s t i n g   in  vacuum  can  t o t a l l y   e l i m i n a t e   the   l i f t - o f f  

a r e a s   in  t he   s t r i p   u n d e r s i d e .   A l t e r n a t i v e l y ,   a  l o w  

d e n s i t y   gas   in  the  b o u n d a r y   l a y e r   c o u l d   be  e m p l o y e d .  

The  s e l e c t i o n   of  a  low  m o l e c u l a r   w e i g h t   gas  ( s u c h   a s  

h e l i u m )   is  one  way  to  r e d u c e   b o u n d a r y   l a y e r   g a s  

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

g a s e s   w h i c h   can  be  u sed   in  t h i s   f a s h i o n   is  q u i t e  

l i m i t e d .   A  p r e f e r r e d   m a n n e r   in  w h i c h   to   r e d u c e   t h e  

b o u n d a r y   l a y e r   gas  d e n s i t y   is   to  use   a  h e a t e d   g a s ;   t h e  

d e n s i t y   of  t he   gas  w i l l   d i m i n i s h   as  t h e   i n v e r s e   of  t h e  

a b s o l u t e   t e m p e r a t u r e .   By  d i r e c t i n g   t he   h o t   gas  a t   t h e  

u p s t r e a m   s i d e   of  t he   m e l t   p u d d l e   18,   t h e   s i z e   and  t h e  

number   of  e n t r a i n e d   gas  p o c k e t s   u n d e r   t he   m e l t   p u d d l e  

can  be  s u b s t a n t i a l l y   r e d u c e d .  

I t   is  i m p o r t a n t ,   h o w e v e r ,   to  r e g u l a t e   p e r t i n e n t  

f a c t o r s ,   such   as  t he   c o m p o s i t i o n   of  t he   l o w - d e n s i t y  

a t m o s p h e r e ,   and  the   t e m p e r a t u r e   of  q u e n c h   s u r f a c e   5,  t o  

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

l i q u i d   m a t t e r   w h i c h   c o u l d   p r e c i p i t a t e   o n t o   d e p l e t i o n  

r e g i o n   13.  Such  p r e c i p i t a t e ,   i f   e n t r a i n e d   b e t w e e n   t h e  

m e l t   p u d d l e   and  q u e n c h   s u r f a c e ,   c o u l d   p r o d u c e   s u r f a c e  

d e f e c t s   and  d e g r a d e   the   s t r i p   q u a l i t y .  

S u r p r i s i n g l y ,   t he   h e a t i n g   of  t h e   q u e n c h   s u r f a c e  

does   no t   d e g r a d e   the   q u e n c h i n g   of  t he   m o l t e n   m e t a l .   T o  

the   c o n t r a r y ,   the   h e a t i n g   of  t he   q u e n c h   s u b s t r a t e   a n d  

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

m i t y   of  t he   q u e n c h   r a t e   by  m i n i m i z i n g   t he   p r e s e n c e   o f  

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

the   q u a l i t y   of  t he   c a s t   s t r i p .  

P r e f e r a b l y ,   gas  24  is  a  r e d u c i n g   g a s ;   i . e .   i t   i s  

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

A c c o r d i n g l y ,   t he   gas  i t s e l f   is  c a p a b l e   of  u n d e r g o i n g  

c h e m i c a l   o x i d a t i o n ,   p r e f e r a b l y   by  c o m b i n i n g   w i t h  

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

and  gas  m i x t u r e s   t h e r e o f .  

The  p r e s e n c e   of  a  r e d u c i n g   a t m o s p h e r e   at   q u e n c h  

s u r f a c e   5  has  d i s t i n c t   a d v a n t a g e s .   In  p a r t i c u l a r ,   a  



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

6.  In  a d d i t i o n ,   t he   r e d u c i n g   a t m o s p h e r e   s t a r v e s   q u e n c h  

s u r f a c e   5  of  o x y g e n   and  m i n i m i z e s   t h e   o x i d a t i o n   t h e r e -  

o f .   The  r e d u c e d   o x i d a t i o n   i m p r o v e s   t he   w e t t a b i l i t y   o f  

t h e   q u e n c h   s u r f a c e   and  a l l o w s   m o l t e n   m e t a l   to  be  m o r e  

u n i f o r m l y   d e p o s i t e d   on  q u e n c h   s u r f a c e   5.  In  the   c a s e   o f  

a  c o p p e r   b a s e   m a t e r i a l s   in  q u e n c h   s u r f a c e   5,  the   r e d u c e d  

o x i d a t i o n   r e n d e r s   t h e   q u e n c h   s u r f a c e   much  more  r e s i s t a n t  

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

g r o w t h .   The  r e d u c i n g   a t m o s p h e r e   a l s o   d e p l e t e s   o x y g e n  
f r o m   t he   r e g i o n   of  n o z z l e   4  t h e r e b y   r e d u c i n g   the   c l o g -  

g i n g   of  n o z z l e   o r i f i c e   22,  p a r t i c u l a r l y   c l o g g i n g   due  t o  

o x i d e   p a r t i c u l a t e s .   O p t i o n a l l y ,   a d d i t i o n a l   gas  n o z z l e  

32  may  be  e m p l o y e d   to  p r o v i d e   a d d i t i o n a l   r e d u c i n g   g a s  

a t m o s p h e r e s   a l o n g   s e l e c t e d   p o r t i o n s   of  s t r i p   6,  a s  

r e p r e s e n t a t i v e l y   shown  in  FIG.   2 .  

FIG.   4  shows   an  e m b o d i m e n t   of  t h e   i n v e n t i o n   w h e r e i n  

t h e   r e d u c i n g   gas   is   c a p a b l e   of  b e i n g   i g n i t e d   and  b u r n e d  

to   fo rm  a  r e d u c i n g   f l a m e   a t m o s p h e r e .   N o z z l e   4  d e p o s i t s  

m o l t e n   m e t a l   o n t o   q u e n c h   s u r f a c e   5  of  r o t a t i n g   c a s t i n g  

w h e e l   1  to  fo rm  s t r i p   6.  The  d e p l e t i o n   means   in  t h i s  

e m b o d i m e n t   is  c o m p r i s e d   of  gas   s u p p l y   12,  gas   n o z z l e   8 

and  i g n i t i o n   means   30.   V a l v e   16  r e g u l a t e s   t he   v o l u m e  

and  v e l o c i t y   of  gas   d e l i v e r e d   t h r o u g h   gas   n o z z l e   8,  a n d  

a  w i p e r   b r u s h   42  c o n d i t i o n s   q u e n c h   s u r f a c e   5  to  h e l p  

r e d u c e   o x i d a t i o n   t h e r e o n .   A f t e r   gas   24  has  mixed   w i t h  

s u f f i c i e n t   o x y g e n ,   i g n i t i o n   means   30  i g n i t e s   t he   gas   t o  

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

u p s t r e a m   r e g i o n   13  and  a r o u n d   q u e n c h   s u r f a c e   r e g i o n   14 

w h e r e   m o l t e n   m e t a l   is   d e p o s i t e d .   S u i t a b l e   i g n i t i o n  

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

and  t h e   l i k e .   For   e x a m p l e ,   in  t h e   e m b o d i m e n t   shown  i n  

FIG.   4,  t he   h o t   c a s t i n g   n o z z l e   s e r v e s   as  a  s u i t a b l e  

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

gas   upon  c o n t a c t   t h e r e w i t h .  

The  r e s u l t a n t   f l a m e   a t m o s p h e r e   f o r m s   a  f l a m e   p l u m e  

28  w h i c h   b e g i n s   u p s t r e a m   of  q u e n c h i n g   r e g i o n   14  a n d  

c o n s u m e s   o x y g e n   t h e r e f r o m .   In  a d d i t i o n ,   u n b u r n e d  



r e d u c i n g   gas   w i t h i n   t he   p lume  r e a c t s   to  r e d u c e   t h e  

o x i d e s   on  q u e n c h   s u r f a c e   5,  n o z z l e   4  and  s t r i p   6.  T h e  

v i s i b i l i t y   of  f l a m e   28  a l l o w s   e a s y   o p t i m i z a t i o n   a n d  

c o n t r o l   of  the   gas   f l o w ,   and  plume  28  is  e f f e c t i v e l y  

d r a w n   a r o u n d   the   c o n t o u r   of  whee l   1  by  t h e   w h e e l  

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

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

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

d i s t a n t   t h e r e a f t e r .   The  e x t e n d e d   f l a m e   p l u m e   a d v a n t a -  

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

a r o u n d   s t r i p   6  w h i l e   i t   is  c o o l i n g .   O p t i o n a l l y ,   a d d i -  

t i o n a l   gas   n o z z l e s   32  and  i g n i t i o n   means   34  can  b e  

e m p l o y e d   to   p r o v i d e   a d d i t i o n a l   r e d u c i n g   f l a m e   p l u m e s   36 

a l o n g   s e l e c t e d _ p o r t i o n s   of  s t r i p   6  to  f u r t h e r   p r o t e c t  

t h e   s t r i p   f rom  o x i d a t i o n .   A  f u r t h e r   a d v a n t a g e   p r o v i d e d  

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

of  t h e   f r e e   s u r f a c e   s i d e   of  the   s t r i p   ( t h e   s i d e   no t   i n  

c o n t a c t   w i t h   the   q u e n c h   s u r f a c e )   is  s i g n i f i c a n t l y  

i m p r o v e d .   E x p e r i m e n t s   have  shown  t h a t   t he   m e a n  

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

m e a s u r e d   by  s t a n d a r d   t e c h n i q u e s   such  as  pack   f a c t o r ,   i s  

s i g n i f i c a n t l y   r e d u c e d   when  the   s t r i p   is  p r o d u c e d   in  t h e  

r e d u c i n g   f l a m e   plume  of  t he   i n v e n t i o n .  

P r o p e r   s e l e c t i o n   of  t he   r e d u c i n g   gas   and  the   t e m -  

p e r a t u r e   to   wh ich   s u b s t r a t e   5  is  h e a t e d   is  i m p o r t a n t .  

The  c o m b u s t i o n   p r o d u c t   of  t he   b u r n e d   gas   s h o u l d   n o t  

p r o d u c e   a  l i q u i d   or  s o l i d   p h a s e   which   c o u l d   p r e c i p i t a t e  

o n t o   q u e n c h   s u r f a c e   5  or  n o z z l e   4.  For   e x a m p l e ,  

h y d r o g e n   gas  has  been   u n s a t i s f a c t o r y   u n d e r   o r d i n a r y  

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

c o n d e n s e s   o n t o   q u e n c h   s u r f a c e   5.  As  a  r e s u l t ,   u n d e r  

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

p lume  d o e s   no t   a d e q u a t e l y   r e d u c e   the  f o r m a t i o n   of  g a s  

p o c k e t s   on  the   q u e n c h   s u r f a c e   s i d e   of  s t r i p   6 .  

S u r p r i s i n g l y ,   i t   has  been   f o u n d   t h a t   by  a p p r o p r i a t e l y  

a d j u s t i n g   the   c a s t i n g   c o n d i t i o n s ,   the   w a t e r   p r e c i p i t a t e  

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

d e p l e t i o n   r e g i o n   13  can  be  s u b s t a t i a l l y   a v o i d e d .   F o r  



e x a m p l e ,   i f   t h e   q u e n c h   s u r f a c e   5  is  m a i n t a i n e d   a t   a  

t e m p e r a t u r e   of  a t   l e a s t   a b o u t   I 0 0 ° C . ,   w a t e r   w i l l   n o t  

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

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

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

The  r e d u c i n g   gas   24  is  p r e f e r a b l y   a  gas   t h a t   w i l l  

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

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

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

r a n g i n g   f rom  800K  to  1300K.   G a s e s   of  t h i s   t y p e   c o m p r i s e  

p r a c t i c a l l y   any  gas   or  gas   m i x t u r e   w h i c h   when  h e a t e d   o r  

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

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

m o n o x i d e ,   m e t h a n e ,   p r o p a n e   and  the   l i k e ,   and  m i x t u r e s  

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

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

The  t e m p e r a t u r e   to   w h i c h   q u e n c h   s u r f a c e   5  is  h e a t e d  

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

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

p r e s e n t   w i t h i n   d e p l e t i o n   r e g i o n   13  and  t h e   c o m p o s i t i o n  

of   t h e   q u e n c h   s u r f a c e   5.  T y p i c a l l y ,   t h e   q u e n c h   s u r f a c e  

i s   h e a t e d   to  a  t e m p e r a t u r e   of  a t   l e a s t   a b o u t   323K,  a n d  

p r e f e r a b l y   to   a  t e m p e r a t u r e   of  a b o u t   323K  to   5 7 3 K .  

Q u e n c h   s u r f a c e   t e m p e r a t u r e s   of  a t   l e a s t   a b o u t   373K  a n d ,  

m o s t   p r e f e r a b l y   of  a b o u t   423K  to  523K  s u b s t a n t i a l l y  

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

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

o n t o   d e p l e t i o n   r e g i o n   1 3 .  

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

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

m e l t   p u d d l e   18  to   v e r y   h i g h   t e m p e r a t u r e s ,   in  t he   o r d e r  

of   1 3 0 0  -   1400  K.  Such   t e m p e r a t u r e s   p r o v i d e   v e r y   l o w  

g a s   d e n s i t i e s   a r o u n d   t he   m e l t   p u d d l e   18.  The  h i g h   t e m -  

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

r e a c t i o n   to   f u r t h e r   m i n i m i z e   the   o x i d a t i o n   of  q u e n c h  

s u r f a c e   5,  n o z z l e   4  and  s t r i p   6.  The  p r e s e n c e   of  a  h o t  

r e d u c i n g   f l a m e   a t   n o z z l e   4  a l s o   r e d u c e s   t h e r m a l   g r a -  
d i e n t s   t h e r e i n   w h i c h   m i g h t   c r a c k   t he   n o z z l e .  



Thus ,   t he   e m b o d i m e n t   of  t he   i n v e n t i o n   e m p l o y i n g   a  

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

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

s u r f a c e   5  w h i c h   i m p r o v e s   the   s m o o t h n e s s   of  b o t h   s i d e s   o f  

the   c a s t   s t r i p   and  more  e f f e c t i v e l y   p r e v e n t s   o x i d a t i o n  

of  q u e n c h   s u r f a c e   5,  s t r i p   6  and  c a s t i n g   n o z z l e   4 .  

As  shown  in  FIG.  5,  t he   i n v e n t i o n   may  o p t i o n a l l y  

i n c l u d e   a  f l e x i b l e   h u g g e r   b e l t   38  w h i c h   e n t r a i n s   s t r i p   6 

a g a i n s t   q u e n c h   s u r f a c e   5  to  p r o l o n g   c o o l i n g   c o n t a c t  

t h e r e w i t h .   The  p r o l o n g e d   c o n t a c t   i m p r o v e s   the   q u e n c h i n g  

of  s t r i p   6  by  p r o v i d i n g   a  more  u n i f o r m   and  p r o l o n g e d  

c o o l i n g   p e r i o d   f o r   t he   s t r i p .   G u i d e   w h e e l s   40  p o s i t i o n  

b e l t   38  in  t he   d e s i r e d   h u g g i n g   p o s i t i o n   a l o n g   q u e n c h  

s u r f a c e   5,  a n d  a   d r i v e   means   moves   b e l t   38  such   t h a t   t h e  

b e l t   p o r t i o n   in  h u g g i n g   r e l a t i o n   to   q u e n c h   s u r f a c e   5 

moves  at  a  v e l o c i t y   s u b s t a n t i a l l y   e q u a l   to  the   v e l o c i t y  

of  the  q u e n c h   s u r f a c e .   P r e f e r a b l y ,   b e l t   38  o v e r l a p s   t h e  

m a r g i n a l   p o r t i o n s   of  s t r i p   6  to  d i r e c t l y   c o n t a c t   a n d  

f r i c t i o n a l l y   e n g a g e   q u e n c h   s u r f a c e   5.  T h i s   f r i c t i o n a l  

e n g a g e m e n t   p r o v i d e s   the   r e q u i r e d   d r i v i n g   means  to  m o v e  

the   b e l t .  

C o n s i d e r a b l e   e f f o r t   has  been   e x p e n d e d   to  d e v e l o p  

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

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

e a s i l y   be  u s e d   as  a  d i r e c t   s u b s t i t u t e   f o r   m a t e r i a l s  

p r e s e n t l y   e m p l o y e d   in  e x i s t i n g   c o m m e r c i a l   a p p l i c a -  

t i o n s .   S i n c e   the   p r e s e n t   i n v e n t i o n   s i g n i f i c a n t l y  

i m p r o v e s   the   c o n t a c t   b e t w e e n   t he   s t r e a m   of  m o l t e n  m e t a l  

and  the   c h i l l e d   q u e n c h   s u r f a c e ,   t h e r e   is  i m p r o v e d   h e a t  

t r a n s p o r t   away  f rom  the   m o l t e n   m e t a l .   The  i m p r o v e d   h e a t  

t r a n s p o r t ,   in  t u r n ,   p r o v i d e s   a  more  u n i f o r m   and  m o r e  

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

h i g h e r   q u a l i t y   t h i c k   s t r i p ,   i . e .   s t r i p   h a v i n g   a  

t h i c k n e s s   r a n g i n g   f rom  a b o u t   15  m i c r o m e t e r s   to  as  h i g h  

as  a b o u t   70  m i c r o m e t e r s   and  m o r e .  

S i m i l a r l y ,   c o n s i d e r a b l e   e f f o r t   has  been  e x p e n d e d   t o  

form  t h i n n e r   s t r i p s   of  r a p i d l y   s o l i d i f i e d   m e t a l .   V e r y  

t h i n   m e t a l   s t r i p ,   l e s s   t h a n   a b o u t   15  m i c r o m e t e r s   a n d  



p r e f e r a b l y   a b o u t   8  m i c r o m e t e r s   in  t h i c k n e s s ,   is   h i g h l y  

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

b r a z i n g   a p p l i c a t i o n s ,   f o r   e x a m p l e ,   t he   f i l l e r   m e t a l s  

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

p r o p e r t i e s   c o m p a r e d   to   t h e   b a s e   m e t a l s .   To  o p t i m i z e   t h e  

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

j o i n t   is   made  v e r y   t h i n .   T h u s ,   when  f i l l e r   m a t e r i a l   i n  

f o i l   f o r m   is   p l a c e d   d i r e c t l y   in  t he   j o i n t   a r e a   p r i o r   t o  

t h e   b r a z i n g   o p e r a t i o n ,   t h e   j o i n t   s t r e n g t h   can   b e  

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

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

t r o n i c s   ( o v e r   10  k H z ) ,   p o w e r   l o s s e s   in  m a g n e t i c   d e v i c e s  

a r e   p r o p o r t i o n a l   to   t h e   t h i c k n e s s   ( t )   of  t h e   m a g n e t i c  

m a t e r i a l s .   - I n  o t h e r   m a g n e t i c   a p p l i c a t i o n s   s u c h   as  s a t u -  

r a b l e   r e a c t o r s ,   p o w e r   l o s s e s   a r e   p r o p o r t i o n a l   to   t h e  

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

t h e   s e c o n d   p o w e r   Et2)   when  the   m a t e r i a l   i s   s a t u r a t e d  

r a p i d l y .   T h u s ,   t h i n   r i b b o n   d e c r e a s e s   t he   p o w e r   l o s s e s  

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

t i m e   to   s a t u r a t e ;   as  a  r e s u l t ,   s h o r t e r   and  s h a r p e r  

o u t p u t   p u l s e s   can   be  o b t a i n e d   f rom  the   r e a c t o r .   A l s o ,  

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

and  t h e r e f o r e ,   r e q u i r e   l e s s   i n s u l a t i o n   b e t w e e n   t h e  

l a m i n a t i o n s .  

In  i n d u c t o r s   f o r   l i n e a r   i n d u c t i o n   a c c e l e r a t o r s ,  

l o s s e s   a r e   a g a i n   r e l a t e d   to   t 2 ,   and  the   t h i n n e r   r i b b o n  

w i l l   r e d u c e   p o w e r   l o s s e s .   A l s o ,   t h i n   r i b b o n   s a t u r a t e s  

more   e a s i l y   and  r a p i d l y   and  can  be  u s e d   to   p r o d u c e  
s h o r t e r   p u l s e   a c c e l e r a t o r s .   In  a d d i t i o n ,   t h e   t h i n n e r  

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

n a t i o n s .  

A  f u r t h e r   a d v a n t a g e   of  t h i n   s t r i p   is   t h a t   t h e   s t r i p  

e x p e r i e n c e s   l e s s   b e n d i n g   s t r e s s e s   when  wound  to   a  g i v e n  
d i a m e t e r .   E x c e s s i v e   b e n d i n g   s t r e s s e s   w i l l   d e g r a d e   t h e  

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

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

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



S i n c e   the   i n v e n t i o n   s i g n i f i c a n t l y   r e d u c e s   t he   s i z e   a n d  

d e p t h   of  gas   p o c k e t   d e f e c t s ,   t h e r e   is  l e s s   c h a n c e   t h a t  

s u c h   a  d e f e c t   w i l l   be  l a r g e   enough   to  p e r f o r a t e   the   c a s t  

s t r i p .   As  a  r e s u l t ,   v e r y   t h i n   s t r i p   can  be  c a s t   b e c a u s e  

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

p e r f o r a t e   t he   s t r i p   w i l l   fo rm.   T h u s ,   t he   i n v e n t i o n   c a n  

be  a d a p t e d   to  c a s t   v e r y   t h i n   m e t a l   s t r i p ,   w h i c h   a s - c a s t ,  

is  l e s s   t h a n   a b o u t   15  m i c r o m e t e r s   t h i c k .   P r e f e r a b l y ,  

t h e   s t r i p   has  a  t h i c k n e s s   of  12  m i c r o m e t e r s   or  l e s s .  

More  p r e f e r a b l y ,   t he   s t r i p   t h i c k n e s s   r a n g e s   f rom  7  to  12 

m i c r o m e t e r s   In  a d d i t i o n ,   the   t h i n   m e t a l   s t r i p   has  a  

w i d t h   d i m e n s i o n   w h i c h   m e a s u r e s   at   l e a s t   a b o u t   1 . 5  

m i l l i m e t e r s ,   and  p r e f e r a b l y   m e a s u r e s   a t   l e a s t   a b o u t   10 

mm.  „ 



EXAMPLES 

A  f o r c e d - c o n v e c t i o n - c o o l e d ,   p l a i n   c a r b o n   s t e e l   s u b -  

s t r a t e   w h e e l   u s e d   in  t h e   p r e s e n t   i n v e s t i g a t i o n   was  38  cm 

(15  i n . )   in   d i a m e t e r ,   5  cm  (2  i n . )   w i d e .   I n i t i a l l y ,  

n i c k e l - b a s e   r i b b o n s   of  c o m p o s i t i o n   N i 6 8 c r 7 F e 3 B 1 4 s i 1 8  

( s u b s c r i p t s   in  a t o m i c   p e r c e n t )   were   p r o d u c e d   on  t h e  

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

( a b o u t   10  m / s   or   2 , 0 0 0   fpm)  to  a v o i d   e x c e s s i v e   r i b b o n -  

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

c o n t i n u o u s l y   d u r i n g   t h e   run   by  an  i d l i n g   b r u s h   w h e e l  

i n c l i n e d   a b o u t   10°  o u t   of  t he   c a s t i n g   d i r e c t i o n .  

E x p e r i m e n t s   showed   t h a t   t he   r i b b o n s   e x h i b i t e d   v e r y  
l i t t l e   a d h e s i o n   on  t he   s u b s t r a t e   s u r f a c e .   An  i n c r e a s e  

in  c a s t i n g   p r e s s u r e   and  an  i n c r e a s e   s u b s t r a t e   s u r f a c e  

s p e e d   h e l p e d   i m p r o v e   r i b b o n - s u b s t r a t e   a d h e s i o n .   A l l   o f  

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

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

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

r i b b o n   is   c a s t   on  a  c o p p e r - b a s e   s u b s t r a t e   w h e e l .   In  t h e  

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

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

t h e   r i b b o n   t o   s u b s t r a t e   a d h e s i o n .   A  c a r b o n   m o n o x i d e  

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

t h e   m e l t   p u d d l e   was  t h e n   u sed   to  r e d u c e   o x i d a t i o n   a n d  

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

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

s u b s t r a t e   o x i d a t i o n ,   i n c r e a s e d   a d h e s i o n   and  p r o d u c e d  

r i b b o n   h a v i n g   g o o d   g e o m e t r i c   u n i f o r m i t y .   M a g n e t i c  

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

i m p r o v e d .  

E x p e r i m e n t s   we re   c o n d u c t e d   to   d e t e r m i n e   i f  

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

p u d d l e   or   a f t e r   t h e   p o i n t   of  r i b b o n   s e p a r a t i o n   f rom  t h e  

s u b s t r a t e .   I t   was  f o u n d   t h a t   a  r e d u c i n g   f l a m e   in  t h e  

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

r i b b o n   c a s t i n g   t r a c k   h a v i n g   s u b s t a n t i a l l y   r e d u c e d  

o x i d a t i o n .   The  b e s t   r e s u l t s   were   o b t a i n e d   when  t h e  

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



of  the   m e l t   p u d d l e   was  l e s s   t h a n   a b o u t   2  cm  (<1  i n c h ) .  

T h u s ,   e x p e r i m e n t s   have   shown  r e m a r k a b l e   i m p r o v e m e n t  

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

m a t e r i a l   c a s t   in  a  c o n v e n t i o n a l   m a n n e r .   Whi le   t h e  

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

may  not   be  as  g r e a t   as  t he   w e t t i n g   of  an  i r o n - b a s e d  

s u b s t r a t e ,   t he   use  of  a  r e d u c i n g   f l a m e   e n h a n c e s   m e l t -  

c o p p e r   s u b s t r a t e   w e t t i n g   to   t he   p o i n t   whe re   a  c o p p e r  

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

h i g h   q u a l i t y ,   d e f e c t - f r e e   s t r i p .   Such  a  d e f e c t - f r e e  

c a s t i n g   c a p a b i l i t y   a l l o w s   the   p r o d u c t i o n   of  ve ry   t h i n  

r i b b o n   (on  the   o r d e r   of  a b o u t   7  m i c r o m e t e r s   t h i c k ) .  

A d d i t i o n a l l y ,   t he   i m p r o v e d   m e l t - s u b s t r a t e   c o n t a c t   c a u s e d  

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

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

g i v e n   r i b b o n   c o m p o s i t i o n   a t   a  t h i c k n e s s   g r e a t e r   t h a n  

u s u a l .  



1.  An  a p p a r a t u s   f o r   c a s t i n g   m e t a l   s t r i p ,   c o m p r i s -  

i n g :  

(a)   a  m o v i n g   c h i l l   body   h a v i n g   a  q u e n c h  

s u r f a c e ;  

(b)  n o z z l e   means   f o r   d e p o s i t i n g   a  s t r e a m   o f  

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

fo rm  s a i d   s t r i p ;   a n d  

(c )   d e p l e t i o n   means   f o r   s u p p l y i n g   a  low  d e n s i t y  

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

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

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

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

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

2.  An  a p p a r a t u s   as  r e c i t e d   in  c l a i m   1,  w h e r e i n  

s a i d   gas   i s   a  r e d u c i n g   gas   c a p a b l e   of  c a u s i n g   a  c h e m i c a l  

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

p h e r e .  

3.  An  a p p a r a t u s   as  r e c i t e d   in  c l a i m   2,  f u r t h e r  

c o m p r i s i n g   i g n i t i o n   means   f o r   i g n i t i n g   s a i d   r e d u c i n g   g a s  

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

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

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

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

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

c o m p r i s i n g   a  f l e x i b l e   h u g g e r   b e l t   wh ich   e n t r a i n s   s a i d  

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

t h e r e w i t h .  

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

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

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

of  s a i d   n o z z l e   o r i f i c e .  

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

the   s t e p s   o f :  

(a)   m o v i n g   a  c h i l l   body   h a v i n g   a  q u e n c h   s u r f a c e  

at   a  s e l e c t e d   s p e e d ;   a n d  

(b)  d e p o s i t i n g   a  s t r e a m   of  m o l t e n   m e t a l   on  a  



q u e n c h i n g   r e g i o n   of  s a i d   q u e n c h   s u r f a c e   to   fo rm  s a i d  

s t r i p ;   a n d  

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

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

s a i d   q u e n c h i n g   r e g i o n ;   a n d  

(d)  h e a t i n g   s a i d   q u e n c h   s u r f a c e   to  a  t e m p e r -  

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

c o n d e n s e d   or  s o l i d i f i e d   c o n s t i t u e n t s   f rom  s a i d   a t m o -  

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

8.  A  m e t h o d   as  r e c i t e d   in  c l a i m   7,  w h e r e i n   s a i d  

low  d e n s i t y   a t m o s p h e r e   c o m p r i s e s   a  r e d u c i n g   g a s ,   t h e r e b y  

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

9.  A  m e t h o d   as  r e c i t e d   in  c l a i m   8,  f u r t h e r   c o m -  

p r i s i n g   the   s t e p   of  i g n i t i n g   s a i d   r e d u c i n g   gas  to  p r o -  
duce   a  r e d u c i n g   f l a m e   a t m o s p h e r e   at  s a i d   q u e n c h   s u r f a c e  

r e g i o n .  

10.  A  m e t h o d   as  r e c i t e d   in  c l a i m   7,  f u r t h e r   c o m -  

p r i s i n g   the   s t e p s   o f :  

(a)  p r o v i d i n g   an  a d d i t i o n a l   low  d e n s i t y  

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

s a i d   s t r i p ;   a n d  

(b)  i g n i t i n g   s a i d   r e d u c i n g   gas  to   p r o v i d e   a  

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

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

m e t h o d   r e c i t e d   in  c l a i m   7 .  

12.   An  a s - c a s t   m e t a l   s t r i p   c o m p o s e d   of  m e t a s t a b l e  

m a t e r i a l   h a v i n g   at  l e a s t   50  p e r c e n t   g l a s s y   s t r u c t u r e   a n d  

h a v i n g   a  t h i c k n e s s   of  l e s s   t h a n   a b o u t   15  m i c r o m e t e r s .  
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