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@  Method  for  eliminating  crystallinity  in  glassy  metal  strips. 

  The  invention  describes  a  method  of  casting  glassy 
metal  strips,  which  eliminates  the  occurrence  of  undesir- 
able  crystalline  particles.  Elimination  of  the  occurrence  of 
crystalline  particles  is  achieved  by  controlling  the  chill 
substrate  temperature  to  maintain  the  surface  at  tem- 
peratures  greater  than  115°C. 



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

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   f o r   c a s t i n g  

g l a s s y   or  a m o r p h o u s   m e t a l   s t r i p s .   In  p a r t i c u l a r ,   t h e  

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

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

B a c k g r o u n d   of  t he   I n v e n t i o n  

I t   is  w e l l   e s t a b l i s h e d   t h a t   r i b b o n s   of  s u b -  

s t a n t i a l   l e n g t h   and  v a r y i n g   c r o s s   s e c t i o n   can  be  c a s t  

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

m e t h o d s .   U.S .   P a t e n t   3 , 8 5 6 , 5 1 3   d i s c l o s e s   b r o a d  

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

as  g l a s s y   r i b b o n s .   T h e s e   r i b b o n s   a r e   u s u a l l y   c a s t   on  a  

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

U .S .   P a t e n t   4 , 1 4 2 , 5 7 1 .   I t   has   been   t he   p r a c t i c e   w h e n  

c a s t i n g   r i b b o n   a l l o y s   on  mov ing   m e t a l   s u b s t r a t e ,   to  c o o l  

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

t e m p e r a t u r e   as  p o s s i b l e .   I t   has  been   f o u n d   t h a t   w h e n  

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

d e s c r i b e d   in  the   p r i o r   a r t ,   t h a t   t he   s u b s t a n t i a l l y  

g l a s s y   m e t a l   r i b b o n s   o f t e n   c o n t a i n   some  c r y s t a l l i n e  

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

t y p i c a l l y   a l p h a   (body   c e n t e r e d   c u b i c )   i r o n .   T h e s e  

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

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

c a s t i n g .   T h e s e   p a r t i c l e s   can  r e d u c e   t he   c o r r o s i o n  

r e s i s t a n c e   of  t he   r i b b o n s   s i n c e   t h e y   r e p r e s e n t   a  



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

w h i c h   a r e   p r e f e r e n t i a l   c o r r o s i o n   s i t e s .   C r y s t a l l i n e  

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

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

The  p r e s e n c e   of  t he   c r y s t a l l i n e   p a r t i c l e s   i s  

e v i d e n t   f rom  the   X - r a y   d i f f r a c t i o n   p a t t e r n   of  t he   r i b b o n  

s u r f a c e .   A  b r o a d   d i f f r a c t i o n   band  is  c h a r a c t e r i s t i c   o f  

a  g l a s s y   s t r u c t u r e .   The  X - r a y   d i f f r a c t i o n   p a t t e r n   o f  

a  r i b b o n   s u r f a c e   c o n t a i n i n g   c r y s t a l l i n e   p a r t i c l e s  
shows  a  s h a r p   peak   w h i c h   is  s u p e r i m p o s e d   o v e r   t he   b r o a d  

d i f f r a c t i o n   b a n d .   The  h e i g h t   of  t he   c r y s t a l l i n e   peak   i s  

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

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

r a d i a t i o n   is  g e n e r a l l y   o n l y   a b o u t   0 . 0 0 0 3   i n .  

Summary  of  t he   I n v e n t i o n  

I t   is  an  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e  

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

r i b b o n s   w h i c h   a r e   f r e e   f rom  c r y s t a l l i n e   p a r t i c l e s .  
I t   is  a n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n ,   t o  

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

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

S t i l l   a n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   is   t o  

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

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

T h e s e   and  o t h e r   o b j e c t s   of  t he   i n v e n t i o n   w i l l  

be  r e a d i l y   a p p a r e n t   f rom  the   f o l l o w i n g   d e s c r i p t i o n   a n d  

c l a i m s .  

The  p r e s e n t   i n v e n t i o n   is  an  i m p r o v e d   m e t h o d  

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

The  i m p r o v e m e n t   a p p l i e s   to  a l l   r a p i d   s o l i d i f i c a t i o n  

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

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

t h e   t e m p e r a t u r e   of  t he   mov ing   c h i l l   s u r f a c e   above   a b o u t  

1 1 5 ° C .  

I t   is  p r e f e r r e d   to  m a i n t a i n   t h e   r e l a t i v e  

v e l o c i t y   b e t w e e n   t he   q u e n c h   s u r f a c e   and  t h e   m e t a l l i c  

s t r e a m   b e t w e e n   a b o u t   100  m / s e c .   and  2000  m / s e c .  



BEST  MODE  OF  CARRYING 

THE  INVENTION  INTO  PRACTICE 

When  a  m e t a l l i c   s t r e a m   i m p i n g e s   on  a  w a t e r -  

c o o l e d   w h e e l ,   the   w h e e l   is  h e a t e d   by  t he   l i q u i d   m e t a l  

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

as  w a t e r .   By  a d j u s t i n g   t he   c o o l a n t   f l o w   r a t e   a n d  

t e m p e r a t u r e ,   i t   is  p o s s i b l e   to  c o n t r o l   t he   t e m p e r a t u r e  
of   t he   s u r f a c e   of  the   w h e e l .   W h i l e   i t   is  no t   p o s s i b l e  

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

s u r f a c e ,   i t   is  p o s s i b l e   to  m e a s u r e   t h e   a v e r a g e  

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

t h e   c h i l l   s u r f a c e .   I t   has   been   f o u n d   t h a t   t h e   p r e s e n c e  
of  c r y s t a l l i n e   p a r t i c l e s   in  t he   g l a s s y   r i b b o n   can  b e  

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

t e m p e r a t u r e   is  m a i n t a i n e d   a t   a b o u t   1 1 5 ° C ,   p r e f e r a b l y  

a b o v e   1 2 0 ° C .   S u b s t r a t e   t e m p e r a t u r e s   up  to  250°C  h a v e  

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

c r y s t a l l i n i t y .   H o w e v e r   s i n c e   as  the   t e m p e r a t u r e   o f  

w h e e l   s u r f a c e   i n c r e a s e s   t he   wea r   of  t he   s u r f a c e  

i n c r e a s e s ,   i t   is  p r e f e r r e d   to  k e e p   t h e   w h e e l  

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

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

E x a m p l e s   1,  2  and  3 

An  a l l o y   h a v i n g   t h e   c o m p o s i t i o n :   82  a t o m   p e r -  

c e n t   i r o n ,   12  a tom  p e r c e n t   b o r o n   and  6  a tom  p e r c e n t  
s i l i c o n   was  c a s t   on  a  380  mm  d i a m e t e r   w a t e r   c o o l e d  

c o p p e r   w h e e l   r o t a t i n g   a t   764  rpm.  The  t e m p e r a t u r e   o f  

t he   c o o l i n g   w a t e r   was  22°C  and  t he   f l o w   r a t e   t h r o u g h  

t h e   w h e e l   was  60  1/m.  The  m e t a l   i m p i n g i n g   on  t he   c o o l e d  

w h e e l   was  e j e c t e d   t h r o u g h   a  r e c t a n g u l a r   o r i f i c e   0 . 5  

mm  wide   by  5  mm  l o n g .   The  e j e c t i o n   p r e s s u r e   was  14  K p a .  

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

by  a  t h e r m a l c o u p l e   l o c a t e d   2 . 5   mm  b e l o w   t he   s u r f a c e   w a s  
2 2 ° C .   The  s u r f a c e   t e m p e r a t u r e   i n c r e a s e d   to  66°C  a f t e r  

a b o u t   20  s e c o n d s   of  c a s t i n g   and  t h e r e a f t e r   r e m a i n e d  

c o n s t a n t .   T h r e e   s a m p l e s   were   t a k e n   f rom  t h e   r e s u l t i n g  



r i b b o n :   1)  n e a r   t he   b e g i n n i n g   of  t he   r i b b o n ,   a f t e r   6 

s e c o n d s   of  c a s t i n g ;   2)  a f t e r   42  s e c o n d s   of  c a s t i n g ;   a n d  

3)  n e a r   t h e   end  of  t he   r i b b o n   a f t e r   a b o u t   4  m i n u t e s   o f  

c a s t i n g .   Each  s a m p l e   was  e x a m i n e d   to  d e t e r m i n e   t h e  

p r e s e n c e   of  c r y s t a l l i n i t y   on  the   r i b b o n   s u r f a c e   w h i c h  

had  c o n t a c t e d   the   w h e e l .   The  r e l a t i v e   a m o u n t   o f  

c r y s t a l l i n i t y   was  g a u g e d   by  m e a s u r i n g   t he   h e i g h t   of  t h e  

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

The  r e s u l t s   of  t h e s e   t e s t s   w h i c h   a r e   t h e   a v e r a g e   of  t w o  

c a s t i n g   r u n s   a r e   shown  in  T a b l e   I .   No te   t h a t   a l l  

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

E x a m p l e s   4,  5  and  6 

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

c a l   w i t h   t he   c o n d i t i o n s   f o r   e x a m p l e s   1,  2  and  3  e x c e p t  

t h a t   t he   w h e e l   s u r f a c e   t e m p e r a t u r e   was  i n c r e a s e d .   T h i s  

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

60°C  and  r e d u c i n g   the   c o o l i n g   w a t e r   f l o w   r a t e   to  a b o u t  

6 .6   1 /m.   T h e s e   c h a n g e s   r e s u l t e d   in  an  i n i t i a l   w h e e l  

s u r f a c e   t e m p e r a t u r e   of  60°C,   and  l 1 6 ° C   b e i n g   e s t a b l i s h e d  

as  t he   s t e a d y   s t a t e   s u r f a c e   t e m p e r a t u r e   a f t e r   a b o u t   20  

s e c o n d s   of  c a s t i n g .   S a m p l e s   were   s e l e c t e d   and  t e s t e d   a s  

in  t h e   p r e v i o u s   e x a m p l e s .   The  t e s t   r e s u l t s   w h i c h   a r e  

a l s o   s u m m a r i z e d   in  T a b l e   1  show  a p p r e c i a b l e   s u r f a c e  

c r y s t a l l i n i t y   f o r   t he   r i b b o n   c a s t   when  t h e   w h e e l  

t e m p e r a t u r e   was  a b o u t   60°C ,   e x a m p l e   4.  No  s u r f a c e  

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

t h e   w h e e l   s u r f a c e   t e m p e r a t u r e   r e a c h e d   1 1 6 ° C ,   e x a m p l e s   5 

and  6 .  

E x a m p l e s   7,  8  and  9 

The  c o n d i t i o n s   f o r   e x a m p l e s   7,  8  and  9  a r e   t h e  

same  as  f o r   p r e v i o u s   e x a m p l e s ,   1 -6   e x c e p t   t h a t   t h e   w a t e r  

t e m p e r a t u r e   was  55°C  and  the   f l ow  r a t e   was  3 .3   1 / m .  

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

s u r f a c e   t e m p e r a t u r e   of  1320C  a f t e r   a b o u t   20  s e c o n d s   o f  

c a s t i n g .   The  t e s t   r e s u l t s   s u m m a r i z e d   in  T a b l e   I  a g a i n  

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

h i g h e r ,   1 3 2 ° C ,   w h e e l   s u r f a c e   t e m p e r a t u r e .  



E x a m p l e s   1 0 - 1 9  

U s i n g   t he   same  n o z z l e   c o n f i g u r a t i o n   d e s c r i b e d  

in  E x a m p l e   1,  a  s e c o n d   t y p e   of  c a s t i n g   e x p e r i m e n t   w a s  

c o n d u c t e d   to  show  the   e f f e c t   w h e e l   t e m p e r a t u r e   on  r i b b o n  

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

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

t e s t e d .   C a s t i n g   was  i n i t i a t e d   w i t h   no  c o o l i n g   w a t e r  

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

i n c r e a s e d   f rom  22°C  to  a b o u t   2 3 0 ° C .   T h i s   o c c u r r e d   o v e r  

a  t ime   p e r i o d   of  a b o u t   120  s e c o n d s .   C o o l i n g   w a t e r   w a s  

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

6 0 ° C .   The  t o t a l   t ime   of  t he   e x p e r i m e n t   was  a b o u t   6 

m i n u t e s .   S a m p l e s   were   t a k e n   a t   t ime   i n t e r v a l s   t h r o u g h o u t  

t h e   e x p e r i m e n t   to  r e p r e s e n t   t h e   v a r i o u s   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 .   T a b l e   II   i l l u s t r a t e s   t h e   r e s u l t s   of  t h i s  

t e s t .   C r y s t a l l i n i t y   was  o b s e r v e d   on  t he   s u r f a c e   of  t h e  

r i b b o n   c a s t   i n i t i a l l y .   The  r e l a t i v e   a m o u n t   of  c r y s t a l -  

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

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

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

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

From  e x a m i n a t i o n   of  T a b l e s   I  and  I I ,   i t   can  b e  

s e e n   t h a t   t he   c r y s t a l l i n i t y   in  t he   r i b b o n   d i s a p p e a r s  

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

98°C  and  1 1 6 ° C .  





1.  In  a  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  

m e t a l l i c   g l a s s   r i b b o n   whe re   an  i m p i n g i n g   m e t a l l i c  

s t r e a m   c o n t a c t s   a  mov ing   c h i l l   s u b s t r a t e ,   t he   i m p r o v e -  

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

t e m p e r a t u r e   of  t he   c h i l l   s u b s t r a t e   a b o v e   a b o u t   1 1 5 ° C .  

2.  In  t he   m e t h o d   of  c l a i m   1,  w h e r e i n   s a i d  

t e m p e r a t u r e   is  m a i n t a i n e d   above   a b o u t   1 2 0 ° C .  

3.  The  m e t h o d   of  c l a i m   2  w h e r e i n   s a i d   t e m p e r a -  

t u r e   is  b e t w e e n   120°C  and  2 5 0 ° C .  

4.  In  the   m e t h o d   of  c l a i m   3  w h e r e i n   t h e  

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

5.  In  t he   m e t h o d   of  C l a i m   3  w h e r e i n   t h e  

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