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FIELD  OF  INVENTION 

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

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

r e a c t i v e   m e t a l l i c   m a t e r i a l s .   More  p a r t i c u l a r l y ,   i t  

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

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

a n d / o r   r e a c t i v e   m e l t .  

BACKGROUND  OF  THE  INVENTION 

E x t r a c t i o n   of  f i l a m e n t s   f rom  a  l i q u i d   m e l t  

has  been   e m p l o y e d   to  form  a m o r p h o u s   m e t a l   f i l a m e n t s .  

For  e x a m p l e ,   B e d e l l   et   a l . ,   in  U.S .   P a t e n t   3 , 8 6 3 , 7 0 0 ,  

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

f rom  m o l t e n   m e t a l   c o n t a i n e d   in  a  v e s s e l .   The  B e d e l l   e t  

a l .   p a t e n t   o f f e r s   no  t e a c h i n g   wh ich   o v e r c o m e s   t h e  

p r o b l e m   of  r e a c t i o n   of  the   m e l t   w i t h   the   v e s s e l   c o n -  -  

t a i n i n g   t he   m e l t   when  e i t h e r   a  h i g h   m e l t i n g   or  a  r e a c -  
t i v e   m a t e r i a l   is  e m p l o y e d .   A l l o y s   c o n t a i n i n g   l a r g e  
c o n c e n t r a t i o n s   of  t i t a n i u m ,   z i r c o n i u m ,   n i o b i u m ,  

v a n a d i u m ,   c h r o m i u m ,   and  the   l i k e ,   when  m o l t e n   a r e   k n o w n  
to  r e a c t   w i t h   r e f r a c t o r y   c r u c i b l e   m a t e r i a l s   such   a s  

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

b e r y l l i a ,   and  the   l i k e .   R e a c t i o n   w i t h   the   c r u c i b l e   c a n  

c a u s e :   c o n t a m i n a t i o n   of  the   m e l t   which   can  r e s u l t   i n  

e m b r i t t l e m e n t   of  the   c a s t   f i l a m e n t ;   f o r m a t i o n   o f  
i n s o l u b l e   i n c l u s i o n s   in  the   m e l t   which   can  r e d u c e   t h e  

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



c h a r a c t e r i s t i c s ;   and  a t t a c k   of  the   c r u c i b l e   by  the   m e l t  

w h i c h   w i l l   s h o r t e n   the   l i f e   of  the  c r u c i b l e .  

By  the   a p p r o p r i a t e   s e l e c t i o n   of  t he   c r u c i b l e  

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

m e n t i o n e d   p r o b l e m s   can  be  m i n i m i z e d   bu t   n o t  e l i m i n a t e s .  

The  s e l e c t i o n   p r o c e s s   may  r e q u i r e   e x t e n s i v e   e x p e r i m e n t a -  

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

and  c r u c i b l e   m a t e r i a l .   In  many  c a s e s   t he   c r u c i b l e  

m a t e r i a l   t h a t   is  s u b j e c t   to  m i n i m a l   a t t a c k   by  t he   a l l o y  

may  s u f f e r   f rom  t h e r m a l   i n s t a b i l i t y   and  be  s u b j e c t   t o  

c r a c k i n g   when  t h e r m a l l y   c y c l e d .  

High  t e m p e r a t u r e   n i c k e l - b a s e ,   n i c k e l - c h r o m -  

i u m - t i t a n i u m - a l u m i n u m   a l l o y s   nave  been   m e l t e d   i n  w a t e r -  

c o o l e d   c o p p e r   c r u c i b l e s .   B r i t i s h   p a t e n t   1 , 5 1 7 , 2 8 3 ,  

t e a c h e s   the   use  of  a  w a t e r - c o o l e d   c r u c i b l e   to  c o n t a i n  

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

c r u c i b l e   by  s p i n n i n g   t he   c r u c i b l e   a b o u t   i t s   a x i s   t o  

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

r a d i a l l y   f rom  t h e   edge   of  the   c r u c i b l e .   T h i s   p a t e n t  

o f f e r s   no  t e a c h i n g   t h a t   t he   m e l t   can  be  e x t r a c t e d   f r o m  

t h e   c r u c i b l e  i n   the   fo rm  of  a  c o n t i n u o u s   s t r e a m  o f  

l i m i t e d   d i m e n s i o n s .  

L i k e w i s e ,   B r i t i s h   p a t e n t   1 , 4 2 8 , 6 9 1   t e a c h e s  

t h a t   a l l o y s   can  be  m e l t e d   in  w a t e r - c o o l e d   m o l d s .   T h e  

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

t e a c h i n g   of  a  t e c h n i q u e   f o r   the   e x t r a c t i o n   of  l i q u i d  

m e t a l   f rom  a  w a t e r - c o o l e d   m o l d .  

S i n c e   the   e l e c t r o d e s   used   to  s u p p l y   h e a t   t o  
t h e   m e l t s   in  t he   a b o v e   e x a m p l e s   a re   d i r e c t l y   above   t h e  

m e l t ,   i t   is  n e c e s s a r y   to  form  a  s t r e a m   of  c o n t r o l l e d  

d i m e n s i o n s   away  f rom  t h e s e   e l e c t r o d e s   if   a  f i l a m e n t   o f  

m e t a l   is  to  be  e x t r a c t e d .   Thus ,   w h i l e   t h e   a b o v e  

e x a m p l e s   show  a  m e t h o d   f o r   m e l t i n g   m a t e r i a l s   in  w a t e r -  
c o o l e d   c r u c i b l e s ,   t h e y   p r o v i d e   no  t e a c h i n g s   w h i c h   a r e  

s u i t a b l e   f o r   e x t r a c t i o n   of  f i l a m e n t s   f rom  t h e   l i q u i d  

m e l t .  

SUMMARY  OF  THE  INVENTION 

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



m e t a l   f i l a m e n t   d i r e c t l y   from  t h e   m e l t   w h e n  t h e   m e t a l  .  

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

m a t e r i a l s .   A  h e a t i n g   s o u r c e   such   as  an  e l e c t r i c   a r c   i s  

e m p l o y e d   f o r   h e a t i n g   the   m e t a l   a n d / o r   h o l d i n g   i t   i n  

m o l t e n   c o n d i t i o n .   The  m e t a l   c h a r g e   is  h e l d   in  a  c o o l e d ,  

t i l t a b l e   c r u c i b l e ,   wh ich   is  c o n s t r u c t e d   of  h i g h   t h e r m a l  

c o n d u c t i v e   m a t e r i a l .   When  an  a r c   s o u r c e   is  e m p l o y e d ,   a n  

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

c r u c i b l e   m a t e r i a l .   S u i t a b l e   m a t e r i a l s   of  c o n s t r u c t i o n  

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

The  c r u c i b l e   has  one  or  more  i n t e r n a l   p a s -  

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

c h a n n e l s .   When  t he   a p p a r a t u s   i n c l u d e s . a n   e l e c t r o d e ,   i t  

i s   a s s o c i a t e d  w i t h   the   c r u c i b l e   and  an  a r c   is  s t r u c k  

b e t w e e n . t h e   e l e c t r o d e   and  the  m e t a l   c h a r g e   c o n t a i n e d   i n  

the   c r u c i b l e .   The  h e a t   g e n e r a t e d   by  the   a r c   is  u sed   t o  

m e l t   the   m e t a l   a n d / o r   h o l d   i t   in  m o l t e n   c o n d i t i o n .  

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

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

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

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

p o u r i n g   s p o u t ,   and  means  a re   p r o v i d e d   f o r   t i l t i n g   t h e  

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

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

is  b e i n g   a d v a n c e d .   The  c h i l l   s u r f a c e   is  p r o v i d e d   w i t h   a  
h e a t   e x t r a c t i n g   member  wh ich   may  be  c o n s t r u c t e d   of  a n y  

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

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

l i k e .   The  m e t a l   s o l i d i f i e s   in  c o n t a c t   w i t h   t he   c h i l l  

s u r f a c e   and  is  d r awn   ou t   by  the  a d v a n c i n g   c h i l l   s u r f a c e  

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

The  p r e s e n t   i n v e n t i o n   f u r t h e r   p r o v i d e s   a  

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

f rom  the   m e l t .   I t   i n v o l v e s   p r o v i d i n g   a  c h a r g e   of  m o l t e n  

m e t a l   in  a  t i l t a b l e   c r u c i b l e   h a v i n g   a  p o u r i n g   s p o u t . .   A 

s o l i d i f i e d   l a y e r   of  the  m e l t   is  p r o v i d e d   to  p r e v e n t  

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

c r u c i b l e   is  t i l t e d   to  e l e v a t e   the  m o l t e n   m e t a l   i n t o   t h e  



s p o u t   to  fo rm  a  s t r e a m   t h e r e t h r o u g h .   The  s t r e a m   i s  

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

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

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

of  t i l t   may  be  a d j u s t e d   d u r i n g   the   c a s t i n g   o p e r a t i o n  

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

and  a   f i l a m e n t   of  u n i f o r m   c r o s s - s e c t i o n .  

BRIEF  DESCRIPTION  OF  THE  DRAwING 

F i g .   1  is  a  s c h e m a t i c   v i ew  of  a  c r o s s - s e c t i o n  

of  one  e m b o d i m e n t   of  the  p r e s e n t   i n v e n t i o n .  

F i g .   2  is  a  s c h e m a t i c   of  the   c r u c i b l e   a n d  

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

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

F i g .   3  is  a  p e r s p e c t i v e   v i ew  of  a n o t h e r  

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

c r u c i b l e   and  t h e   h e a t   e x t r a c t i n g   d i s k .  

DETAILED  DESCRIPTION  OF  INVENTION  AND  THE 
BEST  MODES  FOR  CARRYING  OUT  THE  INVENTION 

F i g .   1  is  one  e m b o d i m e n t   of  t he   p r e s e n t  

i n v e n t i o n .   The  a p p a r a t u s   has  a  h e a t   e x t r a c t i n g   c r u c i b l e  

2  f o r   c o n t a i n m e n t   of  a  m o l t e n   m e t a l   4.  The  c r u c i b l e  

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

as  c o p p e r ,   b r a s s   or  g r a p h i t e .   The  c r u c i b l e   2  has   a ,  
c o o l a n t   i n l e t   5,  a  c h a n n e l   6  and  a  c o o l a n t   o u t l e t   7  f o r  

t he   p a s s a g e   of  a  c o o l a n t   such   as  w a t e r   t h e r e t h r o u g h .  

The  c o o l a n t   e n h a n c e s   the   h e a t   e x t r a c t i n g   c h a r a c t e r i s t i c s  

of  t h e   c r u c i b l e   2.  A  s p o u t   8  is  p o s i t i o n e d   on  the   p e r -  

i p h e r a l   edge   of  the   c r u c i b l e   2 .  

The  s p o u t   8  can  o p t i o n a l l y   be  i n s u l a t e d   w i t h  

an  i n s u l a t i n g   i n s e r t   10  as  is  i l l u s t r a t e d   in  F i g .   2 .  

T h i s   i n s e r t   can  be  made  of  a  m a t e r i a l   such   as  z i r c o n i a ,  

b o r o n   n i t r i t e ,   a l u m i n a ,   or   a l t e r n a t i v e l y   of  a  m a t e r i a l  

s u c h   as  c l a y   g r a p h i t e .   The  i n s e r t   can  be  h e a t e d   b y  

h e a t i n g   e l e m e n t   12.  When  the   i n s e r t   is  g r a p h i t e   or  c l a y  

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

and  the   h e a t i n g   may  b e  w i t h   an  i n d u c t i o n   c o i l .  

A g a i n  r e f e r r i n g   to  F i g .   1,  a  m e t a l   c h a r g e  



may  be  m e l t e d   to  form  the   m o l t e n   m e t a l   4  wh ich   i s  

m a i n t a i n e d   l i q u i d   in  the   c r u c i b l e   2  by  means   f o r  

s u p p l y i n g   h e a t   to  the  c h a r g e   a n d / o r   the   m o l t e n   m e t a l   4 .  

The  h e a t i n g   means  i l l u s t r a t e d   is  an  a r c   s o u r c e   14  w h i c h  

p r e f e r a b l y   has  a  w a t e r - c o o l e d   e l e c t r o d e   h o l d e r   16  and  a  

n o n c o n s u m a b l e   e l e c t r o d e   18.   T y p i c a l l y ,   t u n g s t e n   is  u s e d  

as  a  n o n c o n s u m a b l e   e l e c t r o d e   18.  T h i s   e l e c t r o d e   18  i s  

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

m e t a l   4.  T y p i c a l l y ,   the   v o l t a g e   a p p l i e d   b e t w e e n   t h e  

m o l t e n   m e t a l   4  and  e l e c t r o d e   18  w i l l   be  b e t w e e n   a b o u t  

200  and  500  v o l t s   AC.  A  p o w e r   s u p p l y   20  is  c o n n e c t e d  

b e t w e e n   the   e l e c t r o d e   h o l d e r   16  and  the   c r u c i b l e   2.  T h e  

p o w e r   s u p p l y   20  may  a l t e r n a t i v e l y . b e   c o n n e c t e d   to  m u l t i -  

p l e   e l e c t r o d e s   to  p r o v i d e   a  p o t e n t i a l   b e t w e e n   the   e l e c -  

t r o d e s   and  t he   m o l t e n   m e t a l   4 .  

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

f o r   h e a t i n g   the   m o l t e n   m e t a l   4  is  i l l u s t r a t e d   as  a n  

a r c   s o u r c e   14 ,   o t h e r   means  such  as  an  e - b e a m   or  a  l a s e r  

c o u l d   be  e m p l o y e d .   The  m o l t e n   m e t a l   4  is  i s o l a t e d   f r o m  

the   c r u c i b l e   by  a  s o l i d i f i e d   l a y e r   22.  T h i s   s o l i d i f i e d  

l a y e r   22  has  the   same  c o m p o s i t i o n   as  the   m o l t e n   m e t a l   4 .  

T h i s   s o l i d i f i e d   l a y e r   22,  or  c r u s t ,   p r e v e n t s   r e a c t i o n  

b e t w e e n   the   m o l t e n   m e t a l   4  and  the   c r u c i b l e   2 .  

A  h e a t   e x t r a c t i n g   d i s k   24  h a v i n g   a  c i r c u m -  

f e r e n t i a l   p e r i p h e r a l   edge  26  is  c o n n e c t e d   to  a  means  f o r  

r o t a t i n g   the   d i s k ,   such  as  a  m o t o r   27  shown  by  d a s h e d  

l i n e s .   The  d i s k   24  p r o v i d e s   a  h e a t   e x t r a c t i n g   s u r f a c e  

w i t h   a  means  f o r   moving   the   h e a t   e x t r a c t i n g   s u r f a c e .  

O t h e r   means  such   as  a  r o t a t i n g   b e l t   c o u l d   a l s o  b e  

e m p l o y e d .  

When  the   s p o u t   8  of  the   c r u c i b l e   2  is  c o p l a n a r  

w i t h   the  p e r i p h e r a l   e d g e   26  of  the  d i s k   24,  the   s p o u t  
8  can  be  b r o u g h t   i n t o   c l o s e   p r o x i m i t y   w i t h   the   p e r i -  

p h e r a l   edge   26  by  p i v o t i n g   the  c r u c i b l e   2  on  the   p i v o t a l  

m o u n t s   28.  The  p i v o t a l   m o t i o n   w i l l   b r i n g   the   m o l t e n  .  

m e t a l   4  i n t o   t he   s p o u t   8.  As  the  m o l t e n   m e t a l   4  m a k e s  

c o n t a c t   w i t h   the   p e r i p h e r a l   edge  26,   a  f i l a m e n t   30  w i l l  

be  d r a w n .   When  the  p e r i p h e r a l   edge  26  is  a  r i g h t  



c y l i n d r i c a l   s u r f a c e ;   the   f i l a m e n t   d rawn  w i l l  t e n d   t o ' b e  

a  f l a t t e n e d   r i b b o n .  

Pe r   the   b e s t   c o n t r o l   of  the   f i l a m e n t   s i z e ,   i t  

i s   p r e f e r r e d   t h a t   the   s p o u t   8  have   a  c h a n n e l   w i t h   a  

r a d i u s   of  c u r v a t u r e  o f   b e t w e e n   a b o u t   0 . 1 5   cm.  a n d  

0 . 5 , c m .   The  l o w e r   l i m i t   i n s u r e s   t h a t   t he   c h a n n e l   w i l l  

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

30,   w h i l e   t he   u p p e r   l i m i t   is  a  p r a c t i c a l   l i m i t   b e y o n d  

w h i c h   i t   is   d i f f i c u l t   to  m a i n t a i n   a  c o n s t a n t   head   d u r i n g  

t h e   f o r m a t i o n   of  the   f i l a m e n t   3 0 .  

In  the   e v e n t   t h a t   a  more  c y l i n d r i c a l   f i l a m e n t  

i s   s o u g h t ,   the   p e r i p h e r a l   edge   26'   can  be  made  a  t a p e r e d  

c o n v e x   s u r f a c e   a s  i s   i l l u s t r a t e d   in  F i g .   3  by  the   s u r -  
f a c e   2 6 ' .   In  t h i s   c a s e   the   s p o u t   8  mus t   be  m o d i f i e d   s o  

as  to  have   a  c o n t o u r e d   s u r f a c e   w h i c h   is  a  m i r r o r  

image   of  t h e   p e r i p h e r a l   edge   2 6 ' .   When  the   m o l t e n   m e t a l  

4  r e a d i l y   r e a c t s   in  a i r ,   i t   is  p r e f e r r e d   to   p r o v i d e   a  
c o n t r o l l e d   a t m o s p h e r e .   F i g .   3  i l l u s t r a t e s   a  c h a m b e r  

32  w h i c h   is   p r o v i d e d   f o r   e n c l o s i n g   the   c r u c i b l e   2  a n d  

the   d i s k   24.   The  c h a m b e r   32  has   an  o u t l e t   3 4  f o r   e v a c u -  
a t i o n   w h i c h   is  c l o s e a b l e   by  a  v a l v e   36.   T h e r e   is  a n  

i n l e t   38  w h i c h   a g a i n   is  p r o v i d e d   w i t h   a  v a l v e   40.   T h i s  

i n l e t   38  s e r v e s   to  s u p p l y   a  p r o t e c t i v e   a t m o s p h e r e   f o r  

t h e   c r u c i b l e   2.  The  a r c   s o u r c e   14  p a s s e s   t h r o u g h   a  

c o v e r   42  of  the   c h a m b e r   32.  A  r o t a t a b l e   s e a l   44  i s  

p r o v i d e d   b e t w e e n   the   e l e c t r o d e   h o l d e r   16  and  the   r e m o v -  

a b l e   c o v e r   42.  A  r e m o v a b l e   c o v e r   42  a l l o w s   a c c e s s   t o  

t h e   c r u c i b l e   2  and  the   d i s k   24.  In  o r d e r   to  f u r t h e r  

i l l u s t r a t e   the   p r e s e n t   i n v e n t i o n   the   f o l l o w i n g   e x a m p l e s  

a r e   g i v e n .  

EXAMPLES  1 - 9  

A  s e r i e s   of  s a m p l e s   were   m e l t e d   in  a  w a t e r -  

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

50  and  100  g r a m s .   A  n o n c o n s u m a b l e   t u n g s t e n   e l e c t r o d e  

was  e m p l o y e d   to  h e a t   t he   m e l t s .   The  m e l t s   were   c a s t  

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

p l a c i n g   t he   c r u c i b l e   and  the   d i s k   in  a  c h a m b e r   w h i c h   w a s  

e v a c u a t e d   to  1 0 - 4   t o r r   ( 1 . 3 3   x  10  2Pa)  and  t h e r e a f t e r  



b a c k f i l l e d   w i t h   h i g h   p u r i t y   a r g o n   to  a b o u t   20  cm  o f  

m e r c u r y .   An  arc   was  s t r u c k   b e t w e e n   the   c h a r g e   wh ich   was  

in  t h e  f o r m   of  a  p e l l e t ,   and  the  e l e c t r o d e .   By 

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

b r o u g h t   i n t o   the   s p o u t   and  in  k i s s i n g   c o n t a c t   w i t h   t h e  

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

The  d i s k   had  a  d i a m e t e r   of  a b o u t   12  i n c h e s   ( 3 0 . 5   cm) 

and  was  r o t a t e d   at  b e t w e e n   a b o u t   1200  rpm  and  1600  r p m .  

The  d i s k   was  a  w a t e r - c o o l e d   m o l y b d e n u m   w h e e l .   A 

f i l a m e n t a r y   f i b e r   was  e x t r a c t e d   or  d r a g g e d   from  the  m e l t  

by  the  w h e e l .   The  m a t e r i a l s   c a s t   a re   s u m m a r i z e d   i n  

T a b l e   1 .  

I t   is  u n d e r s t o o d   t h a t   a l t h o u g h   the  p r e s e n t  -  

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

e m b o d i m e n t s   a n d  e x a m p l e s ,   m o d i f i c a t i o n s   of  t h e s e   c o n -  

c e p t s   h e r e i n   d i s c l o s e d   may  be  r e s o r t e d   to  by  t h o s e  

s k i l l e d   in  the   a r t .   Such  m o d i f i c a t i o n s   and  v a r i a t i o n s  

a re   c o n s i d e r e d   to  be  w i t h i n   the  s c o p e   of  the   i n v e n t i o n  

and  the  a p p e n d e d   c l a i m s .  



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

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

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

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

h o l d i n g   a  m e t a l   c h a r g e ;  

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

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

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

a  m e l t ;  

d)  one  or  more  c o o l i n g   p a s s a g e s   i n t e r n a l   t o  

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

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

of  the   m e l t   f o r   p r e v e n t i n g   i n t e r a c t i o n  

b e t w e e n   the   m e l t   and  s a i d   c r u c i b l e ;  

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

e x t r a c t i n g   member  f o r   d e p o s i t i o n   of  m o l t e n '  

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

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

c h i l l   s u r f a c e ;   a n d  

f)  means   f o r   t i l t i n g   s a i d   c r u c i b l e   to  e l e v a t e  

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

o n t o   the   c h i l l   s u r f a c e   as  i t   is  b e i n g  

a d v a n c e d .  

2.  The  a p p a r a t u s   of  c l a i m   1  w h e r e i n   s a i d  

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

a b o u t   0 . 1 5   cm  and  0 .5   cm.  

3.  The  a p p a r a t u s   of  c l a i m   1  w h e r e i n   s a i d  

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

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

c h a r g e   is  an  e l e c t r o d e   a s s o c i a t e d   w i t h   s a i d   c r u c i b l e  

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

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

m e t a l   c h a r g e .  
4.  The  a p p a r a t u s   of  c l a i m   3  w h e r e i n   s a i d  

s p o u t   has  an  i n s u l a t i n g   i n s e r t   w i t h   means   f o r   h e a t i n g  

s a i d   i n s e r t .  



5.  The  a p p a r a t u s   of  c l a i m   2  w h e r e i n   s a i d  

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

a t   l e a s t   two  n o n - c o n s u m a b l e   e l e c t r o d e s ;   and  a  p o w e r  

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

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

' s a i d   m e t a l   c h a r g e .  

6.  A  m e t h o d   f o r   mak ing   a  c o n t i n u o u s   m e t a l  

f i l a m e n t   d i r e c t l y   f rom  a  m e l t   wh ich   c o m p r i s e s   the   s t e p s  

o f :   p r o v i d i n g   a  c h a r g e   of  m o l t e n   m e t a l   in  a  t i l t a b l e  

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

c r u c i b l e   to  e l e v a t e   t he   m o l t e n   m e t a l   i n t o   the   p o u r i n g  

s p o u t   to  fo rm  a  s t r e a m   t h e r e t h r o u g h ;   p r o v i d i n g   a  s o l i d -  

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

t w e e n   the   m e l t   a n d  s a i d   c r u c i b l e ;   c o n t a c t i n g   s a i d   s t r e a m  

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

member ;   a d v a n c i n g   the   c h i l l   s u r f a c e ;   and  q u e n c h i n g   t h e  

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

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

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