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(§)  Amorphous  metal  alloys  having  enhanced  AC  magnetic  properties  at  elevated  temperatures. 

An  amorphous  metal  alloy  which  is  at  least  90%  amor- 
phous  having  enhanced  magnetic  properties  at  elevated 
temperatures  and  consisting  essentially  of  a  composition 
having  the  formula Fe,SibB  wherein  "a",  "b"  and  "c"  are 
atomic  percentages  ranging  from  about  79.4  to  79.8,  6  to  8 
and  12  to  14,  respectively,  with  the  proviso  that  the  sum  of 
"a",  "b"  and  "c"  equals  100. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of  the   I n v e n t i o n  

The  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  

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

c o n t a i n i n g   i r o n ,   s i l i c o n   and  b o r o n   h a v i n g   e n h a n c e d   AC 

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

D e s c r i p t i o n   of  the   P r i o r   A r t  

I n v e s t i g a t i o n s   have   d e m o n s t r a t e d   t h a t   i t   is  p o s s i -  

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

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

s t a n t i a l l y   l a c k s   any  l ong   r a n g e   a t o m i c   o r d e r   and  i s  

c h a r a c t e r i z e d   by  an  X - r a y   d i f f r a c t i o n   p r o f i l e   c o n s i s t i n g  

of  b r o a d   i n t e n s i t y   m a x i m a .   Such  a  p r o f i l e   is   q u a l i t a -  

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

o r d i n a r y   window  g l a s s .   T h i s   is  in  c o n t r a s t   to  a  c r y s -  
t a l l i n e   m a t e r i a l   w h i c h   p r o d u c e s   a  d i f f r a c t i o n   p r o f i l e  

c o n s i s t i n g   of  s h a r p ,   n a r r o w   i n t e n s i t y   m a x i m a .  

T h e s e   a m o r p h o u s   m a t e r i a l s   e x i s t   in  a  m e t a s t a b l e  

s t a t e .   Upon  h e a t i n g   to  a  s u f f i c i e n t l y   h i g h   t e m p e r a t u r e ,  

t h e y   c r y s t a l l i z e   w i t h   e v o l u t i o n   of  t he   h e a t   of  c r y s t a l -  

l i z a t i o n ,   and  the   X - r a y   d i f f r a c t i o n   p r o f i l e   c h a n g e s   f r o m  

one  h a v i n g   a m o r p h o u s   c h a r a c t e r i s t i c s   to  one  h a v i n g   c r y s -  
t a l l i n e   c h a r a c t e r i s t i c s .  

N o v e l   a m o r p h o u s   m e t a l   a l l o y s   have   been   d i s c l o s e d   b y  

H.S.   Chen  and  D.E.   Po lk   in  U.S .   P a t .   No.  3 , 8 5 6 , 5 1 3 ,  

i s s u e d   Dec.   24,  1974 .   T h e s e   a m o r p h o u s   a l l o y s   have   t h e  

f o r m u l a   MaYbZc  w h e r e   M  is  a t   l e a s t   one  m e t a l   s e l e c t e d  

f rom  the   g r o u p   of  i r o n ,   n i c k e l ,   c o b a l t ,   c h r o m i u m   a n d  

v a n a d i u m ,   Y  is  a t   l e a s t   one  e l e m e n t   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   of  p h o s p h o r u s ,   b o r o n   and  c a r b o n ,   Z  i s  

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

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



and  s i l i c o n ,   "a"  r a n g e s   f rom  a b o u t   60  to  90  atom  p e r -  
c e n t ,   "b"  r a n g e s   f rom  a b o u t   10  to  30  atom  p e r c e n t   a n d  

"c"  r a n g e s   f rom  a b o u t   0 .1   to  15  atom  p e r c e n t .   T h e s e  

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

v a r i e t y   of  a p p l i c a t i o n s   in  t he   fo rm  of  r i b b o n ,   s h e e t ,  

w i r e ,   p o w d e r ,   e t c .   The  Chen  and  Po lk   p a t e n t   a l s o   d i s -  

c l o s e s   a m o r p h o u s   a l l o y s   h a v i n g   the   f o r m u l a   T i X j  ,   w h e r e  

T  is  a t   l e a s t   one  t r a n s i t i o n   m e t a l ,   X  is  a t   l e a s t   o n e  
e l e m e n t   s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   of  a l u m i n u m ,  

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

p h o s p h o r u s ,   s i l i c o n   and  t i n ,   " i "   r a n g e s   f rom  a b o u t   70  t o  

87  atom  p e r c e n t   and  " j "   r a n g e s   f rom  a b o u t   13  to  30  a t o m  

p e r c e n t .   These   a m o r p h o u s   a l l o y s   have   been   f o u n d   s u i t -  

a b l e   fo r   w i r e   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   4 , 3 0 0 , 9 5 0   d i s c l o s e s   a m o r p h o u s  
m e t a l   a l l o y s   c o n s i s t i n g   e s s e n t i a l l y   of  12  to  15%  b o r o n ,  

1  to  8%  s i l i c o n   and  80  to  84%  i r o n ,   by  a t o m i c   p e r c e n t -  

a g e .   T h e s e   a l l o y s   e x h i b i t   r e l a t i v e l y   low  c r y s t a l l i z a -  
t i o n   and  c u r i e   t e m p e r a t u r e s   ( i . e .   l e s s   t h a n   4 0 0 ° C ) .   As  

a  r e s u l t ,   t he   m a g n e t i c   p r o p e r t i e s   t h e r e o f   a re   s u b s t a n -  

t i a l l y   d e g r a d e d   by  long   t e rm  t h e r m a l   a g i n g ,   and  t h e  

i n d u c t i o n   l e v e l s   of  t he   a l l o y s   a r e   r e l a t i v e l y   low  a t  

e l e v a t e d   t e m p e r a t u r e s .   H e n c e ,   the   a l l o y s   a re   no t   w e l l  

s u i t e d   fo r   power   m a g n e t i c s   a p p l i c a t i o n s   w h e r e i n   o p e r a t -  

ing  t e m p e r a t u r e s   f r e q u e n t l y   e x c e e d   1 0 0 ° C .  

E u r o p e a n   P a t e n t   A p p l i c a t i o n   0 9 5 , 8 3 1 ,   f i l e d   M a r c h  

28,  1983  d i s c l o s e s   a m o r p h o u s   m e t a l   a l l o y s   c o n s i s t i n g   o f  

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

p e r c e n t a g e s   and  i n c i d e n t a l   i m p u r i t i e s .   These   a l l o y s  
e v i d e n c e   h i g h   e x c i t i n g   power   ( e . g .   of  t he   o r d e r   of  3 - 5  

VA/kg  a t   60  Hz  and  1 .4  T)  and  a r e   no t   w e l l   s u i t e d   f o r  

power   m a g n e t i c s   a p p l i a t i o n s   w h e r e i n   low  e x c i t i n g   p o w e r  
is  r e q u i r e d .  

E u r o p e a n   P a t e n t   A p p l i c a t i o n   0 9 5 , 8 0 3 ,   f i l e d   M a r c h  

28,  1983  d i s c l o s e s   a m o r p h o u s   m e t a l   a l l o y s   c o n s i s t i n g   o f  

6-10%  b o r o n ,   14-17%  s i l i c o n   and  1-4%  c h r o m i u m ,   by  a t o m i c  

p e r c e n t a g e s ,   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   and  t h e  

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



r e l a t i v e l y   low  i n t r i n s i c   s a t u r a t i o n   i n d u c t i o n   and  r e l a -  

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

e l e v a t e d   t e m p e r a t u r e ,   h i g h   i n d u c t i o n   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   4 , 4 3 7 , 9 0 7   d i s c l o s e s   a m o r p h o u s  

m e t a l   a l l o y s   c o m p o s e d   of  8-19%  s i l i c o n ,   6-13%  b o r o n   0 -  

3.5  c a r b o n   and  74-80%  i r o n ,   by  a t o m i c   p e r c e n t a g e   w i t h  

i n c i d e n t a l   i m p u r i t i e s .   T h e s e   a l l o y s   e v i d e n c e   low  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 . g .   l e s s   t h a n   515°C)  a n d ,  

h e n c e ,   a r e   no t   w e l l   s u i t e d   fo r   power   m a g n e t i c s   a p p l i -  

c a t i o n s .  

E u r o p e a n   P a t e n t   A p p l i c a t i o n   0 , 0 5 8 , 2 6 9 ,   f i l e d   May  8 ,  

1981  d i s c l o s e s   a m o r p h o u s   m e t a l   a l l o y s   c o n s i s t i n g  

e s s e n t i a l l y   of  12  to  16%  b o r o n ,   5  to  10%  s i l i c o n   and  77 

to  80%  i r o n ,   by  a tom  p e r c e n t ,   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 .   No  d i s c l o s u r e   is  c o n t a i n e d   t h e r e i n  

c o n c e r n i n g   a l l o y s   wh ich   e x h i b i t ,   in  c o m b i n a t i o n ,  

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

t e rm  t h e r m a l   s t a b i l i t y .  

At  t he   t ime   t h a t   the   a m o r p h o u s   a l l o y s   d e s c r i b e d  

above   were   d i s c o v e r e d ,   t h e y   e v i d e n c e d   m a g n e t i c   p r o p e r -  
t i e s   t h a t   were  s u p e r i o r   to  t h e n   known  p o l y c r y s t a l l i n e  

a l l o y s .   N e v e r t h e l e s s ,   new  a p p l i c a t i o n s   r e q u i r 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   a t   e l e v a t e d   t e m p e r a t u r e s  

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

to  d e v e l o p   a d d i t i o n a l   a l l o y   c o m p o s i t i o n s .  

SUMMARY  OF  THE  INVENTION 

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 ,   t h e r e   i s  

p r o v i d e d   a  m e t a l   a l l o y   wh ich   is  a t   l e a s t   90%  a m o r p h o u s  

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

mula   F e a S i b B c   w h e r e i n   " a " ,   "b"  and  "c"  a re   a t o m i c   p e r -  

c e n t a g e s   r a n g i n g   f rom  above   a b o u t   7 9 . 4   to  7 9 . 8 ,   6  to  8 

and  12  to  14  r e s p e c t i v e l y ,   w i t h   the   p r o v i s o   t h a t   the   sum 

of  " a " ,   "b"  and  "c"  e q u a l s   1 0 0 .  

The  s u b j e c t   a l l o y s   a r e   a t   l e a s t   90%  a m o r p h o u s   a n d  

p r e f e r a b l y   a t   l e a s t   97%  a m o r p h o u s ,   and  most   p r e f e r a b l y  

100%  a m o r p h o u s ,   as  d e t e r m i n e d   by  X - r a y   d i f f r a c t i o n .   T h e  

a l l o y s   a re   f a b r i c a t e d   by  a  known  p r o c e s s   wh ich   c o m p r i s e s  

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



at   a  r a t e   of  at   l e a s t   a b o u t   1 0 5 ° C /   s e c .   by  c a s t i n g  

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

In  a d d i t i o n ,   t he   i n v e n t i o n   p r o v i d e s   a  m e t h o d   o f  

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

is  a t   l e a s t   90%  a m o r p h o u s   c o n s i s t i n g   e s s e n t i a l l y   of  a  

c o m p o s i t i o n   h a v i n g   the   f o r m u l a   F e a S i b B c   w h e r e i n   " a " ,   " b "  

and  "c"  a re   a t o m i c   p e r c e n t a g e s   r a n g i n g   f rom  above   a b o u t  

7 9 . 4   to  7 9 . 8 ,   6  to  8  and  12  to  14  r e s p e c t i v e l y ,   w i t h   t h e  

p r o v i s o   t h a t   the   sum  of  " a " ,   "b"  and  "c"  e q u a l s   1 0 0 ,  

which   m e t h o d   c o m p r i s e s   the   s t e p   of  a n n e a l i n g   the   a m o r -  

p h o u s   m e t a l   a l l o y .  

F u r t h e r ,   t he   i n v e n t i o n   p r o v i d e s   a  c o r e   fo r   use  i n  

an  e l e c t r o m a g n e t i c   d e v i c e ;   such   c o r e   c o m p r i s i n g   a  m e t a l  

a l l o y   w h i c h   is  a t   l e a s t   90%  a m o r p h o u s   c o n s i s t i n g   e s s e n -  

t i a l l y  o f   a  c o m p o s i t i o n   h a v i n g   the   f o r m u l a   F e a S i b B c  
w h e r e i n   " a " ,   "b"  and  "c"  a re   a t o m i c   p e r c e n t a g e s   r a n g i n g  

f rom  above   a b o u t   7 9 . 4   to  7 9 . 8 ,   6  to  8  and  12  to  1 4 ,  

r e s p e c t i v e l y ,   w i t h   the   p r o v i s o   t h a t   t he   sum  of  " a " ,   " b "  

and  "c"  e q u a l s   1 0 0 .  

The  a l l o y s   of  t h i s   i n v e n t i o n   e x h i b i t   i m p r o v e d   AC 

m a g n e t i c   p r o p e r t i e s   a t   t e m p e r a t u r e s   r a n g i n g   f rom  a b o u t  

100  to  1 5 0 ° C .   As  a  r e s u l t ,   t he   a l l o y s   a re   p a r t i c u l a r l y  

s u i t e d   fo r   use   in  power   t r a n s f o r m e r s ,   a i r c r a f t   t r a n s -  

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

f o r m e r s   ( e . g .   t r a n s f o r m e r s   h a v i n g   o p e r a t i n g   f r e q u e n c i e s  

r a n g i n g   f rom  a b o u t   400  Hz  to  100  kHz) ,   s w i t c h   c o r e s ,  

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

i n v e r t e r s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  i n v e n t i o n   w i l l   be  more  f u l l y   u n d e r s t o o d   a n d  

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

is  made  to  the   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   and  t h e  

a c c o m p a n y i n g   d r a w i n g s   in  w h i c h :  

F i g .   1  is  g r a p h   c o m p a r i n g   t h e r m a l   s t a b i l i t y   ( i . e . ,  

p e r c e n t   c h a n g e   in  1 .4   T/60  Hz  e x c i t i n g   power   as  a  f u n c -  

t i o n   of  i r o n   c o n t e n t )   fo r   a l l o y s   w i t h i n   and  o u t s i d e   t h e  

s c o p e   of  t he   i n v e n t i o n ;   a n d  

F i g .   2  is  a  g r a p h   c o m p a r i n g   s a t u r a t i o n   i n d u c t i o n  



( i . e . ,   i n d u c t i o n   m e a s u r e d   at   8000  A/m  and  100°C)  as  a  

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

t he   s c o p e   of  t he   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  c o m p o s i t i o n   of  t he   new  a m o r p h o u s   F e - S i - B   a l l o y ,  

in  a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   c o n s i s t s   of  a b o v e  

a b o u t   7 9 . 4   to  7 9 . 8   a tom  p e r c e n t   i r o n ,   6  to  8  atom  p e r -  

c e n t   s i l i c o n   and  12  to  14  atom  p e r c e n t   b o r o n .   Such  c o m -  

p o s i t i o n s   e x h i b i t   e n h a n c e d   AC  m a g n e t i c   p r o p e r t i e s   a t  

e l e v a t e d   t e m p e r a t u r e s .   The  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  

a r e   e v i d e n c e d   by  h i g h   m a g n e t i z a t i o n ,   low  c o r e   l o s s   a n d  

low  v o l t - a m p e r e   demand  w h i c h   r e m a i n   c o n s t a n t   and  s t a b l e  

a t   t e m p e r a t u r e s   r a n g i n g   f rom  a b o u t   100  to  1 5 0 ° C .   A  p r e -  
f e r r e d   c o m p o s i t i o n   w i t h i n   t he   f o r e g o i n g   r a n g e s   c o n s i s t s  

of  7 9 . 5   a tom  p e r c e n t   i r o n ,   13  atom  p e r c e n t   b o r o n ,   t h e  

b a l a n c e   b e i n g   s i l i c o n .  

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

a b o u t   90%  a m o r p h o u s   and  p r e f e r a b l y   a t   l e a s t   a b o u t   97% 

a m o r p h o u s   and  most   p r e f e r a b l y   100%  a m o r p h o u s .   M a g n e t i c  

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

v o l u m e   p e r c e n t   of  a m o r p h o u s   m a t e r i a l .   The  vo lume   p e r -  
c e n t   of  a m o r p h o u s   m a t e r i a l   is  c o n v e n i e n t l y   d e t e r m i n e d   b y  

X - r a y   d i f f r a c t i o n .  

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

m e l t   a t   a  r a t e   of  a b o u t   105o  to  1 0 6 ° C / s e c .   The  p u r i t y  

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

p r a c t i c e .   A  v a r i e t y   of  t e c h n i q u e s   a re   a v a i l a b l e   f o r  

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

t i n u o u s   r i b b o n s ,   w i r e ,   s h e e t ,   e t c .   T y p i c a l l y ,   a  p a r t i -  

c u l a r   c o m p o s i t i o n   is  s e l e c t e d ,   p o w d e r s   or  g r a n u l e s   o f  

the   r e q u i s i t e   e l e m e n t s   (or  of  m a t e r i a l s   t h a t   d e c o m p o s e  

to  form  the   e l e m e n t s ,   such   as  f e r r o b o r o n ,   f e r r o s i l i c o n ,  

e t c . )   in  t he   d e s i r e d   p r o p o r t i o n s   a r e   m e l t e d   and  h o m o g e n -  

i z e d ,   and  the   m o l t e n   a l l o y   is  r a p i d l y   q u e n c h e d   on  a  

c h i l l   s u r f a c e ,   such   as  a  r o t a t i n g   c y l i n d e r .  

The  most   p r e f e r r e d   p r o c e s s   fo r   f a b r i c a t i n g   c o n t i -  

nuous   m e t a l   s t r i p   c o n t a i n i n g   the   a l l o y s   of  t he   i n v e n t i o n  

is  t h a t   s e t   f o r t h   in  U . S . P .   4 , 1 4 2 , 5 7 1   to  N a r a s i m h a n .  



The  N a r a s i m h a n   p a t e n t ,   wh ich   is  i n c o r p o r a t e d   h e r e i n   b y  

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

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

the   s u r f a c e   of  a  moving   c h i l l   b o d y .   The  m e t h o d   c o m -  

p r i s e s   the   s t e p s   of  (a)  moving   the   s u r f a c e   of  a  c h i l l  

body  in  a  l o n g i t u d i n a l   d i r e c t i o n   at  a  c o n s t a n t   p r e d e t e r -  

mined   v e l o c i t y   of  f rom  a b o u t   100  to  a b o u t   2000  m e t e r s  

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

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

to  the   s u r f a c e   such   t h a t   the   gap  b e t w e e n   the   l i p s   a n d  

the   s u r f a c e   is  f rom  a b o u t   0 . 03   to  a b o u t   1  m i l l i m e t e r ,  

the   o r i f i c e   b e i n g   a r r a n g e d   g e n e r a l l y   p e r p e n d i c u l a r   t o  

the   d i r e c t i o n   of  m o v e m e n t   of  the   c h i l l   b o d y ,   and  (b )  

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

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

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

form  a  c o n t i n u o u s   s t r i p .   P r e f e r a b l y ,   t he   n o z z l e   s l o t  

has   a  w i d t h   of  f rom  a b o u t   0 .34   to  1  m i l l i m e t e r ,   t h e  

f i r s t   l i p   has  a  w i d t h   at  l e a s t   e q u a l   to  the   w i d t h   of  t h e  

s l o t   and  the   s e c o n d   l i p   has  a  w i d t h   of  f rom  a b o u t   1 .5   t o  

3  t i m e s   the   w i d t h   of  the   s l o t   a m o r p h o u s   m e t a l   s t r i p   p r o -  
d u c e d   in  a c c o r d a n c e   w i t h   the   N a r a s i m h a n   p r o c e s s   has   a  

w i d t h   of  a t   l e a s t   a b o u t   7  m i l l i m e t e r s ,   p r e f e r a b l y   a t  

l e a s t   a b o u t   1  c e n t i m e t e r   and ,   more  p r e f e r a b l y   y e t ,   a  

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

l e a s t   0 . 02   m i l l i m e t e r   t h i c k   bu t   may  be  as  t h i c k   as  a b o u t  

0 . 1 4   m i l l i m e t e r ,   or  t h i c k e r ,   d e p e n d i n g   on  the   m e l t i n g  

p o i n t ,   s o l i d i f i c a t i o n   and  c r y s t a l l i z a t i o n   c h a r a c t e r i s -  

t i c s   of  the   a l l o y   e m p l o y e d .  

The  a l l o y s   of  the   p r e s e n t   i n v e n t i o n   have   a n  

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

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

m i n i m i z e d   m e l t i n g   p o i n t   and  m a x i m i z e d   u n d e r c o o l i n g .  

The  m a g n e t i c   p r o p e r t i e s   of  the   s u b j e c t   a l l o y s   c a n  

be  e n h a n c e d   by  a n n e a l i n g   the   a l l o y s .   The  m e t h o d   o f  

a n n e a l i n g   g e n e r a l l y   c o m p r i s e s   h e a t i n g   the   a l l o y   to  a  

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

t h a n   t h a t   r e q u i r e d   to  i n i t i a t e   c r y s t a l l i z a t i o n ,   c o o l i n g  



the   a l l o y ,   and  a p p l y i n g   a  m a g n e t i c   f i e l d   to  the   a l l o y  

d u r i n g   t he   h e a t i n g   and  c o o l i n g .   G e n e r a l l y ,   a  t e m p e r -  

a t u r e   r a n g e   of  a b o u t   340°C  to  440°C  is   e m p l o y e d   d u r i n g  

h e a t i n g .   A  r a t e   of  c o o l i n g   r a n g e   of  a b o u t   0 . 5 ° C / m i n .   t o  

7 5 ° C / m i n .   is  e m p l o y e d ,   w i t h   a  r a t e   of  a b o u t   1 ° C / m i n .   t o  

1 6 ° C / m i n .   b e i n g   p r e f e r r e d .  

As  d i s c u s s e d   a b o v e ,   the   a l l o y s   of  the   p r e s e n t  

i n v e n t i o n   e x h i b i t   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   ( p a r t i c u -  

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

t e m p e r a t u r e s   r a n g i n g   f rom  a b o u t   100  to  a b o u t   1 5 0 ° C ,  

r a t h e r   t h a n   a  maximum  of  125°C  as  e v i d e n c e d   by  p r i o r   a r t  

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

p r e s e n t   a l l o y s   a l l o w s   u t i l i z a t i o n   t h e r e o f   in  h i g h   t e m -  

p e r a t u r e   a p p l i c a t i o n s ,   such   as  c o r e s   in  t r a n s f o r m e r s   f o r  

d i s t r i b u t i n g   e l e c t r i c a l   power   to  r e s i d e n t i a l   and  c o m m e r -  

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

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

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

a n n e a l i n g   c o n d i t i o n s .   A p a r t   f rom  l o s s   and  e x i t i n g   p o w e r  
c h a r a c t e r i s t i c s ,   two  o t h e r   c r i t e r i a ,   n a m e l y ,   s a t u r a t i o n  

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

a r e   c r u c i a l   to  and  s h o u l d   be  o p t i m i z e d   f o r   power   m a g n e -  
t i c s   a p p l i c a t i o n s .  

S a t u r a t i o n   i n d u c t i o n   a t   e l e v a t e d   t e m p e r a t u r e   can  b e  

a p p r o x i m a t e d   by  m e a s u r i n g   B  8000  A/m  at   1 0 0 ° C .   F i g u r e   2 

is  a  g r a p h   c o m p r i s i n g   s a t u r a t i o n   i n d u c t i o n   ( i . e . ,   i n d u c -  

t i o n   m e a s u r e d   a t   B  8000  A/m  and  100°C)   as  a  f u n c t i o n   o f  

i r o n   c o n t e n t   f o r   F e - B - S i   c o n t a i n i n g   a l l o y s   w i t h i n   a n d  

o u t s i d e   t he   s c o p e   of  t he   i n v e n t i o n .   As  i l l u s t r a t e d   b y  

F i g u r e   2,  the   s a t u r a t i o n   i n d u c t i o n   a t   100°C  fo r   a l l o y s  

c o n t a i n i n g   a b o v e   a b o u t   7 9 . 4   a tom  p e r c e n t   i r o n   is   a b o u t  

1%  h i g h e r   t h a n   t h a t   of  a l l o y s   h a v i n g   i r o n   c o n t e n t   l e s s  

t h a n   7 9 . 4 .   From  the   s t a n d p o i n t   of  l o s s   e v a l u a t i o n ,   t h i s  

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

d e c r e a s e s   t he   s i z e   of  t he   t r a n s f o r m e r   and  s i g n i f i c a n t l y  

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

a  power   m a g n e t i c   c o r e   m a t e r i a l .  



The  long   r a n g e   t h e r m a l   s t a b i l i t y   can  be  a p p r o x i -  

mated  by  a c c e l e r a t e d   a g i n g   as  d i s c u s s e d   by  D a t t a   e t   a l .  

in  the   P r o c e e d i n g s   of  a  Sympos ium  on  " C h e m i s t r y   a n d  

P h y s i c s   of  R a p i d l y   S o l i d i f i e d   M a t e r i a l s "   h e l d   a t   S t .  

L o u i s ,   M i s s o u r i ,   O c t o b e r   2 6 - 2 7 ,   1982  by  the   M e t a l l u r -  

g i c a l   S o c i e t y   of  AIME.  A c c e l e r a t i o n   a g i n g   c o n s i s t s   o f  

e s t i m a t i n g   c h a n g e   in  i m p o r t a n t   s o f t   m a g n e t i c   p r o p e r t i e s  

( e . g . ,  %   c h a n g e   in  VA  at   1 .4   T/60  Hz)  of  p r o t o t y p e   c o r e s  

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

t e m p e r a t u r e s   and  e x t r a p o l a t i n g   the   c h a n g e   in  p r o p e r t i e s  

to  o p e r a t i n g   t e m p e r a t u r e s .   F i g u r e   1  is  a  g r a p h  

c o m p a r i n g   a c c e l e r a t e d   a g i n g   ( i . e . ,   t h e r m a l   s t a b i l i t y )  

b e h a v i o r   ( i . e . ,   p e r c e n t   c h a n g e s   1 .4   T  60  Hz  e x c i t i n g  

power   as  a  f u n c t i o n   of  i r o n   c o n t e n t )   f o r   F e - B - S i  

c o n t a i n i n g   a l l o y s   w i t h i n   and  o u t s i d e   t he   s c o p e   of  t h e  

i n v e n t i o n .   Aging  was  c o n d u c t e d   at   240°C  f o r   2200  h r s .  

As  i l l u s t r a t e d   by  F i g u r e   1,  a l l o y s   c o n t a i n i n g   a b o v e  

a b o u t   7 9 . 8   a tom  p e r c e n t   i r o n   e x p e r i e n c e d   a  s u b s t a n t i a l  

i n c r e a s e   in  e x c i t i n g   power   ( i . e . ,   were   a g e d  

s i g n i f i c a n t l y ) .   A d v a n t a g e o u s l y ,   e a c h   of  the   e l e v a t e d  

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

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

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

above   a b o u t   7 9 . 4   to  7 9 . 8 .  

When  c o r e s   c o m p r i s i n g   the   s u b j e c t   a l l o y s   a r e  

u t i l i z e d   in  e l e c t r o m a g n e t i c   d e v i c e s ,   such   as  t r a n s -  

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

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

in  more  e f f i c i e n t   o p e r a t i o n   of  t he   e l e c t r o m a g n e t i c  

d e v i c e .   The  l o s s   of  e n e r g y   in  a  m a g n e t i c   c o r e   as  t h e  

r e s u l t   of  eddy  c u r r e n t s ,   wh ich   c i r c u l a t e   t h r o u g h   t h e  

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

of  h e a t .   C o r e s   made  f rom  the   s u b j e c t   a l l o y s   r e q u i r e  

l e s s   e l e c t r i c a l   e n e r g y   fo r   o p e r a t i o n   and  p r o d u c e   l e s s  

h e a t .   In  a p p l i c a t i o n s   where   c o o l i n g   a p p a r a t u s   i s  

r e q u i r e d   to  c o o l   the   t r a n s f o r m e r   c o r e s ,   such   as  t r a n s -  

f o r m e r s   in  a i r c r a f t   and  l a r g e   power   t r a n s f o r m e r s ,   a n  

a d d i t i o n a l   s a v i n g s   is  r e a l i z e d   s i n c e   l e s s   c o o l i n g  



a p p a r a t u s   is  r e q u i r e d   to  r emove   the   s m a l l e r   amoun t   o f  

h e a t   g e n e r a t e d   by  c o r e s   made  f rom  the   s u b j e c t   a l l o y s .  

In  a d d i t i o n ,   t he   e x c e e d i n g l y   h i g h   m a g n e t i z a t i o n   and  h i g h  

e f f i c i e n c y   of  c o r e s   made  f rom  the   s u b j e c t   a l l o y s   r e s u l t  

in  c o r e s   of  r e d u c e d   w e i g h t   fo r   a  g i v e n   c a p a c i t y   r a t i n g .  

The  f o l l o w i n g   e x a m p l e s   a re   p r e s e n t e d   to  p r o v i d e   a  

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

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

p r a c t i c e   of  the   i n v e n t i o n   a re   e x e m p l a r y   and  s h o u l d   n o t  

be  c o n s t r u e d   as  l i m i t i n g   the   s c o p e   of  the   i n v e n t i o n .  

EXAMPLES 

T o r o i d a l   t e s t   s a m p l e s   were   p r e p a r e d   by  w i n d i n g  

a p p r o x i m a t e l y   0 . 0 3 0   kg  of  0 . 0 2 5 4   m  wide  a l l o y   r i b b o n   o f  

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

on  a  s t e a t i t e   c o r e   h a v i n g   i n s i d e   and  o u t s i d e   d i a m e t e r s  

of  0 . 0 3 9 7   m  and  0 . 0 4 4 5   m,  r e s p e c t i v e l y .   One  h u n d r e d   a n d  

f i f t y   t u r n s   of  h i g h   t e m p e r a t u r e   m a g n e t i c   w i r e   were  wound  

on  the   t o r o i d   to  p r o v i d e   a  D.C.  c i r c u m f e r e n t i a l   f i e l d   o f  

7 9 5 . 8   a m p e r e / m e t e r   fo r   a n n e a l i n g   p u r p o s e s .   The  s a m p l e s  

were   a n n e a l e d   in  an  i n e r t   gas  a t m o s p h e r e   fo r   2  h o u r s   a t  

a  t e m p e r a t u r e   r a n g i n g   f rom  340°C  to  440°C  w i t h   the   7 9 5 . 8  

A/m  f i e l d   a p p l i e d   d u r i n g   h e a t i n g   and  c o o l i n g   to  d e t e r -  

mine  the   o p t i m u m   f i e l d   a n n e a l i n g   c o n d i t i o n s   fo r   e a c h  

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

each   c o m p o s i t i o n   is  t h a t   a t   w h i c h   the  e x c i t i n g   power   o f  

the   c o r e   is  l o w e s t .   The  s a m p l e s   were  c o o l e d   a t   a  r a t e  

of  a p p r o x i m a t e l y   1 0 ° C / m i n .  

The  AC  m a g n e t i c   p r o p e r t i e s ,   i . e . ,   power   l o s s  

( w a t t s / k i l o g r a m )   and  e x c i t i n g   power   (RMS  V o l t - a m p e r e s /  

k i l o g r a m ) ,   of  the   s a m p l e s   were  m e a s u r e d   at   a  f r e q u e n c y  

of  60  Hz  and  a  m a g n e t i c   i n t e n s i t y   of  1 .4   T e s l a   by  t h e  

s i n e - f l u x   m e t h o d .  

F i e l d   a n n e a l e d   AC  m a g n e t i c   v a l u e s   fo r   a  v a r i e t y   o f  

a l l o y   c o m p o s i t i o n s   t h a t   a re   w i t h i n   the   s c o p e   of  t h e  

p r e s e n t   i n v e n t i o n   a re   shown  in  T a b l e   I .  



For  c o m p a r i s o n ,   the   c o m p o s i t i o n s   of  some  a m o r p h o u s  

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

and  t h e i r   f i e l d   a n n e a l e d   AC  m e a s u r e m e n t s   a r e   l i s t e d   i n  

T a b l e   I I .   T h e s e   a l l o y s ,   in  c o n t r a s t   to  t h o s e   w i t h i n   t h e  

s c o p e   of  the   p r e s e n t   i n v e n t i o n ,   have   h i g h e r   c o r e   l o s s  

and  h i g h e r   v o l t - a m p e r e   demand  at  room  t e m p e r a t u r e   and  a t  

1 0 0 ° C .  



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

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

t e m p e r a t u r e s ,   e a c h   of  s a m p l e s   1-6  f rom  T a b l e   I  was  f u r -  

t h e r   t e s t e d   by  e x c i t i n g   each   s a m p l e   w i t h   an  8000  A/m 

d r i v e   f i e l d   at   100°C .   The  i m p r o v e d   s a t u r a t i o n   i n d u c t i o n  

of  t he   a l l o y s   t h u s   t e s t e d   is  shown  in  T a b l e   I I I .  

For  c o m p a r i s o n ,   t he   c o m p o s i t i o n s   of  some  a m o r p h o u s  

m e t a l   a l l o y s   f a l l i n g   o u t s i d e   the   s c o p e   of  t he   i n v e n t i o n  

and  t h e i r   s a t u r a t i o n   i n d u c t i o n   m e a s u r e m e n t s   at   8000  A/m 

d r i v e   f i e l d   and  100°C  a re   s e t   f o r t h   in  T a b l e   I V .  



H a v i n g   t h u s   d e s c r i b e d   the   i n v e n t i o n   in  r a t h e r   f u l l  

d e t a i l ,   i t   w i l l   be  u n d e r s t o o d   t h a t   t h i s   d e t a i l   need   n o t  

be  s t r i c t l y   a d h e r e d   to  bu t   t h a t   f u r t h u r   c h a n g e s   a n d  

m o d i f i c a t i o n s   may  s u g g e s t   t h e m s e l v e s   to  one  s k i l l e d   i n  

the   a r t ,   a l l   f a l l i n g   w i t h i n   t he   s c o p e   of  t he   p r e s e n t  
i n v e n t i o n   as  d e f i n e d   by  the  s u b j o i n e d   c l a i m s .  



1.  A  m e t a l   a l l o y   wh ich   is   a t   l e a s t   90%  a m o r p h o u s  

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

mu la   F e a S i b B c   w h e r e i n   " a " ,   "b"  and  "c"  a re   a t o m i c   p e r -  

c e n t a g e s   r a n g i n g   f rom  a b o u t   7 9 . 4   to  7 9 . 8 ,   6  to  8  and  12 

to  14,  r e s p e c t i v e l y ,   w i t h   the   p r o v i s o   t h a t   the   sum  o f  

" a " ,   "b"  and  "c"  e q u a l s   100 ,   s a i d   a l l o y   h a v i n g   a  p o w e r  
l o s s   l e s s   t h a n   .3  W/kg  and  an  e x c i t i n g   power   l e s s   t h a n   1 

V A / k g ,   e a c h   of  s a i d   power   l o s s   and  e x c i t i n g   power   b e i n g  

m e a s u r e d   a t   60  Hz  and  1 .4T   a t   1 0 0 ° C .  

2.  An  a m o r p h o u s   m e t a l   a l l o y   as  r e c i t e d   in  c l a i m   1 ,  

w h e r e i n   s a i d   a l l o y   i s   a t   l e a s t   a b o u t   97%  a m o r p h o u s .  

3.  An  a m o r p h o u s   m e t a l   a l l o y   as  r e c i t e d   in  c l a i m   1 ,  
w h e r e i n   s a i d   a l l o y   is   100%  a m o r p h o u s .  

4.  An  a m o r p h o u s   m e t a l   a l l o y   as  r e c i t e d   in  c l a i m   1 ,  

w h e r e i n   "a"  and  "c"  a r e   7 9 . 3   to  7 9 . 7   and  13  r e s p e c -  

t i v e l y ,   t he   b a l a n c e   b e i n g   s i l i c o n .  

5.  A  m e t a l   a l l o y   as  r e c i t e d   in  c l a i m   1,  s a i d   a l l o y  

h a v i n g   an  i n d u c t i o n   of  a t   l e a s t   1 . 5 0 T   a t   100°C  and  a  

d r i v e   f i e l d   of  8000  A / m .  

6.  A  m e t h o d   of  e n h a n c i n g   the   m a g n e t i c   p r o p e r t i e s  

of  a  m e t a l   a l l o y   w h i c h   is   a t   l e a s t   90%  a m o r p h o u s   c o n -  

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

F e a S i b B c   w h e r e i n   " a " ,   "b"  and  "c"  a re   a t o m i c   p e r c e n t a g e s  

r a n g i n g   f rom  a b o u t   7 9 . 4   to  7 9 . 8 ,   6  to  8  and  12  to  1 4 ,  

r e s p e c t i v e l y ,   w i t h   the   p r o v i s o   t h a t   the   sum  of  " a " ,   " b "  

and  "c"  e q u a l s   100,   w h i c h   m e t h o d   c o m p r i s e s   t he   s t e p   o f  

a n n e a l i n g   s a i d   a l l o y .  

7.  A  m e t h o d   as  r e c i t e d   in  c l a i m   6,  w h e r e i n   s a i d  

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

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

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

i n i t i a t e   c r y s t a l l i z a t i o n ;  

c o o l i n g   s a i d   a l l o y   a t   a  r a t e   of  a b o u t   0 . 5 ° C / m i n .   t o  

7 5 ° C / m i n . ;   a n d  

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

h e a t i n g   and  c o o l i n g .  

8.  A  m e t h o d   as  r e c i t e d   in  c l a i m   7,  w h e r e i n   t h e  



t e m p e r a t u r e   r a n g e   f o r   h e a t i n g   s a i d   a l l o y   i s   a b o u t   3 4 0 ° C  

to  4 4 0 ° C .  

9.  A  m e t h o d   as  r e c i t e d   in  c l a i m   6,  w h e r e i n   s a i d  

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

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

a b o u t   340°C  to  4 4 0 ° C ;  

c o o l i n g   s a i d   a l l o y   a t   a  r a t e   of  a b o u t   1 O C / m i n .   t o  

1 6 ° C / m i n .  ; a n d  

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

h e a t i n g   and  c o o l i n g .  

10.  A  m e t a l   a l l o y   w h i c h   is   a t   l e a s t   90%  a m o r p h o u s  

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

f o r m u l a   F e a S i b B c ,   w h e r e i n   " a " ,   "b"  and  "c"  a r e   a t o m i c  

p e r c e n t a g e s   r a n g i n g   from  a b o u t   7 9 . 4   to  7 9 . 8 ,   6  to  8  a n d  

12  to  14  r e s p e c t i v e l y ,   w i t h   the   p r o v i s o   t h a t   the   sum  o f  

" a " ,   "b"  and  "c"  e q u a l s   100 ,   s a i d   a l l o y   b e i n g   p r o d u c e d  

by  a  p r o c e s s   c o m p r i s i n g   the   s t e p s   of  (a)  mov ing   the   s u r -  

f a c e   of  a  c h i l l   body  in  a  l o n g i t u d i n a l   d i r e c t i o n   a t   a  

c o n s t a n t   p r e d e t e r m i n e d   v e l o c i t y   of  from  a b o u t   100  t o  

a b o u t   2000  m e t e r s   pe r   m i n u t e   p a s t   t he   o r i f i c e   of  a  n o z -  

z l e   s l o t   d e f i n e d   by  a  p a i r   of  g e n e r a l l y   p a r a l l e l   l i p s  

l o c a t e d   p r o x i m a t e   to  the  s u r f a c e   such   t h a t   t he   g a p  
b e t w e e n   the  l i p s   and  the  s u r f a c e   is  from  a b o u t   0 . 03   t o  

a b o u t   1  m i l l i m e t e r ,   the   o r i f i c e   b e i n g   a r r a n g e d   g e n e r a l l y  

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

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

o r i f i c e   of  the   n o z z l e   i n t o   c o n t a c t   w i t h   the   s u r f a c e   o f  

the   mov ing   c h i l l   body  to  p e r m i t   the   m e t a l   to  s o l i d i f y  

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

s a i d   a l l o y   to  i m p r o v e   power   l o s s   and  e x c i t i n g   p o w e r  
t h e r e o f ,   s a i d   power   l o s s   b e i n g   l e s s   t h a n   .3  W/kg  a n d  

s a i d   e x c i t i n g   power   b e i n g   l e s s   t h a n   1  VA/kg ,   e a c h   o f  

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

60Hz  and  1 .4   T  a t   1 0 0 ° C .  
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