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©  Crucibleless  preparation  of  rapidly  solidified  fine  particulates. 

©  A  mass  of  normally  solid  material,  e.g.  metal  or  metal 
alloy,  which  at  a  temperature  within  25  percent  of  its 
equilibrium  melting  point  °K  has  a  surface  tension  of  10  to 
2500  dynes/cm.  and  a  viscosity  of  0.001  to  1  poise,  is 
changed  into  fine  solid  particulates,  preferably  flake-like  to 
almost  spherical  shape.  A  solid  mass  (18)  of  the  material  has 
a  portion  thereof,  e.g.  tip  or  edge  (19),  unconfined  by  a 
crucible  or  the  like,  heated,  such  as  by  a  flame  (20)  or 
electron  beam  to  alter  that  portion  to  a  molten  state  whereby 
molten  droplets  or  globules  (22)  fall  therefrom  to  contact  a 
rapidly  moving  wall  of  a  centrifugally  disposed  rotating 
liquid  quench  fluid  (23),  e.g.  water  or  oil,  and  upon  contact- 
ing  are  disrupted  and  broken  up  into  finer  globules  or 
particles  which  are  swept  away  with  and  quenched  in  the 
rapidly  moving  quench  fluid  to  become  rapidly  solidified  as 
fine  particulates.  These  fine  particulates  subsequently  are 
separated  from  the  quench  fluid  and  classified  to  find  utility 
for  example  in  powder  metallurgical  applications. 
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TECHNICAL  F I E L D  

T h i s   i n v e n t i o n   r e l a t e s   to   m a k i n g   of  r a p i d l y  

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

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

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

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

any  c r u c i b l e   or   l i k e   c o n t a i n e r ,   so  as  to  p r o v i d e   m o l t e n  

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

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

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

d i s r u p t e d   and  b r o k e n   up  i n t o   f i n e r   d r o p l e t s   and  g l o b u l e s  

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

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

t h e   q u e n c h   f l u i d .  

BACKGROUND 

P.  Duwez  e t   a l .   (J .   A p p l .   P h y s .   31,  p  1 1 3 6 - 3 7   ( 1 9 6 0 ) )  

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

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

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

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

t h e r m a l   c o n t a c t   w i t h   t h e   t a r g e t   w i t h   a  l a r g e   o v e r - a l l  

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

t h i n n e r   l a y e r   of  s o l i d i f i e d   m a t e r i a l .   R.  Pond ,   J r .   e t   a l .  

( T r a n s .   Met .   Soc .   AIME  V o l .   245 ,   p.  2 4 7 5 - 2 4 7 6 ,   Nov.  1 9 6 9 )  

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

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

of  a  s p i n n i n g   drum  w i t h   t h e   d r u m ' s   r a d i a l   a c c e l e r a t i o n  



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

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

J .   T.  Gow  ( U . S .   P a t .   2 , 4 3 9 , 7 7 2 )   u s e s   a  r e v o l v i n g  

c o n t a i n e r   c o n t a i n i n g   a  c o o l i n g   or  q u e n c h i n g   l i q u i d   w h i c h  

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

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

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

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

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

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

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

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

l i q u i d .   Gow  in   d i s c u s s i o n   o f   t he   p r i o r   a r t   a l s o   m e n t i o n s  

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

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

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

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

s t r e a m   to  t h r o w   or   b a t   g l o b u l e s   t h e r e f r o m .  

B.  Haak  (U .S .   P a t .   1 , 7 8 2 , 0 3 8 )   c o n v e r t s   s a l t s   i n t o  

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

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

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

of  w h i c h   i s   h i g h e r   t h a n   t h e   r o t a t i n g   d i s c   by  means   o f  

i n t e n s e   r o t a t i o n   by  a  s t i r r e r .  

R.  E.  M a r i n g e r   e t   a l   (U.S .   P a t e n t   3 , 8 9 6 , 2 0 3 )   t e a c h  

f o r m i n g   a  f i l a m e n t a r y   m a t e r i a l   by  r o t a t i n g   a  d i s k - l i k e  

member   in  c o n t a c t   w i t h   an  u n c o n f i n e d   p e n d a n t   d r o p   o f  

m o l t e n   m a t e r i a l ,   R.E  M a r i n g e r   (U .S .   P a t e n t   4 , 1 2 4 , 6 6 4 )   a l s o  

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

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

SUMMARY  DISCLOSURE  OF  THE  INVENTION 

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



c o n t a i n m e n t   v e s s e l ,   mass  of  n o r m a l l y   s o l i d   m a t e r i a l   a t   i t s  

l o w e r m o s t   end  b e i n g   h e a t e d   to  a  m o l t e n   mass  so  as  to   p r o v i d e  
m o l t e n   g l o b u l e s   or   d r o p l e t s   w h i c h   b r e a k   o f f   t h e r e f r o m   a n d  

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

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

b r o k e n   up  a n d / o r   d i s i n t e g r a t e d   i n t o   n u m e r o u s   s m a l l e r   s i z e  

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWING 

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

FIG.  1  i s   a  p e r s p e c t i v e   v i e w   p a r t i a l l y   in  v e r t i c a l  

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

d i a g r a m a t i c a l l y   of   one  s i m p l i f i e d   fo rm  of   a p p a r a t u s   u s e f u l  

f o r   p r a c t i c e   of   t h e   m e t h o d   of  t h e   i n v e n t i o n .  

MORE  DETAILED  DESCRIPTION  OF  THE  DRAWING 

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

d e s i g n a t e d   g e n e r a l l y   10  in  FIG.  1.  A p p a r a t u s   10  i n c l u d e s  

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

d e s i g n a t e d   11,   w h i c h   has   a  s h a f t   12  c e n t r a l l y   a f f i x e d   t o  

a  b o t t o m   s e c t i o n   13.   S h a f t   12  i s   r o t a t a b l e   a t   any  of   a  

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

i l l u s t r a t e d .   B o t t o m   s e c t i o n   13  a t   i t s   o u t e r   p e r i p h e r y  

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

a b o u t   90°  or   s l i g h t l y   l e s s ,   c y l i n d r i c a l   s i d e   w a l l   14  w h i c h  

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

r i n g - l i k e   r i m   15.   L o c a t e d   in  s e c t i o n   13  n e a r   s i d e   w a l l   14  

t h e r e   i s   a  h o l e   or   o p e n i n g   16  w h i c h   has   b e e n   c l o s e d   by  a  

m e a n s ,   such   as  a  t h r e a d e d   m a c h i n e   s c r e w   1 7 .  

In  t h e   c i r c u l a r   o p e n i n g   e n c i r c l e d   by  r i n g - l i k e   r i m  

15  t h e r e   i s   p r o j e c t i n g   a  b a r ,   r o d ,   or   i n g o t   18  of  t h e  

m a t e r i a l   w h i c h   i s   to  be  made  i n t o   p a r t i c u l a t e s .   In  t h e  

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



in  p r a c t i c e   of  t h e   i n v e n t i o n   i t   w o u l d   be  c l a m p e d   o r   h e l d  

a t   one  or   more   p l a c e s   away  f r o m   i t s   l o w e r m o s t   end  p o r t i o n  

19  by  a  c o n v e n t i o n a l   c l a m p i n g   means   a n d / o r   a  m o v e m e n t  

means   f o r   p r o g r e s s i v e l y   l o w e r i n g   or  f e e d i n g   b a r   18  a s  

l o w e r m o s t   p o r t i o n   18  t h e r e o f   i s   u t i l i z e d   or   c o n s u m e d .  

In  t h e   i l l u s t r a t e d   a p p a r a t u s ,   a  f l a m e   20  f rom  a  t o r c h   2 1 ,  

e . g .   p r o p a n e ,   h e l i - a r c ,   or   l i k e   c o n v e n t i o n a l   t o r c h ,   h a s  

h e a t e d   t h e   l o w e r m o s t   end  p o r t i o n   19  of  b a r   18  i n t o   a  

m o l t e n   b u l b o u s - l i k e   m o l t e n   m a s s .   From  t h e   m o l t e n   mass   o f  

l o w e r m o s t   end  p o r t i o n   19  t h e r e   a r e   shown  d r i p p i n g   d o w n w a r d  

t h e r e f r o m   l a r g e   g l o b u l e s   22  o f   t h e   m o l t e n   m a t e r i a l   to   b e  

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

C u p - s h a p e d   e l e m e n t   11,   in   o p e r a t i o n   of   t h e   m e t h o d ,  

c o n t a i n s   w i t h i n   a  q u e n c h   f l u i d   23,   w h i c h   i s   d i s p o s e d   a s  

a  r a p i d l y   m o v i n g   r o t a t i n g   w a l l   of   t h e   q u e n c h   f l u i d   2 3 ,  

c l i n g i n g  t o   t h e   i n s i d e   of   s i d e   w a l l   14  of   c u p - s h a p e d  

e l e m e n t   11  f r o m   c e n t r i f u g a l   f o r c e   i m p o s e d   t h e r e o n   by  r a p i d  

r o t a t i o n   of   s h a f t   12  and  i t s   a t t a c h e d   c u p - s h a p e d   e l e m e n t  

11.  The  p o s i t i o n   r e l a t i o n s h i p   of   l o w e r m o s t   end  p o r t i o n   19 

of   b a r   18  and  t h e   q u e n c h   f l u i d   23  i s   s u c h   t h a t   l a r g e   m o l t e n  

g l o b u l e s   22  as  t h e y   d r i p   f r o m   end  p o r t i o n   19  d e s c e n d  

downward   to   c o n t a c t   t h e   r a p i d l y   m o v i n g   r o t a t i n g   c e n t r i f =  

u g a l l y   d i s p o s e d   w a l l   of   t h e   q u e n c h   f l u i d   2 3 .  

A l t h o u g h   n o t   i l l u s t r a t e d ,   a p p a r a t u s   10  c o u l d   b e  

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

c o n t a i n m e n t   v e s s e l   o r   t h e   l i k e   so  as  to  p r o v i d e ,   as  d e s i r e d ,  

a  r e d u c e d   or   e v a c u a t e d   p r e s s u r e   w i t h i n   c u p - s h a p e d   e l e m e n t  

11  and  a r o u n d   b a r   end  p o r t i o n   19,   or  i f   d e s i r e d   a n  

a t m o s p h e r e   of   a  p a r t i c u l a r   g a s ,   s u c h   as  an  i n e r t   gas   o f  

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

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

p a r t i c u l a t e s ,   t h e   c u p - s h a p e d   e l e m e n t   11  can   be  p o s i t i o n e d  

w i t h   i t s   h o l e   o r   o p e n i n g   16  and  c l o s u r e   means   of   s c r e w   17  

a t   i t s   l o w e r m o s t   r o t a t a b l e   l e v e l .   Sc rew  17  t h e n   can   b e  

r e m o v e d   w i t h   t h e   c o n t e n t s   of   l i q u i d   q u e n c h   f l u i d   23  a n d  

p r o d u c e d   p a r t i c u l a t e s   r e a d i l y   d r a i n e d   f rom  e l e m e n t   11  f o r  



s u b s e q u e n t   p r o c e s s i n g .   In  l i e u   of  h o l e   16  and  17,  a n  

a l t e r n a t i v e ,   n o t   i l l u s t r a t e d ,   a r r a n g e m e n t   w o u l d   be  t o  

h a v e   t h e   e n t i r e   c u p - l i k e   e l e m e n t   11  a f f i x e d   on  a  t i l t a b l e  

p l a t e .   In  t h i s   a r r a n g e m e n t   t he   e l e m e n t   11  can   be  e m p t i e d  

by  t i l t i n g   and  p o u r i n g .  

DETAILED  DISCLOSURE  OF  THE  INVENTION 

In  p r a c t i c e   of   t h e   i n v e n t i o n ,   an  u n c o n f i n e d   p o r t i o n  

of   a  mass   of   a p p r o p r i a t e   s o l i d   m a t e r i a l   i s   h e a t e d   to  a  

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

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

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

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

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

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

g l o b u l e s   in   such   t h a t   t h e   g l o b u l e s   c o n t a c t   a  l o w e r   p o r t i o n  

of   an  e x p o s e d   i n n e r   s u r f a c e   of  t he   m o v i n g   r i n g - l i k e   m a s s  

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

Upon  c o n t a c t   t h e r e   r e s u l t s   a  l oud   n o i s e ,   an  a l m o s t  

e x p l o s i v e - l i k e   s o u n d ,   and  t he   m o l t e n   g l o b u l e s   a r e  

d i s i n t e g r a t e d   and  b r o k e n   up  i n t o   n u m e r o u s   f r a g m e n t s .   T h e s e  

f r a g m e n t s   a r e   q u i c k l y   p i c k e d   up  and  w h i s k e d   away  in   t h e  

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

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

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

can   be  s e p a r a t e d   by  c o n v e n t i o n a l   means   f r o m   t h e   l i q u i d  

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

i n c l u d i n g   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 .  

In  o r d e r   f o r   t h e   i n v e n t i o n ' s   p r o c e s s   to  o p e r a t e   r e a d i l y ,  

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

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

g e n e r a l l y   w i t h i n   s p a c e   e n c o m p a s s e d   by  t h e   p e r i p h e r a l   s p a c e  
c i r c u m s c r i b e d   by  t h e   r a p i d l y   mov ing   r i n g - l i k e   mass  of  t h e  

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

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

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



r e l a t i v e l y   s h o r t .   W i t h   l a b o r a t o r y   a p p a r a t u s e s ,   d i s t a n c e s  
as  c l o s e   as  0 . 25   i n .   ( 0 . 6 3 5   cm.)   a re   u s e f u l   as  w e l l   a s  
d i s t a n c e s   as  g r e a t   as  1 .0   i n c h e s   ( 2 . 5 4   c m . ) .   P r e f e r r e d  

a r e   d i s t a n c e s   of   a b o u t   0 . 2 5   i n c h e s   ( 0 . 6 3 5   cm.)  to   0 . 5  

i n .   (1 .27   c m . ) ,   a l t h o u g h   p r e f e r r e d   d i s t a n c e s   can  v a r y  

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

s p e c i f i c   m a t e r i a l s   e m p l o y e d .   The  s i z e   and   s h a p e   of   t h e  

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

t h e   s p e c i f i c   c o m b i n a t i o n s   of   m a t e r i a l s   e m p l o y e d   ( i . e .  

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

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

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

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

g l o b u l e s .   A  m i n i m u m   q u e n c h a n t   s p e e d   a p p e a r s   to   be  a b o u t  

2500  rpm.  or  in   t h e   o r d e r   of  3750  f t . / m i n .   (1140  m . / s e c . ) .  

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

l e a s t   a  h u n d r e d - f o l d .   H i g h e r   s p e e d s   a p p a r e n t l y   p r o v i d e  

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

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

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

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

f a c t o r s ,   and  t h e   l i k e .  

In  c o m p a r i s o n   to   o t h e r   known  m e t h o d s   of   p r e p a r a t i o n  

of   r a p i d l y   s o l i d i f i e d   p a r t i c u l a t e s ,   t h i s   i n v e n t i o n ' s   m e t h o d  

p r o v i d e s   n u m e r o u s   a d v a n t a g e s .   S u b s t a n t i a l l y   any  l i q u i d  

m a t e r i a l   or   any  m a t e r i a l   w h i c h   can  be  p l a c e d   in   a  l i q u i d  

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

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

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

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

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

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

s p e e d ,   i f   d e s i r e d ,   w i t h   good   c o n t r o l   on  t h i s   s p e e d   and  t h u s  

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

p r o d u c e d   p a r t i c u l a t e s .   The  i n v e n t i o n ' s   c e n t r i f u g a l  



t e c h n i q u e   a p p e a r s   to  be  l e s s   c o s t l y   t h a n   p r i o r   a r t  

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

means   f o r   q u e n c h a n t s .   A d d i t i o n a l l y   t h e   i n v e n t i o n ' s  

c e n t r i f u g a l   q u e n c h a n t   t e c h n i q u e   can  p r o v i d e   more  t h a n  

a d e q u a t e   c o o l a n t   c a p a c i t y   and  t e m p e r a t u r e   c o n t r o l .   U p o n  

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

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

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

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

c o n t i n u o u s l y   w h i l e   w i t h i n   t h e   l i q u i d   q u e n c h a n t .   I n  

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

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

p r e v e n t s   f u r t h e r   c o o l i n g ,   i s   a v o i d e d   in   t h i s   i n v e n t i o n ' s  

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

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

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

t h e   i n v e n t i o n ' s   p r o c e s s   is   t h a t   t h e   m a t e r i a l   b e i n g   m a d e  

i n t o   p a r t i c u l a t e s   i s   m o l t e n   on ly   in  an  u n c o n f i n e d   s p a c e   a n d  

in   i t s   u n c o n f i n e d   m o l t e n   s t a t e   does   n o t   c o n t a c t   a  c r u c i b l e  

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

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

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

v e s s e l s   w i t h i n   w h i c h   t h e y   a r e   m e l t e d .   Such  i m p u r i t i e s   i f  

p i c k e d   up  w o u l d   be  e x p e c t e d   to  c a r r y  o v e r   and  be  f o u n d   i n  

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

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

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

A l s o   t h e   i n v e n t i o n   can   be  a p p l i e d   to  c e r t a i n   h i g h l y  
r e a c t i v e   m a t e r i a l s ,   f o r   e x a m p l e   m e t a l s   and  a l l o y s   of  T i ,  

Zr,   e t c .   f o r   w h i c h   no  s u i t a b l e   c r u c i b l e   i s   a v a i l a b l e ,  
b e c a u s e   of   t h e   m e t a l ' s   t e n d e n c y   to  r e a c t   and   d e g r a d e   t h e  

c r u c i b l e ,   and  c e r t a i n   h i g h   m e l t i n g   m a t e r i a l s ,   such   a s  
s t e e l ,   r e f r a c t o r y - b a s e d   a l l o y s ,   e t c .   f o r   w h i c h   a  s u i t a b l e  
c r u c i b l e   i s   e i t h e r   n o t   a v a i l a b l e   o r ,   when  a v a i l a b l e   i s  

v e r y   c o s t l y .  



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

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

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

l i k e .   B e c a u s e   of  t h e   h i g h   r o t a t i o n a l   f o r c e s   to  w h i c h   t h i s  

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

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

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

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

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

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

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

s u r r o u n d e d   by  p r o t e c t i v e   s a f e t y   s h i e l d s ,   and  t h e   l i k e .  

The  n o n - i l l u s t r a t e d   h o l d i n g   and  a d v a n c i n g   means   f o r  

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

w h i c h   an  u n c o n f i n e d   p o r t i o n   t h e r e o f   i s   made  m o l t e n   t o  

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

means   known  in   t h e   a r t   s u c h   a s ,   f o r   e x a m p l e ,   means   f o r  

h o l d i n g   and   a d v a n c i n g   of   w e l d i n g   r o d s ,   or  a  s y n c h r o n i z e d  

m e t a l   f e e d   s y s t e m ,   and  t h e   l i k e ,   w i t h   l i t t l e   to   n o  

m o d i f i c a t i o n   of   t h e s e   m e a n s .  

The  e m p l o y e d   l i q u i d   q u e n c h   f l u i d   may  be  a  p u r e   l i q u i d ,  

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

l i q u i d   d i s p e r s i o n .   The  q u e n c h   f l u i d   may  be  i n e r t   a n d  

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

w h i c h   i t   i s   u s e d ,   and  g e n e r a l l y   i s   so .   H o w e v e r ,   t h e  
i n v e n t i o n   d o e s   n o t   e x c l u d e   l i q u i d   q u e n c h   f l u i d s ,   w h i c h   may  
r e a c t   w i t h   t h e   p a r t i c u l a r l y   e m p l o y e d   m o l t e n   m a t e r i a l   s o  
l o n g   as  s u c h   r e a c t i o n   p r i m a r i l y   i s   of  a  s u r f a c e   s k i n  

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

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

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

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

t e m p e r a t u r e   i s   made  in   r e l a t i o n   to   t he   p a r t i c u l a r l y  

e m p l o y e d   m a t e r i a l   b e i n g   made  i n t o   p a r t i c u l a t e s   as  w e l l   a s  

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



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

a l s o   as  w e l l   as  t he   d e p t h   or   t h i c k n e s s   of  and  m o v e m e n t  

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

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

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

t h e r m a l   c a p a c i t y ,   be  non  t o x i c ,   be  r e l a t i v e l y   n o n -  

f l a m m a b l e ,   be  of   low  c o s t ,  a n d   t h e   l i k e .   For   e x a m p l e ,  

w a t e r   i s   q u i t e   u s e f u l   f o r   m o l t e n   g l o b u l e s   of   m a n y  
m a t e r i a l s   and  w i t h   g l o b u l e s   whose   t e m p e r a t u r e s   a r e   as  h i g h  

as  2 2 0 0 ° F   (1204°C)   and  h i g h e r ;   l i k e w i s e   v a r i o u s   l o w e r  

t e m p e r a t u r e   a q u e o u s   s a l t   ( e . g .   N a C l ,   MgCl2,   ZnCl2)  b r i n e s  

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

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

u s e f u l ;   e t c .   A l m o s t   any  l i q u i d   q u e n c h a n t   or  q u e n c h   f l u i d  

may  be  u s e d   so  l o n g   as  i t   can   be  p l a c e d   in  t h e   s t a t e   of   a  

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

l i q u i d   mass   p o s s e s s i n g   such   d e n s i t y   and  k i n e t i c   m o v e m e n t  

and  h e a t   c a p a c i t y   so  as  to  d i s i n t e g r a t e   and  b r e a k   up  t h e  

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

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

v a r i o u s   m o l t e n   m a t e r i a l s :   c o l d   w a t e r   or   m i x t u r e   of   b r i n e  

and  c o l d   w a t e r   f o r   m o l t e n   Fe,   N i ,   and  o t h e r   n o n - r e a c t i n g  

t r a n s i t i o n   m e t a l   a l l o y s ;   i n e r t   f l u i d s   such   as  l i q u i d  

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

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

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

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

f l u i d s   a l s o   may  be  e m p l o y e d .  

A l t h o u g h   t he   m o l t e n   m a t e r i a l ,   w h i c h   is  f o r m e d   i n t o  

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

s p e c i f i c   i l l u s t r a t i v e   e x a m p l e s   w i t h   p a r t i c u l a r i t y   as  f r o m  

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

of  t h e   s ame ,   t he   i n v e n t i o n   s h o u l d   be  and  i s   c o n s i d e r e d  

o p e r a b l e   w i t h   any  m a t e r i a l   p o s s e s s i n g   p r o p e r t i e s ,   in  t h e  

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

m e l t i n g   p o i n t ,   s i m i l a r   to   t h o s e   of   m o l t e n   m e t a l s .   T h e  



m o l t e n   m a t e r i a l   s h o u l d   h a v e ,   a t   a  t e m p e r a t u r e   w i t h   25  

p e r c e n t   of  i t s   e q u i l i b r i u m   m e l t i n g   p o i n t   in  °K . ,   t h e  

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

f r o m   10  to   2 , 5 0 0   d y n e s / c m ,   a  v i s c o s i t y   in   t h e   r a n g e   o f  

f r o m   1 0 - 3   to  1  p o i s e   and  r e a s o n a b l y   d i s c r e t e   m e l t i n g   p o i n t  

( i . e .   a  d i s c o n t i n u o u s   t e m p e r a t u r e   v e r s u s   v i s c o s i t y   c u r v e ) .  

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

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

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

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

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

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

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

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

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

s u c h   an  a l l o y   w o u l d   be  " m o l t e n "   o n l y   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   even   t h o u g h   t h e r e   i s   some  m o l t e n   m a t e r i a l  

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

t e m p e r a t u r e s .  

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

p a r t i c u l a t e s   by  t h e   i n v e n t i o n ' s   m e t h o d ,   can   be  f r o m  

m e l t i n g   by  c o n v e n t i o n a l   h e a t i n g   means   o f :   a  m e t a l ,   f o r  

e x a m p l e ,   a l u m i n u m ,   z i n c ,   l e a d ,   t i n ,   c o p p e r   and  t h e   l i k e ;  

o r   f r o m   m e l t i n g   a  m e t a l   a l l o y ,   f o r   e x a m p l e ,   a  p r e d o m i n a n t l y  

n i c k l e   a l l o y   s u c h   as  N i 6 3 C r 1 2 F e 4 B 1 3 S i 8 ,   o r   F e 4 0 N i 4 0 P 1 4 B 6 ,  
and   t h e   l i k e ;   or   f r o m   m e l t i n g   m e t a s t a b l e   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   known  to   be  o b t a i n a b l e   in   t h e   g l a s s y   or   a m o r p h o u s  

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

No.  3 , 8 5 6 , 5 1 3   and  in   p r i o r   a r t   m e n t i o n e d   and  d i s c u s s e d   i n  

t h a t   p a t e n t ,   as  w e l l   as  even   o t h e r   m e t a s t a b l e   a l l o y  

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

p a r t i c u l a t e   a m o r p h o u s   s t a t e ,   s u c h   as  M g 7 0 Z n 3 0 ,   T a 6 0 I r 3 0 B 1 0 ,  

T i 6 0 N i 3 0 S i 1 0 ,   M o 8 0 R u 1 0 P 1 0 ,   e t c .  

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

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

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



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

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

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

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

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

i n v e n t i o n .   M a t e r i a l s   known  to  be  o p e r a b l e   w i t h o u t   t h e  

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

of  i r o n ,   s i l v e r ,   n i c k e l ,   t i n ,   and  z i n c .   Where  i t   i s  

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

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

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

c o n t a i n m e n t  v e s s e l   f o r   a p p a r a t u s   10.  The  m e t h o d   t h e n   c a n  

be  c a r r i e d   o u t   in   an  i n e r t   a t m o s p h e r e   or   even   a t   r e d u c e d  

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

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

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

t h e   g l o b u l e s   c o n t a c t   q u e n c h a n t .   A l t e r n a t i v e l y   in  l i e u   o f  

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

may  be  u s e d   to   p r o v i d e   a  d e s i r e d   gas  e n v i r o n m e n t   in   t h e  

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

w e l l   as  t h e   p a t h   t h e y   d e s c e n d   to   c o n t a c t   t h e   r a p i d l y  

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

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

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

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

f l a m e   20  and  t o r c h   21,  one   w o u l d   e m p l o y   o t h e r   means   f o r  

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

means   s u c h   as  e l e c t r o n   beam  h e a t i n g ,   a rc   m e l t i n g ,   l a s e r  

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

as  o x y - h y d r o g e n   and  o x y - a c e t y l e n e   t o r c h e s ,   and  l i k e  

c o n v e n t i o n a l   h e a t i n g   m e a n s .  

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

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

s h a p e d   e l e m e n t   or  d rum,   t h e   q u e n c h i n g   f l u i d   is   s e p a r a t e d  

by  c o n v e n t i o n a l   means   s u c h   as  d e c a n t i n g ,   f i l t e r i n g ,  



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

may  be  c l e a n e d   by  w a s h i n g ,   e t c .   and  t h e n   s e p a r a t e d   b y  

c o n v e n t i o n a l   means   i n t o   v a r i o u s   s h a p e s ,   s i z e s ,   a n d  

c l a s s e s   of  p a r t i c u l a t e s .   U s e f u l   f o r   such   s e p a r a t i o n   a r e  

c o n v e n t i o n a l   s i e v e s ,   p r e c i s i o n   s i e v e s ,   r o l l   t a b l e s ,  

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

BEST  MODE  OF  CARRYING  OUT  THE  INVENTION 

The  b e s t   mode  p r e s e n t l y   known  f o r   c a r r y i n g   o u t   t h e  

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

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

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

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

t h e   f u l l   b e n e f i t s   and  a d v a n t a g e s   to  be  d e r i v e d   upon   s c a l e  

up  to   c o m m e r c i a l   p r a c t i c e   and  to   c o m m e r c i a l   p a r t i c u l a t e  

p r o d u c t s   a r e   e x p e c t e d   to   be  of   much  g r e a t e r   v a l u e .  

IN  THE  EXAMPLES 

In  t h e   i l l u s t r a t i v e   e x a m p l e s ,   w h i c h   f o l l o w ,   t h e r e  

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

d e s c r i p t i o n   and  n a t u r e   of   t h a t   shown  in  FIG.   1.  The  c u p -  

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

h a s   an  i n t e r n a l   d i a m e t e r   a v e r a g i n g   a b o u t   6 .5   i n c h e s  

( 1 6 . 5   c m . ) ,   a  h e i g h t   of   a b o u t   2  i n c h e s   ( 5 . 0 8   c m . ) ,   a n d  

i s   c a p a b l e   of  c o n t a i n i n g   l i q u i d   q u e n c h a n t   in  a m o u n t s   u p  
to  200  ml.   and  m o r e .   The  m o t o r   means   d r i v i n g   t h e   s h a f t  

of   t h e   c u p - s h a p e d   e l e m e n t   i s   a  0 . 5   HP  e l e c t r i c a l   m o t o r  

w h o s e   s p e e d   can   be  v a r i e d   and  s e t   a t   a  d e s i r e d   c o n s t a n t  

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

r e g u l a t e d   by  a  c o n t r o l l e r .  

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

f l u i d   i s   p l a c e d   in   t h e   c u p - s h a p e d   e l e m e n t   and  t h i s   e l e m e n t  

r o t a t e d   a t   a  d e s i r e d   s p e e d   and   a l s o   a  s p e e d   a d e q u a t e   t o  

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

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

c u p - s h a p e d   e l e m e n t .   A  s o l i d   rod   or   b a r   of  t h e   m a t e r i a l   t o  



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

one  end  d i r e c t l y   o v e r   t he   p a t h   t r a v e r s e d   by  a  l o w e r   p o r t i o n  

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

l i q u i d   q u e n c h   f l u i d .   A  h e a t   m e a n s ,   such   as  s p e c i f i e d   a n d  

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

e x a m p l e   t h e   t o r c h ' s   f l a m e   f o c u s e d   on  a  l o w e r   end  p o r t i o n  

of   t h e   b a r   or   rod   and  t h e   h e a t   m e a n s ,   e . g .   t o r c h ' s   f l a m e ,  

a d j u s t e d   so  t h a t  m o l t e n   g l o b u l e s   of   m a t e r i a l   d r i p   a n d / o r  

f a l l   d o w n w a r d   f rom  t h e   b a r   or  rod   to   c o n t a c t   t he   r o t a t a b l y  

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

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

is   h e a r d   a  l o u d   e x p l o s i v e - t y p e   s o u n d   and  t h e   g l o b u l e  

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

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

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

W i t h i n   t h e   q u e n c h a n t ,   t h e   f r a g m e n t s   or   p a r t i c u l a t e s   a r e  

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

an  o r d e r   r e q u i s i t e   to  p r o v i d e   p a r t i c u l a t e s   of   a  m e t a l l i c  

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

on  t h e   s i z e   of   t h e   p a r t i c l e   w h i c h   in   t u r n   a p p a r e n t l y  

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

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

d r o p p e d   m o l t e n   g l o b u l e .  

EXAMPLE  A 

A  b a r   o f   s u b s t a n t i a l l y   p u r e   t i n   of  s q u a r e   c r o s s -  

s e c t i o n   of   0 . 2 5   i n .   ( 0 . 6 4 5   cm.)  on  a  s i d e   and  a b o u t   4  t o  

5  i n .   ( 1 0 . 1 6   to   1 2 . 7   cm.)  l e n g t h   i s   e m p l o y e d   as  t h e  

m a t e r i a l   to  be  made  i n t o   f i n e   p a r t i c u l a t e s .   W a t e r   i s  

u s e d   as  t h e   q u e n c h   f l u i d   ( a b o u t   150  m l . )   and  t h e   c u p -  

s h a p e d   e l e m e n t   r o t a t e d   a t   a b o u t   1 0 , 0 0 0   rpm.  or  in   t h e  

o r d e r   of   4 , 0 0 0 f t . / m i n .   (-,1400  m . / m i n . ) .   A  p r o p a n e   g a s  

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

end  of   t h e   t i n  b a r ,   w h i c h   end  was  d i s p o s e d   i n s i d e   of  a n d  

a p p r o x i m a t e l y   0 .4  i n .   (1  cm.)  d i r e c t l y   o v e r h e a d   of  t h e  

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



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

was  a t   room  t e m p e r a t u r e   of   a b o u t   6 8 ° F .   ( 2 0 ° C . )   a t   t h e   s t a r t .  

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

was  mov ing   in   a  s u b s t a n t i a l l y   v e r t i c a l   p l a n e .   The  t o r c h ' s  

f l a m e   upon  b r i n g i n g   t h e   end  of   t h e   t i n   b a r   to  a  m o l t e n  

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

t i n   a p p r o x i m a t e l y   0 . 1 2 5   i n .   ( 3 . 1 8   mm.)  in   d i a m e t e r .   T h e  

m o l t e n   g l o b u l e s   upon   s t r i k i n g   t h e   h i g h - s p e e d   w a t e r   p r o v i d e d  

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

t i m e ,   the   t o r c h ' s   f l a m e   was  d i s c o n t i n u e d ;   t h e   r o t a t i o n   o f  

t h e   c u p - s h a p e d   e l e m e n t   c e a s e d ;   and  a  mix  of  w a t e r   and  f i n e  

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

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

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

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

p r o d u c e d   t i n   p a r t i c u l a t e s   o f   - 3 2 5   mesh  s i z e   (U.S.   S i e v e  

S e r i e s ) .  

EXAMPLE  B 

V a r i e d   a d d i t i o n a l   p r e p a r a t i o n s   a r e   made  f rom  b a r s  

a n d / o r   r o d s   of  c r o s s - s e c t i o n a l   a r e a s   f r o m   0 . 0 1 6   sq .   i n  

( 0 . 1 0 3   cm.2)   to  1  s q .   i n .   ( 6 . 4 5   cm.2)   o f   s o l i d   s o u r c e  
m a t e r i a l s   of  z i n c ,   l e a d ,   t i t a n i u m ,   F e 4 0 N i 4 0 P 1 4 B 6   and  a n  
a l u m i n u m   a l l o y   w h i c h   in   w e i g h t   p e r c e n t   c o n s i s t s   e s s e n t i a l l y  
of   4.4%  Cu,  1 . 5 % M g ,   0.6%  Mn,  and  b a l a n c e   Al ,   u s i n g   s e l e c t e d  

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

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

H o u g h t o n   K - o i l   w h i c h   i s   of   a  m i n e r a l   o i l   b a s e   c o n t a i n i n g  
o x i d e   i n h i b i t o r s   and  w h i c h   m e e t s   M i l i t a r y   S p e c i f i c a t i o n  

M I L - H - 6 8 7 5 D ,   and  c u p - s h a p e d   e l e m e n t   r o t a t i n g   s p e e d s   o f  
2500  to  1 0 , 0 0 0   r p m . ,   and  w i t h   m o l t e n   g l o b u l e   d i s t a n c e   t o  

r o t a t a b l y   m o v i n g   c e n t r i f u g a l l y   d i s p o s e d   l i q u i d   q u e n c h a n t  
of   f rom  0 .25   i n .   ( 0 . 6 4 5   cm.)  to  1  i n .   ( 2 . 5 4   c m . ) .   In  e a c h  

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



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

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

and  i r r e g u l a r  s h a p e s   and  of  v a r i o u s   s i z e s   can   be  p r e p a r e d  

f rom  a  d i v e r s i t y  o f   m a t e r i a l s   in  t h e i r   m o l t e n   s t a t e .   F o r  

e x a m p l e ,   w a t e r   as  t h e  q u e n c h a n t  f a v o r s   f l a k e   and  s p h e r e -  

t y p e   p a r t i c u l a t e . f o r m a t i o n ,   w h i l e   o i l   as  t h e   q u e n c h a n t  

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

or  n e a r   s p h e r i c a l   p a r t i c u l a t e s .   T h e s e   s h a p e s   and  s i z e s  

s u b s e q u e n t l y  a r e  s e p a r a b l e   and  c l a s s i f i a b l e ,   as  d e s i r e d ,  

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

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

a p p l i c a t i o n s ,   such   as  in   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  

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

i n t o   u s e f u l   a r t i c l e s ,   o r   t h e y   can  be  u s e d   as  a  f e e d   s t o c k  

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

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

make  by  c o n v e n t i o n a l  m e a n s ,   or  as  p a r t i c u l a t e s   in   m a g n e t i c  

t a p e s ,   and  t he   l i k e .  



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

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

25  p e r c e n t   of   i t s   e q u i l i b r i u m   m e l t i n g   p o i n t   °K  has   a  

s u r f a c e   t e n s i o n   of   10  to   2500  d y n e s / c m .   and  a  v i s c o s i t y  

of  0 . 0 0 1   to   1  p o i s e ,   c o m p r i s i n g   t h e   s t e p s   o f :  

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

m a t e r i a l   to   a  m o l t e n   s t a t e   so  as  to   p e r m i t  

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

(b)  p r o v i d i n g   a  r a p i d l y   m o v i n g   r i n g - l i k e   mass   of  a  

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

f l u i d ;  

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

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

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

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

m o v i n g   r i n g - l i k e   mass  of   t he   c e n t r i f u g a l l y  

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

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

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

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

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

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

b r o k e n   up  and  r a p i d l y   c o o l e d   by  s a i d   r a p i d l y  

m o v i n g   r i n g - l i k e   mass   o f   t h e   c e n t r i f u g a l l y  

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

2.  The  m e t h o d   o f   C l a i m   1  in   w h i c h   t h e   r a p i d l y   m o v i n g  

r i n g - l i k e   mass  t r a v e l s   a t   a  s p e e d   of   a t   l e a s t   3750  f t . / m i n .  

3.  The  m e t h o d   of   C l a i m   2  i n c l u d i n g   a  p r o v i d i n g   of  a n  
i n e r t   gas  e n v i r o n m e n t   in   t h e   i m m e d i a t e   v i c i n i t y   of   s a i d  

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

m a t e r i a l .  



4 .   The  m e t h o d  o f   C l a i m  2   in  w h i c h   t h e  u n c o n f i n e d  ,  

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

5.  The  m e t h o d   of   C l a i m   4  e m p l o y i n g   w a t e r   as  s a i d  

l i q u i d   q u e n c h   f l u i d .  

6.  The  m e t h o d   of  C l a i m   2  in  w h i c h   t h e   s e p a r a t e d  

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

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

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

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

w i t h i n   25  p e r c e n t   of  i t s   e q u i l i b r i u m   m e l t i n g   p o i n t   °K 

has   a  s u r f a c e   t e n s i o n   of  10  to   2500  d y n e s / c m .   and  a  

v i s c o s i t y   o f   0 . 0 0 1   to  1  p o i s e ,   c o m p r i s i n g   t h e   s t e p s   o f :  

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

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

v o l u m e   of  t he   m o l t e n   g l o b u l e   t h r o u g h   p r o v i d i n g   t h e  

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

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

t h e   m o l t e n   g l o b u l e   w i t h   a  r a p i d l y   m o v i n g   r i n g - l i k e  

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

q u e n c h   f l u i d ;   a n d  

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

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

upon   t h e i r   f o r m a t i o n   had   b e e n   r a p i d l y   c o o l e d   a n d  

q u e n c h e d   by  b e i n g   s w e p t   up  and  w h i s k e d   i n t o   t h e  

r a p i d l y   mov ing   r i n g - l i k e   mass   of   t h e   c e n t r i f u g a l l y  

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

8.  The  m e t h o d   of  C l a i m   7  e m p l o y i n g   t h e   n o r m a l l y   s o l i d  

m a t e r i a l   w h i c h   i s   a  m e t a l   or  m e t a l   a l l o y   and  in  w h i c h   t h e  

r a p i d l y   m o v i n g   r i n g - l i k e   mass  t r a v e l s   a t   a  s p e e d   of  a t  

l e a s t   3750  f t . / m i n .  



9.  The  m e t h o d   of   C l a i m   8  i n c l u d i n g   a  p r o v i d i n g   o f  

an  i n e r t   gas   e n v i r o n m e n t   in   t h e   v i c i n i t y   of   s a i d  

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

10.  The  m e t h o d   of   C l a i m   9  w h i c h   p r o v i d e s   s o l i d   f i n e  

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