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FIELD  OF  THE  INVENTION 

This   i n v e n t i o n  r e l a t e s   to  the   s y n t h e s i s   o f  

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

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

BACKGROUND  OF  THE  INVENTION 

Bulk  d i s o r d e r e d   m a t e r i a l s   are   u s e f u l   b e c a u s e  

of  the   p r o p e r t i e s   d e r i v e d   from  t h e i r   d i s o r d e r e d  

s t r u c t u r e .   The  d i s o r d e r e d   s t r u c t u r e   p r o v i d e s   t h e  

s y n t h e s i s t   w i th   t he   a b i l i t y   to  t a i l o r   make  t h e  

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

c a t a l y t i c ,   h y d r o g e n   s t o r a g e ,   and  u l t i m a t e   p r o p e r t i e s  
of  the   d i s o r d e r e d   m a t e r i a l .   Bulk  d i s o r d e r e d   m a t e r i a l s  

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

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

a b i l i t y   to  r e v e r s i b l y   form  h y d r i d e s   w h i l e   r e t a i n i n g  



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

p r o p e r t i e s ,   s u b s t a n t i a l l y   i n d e p e n d e n t   of  the   number   o f  

c y c l e s .  

Bulk  d i s o r d e r e d   m a t e r i a l s ,   e . g . ,   a l l o y s   o f  

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

m e t a l s ,   and  t he   l i k e   are  a l s o   u s e f u l   as  p e r m a n e n t  

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

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

more  r a r e   e a r t h   m e t a l s ,   b o r o n ,   and  one  or  more  f u r t h e r  

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

In  o r d e r   to  o b t a i n   the   d e s i r e d   p r o p e r t i e s ,   i t  

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

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

and  c o m p o s i t i o n s .   In  o r d e r   to  o b t a i n   d i s o r d e r e d  

m a t e r i a l s   i t   is  n e c e s s a r y   to  q u e n c h   t h e   m o l t e n  

m a t e r i a l   to  t he   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   at  a  r a t e  

s u b s t a n t i a l l y   h igh   enough   to  s u b s t a n t i a l l y   a v o i d  

f o r m a t i o n   of  t he   s t a t e s   o b t a i n e d   at   low  q u e n c h   r a t e s .  

Tha t   i s ,   t he   q u e n c h   r a t e   must  be  h i g h   enough   t o  

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

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

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

d i s o r d e r e d   s t r u c t u r e s ,   and  d i s o r d e r e d   m o r p h o l o g i e s .  

A  p r e f e r r e d   method   of  q u e n c h i n g   is  t h e  

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

m a t e r i a l   t h e r e o n ,   where   a l l   r e g i o n s   of  the   t h i n  

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

g e o m e t r y   w i th   r e s p e c t   to  the   c h i l l   s u r f a c e .   By  t h i s  

e x p e d i e n t ,   i n i t i a l   quench   r a t e s   on  t h e   o r d e r   o f  
1 0 5 - 1 0 7 0 C   per   s e c o n d   are  o b t a i n e d ,   t h e r e b y  

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

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

One  p r e f e r r e d   method  of  a t t a i n i n g   t h e  

a f o r e m e n t i o n e d   h igh   quench   r a t e s   is  m e l t   s p i n n i n g   i n  



which  a  j e t   of  m o l t e n   m a t e r i a l   is  f o r c e d   t h r o u g h   a 

p r e s s u r i z e d   o r i f i c e   on to   a  quench   s u r f a c e ,   where  t h e  

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

h igh   quench   r a t e ,   t y p i c a l l y   1  to  50  m e t e r s   p e r  

s e c o n d .   In  me l t   s p i n n i n g ,   an  e x t r e m e l y   high  q u e n c h  

r a t e   is  o b t a i n e d   f o r   a  b r i e f   p e r i o d   of  t i m e .   H o w e v e r ,  

t he   quench   d u r a t i o n   may  be  i n s u f f i c i e n t   to  quench   t h e  

f i l a m e n t   be low  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 .   I n  

o r d e r   to  o b t a i n   d i s o r d e r e d   m a t e r i a l s   h a v i n g   a  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 a r   be low  the   m e l t i n g  

t e m p e r a t u r e ,   i t   is  n e c e s s a r y   to  r e s o r t   to  o t h e r  

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

U.S.   P a t e n t   3 , 8 6 2 , 6 5 8   to  B e d e l l ,   et  al  f o r  

E x t e n d e d   R e t e n t i o n   Of  Melt  Spun  R ibbon   On  Q u e n c h i n g  

Whee l ,   d i s c l o s e s   a  method  fo r   t he   p r o d u c t i o n   of  m e t a l  

f i l a m e n t   u s i n g   a  r o t a t i n g   quench   w h e e l .   A  m o l t e n  

p u d d l e   is  f o r m e d   on  the  quench   w h e e l ,   f o r m i n g   a  s o l i d  

f i l a m e n t   on  the   quench   w h e e l .   The  p e r i o d   of  c o n t a c t  

b e t w e e n   the   f i l a m e n t   and  the  quench   wheel   is  p r o l o n g e d  

by  e x t e r n a l   means  w h i c h  a c t   on  the   f i l a m e n t .   The 

e x t e r n a l   m e a n s ,   which  may  be  a  g a s e o u s   s t r e a m   i m p o s i n g  

a  d o w n w a r d ,   c e n t r i p e t a l   f o r c e   on  the   f i l a m e n t ,   i s  

a p p l i e d   o v e r   an  e l o n g a t e d   p o r t i o n   of  t he   d e p o s i t e d  

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

f i l a m e n t   f rom  the   w h e e l .   This   p a r t i a l l y   o v e r c o m e s   t h e  

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

a c t s   as  an  a u x i l a r y   c h i l l i n g   m e a n s .  

More  p a r t i c u l a r l y ,   in  B e d e l l ,   et  al  one  o r  

more  gas  j e t s   i m p i n g e   i n w a r d l y   a g a i n s t   the   f o r m i n g  
me ta l   f i l a m e n t   s t r e a m   on  the  wheel   s u r f a c e   w h e r e b y   t o  

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

d e p a r t i n g   f rom  the   wheel  u n t i l   the   d e s i r e d   t e m p e r a t u r e  

is  a c h i e v e d .   The  gas  may  be  i m p i n g e d   on  the  f i l a m e n t  

e i t h e r   d i r e c t l y   i . e .   from  one  gas  j e t ,   or  t h r o u g h   a 

gas  m a n i f o l d .  



U . S .  - P a t e n t   4 , 0 7 7 , 4 6 2   to  B e d e l l ,   et  al  f o r  

C h i l l   Rol l   C a s t i n g   Of  C o n t i n u o u s   F i l a m e n t ,   d i s c l o s e s  

t h a t   a  s t a t i o n a r y   h o u s i n g   may  s u r r o u n d   the   p e r i p h e r a l  

s u r f a c e   of  the   c h i l l   wheel  in  an  a r c h .   The  a r c h  

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

the   c r u c i b l e   on to   the   c h i l l   wheel   and  t e r m i n a t e s   at  a 

p r e d e t e r m i n e d   s t r i p p i n g ,   t a k e   o f f ,   or  b r e a k   away  p o i n t  

where   the   s o l i d   f i l a m e n t   is  r e m o v e d   f rom  t he   c h i l l  

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

the   p e r i p h e r a l   s u r f a c e   of  the   c h i l l   wheel   and  t h e  

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

f o r   p r o v i d i n g   a  s ea l   a l o n g   the   l e n g t h   of  t he   h o u s i n g  

b e t w e e n   i t   and  the   c h i l l   wheel   to  p r e v e n t   e x c e s s i v e  

e s c a p e   of  f l u i d .   The  gap  b e t w e e n   t h e   c h i l l   wheel   a n d  

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

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

is  i n t r o d u c e d   i n t o   the   gap  d e f i n e d   by  the   h o u s i n g   a n d  

the   c h i l l   w h e e l .   The  f l u i d   p a s s e s   t h r o u g h   the   gap  i n  

the   d i r e c t i o n   of  r o t a t i o n   of  t he   c h i l l   wheel   and  i s  

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

d i r e c t i o n   as  the   c h i l l   w h e e l .   B e d e l l ,   et   al  d i s c l o s e s  

the   i n t r o d u c t i o n   of  a i r   i n t o   the   gap  by  means  of  a i r  

i n l e t   p o r t s   l o c a t e d   50°  and  80°  f rom  the   p o i n t   o f  

me ta l   i n l e t   in  the   d i r e c t i o n   of  r o t a t i o n   of  t h e   c h i l l  

w h e e l .   The  a i r   is  i n t r o d u c e d   at  a m b i e n t   t e m p e r a t u r e  

and  a  f low  r a t e   of  20  s t a n d a r d   c u b i c   f e e t   per   m i n u t e  

to  each  of  the   two  f l u i d   i n l e t   p o r t s ,   the   v e l o c i t y   o f  

f l u i d   f low  b e i n g   t w i c e   the  v e l o c i t y   of  the   c h i l l   w h e e l  

at  i t s   p a r a m e t e r .  

In  U.S.   P a t e n t   4 , 1 7 7 , 8 5 6   to  L i e b e r m a n   f o r  

C r i t i c a l   Gas  B o u n d a r y   Layer   R e y n o l d s   Number  F o r  

E n h a n c e d   P r o c e s s i n g   Of  Wide  G l a s s y   A l l o y   R i b b o n   i t   i s  

d i s c l o s e d   t h a t   a  c r i t i c a l   gas  b o u n d a r y   l a y e r   R e y n o l d s  

number   is  n e c e s s a r y   at  the   m e t a l - g a s   s u r f a c e .  

H o w e v e r ,   L i e b e r m a n   does  not  e x t e n d   the   q u e n c h   d u r a t i o n .  



U . S . . P a t e n t   4 , 2 8 2 , 9 2 1   to  L i e b e r m a n ,   et  al  f o r  

Method   For  A  Mel t   P u d d l e   C o n t r o l   And  Quench  R a t e  

I m p r o v e m e n t s   In  Mel t   S p i n n i n g   Of  M e t a l l i c   R i b b o n s ,  

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

w h e r e   a  me l t   s t r e a m   is  d e p o s i t e d   on to   the   c h i l l   w h e e l  

to  form  a  m o l t e n   a l l o y   and  a  c o n f l u e n t   gas  is  s u p p l i e d  

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

c o a x i a l   w i th   and  e n c o m p a s s e s   t he   e j e c t e d   me ta l   s t r e a m ,  

b e a r i n g   down  on  and  s u r r o u n d i n g   the   m o l t e n   a l l o y  

p u d d l e   as  the   s o l i d   m e t a l   s t r i p   is  f o r m e d .   L i e b e r m a n  

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

does   not   e f f e c t   q u e n c h   r a t e   or  d u r a t i o n .  

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

p r o p e r t i e s   do  not  m a t e r i a l l y   e n h a n c e   quench   d u r a t i o n .  

SUMMARY  OF  THE  INVENTION 

A c c o r d i n g   to  the   i n v e n t i o n   h e r e i n  

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

f o r   f o r m i n g   d i s o r d e r e d   m a t e r i a l ,   e . g .   f i l a m e n t a r y  

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

p r o v i d e d   a  c h i l l   s u r f a c e ,   a  r e s e r v o i r ,   and  a  gas  j e t  

b e y o n d   the  t a k e   o f f   p o i n t ,   and,   in  a  p r e f e r r e d  

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

s u r f a c e   wi th   r e s p e c t   to  the   t a k e   o f f   p o i n t .   That   i s ,  

t h e   gas  j e t   is  b e y o n d   the   t a k e   o f f   p o i n t .   In  a 

p r e f e r r e d   e x e m p l i f i c a t i o n   i t   is  on  a  l i n e   e x t e n d i n g  

f rom  the   f i l a m e n t   t a k e - o f f   p o i n t ,   t a n g e n t i a l   to  t h e  

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

A c c o r d i n g   to  t he   i n v e n t i o n   h e r e i n  

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

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

to  t he   c o n t e m p l a t e d   method   a  moving   quench   s u r f a c e   i s  

p r o v i d e d   in  p r o x i m i t y   to  a  d i s c h a r g e   o r i f i c e   of  a 

v e s s e l   of  m o l t e n   m a t e r i a l .   The  m o l t e n   m a t e r i a l   i s  

f o r c e d   from  the   v e s s e l   t h r o u g h   the   o r i f i c e   on to   t h e  



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

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

f o r m i n g   on  and  c a r r i e d   by  the   c h i l l   s u r f a c e   means  to  a 

b reak   of f   or  t a k e   o f f   p o i n t .   A  h igh   v e l o c i t y   gas  j e t  

is  i n t r o d u c e d   c o l l i n e a r   to  the   r i b b o n ,   b e y o n d   the   t a k e  

o f f   p o i n t .   In  a  p r e f e r r e d   e x e m p l i f i c a t i o n   t he   gas  j e t  

is  on  a  l i n e   e x t e n d i n g   from  and  t a n g e n t i a l   to  t he   t a k e  

o f f   p o i n t .   The  h igh   v e l o c i t y   gas  f l o w   is  i n t r o d u c e d  

s u b s e q u e n t   to  the   t a k e   o f f   of  t he   r i b b o n ,   and  i n  

c o n t a c t   w i t h ,   and  at  a  h i g h e r   v e l o c i t y   t h a n   t h e  

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

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

o f f   p o i n t ,   in  t h i s   way  to  i n c r e a s e   t h e   d u r a t i o n   o f  

t h e r m a l   c o n t a c t   b e t w e e n   the   r i b b o n   and  the   q u e n c h  

s u r f a c e .  

As  h e r e i n   used  the   t e r m   " d i s o r d e r e d  

m a t e r i a l s "   means  m a t e r i a l s   c h a r a c t e r i z e d   by  t h e  

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

may  have  s h o r t   r a n g e   l o c a l   o r d e r .   D i s o r d e r e d  

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

m i c r o c r y s t a l l i n e   m a t e r i a l s ,   p o l y c r y s t a l l i n e   m a t e r i a l s ,  

and  m i x t u r e s   t h e r e o f .   Whi le   t he   d i s o r d e r e d   m a t e r i a l s  

may  have  z o n e s ,   r e g i o n s ,   and  or  i n c l u s i o n s   o f  

c r y s t a l l i n e   m a t e r i a l s ,   t h i s   does   not   d e t r a c t   f r o m  

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

D i s o r d e r e d   m a t e r i a l s   may  be  c h a r a c t e r i z e d   b y  

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

r e g i o n s ,   and  m o r p h o l o g i e s .  

As  used  h e r e i n ,   a  " f i l a m e n t "   is  a  s l e n d e r  

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

l e s s   t han   i t s   l e n g t h .   F i l a m e n t s ,   as  used   h e r e i n  

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

wel l   as  m a t e r i a l s   of  i r r e g u l a r   c r o s s - s e c t i o n .  



THE  FIGURES 

The  i n v e n t i o n   may  be  u n d e r s t o o d   by  r e f e r e n c e  

to  the   f i g u r e s .  

F i g u r e s   1  and  2  are   p a r t i a l   cu t   away  v iews   o f  

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

c h i l l   w h e e l ,   t he   c r u c i b l e ,   gas  b l a n k e t   i n l e t   m e a n s ,  

gas  j e t   i n l e t   m e a n s ,   r a c e w a y ,   and  the   a p r o n .  

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

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

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

s p i n n i n g   s y s t e m .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

F i g u r e s   1  and  2  i l l u s t r a t e   t w o  

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

The  m e l t   s p i n n i n g   s y s t e m   1  h e r e i n   c o n t e m p l a t e d   i s  

shown  w i th   an  o p t i o n a l   hot  c o m p a r t m e n t   3  and  a n d  

o p t i o n a l   c o l d   c o m p a r t m e n t   5.  W i t h i n   the   h o t  

c o m p a r t m e n t   3  is  a  q u e n c h   s u r f a c e   means  11,  f o r  

e x a m p l e   a  c h i l l   wheel   13.  The  c h i l l   wheel   13  i n c l u d e s  

a  h igh   h e a t   t r a n s f e r   s u r f a c e   15  on  the   wheel   13.  The  

c h i l l   s u r f a c e   means  may  f u r t h e r   i n c l u d e   means  f o r  

m a i n t a i n i n g   h igh   h e a t   t r a n s f e r   s u r f a c e   of  the   c h i l l  

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

m a i n t a i n   a  h igh   q u e n c h   r a t e .   E x e m p l a r y   m a t e r i a l s   f o r  

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

c o p p e r ,   m o l y b d e n u m   and  the   l i k e .   The  quencn   s u r f a c e  

is  f u r t h e r   c h a r a c t e r i z e d   by  the   p r e s e n c e   of  means  t o  

p r o v i d e   r e l a t i v e   m o t i o n   t h e r e t o   wi th   r e s p e c t   to  t h e  

o u t l e t   21  of  a  c r u c i b l e   2 3 .  

The  v e s s e l   of  m o l t e n   m a t e r i a l ,   i . e .   t h e  

c r u c i b l e   23,  is  s p a c e d ,   fo r   e x a m p l e ,   v e r t i c a l l y   f r o m  

the   c h i l l   wheel   and  has  d i s c h a r g e   means  21  i n  

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



11.  The  quench   s u r f a c e   15  moves  w i t h   r e s p e c t   to  t h e  

d i s c h a r g e   means  2 1 .  

The  c r u c i b l e   23  shown  in  F i g u r e s   1  and  2  may 

be  h e a t e d   by  r a d i o   f r e q u e n c y   i n d u c t i o n ,   wi th   i n d u c t i o n  

c o i l s   25  shown.   A l t e r n a t i v e l y ,   t h e   c r u c i b l e   may.  b e  

h e a t e d   w i th   a  r e s i s t a n c e   h e a t e r .  

O p t i o n a l l y   s u r r o u n d i n g   t h e   c h i l l   wheel   11  a n d  

c r u c i b l e   23  at  the   o u t l e t   p o i n t   of  t h e   c r u c i b l e   23  i s  

a  gas  apron   means  31.  The  gas  a p r o n   means  31  i s  

s u p p l i e d   w i th   a  gas  p u r g e ,   f o r   e x a m p l e   a  p u r g e   s t r e a m  

33  of  s u b s t a n t i a l l y   n o n r e a c t i v e   gas  by  n i t r o g e n   o r  

c a r b o n   d i o x i d e   or  a  p u r g e   s t r e a m   of  an  i n e r t   gas  a s  

h e l i u m ,   a rgon   or  t he   l i k e ,   and  is  t h u s l y   a r g o n .  

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

f u r t h e r   i n c l u d e s   a  r a c e w a y   41  e x t e n d i n g   f rom  t he   a p r o n  

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

15  to  a  f i l a m e n t   c o l l e c t i o n   a r e a   51 .   In  t h e  

e x e m p l i f i c a t i o n   shown  in  F i g u r e   1,  t h e   r a c e w a y   41  i s  

t a n g e n t a l   to  the   c h i l l   s u r f a c e   15  w i t h   r e s p e c t   to  t h e  

i n t e n d e d   t a k e   o f f   or  b r e a k   o f f   p o i n t   49  of  f i l a m e n t   6 1 .  

P o s i t i o n e d   w i t h i n   t h e   r a c e w a y   41  s u b s e q u e n t  

to  the   d i s c h a r g e   p o i n t   21  of  m o l t e n   m a t e r i a l   and  b r e a k  

o f f   p o i n t   49  of  r i b b o n   are   gas  j e t   means  43,  f o r  

e x a m p l e ,   one  or  more  gas  j e t s   4 3 a ,   4 3 b .   The  h i g h  

v e l o c i t y   gas  f low  a p p l i e s   t e n s i o n   to  t h e   r i b b o n   6 1 ,  

p r e f e r a b l y   t a n g e n t i . a l l l y   to  t he   c h i l l   wheel   13  w i t h  

r e s p e c t   to  t he   b r e a k   o f f   p o i n t .   The  j e t   means  43  

d i r e c t s   t he   gas  f low  in  a  d i r e c t i o n   s u b s t a n t i a l l y  

p a r a l l e l   to  t he   f l ow  of  r i b b o n   61  a f t e r   the  b r e a k   o f f  

p o i n t   49  w h e r e b y   to  p u l l   on  and  a p p l y   t e n s i o n   t h e r e t o ,  

t h e r e b y   k e e p i n g   the   r i b b o n   on  t he   whee l   to  t he   t a k e  

o f f   p o i n t   4 9 .  

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

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

m a t e r i a l   by  p r o v i d i n g   quench   s u r f a c e   means  11  and  a 

v e s s e l   23  of  m o l t e n   m a t e r i a l .   The  v e s s e l   23  h a s  



d i s c h a r g e   e f f T u e n t   means  21  in  p r o x i m i t y   to  t he   q u e n c h  

s u r f a c e   11,  the   quench   s u r f a c e   11  moving   r o t a t i o n a l l y  

w i t h   r e s p e c t   to  the   d i s c h a r g e   means  2 1 .  

Mo l t en   m a t e r i a l   is  d i s c h a r g e d   f rom  the   v e s s e l  

23  t h r o u g h   the   d i s c h a r g e   e f f l u e n t   means  21  on to   t h e  

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

m o l t e n   m e t a l   t h e r e o n .   A  r i b b o n   or  f i l a m e n t   61  f o r m s  

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

b r e a k   away  on  t a k e   o f f   p o i n t   49.  A c c o r d i n g   to  t h e  

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

b e t w e e n   the   f i l a m e n t   61  and  c h i l l   s u r f a c e   11  can  b e  

i n c r e a s e d   by  p r o v i d i n g   a  h igh   v e l o c i t y   gas  j e t   43  o r  

gas  j e t s   43a ,   43b,   s u b s e q u e n t   to  and  b e y o n d   t h e  

i n t e n d e d   b r e a k   away  or  t a k e   o f f   p o i n t ,   and  p r e f e r a b l y  

t a n g e n t i a l   to  the   c h i l l   s u r f a c e   11  w i t h   r e s p e c t   to  t h e  

t a k e   o f f   p o i n t   49.  The  gas  j e t   43  is  p r o v i d e d  

s u b s e q u e n t   to  bo th   the   d i s c h a r g e   21  of  t he   m o l t e n  

m a t e r i a l   and  the  i n t e n d e d   b r e a k   away  49  of  r i b b o n ,   a n d  

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

h i g h e r   v e l o c i t y   t h a n   the   r i b b o n   61  w h e r e b y   to  i n c r e a s e  

t he   d u r a t i o n   of  t h e r m a l   c o n t a c t   b e t w e e n   the   r i b b o n   61 

and  the   c h i l l   s u r f a c e   11.  The  gas  j e t   a p p l i e s   a 

t e n s i o n i n g   f o r c e   to  the   r i b b o n   61.  The  t e n s i o n   has  a 

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

c o m p o n e n t   of  the   f o r c e s   a c t i n g   on  the   r i b b o n   61  d e l a y s  

the   t i m e   at  which  the   r i b b o n   61  s e p a r a t e s   f rom  t h e  

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

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

A c c o r d i n g   to  the   me thod   h e r e i n   c o n t e m p l a t e d ,   gas  j e t  

means  43  may  be  f rom  a b o u t   30  to  180  or  more  d e g r e e s  

s u b s e q u e n t   the   m o l t e n   m a t e r i a l   d i s c h a r g e   p o i n t   2 1 ,  

w h e r e b y   to  i n c r e a s e   the   arc   and  the   c o n t a c t   t i m e .  

The  gas  j e t   is  at  a  v e l o c i t y   of  at  l e a s t   1 . 5  

t i m e s   the   v e l o c i t y   of  the   r i b b o n   and  p r e f e r a b l y   at  a 
v e l o c i t y   of  from  a b o u t  2   to  a b o u t   10  t i m e s   t h e  



v e l o c i t y   of  t he   r i b b o n .  

The  gas  used   fo r   the  gas  j e t   is  s u b s t a n t i a l l y  

n o n r e a c t i v e   w i t h   t he   r i b b o n .   N i t r o g e n   or  an  i n e r t   g a s  

may  be  u s e d .   The  p r e f e r r e d   i n e r t   gas  is  a r g o n  

a l t h o u g h   h e l i u m ,   k r y p t o n ,   xenon  or  t he   l i k e   may  b e  

u s e d .  

The  q u e n c h   s u r f a c e   is  a  c i r c u l a r   q u e n c h  

s u r f a c e   which   may  c o m p r i s e   c i r c u m f e r e n t i a l   h e a t   s i n k  

means  13  on  t he   r o t a t i n g   c h i l l   w h e e l .  

The  m e t h o d   of  the   i n v e n t i o n   may  be  u t i l i z e d  

in  any  s y s t e m   in  which   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   is  s i g n i f i c a n t l y   be low  t he   m e l t i n g  

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

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

of  the   i n v e n t i o n   is  u s e f u l ,   f o r   e x a m p l e ,   in  t h e  

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

by  i r o n - m a g n e s i o u m   a l l o y s ,   i r o n - m a g n e s i u m - a l u m i n u m  

a l l o y s ,   and  m a g n e s i u m - c a r b o n - c o p p e r - o x y g e n   a l l o y s .  

The  i n v e n t i o n   may  be  u n d e r s t o o d   by  r e f e r e n c e  

to  t he   f o l l o w i n g   e x a m p l e .  

A  number   of  s a m p l e s   of  a l u m i n u m   8 0 - s i l i c o n   2 0  

were  p r e p a r e d   by  r e p e a t e d   m e l t i n g   in  a  t r i - a r c  

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

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

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

h a v i n g   a  0 .5   mm  d i a m e t e r   on to   a  10  i nch   d i a m e t e r ,   1 

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

of  a b o u t   2500  rpm.  The  c h i l l   whee l   was  c o n f i g u r e d  

s u b s t a n t i a l l y   as  shown  in  F i g u r e   1  h a v i n g   Qd  ap ron   o f  

a b o u t   1 . 18   i n c h e s   by  a b o u t   3  i n c h e s   and  a  r a c e w a y   o f  

a b o u t   20  i n c h e s   long  by  a b o u t   3  i n c h e s   in  d i a m e t e r .   A 

d i s c h a r g e   t u b e - w a s   p r e s e n t   in  t he   r a c e w a y   abou t   3 

i n c h e s   b e y o n d   the   r i b b o n   b r e a k   away  p o i n t .  
In  one  s e r i e s   of  t e s t s   shown  by  s o l i d   c i r c l e s  

in  F i g u r e   3,  no  h igh   speed   a rgon   d i s c h a r g e   was  



u t i l i z e d ,   r a t h e r   the   c h i l l   wheel   v e l o c i t y   was  v a r i e d  

from  a b o u t   2000  to  a b o u t   3000  rpm  w h e r e b y   to  show  a 

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

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

quench   r a t e .   I t   is  n o t e d   t h a t   a l l   t r a n s i t i o n  

t e m p e r a t u r e s   were  be low  4 . 2 o C ,   i n d e p e n d e n t   o f  

t h i c k n e s s ,   s h o w i n g   i n s u f f i c i e n t   t o t a l   q u e n c h .  

In  a  s e c o n d   s e r i e s   of  t e s t s ,   shown  by  o p e n  

c i r c l e s   in  F i g u r e   3,  the   a rgon   f l o w   r a t e   in  t h e  

r a c e w a y   was  40  c u b i c   f e e t   per  m i n u t e   ( S T P ) ,   and  t h e  

d i s c h a r g e   p r e s s u r e   was  20  p s i g .   The  wheel   v e l o c i t y  

was  i n c r e a s e d   to  d e c r e a s e   f i l a m e n t   t h i c k n e s s .   For  a 

long  q u e n c h   d u r a t i o n ,   s u p e r c o n d u c t i n g   t r a n s i t i o n   . 
t e m p e r a t u r e   is  a  f u n c t i o n   of  q u e n c h   d u r a t i o n   a n d  

f i l a m e n t   t h i c k n e s s ,   where   t he   i n s t a n t a n e o u s   q u e n c h  

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

T h e r e a f t e r   t h r e e   t e s t s   whe re   c a r r i e d   out   a t  

i n c r e a s i n g   a rgon   v e l o c i t i e s   t h r o u g h   the   t u b e ,   at  a 

c o n s t a n t   wheel   v e l o c i t y   of  a b o u t   2000  rpm  to  g ive   a 

c o n s t a n t   t h i c k n e s s   of  a b o u t   23  to  24  m i c r o n s .   T h e  

t e s t   r e s u l t s   at  60,  80  and  100  c u b i c   f e e t   per  h o u r  

(STP)  f rom  a  0 .25   inch  d i a m e t e r   d i s c h a r g e   n o z z l e   ( 4 3 )  

i n t o   the   r a c e w a y   ( 4 1 ) ,   are  r e p r e s e n t e d   by  the   o p e n  
t r i a n g l e s   in  F i g u r e   3.  The  r e s u l t i n g   f i l a m e n t s   had  a 

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

a p p r o x i m a t e l y   l i n e a r a l l y   r e l a t e d   to  the   j e t   gas  f l o w  

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

t o t a l   q u e n c h   i n d e p e n d e n t   of  t h i c k n e s s ,   and  s o l e l y   as  a 

f u n c t i o n   of  i n c r e a s e d   quench   d u r a t i o n .  

Whi le   the   i n v e n t i o n   has  been  d e s c r i b e d   w i t h  

r e s p e c t   to  c e r t a i n   e x e m p l i f i c a t i o n s   and  e m b o d i m e n t s  

t h e r e o f   i t   is  not  i n t e n d e d   to  be  l i m i t e d   t h e r e b y   b u t  

s o l e y   by  the   c l a i m s   a p p e n d e d   h e r e t o .  



1.  A  method   of  f o r m i n g   a  d i s o r d e r e d  

f i l a m e n t a r y   m a t e r i a l   (61)  c o m p r i s i n g   the   s t e p s   o f :  

( a . )   p r o v i d i n g   c i r c u l a r   quench   s u r f a c e   m e a n s  

( B ) ;  

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

( 3 2 ) ,   s a i d   v e s s e l   h a v i n g   d i s c h a r g e   means  (21)   i n  

p r o x i m i t y   to  the   quench   s u r f a c e   ( 1 5 ) ,   s a i d   q u e n c h  

s u r f a c e  m e a n s   (13)   r o t a t i n g   w i th   r e s p e c t   to  t h e  

d i s c h a r g e   means  ( 2 1 ) ;   a n d  

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

v e s s e l   t h r o u g h   s a i d   d i s c h a r g e   means  (21)  on to   s a i d  

c h i l l   s u r f a c e   means  (13)   w h e r e b y   to  form  a  r i b b o n   o f  

q u e n c h e d   m a t e r i a l   (61)   t h e r e o n ;   c h a r a c t e r i z e d   b y  

p r o v i d i n g   a  j e t   (43)   of  a  s u b s t a n t i a l l y   n o n - r e a c t i v e  

gas  s u b s e q u e n t   to  t he   d i s c h a r g e   (21)   of  t he   m o l t e n  

m e t a l   and  the   t a k e   o f f   (41)   of  t he   r i b b o n   (61)   i n  

c o n t a c t   w i t h ,   s u b s t a n t i a l l y   t a n g e n t i a l   to  t he   q u e n c h  

s u r f a c e   (13)   w i th   r e s p e c t   to  t he   t a k e   o f f   p o i n t   ( 4 9 )  

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

2  t i m e s   h i g h e r   t han   the   r i b b o n   (61)   v e l o c i t y   w h e r e b y  
to  a p p l y   t e n s i o n   to  t he   r i b b o n   (61)   and  i n c r e a s e   t h e  

d u r a t i o n   of  t h e r m a l   c o n t a c t   b e t w e e n   the   r i b b o n   ( 6 1 )  

and  the   c h i l l   s u r f a c e   ( 1 5 ) .  

2.  The  method   of  C la im   1  w h e r e i n   t h e   gas  i s  

an  i n e r t   g a s .  
3.  The  method   of  C la im  1  w h e r e i n   t he   gas  i s  

a r g o n .  
4.  The  me thod   of  C la im  1  w h e r e i n   t h e   q u e n c h  

s u r f a c e   (13)   means  c o m p r i s e s   c i r c u m f e r e n t a l   h e a t   s i n k  

means  ( 1 5 ) .  

5.  The  method   of  C la im  1  w h e r e i n   t h e  

d i s o r d e r e d ,   f i l a m e n t a r y   m a t e r i a l   (61)  is  a  h y d r o g e n  

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



6.  The  me thod   of  Claim  1  w h e r e i n   t h e  

d i s o r d e r e d ,   f i l a m e n t a r y   m a t e r i a l   (61)   is  a  c a t a l y t i c  

m a t e r i a l .  

7.  The  m e t h o d   of  Cla im  1  w h e r e i n   t h e  

d i s o r d e r e d ,   f i l a m e n t a r y   m a t e r i a l   (61)   is  a 

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

8.  The  m e t h o d   of  Cla im  1  w h e r e i n   t h e  

d i s o r d e r e d   m a t e r i a l   (61)   is  c h o s e n   f rom  the   g r o u p  

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

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

t h e r e o f .  

9.  Q u e n c h i n g   a p p a r a t u s   (1)  c a r r y i n g   out   t h e  

me thod   of  C la im   1  f o r   f o r m i n g   a  d i s o r d e r e d  

f i l a m e n t a r t y   m a t e r i a l ,   (61)   s a i d   a p p a r a t u s   c o m p r i s i n g :  

( a . )   c i r c u l a r   quench   s u r f a c e   means  ( 1 5 ) ;  

( b . )   c o n t a i n e r   means  (23)   f o r   m o l t e n  

m a t e r i a l ,   s a i d   c o n t a i n e r   (23)   h a v i n g   d i s c h a r g e   o r i f i c e  

means  (21)   in  p r o x i m i t y   to  t he   q u e n c h   s u r f a c e   ( 1 5 ) ,  

s a i d   q u e n c h   s u r f a c e   means  (15)   b e i n g   a d a p t e d   to  r o t a t e  

w i t h   r e s p e c t   to  t he   d i s c h a r g e   o r i f i c e   means  ( 2 1 ) ;  

( c . )   gas  j e t   means  (43)   f o r   p r o v i d i n g   a  g a s  
f l ow  s u b s e q u e n t   to  t he   d i s c h a r g e   (21)   and  the  i n t e n d e d  

t a k e   o f f   (49)   of  r i b b o n   ( 6 1 ) ,   t o g e n t i a l   to  the   c h i l l  

s u r f a c e   (15)   at  the   t a k e - o f f   p o i n t   of  the   r i b b o n   ( 4 9 ) ,  

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

a  h i g h e r   v e l o c i t y   t h a n   the   r i b b o n   (61)  w h e r e b y   t o  

a p p l y   t e n s i o n   to  t he   r i b b o n   (61)  and  i n c r e a s e   t h e r m a l  

c o n t a c t   b e t w e e n   t he   r i b b o n   (61)  and  the   c h i l l   s u r f a c e  

( 1 5 ) .  
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