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@  Amorphous  metals  and  articles  made  thereof. 

An  amorphous  Fe-B-Si  alloy  and  article  made  there- 
from  is  provided  having  improved  castability  while  main- 
taining  good  magnetic  properties,  ductility  and  improved 
thermal  stability.  The  alloy  consists  of  73-80%  Fe,  4-10%  B 
and  14-17%  Si,  in  atomic  percentages,  and  no  more  than  in- 
cidental  impurities.  A  method  of  casting  an  amorphous  strip 
material  from  the  alloy  is  also  provided. 



T h i s   i n v e n t i o n   r e l a t e s   to   a m o r p h o u s   m e t a l   a l l o y s .  

P a r t i c u l a r l y ,   t h e   i n v e n t i o n   r e l a t e s   to   i r o n - b o r o n - s i l i c o n  

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

m a g n e t i c   p r o p e r t i e s   and  p h y s i c a l   p r o p e r t i e s .  

A m o r p h o u s   m e t a l s   may  be  made  by  r a p i d l y   s o l i d i f y i n g  

a l l o y s   f rom  t h e i r   m o l t e n   s t a t e   to   a  s o l i d   s t a t e .   V a r i o u s  

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

s p i n   c a s t i n g   and  d r a w   c a s t i n g ,   among  o t h e r s .   V a p o u r   a n d  

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

A m o r p h o u s   m e t a l s   p r o v i d e d   by  any  of  t h e   a b o v e   m e t h o d s   h a v e  

d i s t i n c t i v e   p r o p e r t i e s   a s s o c i a t e d   w i t h   t h e i r   n o n -  

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

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

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

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

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

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

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

a l l o y   i s   s u b s t a n t i a l l y   a m o r p h o u s ,   b e i n g   a t   l e a s t   75% 

a m o r p h o u s .   B e s t   p r o p e r t i e s   a r e   o b t a i n e d   by  h a v i n g   a  ( 2 0 0 )  

X - r a y   d i f f r a c t i o n   p e a k   of   l e s s   t h a n   25.4mm  (one   i n c h )  

a b o v e   t h e   X - r a y   b a c k g r o u n d   l e v e l .   T h i s   p e a k ,   in   t h e   c a s e  

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

s o l i d   s o l u t i o n ) ,   o c c u r s   a t   a  d i f f r a c t i o n   a n g l e   of  1 0 6  

when  u s i n g   CrK@  r a d i a t i o n .  

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

T h e r e   a r e   v a r i o u s   k n o w n  a l l o y   c o m p o s i t i o n s   of   F e - B - S i .  

Fo r   e x a m p l e ,   U n i t e d   S t a t e s   P a t e n t   No.  3 , 8 5 6 , 5 1 3 ,   Chen  e t   a l ,  

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

t h e r e f r o m   u n d e r   t h e   g e n e r a l   f o r m u l a   M 6 0 - 9 0 Y 1 0 - 3 0 Z 0 . 1 - 1 5  
w h e r e   M  i s   i r o n ,   n i c k e l ,   c h r o m i u m ,   c o b a l t ,   v a n a d i u m   o r  

m i x t u r e s   t h e r e o f ,   Y  i s   p h o s p h o r u s ,   c a r b o n ,   b o r o n ,   or   m i x t u r e s  

t h e r e o f   and  Z  i s   a l u m i n i u m ,   s i l i c o n ,   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   and  m i x t u r e s   t h e r e o f   w h i c h   can   be  m a d e  

s u b s t a n t i a l l y   a m o r p h o u s .   T h e r e   a r e   a l s o   known  a l l o y  



c o m p o s i t i o n s   of  F e - B - S i   w h i c h   have   s h o w n  p r o m i s i n g   m a g n e t i c  

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

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

U n i t e d   S t a t e s   P a t e n t   No.  4 , 2 1 9 , 3 5 5 ,   L u b o r s k y ,   d i s c l o s e s   a n  

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

( t h e   t e m p e r a t u r e   a t   w h i c h   t h e   a m o r p h o u s   m e t a l   r e v e r t s   t o  

i t s   c r y s t a l l i n e   s t a t e )   of   a t   l e a s t   608°F   ( 3 2 0 0 C ) ,   a  

c o e r c i v i t y   of   l e s s   t h a n   0 . 0 3   o e r s t e d s ,   and  a  s a t u r a t i o n  

m a g n e t i z a t i o n   of   a t   l e a s t   174  e m u / g   ( a p p r o x i m a t e l y   1 7 , 0 0 0   G ) .  

G e n e r a l l y ,   t h e   a l l o y   c o n t a i n s   80  or  more   a t o m i c   p e r c e n t   i r o n ,  

10  or   more   a t o m i c   p e r c e n t   b o r o n   and  no  more   t h a n   a b o u t   6 

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

g r e a t e r   t h a n   1 - i n c h   ( 2 . 5 4   cm)  w i d e   and  l e s s   t h a n   0 . 0 0 3 - i n c h  

( . 0 0 7 6 2   cm)  t h i c k ,   h a v i n g   s p e c i f i c   m a g n e t i c   p r o p e r t i e s ,   a n d  

made  of  an  a l l o y   c o n s i s t i n g   e s s e n t i a l l y   of  77-80%  i r o n ,  

12-16%  b o r o n   and  5-10%  s i l i c o n ,   a l l   a t o m i c   p e r c e n t a g e s ,   i s  

d i s c l o s e d   in   U n i t e d   S t a t e s   P a t e n t   a p p l i c a t i o n   S e r i a l  

No.  2 3 5 , 0 6 4 ,   by  t h e   common  A s s i g n e e   of  t h e   p r e s e n t  

a p p l i c a t i o n .  

A t t e m p t s   h a v e   b e e n   made  to   m o d i f y   s u c h   a m o r p h o u s  

m a t e r i a l s   by  a d d i t i o n s   of  o t h e r   e l e m e n t s   to   o p t i m i z e   t h e  

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

S t a t e s   P a t e n t   No.  4 , 2 1 7 , 1 3 5 ,   D e C r i s t o f a r o ,   d i s c l o s e s   a n  

i r o n - b o r o n - s i l i c o n   a l l o y   h a v i n g   1 . 5   to   2 .5   a t o m i c   p e r c e n t  

c a r b o n   to   e n h a n c e   t h e   m a g n e t i c   p r o p e r t i e s .  

U n i t e d   S t a t e s   P a t e n t   No.  4 , 1 9 0 , 4 3 8 ,   Aso  e t   a l ,  

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

2 - 2 0   a t o m i c   p e r c e n t   r u t h e n i u m .  

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

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

d r a w b a c k s .   A l l   of  t h e   a b o v e   a l l o y s   a r e   c o s t l y   b e c a u s e   of  t h e  

r e l a t i v e l y   l a r g e   a m o u n t   of  b o r o n .   A  l o w e r   b o r o n   v e r s i o n  

i s   h i g h l y   d e s i r a b l e .   A l s o ,   h i g h e r   c r y s t a l l i z a t i o n  

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

h a v e   l e s s   t e n d e n c y   to  r e v e r t   b a c k   to   t h e   c r y s t a l l i n e   s t a t e .  

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

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

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



be  as  low  as  p o s s i b l e   f o r   p u r p o s e s   of  i m p r o v i n g   c a s t a b i l i t y .  

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

h i g h ,   of  t h e   o r d e r   of  a t   l e a s t   1 4 , 0 0 0   G.  An  o b j e c t   of   t h i s  

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

known  c o n v e n t i o n a l   c o m m e r c i a l   n i c k e l - i r o n   a l l o y s ,   s u c h  

as  AL  4750  w h i c h   n o m i n a l l y   c o m p r i s e s   48%  Ni -52%  Fe ,   b y  

w e i g h t   p e r c e n t a g e .  

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

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

t h o s e   p r o b l e m s   of  t h e   known  i r o n - b o r o n - s i l i c o n   a m o r p h o u s  

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

of  73-80%  i r o n ,   4-10%  b o r o n   and  14-17%  s i l i c o n ,   b y  a t o m i c  

p e r c e n t a g e s ,   and  no  more   t h a n   i n c i d e n t a l   i m p u r i t i e s .   T h i s  

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

a l l o y s ,   or  t h e   c o m m e r c i a l l y   a v a i l a b l e   N i - F e   a l l o y s   w h i c h  

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

An  a r t i c l e   made  f r o m   t h e   a m o r p h o u s   m e t a l   a l l o y   of  t h e  

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

d u c t i l e   (as  h e r e i n   d e f i n e d )   and  h a v i n g   a  c o r e   l o s s  

c o m p e t i t i v e   w i t h   c o m m e r c i a l   N i - F e   a l l o y s ,   s u c h   as  AL  4 7 5 0 ,  

and   p a r t i c u l a r l y ,   a  c o r e   l o s s   of   l e s s   t h a n   0 . 1 6 3   w a t t s   p e r  

p o u n d   (WPP)  a t   1 2 . 6   k i l o g a u s s   ( 1 . 2 6   t e s l a )   a t   60  H e r t z .  

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

m e a s u r e d   a t   75  o e r s t e d s   (B75H)  of   a t   l e a s t   1 4 . 0   k i l o g a u s s  

( 1 . 4 0   t e s l a )   and  a  c o e r c i v e   f o r c e   (H )  of   l e s s   t h a n   0 . 0 4 5  

o e r s t e d s ,   and  may  be  in   t h e   f o r m   of   a  t h i n   s t r i p   or   r i b b o n  

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

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

t e m p e r a t u r e   (T )   of  n o t   l e s s   t h a n   914°F   ( 4 9 0 ° C ) .  

The  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   of  c a s t i n g  

an  a m o r p h o u s   s t r i p   m a t e r i a l   h a v i n g   a  w i d t h   of   a t   l e a s t   o n e  
i n c h   ( 2 . 5 4 c m ) ,   a  t h i c k n e s s   l e s s   t h a n   0 . 0 0 3   i n c h   ( 0 . 0 7 6 2 m m ) ,  

a  60  H e r t z   c o r e   l o s s   of   l e s s   t h a n   0 . 1 6 3   w a t t s   p e r   p o u n d   a t  

1 2 . 6   k i l o g a u s s ,   s a t u r a t i o n   m a g n e t i z a t i o n   (B75H)  of  a t   l e a s t  

14  k i l o g a u s s ,   a  c o e r c i v e   f o r c e   of  l e s s   t h a n   0 . 0 4 5   o e r s t e d s  

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

m e l t i n g   an  a l l o y   c o n s i s t i n g   of  73-80%  i r o n ,   4 - 1 0 %  

b o r o n   and  14-17%  s i l i c o n ,   by  a t o m i c   p e r c e n t a g e s ,   w i t h  



no  more   t h a n   i n c i d e n t a l   i m p u r i t i e s ;  

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

d e l i v e r i n g   a  s t r e a m   of   t h e   m o l t e n   a l l o y   t h r o u g h   a  
s l o t t e d   n o z z l e   and  o n t o   a  c a s t i n g   s u r f a c e   d i s p o s e d  
w i t h i n   0 . 0 2 5   i n c h   (0 .635mm)   of  t h e   n o z z l e ;  

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

n o z z l e   a t   a  s p e e d   of  200  to   1 0 , 0 0 0   l i n e a r   s u r f a c e  

f e e t   p e r   m i n u t e   (61  to   3 0 4 8 m / m i n u t e ) .  

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

c a s t i n g   s u r f a c e ;   a n d  

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

f rom  t h e   c a s t i n g   s u r f a c e .  

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

w h i c h : -  

F i g u r e   1  i s   a  t e r m a r y   d i a g r a m   s h o w i n g   t h e   e u t e c t i c  

l i n e   and  c o m p o s i t i o n   r a n g e s   of  t h e   p r e s e n t   i n v e n t i o n .  

G e n e r a l l y ,   an  a m o r p h o u s   a l l o y   of  t h e   p r e s e n t  

i n v e n t i o n   c o n s i s t s   e s s e n t i a l l y   of   73-80%  i r o n ,   4-10%  b o r o n  

and  14-17%  s i l i c o n .   In  F i g u r e   1,  t h e   c o m p o s i t i o n s   l y i n g  

i n s i d e   t h e   l e t t e r e d   a r e a   d e f i n i n g   t h e   r e l a t i o n s h i p s   e x -  

p r e s s e d   by  p o i n t s   A,  B,  C,  D  and  E,  a r e   w i t h i n   t h e   b r o a d  

r a n g e   of   t h i s   i n v e n t i o n ,   The  p o i n t s   A,  F,  G  and  H  e x p r e s s  

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

p r e f e r r e d   r a n g e   of  t h i s   i n v e n t i o n .   The  l i n e   b e t w e e n   p o i n t s  

I  and  J ,   c r o s s i n g   t h r o u g h   and  e x t e n d i n g   o u t s i d e   t h e  

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

l o c u s   of   e u t e c t i c   p o i n t s   ( l o w e s t   m e l t i n g   t e m p e r a t u r e s )   f o r  

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

F e - B - S i   t e r n a r y   d i a g r a m .  

The  F e - B - S i   c o m p o s i t i o n   r a n g e s   of   t h e   i n v e n t i o n   s h o w n  

in   F i g u r e   1  a r e   c l o s e   e n o u g h   to   t h e   e u t e c t i c   l i n e   or   t r o u g h  

to   be  s u b s t a n t i a l l y   a m o r p h o u s   as  c a s t .   The  b o r o n   c o n t e n t  

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

t h e   b o r o n   c o n t e n t ,   t h e   g r e a t e r   t h e   t e n d e n c y   f o r   t h e   a l l o y  

to  be  a m o r p h o u s .   H o w e v e r ,   w i t h   i n c r e a s e d   b o r o n   c o n t e n t ,  

t h e   a l l o y s   become  more   c o s t l y .   The  p r e f e r r e d   b o r o n   r a n g e   i s  



f rom  4%  to   l e s s   t h a n   10%  and  more   p r e f e r a b l y   i s   7%  t o  

l e s s   t h a n   10%.  Lower   c o s t   a l l o y s   of  l e s s   t h a n   7%  b o r o n  

a r e   i n c l u d e d   in  t h e   i n v e n t i o n ,   b u t   a r e   more   d i f f i c u l t   t o  

c a s t   w i t h   good  p r o p e r t i e s .  

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

s t a b i l i t y   of   t h e   a l l o y   and  to   a  s m a l l   d e g r e e   a f f e c t s   t h e  

a m o r p h o u s n e s s .   S i l i c o n   has   much  l e s s   e f f e c t   on  t h e  

a m o r p h o u s n e s s   of  t h e   a l l o y   t h a n   d o e s   b o r o n .   P r e f e r a b l y ,  

s i l i c o n   may  r a n g e   f rom  more   t h a n   15%  to  17%.  

The  a l l o y   of  t h e   p r e s e n t   i n v e n t i o n   i s   r i c h   in   i r o n .  

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

t h e   a l l o y   and  p r e f e r a b l y   t h e   i r o n   c o n t e n t   r a n g e s   f rom  73  t o  

78%.  

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

p r o v i d e s   an  o p t i m i z a t i o n   o f   t h e   r e q u i s i t e   p r o p e r t i e s   of  t h e  

F e - B - S i   a l l o y s   f o r   c e r t a i n   e l e c t r i c a l   a p p l i c a t i o n s .   S o m e  

p r o p e r t i e s   have   to   be  s a c r i f i c e d   a t   t h e   e x p e n s e   of   o b t a i n i n g  

o t h e r   p r o p e r t i e s ,   b u t   t h e   c o m p o s i t i o n   of   t h e   p r e s e n t  

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

p r o p e r t i e s .   I t   ha s   b e e n   f o u n d   t h a t   t h e   i r o n   c o n t e n t   d o e s  

n o t   h a v e   to   e x c e e d   80%  to  a t t a i n   t h e   r e q u s i t e   m a g n e t i c  

s a t u r a t i o n .   By  k e e p i n g   t h e   i r o n   c o n t e n t   b e l o w   80%,  t h e  

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

s i l i c o n ,   can   be  p r o v i d e d   in   i n c r e a s e d   a m o u n t s .   To  o b t a i n  

an  a r t i c l e   made  of  t h e   a l l o y   of   t h e   p r e s e n t   i n v e n t i o n  

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

m a x i m i z e d .   G r e a t e r   a m o u n t s   of  s i l i c o n   r a i s e   t h e  

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

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

c r y s t a l l i z a t i o n .   B e i n g   a b l e   to   h e a t   t r e a t   to   h i g h e r   t e m p e r -  
a t u r e s   i s   u s e f u l   in  r e l e i v i n g   i n t e r n a l   s t r e s s e s   in   t h e  

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

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

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

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

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

i n c i d e n t a l   i m p u r i t i e s ,   or  r e s i d u a l s ,   may  be  p r e s e n t .   S u c h  

i n c i d e n t a l   i m p u r i t i e s   t o g e t h e r   s h o u l d   n o t   e x c e e d   0 . 8 3   a t o m i c  



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

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

t h e   a l l o y s   of  t h e   p r e s e n t   i n v e n t i o n .  

V a r i o u s   known  m e t h o d s   of   r a p i d   s o l i d i f i c a t i o n   may  b e  

u s e d   f o r   c a s t i n g   t h e   a m o r p h o u s   m e t a l   a l l o y   of  t h e   p r e s e n t  
i n v e n t i o n .   P a r t i c u l a r l y ,   t h e   a l l o y   may  be  c a s t   u s i n g   d r a w  

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

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

0 . 0 2 5   i n c h   (0 .635mm)  of  a  c a s t i n g   s u r f a c e   w h i c h   may  be  m o v i n g  

a t   a  r a t e   of   a b o u t   200  to   1 0 , 0 0 0   l i n e a r   s u r f a c e   f e e t   p e r  
m i n u t e   (61  to   3048  m / m i n u t e  )   p a s t   t h e   n o z z l e   to  p r o d u c e   a n  

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

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



m a d e ,   f o r   e x a m p l e ,   of   c o p p e r .   R a p i d   m o v e m e n t   of  t h e   c a s t i n g  

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

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

r a t e   of  t h e   o r d e r   of   1  x  105°C  p e r   s e c o n d   i n t o   s t r i p  

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

c a s t   a t   a  t e m p e r a t u r e   a b o v e   a b o u t   2 4 0 0 ° F   ( 1 3 1 5 ° C )   o n t o   a  

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

r a n g e   f rom  a b o u t   35  to   900F  (1 .6   to   3 2 ° C ) .   The  s t r i p   i s  

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

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

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

s u c h   s t r i p   may  h a v e   a  w i d t h   of   1  i n c h   ( 2 . 5 4   cm)  or  more   a n d  

a  t h i c k n e s s   of   l e s s   t h a n   0 . 0 0 3   i n c h   ( 0 . 0 7 6 2 m m ) ,   and  a  r a t i o  

of  w i d t h - t o - t h i c k n e s s   of  a t   l e a s t   1 0 : 1   and  p r e f e r a b l y   a t  

l e a s t   2 5 0 : 1 .  

From  t h e   a l l o y s   of   t h e   p r e s e n t   i n v e n t i o n ,   t h i n   s t r i p  

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

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

T a b l e   I .  

Each  s t r i p   was  a n n e a l e d   in   a  10  o e r s t e d   DC  m a g n e t i c  

f i e l d   f o r   f o u r   h o u r s   a t   6620F  ( 3 5 0 0 C ) .   The  a m o r p h o u s  

c h a r a c t e r   of  e a c h   was  c o n f i r m e d   by  X - r a y   d i f f r a c t i o n   m e a s u r e -  

m e n t s .   F u r t h e r m o r e ,   e a c h   was  f o u n d   to   h a v e   a t   l e a s t   s i n g u l a r  

d u c t i l i t y   as  d e t e r m i n e d   by  a  s i m p l e   bend   t e s t .  

D u c t i l i t y   d e t e r m i n e d   by  bend   t e s t s   i n c l u d e   b e n d i n g   t h e  

s t r i p   t r a n s v e r s e l y   u p o n   i t s e l f   in   a  1 8 0  b e n d   in   e i t h e r  

d i r e c t i o n   to   d e t e r m i n e   t h e   b r i t t l e n e s s .   I f   t h e   s t r i p   can   b e  



b e n t   upon   i t s e l f   a l o n g   a  b e n d   l i n e   e x t e n d i n g   a c r o s s   t h e  

s t r i p   ( i . e . ,   p e r p e n d i c u l a r   to  t h e   c a s t i n g   d i r e c t i o n )  

i n t o   a  n o n - r e c o v e r a b l e   p e r m a n e n t   bend   w i t h o u t   f r a c t u r i n g ,  

t h e n   t h e   s t r i p   e x h i b i t s   d u c t i l i t y .   The  s t r i p   i s   d o u b l e  

d u c t i l e   i f   i t   can   be  b e n t   180°   in  b o t h   d i r e c t i o n s   w i t h o u t  

f r a c t u r e   and  s i n g l e   or   s i n g u l a r l y   d u c i t i l e   i f   i t   b e n d s  
1800  o n l y   in   one  d i r e c t i o n   w i t h o u t   f r a c t u r e .   S i n g u l a r  

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

of   t h e   a l l o y   of  t h e   p r e s e n t   i n v e n t i o n .   D o u b l e  

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

t h e   a l l o y   of  t h e   p r e s e n t   i n v e n t i o n .  

The  d a t a   of  T a b l e   I I   ( shown  Below)   d e m o n s t r a t e s  

t h a t   t h e   c o r e   l o s s ,   w h i c h   s h o u l d  b e   as  low  as  p o s s i b l e ,  

of  t h e   a l l o y   of  t h e   p r e s e n t   i n v e n t i o n   i s   c o n s i s t e n t l y  

l e s s   t h a n   t h e   c o r e   l o s s   of  0 . 1 6 3   WPP  a t   1 2 . 6   KG  ( 1 . 2 6 T )  

f o r   a  c o m m e r c i a l   a l l o y   AL  4750  w h i c h   n o m i n a l l y  

c o m p r i s e s   48%  Ni -52%  Fe .   The  AL  4750  a l l o y  t e s t e d   w a s  

0 . 0 0 6 - i n c h   ( 0 . 0 1 5 c m )   t h i c k   a n d  w a s   p r e p a r e d   i n  

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

a l l o y .   The  s t r i p s   of  t h e   a l l o y   of   t h e   p r e s e n t   i n v e n t i o n  

were   a b o u t   . 0 0 1 3 - i n c h   ( . 0 0 3 3 c m )   t h i c k .  





The  m a g n e t i c   d a t a   f o r   Hea t   No.  158  i s   i n c o n s i s t e n t  

w i t h   t h e   o t h e r   a l l o y   d a t a   f o r   t h e   r e a s o n   t h a t   t h e   ( 2 0 0 )  

X - r a y   d i f f r a c t i o n   p e a k   i s   s l i g h t l y   l a r g e r   t h a n   t h e   1 . 0 "  

( 2 . 5 4 c m )   max.  a b o v e   b a c k g r o u n d   l e v e l   e s t a b l i s h e d   f o r   b e s t  

p r o p e r t i e s .   H e a t   671  of  t h e   same  c o m p o s i t i o n   was  c a s t  

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

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

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

of  Hea t   158 ,   h o w e v e r ,   d e m o n s t r a t e   t h e   c a p a b i l i t y   of  t h e  

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

l e v e l   r e q u i r e d   and  u s e f u l   a r t i c l e s   made  t h e r e f r o m .   By 

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

i n v e n t i o n ,   F e 7 3 B 7 s i 2 0 '   H e a t   621 ,   h a v i n g   an  e x t r e m e l y   h i g h  

s i l i c o n   l e v e l ,   i s   s t i l l   c r y s t a l l i n e   to   a  l a r g e   e x t e n t   a n d  

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

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

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

A l l   of  t h e   h e a t s ,   e x c e p t   ALR  621,   a r e   a l l o y  

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

in   T a b l e   I I   d e m o n s t r a t e s   t h a t   t h e   a l l o y s   of   t h e   p r e s e n t  

i n v e n t i o n   have   m a g n e t i c   p r o p e r t i e s   of  m a g n e t i c   s a t u r a t i o n ,  

c o e r c i v e   f o r c e ,   c o r e   l o s s   ( in   WPP)  and  a p p a r e n t   c o r e   l o s s  

( in   v o l t a m p e r e s   p e r   p o u n d ,   VAPP)  c o m p a r a b l e   to  or   b e t t e r  

t h a n   t h e   AL  4750  a l l o y .  

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   a l l o y s   u s e f u l   f o r  

e l e c t r i c a l   a p p l i c a t i o n s   and  a r t i c l e s   made  f rom  t h e s e   a l l o y s  

h a v i n g   good  m a g n e t i c   p r o p e r t i e s .   The  a l l o y s   can   be  m a d e  

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

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

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

a l l o y s  h a v i n g   more   t h a n   10  a t o m i c   p e r c e n t   b o r o n   and  l e s s  

t h a n   14  a t o m i c   p e r c e n t   s i l i c o n .  



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

c o n s t i s t i n g   of   73-80%  i r o n ,   4-10%  b o r o n   and  14-17%  s i l i c o n ,  

by  a t o m i c   p e r c e n t a g e s ,   and  no  more   t h a n   i n c i d e n t a l  

i m p u r i t i e s .  

2.  An  a l l o y   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i s e d   i n  

i n c l u d i n g   4%  to  l e s s   t h a n   10%  b o r o n ,   by  a t o m i c   p e r c e n t a g e s .  
3.  An  a l l o y   a c c o r d i n g   to   c l a i m   1  or  2  c h a r a c t e r i s e d  

in  i n c l u d i n g   more   t h a n   15%  to   17%  s i l i c o n ,   by  a t o m i c  

p e r c e n t a g e s .  

4.  An  a l l o y   a c c o r d i n g   to   c l a i m   1,  2  or  3  c h a r a c t e r - ;  

i s e d   in   i n c l u d i n g   7%  to   l e s s   t h a n   10%  b o r o n ,   by  a t o m i c  

p e r c e n t a g e s .  

5.  An  a l l o y   a c c o r d i n g   to   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i s e d   in   i n c l u d i n g   73-78%  i r o n ,   b y  

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

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

c o n s i s t i n g   of  73-78%  i r o n ,   7%  to   l e s s   t h a n   10%  b o r o n   a n d  

more   t h a n   15%  to  17%  s i l i c o n ,   by  a t o m i c   p e r c e n t a g e s ,   a n d  

no  more   t h a n   i n c i d e n t a l   i m p u r i t i e s .  

7.  An  a l l o y   a c c o r d i n g   to   a n y  o n e   of   t h e   p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i s e d   in   i n c l u d i n g   no  more   t h a n   0 . 8 3 %  

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

8.  An  a l l o y   a c c o r d i n g   to   a n y  o n e   of   t h e   p r e c e d i n g  

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

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

n o t   l e s s   t h a n   914°F   ( 4 9 0 ° C ) .  

9.  An  a m o r p h o u s   m e t a l   a l l o y   a r t i c l e ,   c h a r a c t e r i s e d  

in  s a i d   a l l o y   c o n s i s t i n g   of   73-80%  i r o n ,   4-10%  b o r o n   a n d  

14-17%  s i l i c o n ,   by  a t o m i c   p e r c e n t a g e s ,   and  no  more   t h a n  

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

s i n g u l a r l y   d u c t i l e .  

10.  An  a r t i c l e   a c c o r d i n g   to  c l a i m   9,  c h a r a c t e r i s e d   i n  

i n c l u d i n g   4%  to   l e s s   t h a n   10%  b o r o n ,   by  a t o m i c   p e r c e n t a g e s .  

11.  An  a r t i c l e   a c c o r d i n g   to   c l a i m   9  or  10,  c h a r a c t e r -  

i s e d  i n  i n c l u d i n g   more   t h a n   15%  to   17%  s i l i c o n ,   by  a t o m i c  

p e r c e n t a g e s .  



12.  An  a r t i c l e   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   9  t o  

11,  c h a r a c t e r i s e d   in  i n c l u d i n g   7%  to  l e s s   t h a n   10%  b o r o n ,  

by  a t o m i c   p e r c e n t a g e s .  

13.  An  a r t i c l e   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   9  t o  

12,  c h a r a c t e r i s e d   in   s a i d   a l l o y ' i n c l u d i n g   73-78%  i r o n ,   b y  

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

14.  An  a m o r p h o u s   m e t a l   a l l o y   a r t i c l e ,   c h a r a c t e r i s e d  

in   s a i d   a l l o y   c o n s i s t i n g   of  73-78%  i r o n ,   7%  to   l e s s   t h a n  

10%  b o r o n   and  more   t h a n   15%  to  17%  s i l i c o n ,   by  a t o m i c  

p e r c e n t a g e s ,   and  no  more   t h a n   i n c i d e n t a l   i m p u r i t i e s ,  

s a i d   a r t i c l e   b e i n g   a t   l e a s t   s i n g u l a r l y   d u c t i l e .  

15.  An  a r t i c l e   a c c o r d i n g   to   a n y  o n e   of   c l a i m s   9  t o  

14,  c h a r a c t e r i s e d   in   i n c l u d i n g   no  more   t h a n   0 .83%  i n c i d e n t a l  

i m p u r i t i e s ,   by  a t o m i c   p e r c e n t a g e s .  
16.  An  a r t i c l e   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   9  t o   1 5 ,  

c h a r a c t e r i s e d   in   h a v i n g   a  r e l a t i v e l y   low  c o r e   l o s s   of   l e s s  

t h a n   0 . 1 6 3   w a t t s   p e r   p o u n d   a t   1 2 . 6   k i l o g a u s s ,   a t   60  H e r t z ,  

a  s a t u r a t i o n   m a g n e t i z a t i o n   B75H  of  a t   l e a s t   14  k i l o f a u s s ,  

and  a  c o e r c i v e   f o r c e   H   of   l e s s   t h a n   0 . 0 4 5   o e r s t e d s .  

17.  An  a r t i c l e   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   9  t o  

16,  c h a r a c t e r i s e d   in   b e i n g   a  t h i n   s t r i p   m a t e r i a l   h a v i n g   a  

t h i c k n e s s   of   l e s s   t h a n   0 . 0 0 3   i n c h   (0 .0762mm)   and  a  r a t i o  

of   w i d t h - t o - t h i c k n e s s   of   a t  l e a s t   2 5 0  t o   1 .  

18.  An  a r t i c l e   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   9  t o  

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

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

t h a n   914°F   ( 4 9 0 ° C ) .  

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

h a v i n g   a  w i d t h   of  a t   l e a s t   one  i n c h   ( 2 . 5 4 c m ) ,   a  t h i c k n e s s  

l e s s   t h a n   0 . 0 0 3   i n c h   ( 0 . 0 7 6 2 m m ) ,   a  60  H e r t z   c o r e   l o s s   o f  

l e s s   t h a n   0 . 1 6 3   w a t t s   p e r   p o u n d   a t   1 2 . 6   k i l o g a u s s ,  

s a t u r a t i o n   m a g n e t i z a t i o n   (B75H)  of  a t   l e a s t   14  k i l o g a u s s ,  

a  c o e r c i v e   f o r c e   o f   l e s s   t h a n   0 . 0 4 5   o e r s t e d s   and  i s   a t  

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

s t e p s   o f : -  

m e l t i n g   an  a l l o y   c o n s i s t i n g   of  73-80%  i r o n ,   4 - 1 0 %  

b o r o n   and  14-17%  s i l i c o n ,   by  a t o m i c   p e r c e n t a g e s ,   w i t h  

no  more   t h a n   i n c i d e n t a l   i m p u r i t i e s ;  



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

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

w i t h i n   0 . 0 2 5   i n c h   (0 ,635mm)   of  t h e   n o z z l e ;  

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

n o z z l e   a t   a  s p e e d   of   200  to   1 0 , 0 0 0   l i n e a r   s u r f a c e  

f e e t   p e r   m i n u t e   (61  to   3 0 4 8 m / m i n u t e ) ;  

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

c a s t i n g   s u r f a c e ;   a n d  

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

f rom  t h e   c a s t i n g   s u r f a c e .  

20.  A  m e t h o d   a c c o r d i n g   to  c l a i m   19  c h a r a c t e r i s e d   i n  

t h a t   s a i d   a l l o y   c o n s i s t s   o f  7 3 - 7 8 %   i r o n ,   7%  up  to   l e s s   t h a n  

10%  b o r o n ,   f rom  more   t h a n   15%  up  to  17%  s i l i c o n ,   by  a t o m i c  

p e r c e n t a g e s ,   and  no  more   t h a n   i n c i d e n t a l   i m p u r i t i e s .  
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