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Method  and  apparatus  for  making  metallic  glass  powder. 

A  method  for  making  metallic  glass  powder  is  dis- 
closed,  which  involves  atomizing  a  jet  (54)  of  molten  glass 
forming  metal  alloy  by  impinging  with  a  moving  body  to 
form  a  stream  of  discrete  molten  droplets  (64)  of  the  metal 
alloy,  followed  by  impinging  that  stream  (64)  on  a  travel- 
ling  chill  surface  (66)  to  effect  rapid  solidification  of  the 
molten  droplets  (64).  The  powder  can  be  fabricated  into 
solid  articles. 



F I E L D  O F  T H E   INVENTION 

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

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

of  known  g l a s s   f o r m i n g   a l l o y s .  

D e s c r i p t i o n  o f  t h e   P r i o r  A r t  

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

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

s t r i p   in  l a r g e   q u a n t i t i e s   n e c e s s a r y   f o r   p r a c t i c a l   a p p l i -  

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

t h e   a r t .   M e t a l l i c   g l a s s e s   e x h i b i t   e x t r a o r d i n a r y  

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

t h u s   of  g r e a t   i n t e r e s t   as  e n g i n e e r i n g   m a t e r i a l s .   In  t h e  

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

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

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

and  many  o t h e r   e n g i n e e r i n g   a p p l i c a t i o n s .  

N u m e r o u s   c o n v e n t i o n a l   m e t a l s   and  a l l o y s   s u c h  

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

a l u m i n u m   a r e   c o m m e r c i a l l y   p r o d u c e d   as  p o w d e r s .   In  t h e  

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

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

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

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

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

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

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



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

M e t h o d s   f o r   o b t a i n i n g   m e t a l   in  p o w d e r   fo rm  a r e  
k n o w n .   For   e x a m p l e ,   r e l a t i v e l y   f i n e   m e t a l   p o w d e r   can  b e  

made  by  s e v e r a l   p r o c e s s e s   i n v o l v i n g   a t o m i z a t i o n   o f  

m o l t e n   m e t a l .   A  m e t h o d   of  m a k i n g   s t e e l   p o w d e r   h a v i n g ,  

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

p r o p e r t i e s   h a s ,   f o r   e x a m p l e ,   been   d i s c l o s e d   by  R o b e r t   A. 

H u s e b y   in  U n i t e d   S t a t e s   P a t e n t   No.  3 , 3 2 5 , 2 7 7 ,   i s s u e d  

J u n e   13,   1 9 6 7 .   The  H u s e b y   m e t h o d   i n v o l v e s   i m p i n g i n g   a  

j e t   of  m o l t e n   s t e e l   a g a i n s t   a  f l a t ,   s h e e t - l i k e   s t r e a m   o f  

w a t e r   f l o w i n g   a t   h i g h   v e l o c i t y   to  a t o m i z e   t he   m o l t e n  

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

d e n s i t y .  

U . S . P .   3 , 5 9 8 , 5 6 7   to   G r a n t   d i s c l o s e s   a t o m i z a -  

t i o n   f r o m   a  l i q u i d   m e t a l   b a t h ,   t he   a t o m i z e d   p a r t i c l e s   o r  

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

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

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

l i q u i d   p a r t i c l e s   a r e   p r o d u c e d ,   t h e y   a r e   d e l i v e r e d   to  a  

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

a r g o n   and  more   a d v a n t a g e o u s l y ,   wet   s t e a m ,   w a t e r   b r i n e   o r  

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

m e t a l ,   s u c h   as  c o p p e r ,   s i l v e r ,   s t e e l   and  t he   l i k e .   T h e  

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

t h e   p h a s e s   s h o u l d   be  a t   l e a s t   a b o u t   1 0 0 ° C / s e c .   and  w h e r e  

c o o l i n g   on  a  m e t a l   s u b s t r a t e   is  e m p l o y e d ,   may  r a n g e   up  
to   a b o u t   106  or   l 0 8 • C / s e c .   Wi th   r e g a r d   to  t he   l a t t e r ,  

t h e   h i g h   r a t e   of  c o o l i n g   is   a c h i e v e d   by  p r o j e c t i n g   t h e  

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

a g a i n s t   t h e   m e t a l   s u b s t r a t e .   The  m e t a l   p o w d e r   p r o d u c e d  
in  t h i s   m a n n e r   has   a  f i n e l y   r e f i n e d   s t r u c t u r e ,   is  s u b -  

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

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

t h e   p o w d e r   m a s s ,   f o r   i n s t a n c e ,   by  h o t   e x t r u s i o n .  

U . S . P .   3 , 6 4 6 , 1 7 7   to   T h o m p s o n   d i s c l o s e s   a  

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

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

i z i n g   m o l t e n   m e t a l   w i t h   a  f l u i d   j e t   to  fo rm  d i s c r e t e  



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

i n t o   a  r e s e r v o i r   of  an  i n e r t   c r y o g e n i c   l i q u i d   t o  

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

d u r i n g   c o o l i n g .  

U . S . P .   3 , 7 6 4 , 2 9 5   to   L i n d s k o g   d i s c l o s e s   a  

m e t h o d   f o r   m a k i n g   s t e e l   p o w d e r   w h e r e i n   a  j e t   of  a t o m -  

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

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

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

p a r t i c l e s   a r e   a l l o w e d   to  s o l i d i f y .  

U . S . P .   3 , 8 1 3 , 1 9 6   to   B a c k s t r o m   d i s c l o s e s   a  

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

of  an  a t o m i z i n g   f l u i d   is   d i r e c t e d   a g a i n s t   a  j e t   o f  

m o l t e n   m e t a l   to  f o rm  a  c o m b i n e d   s t r e a m   of  t he   m o l t e n  

m e t a l   and  t h e   f i r s t   j e t   of  a t o m i z i n g   f l u i d .   Then  a  

s e c o n d   j e t   of  a t o m i z i n g   f l u i d   i m p i n g e s   t he   c o m b i n e d  

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

m e t a l   s t r e a m   and  as  a  r e s u l t   of  t he   s p e c i f i c   a r r a n g e m e n t  

of   t h e   j e t   e m b o d i e d   in  p a r t i c u l a r   n o z z l e s   and  t h e i r  

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

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

p a r t i c l e s .  

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

t h e r e f r o m   a r e   d i s c l o s e d   by  Chen  and  P o l k   in  U n i t e d  

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

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

s t a t e   and  a r e   s u p e r i o r   to  s u c h   p r e v i o u s l y   known  a l l o y s  

b a s e d   on  t h e   same  m e t a l s .   T h e s e   c o m p o s i t i o n s   a r e   e a s i l y  

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

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

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

a b o u t   0 . 0 0 0 4   to   0 . 0 1 0   i n c h   ( 0 . 0 0 1 0 1 6   to   0 . 2 5 4   cm)  can  b e  

made  by  a t o m i z i n g   t h e   m o l t e n   a l l o y   to  d r o p l e t s   of  t h i s  

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

as  w a t e r ;   r e f r i g e r a t e d   b r i n e   or  l i q u i d   n i t r o g e n .  

M e t a l l i c   g l a s s e s   in  t h e   f o rm  of  p o w d e r s   h a v e  

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

m o s t   of  t h e   u n i q u e   p r o p e r t i e s   of  t he   same  a l l o y s   in  t h e  



g l a s s y   b u l k   f o r m ,   e . g .   r i b b o n ,   f i l a m e n t   or  w i r e .   S o f t  

m a g n e t i c   m e t a l l i c   g l a s s e s   in  t he   f o rm  of  p o w d e r s   can  b e  

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

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

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

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

p r o p e r t i e s .   C o m p l e x   c o m p o s i t e   m a t e r i a l s   c o m p o s e d   o f  

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

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

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

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

t r i e s .  

U . S . P .   2 , 8 2 5 , 1 0 8   to   Pond  d i s c l o s e s   a  m e t h o d  

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

d i r e c t i n g   a  j e t   of  m o l t e n   m e t a l   a g a i n s t   t he   i n n e r  

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

P r o g r e s s i v e   r e d u c t i o n   of  t h e   e j e c t i o n   v e l o c i t y   of  m e t a l  

m e l t   r e s u l t s   in  s h o r t e r   and  s h o r t e r   f i l a m e n t s   u n t i l   t h e  

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

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

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

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

d i s c l o s e d   by  L u n d g r e n   in  German   O f f e n l e g u n g s s c h r i f t  

2 , 5 5 5 , 1 3 1   p u b l i s h e d   A u g u s t   12,   1 9 7 6 .   The  p r o c e s s  
i n v o l v e s   i m p i n g i n g   a  j e t   of  m o l t e n   m e t a l   a g a i n s t   a  

r o t a t i n g   f l a t   d i s c .   R e l a t i v e l y   t h i n ,   b r i t t l e   and  e a s i l y  

s h a t t e r e d   e s s e n t i a l l y   d e n t r i t e   f r e e   m e t a l   f l a k e s   a r e  

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

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

s h a t t e r i n g   and  g r i n d i n g ,   f o r   i n s t a n c e   in  a  b a l l   m i l l .  

T h e r e   r e m a i n s   a  n e e d   f o r   m e t h o d s   f o r   m a k i n g  

a m o r p h o u s   ( g l a s s y )   m e t a l   p o w d e r   h a v i n g   good  p r o p e r t i e s  

f o r   use   in  m e t a l l u r g i c a l   p r o c e s s e s .  
S U M A R Y  O F  T H E  I N V E N T I O N  

The  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  m e t h o d   f o r  

m a k i n g   m e t a l l i c   g l a s s   p o w d e r .   A  j e t   of  m o l t e n   g l a s s -  

f o r m i n g   m e t a l   a l l o y   is  f o r m e d   and  t h e n   momentum  i s  



t r a n s f e r r e d   f rom  a  m o v i n g   body   o n t o   s a i d   j e t   to  a t o m i z e  

s a i d   j e t   i n t o   a  s t r e a m   of  d i s c r e t e   m o l t e n   m e t a l   d r o p -  
l e t s .   The  f l o w   of  the   a t o m i z e d   m o l t e n   m e t a l   d r o p l e t s   i s  

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

t he   a t o m i z e d   m o l t e n   m e t a l   d r o p l e t s   a g a i n s t   t he   t r a v e l -  

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

t h e r e o n .  

The  q u e n c h   r a t e   of  t he   a t o m i z e d   m e t a l   on  t h e  

c h i l l   s u r f a c e   is  w i t h i n   the   r a n g e   b e t w e e n   a b o u t   1 0 4 o C  

p e r   s e c o n d   and  106°C  p e r   s e c o n d ,   or  h i g h e r .   T h e  

p a r t i c l e   s i z e   of  the   m e t a l l i c   g l a s s   p o w d e r   as  p r o d u c e d  

is   t y p i c a l l y   l e s s   t h a n   a b o u t   100  m i c r o m e t e r s .  

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

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

m e t a l   a l l o y   is  f o r m e d   and  i m p i n g e d   on  a  s t r e a m   of  a n  

i n e r t   f l u i d   to  a tom  t he   m o l t e n   m e t a l   and  to  d i r e c t   t h e  

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

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

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

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

of  i n e r t   f l u i d   may  be  p r o v i d e d   in  t he   form  of  a  f l a t  

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

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

1000  p o u n d s   p e r   s q u a r e   i n c h   ( 6 . 8 9   x  1 0 3 k P a ) .   The  s t r e a m  

of  i n e r t   f l u i d   and  t he   j e t   of  m e t a l   i n t e r s e c t   a t   a n  

a n g l e   g r e a t e r   t h a n   1 0 ° .  

In  a n o t h e r   e m b o d i m e n t   a  j e t   of  m o l t e n   g l a s s  

f o r m i n g   m e t a l   a l l o y   is  d e f l e c t e d   and  a t o m i z e d   by  a  

m o v i n g   s o l i d   b o d y .  

In  s t i l l   a n o t h e r   e m b o d i m e n t ,   t h e r e   is  p r o v i d e d  

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

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

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

m o v e m e n t   of  t he   c h i l l   body   a t   an  a n g l e   w i t h i n   t he   r a n g e  
of  f rom  a b o u t   5°  to   45°  and  p r e f e r a b l y   f rom  a b o u t   2 0 °  

to  3 0 ° .   T h i s   e f f e c t s   a t o m i z a t i o n   of  t he   m o l t e n   a l l o y  
i n t o   a  s t r e a m   of  d r o p l e t s   of  m o l t e n   a l l o y .   The  d r o p l e t s  
t h e n   i m p i n g e   on  the   i n n e r   s u r f a c e   of  t he   c h i l l   body   t o  



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

g l a s s   p o w d e r .   The  p o w d e r   is  r e m o v e d   f rom  the   i n n e r  

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

or  a  f l u i d   s t r e a m   d i r e c t e d   a g a i n s t   i t .  

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

t h e   r a n g e   f r o m   a b o u t   15  m / s e c   to  40  m / s e c ,   and  the   j e t  

v e l o c i t y   is  s u i t a b l y   w i t h i n   t he   r a n g e   of  f rom  a b o u t   5 

m / s e c   to  15  m / s e c .   The  j e t   d i a m e t e r   is   p r e f e r a b l y   f r o m  

a b o u t   0 . 2 5   to   2 .5   mm. 

A p p a r a t u s   of  the   p r e s e n t   i n v e n t i o n   f o r   m a k i n g  

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

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

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

a t i n g   a  j e t   of  t h e   m o l t e n   m e t a l ,   a  means   f o r   e x p e l l i n g  

t h e   m o l t e n   m e t a l   t h r o u g h   s a i d   n o z z l e   means   to  g e n e r a t e  

a  j e t   of  t h e   m o l t e n   m e t a l ,   means   f o r   a t o m i z i n g   s u c h   j e t  

of  the   m o l t e n   m e t a l   e x p e l l e d   t h r o u g h   t he   n o z z l e   t o  

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

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

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

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

s o l i d i f i c a t i o n   i n t o   a  g l a s s y   m e t a l   p o w d e r .   The  a p p a r a -  
t u s   may  f u r t h e r   c o m p r i s e   means   f o r   r e m o v i n g   t h e   g l a s s y  

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

means   f o r   m i n i m i z i n g   c o n t a c t   b e t w e e n   a t o m i z e d   m o l t e n  

m e t a l   d r o p l e t s   and  a l r e a d y   s o l i d i f i e d   d r o p l e t s   on  t h e  

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

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

s u r f a c e   e x p o s e d   to  t he   a t o m i z e d   p a r t i c l e s   f o r   r a p i d  

q u e n c h i n g .  

In  a n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n   a p p a r -  
a t u s   is  p r o v i d e d   f o r   m a k i n g   m e t a l l i c   g l a s s   p o w d e r   c o m -  

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

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

g e n e r a t i n g   a  j e t   of  m o l t e n   m e t a l ,   means   f o r   e x p e l l i n g  

m o l t e n   m e t a l   t h r o u g h   s a i d   n o z z l e   to  g e n e r a t e   a  j e t   o f  

m o l t e n   m e t a l ,   and  a  r o t a t a b l e   c y l i n d r i c a l   c h i l l   b o d y  

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



t h e   c h i l l   body  a r e   so  p o s i t i o n e d   w i t h   r e s p e c t   to  e a c h  

o t h e r   t h a t   a  m o l t e n   m e t a l   j e t   e x p e l l e d   f rom  the   n o z z l e  

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

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

an  a c u t e   a n g l e   of  f rom  a b o u t   5°  to  a b o u t   4 5 ° .  

B R I E F  D E S C R I P T I O N   OF THE DRAWINGS 

FIG.   1  i s   a  s e c t i o n a l   e l e v a t i o n   v i ew  of  a n  

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

FIG.   2.  is  a  s e c t i o n a l   e l e v a t i o n   v i ew   of  a  

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

m e t a l l i c   p o w d e r s ;  

FIG.   3  i s   a  s e c t i o n a l   e l e v a t i o n   v i ew   of  a n  

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

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

c e r a m i c   s p i n n e r ;  

FIG.   4  i s   a  s e c t i o n a l   e l e v a t i o n   v i ew  of  a  

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

FIG.   5  i s   a  s e c t i o n a l   e l e v a t i o n   v i e w   of  a n  

o f f   a x i s   r o t a t i n g   c i r c u l a r   d i s c   f o r   a t o m i z a t i o n   of  a  

l i q u i d   m e t a l   j e t ;  

FIG.   6  i s   a  s e c t i o n a l   e l e v a t i o n   v i e w   of  a n  

a p p a r a t u s   f o r   a t o m i z a t i o n   of  a  l i q u i d   m e t a l   j e t   e m p l o y -  

ing   a  c a m ;  

FIG.   7  i s   a  s e c t i o n a l   e l e v a t i o n   v i ew   of  a n  

a p p a r a t u s   f o r   a t o m i z a t i o n   of  a  l i q u i d   m e t a l   j e t   e m p l o y -  

i ng   a  c i r c u l a r   saw  t y p e   s p i n n e r ;  

F IG .   8  i s   a  s e c t i o n a l   e l e v a t i o n   v i ew   of  a n  

a p p a r a t u s   f o r   a t o m i z a t i o n   of  a  l i q u i d   m e t a l   j e t   e m p l o y -  

i n g   a  c i r c u l a r   r i p   saw  t y p e   s p i n n e r ;  

FIG.  9  i s   a  p h o t o m i c r o g r a p h   of  a  s e c t i o n a l  

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

c a s t   g l a s s y   m e t a l l i c   p o w d e r   o f  c o m p o s i t i o n   F e 4 0 N i 4 0 p 1 4 -  

B6  ( a t o m   p e r c e n t )   a l l o y ;   a n d  

FIG.  10  i s   a  s e c t i o n a l   e l e v a t i o n   v i ew  of  a n  

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

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

i n v e n t i o n .  



DETAILED  D E S C R I P T I O N  O F  T H E   INVENTION 

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

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

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

c o n d i t i o n s ,   f o l l o w e d   by  r a p i d   c o o l i n g   of  t he   a t o m i z e d  

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

The  g l a s s   f o r m i n g   m e t a l   a l l o y   is   m e l t e d   in  a  s u i t a b l y  

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

a l l o y s   a r e   w e l l   known  in  t he   a r t .   The  g l a s s   f o r m i n g  

a l l o y s   can  be  m e l t e d   in  a  v a c u u m   or  i n e r t   a t m o s p h e r e   i n  

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

t i o n   m e l t i n g   or  e l e c t r i c   a r c   m e l t i n g   f u r n a c e s   may  b e  

u s e d .   D e s i r a b l y ,   t h e   c r u c i b l e s   or  t he   l i n i n g s   of  t h e  

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

be  made  of  i n e r t   m a t e r i a l s   s u c h   as  f u s e d   q u a r t z ,   h i g h  

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

and  t h e   l i k e .   The  t e m p e r a t u r e   of  t he   m e l t   is  m e a s u r e d  

and  c o n t r o l l e d   a c c o r d i n g   to  known  s t a n d a r d   p r a c t i c e s .  

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

t h e   f r e e z i n g   p o i n t   of  t he   a l l o y   in  o r d e r   to  a l l o w  

a t o m i z a t i o n   of  t h e   m o l t e n   a l l o y   w i t h o u t   i m m e d i a t e  

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

t e m p e r a t u r e s   of  a b o u t   100°C  to  a b o u t   400°C  a b o v e   t h e  

l i q u i d u s   t e m p e r a t u r e   a r e   s u i t a b l e .   The  p r e f e r r e d  

t e m p e r a t u r e   r a n g e s   f r o m   a b o u t   150°C   and  to  250°C  a b o v e  

t h e   l i q u i d u s   t e m p e r a t u r e .   F u r t h e r m o r e ,   i t   is  a d v a n -  

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

of   t h e   l i q u i d   a l l o y   is  low  a n d ,   in  g e n e r a l ,   t h e  

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

The  m o l t e n   a l l o y   is  e x p e l l e d   t h r o u g h   a  s u i t -  

a b l e   n o z z l e   to   f o r m   a  j e t   of  m o l t e n   m e t a l .  

The  m e t a l   can  be  e x p e l l e d   t h r o u g h   t h e   n o z z l e  

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

h y d r a u l i c   or   gas   p r e s s u r e .   Gas  p r e s s u r e ,   p o s s i b l y   i n  

c o m b i n a t i o n   w i t h   h y d r o s t a t i c   p r e s s u r e ,   i s   p r e f e r r e d .  
The  p r e s s u r e   a c t i n g   on  t h e   l i q u i d   m e t a l   n e a r   t he   n o z z l e  

i s   n o t   c r i t i c a l   so  l o n g   as  i t   r e s u l t s   in  f o r m a t i o n   of  a  

c o h e r e n t   j e t   h a v i n g   v e l o c i t i e s   w i t h i n   t he   c r i t i c a l   r a n g e  



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

f rom  a b o u t   15  p s i   to  30  p s i   ( 1 . 0 3   x  102  to  2 . 0 7   x  1 0 2  

k P a ) .   P r e f e r a b l y ,   the   p r e s s u r e   is  f rom  a b o u t   20  p s i   t o  

25  p s i   ( 1 . 3 8   x  102  to  1 . 7 2   x  102  k P a ) .  

N o z z l e s   s u i t a b l e   f o r   j e t t i n g   the   m o l t e n   a l l o y  

i n c l u d e ,   f o r   e x a m p l e ,   t h o s e   d e s c r i b e d   in  U .S .   P a t e n t  

2 , 9 6 8 , 0 6 2   and  U . S .   P a t e n t   3 , 2 5 3 , 7 8 3 ,   b o t h   to  P r o b s t   e t  

a l .   The  s h a p e   of  t he   n o z z l e   o r i f i c e   is  no t   c r i t i c a l .  

For   c o n v e n i e n c e   of  f a b r i c a t i o n ,   r o u n d   o r i f i c e s   a r e  

p r e f e r r e d .   Such  o r i f i c e s   may,  s u i t a b l y ,   have   d i a m e t e r s  

f r o m   a b o u t   0 . 5   mm  to  5  mm.  P r e f e r a b l y ,   t he   d i a m e t e r   o f  

t h e   n o z z l e   o r i f i c e   is  f rom  a b o u t   0 .1   mm  to  1  mm.  T h e  

n o z z l e   may  be  made  of  t he   same  t y p e   of  m a t e r i a l   as  t h e  

c r u c i b l e ,   as  a b o v e   d i s c u s s e d .   The  m a t e r i a l   s h o u l d   b e  

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

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

is   c o u p l e d   to  t he   c r u c i b l e   by  s u i t a b l e   m e a n s .   F o r  

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

b o t t o m   p a r t   of  t he   c r u c i b l e   and  b o n d e d   by  a  c e r a m i c  

c e m e n t .   The  l e n g t h   of  t he   n o z z l e   o r i f i c e   i s   n o t  

c r i t i c a l ,   p r e f e r a b l y   i t   is  f rom  a b o u t   2  mm  to  30  mm. 

D e s i r a b l y ,   t he   j e t   of  m o l t e n   a l l o y   e x p e l l e d  

t h r o u g h   the   n o z z l e   has  a  s m a l l   d i a m e t e r .   For   e x a m p l e ,  

t h e   d i a m e t e r   of  t he   j e t   may  be  f rom  a b o u t   0 . 5   mm  to  5 

mm.  The  v e l o c i t y   of  the   j e t   may  be  f rom  a b o u t   2  m / s e c  

to   10  m / s e c   and  p r e f e r a b l y   is  f rom  a b o u t   4  m / s e c   to  7 

m / s e c .  

The  v e l o c i t y   of  t he   m o l t e n   a l l o y   j e t   i s  

c r i t i c a l .   When  t he   j e t   s p e e d   is   too   l ow,   t he   j e t   t e n d s  

to  b e c o m e   d i s c o n t i n u o u s .   When  the   j e t   has   t oo   h i g h   a  

s p e e d ,   i t   b e c o m e s   v e r y   d i f f i c u l t   to  b r e a k   up  t he   j e t  

b e c a u s e   of  t he   l a r g e   momentum  i t   is  c a r r y i n g .   The  j e t  

can   be  a t o m i z e d   by  t r a n s f e r   of  momentum  f rom  a  s o l i d   o r  

f l u i d   m a t e r i a l .   The  t r a n s f e r   of  momentum  e f f e c t s   a  

d i s t u r b a n c e   and  a c c e l e r a t i o n   of  t he   j e t ,   c a u s i n g   i t s  

b r e a k i n g   up  i n t o   s m a l l   d r o p l e t s .  

The  j e t   of  m o l t e n   m e t a l   a l l o y   e x p e l l e d   t h r o u g h  

t h e   n o z z l e   o r i f i c e   may  be  a t o m i z e d   by  s u b j e c t i n g   i t   t o  



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

f o r   t h e   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   is   a  f l u i d  

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

r e a c t   w i t h   the   m o l t e n   a l l o y .   F l u i d s   s u i t a b l e   f o r   t h e  

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

h y d r o g e n   and  h e l i u m ;   l i q u i d s   such   as  w a t e r ;   l i q u i d  

m e t a l s   s u c h   as  t h a l l i u m ,   t i n ,   l e a d ;   l i q u i d   s a l t s   such   a s  

a l k a l i   h a l i d e s ,   and  the   l i k e .   P r e f e r r e d   a t o m i z i n g  

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

c a r r i e d   o u t   u n d e r   a  p r o t e c t i v e   a t m o s p h e r e ,   s u c h   as  a r g o n  
and  n i t r o g e n   i n s i d e   an  a t o m i z a t i o n   c h a m b e r   made  of  s u i t -  

a b l e   m a t e r i a l ,   such   as  m i l d   or  s t a i n l e s s   s t e e l ,   in  o r d e r  

to   p r e v e n t   o x i d a t i o n .   For   t h i s   p u r p o s e   and  f o r   c o n -  

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

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

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

c h a m b e r   may,  f o r   e x a m p l e ,   be  e v a c u a t e d   to   2  x  1 0 - 5  

t o r r   ( 2 . 6 7   x  1 0  N / m  )   d u r i n g   the   m e l t i n g   p r o c e d u r e   o f  

t h e   a l l o y .   The  n o z z l e   o r i f i c e   is  k e p t   c l o s e d   by  a  

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

a t o m i z a t i o n   c h a m b e r   is  back   f i l l e d   w i t h   t h e   g a s  

p r o v i d i n g   t he   p r o t e c t i v e   a t m o s p h e r e ,   and  i t   may  t h e n   b e  

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

e . g . ,   by  5  p s i   ( 3 4 . 5   k P a ) .   The  c r u c i b l e   is  n e x t  

p r e s s u r i z e d   as  by  f i l l i n g   i t   w i t h   a r g o n   to  f rom  a b o u t   20  

to   30  p s i   ( 1 . 3 8   x  102  to  2 . 0 7   x  102  k P a ) ,   and  t h e  

s t o p p e r   rod  is   r e m o v e d   f rom  the   n o z z l e   to  e x p e l   t h e  

m o l t e n   m e t a l   in  j e t   f o r m .  

S e v e r a l   c o n f i g u r a t i o n s   of  f l u i d   j e t s   can   b e  

e m p l o y e d   to  e f f e c t   a t o m i z a t i o n   of  m o l t e n   m e t a l   j e t s   i n t o  

f i n e   d r o p l e t s .   The  f l u i d   j e t   need   no t   be  d i v e r g e n t   o r  

in   s h e e t   f o r m .   For   e x a m p l e ,   t he   j e t   of  m o l t e n   m e t a l   may  
be  i n t e r s e c t e d   by  a  s i n g l e   d i v e r g i n g   f l a t   f l u i d   s t r e a m .  

In  t h a t   c o n f i g u r a t i o n   the   n o r m a l   to  t he   p l a n e   of  t h e  

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

m e t a l   j e t   d e s i r a b l y   l i e s   in  a  v e r t i c a l   p l a n e   w h i c h   i s  

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

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



to   be  i m p i n g e d .   The  m o l t e n   m e t a l   j e t   d e s i r a b l y   i n t e r -  

s e c t s   the   f l a t   f l u i d   s t r e a m   at   an  a n g l e   b e t w e e n   5°  a n d .  

9 0 ° ;   and  p r e f e r a b l y   b e t w e e n   20°  and  5 0 ° .  

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

ing  f l a t   s t r e a m s   of  an  i n e r t   f l u i d   i n t e r s e c t   to  form  a  

V - j e t   w i t h   apex   a n g l e   b e t w e e n   10°  to  90°  and  p r e f e r a b l y  

b e t w e e n   20°  and  5 0 ° .   The  v e r t i c a l   m o l t e n   m e t a l   j e t   i s  

i n t e r s e c t e d   by  the   V - j e t   a t   the   a p e x .   F o u r   or  more  f l a t  

s t r e a m   j e t s   e m e r g i n g   f rom  n o z z l e s   w h i c h   a r e   e q u a l l y  

s p a c e d   a p a r t   on  a  c i r c l e   can  i n t e r s e c t   to  c r e a t e   a  d o w n  

cone   w i t h   a  w e l l   d e f i n e d   a p e x .   I f   t he   n u m b e r   of  j e t s   i s  

i n c r e a s e d ,   e v e n t u a l l y   an  a n n u l a r   j e t   is  o b t a i n e d .  

In  a l l   t he   a b o v e   c o n f i g u r a t i o n s ,   i n t e r s e c t i o n  

of  t he   m o l t e n   m e t a l   j e t   by  the   f l u i d   j e t s   r e s u l t   in  t h e  

f o r m a t i o n   of  a  s p r a y   of  m o l t e n   d r o p l e t s   in  t he   form  of  a  

c o n e .  

The  f l u i d   s t r e a m   can  be  of  any  s u i t a b l e   s h a p e ,  

s u c h   as  a  d i v e r g i n g   f l a t   s h e e t ,   a  V - j e t   or  a  c o n e .  

P r e f e r r e d   s h a p e s   of  t he   f l u i d   s t r e a m   a r e   V - j e t   and  c o n e .  

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

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

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

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

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

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

c h i l l   s u r f a c e .  

The  t e m p e r a t u r e   of  t he   a t o m i z i n g   f l u i d   is  n o t  

c r i t i c a l   and  may  c o n v e n i e n t l y   be  f rom  a b o u t   25°C  t o  

2 0 0 ° C .   The  a n g l e   b e t w e e n   t he   v e l o c i t y   v e c t o r s   of  m o l t e n  

m e t a l   j e t   and  f l u i d   can  l i e   b e t w e e n   a b o u t   5°  and  9 0 ° .  

P r e f e r a b l y ;   t he   a n g l e   b e t w e e n   t he   v e c t o r s   is  f rom  a b o u t  

30°  to   5 0 ° .   T h i s   can  be  a c h i e v e d   by  i n e r t   gas  u n d e r   h i g h  

p r e s s u r e ,   f o r   i n s t a n c e   100  to   1500  p s i   ( 6 . 8 9   x  102  t o  

1 . 0 3   x  1 0  4  k P a )   w h i c h   i m p i n g e s   upon  t he   m o l t e n   a l l o y  

s t r e a m   and  d i s p e r s e s   the   same  i n t o   d r o p l e t s   w i t h   t h e i r  

s i z e   r a n g i n g   f rom  v e r y   f i n e   to  r e l a t i v e l y   c o a r s e .  

P r e f e r r e d   gas   p r e s s u r e s   a r e   in  t he   r a n g e   of  a b o u t  

1 0 0 - 4 0 0   p s i   ( 6 . 8 9   x  102  to  2 . 7 6   x  103  k P a ) ,   m o r e  



p r e f e r a b l y   a b o u t   1 5 0 - 3 0 0   p s i   ( 1 . 0 3   x  103  to  2 . 0 7   x  1 0 "  

k P a ) .  

In  a d d i t i o n   to  f l u i d s ,   i t   is  a l s o   p o s s i b l e   t o  

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

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

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

w h i c h   a r e   no t   w e t t e d   or   a b r a d e d   by  t he   m o l t e n   a l l o y s .  

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

a t o m i z a t i o n   can  be  s h a p e d   as  f l a t ,   c i r c u l a r   or   e l l i p t i -  

c a l   d i s c s ,   w i t h   or  w i t h o u t   t e e t h   or  v a r r i e s .   E x e m p l a r y  

s o l i d   b o d i e s   a r e   f o u n d   in  t he   d r a w i n g .   I t   is  n e c e s s a r y  
t h a t   t h e   s o l i d   body   p r o v i d e s   a  s u r f a c e   w h i c h   can  i m p a c t  

and  t r a n s f e r   momentum  to  the   m o l t e n   m e t a l   j e t .   T h e  

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

body   can   be  f rom  a b o u t   5°  to   6 0 ° .   The  a n g l e   b e t w e e n  

m o l t e n   j e t   and  p e r i p h e r a l   v e l o c i t y   can  be  f rom  a b o u t   9 5 °  

to  1 5 0 ° .   The  s o l i d   body  can  be ,   f o r   e x a m p l e ,   made  o f  

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

s i l i c o n   c a r b i d e   and  b o r o n   n i t r i d e .   P r e f e r r e d   m a t e r i a l s  

of  t he   s o l i d   body   a re   a l u m i n a   and  f u s e d   q u a r t z .   T h e  

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

n o t   r e a c t   w i t h   t he   m o l t e n   a l l o y .  

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

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

c h i l l   body   w h e r e b y   t h e y   a r e   q u e n c h e d   on  i m p a c t   a n d  

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

p r e f e r a b l y   is  made  of  a  m e t a l   of  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 c h   as  c o p p e r ,   s i l v e r   and  the   l i k e .   Due  t o  

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

g l a s s y   p o w d e r s   or  f l a k e .   A  p r e f e r r e d   e m b o d i m e n t   of  t h e  

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

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

m e t a l   d r o p l e t s .   P r e f e r a b l y   a  s c r a p e r   is   u s e d   to  r e m o v e  

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

s u r f a c e .   To  t h a t   e n d ,   t he   s c r a p e r   may  be  l o c a t e d   a t  

t h a t   s i d e   of  t he   r o t a t i n g   w h e e l   o p p o s i t e   f rom  t h a t   a t  

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



D e p e n d i n g   upon  the   p h y s i c a l   s p r e a d   of  t h e  

s t r e a m   of  a t o m i z e d   d r o p l e t s ,   i t   may  o c c u r   t h a t   l i q u i d  

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

and  a d h e r i n g   to  t he   m o v i n g   c h i l l   s u r f a c e .   T h i s   can  b e  

s u b s t a n t i a l l y   m i n i m i z e d   by  p r o v i d i n g   an  o p t i o n a l   g a t e  
w h i c h   l i m i t s   t he   g e o m e t r i c a l   a r e a   of  t he   c h i l l   s u r f a c e  

a c c e s s i b l e   to  t he   s t r e a m   of  d r o p l e t s .   The  p u r p o s e   o f  

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

on  t he   c h i l l   s u r f a c e   s e p a r a t e l y   and  i s o l a t e d   f rom  e a c h  

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

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

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

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

d r o p l e t   is  d e p o s i t e d   o n t o   an  a l r e a d y   d e p o s i t e d   d r o p l e t ,  
t h e n   t he   s e c o n d   d r o p l e t   may  n o t   be  q u e n c h e d   to  t h e  

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

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

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

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

p a s s   o u t   of  t he   r a n g e   a l l o w e d   by  t he   g a t e   b e f o r e   a n  

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

t h e   s u b s t r a t e .   O v e r l a p   of  i m p i n g i n g   p a r t i c l e s   i s  

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

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

In  any  e v e n t ,   t he   l e n g t h   of  f l i g h t   of  t h e  

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

on  t he   c h i l l   s u r f a c e   in  t he   m o l t e n   s t a t e .   T h i s   may  b e  

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

v e l o c i t y ,   j e t   i m p i n g e m e n t   a n g l e   and  v e l o c i t y   of  m o v e m e n t  

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

g a t e   is   e m p l o y e d .   The  g a t e   w i d t h   d e p e n d s   on  t he   a n g l e  

of  t he   i m p i n g i n g   j e t   s t r e a m ,   on  the   p o s i t i o n   of  t he   g a t e  

w i t h   r e s p e c t   to  t he   p o i n t   of  i m p i n g e m e n t   and  on  the   j e t  

v e l o c i t y   and  t h e   c h i l l   s u r f a c e   v e l o c i t y ,   as  w e l l   as  o n  

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

a l l o y   w i t h   r e s p e c t   to  t he   c h i l l   s u r f a c e .   F u r t h e r m o r e ,  

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

d i s t r i b u t i o n ,   s h o u l d   be  c o n s i d e r e d   in  s e l e c t i n g   a n  



a p p r o p r i a t e   g a t e .   The  s i z e   of  t he   g a t e   d e p e n d s   f u r t h e r  

on  the   d e s i r e d   l e v e l   of  e x c l u s i o n   of  c o n t a m i n a t i o n   o f  

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

p o w d e r   i s  r e m o v e d   f r o m   t he   s u r f a c e   of  t he   c h i l l   body  b y  
s u i t a b l e   m e a n s ,   s u c h   as  r o t a t i n g   b r u s h e s   or  s c r a p i n g  

m e a n s ,   or  by  b l o w i n g   i t   o f f   by  means   of  a  b l a s t   of  a i r  

or   of  i n e r t   f l u i d ,   s u c h   as  n i t r o g e n .   D e s i r a b l y ,   r e m o v a l  

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

a r e a   of  i m p i n g e m e n t   of  t he   a t o m i z e d   d r o p l e t s ,   b u t   a t   a  

p o i n t   a h e a d   of  t he   p o i n t   of  i m p i n g e m e n t   of  the   a t o m i z e d  

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

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

c h i l l   s u r f a c e .  

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

a c c o r d i n g   to  t he   p r o c e s s   of  t he   p r e s e n t   i n v e n t i o n   h a v e  

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

t e n d   to   i n t e r l o c k   d u r i n g   c o m p a c t i o n .   They  can  b e  

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

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

p o w d e r   p r o d u c e d   a c c o r d i n g   to   t he   p r o c e s s   d i s c l o s e d   in  my 

c o - p e n d i n g   c o m m o n l y   a s s i g n e d   U . S .   a p p l i c a t i o n   S e r .   N o .  

0 2 3 , 4 1 1 ,   f i l e d   March   23,   1 9 7 9 .  

G l a s s y   m e t a l   p o w d e r s   made  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   p r o c e s s   can  be  u s e d   f o r   p o w d e r   m e t a l l u r -  

g i c a l   a p p l i c a t i o n s .   They  a r e   a l s o   s u i t a b l e   f o r   f a b r i -  

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

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

p o n e n t s   a t   a u d i o   and  low  r a d i o   f r e q u e n c y   r a n g e s   a r e  

p e r m e a b i l i t i e s   b e t w e e n   14  and   300  u n i t s ,   low  c o r e   l o s s  

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

c h a n g e s   in  f r e q u e n c y   and  t e m p e r a t u r e .  

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

r a n g e s   can  be  u n i f o r m l y   m i x e d   in  a  s u i t a b l e   p r o p o r t i o n  

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

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

t u r e s   can  be  s u b s e q u e n t l y   p o w d e r   m e t a l l u r g i c a l l y  

p r o c e s s e d ,   i . e .   is  p r e s s e d   and  s i n t e r e d   i n t o   d e n s e   p a r t s .  



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

w h i c h   has   b e e n   c o o l e d   to  r i g i d   c o n d i t i o n   w i t h o u t  

c r y s t a l l i z a t i o n .   M e t a l l i c   g l a s s e s   a r e   c h a r a c t e r i z e d  

by  h a v i n g   a  d i f f u s e   X - r a y   p a t t e r n .   Such  m e t a l l i c  

g l a s s e s   in  g e n e r a l   h a v e   a t   l e a s t   some  of  t he   f o l l o w i n g  

p r o p e r t i e s :   h i g h   h a r d n e s s   and  r e s i s t a n c e   to  s c r a t c h i n g ,  

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

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

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

c o m p a r e d   w i t h   r e l a t e d   m e t a l s   and  a l l o y s .   P o w d e r  

c o m p r i s e s   f i n e   p o w d e r   w i t h   p a r t i c l e   s i z e   u n d e r   1 0 0  

m,  c o a r s e   p o w d e r   w i t h   p a r t i c l e   s i z e   b e t w e e n   1 0 0  

m  and  1000  m  and  f l a k e   w i t h   p a r t i c l e   s i z e  

b e t w e e n   1000  m  and  5000  m. 

The  t e r m s   m e t a l l i c   g l a s s ,   or  g l a s s y   m e t a l   a n d  

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

A l l o y s   s u i t a b l e   f o r   use   in  t he   p r o c e s s   of  t h e  

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

f r o m   t he   m e l t   a t   r a t e s   in  t he   o r d e r   of  a t   l e a s t   a b o u t  
104  to  1 0 6 ° C / s e c   fo rm  a m o r p h o u s   g l a s s y   s o l i d s .   S u c h  

a l l o y s   a r e ,   f o r   e x a m p l e ,   d i s c l o s e d   in  U . S . P .   3 , 8 5 6 , 5 1 3 ,  

U . S . P .   3 , 9 8 1 , 7 2 2 ;   U . S . P .   3 , 9 8 6 , 8 6 7 ,   U . S . P .   3 , 9 8 9 , 5 1 7  

as  w e l l   as  many  o t h e r s .  

For   e x a m p l e ,   Chen  and  P o l k   in  U . S . P .   3 , 8 5 6 , 5 1 3  

d i s c l o s e   a l l o y s   of  t he   c o m p o s i t i o n   MaYbZc,   w h e r e   M  i s  

one  of  t he   m e t a l s ,   i r o n ,   n i c k e l ,   c o b a l t ,   c h r o m i u m   a n d  

v a n a d i u m ,   Y  is   one  of  t he   m e t a l l o i d s ,   p h o s p h o r u s ,   b o r o n  

and  c a r b o n   and  Z  e q u a l s   a l u m i n u m ,   s i l i c o n ,   t i n ,   g e r m a n -  
ium,   i n d i u m ,   a n t i m o n y   or  b e r y l l i u m   w i t h   "a"  e q u a l i n g   60 

to  90  a t o m   p e r c e n t ,   "b"  e q u a l i n g   10  to   30  a t o m   p e r c e n t  

and  "c"  e q u a l i n g   0 . 1   to  15  a t o m   p e r c e n t   w i t h   t he   p r o v i s o  

t h a t   t he   sum  of  a,  b  a n d   c  e q u a l s   100  a t o m   p e r c e n t .  

P r e f e r r e d   a l l o y s   in  t h i s   r a n g e   c o m p r i s e s   t h o s e   w h e r e   " a "  

l i e s   in  t h e   r a n g e   of  75  to   80  a t o m   p e r c e n t ,   "b"  in  t h e  

r a n g e   of  9  to   22  a t o m   p e r c e n t ,   "c"  in  t he   r a n g e   of  1  t o  

3  a tom  p e r c e n t   a g a i n   w i t h   t he   p r o v i s o   t h a t   t he   sum  of  a ,  
b  a n d   c  e q u a l s   100  a t o m   p e r c e n t .   F u r t h e r m o r e ,   t h e y  

d i s c l o s e   a l l o y s   w i t h   t he   f o r m u l a   T.X.   w h e r e i n   T  is  a  



t r a n s i t i o n   m e t a l   and  X  is   one  of  t he   e l e m e n t s   of  t h e  

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

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

and  w h e r e i n   i  r a n g e s   b e t w e e n   70  and  87  a t o m   p e r c e n t   a n d  

j  r a n g e s   b e t w e e n   13  and  30  a t o m   p e r c e n t .   H o w e v e r ,   i t   i s  

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

f o r m   a  g l a s s y   m e t a l   a l l o y .  

R e f e r r i n g   now  to  FIG.  1  t h e r e   is  shown  a  

c h a m b e r   18  c o n t a i n i n g   a  c r u c i b l e   20  c o n t a i n i n g   m e l t   2 2 .  

The  m e l t   22  c o m p r i s e s   a  m e t a l l i c   a l l o y   w h i c h   is  h e a t e d  

by  an  i n d u c t i o n   h e a t i n g   s y s t e m   of  w h i c h   t he   i n d u c t i o n  

h e a t i n g   c o i l s   24  a r e   s h o w n .   The  u p p e r   end  26  of  t h e  

c r u c i b l e   is  t i g h t l y   m o u n t e d   to  a  p a i r   of  f l a n g e s   28  a n d  

30  of   a  c h a m b e r   18.  The  c r u c i b l e   20  i s   c o n n e c t e d   a t   i t s  

u p p e r   end  34  to   a  p r e s s u r e   c h a m b e r   36  w h i c h   may  b e  

p r e s s u r i z e d   w i t h   s u i t a b l e   gas   c o m i n g   t h r o u g h   l i n e   38  

f r o m   a  v a l v e   40  and  f rom  a n o t h e r   l i n e   42  w h i c h   i s  

c o n n e c t e d   to  a  gas   s u p p l y ,   e . g .   a  s u p p l y   of  a r g o n   g a s .  
In  p a r a l l e l   to  t he   gas   s u p p l y   l i n e ,   t h e r e   is  a  s e c o n d  

v a l v e   44  w h i c h   is  c o n n e c t e d   to  a  l i n e   46  w h i c h   is  i n  

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

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

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

b e f o r e   t he   a r g o n   or  i n e r t   gas  p r e s s u r e   is  a p p l i e d .  
The  p o w e r   f o r   t he   i n d u c t i o n   h e a t e r   c o i l s   24  i s  

s u p p l i e d   by  s u p p l y   l i n e s   46  and  48  w h i c h   a r e   l ed   o u t   o f  

t h e   c h a m b e r   18  t h r o u g h   s e a l   50.  Power   s u p p l i e s   s u i t a b l e  

f o r   s u p p l y i n g   i n d u c t i o n   p o w e r   of  10  k i l o w a t t   or  more  a r e  

c o m m e r c i a l l y   a v a i l a b l e .  

The  l i q u i d   m e t a l   a l l o y   is  e j e c t e d   f r o m  

c r u c i b l e   20  t h r o u g h   n o z z l e   52  as  a  n a r r o w   j e t   54.  A 

n o z z l e   a s s e m b l y   56  f o r   g e n e r a t i n g   a  h i g h   p r e s s u r e   g a s  

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

m o l t e n   m e t a l   j e t   at   58  and  c h a n g e s   the   d i r e c t i o n   of  t h e  

m o l t e n   m e t a l   j e t   to  a t o m i z e   i t .   The  a t o m i z e d   p a r t i c l e s  

a r e   d i r e c t e d   t o w a r d s   an  o p t i o n a l   s h u t t e r   60  w h i c h   has   a n  
o r i f i c e   62  s u i t a b l e   f o r   s e l e c t i v e l y   p a s s i n g   a  n a r r o w  

s t r e a m   of  the   a t o m i z e d   m o l t e n   m e t a l   p a r t i c l e s   64  t o  



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

t r a v e l i n g   w h e e l   66.  The  s h u t t e r   a s s e m b l y   is  h e l d   b y  
r o d s   67  and  68  to   f l a n g e s   28  and  30  c l o s i n g   the   c h a m b e r  

18.  A f t e r   p a s s i n g   t he   s h u t t e r   o r i f i c e   62,  t he   p a r t i c l e s  

i m p i n g e   upon  a  r o t a t i n g   d i s c   66.  The  s u r f a c e   s p e e d   o f  

d i s c   66  in  t he   v i c i n i t y   of  i m p i n g e m e n t   of  t he   a t o m i z e d  

m o l t e n   m e t a l   is  a p p r o x i m a t e l y   20  m / s e c .   As  the   l i q u i d  

d r o p l e t s   come  in  c o n t a c t   w i t h   t he   c h i l l   s u r f a c e   p r o v i d e d  

by  d i s c   66,  t h e y   a r e   r a p i d l y   c h i l l e d   to  t he   g l a s s y   s o l i d  

s t a t e .   Means   f o r   c o o l i n g   d i s c   66  [ n o t   shown]   may  

o p t i o n a l l y   be  p r o v i d e d .   D i s c   66  i s   made  of  h i g h   p u r i t y  

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

p a r t i c l e s   a r e   t h e n   s c r a p e d   o f f   d i s c   66  by  means   o f  

s p r i n g   l o a d e d   s c r a p e r   71.  The  s c r a p e d   o f f   g l a s s y   m e t a l  

p o w d e r   is  c o l l e c t e d   in  a  c o l l e c t i o n   a r e a   70.  A  f l a n g e  

72  p r o v i d e s   a c c e s s   to  t he   c o l l e c t e d   g l a s s y   m e t a l   p o w d e r .  

R o t a t i n g   d i s c   66  i s   m o u n t e d   on  a  s h a f t   69  w h i c h   e n t e r s  

c h a m b e r   18  t h r o u g h   s e a l   76.  R o t a t i n g   p o w e r   is  p r o v i d e d  

by  a  v a r i a b l e   s p e e d   e l e c t r i c a l   m o t o r   78.  The  m o t o r   78 

is   c o u p l e d   to  s h a f t   69  by  means   of  f l e x i b l e   c o u p l i n g   8 0 .  

A  m o u n t i n g   s t a n d   82  is   p r o v i d e d   f o r   t he   e l e c t r i c a l   m o t o r  

to   a d a p t   i t s   p o s i t i o n   and  to  g i v e   a d d i t i o n a l   s t a b i l i t y .  

The  o p e r a t i o n   can  be  o b s e r v e d   t h r o u g h   a  v i e w i n g   p o r t   84 

w h i c h   e n c o m p a s s e s   a  v a c u u m   s e a l e d   w indow  86.  F o r  

m e a s u r i n g   t he   t e m p e r a t u r e   of  t he   m e l t   in  the   c r u c i b l e  

a n d ,   i f   d e s i r e d ,   a t   the   p o i n t   of  a t o m i z a t i o n   an  i n f r a r e d  

p y r o m e t e r   88  i s   p r o v i d e d   w h i c h   is  m o u n t e d   in  s u c h  

p o s i t i o n   as  to  c o l l e c t   the   r a d i a t i o n   e m i t t e d   f rom  t h e  

c r u c i b l e   and  t he   m e l t   t h r o u g h   the   v i e w i n g   p o r t   8 4 .  

C h a m b e r   18  i s   f u r t h e r   p r o v i d e d   w i t h   a  p u m p i n g  

p o r t   90  c o n n e c t e d   to  a  vacuum  s y s t e m   ( n o t   s h o w n ) .   T h e  

w h o l e   a s s e m b l y   is  p r e f e r a b l y   m o u n t e d   on  the   s t a n d   92 

w h i c h   i n s u r e s   r i g i d i t y   of  the   s y s t e m .  

FIG.   2  shows   a  d i f f e r e n t   e m b o d i m e n t   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 .   The  a p p a r a t u s   i s  

e n c l o s e d   w i t h i n   c h a m b e r   146 .   A  c r u c i b l e   102  is  l o c a t e d  

i n s i d e   s u s c e p t o r   104 ,   w h i c h   can  be  made  of  any  m a t e r i a l  

w h i c h   has   s t a b i l i t y   at   h i g h   t e m p e r a t u r e s   w i t h   good  e l e c -  



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

g r a p h i t e .   An  i n d u c t i o n   h e a t i n g   s y s t e m   i n d i c a t e d   t h r o u g h  
c o i l s   106  p r o v i d e s   t he   p o w e r   f o r   m e l t i n g   t he   a l l o y .  

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

an  i n s u l a t i n g   l a y e r   107  f o r   p r e v e n t i n g   h e a t   l o s s e s   f r o m  

t h e   s u s c e p t o r .  
The  i n s u l a t i n g   l a y e r   107  can   be  made  f r o m   a  

n u m b e r   of  s u i t a b l e   m a t e r i a l s ,   f o r   e x a m p l e   of  f i b e r s   o f  

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

m a t e r i a l   of  t h e   c r u c i b l e   102  i s   a  m a t e r i a l   w h i c h   d o e s  

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

t h e   m e l t   t e m p e r a t u r e .   A  s t o p p e r   rod   110  r e a c h e s   i n t o  

t h e   m e l t   122  and  has   a t   i t s   end  a  s t o p p e r   112  f o r  

c l o s i n g   t he   o p e n i n g   114  in   t h e   b o t t o m   of  c r u c i b l e   1 0 2 .  

S t o p p e r   rod   110  can   be  made  f r o m   b o r o n   n i t r i d e   or  o t h e r  

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

t h e   h i g h   t e m p e r a t u r e s .   S t o p p e r   rod  110  i s   i n t r o d u c e d  

i n t o   c r u c i b l e   102  t h r o u g h   an  o p e n i n g   116  in  c o v e r   1 1 8 .  

U p p e r   end  120  of   s t o p p e r   rod  110  can   be  r a i s e d   a n d  

l o w e r e d   to  open   and  c l o s e   o p e n i n g   114  a t   t h e   b o t t o m   o f  

c r u c i b l e   102 .   A  c o n n e c t i n g   l i n e   121  p r o v i d e s   f o r   a  

p o s s i b l y   p r e s s u r i z e d   a t m o s p h e r e   o v e r   t he   m e l t   122  b y  

m a k i n g   a  c o n n e c t i o n   to  a  gas   r e s e r v o i r   ( n o t   s h o w n ) .   T h e  

m e l t   122  f i l l s   p a r t   of  t he   c r u c i b l e .   At  t he   b o t t o m   o f  

c r u c i b l e   102  t h e r e   is  p r o v i d e d   n o z z l e   124  f o r   e j e c t i n g   a  

j e t   126  of  l i q u i d   m e t a l .   Two  a t o m i z e r s   128  and  130  a r e  

p r o v i d e d   w h i c h   e j e c t   p r e s s u r i z e d   gas   i m p i n g i n g   upon  t h e  

j e t   126  of  l i q u i d   m e t a l   a t   132  to   d i s p e r s e   t he   j e t   i n t o  

a  s t r e a m   134  of   d r o p l e t s   of  m o l t e n   m e t a l .   The  d r o p l e t s  

a r e   r e s t r i c t e d   w i t h   r e s p e c t   to  t h e i r   p a t h   by  a  s h u t t e r  

136  h a v i n g   an  o p e n i n g .   T h o s e   d r o p l e t s   w h i c h   p a s s  

t h r o u g h   t he   s h u t t e r   o p e n i n g   t h e n   i m p i n g e   upon  a  r o t a t i n g  

d i s c   138  made  f r o m   c o p p e r .   Upon  i m p a c t   on  r o t a t i n g   d i s c  

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

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

p a r t i c l e s   move  w i t h   t he   r o t a t i n g   c o p p e r   d i s c   138  and  a r e  

s c r a p e d   o f f   by  a  s p r i n g   l o a d e d   s c r a p e r   139 .   They  f a l l  

i n t o   a  c o l l e c t i o n   a r e a   142  f r o m   w h e r e   t h e y   can  b e  



r e m o v e a   p e r i o a i c a l l y .   The  c o p p e r   d i s c   138  i s   m o u n t e d   o n  

a  s h a f t   144  w h i c h   e n t e r s   t he   c h a m b e r   146  t h r o u g h   a  s e a l  

148  and  w h i c h   is  d r i v e n   by  a  m o t o r   150 .   The  c h a m b e r   1 4 6  

may  be  e v a c u a t e d   t h r o u g h   a  p i p e   152  c o n n e c t e d   to  a  v a l v e  

154  a n d  p i p e   156  l e a d i n g   to  a  vacuum  pump  ( n o t   s h o w n ) .  

FIG.   3  s h o w s   an  a t o m i z a t i o n   and  q u e n c h i n g  

s y s t e m   w h i c h   is  in  many  ways   s i m i l a r   to  t he   s y s t e m   s h o w n  

in  FIG.  1.  H o w e v e r ,   in  c o n t r a d i s t i n c t i o n   to  FIG.  1 ,  

t h i s   s y s t e m   e m p l o y s   a  r o t a t i n g   s p i n n e r   160  f o r   a t o m i z i n g  

t h e   m o l t e n   m e t a l   j e t   162  p r o j e c t e d   o u t   of  t he   n o z z l e  

164 .   Upon  i m p i n g e m e n t   o n t o   t he   r o t a t i n g   s p i n n e r ,   t h e  

m o l t e n   m e t a l   j e t   is   a t o m i z e d   and  p r o p e l l e d   t o w a r d  

s h u t t e r   168 .   The  r o t a t i n g   s p i n n e r   162  c o m p r i s e s   a n  

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

m a t e r i a l   w h i c h   is  n o t   w e t t e d   by  the   g l a s s   f o r m i n g   m e l t s .  

Use  of  a  r o t a t i n g   s p i n n e r   p e r m i t s   a t o m i z a t i o n   of  t he   j e t  

of  m o l t e n   m e t a l   u n d e r   v a c u u m .  

FIG.   4  s h o w s   an  e n l a r g e d   v i ew   of  t h e   s p i n n e r  

e m p l o y e d   in  t h e   e m b o d i m e n t   of  FIG.  3.  The  s p i n n e r  

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

p o i n t s   of  i m p i n g e m e n t   on  the   s p i n n e r   a r e   a t   l e a s t   a b o u t  

f o u r   t i m e s   the   v e l o c i t y   of  the   j e t .   When  the   j e t   o f  

m o l t e n   m e t a l   182  i m p i n g e s   on  the   s u r f a c e   184  of  t h e  

s p i n n e r   186 ,   t he   m o l t e n   j e t   is  a t o m i z e d   and  t h e  a t o m i z e d  

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

t h e   s p i n n e r   t o w a r d   the   c h i l l   s u r f a c e   [ n o t   s h o w n ] .  

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

can   be  u s e d   in  a t o m i z i n g   and  r e d i r e c t i n g   the   m o l t e n  

s p r a y .  
F I G .   5  i l l u s t r a t e s   a n o t h e r   means   f o r   a t o m i z i n g  

a  j e t   of  m o l t e n   m e t a l .   I t   shows   an  e c c e n t r i c a l l y  

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

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

o f f - c e n t e r e d   a x i s   i n d u c e s   i n d u l a t o r y   m o t i o n   of  the   s o l i d  

s u r f a c e   in  c o n t a c t   w i t h   t he   j e t   r e s u l t i n g   in  i n s t a b i l i t y  
of  t he   m o l t e n   j e t .   The  m o l t e n   j e t   is  t h e r e b y   a t o m i z e d  

i n t o   s m a l l   d r o p l e t s   of  m o l t e n   m e t a l .   The  a x i s   o f  



r o t a t i o n   192  of   d i s c   194  i s   l o c a t e d   a b o u t   1 /2   to   1 /8   o f  

an  i n c h   ( 1 . 2 7   t o   0 . 3 1 7 5   cm)  d i s t a n t   f rom  i t s   c e n t e r   1 9 6 .  

The  s u r f a c e   s p e e d   of  t he   r o t a t i n g   d i s c   in  t he   a r e a   o f  

i m p i n g e m e n t   is   e q u a l   to  or  g r e a t e r   t h a n   6 0  m e t e r s   p e r  

s e c o n d - ,  

FIG.   6  s h o w s   a  l o b e d   cam  s h a p e d   d i s c   f o r  

a t o m i z a t i o n   of  a  j e t   of  m o l t e n   m e t a l .   I t   r o t a t e s   a r o u n d  

a x i s   202  w h i c h   may  be ,   b u t   n e e d   n o t   be  o f f s e t   f r om  t h e  

c e n t e r   of  t he   d i s c .   The  d i s c   is  r o t a t e d   to  p r o v i d e   a  

c i r c u m f e r e n t i a l   s u r f a c e   v e l o c i t y   f r o m   a b o u t   1000  t o  

a b o u t   1 0 , 0 0 0   m / s e c .   p r e f e r a b l y   and  t h e   j e t   of  m o l t e n  

m e t a l   to  be  i m p i n g e d   upon  i t   p r e f e r a b l y   has   a  v e l o c i t y  

in  t he   r a n g e   of  5  to   10  m e t e r s   p e r   s e c o n d .   D e s i r a b l y ,  

t h e   j e t   of  m o l t e n   m e t a l   is  d i r e c t e d   a g a i n s t   t he   d i s c  

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

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

e n v e l o p i n g   c i r c l e   of  t he   c r e s t   of  t h e   l o b e s .  

FIG.   7  s h o w s   an  a d d i t i o n a l   t y p e   of  s p i n n e r  

h a v i n g   saw  t e e t h   210 .   The  p u r p o s e   of  t he   saw  t e e t h   2 1 0  

is  to  c r e a t e   i n s t a b i l i t i e s   in  t he   m o l t e n   a l l o y   j e t   f o r  

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

The  s p i n n e r   w h i c h   is  d e s i r a b l y   made  of  c e r a m i c   m a t e r i a l  

r o t a t e s   a r o u n d   an  a x i s   212 ,   w h i c h   m a y  o r   may  no t   c o i n -  

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

can  l i e   in  t h e   r a n g e   of  a b o u t   3  to  500  m / s e c   and  p r e f -  

e r a b l y   in  t he   r a n g e   of  a b o u t   30  to   50  m / s e c .  

FIG.   8  shows   a  d i f f e r e n t   t y p e   y e t   of  r o t a t i n g  

s p i n n e r   222  w i t h   l a r g e r   saw  t e e t h   220 .   The  saw  t e e t h   o f  

t h i s   e m b o d i m e n t   a r e   d e s i r a b l y   made  f rom  a  c e r a m i c  

m a t e r i a l   w h i c h   is   n o t   w e t t e d   by  the   m e l t .   The  s u r f a c e  

s p e e d   of  t he   r o t a t i n g   s p i n n e r   l i e s   in  t he   r a n g e   of  a b o u t  

3  to  500  m / s e c   and  p r e f e r a b l y   is  in  t he   r a n g e   of  a b o u t  

30  to   50  m e t e r s   p e r   s e c o n d .  

FIG.   9  s h o w s   a  p h o t o m i c r o g r a p h   of  r e p r e -  
s e n t a t i v e   m e t a l l i c   g l a s s   p o w d e r   w h i c h   can  be  o b t a i n e d  

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 .   The  p a r t i c l e s   h a v e  

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

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



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

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

d i a m e t e r   in  t he   o r d e r   of  a b o u t   20  m i c r o m e t e r s .  

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

i n v e n t i o n ,   b o t h   a t o m i z a i o n   of  a  j e t   of  m o l t e n   g l a s s -  

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

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

c h i l l   s u r f a c e   p r o v i d e d   by  the   i n n e r   s u r f a c e   of  a  r a p i d l y  

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

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

ing  f u r n a c e .   Many  t y p e s   of  c r u c i b l e s   f o r   m e l t i n g   a l l o y s  

a r e   w e l l   known  in  the   a r t .   P a r t i c u l a r l y   p r e f e r r e d   a r e  

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

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

a b l e   to  many  s i t u a t i o n s   f o u n d   in  p r a c t i c e .   The  m e l t   i s  

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

p o i n t   of  t h e   a l l o y   in  o r d e r   to  a l l o w   a t o m i z a t i o n   of  t h e  

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

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

t h e   r a n g e   of  f rom  a b o u t   50°  to   450°C  a b o v e   t he   l i q u i d u s  

l i n e   c o r r e s p o n d i n g   to  the   m e l t   c o m p o s i t i o n ,   and  is  p r e f -  

e r a b l y   f rom  a b o u t   100°C  to  a b o u t   2500C  a b o v e   t he   l i q u i -  

dus  t e m p e r a t u r e .   F u r t h e r m o r e ,   i t   is  a d v a n t a g e o u s   f o r  

t h e   a t o m i z a t i o n   p r o c e s s   when  the   v i s c o s i t y   of  the   l i q u i d  

a l l o y   is  low  a n d ,   in  g e n e r a l ,   v i s c o s i t y   d e c r e a s e s   w i t h  

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

The  m o l t e n   a l l o y   is  t h e n   s q u i r t e d   in  a  j e t  

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

c h i l l   body  t h r o u g h   a  s u i t a b l e   n o z z l e .   D e s i r a b l y ,   t h e  

j e t   of  m o l t e n   a l l o y   is  of  s m a l l   d i a m e t e r .   P r e f e r a b l y ,  

t he   d i a m e t e r   of  t he   j e t   l i e s   in  the   r a n g e   f rom  a b o u t  

0 . 2 5   mm  to  2  mm,  more  p r e f e r a b l y   f rom  a b o u t   0 . 2 5   mm  t o  

2 .5   mm.  For  e x a m p l e ,   a  j e t   d i a m e t e r   of  a b o u t   1  mm  t o  

a b o u t   1 . 5   mm  may  be  c o n v e n i e n t l y   e m p l o y e d .   The  v e l o c i t y  

of  t he   j e t   of  m o l t e n   m e t a l   l i e s   s u i t a b l y   in  t he   r a n g e  
f rom  a b o u t   5  m / s e c   to  a b o u t   15  m / s e c   and  p r e f e r a b l y   f r o m  

a b o u t   8  m / s e c   to  a b o u t   12  m / s e c .  

The  d i s t a n c e   b e t w e e n   the   n o z z l e   and  the   c h i l l  



s u r f a c e   is   d e s i r a b l y   in  t he   r a n g e   of  b e t w e e n   a b o u t   5  mm 

a n d . 5 0 0   mm,  p r e f e r a b l y   b e t w e e n   a b o u t   100  and  150  mm. 

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

c h i l l   body   is  s u i t a b l y   w i t h i n   t he   r a n g e   of  f rom  a b o u t  

15  to   40  m / s e c ,   p r e f e r a b l y   f rom  a b o u t   20  to   30  m / s e c .  

The  j e t   of  m o l t e n   m e t a l   is  i m p i n g e d   o n t o   t h e  

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

r o t a t i n g   c y l i n d r i c a l   c h i l l   body   a t   an  a n g l e   of  i m p i n g e -  

m e n t   r a n g i n g   f rom  a b o u t   5°  to   4 5 ° ,   p r e f e r a b l y   f rom  2 0 °  

to  3 0 ° .   The  a n g l e   of  i m p i n g e m e n t   is  d e f i n e d   as  t h e  

a n g l e   f o r m e d   b e t w e e n   the   l i q u i d   j e t   and  t he   l i n e   o f  

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

d r a w n   in  t he   d i r e c t i o n   o p p o s i t e   to  t he   d i r e c t i o n   o f  

r o t a t i o n   of  t he   c h i l l   s u r f a c e .  

When  a  j e t   of  m o l t e n   m e t a l   is  i m p i n g e d   on  a  

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

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

e x e r t e d   by  the   l i q u i d   j e t   o n t o   t h e   p u d d l e   t e n d s   t o  

e n h a n c e   p u d d l e   s t a b i l i t y .   From  a  s t a b l e   p u d d l e ,   a  c o n -  

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

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

j e t   is  a t   a  maximum  when  t he   a n g l e   of  i m p i n g e m e n t   i s  

9 0 ° .   The  p u d d l e   is  mos t   s t a b l e   u n d e r   t h i s   c o n d i t i o n .  

When  t he   a n g l e   of  i m p i n g e m e n t   d e c r e a s e s   b e l o w   9 0 ° ,   t h e  

h o r i z o n t a l   c o m p o n e n t   of  t he   f o r c e   e x e r t e d   in  t he   d i r e c -  

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

i l i z e   the   p u d d l e .   When  the   a n g l e   of  i m p i n g e m e n t   i s  

e q u a l   to  or  l e s s   t h a n   a b o u t   4 5 ° ,   the   d e s t a b i l i z i n g   f o r c e  

e x c e e d s   t he   s t a b i l i z i n g   f o r c e   a n d ,   as  a  c o n s e q u e n c e ,   t h e  

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

R a p i d   r o t a t i o n   of  the   c h i l l   b o d y ,   t he   v e l o c i t y  

of  t he   j e t   of  m o l t e n   m e t a l ,   and  the   a c u t e   a n g l e   o f  

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

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

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

f rom  a t o m i z a t i o n   s e p a r a t e   f rom  the  s u r f a c e   a t   a  s m a l l  

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

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



c h i l l e d   to  d i s c r e t e   p a r t i c l e s   of  g l a s s y   m e t a l   a l l o y .  
The  p a r t i c l e   s i z e   of  t h e   m e t a l   p o w d e r   s o  

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

t h e   c h i l l   b o d y .  

The  c h i l l   body  is  made  of  a  m e t a l   of  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 c h   as  c o p p e r ,   s i l v e r   and  t h e  

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

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

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

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

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

m e a n s ,   or  by  b l o w i n g   i t   o f f   by  means   of  a  b l a s t   of  a i r  

or   of  i n e r t   f l u i d ,   s u c h   as  n i t r o g e n .   D e s i r a b l y ,  

r e m o v a l   is  c o n t i n u o u s l y   e f f e c t e d   in  t he   a r e a   d o w n s t r e a m  

of  t he   a r e a   of  i m p i n g e m e n t   of  t he   a t o m i z e d   d r o p l e t s ,   b u t  

a t   a  p o i n t   a h e a d   of  t he   p o i n t   of  i m p i n g e m e n t   of  t h e  

m e t a l   j e t .   P r e f e r a b l y ,   a  s c r a p e r   is  u s e d   to  r e m o v e   t h e  

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

The  i n v e n t i o n   is  p r e f e r a b l y   p r a c t i c e d   in  a  v a c -  

uum  c h a m b e r .   A  v a c u u m   c h a m b e r   m i n i m i z e s   t he   h e a t   l o s s e s  

by  d i f f u s i o n   and  c o n v e c t i o n   d u r i n g   the   f l i g h t   of  the   j e t  

and  t he   d r o p l e t s .   F u r t h e r m o r e ,   v a c u u m   o p e r a t i o n   p r e -  
v e n t s   o x i d a t i o n   of  t he   m o l t e n   a l l o y .  

R e f e r r i n g   to  FIG.  10,  a  f u s e d   q u a r t z   c r u c i b l e  

10'   s e r v e s   as  a  r e s e r v o i r   f o r   m o l t e n   a l l o y   1 2 ' .   A 

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

by  i n d u c t i o n   c o i l s   1 4 ' ,   w h i c h   s e r v e   to  p r o v i d e   t h e  

e n e r g y   to  k e e p   the   a l l o y   in  t he   m o l t e n   s t a t e .   T h e  

c r u c i b l e   10 '   is  k e p t   in  p o s i t i o n   by  s u p p o r t i n g   m e a n s  

1 6 ' .   C r u c i b l e   10 '   is   p r o v i d e d   w i t h   a  c o v e r   8'  h a v i n g   a  

t u b u l a r   c o n n e c t i o n   24 '   f o r   p r e s s u r i z i n g   t he   m e t a l   b y  

m e a n s   of  a  s u i t a b l e   i n e r t   g a s .   V a l v e s   26 '   and  28 '   a r e  

p r o v i d e d   to  c o n t r o l   t he   gas   f l o w   to  the   t u b u l a r  

c o n n e c t i o n   2 4 ' .   At  t he   b o t t o m   of  c r u c i b l e   10 '   is  a  

n o z z l e   32 '   f o r   g e n e r a t i n g   a  j e t   of  m o l t e n   m e t a l   3 4 ' .  

C y l i n d r i c a l   c h i l l   body  36 '   r o t a t e s   a r o u n d   i t s   a x i s   3 7 '  

in  the   d i r e c t i o n   of  the   a r r o w   w i t h   i t s   i n n e r   s u r f a c e   3 8 '  

c l o s e l y   s p a c e d   r e l a t i v e   to  the  n o z z l e   3 2 ' .  T h e   v e c t o r  



of   t he   v e l o c i t y   of  t h e   m o l t e n   m e t a l   j e t   and  of  t h e  

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

t h e   j e t   h a v e   an  a c u t e   a n g l e   of  f rom  a b o u t   5°  to   4 5 °  

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

b e t w e e n   a b o u t   20°  and  3 0 ° ,   an  a n g l e   of  25°  b e i n g  

e m i n e n t l y   s u i t a b l e .   The  j e t   d i a m e t e r   is  p r e f e r a b l y   f r o m  

a b o u t   0 . 2 5   mm  to  2 . 5   mm. 

The  j e t   has   a  v e l o c i t y   of  f rom  a b o u t   5/m  s e c  

to   15  m / s e c ,   and  t h e   r o t a t i o n   of  t he   c y l i n d r i c a l  

c h i l l   body   p r o v i d e s   an  i n n e r   s u r f a c e   s p e e d   of  f rom  a b o u t  

15  m / s e c   to  40  m / s e c ,   p r e f e r a b l y   b e t w e e n   a b o u t   20  m / s e c  

and  a b o u t   30  m / s e c .  

On  i m p i n g e m e n t   of  t he   j e t   a t   an  a c u t e   a n g l e ,  

t h e   i m p i n g i n g   m o l t e n   m e t a l   b r e a k s   up  i n t o   a  s t r e a m   o f  

d i s c r e t e   d r o p l e t s   4 0 ' .   3y  v a r y i n g   t h e   s p e e d   of  t h e  

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

j e t   and  t h e   a n g l e   of  i m p i n g e m e n t   of  t he   j e t   w i t h   t h a t  

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

of  t h e   q u e n c h e d   p r o d u c t   p a r t i c l e s ,   can  be  v a r i e d   f r o m  

f i n e   p o w d e r   to  f l a k e s .   Lower   c h i l l   s u r f a c e   s p e e d s  

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

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

t h e   c h i l l   body  r o t a t e s   too   f a s t ,   t he   p r o d u c t   p a r t i c l e s  

t e n d   to  be  s m a l l   f i b e r s .  

The  e x a m p l e s   s e t   f o r t h   b e l o w   f u r t h e r   i l l u s -  

t r a t e   the   p r e s e n t   i n v e n t i o n   and  s e t   f o r t h   t he   b e s t   m o d e  

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

E x a m p l e   1 

T h i s   e x a m p l e   i l l u s t r a t e s   p r e p a r a t i o n   o f  

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

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

a p p a r a t u s   e m p l o y e d   was  g e n e r a l l y   as  i n d i c a t e d   in  F i g .   1 .  

A  g l a s s   f o r m i n g   a l l o y   N i 4 5 C o 2 0 C r 1 0 F e 5 M o 4 B 1 6   ( a t o m i c  

p e r c e n t )   was  m e l t e d   in  a  q u a r t z   c r u c i b l e   by  means   o f  

an  i n d u c t i o n   h e a t e r .   The  m o l t e n   a l l o y   was  e x p e l l e d  

v e r t i c a l l y   t h r o u g h   an  o r i f i c e   in  t he   c r u c i b l e   as  a  
m o l t e n   j e t   of  0 . 0 5   i n c h e s   ( 0 . 1 2 7   cm)  d i a m e t e r .   T h e  

m o l t e n   j e t   was  i m p i n g e d   by  a  h o r i z o n t a l   j e t   of  a t o m i z i n g  



f l u i d   ( n i t r o g e n )   u n d e r   h i g h   p r e s s u r e   r a n g i n g   f rom  a b o u t  

400  to  600  p s i   ( 2 . 7 6   x  103  to  4 . 1 4   x  103  kPa)   a n d  

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

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

t h e   o r i f i c e   and  p o i n t   of  i m p a c t   f o r   a t o m i z a t i o n   was  0 . 5  

cm.  The  d i s t a n c e   b e t w e e n   t he   p o i n t   of  i m p a c t   and  t h e  

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

d i s c   was  12  cm.  The  s u r f a c e   v e l o c i t y   of  t he   c h i l l  

s u r f a c e   was  200  c m / s e c .   The  s h u t t e r   was  l o c a t e d   3  cm 

away  f rom  t h e   p o i n t   of  a t o m i z a t i o n   and  had  an  o p e n i n g  

w i d t h   of  1  cm  and  l e n g t h   of  2  cm.  The  r e s u l t i n g   m o l t e n  

d r o p l e t s   in  t he   fo rm  of  a  s p r a y   were   a l l o w e d   to  p a s s  

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

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

c a s t   p a r t i c l e s   we re   s c r a p e d   o f f   t he   s u r f a c e   as  t h e y   w e r e  

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

v a r i e d   b e t w e e n   a b o u t   2000  to   2500  f e e t   p e r   s e c o n d  

( 6 0 9 . 6   to  762  m e t e r s / s e c ) .   The  s h u t t e r   o p e n i n g ,   t h e  

s u r f a c e   s p e e d   of  t he   c o p p e r   d i s c ,   t he   v e l o c i t y   of  t h e  

j e t   of  m o l t e n   m e t a l   and  t he   p r e s s u r e   of  t h e   a t o m i z i n g  

f l u i d   were   a d j u s t e d   to  m i n i m i z e   o v e r l a p   of  t he   d r o p l e t s  

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

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

shown  in  FIG.  9  w e r e   t h u s   o b t a i n e d .   T h e i r   p a r t i c l e   s i z e  

r a n g e d   f rom  a b o u t   25  m i c r o m e t e r s   to  4 0 0 u   m.  A  s m a l l  

p o r t i o n   of  t he   p a r t i c l e s   w i t h   p a r t i c l e   s i z e   u n d e r   25µ  m 

was  f o u n d   to  be  f u l l y   c r y s t a l l i n e .   A p p a r e n t l y ,   t h e  

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

h i t t i n g   t he   c h i l l   s u r f a c e   and  h e n c e   were   no t   q u e n c h e d  
i n t o   t he   g l a s s y   s t a t e .   The  l a r g e r   s i z e   p a r t i c l e s   w e r e  

f o u n d   to  be  f u l l y   a m o r p h o u s   as  d e t e r m i n e d   by  X - r a y  

a n a l y s i s .   By  i n c r e a s i n g   the   m e l t   t e m p e r a t u r e   and  h e n c e  

the   t e m p e r a t u r e   of  t he   m o l t e n   d r o p l e t s ,   and  b y  

d e c r e a s i n g   the   f l i g h t   p a t h ,   i . e .   the   d i s t a n c e   b e t w e e n  

t h e   p o i n t   of  a t o m i z a t i o n   and  the   p o i n t   of  i m p i n g e m e n t   o n  

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

g l a s s   p a r t i c l e s   w i t h   s i z e   s m a l l e r   t h a n   2 5 p   m  c o u l d   b e  

o b t a i n e d   in  a  t y p i c a l   r u n .  



E x a m p l e   2 

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

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

e m p l o y e d   was  g e n e r a l l y   as  i l l u s t r a t e d   in  FIG.   1.  A 

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

F e 4 0 N i 4 0 B 2 0   ( a t o m i c   p e r c e n t )   was  i m p i n g e d   upon  a n d  

a t o m i z e d   i n t o   s m a l l   d r o p l e t s   by  a  h o r i z o n t a l   h i g h   p r e s -  

s u r e   ( a b o u t   400  to   600  p s i )   ( 2 . 7 6   x  103  to  4 . 1 4   x  1 0 3  

kPa)   a r g o n   gas   j e t   and  t h e   r e s u l t a n t   m o l t e n   d r o p l e t s   i n  

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

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

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

b e i n g   d e p o s i t e d .   The  p a r t i c l e s   were   i r r e g u l a r   in  s h a p e  

due  to  t he   s p l a t t i n g   o n t o   the   s u b s t r a t e .   The  p a r t i c l e  

s i z e   r a n g e d   m o s t l y   b e t w e e n   25  µm  to  4 0 0  µ m ,   and  t h e  

p a r t i c l e s   -in  t h i s   s i z e   r a n g e   were   f o u n d   to  be  f u l l y  

g l a s s y .   A  s m a l l   p o r t i o n   of  a b o u t   5  w e i g h t   p e r c e n t   o f  

p a r t i c l e s   w i t h   s i z e   s m a l l e r   t h a n   2 5  µ m   was  o b t a i n e d   in  a  

t y p i c a l   run   and  t he   a l l o y   p o w d e r s   of  p a r t i c l e   s i z e   l e s s  

t h a n   2 5  µ m   were   f o u n d   to  be  m o s t l y   c r y s t a l l i n e .   T h e  

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

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

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

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

y i e l d   of  m e t a l l i c   g l a s s   p a r t i c l e s   w i t h   a  s i z e   s m a l l e r  

t h a n   25  µm  can  be  a c h i e v e d .  

E x a m p l e   3 

An  a l l o y   h a v i n g   the   c o m p o s i t i o n  

C o 4 5 F e 1 7 N i 1 3 C r 5 M O 3 B 1 7   ( a t o m i c   p e r c e n t )   was  s q u i r t e d  

t h r o u g h   an  o r i f i c e   of  a  q u a r t z   c r u c i b l e   to  p r o d u c e   a  j e t  
of  m o l t e n   m e t a l   of  0 . 0 8   i n c h e s   ( 0 . 2 0 3 2   cm)  d i a m e t e r .  

T h i s   j e t   was  i m p i n g e d   o n t o   a  f l a t   and  e l l i p t i c a l l y   s h a p e d  

q u a r t z   s p i n n e r   s i m i l a r   to  the   o b l o n g   s p i n n e r   shown  i n  

FIG.  4  and  r o t a t i n g   a t   h i g h   v e l o c i t y   was  s i t u a t e d   in  t h e  

p a t h   of  t he   j e t   of  m o l t e n   m e t a l .   The  q u a r t z   s p i n n e r  

r o t a t i n g   a t   h i g h   v e l o c i t y   a t o m i z e d   the   m o l t e n   j e t   i n t o  

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

p o i n t   of  a t o m i z a t i o n   was  m a i n t a i n e d   b e t w e e n   30  and  50  



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

a d j u s t a b l e   o p e n i n g   s i z e   and  were   i m p a c t   q u e n c h e d   a g a i n s t  

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

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

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

i r r e g u l a r   s h a p e   and  s i z e   in  the   r a n g e   b e t w e e n   25  µm  t o  

400  µm  were   f o u n d   to  be  f u l l y   a m o r p h o u s .  

E x a m p l e   4 

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

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

b e t w e e n   a b o u t   150  and  1 0 0 0  µ m   of  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   of  F e 4 0 N i 4 0 P 1 4 E 6  ( a t o m i c   p e r c e n t )   w e r e  

p r e p a r e d   by  q u e n c h i n g   an  a t o m i z e d   s t r e a m   of  m o l t e n  

p a r t i c l e s   on  a  c h i l l   s u r f a c e .   The  r e s u l t i n g   f l a k e s   w e r e  

s u b s e q u e n t l y   e m b r i t t l e d   by  a n n e a l i n g   b e l o w   the   g l a s s  

t r a n s i t i o n   t e m p e r a t u r e   f o r   a  t i m e   of  1  h o u r   and  a  t e m p e r -  

a t u r e   of  200°C  and  t h e n   the   f l a k e s   were   s u b j e c t e d   to  d r y  

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

a t m o s p h e r e   f o r   16  h o u r s .   T h e r e   was  t h u s   o b t a i n e d   a  

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

w i t h   an  a v e r a g e   s i z e   of  a b o u t   25  µm.  T h i s   p o w d e r  

was  u n i f o r m l y   b l e n d e d   w i t h   2  p e r c e n t   s u b m i c r o m e t e r   s i z e  

m a g n e s i u m   o x i d e   p a r t i c l e s ,   and  the   m i x t u r e   was  p r e s s e d  

i n t o   r i n g   s h a p e d   c o r e s   of  an  o u t e r   d i a m e t e r   of  1  i n c h  

( 2 . 5 4   cm)  and  an  i n n e r   d i a m e t e r   of  2  mm  hy  c o m p a c t i o n  

u n d e r   h i g h   p r e s s u r e s   of  b e t w e e n   2 0 0 , 0 0 0   and  2 5 0 , 0 0 0  

p o u n d s   p e r   s q u a r e   i nch   ( 1 . 3 8   x  106  to  1 . 7 2   x  106  k P a ) .  

The  m a g n e s i u m   o x i d e   was  added   to  p r o v i d e   u n i f o r m l y  

d i s t r i b u t e d   a i r   gaps   in  the   c o r e   to  i n c r e a s e   i t s  

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

300°C  f o r   2  to  16  h o u r s .  T y p i c a l l y   a  c o r e   p r e s s e d   a t  

2 5 0 , 0 0 0   p o u n d s   p e r   s q u a r e   i nch   ( 1 . 7 2   x  106  kPa)   a n d  

a n n e a l e d   a t   300°C  f o r   16  h o u r s   was  f o u n d   to  p o s s e s s  

a  p e r m e a b i l i t y   of  125  u n i t s .  

E x a m p l e   5 

An  a m o r p h o u s   m e t a l l i c   p o w d e r   w i t h   an  a v e r a g e  

p a r t i c l e   s i z e   b e l o w   a b o u t   75  µm  of  an  a l l o y   w i t h   t h e  

c o m p o s i t i o n   Mo40Fe40B20   ( a t o m i c   p e r c e n t )   u n i f o r m l y  c o m p o s i t i o n   M o 4 0 F e 4 0 B 2 0   ( a t o m i c   p e r c e n t )   was  u n i f o r m l y  



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

h a v i n g   a v e r a g e   p a r t i c l e   s i z e   b e l o w   a b o u t   7 5  µ m .  

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

i n t o   c y l i n d r i c a l   c o m p a c t s ,   a p p l y i n g   4000  p o u n d s   p e r  

s q u a r e   i n c h   ( 2 . 7 6   x  104  kPa)   p r e s s u r e   a t   500°C   f o r   1 / 2  

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

h a v e   c r y s t a l l i z a t i o n   t e m p e r a t u r e s   h i g h e r   t h a n   8 0 0 ° C ,  

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

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

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

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

m e t a l l u r g i c a l   c o m p a c t .   T y p i c a l l y ,   an  a l u m i n u m   c o m p a c t  

o b t a i n e d   as  d e s c r i b e d   a b o v e   c o n t a i n i n g   o n l y   a b o u t   1 0  

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

a  h a r d n e s s   of  a b o u t   150  k i l o g r a m s   p e r   s q u a r e   m i l l i m e t e r ,  

w h i c h   is  much  h i g h e r   t h a n   the   h a r d n e s s   of  a b o u t   20  

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

a n n e a l e d   p u r e   a l u m i n u m .  

E x a m p l e   6 

T h i s   e x a m p l e   i l l u s t r a t e s   use  of  f i n e   m e t a l l i c  

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

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

F e 4 0 N i 4 0 P 1 4 B 6  ( a t o m i c   p e r c e n t )   a r e   s u i t a b l e   f o r   f a b r i -  

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

c h a r a c t e r i s t i c s   of  such   m a g n e t i c   c o r e s   f o r   use  as  s t a b l e  

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

r a n g e s   a re   p e r m e a b i l i t i e s   b e t w e e n   14  and  300  u n i t s ,   l o w  

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

l a r g e   c h a n g e s   in  f r e q u e n c y   and  t e m p e r a t u r e .  

A m o r p h o u s   m e t a l l i c   p o w d e r   of  an  F e 4 0 N i 4 0 p 1 4 E 6  a l l o y  
w i t h   p a r t i c l e   s i z e   l e s s   t h a n   30  µm  were   b l e n d e d  

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

r i n g - s h a p e d   c o r e s   u s i n g   h i g h   p r e s s u r e s   b e t w e e n   2 0 0 , 0 0 0  

and  2 5 0 , 0 0 0   p s i   ( 1 . 3 8   x  106  to  1 . 7 2   x  106  kPa)   a t   r o o m  

t e m p e r a t u r e .   The  r a t i o s   by  w e i g h t   of  m e t a l l i c   g l a s s   t o  

c e r a m i c   p o w d e r   were   in  the   r a n g e   of  b e t w e e n   a b o u t   0 . 0 1  

and  0 . 0 2 .   The  c e r a m i c   p o w d e r   was  m a g n e s i u m   o x i d e .  

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



and  y t t r i u m   o x i d e .   The  p u r p o s e   of  a d d i t i o n   of  the   f i n e  

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

a i r   g a p s   in  t he   c o r e   to  i n c r e a s e   i t s   e l e c t r i c a l  

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

s u b s e q u e n t l y   a n n e a l e d   a t   t e m p e r a t u r e s   b e l o w   g l a s s  

t r a n s i t i o n   t e m p e r a t u r e s   a t   t e m p e r a t u r e s   b e t w e e n   a b o u t  

150°C  and  300°C  to  have   i m p r o v e d   s o f t   m a g n e t i c  

p r o p e r t i e s .  

E x a m p l e  7  

A p p a r a t u s   e m p l o y e d   is  of  t he   t y p e   and  c o n -  
s t r u c t i o n   i l l u s t r a t e d   by  t he   d r a w i n g .   A  j e t   of  m o l t e n  

a l l o y   of  t he   c o m p o s i t i o n   F e 4 0 N i 4 0 P 1 4 B 6   ( a t o m i c   p e r c e n t )  

was  f o r m e d   by  f o r c i n g   the   m e t a l   a t   a  t e m p e r a t u r e   o f  

a b o u t   1 2 0 0 ° C   t h r o u g h   t he   n o z z l e .   The  j e t   of  m o l t e n  

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

r o t a t i n g   c y l i n d e r   a t   a  s p e e d  o f   a b o u t   25  m / s e c .   T h e  

c y l i n d e r   was  c o n s t r u c t e d   of  c o p p e r   and  had  an  i n n e r  

d i a m e t e r   of  4 0 . 6 4   cm.  I t   was  r o t a t e d   a t   1175  RPM.  T h e  

j e t   i m p i n g e d   on  t he   c o p p e r   c y l i n d e r   a t   an  a n g l e   of  a b o u t  

25°  w i t h   r e s p e c t   to  t he   i n n e r   s u r f a c e   of  the   c y l i n d e r   a t  

t h e   p o i n t   in  i m p i n g e m e n t .   The  j e t   had  a  d i a m e t e r   o f  

a b o u t  0 . 7 5   mm  and  was  e j e c t e d   f rom  the  n o z z l e   at   a  v e l o -  

c i t y   of  a b o u t   15  m / s e c .   Upon  i m p i n g e m e n t ,   t he   m o l t e n  

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

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

of   m o t i o n   of  t h e s e   d r o p l e t s   was  f o r w a r d e d   in  the   s a m e  

d i r e c t i o n   as  t h a t   of  the   i n n e r   c y l i n d e r   s u r f a c e .   T h e s e  

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

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

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

a b o u t   2  om  away  f rom  the   p o i n t   of  i m p i n g e m e n t .   T h e  

g a t e   p r o v i d e d   an  o p e n i n g   h a v i n g   a  v e r t i c a l   w i d t h   of  1  cm 

and  a  h o r i z o n t a l   l e n g t h   of  5  cm.  The  q u e n c h e d   p a r t i c l e s  

were   b l o w n   o f f   the   s u r f a c e   by  a  j e t   of  n i t r o g e n   a t   a  

p r e s s u r e   of  60  to   80  p o u n d s   p e r   s q u a r e   i n c h   ( 4 . 1 4   x  1 0 2  

to   5 . 5 2   x  102  kPa)   in  the   d i r e c t i o n   t o w a r d s   a  c o l l e c t i o n  

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

be  f u l l y   g l a s s y   by  X - r a y   d i f f r a c t i o n   a n a l y s i s .   A b o u t  



90%  of   t he   p a r t i c l e s   had  a  p a r t i c l e   s i z e   r a n g i n g   b e t w e e n  

a b o u t   25  and  300  µ m .  

E x a m p l e   8 

U s i n g   the   a p p a r a t u s   e m p l o y e d   in  E x a m p l e   1,  a  

j e t   of  a  m o l t e n   a l l o y   of  c o m p o s i t i o n  

N i 4 5 C o 2 0 F e 5  C r 1 0 M o 4 B 1 6   ( a t o m i c   p e r c e n t ) ,   h a v i n g   a  d i a -  

m e t e r   of  a b o u t   1 . 2 7   mm  and  h a v i n g   a  t e m p e r a t u r e   of  a b o u t  

1 3 0 0 ° C   was  i m p i n g e d   a g a i n s t   the   i n n e r   s u r f a c e   of  t h e  

r o t a t i n g   c o p p e r   c y l i n d e r .   The  a n g l e   of  i m p i n g e m e n t   o f  

t he   j e t   w i t h   r e s p e c t   to  t he   c h i l l   s u r f a c e   was  a b o u t   2 0 ° .  

The  j e t   v e l o c i t y   was  a b o u t   10  m / s e c .   The  s p e e d   of  t h e  

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

15  m / s e c .   U s i n g   t h i s   t e c h n i q u e ,   f u l l y   g l a s s y   p o w d e r   w a s  

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

b e t w e e n   a b o u t   100  to   1000  m i c r o m e t e r s .  



1.  A  m e t h o d   f o r   m a k i n g   m e t a l l i c   g l a s s   p o w d e r  

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

f o r m i n g   m e t a l   a l l o y ;   and   t r a n s f e r r i n g   momen tum  f r o m   a  

m o v i n g  b o d y   o n t o   s a i d   j e t   to   a t o m i z e   s a i d   j e t   i n t o   a  

s t r e a m   of   d i s c r e t e   m o l t e n   m e t a l   d r o p l e t s   and   to   d i r e c t  

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

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

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

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

2.  The  m e t h o d   f o r   m a k i n g   m e t a l l i c   g l a s s  

p o w d e r   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   m o v i n g   b o d y   i s  

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

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

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

3.  The  m e t h o d   f o r   m a k i n g   m e t a l l i c   g l a s s  

p o w d e r   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   m o v i n g   b o d y   i s  

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

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

i n g l y   s h a p e d   o r i f i c e   u n d e r   a  p r e s s u r e   g r e a t e r   t h a n   1 0 0  

p s i   ( 6 . 8 9   x  102  kPa)   and  w h e r e i n   t h e   s t r e a m   of   i n e r t  

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

a t   an  a n g l e   g r e a t e r   t h a n   10°  b e t w e e n   t h e   v e l o c i t y   v e c t o r s  

of   f l u i d   s t r e a m   and   j e t .  

4.  The  m e t h o d   f o r   m a k i n g   m e t a l l i c   g l a s s  

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

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

s u r f a c e   a t   t h e   r a t e   of   a t   l e a s t   a b o u t   1 0 4 ° C / s e c .   a n d  

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

l e s s   t h a n   100  m. 

5.  An  a p p a r a t u s   f o r   m a k i n g   m e t a l l i c   g l a s s  

p o w d e r   c o m p r i s i n g ,   in   c o m b i n a t i o n  

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

b)  n o z z l e   means   in   c o m m u n i c a t i o n   w i t h   s a i d  

h o l d i n g   means   f o r   g e n e r a t i n g   a  j e t   o f   m o l t e n   m e t a l ;  

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

s a i d   n o z z l e   means   to   g e n e r a t e   a  j e t   of  m o l t e n   m e t a l ;  

d)  means   f o r   a t o m i z i n g   s a i d   j e t   i n t o   a  s t r e a m  



of   d i s c r e t e   d r o p l e t s   o t   m o l t e n   m e t a l ;   a n d  

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

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

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

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

p o w d e r   a c c o r d i n g   to   c l a i m   5  w h e r e i n   t h e   means   f o r  

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

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

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

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

7.  The  a p p a r a t u s   as  s e t   f o r t h   in   c l a i m   6 

w h e r e i n   t h e   c h i l l   s u r f a c e   i s   a d a p t e d   to   be  moved   in   a  

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

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

8.  The  a p p a r a t u s   as  s e t   f o r t h   in   c l a i m   7 

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

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

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

9.  The  a p p a r a t u s   as  s e t   f o r t h   in   c l a i m   8 

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

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

d r o p l e t s   on  t h e   c h i l l   s u r f a c e .  

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

p o w d e r   a c c o r d i n g   to  c l a i m   5  e n c l o s e d   in   a  v a c u u m   c h a m b e r .  

11.  An  a p p a r a t u s   f o r   m a k i n g   m e t a l l i c   g l a s s  

p o w d e r   c o m p r i s i n g  

a)  h o l d i n g   means   f o r   h o l d i n g   m o l t e n   m e t a l ;  

b)  n o z z l e   means   in   c o m m u n i c a t i o n   w i t h   s a i d  

h o l d i n g   means   f o r   g e n e r a t i n g   a  j e t   o f   m o l t e n   m e t a l ;  

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

s a i d   n o z z l e   means   to  g e n e r a t e   a  j e t   of   m o l t e n   m e t a l ;  

d)  a  r o t a t a b l e   c y l i n d r i c a l   c h i l l   b o d y   h a v i n g  

an  i n n e r   c h i l l   s u r f a c e ,   w h e r e i n   t h e   n o z z l e   means   and  t h e  

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

t h a t   a  m o l t e n   m e t a l   j e t   e x p e l l e d   f r o m   t h e   n o z z l e   m e a n s  

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

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 h i l l   s u r f a c e   a t   a n  

a c u t e   a n g l e   w i t h i n   t h e   r a n g e   o f  f r o m   a b o u t   5°  to   a b o u t  



3 0 ° .  

12.   A  m e t h o d   f o r   m a k i n g   m e t a l l i c   g l a s s   p o w d e r  

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

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

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

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

a n g l e   w i t h i n   t h e   r a n g e   of   f r o m   a b o u t   5°  to  45°  to  e f f e c t  

a t o m i z a t i o n   of   t h e   m o l t e n   a l l o y   i n t o   a  s t r e a m   o f  

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

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

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

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

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

13.   The  m e t h o d   f o r   m a k i n g   m e t a l l i c   g l a s s  

p o w d e r   a c c o r d i n g   to   c l a i m   12  c o n d u c t e d   in   v a c u u m .  

14.   The  m e t h o d   of   c l a i m   12  w h e r e i n   t h e   j e t   i s  

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

an  a c u t e   a n g l e   of   f r o m   a b o u t   20°  to  30°  and   t h e   c h i l l  

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

f r o m   a b o u t   15  m / s e c   to   40  m / s e c   and  w h e r e i n   t h e   j e t   h a s  

a  v e l o c i t y   o f   f r o m   a b o u t   5  m / s e c   to   20  m / s e c .  
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