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BACKGROUND  OF  THE  INVENTION 

R e c e n t   a d v a n c e s   in  t he   m e t a l l u r g i c a l   a r t s   i n -  

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

ed  f rom  t he   m e l t   a t   r a t e s   in  e x c e s s   of  a b o u t   104  to  10 6 "C 

p e r   s e c o n d ,   fo rm  g l a s s y   ( a m o r p h o u s )   s o l i d s .   Such  g l a s s -  

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

u s u a l l y   i r o n ,   n i c k e l   a n d / o r   c o b a l t ,   in  c o n j u n c t i o n   w i t h  

one   or  more  m e t a l l o i d s   of  p h o s p h o r u s ,   b o r o n   and  c a r b o n .  

G l a s s - f o r m i n g   a l l o y s   a r e ,   f o r   e x a m p l e ,   d e s c r i b e d   in  U . S .  

P a t .   3 , 8 5 6 , 5 1 3   i s s u e d   D e c e m b e r   24,   1974  to   Chen  e t   a l .  

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

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

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

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

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

f r o m   the   m e l t   due  to  e v a p o r a t i o n .   I r o n   p h o s p h i d e   is  a  

b a s i c   i n g r e d i e n t   in  many  g l a s s - f o r m i n g   m e t a l l i c   a l l o y  

c o m p o s i t i o n s ,   and  in  t he   h i g h   p u r i t y   fo rm  r e q u i r e d   f o r  

s u c h   p u r p o s e ,   i t   i s   q u i t e   c o s t l y .   I n e x p e n s i v e   f o r m s   o f  

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

in   fo rm  w h i c h   can  e v a p o r a t e   upon  h e a t i n g ,   and  w h i c h   t e n d s  

t o   fo rm  v o l a t i l e   p h o s p h o r u s   p e n t o x i d e ,   and  w h i c h   p o s e s   a  

s a f e t y   h a z a r d   and  r e s u l t s   in  c h a n g e s   of  the   a l l o y   c o m p o -  
s i t i o n .   G l a s s y   s o l i d   s t r u c t u r e s   a r e   o b t a i n e d   f rom  s u c h  

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

a  f i n e   j e t   of  t he   m o l t e n   a l l o y   is  i m p i n g e d   upon  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   f o r   s o l i d i f i c a t i o n .   O r i f i c e   d i a -  

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



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

m e l t   can   r e p r e s e n t   s e r i o u s   p r o b l e m s .   I r o n ,   c o b a l t   o r  
n i c k e l   b a s e d   p h o s p h o r u s - c o n t a i n i n g   g l a s s - f o r m i n g   a l l o y s  

w h i c h   a d d i t i o n a l l y   c o n t a i n   b o r o n   as  a  m e t a l l o i d   a r e  

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

In  s u c h   a l l o y ,   t h e s e   p a r t i c l e s   were   f o u n d   to   be  p r e -  

d o m i n a n t l y   s m a l l   p a r t i c l e s   of  T i02   a n d / o r   T i B 0 3 ,   b o t h   o f  

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

t i v e l y   i n s o l u b l e   in  t h e   m e l t .   I t   was  f o u n d   t h a t   t i t a n i u m  

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

w h i c h   is  u s e d   as  a  s o u r c e   of  p h o s p h o r u s   in  m a k i n g   t h e s e  

a l l o y s ,   a l t h o u g h   t i t a n i u m   may  a l s o   be  p r e s e n t   as  c o n t a m i -  

n a n t   in  o t h e r   raw  m a t e r i a l s   e m p l o y e d   in  m a k i n g   t h e s e  

a l l o y s .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   r e f i n i n g   f l u x   f o r  

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

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

t a i n i n g   i r o n ,   n i c k e l   a n d / o r   c o b a l t - b a s e d   a l l o y s .  

SUMMARY  OF  THE  INVENTION 

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

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

o x i d e   f l u x .   Such   l a y e r   p r o t e c t s   the   m e l t   f r om  o x i d a t i o n ,  

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

m o l t e n   m e t a l   a l l o y   and  p r e v e n t s   t he   e v a p o r a t i o n   of  p h o s -  

p h o r u s   v a l u e s .   The  f l u x   f l o a t i n g   on  t h e   a l l o y   m e l t   w i l l  

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

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

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

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

P h o s p h o r u s - c o n t a i n i n g   i r o n ,   n i c k e l   a n d / o r   c o b a l t -  

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

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

c o b a l t .   The  f l u x   l a y e r   p r o t e c t s   t he   m o l t e n   a l l o y   f r o m  

o x i d a t i o n ,   r e d u c e s   or  e l i m i n a t e s   c o n t a m i n a t i o n   of  t h e   m e l t  

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



DETAILED  DESCRIPTION  OF  THE  INVENTION 

M e t a l l i c   g l a s s - f o r m i n g   a l l o y s   w h i c h   b e n e f i t  

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

as   a  m e t a l l o i d   c o m p o n e n t ,   a l o n e   or  t o g e t h e r   w i t h   o t h e r  

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

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

by  i n g r e d i e n t s   h a v i n g   the   f o r m u l a s   F e P  ,   N i P x ,   CoPx ,   M n P x ,  
w h e r e i n   x  is   b e t w e e n   a b u t   0 . 3   and  l . l   and  p r e f e r a b l y   b e t -  

ween   a b o u t   0 . 5   and  1.  P r e f e r r e d   a l l o y   c o m p o s i t i o n s   i n c l u d e  

a l l o y s   u t i l i z i n g   as  s o u r c e   of  p h o s p h o r u s   F e P   w h e r e i n   x  i s  

b e t w e e n   a b o u t   0 . 5   and  1.  P r e f e r r e d   a l l o y   c o m p o s i t i o n s   i n -  

c l u d e   t r a n s i t i o n   m e t a l   a l l o y s   c o n t a i n i n g   b e t w e e n   a b o u t   3 

and  25  w e i g h t   p e r c e n t   p h o s p h o r u s .   T h e s e   a l l o y s   have   a  

p h o s p h o r u s   p a r t i a l   p r e s s u r e   of  l e s s   t h a n   20  m i c r o n ,   a n d  

m e l t i n g   p o i n t s   of  b e t w e e n   a b o u t   900°C  and  1 2 0 0 ° C .  

P h o s p h o r u s - c o n t a i n i n g   a l l o y s   b a s e d   on  one  o r  

more   of  i r o n ,   n i c k e l   a n d / o r   c o b a l t   w h i c h   b e n e f i t   f r o m  

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

a d d i t i o n a l l y   c o n t a i n s   o x i d e s   of  i r o n ,   n i c k e l   a n d / o r   c o b a l t  

h a v e   t h e   g e n e r a l   f o r m u l a   MaPbYc  w h e r e i n   M  is  a  m e t a l   s e -  

l e c t e d   f rom  one  or  more  of  t he   g r o u p   c o n s i s t i n g   of  i r o n ,  

c o b a l t   and  n i c k e l ;   P  r e p r e s e n t s   p h o s p h o r u s ;  Y   r e p r e s e n t s  

a  m e t a l l o i d   s e l e c t e d   f rom  one  or  b o t h   of  t he   g r o u p   c o n -  

s i s t i n g   of  b o r o n   and  c a r b o n ;   and  a,   b  and  c  a r e   in  a t o m i c  

p e r c e n t ,   w h e r e i n   a  is   a b o u t   70  t o   90,  b  is   0 - 2 0 ,   bu t   -  

d e s i r a b l y   a t   l e a s t   1,  t he   sum  of  b  +  c  i s   a b o u t   10  to   3 0 ,  

t h e   sum  of  a  +  b  +  c  b e i n g   1 0 0 .   In  t h e   a b o v e   f o r m u l a ,  

up  to  a b o u t   80  p e r c e n t   of  M  may  be  r e p l a c e d   by  one  o r  

more   of  any  t r a n s i t i o n   m e t a l   o t h e r   t h a n   i r o n ,   c o b a l t   a n d  

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

v a n a d i u m ,   a l u m i n u m ,   t i n ,   a n t i m o n y ,   g e r m a n i u m ,   i n d i u m ,  

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

z i r c o n i u m ,   h a f n i u m   and  c o p p e r ,   f o r   e x a m p l e .   The  p h o s -  

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

f r o m   f e r r o p h o s p h o r u s ,   w h i c h   may  be  of  any  s u i t a b l e   p h o s -  

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

t a i n i n g   a b o u t   18  and  25  p e r c e n t   by  w e i g h t   p h o s p h o r u s .  

The  b o r o n   t r i o x i d e   f l u x   c o m p r i s e s   c o m p o s i t i o n s  



of  t he   f o r m u l a   B203  of   a b o u t  9 5   w e i g h t   p e r c e n t   p u r i t y ,  

p r e f e r a b l y   b e t t e r   t h a n   a b o u t   98  w e i g h t   p e r c e n t   p u r i t y ,   t h e  

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

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

i s   to  s a y ,   t h a t   t h e y   do  n o t   m a t e r i a l l y   i n t e r f e r e   w i t h   t h e  

i n t e n d e d   f u n c t i o n   of  t h e   b o r o n   t r i o x i d e   f l u x .  

S u i t a b l e   b o r o n   t r i o x i d e   f l u x e s   have   a  m e l t i n g  

p o i n t   b e t w e e n   a b o u t   4 0 0 ° C   and  6 0 0 ° C ,   p r e f e r a b l y   b e t w e e n  

a b o u t   400°   and  5 0 0 ° C ,   and  h a v e   a  v a p o r   p r e s s u r e   of  b e l o w  

a b o u t   20  m i c r o n .  

In  t h e   f l u x e s   of  t he   p r e s e n t   i n v e n t i o n   w h i c h  

a d d i t i o n a l l y   c o n t a i n   an  o x i d e   of  i r o n ,   c o b a l t   a n d / o r  

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

m a j o r   m e t a l   c o m p o n e n t   of  t he   a l l o y .   For  e x a m p l e ,   i f   i r o n  

is   t h e  o n l y   or  m a j o r   m e t a l   c o m p o n e n t   of  t h e   a l l o y ,   t h e  

o x i d e   c o m p o n e n t   in  t h e   f l u x   d e s i r a b l y ,   b u t   n o t   n e c e s -  

s a r i l y ,   i s   an  o x i d e   of  i r o n .   N i c k e l - c o n t a i n i n g   m e l t s  

d e s i r a b l y   a r e   r e f i n e d   u n d e r   a  f l u x - c o n t a i n i n g   n i c k e l  

o x i d e .   The  f l u x   d e s i r a b l y   c o n t a i n s   f rom  a b o u t   20  to   80  

p e r c e n t   by  w e i g h t   b o r o n   t r i o x i d e .  

In  t h e   m e l t i n g   o p e r a t i o n   the   m e t a l   o x i d e   ( e . g .  

i r o n ,   c o b a l t   or  n i c k e l   o x i d e )   c o a c t s   w i t h   t he   b o r o n  

t r i o x i d e   to   o b t a i n   t h e   d e s i r e d   r e s u l t .   I t   is   b e l i e v e d  

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

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

f o r m i n g   T i 0 2 ,   w h i c h   i s   t h e n   bound   in  t he   m o l t e n   f l u x .  

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

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

w h i c h   may  be  c o n t a i n e d   in  t he   m e l t .   M o r e o v e r ,   t h e   b o r o n  

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

to   p r e v e n t   o x i d a t i o n   of  p h o s p h o r u s ,   i f   p r e s e n t ,   to  t h e  

f i v e   v a l e n t   o x i d e   s t a t e ,   as  m i g h t   o c c u r   due  to   p r e s e n c e  
of   s m a l l   a m o u n t s   of  o x y g e n   in  t he   m e l t .   In  t h e   f i v e   v a -  

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

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

s i d e r a t i o n .  

Of  t h e   o x i d e s   of  i r o n ,   n a m e l y   FeO,  F e 2 0 3 " a n d  

F e 3 0 4 ,   a l l   a r e   s u i t a b l e ,   FeO  b e i n g   p r e f e r r e d .   L i k e w i s e ,  



any   of   t h e   o x i d e s   of  c o b a l t ,   CoO,  C o 2 0 3 ,   as  w e l l   a s  

Co3041   may  be  e m p l o y e d .   H o w e v e r ,   f o r   r e a s o n s   of  h i g h  

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

N i c k e l   o x i d e ,   f o r   r e a s o n s   of  a v a i l a b i l i t y   as  w e l l   a s  

e f f e c t i v e n e s s ,   is  t h e   p r e f e r r e d   m e t a l   o x i d e .   M e t a l   o x i d e s  

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

The  b o r o n   t r i o x i d e   (H203)   s i m i l a r l y   may  be  o f  

any   d e g r e e   c o m m e r c i a l   p u r i t y .  

In  t h e   m e t a l   o x i d e   c o n t a i n i n g   f l u x e s ,   t he   b o r o n  

t r i o x i d e   i s   d e s i r a b l y   e m p l o y e d   in  a m o u n t   of  20  t o   80  p e r -  

c e n t   by  w e i g h t ,   p r e f e r a b l y   30  to   70  p e r c e n t   by  w e i g h t ,  

m o s t   p r e f e r a b l y   40  to   60  p e r c e n t   by  w e i g h t   of  t h e   f l u x ,  

t h e   b a l a n c e   b e i n g   r e p r e s e n t e d   by  t h e   m e t a l   o x i d e .   O f  

c o u r s e ,   i f   d e s i r e d ,   o t h e r   c o m p o n e n t s   w h i c h   do  n o t   m a t e -  

r i a l l y   i n t e r f e r e   w i t h   t he   p r o t e c t i v e   and  r e f i n i n g   f u n c -  

t i o n s   of   t h e   f l u x   may  be  i n c l u d e d   in  t h e   f l u x   c o m p o s i t i o n  

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

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

p r e f e r r e d .  

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

s u f f i c i e n t   to   p r o v i d e   a  f l u x   l a y e r   of  b e t w e e n   a b o u t   1  a n d  

50  m i l l i m e t e r   t h i c k n e s s ,   p r e f e r a b l y   b e t w e e n   a b b u t   2  a n d  

10  m i l l i m e t e r   t h i c k n e s s   on  t o p   of  t h e   m o l t e n   m e t a l   a l l o y .  

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

s o l u b i l i t y   in  t he   a l l o y s   is   g e n e r a l l y   l o w ,   so  t h a t   g r o s s  
c o n t a m i n a t i o n   of  t he   a l l o y   w i t h   t h e   f l u x   i s   a v o i d e d .  

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

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

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

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

p r o p e r t i e s   in  t h e   s o l i d   s t a t e .  

The  t e m p e r a t u r e   of  t h e   a l l o y   m e l t   can   be  b e t -  

ween   a b o u t   1 0 0 0 ° C   and  1 5 0 0 ° C ,   and  p r e f e r a b l y   b e t w e e n  

a b o u t   1 1 0 0 ° C   and  1 4 0 0 ° C .   The  t e m p e r a t u r e   of  t he   b o r o n  

t r i o x i d e   f l u x   can  be  b e t w e e n   a b o u t   9 0 0 ° C   and  1 4 0 0 ° C .  

To  p r e v e n t   o x i d a t i o n   and  l o s s   of  p h o s p h o r u s  

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

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



a n d / o r   e v a p o r a t i o n   of  p h o s p h o r u s   v a l u e s ,   and  in  p a r t i c u l a r  

t h e   b o r o n   t r i o x i d e   s h o u l d   be  p r e s e n t   when  t h e   a l l o y   i s   i n  

t h e   m o l t e n   s t a t e .   The  b o r o n   t r i o x i d e ,   to  o b t a i n   t h e   f u l l  

b e n e f i t   of  i t s   f u n c t i o n ,   is   d e s i r a b l y   a d d e d   to   t h e   c o l d  

c h a r g e .   I f   i t   is   a d d e d   a f t e r   the   a l l o y   is  m e l t e d ,   c o n -  

s i d e r a b l e   a m o u n t s   of   p h o s p h o r u s   can  be  l o s t .  

To  f u l f i l l   i t s   r e f i n i n g   f u n c t i o n ,   t h e   f l u x  

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

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

one  m i n u t e ,   d e s i r a b l y   of  a t   l e a s t   a b o u t   5  m i n u t e s .   C o n -  

t a c t   t i m e s   o f ,   s a y ,   b e t w e e n   a b o u t   5  m i n u t e s   and  5  h o u r s ,  

d e s i r a b l y   of  b e t w e e n   a b o u t   30  m i n u t e s   and  a b o u t   3  h o u r s  

a r e   e m i n e n t l y   s u i t a b l e .   I f   d e s i r e d ,   t he   m e l t   may  b e  

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

w i t h   h i g h   t e m p e r a t u r e   c e r a m i c   m a t e r i a l s .   P r e f e r r e d   f u r -  

n a c e   l i n i n g s   a r e   made  f r o m   m a g n e s i a ,   z i r c o n i a   and  a l u m i n a .  

I f   d e s i r e d ,   s u i t a b l e   i n e r t   a t m o s p h e r e s   may  be  p r o v i d e d  

a b o v e   t h e   f l u x ,   i n c l u d i n g   s u c h   as  t h o s e   p r o v i d e d   by  h e l i u m  

or   a r g o n .   A l t e r n a t i v e l y ,   t h e   m e l t i n g   o p e r a t i o n   may  b e  

c o n d u c t e d   u n d e r   v a c u u m .   H o w e v e r ,   p r o v i s i o n   of   i n e r t  

a t m o s p h e r e s   is   n o t   e s s e n t i a l .   I f   an  i n e r t   a t m o s p h e r e   i s  

s u p p l i e d ,   a r g o n   i s   p r e f e r r e d .  

EXAMPLES  1 - 5  

I r o n ,   n i c k e l ,   p h o s p h o r u s ,   and  b o r o n   c o n t a i n i n g  

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

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

p u r i t y :   i r o n ,   9 9 . 9   w e i g h t   p e r c e n t   p u r e ;   n i c k e l ,   9 9 . 9  

w e i g h t   p e r c e n t   p u r e ;   n i c k e l   b o r i d e ,   99  w e i g h t   p e r c e n t  

p u r e   h a v i n g   b o r o n   c o n t e n t   of  b e t w e e n   a b o u t   17  and   1 9  

w e i g h t   p e r c e n t ;   f e r r o p h o s p h o r u s   (Type  I )  c o n t a i n i n g   6 1 . 4 3  

w e i g h t   p e r c e n t   i r o n   and  2 0 . 3 9   w e i g h t   p e r c e n t   b o r o n ;   f e r r o -  

p h o s p h o r u s   (Type   I I )   c o n t a i n i n g   79  w e i g h t   p e r c e n t   i r o n  

and   21  w e i g h t   p e r c e n t   p h o s p h o r u s .   To  e a c h   c h a r g e   t h e r e  

was  a d d e d   an  a m o u n t   of  F e 4 0 N i 4 0 P 1 4 B 6  ( a t o m i c   p e r c e n t )  .  

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

h e a t i n g   of   t h e   c h a r g e .   No  F e 4 0 N i 4 0 P 1 4 8 6  w a s   a d d e d   in  c a s e  
of   s a m p l e   5  s i n c e   t h e   f e r r o p h o s p h o r u s   e m p l o y e d   c o u p l e d  

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



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

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

E x a m p l e s   1,  2,  4,  5  was  m a i n t a i n e d   u n d e r   v a c u u m   u n d e r   a  

l a y e r   of  B203  f l u x   a t   a  t e m p e r a t u r e   of  1 2 0 0 ° C   f o r   o n e  

h o u r ,   b e f o r e   c a s t i n g   i t   i n t o   i n g o t s .   The  m e l t   of  E x a m p l e  

3  was  s o a k e d   a t   1 3 0 0 ° C   f o r   1  h o u r .   The  a m o u n t s   o f  

m a t e r i a l s   c h a r g e d   a r e   s u m m a r i z e d   in  T a b l e   1  b e l o w :  

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

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

p h o r u s ,   and  b o r o n . .   The  i n g o t   o b t a i n e d   in  E x a m p l e   3  w a s  
f u r t h e r   s u b j e c t e d   to  a  s e c o n d   m e l t   c y c l e   a t   1 2 0 0 ° C   f o r   1 

h o u r   in  v a c u u m   u n d e r   a  f l u x   of  B2038  The  r e m e l t e d   a l l o y  

was  a g a i n   c a s t   i n t o   an  i n g o t   and  s u b j e c t e d   to   a n a l y s i s .  
The  r e s u l t s   of  t he   a n a l y s i s   a r e   shown  in  T a b l e   I I   b e l o w .  

I r o n ,   n i c k e l ,   b o r o n   and  p h o s p h o r u s   we re   d e t e r -  

m i n e d   by  we t   c h e m i s t r y ;   o x y g e n   was  d e t e r m i n e d   by  p l a c i n g  

p i e c e s   of   raw  a l l o y   in  a  g r a p h i t e   b o a t   in  a  Leco   o x y g e n  

a n a l y z e r .   T h i s   m e t h o d   d e t e r m i n e s   o n l y   d i s s o l v e d   o x y g e n ,  
b u t   n o t   c h e m i c a l l y   b o n d e d   o x y g e n .   The  p r o c e d u r e   f o r  

d e t e r m i n i n g   i n s o l u b l e s   i n v o l v e d   d i s s o l v i n g   a  2  g r am  s a m p l e  
of   t h e   s o l i d   i n g o t   in  100  m i l l i l i t e r   of  a  r e a g e n t   s o l u -  

t i o n   c o m p o s e d   of  50  m i l l i l i t e r   n i t r i c   a c i d   (70%  A N O 3 ) ;  
10  m i l l i l i t e r   of  s u l f u r i c   a c i d   (100%  H2SO4)  and  40  m i l l i -  

l i t e r   of  w a t e r .   The  a l l o y   was  r e f l u x e d   in  t h e   r e a g e n t  
s o l u t i o n   u n t i l   d i s s o l v e d .   The  r e s u l t a n t   s o l u t i o n   w a s  
f i l t e r e d   t h r o u g h   an  a n a l y t i c a l   f i l t e r   to   d e t e r m i n e   i n -  

s o l u b l e   c o n t e n t   as  a sh   r e s i d u e .   S i l i c o n   and  c a l c i u m   w e r e  
d e t e r m i n e d   by  t a k i n g   an  a l i q u o t   p a r t   of  t h e   s o l u t i o n ,  

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



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

e m i s s i o n s   s p e c t r o s c o p y .  

EXAMPLE  6 

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

c o n t a i n i n g   Fe :   4 5 . 9  +   1  p e r c e n t   by  w e i g h t ;   Ni :   4 4 . 6  +   1  

p e r c e n t   by  w e i g h t ;   P:  7 . 8 5  +   0 . 3 2   p e r c e n t   by  w e i g h t ;  

B:  1 . 4 5  +   0 . 1 1   p e r c e n t   by  w e i g h t .   The  raw  m a t e r i a l s  

c h a r g e d   a r e   i r o n ,   e l e c t r o l y t i c   f r a g m e n t s ,   9 9 . 9   p e r c e n t  

p u r e ;   n i c k e l   p e l l e t s ,   9 9 . 9   p e r c e n t   p u r e ;   f e r r o p h o s p h o r u s ,  

low  s i l i c o n   g r a d e   ( l e s s   t h a n   a b o u t   0 .5   p e r c e n t   s i l i c o n ) ;  

n i c k e l - b o r o n ,   low  a l u m i n u m   g r a d e   (as   a v a i l a b l e ,   f o r  

e x a m p l e ,   f r o m   S h i e l d a l l o y   C o m p a n y ) .   P r i o r   to  and  d u r i n g  

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

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

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

g r a d u a l l y   h e a t e d   u n t i l   m e l t i n g .   At  t h a t   p o i n t ,   an  o x i -  

d i z i n g   a c i d   f l u x   c o n s i s t i n g   of  a b o u t   50  w e i g h t   p e r c e n t  

n i c k e l   o x i d e   and  a b o u t   50  w e i g h t   p e r c e n t   B203  i s   a d d e d  

to   t h e   m o l t e n   c h a r g e   in  an  a m o u n t   of  a b o u t   8  I b s .   p e r  

2 , 5 0 0   l b .   m e t a l   c h a r g e   to  p r o d u c e   a b o u t   a  1 / 8   i n c h   t h i c k  

l a y e r   of   f l u x .   The  m e l t   is  r e f i n e d   u n d e r   t h i s   f l u x   a t  

a  t e m p e r a t u r e   of  a b o u t   1 , 1 8 0 °   to   1 , 2 0 0 ° C   f o r   20  t o   3 0  

m i n u t e s ,   t a k i n g   c a r e   to  a v o i d   t e m p e r a t u r e s   in  e x c e s s   o f  

1 2 0 0 ° C   d u r i n g   t h e   r e f i n i n g   o p e r a t i o n .   T h e r e a f t e r ,   t h e  

f l u x   i s   s k i m m e d   and  t h e   n i c k e l   b o r o n   i s   a d d e d   to   t h e   m e l t .  

The  h e a t   i s   f i n i s h e d   u n d e r   an  a r g o n   b l a n k e t .   T o t a l  



r e f i n i n g   and  h o l d i n g   t i m e   a t   t he   1 , 1 8 0 °   to  1 , 2 0 0 ° C   i s  

a b o u t   45  to   60  m i n u t e s .   The  r e f i n e d   a l l o y   is  t h e n   c a s t   a t  

a b o u t   1 , 0 0 0 ° C .  

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

a b o v e   c o m p o s i t i o n   p r e p a r e d   u s i n g   t h e   N iO/B2O3   f l u x   a s  

a b o v e   d e s c r i b e d   had  a  t i t a n i u m   c o n t e n t   of  o n l y   0 . 0 4   p e r -  

c e n t   by  w e i g h t ,   w h e r e a s   an  a l l o y   o b t a i n e d   u n d e r   o t h e r -  

w i s e   i d e n t i c a l   c o n d i t i o n s   f rom  t he   same  raw  m a t e r i a l s ,  

b u t   w i t h o u t   use   of  t he   f l u x ,   had  a  t i t a n i u m   c o n t e n t   a b o u t  

0 . 1 6   p e r c e n t   by  w e i g h t .   F u r t h e r m o r e ,   a l l o y   p r e p a r e d   u n d e r  

c o n d i t i o n s   of  the   p r e s e n t   i n v e n t i o n   had  s i g n i f i c a n t l y  

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

t e n d   to  f o rm  i n s o l u b l e   s o l i d   o x i d e s .   As  a  c o n s e q u e n c e ,  

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

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

t i o n   of  a  c a s t i n g   n o z z l e   in  a  s u b s e q u e n t   s p i n   c a s t i n g  

o p e r a t i o n .  



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

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

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

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

t r i o x i d e .  

2.  The  p r o c e s s   o f   c l a i m   1  w h e r e i n   s a i d   a l l o y  

h a s   a  p h o s p h o r u s   c o n t e n t   o f   b e t w e e n   a b o u t   3  w e i g h t   p e r c e n t  

and  a b o u t   25  w e i g h t   p e r c e n t .  

3.  The  p r o c e s s   o f   c l a i m   1  w h e r e i n   s a i d   f l u x  

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

r a n g e   of   a b o u t   900°C  t o   1 4 0 0 ° C .  

4.  The  p r o c e s s   o f   c l a i m   1  w h e r e i n   t h e   f l u x  

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

f l u x   l a y e r   o f   b e t w e e n   a b o u t   2  and   50mm  t h i c k n e s s .  

5.  The  p r o c e s s   o f   c l a i m   1  w h e r e   in   t h e   a l l o y  

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

of   i r o n ,   c o b a l t ,   n i c k e l ,   and   m i x t u r e s   t h e r e o f   in  a n y  

p r o p o r t i o n ;  

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

s i s t i n g   o f   b o r o n ,   c a r b o n ,   and   m i x t u r e s   t h e r e o f   in   a n y  

p r o p o r t i o n ;   a,   b a n d c   a r e   in   a t o m i c   p e r c e n t ;   a n d  

a  i s   a b o u t   70  t o   9 0 ,  

b  i s   0  to   20  

t h e   sum  of  b  +  c  i s   a b o u t   10  to   3 0 ,  

t h e   sum  of   a  +  b  +  c  b e i n g   1 0 0 ,  

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

a n d / o r   c o p p e r   t o g e t h e r   w i t h   b o r o n   t r i o x i d e .  

6.  The  p r o c e s s   o f   c l a i m   5  w h e r e i n   t h e   f l u x  

c o m p r i s e s   b e t w e e n   a b o u t   20  and   80  p e r c e n t   by  w e i g h t   o f  

B203 ,   and  b e t w e e n   a b o u t   80  and  20  p e r c e n t   by  w e i g h t   o f  

one   or   more  o x i d e s   of   i r o n ,   c o b a l t   and  n i c k e l .  

7.  The  p r o c e s s   o f   c l a i m   5  w h e r e i n   t h e   a l l o y  
i s   an  a l l o y   o f   i r o n   and  n i c k e l .  

8.  The  p r o c e s s   o f   c l a i m   7  w h e r e i n   t h e   a l l o y  
c o n t a i n s   b o t h   p h o s p h o r u s   and  b o r o n ,   in  c o m b i n a t i o n .  



9.  The  p r o c e s s   o f   c l a i m   8  w h e r e i n   t h e   f l u x  

c o m p r i s e s   b e t w e e n   a b o u t   20  and   80  w e i g h t   p e r c e n t   o f   B 2 0 3 ,  
and   c o r r e s p o n d i n g l y   b e t w e e n   a b o u t   80  and   20  w e i g h t   p e r c e n t  

o f   N i O .  

10.   The  p r o c e s s   o f   c l a i m   5  w h e r e i n   t h e   a l l o y  

c o m p r i s e s   a b o u t   46  +  1  p e r c e n t   by  w e i g h t   o f   Fe;   a b o u t  

4 5  +   1  p e r c e n t   by  w e i g h t   o f   Ni ;   a b o u t   8  +   0 . 5   p e r c e n t   b y  

w e i g h t   o f   P;  a b o u t   1  +   0 . 5   p e r c e n t   by  w e i g h t   o f   B,  w h e r e -  

in   t h e   p h o s p h o r u s   i s   d e r i v e d   f r o m   f e r r o p h o s p h o r u s ,   w h e r e -  

in   t h e   f l u x   c o m p r i s e s   a b o u t   e q u a l   a m o u n t s   o f   NiO  and  B 2 O 3 ,  
and   t h e   m o l t e n   a l l o y   i s   h e l d   in  c o n t a c t   w i t h   t h e   f l u x   f o r  

a  p e r i o d   o f   b e t w e e n   a b o u t   5  m i n u t e s   and   5  h o u r s .  




	bibliography
	description
	claims
	search report

