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Method  of  producing  disordered  materials. 
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Disclosed  are  a  method  and  apparatus  for  forming  a 
filament  of  disordered  material.  The  apparatus  is  a  melt 
spinning  system  (1)  having  a  chill  surface  means  (3)  and 
pressurizable  reservoir  means  (7).  The  reservoir  means  (7) 
are  spaced  from  and  beneath  the  chill  surface  means  (3) 
and  have  an  effluent  orifice  (11)  located  beneath  the  chill 
surface  (3)  and  adapted  to  allow  upward  flow  of  the  molten 
reservoir  means  contents  to  the  chill  surface  (3).  The  meth- 
od  of  the  invention  contemplates  providing  molten  material 
in  the  reservoir  means  (7)  and  pressurizing  the  reservoir 
means  to  form  a  negative  meniscus  (11)  of  molten  material 
in  contact  with  the  chill  surface  (3).  In  this  way  there  is 
formed  an  edge  defined  filament  of  disordered  material. 



FIELD  OF  THE  INVENTION 

The  i n v e n t i o n   r e l a t e s   to  t he   s y n t h e s i s   o f  

d i s o r d e r e d   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   t h e   m o l t e n  

m a t e r i a l   on  a  q u e n c h   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   f i n d   u t i l i t y  

b e c a u s e   of  t h e i r   u n i q u e   c h a r a c t e r i s t i c s .   T h e s e  

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

of  t he   d i s o r d e r e d   m a t e r i a l .   H o w e v e r ,   in  o r d e r   t o  

o b t a i n   bu lk   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   t o  

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

t h e r e b y   f r e e z i n g   in  m e t a s t a b l e   a n d / o r   n o r m a l l 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   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 .   The  m a t e r i a l s   c a p a b l e  

of  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 s   have   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   the   m e l t i n g   t e m p e r a t u r e   a n d  

t h e   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 .   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   f rom  t he   m o l t e n   s t a t e   to  t h e   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   h i g h   e n o u g h   t o  

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

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

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

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

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

m o r p h o l o g i e s .  

One  m e t h o d   of  q u e n c h i n g   is  m e l t   s p i n n i n g   i n  

wh ich   a  j e t   of  m o l t e n   m a t e r i a l   is  j e t t 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   down  o n t o   a  q u e n c h e d   s u r f a c e ,  

i . e . ,   a  c h i l l   s u r f a c e .   Mel t   s p i n n i n g   is  e x e m p l i f i e d  

by  a  mov ing   c h i l l   s u r f a c e   w h e r e   t h e   c h i l l   s u r f a c e  

moves  at  a  v e l o c i t y   of  1  to  50  m e t e r s   per   s e c o n d .   I n  

m e l t   s p i n n i n g   t h e   j e t   of  m o l t e n   m a t e r i a l   has  a  h i g h  

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

t h e   low  s u r f a c e   t e n s i o n   and  h i g h   v i s c o s i t y   of  t h e  

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

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

form  of  g r o s s   d i s o r d e r   i n t o   t he   f i l a m e n t .  

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

d r a g g i n g   d e s c r i b e d   in  U.S.   P a t e n t s   3 , 5 2 2 , 0 3 6   a n d  

3 , 6 0 5 , 8 6 2 .   In  t h e   m e l t   d r a g   p r o c e s s   m o l t e n   m e t a l   i s  

f o r c e d   upward   t h r o u g h   an  o u t l e t ,   and  a  c h i l l   s u r f a c e  

is  drawn  p a s t   t he   o u t l e t ,   t h r o u g h   t he   m a t e r i a l .   T h i s  

p r o c e s s ,   c h a r a c t e r i z e d   by  the   a b s e n c e   of  j e t t i n g ,  

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

c h a r a c t e r i z e d   by  a  low  t h r o u g h p u t .  



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

e x t r a c t i o n .   In  m e l t   e x t r a c t i o n   a  c h i l l   whee l   r o t a t e s  

above   and  in  s k i m m i n g   c o n t a c t   w i t h   t he   s u r f a c e   of  t h e  

m o l t e n   m a t e r i a l .   The  c h i l l   wheel   is  w e t t e d   by  a n d  

d r aws   up  the   m o l t e n   m a t e r i a l .   The  t h u s   by  d r a w n  

m o l t e n   m a t e r i a l s   s o l i d i f i e s ,   s h r i n k s   away  f rom  t h e  

c h i l l   s u r f a c e   and  is  t h r o w n   f rom  the   c h i l l   s u r f a c e   b y  

c e n t r i f u g a l   f o r c e .   Mel t   e x t r a c t i o n   is  c h a r a c t e r i z e d  

by  a  number   of  p r o b l e m s   i n c l u d i n g   e x t e n d e d   c o n t a c t  

b e t w e e n   t he   pool   of  m o l t e n   m a t e r i a l   and  t he   c h i l l  

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

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

f l u x   t h e r e f r o m .   A d d i t i o n a l l y ,   m e l t   e x t r a c t i o n   i s  

c h a r a c t e r i z e d   by  a  low  q u e n c h   r a t e .  

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

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

e l e v a t e d   m e l t   e x t r a c t i o n   d e s c r i b e d   in  U.S.   P a t e n t  

3 , 8 6 3 , 7 0 0   to  B e d e l l ,   et  al  f o r   E l e v a t i o n   Of  Mel t   I n  

The  Mel t   E x t r a c t i o n   Of  Meta l   F i l a m e n t s .   B e d e l l ,   et  a l  

a t t e m p t   to  o v e r c o m e   p r o b l e m s   of  m e l t   e x t r a c t i o n   b y  

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

t h e   m e l t   to  t h e   c h i l l   s u r f a c e .   T h i s   may  b e  

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

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

c h i l l   s u r f a c e ,   or  by  the   use  of  gas  j e t s   i m p i n g i n g   on 

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

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

E l e v a t e d   m e l t   e x t r a c t i o n   has  not   f o u n d   wide   c o m m e r c i a l  

e x c e p t a n c e .  

None  of  t h e   a b o v e   d e s c r i b e d   p r o c e s s e s   p r o v i d e  

a  h i g h   q u e n c h   r a t e ,   h i g h   t h r o u g h p u t   means   f o r   f o r m i n g  

b u l k   d i s o r d e r e d   m a t e r i a l s .  



SUMMARY  OF  THE  INVENTION 

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  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   and  a  r e s e r v o i r ,   t h e  

r e s e r v o i r   h a v i n g   an  e f f l u e n t   f o r   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 .   The  r e s e r v o i r   is  l o c a t e d   b e n e a t h   and  c l o s e  

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

r e l a t i v e   to  t he   r e s e r v o i r   e f f l u e n t   o u t l e t .   T h e  

e f f l u e n t   n o z z l e   is  a d a p t e d   to  a l l o w   upward   f l o w   o f  

m o l t e n   m a t e r i a l ,   i . e . ,   t he   r e s e r v o i r   c o n t e n t s ,   to  t h e  

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

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

to  a l l o w   a  n e g a t i v e   m e n i s c u s   of  m o l t e n   m a t e r i a l   t o  

fo rm  and  be  d rawn  by  the   c h i l l   s u r f a c e ,   t h e r e b y  

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

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

is  p r o v i d e d   a  pool   of  m o l t e n   m a t e r i a l   in  t h e  

r e s e r v o i r .   The  r e s e r v o i r   is  p r e s s u r i z e d   to  fo rm  a 

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

v e r t i c a l l y   u p w a r d   f rom  the   e f f l u e n t   n o z z l e   to  t h e  

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

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

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

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

m a t e r i a l ,   t h e r e b y   f o r m i n g   an  edge   d e f i n e d   f i l a m e n t   o f  

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

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

As  h e r e i n   used   t h e   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 .   W h i l e   the   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 ,   a n d / o r   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 o n   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   by  

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 i m e n s i o n  

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

s h e e t s ,   w i r e s ,   and  f l a k e s ,   as  we l l   as  m a t e r i a l s   o f  

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   1  is  an  i s o m e t r i c   v iew  of  a  s y s t e m   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 s   w i t h   t h e   c h i l l   w h e e l ,   t h e  

r e s e r v o i r ,   and  o r i f i c e .  

F i g u r e   2  is  a  p l a n   v iew  of  t h e   s y s t e m   o f  

F i g u r e   1  s h o w i n g   the   p i s t o n   and  t h e   n e g a t i v e   m e n i s c u s  

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

F i g u r e   3  is  an  i s o m e t r i c   v iew  of  an  

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

f o r m i n g   the   m e n i s c u s   is  a  head  of  m o l t e n   m a t e r i a l .  



DETAILED  DESCRIPTION  OF  THE  INVENTION 

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   has  a  c h i l l   s u r f a c e   means   i n c l u d i n g   a 

h igh   h e a t   t r a n s f e r   s u r f a c e   3  on  a  c h i l l   whee l   5.  T h e  

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   t he   h e a t   t r a n s f e r   s u r f a c e   3  of  t he   c h i l l  

whee l   5  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  

to  m a i n t a i n   a  h i g h   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  t h e   h e a t   t r a n s f e r   s u r f a c e   3  i n c l u d e  

c o p p e r ,   s t e e l ,   s t a i n l e s s   s t e e l   and  t he   l i k e .   T h e  

q u e n c h   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  t h e  

p r e s e n c e   of  means  to  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 ,  

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

t r a n s f e r   s u r f a c e   3  is  a  p e r i p h e r a l   s u r f a c e   of  a  c h i l l  

wheel   5 .  

The  r e s e r v o i r   7  is  s p a c e d   f rom  and  b e n e a t h  

the   c h i l l   s u r f a c e   3  and  has  a  e f f l u e n t   o r i f i c e   9.  T h e  

e f f l u e n t   o r i f i c e   9  is  l o c a t e d   b e n e a t h   t h e   c h i l l  

s u r f a c e   3  and  is  a d a p t e d   to  a l l o w   u p w a r d   of  m o l t e n  

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

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

wh ich   n e g a t i v e   m e n i s c u s   is  c o n t a c t e d   by  t h e   c h i l l  

s u r f a c e   3  and  drawn  a l o n g   t h e r e b y   to  fo rm  a  f i l a m e n t .  

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

d r i v i n g   m o l t e n   m a t e r i a l   upward   f rom  t he   r e s e r v o i r   7  b y  

p r e s s u r e   m e a n s ,   a  d i s t a n c e   s u f f i c i e n t   to  fo rm  t h e  

m e n i s c u s   11.  T h i s   may  be  a c c o m p l i s h e d ,   f o r   e x a m p l e ,  

by  p r e s s u r i z e d   gas  f rom  p r e s s u r i z e d   gas  t a n k   13  u n d e r  

c o n d i t i o n s   to  a v o i d   i n t r o d u c t i o n   of  gas  i n t o   t h e  

m o l t e n   m a t e r i a l ,   i . e . ,  b y  d r i v i n g   p i s t o n   14  u p w a r d ,   o r  

by  a  hydrostatic head  of  m o l t e n   m e t a l   15,  or  by  a 

p i s t o n .  



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

a  m o l t e n   m a t e r i a l   in  t h e   r e s e r v o i r   7  and  f o r c i n g   t h e  

m o l t e n   m a t e r i a l   f rom  the   r e s e r v o i r   7,  t h r o u g h   t h e  

o r i f i c e   9.  The  m o l t e n   m a t e r i a l   may  be  f o r c e d   t h r o u g h  
the   o r i f i c e   9  by  p r e s s u r i z a t i o n .   P r e s s u r i z a t i o n   may 

be  by  p r e s s u r i z e d   gas  13  s e p a r a t e d   f rom  t he   m o l t e n  

m a t e r i a l   by  a  m e m b r a n e ,   or  a  h y d r o s t a t i c   head  15  o f  

m o l t e n   m a t e r i a l ,   or  a  p i s t o n .   P r e s s u r i z a t i o n   of  t h e  

r e s e r v o i r   7  f o r c e s   the   m o l t e n   m a t e r i a l   s u b s t a n t i a l l y  

v e r t i c a l l y   upward   t h r o u g h   t h e   e f f l u e n t   o r i f i c e   9  t o  
fo rm  a  m e n i s c u s   c o n t a c t i n g   the   c h i l l   s u r f a c e   3.  T h e  

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

c o n d i t i o n s   to  fo rm  a  n e g a t i v e   m e n i s c u s   in  t he   m o l t e n  

m a t e r i a l .   The  o r i f i c e   9  d i m e n s i o n   p a r a l l e l   to  t h e  

c h i l l   s u r f a c e   3  m o v e m e n t   is  f rom  1  to  5  m i l l i m e t e r s .  

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

s u r f a c e   3  m o v e m e n t   is  s e t   by  the   c h i l l   s u r f a c e ,   a n d  

may  be  f rom  1  to  10  or  more  c e n t i m e t e r s .  

The  c h i l l   s u r f a c e   3  moves  r e l a t i v e   to  t h e  

e f f l u e n t   o r i f i c e   9,  w h e r e b y   to  r e c e i v e   and  draw  t h e  

m o l t e n   m e t a l   a l o n g   the   c h i l l   s u r f a c e   3,  w h e r e b y   t o  

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

and  t he   f o r m a t i o n   of  a  f i l a m e n t   15  on  the   c h i l l  

s u r f a c e   3 .  

The  t r a n s i t i o n   r a n g e   b e t w e e n   t h e   m e l t i n g  

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

3,  and  the   t e m p e r a t u r e   of  t he   c h i l l   s u r f a c e   3  a re   s u c h  

as  to  p r o v i d e   a  q u e n c h   r a t e   of  at  l e a s t   a b o v e   a b o u t  
105  d e g r e e s   c e n t r i g r a d e   per   s e c o n d   and  f r e q u e n t l y  

a b o v e   a b o u t   106  d e g r e e s   c e n t r i g r a d e   per   s e c o n d   i n  

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

m a t e r i a l s .  



The  f i l a m e n t   15  is  an  edge   d e f i n e d   f i l a m e n t  

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

The  m e n i s c u s   11  of  m o l t e n   m a t e r i a l   is  f o r m e d  

at  f rom  t he   o r i f i c e   9,  w i t h   t he   v e r t i c a l   d i s t a n c e  

b e t w e e n   t h e   c h i l l   s u r f a c e   3  and  o r i f i c e   9,  t h e   d r i v i n g  

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

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

b e i n g   such   as  to  a l l o w   a  n e g a t i v e   m e n i s c u s   11  to  f o r m  

so  as  to  a l l o w   f o r m a t i o n   of  an  edge   d e f i n e d   f i l a m e n t  

1 5 .  

W h i l e   t h e   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   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   a n d  

e m b o d i m e n t s   t h e r e o f   i t   is  no t   i n t e n d e d   to  l i m i t   t h e  

s c o p e   of  t he   i n v e n t i o n   t h e r e b y   but   s o l e l y   by  t h e  

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



1.  A  m e t h o d   of  f o r m i n g   a  f i l a m e n t   o f  

d i s o r d e r e d   m a t e r i a l   in  a  m e l t   s p i n n i n g   s y s t e m   ( 1 )  

h a v i n g   c h i l l   s u r f a c e   means  (3)  and  p r e s s u r i z a b l e  

r e s e r v o i r   means   ( 7 ) ,   t h e   r e s e r v o i r   means   (7)  b e i n g  

s p a c e d   f rom  and  b e n e a t h   the   c h i l l   s u r f a c e   means   ( 3 ) ,  

t h e   r e s e r v o i r   (7)  h a v i n g   an  e f f l u e n t   o r i f i c e   ( 9 )  

l o c a t e d   b e n e a t h   the   c h i l l   s u r f a c e   (3)  and  a d a p t e d   t o  

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

c h i l l   s u r f a c e   ( 3 ) ,   wh ich   m e t h o d   c o m p r i s e s :  

(a)  p r o v i d i n g   m o l t e n   m a t e r i a l   in  t h e  

r e s e r v o i r   m e a n s ;  

(b)  p r e s s u r i z i n g   t h e   r e s e r v o i r   means   ( 7 )  

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

v e r t i c a l l y   u p w a r d   f rom  t h e   e f f l u e n t   o r i f i c e   (9)  t o  

form  a  n e g a t i v e   m e n i s c u s   (11)   of  t he   m o l t e n   m a t e r i a l  

in  c o n t a c t   w i t h   t h e   c h i l l   s u r f a c e   ( 3 ) ;  

(c)   mov ing   the   c h i l l   s u r f a c e   (3)  r e l a t i v e   t o  

t h e   e f f l u e n t   o r i f i c e   (9)  to  r a p i d l y   q u e n c h   t h e  

m a t e r i a l ;   a n d  

(d)  w i t h d r a w i n g   an  edge   d e f i n e d   f i l a m e n t   o f  

d i s o r d e r e d   m a t e r i a l   f rom  the   c h i l l   s u r f a c e   ( 3 ) .  

2.  The  m e t h o d   of  C la im   1  c o m p r i s i n g  

p r e s s u r i z i n g   t he   r e s e r v o i r   means  (7)  by  i n e r t   gas  ( 1 3 ) .  

3.  The  me thod   of  C la im   1  c o m p r i s i n g  

p r e s s u r i z i n g   the   r e s e r v o i r   means  (7)  by  h y d r o s t a t i c  

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

4.  The  m e t h o d   of  C la im  1  c o m p r i s i n g  

p r e s s u r i z i n g   t h e   r e s e r v o i r   (7)  by  means  of  a  p i s t o n  

( 1 4 ) .  



5.  The  me thod   of  C la im  1  c o m p r i s i n g  

q u e n c h i n g   t h e   m o l t e n   m a t e r i a l   at  a  q u e n c h   r a t e   a b o v e  

a b o u t   105  d e g r e e s   c e n t r i g r a d e   per  s e c o n d .  

6.  In  a  m e l t   s p i n n i n g   s y s t e m   (1)  h a v i n g   a 

moving   c h i l l   s u r f a c e   (3)  and  a  r e s e r v o i r   (7)  w i t h   an  

e f f l u e n t   o r i f i c e   (9)  f o r   c o n t a c t i n g   m o l t e n   m a t e r i a l   t o  

be  s o l i d i f i e d   i n t o   a  f i l a m e n t   of  d i s o r d e r e d   m a t e r i a l  

on to   the   c h i l l   s u r f a c e   ( 3 ) ,   c h a r a c t e r i z e d   in  t h a t   t h e  

e f f l u e n t   o r i f i c e   (9)  is  be low  and  s p a c e d   f rom  t h e  

c h i l l   s u r f a c e   (3)  a  d i s t a n c e   a d a p t e d   to  a l l o w  

f o r m a t i o n   of  a  n e g a t i v e   m e n i s c u s   (11)   in  t he   m o l t e n  

m a t e r i a l .  

7.  The  m e l t   s p i n n i n g   s y s t e m   of  C la im  6 

c o m p r i s i n g   r e s e r v o i r   gas  p r e s s u r i z i n g   means  ( 1 3 ) .  

8.  The  m e l t   s p i n n i n g   s y s t e m   of  C la im  6 

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