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©  Near-zero  magnetostrictive  glassy  metal  alloys  with  high  magnetic  and  thermal  stability. 

A  new  series  of  glassy  metal  alloys  with  near  zero 
magnetostriction  is  disclosed.  The  glassy  alloys  have  the 
composition  CoaFebNicModBeSlf,  where  a  ranges  from  about 
68  to  70  atom  percent,  b  ranges  from  about  2  to  7.5  atom 
percent,  c  ranges  from  about  0  to  8  atom  percent,  d  ranges 
from  about  1  to  2  atom  percent,  e  ranges  from  about  11  to  15 
atom  percent  and  f  ranges  from  about  9  to  14  atom  percent 
with  the  proviso  that  the  sum  of  a,  b,  c  ranges  from  about  72 
to  76  atom  percent  and  the  sum  of  e  and  f  ranges  from  about 
23  to  26  atom  percent.  The  magnetostriction  of  these  alloys 
ranges  from  about -1  x  10-6  to  +1  x  10-6  and  the  saturation 
Induction  is  between  about  0.6  and  0.8  Tesla.  The  transition 
metal  content  is  responsible  for  the  low  magnetostriction  in 
these  alloys.  The  metalloid  content  strongly  affects  the 
saturation  induction,  Curie  temperature,  and  magnetic  stabil- 
ity.  Magnetostriction  is  mildly  affected  by  the  metalloid 
composition  and  a  particular  range  of  Si/B  ratio  for  certain 
iron,  cobalt  containing  alloys  wherein  the  magnetostriction 
is  near-zero  and  relatively  insensitive  to  the  Si/B  ratio.  The 
same  Si/B  ratios  also  provide  high  magnetic  stability. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  g l a s s y   m e t a l   a l l o y s  

w i t h   n e a r - z e r o   m a g n e t o s t r i c t i o n ,   h i g h   m a g n e t i c   a n d  

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

2.  D e s c r i p t i o n   of  t h e   P r i o r   A r t  

S a t u r a t i o n   m a g n e t o s t r i c t i o n   as  i s   r e l a t e d   t o  

t h e   f r a c t i o n a l   c h a n g e   in  l e n g t h   Δ l / l   t h a t   o c c u r s   in  a  

m a g n e t i c   m a t e r i a l   on  g o i n g   f rom  the   d e m a g n e t i z e d   to   t h e  

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

in  u n i t s   of  m i c r o s t r a i n s   ( i . e . ,   a  m i c r o s t r a i n   is   a  

f r a c t i o n a l   c h a n g e   in  l e n g t h   of  one  p a r t   p e r   m i l l i o n ) .  

F e r r o m a g n e t i c   a l l o y s   of  low  m a g n e t o s t r i c t i o n  

a r e   d e s i r a b l e   f o r   s e v e r a l   i n t e r r e l a t e d   r e a s o n s :  

1.  S o f t   m a g n e t i c   p r o p e r t i e s   ( low  c o e r c i v i t y ,  

h i g h   p e r m e a b i l i t y )   a r e   g e n e r a l l y   o b t a i n e d   when  b o t h   t h e  

s a t u r a t i o n   m a g n e t o s t r i c t i o n  λ S  a n d   t he   m a g n e t o c r y s t a l l i n e  

a n i s o t r o p y   K  a p p r o a c h   z e r o .   ' T h e r e f o r e ,   g i v e n   the   s a m e  

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

l o w e r   dc  c o e r c i v i t i e s   and  h i g h e r   p e r m e a b i l i t i e s .   S u c h  

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

t i o n s .  

2.  M a g n e t i c   p r o p e r t i e s   of  such   z e r o   m a g n e -  

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

s t r a i n s .   When  t h i s   is   t he   c a s e ,   t h e r e   i s   l i t t l e   n e e d  



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

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

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

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

a l l o y s ,   a r e   s e r i o u s l y   d e g r a d e d   by  s u c h   c o l d   w o r k i n g   a n d  

s u c h   m a t e r i a l s   m u s t   be  c a r e f u l l y   a n n e a l e d .  

3.  The  low  dc  c o e r c i v i t y   of   z e r o   m a g n e t o -  
s t r i c t i v e   m a t e r i a l s   c a r r i e s   o v e r   to   ac  o p e r a t i n g   c o n -  
d i t i o n s   w h e r e   a g a i n   low  c o e r c i v i t y   and  h i g h  

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

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

r e s i s t i v i t y   n o t   t o o   s m a l l ) .   A l s o   b e c a u s e   e n e r g y   is   n o t  

l o s t   to   m e c h a n i c a l   v i b r a t i o n s   when  t h e   s a t u r a t i o n   m a g a -  
n e t o s t r i c t i o n   i s   z e r o ,   t h e   c o r e   l o s s   of  z e r o   m a g n e -  
t o s t r i c t i v e   m a t e r i a l s   can   be  q u i t e   l o w .   T h u s ,   z e r o  

m a g n e t o s t r i c t i v e   m a g n e t i c   a l l o y s   (o f   m o d e r a t e   or   l o w  

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

l o s s   and  h i g h   ac  p e r m e a b i l i t y   a r e   r e q u i r e d .   S u c h  

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

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

t r a n s f o r m e r s ,   m a g n e t i c   r e c o r d i n g   h e a d s   and  t h e   l i k e .  

4.  F i n a l l y ,   e l e c t r o m a g n e t i c   d e v i c e s   c o n -  

t a i n i n g   z e r o   m a g n e t o s t r i c t i v e   m a t e r i a l s   g e n e r a t e   n o  
a c o u s t i c   n o i s e   u n d e r   AC  e x c i t a t i o n .   W h i l e   t h i s   i s   t h e  

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

a l s o   a  d e s i r a b l e   c h a r a c t e r i s t i c   in  i t s e l f   b e c a u s e   i t  
e l i m i n a t e s   t h e   hum  i n h e r e n t   in  many  e l e c t r o m a g n e t i c  
d e v i c e s .  

T h e r e   a r e   t h r e e   w e l l - k n o w n   c r y s t a l l i n e   a l l o y s  
of  z e r o   m a g n e t o s t r i c t i o n   ( i n   a tom  p e r c e n t ,   u n l e s s  

o t h e r w i s e   i n d i c a t e d ) :  

(1)  N i c k e l - i r o n   a l l o y s   c o n t a i n i n g   a p p r o x i m a -  

t e l y   80%  n i c k e l   ( "80   n i c k e l   p e r m a l l o y s " ) ;  

(2)  C o b a l t - i r o n   a l l o y s   c o n t a i n i n g   a p p r o x i m a -  

t e l y   90%  c o b a l t ;   a n d  

(3)  I r o n - s i l i c o n   a l l o y s   c o n t a i n i n g   a p p r o x i m a -  
t e l y   6  wt .   %  s i l i c o n .  

A l s o   i n c l u d e d   in  t h e s e   c a t e g o r i e s   a r e   z e r o  



m a g n e t o s t r i c t i v e   a l l o y s   b a s e d   on  t he   b i n a r i e s   bu t   w i t h  

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

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

c h a n g e s .   T h e s e   i n c l u d e ,   f o r   e x a m p l e ,   4%  Mo,  79%  N i ,  

17%  Fe  ( s o l d   u n d e r   t h e   d e s i g n a t i o n   Moly  P e r m a l l o y )   f o r  

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

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

M u m e t a l )   f o r   m a g n e t i c   s o f t n e s s   and  i m p r o v e d   d u c t i l i t y ;  

and  85  wt.%  Fe,   9  wt .%  S i ,   6  wt .%  Al  ( s o l d   u n d e r   t h e  

d e s i g n a t i o n   S e n d u s t )   f o r   z e r o   a n i s o t r o p y .  
The  a l l o y s   i n c l u d e d   in  c a t e g o r y   (1)  a r e   t h e  

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

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

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

m a g n e t i c a l l y ;   t h a t   i s   t h e y   have   a  low  c o e r c i v i t y ,   a  

h i g h   p e r m e a b i l i t y   and  a  low  c o r e   l o s s .   T h e s e   p e r -  

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

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

p e r a t u r e   ( a b o v e   1 0 0 0 ° C )   a n n e a l ,   t e n d   to   be  d e g r a d e d   b y  

r e l a t i v e l y   m i l d   m e c h a n i c a l   s h o c k .  

C a t e g o r y   (2)  a l l o y s   s u c h   as  t h o s e   b a s e d   o n  

C o g o F e l o   have   a  much  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  

(Bs  a b o u t   1 .9   T e s l a )   t h a n   t h e   p e r m a l l o y s .   H o w e v e r ,  

t h e y   a l s o   have   a  s t r o n g   n e g a t i v e   m a g n e t o c r y s t a l l i n e  

a n i s o t r o p y ,   w h i c h   p r e v e n t s   them  f rom  b e i n g   good  s o f t  

m a g n e t i c   m a t e r i a l s .   For  e x a m p l e ,   t h e   i n i t i a l   p e r -  
m e a b i l i t y   of  C o 9 0 F e 1 0   is   o n l y   a b o u t   100  to   2 0 0 .  

C a t e g o r y   (3)  a l l o y s   s u c h   as  F e / 6   wt%  Si  a n d  

t h e   r e l a t e d   t e r n a r y   a l l o y   S e n d u s t   ( m e n t i o n e d   a b o v e )  

a l s o   show  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 s   (Bs  a b o u t   1 . 8  

T e s l a   and  1 .1   T e s l a ,   r e s p e c t i v e l y )   t h a n   t h e   p e r m a l l o y s .  

H o w e v e r   t h e s e   a l l o y s   a r e   e x t r e m e l y   b r i t t l e   and  h a v e ,  

t h e r e f o r e ,   f ound   l i m i t e d   use  in  p o w d e r   fo rm  o n l y .  

R e c e n t l y   b o t h   F e / 6 . 5   wt.%  Si  [IEEE  T r a n s .   MAG-16,  7 2 8  

( 1 9 8 0 ) ]   and  S e n d u s t   a l l o y s   [IEEE  T r a n s .   MAG-15,  1 1 4 9  

( 1 9 7 0 ) ]   have   been   made  r e l a t i v e l y   d u c t i l e   by  r a p i d  

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

t h e   m a g n e t o s t r i c t i o n   is  v e r y   s t r o n g   in  t h e s e   m a t e r i a l s ,  



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

a c h i e v e   n e a r - z e r o   m a g a n e t o s t r i c t i o n .  
I t   i s   known  t h a t   m a g n e t o c r y s t a l l i n e   a n i s o t r o p y  

i s   e f f e c t i v e l y   e l i m i n a t e d   in  t h e   g l a s s y   s t a t e .   I t   i s  

t h e r e f o r e ,   d e s i r a b l e   to   s e e k   g l a s s y   m e t a l   a l l o y s   o f  

z e r o   m a g n e t o s t r i c t i o n .   Such  a l l o y s   m i g h t   be  f o u n d   n e a r  

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

of   m e t a l l o i d s   w h i c h   t e n d   to   q u e n c h   t h e   m a g n e t i z a t i o n   b y  

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

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

t h e   80  n i c k e l   p e r m a l l o y s   a r e   e i t h e r   n o n - m a g n e t i c   a t  

room  t e m p e r a t u r e   or   have   u n a c c e p t a b l y   low  s a t u r a t i o n  

i n d u c t i o n s .   For  e x a m p l e ,   t h e   g l a s s y   a l l o y   F e 4 0 N i 4 0 P 1 4 B 6  

( t h e   s u b s c r i p t s   a r e   in  a tom  p e r c e n t )   h a s   a  s a t u r a t i o n  

i n d u c t i o n   of  a b o u t   0 .8   T e s l a ,   w h i l e   t h e   g l a s s y   a l l o y  

N i 4 9 F e 2 9 P l 4 B 6 S i 2   has   a  s a t u r a t i o n   i n d u c t i o n   of  a b o u t  

0 . 4 6   T e s l a   and  t h e   g l a s s y   a l l o y   N i 8 0 P 2 0   i s   n o n -  

m a g n e t i c .   No  g l a s s y   m e t a l   a l l o y s   h a v i n g   a  s a t u r a t i o n  

m a g n e t o s t r i c t i o n   a p p r o x i m a t e l y   e q u a l   to   z e r o   have   y e t  
b e e n   f o u n d   n e a r   t h e   i r o n - r i c h   S e n d u s t   c o m p o s i t i o n .   A 

n u m b e r   of  n e a r - z e r o   m a g n e t o s t r i c t i v e   g l a s s y   m e t a l  

a l l o y s   b a s e d   on  t he   Co-Fe  c r y s t a l l i n e   a l l o y   m e n t i o n e d  

a b o v e   in   (2)  have   been   r e p o r t e d   in  t h e   l i t e r a t u r e .  

T h e s e   a r e ,   f o r   e x a m p l e ,   C o 7 2 F e 3 P 1 6 B 6 A l 3   (AIP  C o n f e r e n c e  

P r o c e e d i n g s ,   No.  24,  pp.   7 4 5 - 7 4 6   ( 1 9 7 5 ) )  

C 0 7 0 . 5 F e 4 . 5 S i l 5 B l o   ( V o l .   14,  J a p a n e s e   J o u r n a l   o f  

A p p l i e d   P h y s i c s ,   pp.   1 0 7 7 - 1 0 7 8   ( 1 9 7 5 ) )  

C o 3 1 . 2 F e 7 . 8 N i 3 9 . 0 B 1 4 S i 8   [ p r o c e e d i n g s   of   3 r d  

I n t e r n a t i o n a l   C o n f e r e n c e   on  R a p i d l y   Q u e n c h e d   M e t a l s ,   p .  

183 ,   ( 1 9 7 9 ) ]   and  C 0 7 4 F e 6 B 2 0   [ IEEE  T r a n s .   MAG-12,  9 4 2  

( 1 9 7 6 ) ] .   T a b l e   I  l i s t s   some  of  t h e   m a g n e t i c   p r o p e r t i e s  
of   t h e s e   m a t e r i a l s .  



The  s a t u r a t i o n   i n d u c t i o n   (Bs)  of  t h e s e   a l l o y s   r a n g e s  

b e t w e e n   0 . 6   and  1 .2   T e s l a .   The  g l a s s y   a l l o y s   w i t h  

Bs  c l o s e   to   0 .6   T  show  low  c o e r c i v i t i e s   and  h i g h   p e r -  

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

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

a t   r e l a t i v e l y   low  (  150°C)   t e m p e r a t u r e s .   On  t h e   o t h e r  

h a n d ,   t h e   g l a s s y   a l l o y s   w i t h   B S ~ 1 . 2   T e s l a   t e n d   to   h a v e  

t h e i r   f e r r o m a g n e t i c   C u r i e   t e m p e r a t u r e s   (S f )   n e a r   o r  

a b o v e   t h e i r   f i r s t   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   ( T c l ) .  

T h i s   makes   h e a t - t r e a t m e n t   of  t h e s e   m a t e r i a l s   v e r y   d i f -  

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

o u t   a t   t e m p e r a t u r e s   n e a r   e f .  

C l e a r l y   d e s i r a b l e   a r e   z e r o   m a g n e t o s t r i c t i v e  

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

and  a  s a t u r a t i o n   i n d u c t i o n   as  h i g h   as  p o s s i b l e .  

SUMMARY  OF  THE  INVENTION 

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 ,   t h e r e   i s   p r o v i d e d  

a  m a g n e t i c   a l l o y   t h a t   is   a t   l e a s t   70%  g l a s s y ,   and  w h i c h  

h a s   a  n e a r - z e r o   m a g n e t o s t r i c t i o n ,   h i g h   m a g n e t i c   a n d  

t h e r m a l   s t a b i l i t y   and  e x c e l l e n t   s o f t   m a g n e t i c   p r o p e r -  
t i e s .   The  g l a s s y   m e t a l   a l l o y   has   t he   c o m p o s i t i o n  

C o a F e b N i c M o a B e S i f ,   w h e r e   a  r a n g e s   f rom  a b o u t   58  t o  

70  a tom  p e r c e n t ,   b  r a n g e s   f rom  a b o u t   2  to   7 .5   a t o m  



p e r c e n t ,   c  r a n g e s   f r o m   a b o u t   0  to   8  a t o m   p e r c e n t ,  

d  r a n g e s   f rom  a b o u t   1  to   a b o u t   2  a tom  p e r c e n t ,   e  r a n g e s  

f r o m   a b o u t   11  to   15  a t o m   p e r c e n t   and  f  r a n g e s   f rom  a b o u t  

9  to   14  a tom  p e r c e n t ,   w i t h   t h e   p r o v i s o   t h a t   t h e   sum  o f  

a,   b  a n d   c  r a n g e s   f rom  a b o u t   72  to   76  a tom  p e r c e n t   a n d  

t h e   sum  of  e  and  f  r a n g e s   f rom  a b o u t   23  to   26  a t o m  

p e r c e n t .   The  g l a s s y   a l l o y   has   a  v a l u e   of   m a g n e t o s t r i c -  

t i o n   r a n g i n g   f rom  a b o u t   -1  x  1 0 - 6   to   +1  x  1 0 - 6   a  
s a t u r a t i o n   i n d u c t i o n   r a n g i n g   f rom  a b o u t   0 .6   to   0 . 8  

T e s l a ,   a  C u r i e   t e m p e r a t u r e   r a n g i n g   f rom  a b o u t   550  to   6 7 0 K  

and  a  f i r s t   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   r a n g i n g   f r o m  

a b o u t   790  to   870  K.  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

In  a c c o r d a n c e   w i t h   t h e   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 a g n e t i c   a l l o y   t h a t   i s   a t   l e a s t   70%  g l a s s y  

and  w h i c h   has   an  o u t s t a n d i n g   c o m b i n a t i o n   of  p r o p e r t i e s ,  

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

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

as  h i g h   p e r m e a b i l i t y ,   low  c o r e   l o s s   and  low  c o e r c i v i t y .  

The  g l a s s y   m e t a l   a l l o y   has   t h e   c o m p o s i t i o n  

C o a F e b N i c M o d B e S i f ,   w h e r e   a  r a n g e s   f rom  a b o u t   58  to   7 0  

a tom  p e r c e n t ,   b  r a n g e s   f rom  a b o u t   2  to   7 . 5   a tom  p e r -  

c e n t ,   c  r a n g e s   f rom  a b o u t   0  to   8  a t o m   p e r c e n t   and  d  

r a n g e s   f rom  a b o u t   1  to   a b o u t   2  a tom  p e r c e n t ,   e  r a n g e s  
f rom  a b o u t   11  to   15  a tom  p e r c e n t   and  f  r a n g e s   f r o m  

a b o u t   9  to   14  a tom  p e r c e n t ,   w i t h   t h e   p r o v i s o   t h a t   t h e  

sum  of   a,  b  a n d   c  r a n g e s   f rom  a b o u t   72  to   76  a tom  p e r -  
c e n t   and  t h e   sum  of  e  and  f  r a n g e s   f rom  a b o u t   23  to   2 6  

a t o m   p e r c e n t .   The  g l a s s y   a l l o y   has   a  v a l u e   of  m a g n e t o -  

s t r i c t i o n   r a n g i n g   f rom  a b o u t   -1  x  1 0 - 6   to   +1  x  10-6   a n d  

a  s a t u r a t i o n   i n d u c t i o n   r a n g i n g   f rom  a b o u t   0 .6   to   0 . 8  

T e s l a ,   C u r i e   T e m p e r a t u r e ,   r a n g i n g   f rom  550  to   670K  a n d  

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

a b o u t   790  to   870  K. 

The  p u r i t y   of  t h e   a b o v e   c o m p o s i t i o n   i s   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 .   H o w e v e r ,   i t   w i l l  

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

i n v e n t i o n   may  be  r e p l a c e d   by  a t   l e a s t   one  o t h e r   t r a n -  



s i t i o n   m e t a l   e l e m e n t ,   such   as  t u n g s t e n ,   n i o b i u m ,   t a n -  

t a l u m ,   t i t a n i u m ,   z i r c o n i u m   and  h a f n i u m ,   and  up  to  a b o u t  

2  a tom  p e r c e n t   of  Si  may  be  r e p l a c e d   by  c a r b o n ,   a l u -  

minum  or   g e r m a n i u m   w i t h o u t   s i g n i f i c a n t l y   d e g r a d i n g   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   of  t h e s e   g l a s s y   a l l o y s .  

E x a m p l e s   of  e s s e n t i a l l y   z e r o   m a g n e t o s t r i c t i v e  

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

C o 6 7 . 4 F e 4 . 1 N i 3 . 0 M o 1 . 5 B 1 2 . 5 S i 1 1 . 5 .   C o 6 7 . l F e 4 . 4 N i 3 . o M o i . 5  

B 1 2 . 5 S i l l . 5 ,   C o 6 4 . 0 F e 4 . 5 N i 6 . 0 M o 1 . 5 B 1 2 . 5 S i 1 1 . 5 ,   C 0 6 7 . 0  

F e 4 . 5 N i 3 . 0 M o 1 . 5 B 1 2 S i 1 2 .   C o 6 7 . 0 F e 4 . 5 N i 3 . 0 M o 1 . 5 B 1 3 S i 1 1   a n d  

C o 6 7 . 5 F e 4 . 5 N i 3 . 0 M o 1 . 0 B 1 2 S i 1 2 ·   T h e s e   g l a s s y   a l l o y s  

p o s s e s s   s a t u r a t i o n   i n d u c t i o n   b e t w e e n   a b o u t   0 .7   and  0 . 8  

T e s l a ,   C u r i e   t e m p e r a t u r e   b e t w e e n   600  and  670K,  t h e  

f i r s t   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  a b o u t   800K  a n d  

e x c e l l e n t   d u c t i l i t y .   Some  m a g n e t i c   and  t h e r m a l   p r o p e r -  
t i e s   of  t h e s e   and  some  of  o t h e r   n e a r - z e r o   m a g n e t o s t r i c -  

t i v e   g l a s s y   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   l i s t e d  

in  T a b l e   I I .   T h e s e   may  be  c o m p a r e d   w i t h   p r o p e r t i e s  

l i s t e d   in  T a b l e   I  f o r   p r e v i o u s l y - r e p o r t e d   g l a s s y   m e t a l  

a l l o y s   of  z e r o   m a g n e t o s t r i c t i o n .  

The  a c t i v a t i o n   e n e r g y   (Ea)   f o r   t he   r e o r i e n -  

t a t i o n   of  t he   m a g n e t i z a t i o n   i s   l i s t e d   in  T a b l e   I I I  

f o r   some  r e p r e s e n t a t i v e   n e a r - z e r o   m a g n e t o s t r i c t i v e  

g l a s s y   a l l o y s .   T h i s   t a b l e   i n d i c a t e s   t h a t   Si  t e n d s   t o  

i n c r e a s e   Ea  and  a l s o   t h a t   Ea  t e n d s   to   be  h i g h e r   w h e n  

S i / B   r a t i o   is   c l o s e   to   1.  The  h i g h e r   v a l u e s   of  E a ,  
i n d i c a t i n g   h i g h e r   m a g n e t i c   s t a b i l i t y   of  t he   s y s t e m ,   i s  

d e s i r e d .   C o m b i n i n g   t h e s e   i n f o r m a t i o n   b a s e d   T a b l e   I I  

and  I I I ,   p r e f e r r e d   Si  c o n t e n t   i s   b e t w e e n   9  and  14  a t o m  

p e r c e n t   when  (Si  +  B)  i s   b e t w e e n   23  and  26  a tom  p e r c e n t .  
The  p r e s e n c e   of  Mo  i s   to  i n c r e a s e   Tcl   a n d  

h e n c e   t he   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   s y s t e m .   T h e  

c o n t e n t   of  Mo  b e y o n d   2  a tom  p e r c e n t ,   h o w e v e r ,   r e d u c e s  

t h e   C u r i e   t e m p e r a t u r e   to  a  l e v e l   l o w e r   t h a n   550  K, 

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





For  some  a p p l i c a t i o n s ,   i t   may  be  d e s i r a b l e   o r  

a c c e p t a b l e   to   use  a  m a t e r i a l   w i t h   a  s m a l l   p o s i t i v e   or  a  

s m a l l   n e g a t i v e   m a g n e t o s t r i c t i o n .   Such  n e a r - z e r o   m a g n e -  

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

and  c  in  t h e   r a n g e s   of  a b o u t   58  to   70,   2  to   7 .5   and  0 

to   8  a tom  p e r c e n t   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 i o n   t h a t  

t h e   sum  of  a,  b  a n d   c  r a n g e s   b e t w e e n   72  and  76  a t o m  

p e r c e n t .   The  a b s o l u t e   v a l u e   of  s a t u r a t i o n   m a g n e -  

t o s t r i c t i o n   | λ S |   of  t h e s e   g l a s s y   m e t a l   a l l o y s   is   l e s s  

t h a n   a b o u t   1  x  10-6   ( i . e . ,   t h e   s a t u r a t i o n   m a g n e t o s t r i c -  

t i o n   r a n g e s   f rom  a b o u t   -1  x  1 0 - 6   to   +1  x  1 0 - 6 ,   or  -1  t o  

+1  m i c r o s t r a i n s ) .   The  s a t u r a t i o n   i n d u c t i o n   of  t h e s e  

g l a s s y   a l l o y s   r a n g e s   b e t w e e n   a b o u t   0 .6   and  0 .8   T e s l a .  

V a l u e s   of  A s  e v e n   c l o s e r   to   z e r o   may  b e  

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

f rom  a b o u t   63  to   69,  3  to   6  and  0  to   6,  w i t h   t he   p r o v i -  

s i o n   t h a t   t he   sum  of  a,  b  a n d   c  r a n g e s   b e t w e e n   a b o u t   7 2  

and  76  a tom  p e r c e n t .   For  s u c h   p r e f e r r e d   c o m p o s i t i o n s ,  

| λS |   i s   l e s s   t h a n   0 .5   x  1 0 - 6 .   E s s e n t i a l l y   z e r o   v a l u e s  
of   m a g n e t o s t r i c t i o n   a r e   o b t a i n e d   f o r   v a l u e s   of  a,  b  a n d  

c  r a n g i n g   f rom  a b o u t   64  to   68,  4  to   5  and  0  to   6  a t o m  

p e r c e n t   r e s p e c t i v e l y   w i t h   t he   p r o v i s i o n   t h a t   t he   sum  o f  

a,   b  a n d   c  r a n g e s   b e t w e e n   a b o u t   72  and  76  a tom  p e r c e n t  

and  a l s o   when  f  is  b e t w e e n   11  and  12  a tom  p e r c e n t   a n d  

(e  +  f)  i s   c l o s e   to  24  a tom  p e r c e n t   and ,   a c c o r d i n g l y ,  
s u c h   c o m p o s i t i o n s   a re   mos t   p r e f e r r e d .  

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



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

e l s e w h e r e ;   s e e ,   e . g . ,   U .S .   P a t e n t s   3 , 8 4 5 , 8 0 5 ,   i s s u e d  

N o v e m b e r   5,  1974  and  3 , 8 5 6 , 5 1 3 ,   i s s u e d   D e c e m b e r   2 4 ,  

1 9 7 4 .   In  g e n e r a l ,   t h e   g l a s s y   a l l o y s ,   in  t h e   fo rm  o f  

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

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

l e a s t   a b o u t   105  K / s e c .  

A  m e t a l l o i d   c o n t e n t   of  b o r o n ,   and  s i l i c o n   i n  

t h e   r a n g e   of  a b o u t   23  to   26  a tom  p e r c e n t   of  t h e   t o t a l  

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

w i t h   b o r o n   r a n g i n g   f rom  a b o u t   11  to   15  a t o m   p e r c e n t   a n d  

s i l i c o n   r a n g i n g   f r o m   a b o u t   9  to   a b o u t   14  a tom  p e r c e n t .  

As  n o t e d   h e r e i n a b o v e ,   a  r a t i o   S i / B   c l o s e   to   1  and  a  S i  

c o n t e n t   ( " f " )   b e t w e e n   11  and  12  a tom  p e r c e n t   a r e   m o s t  

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

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

( w h i c h   i s   c l o s e   to   z e r o )   to   t h e   m e t a l l o i d   c o m p o s i t i o n .  

For   e x a m p l e ,   t h e   r a t e   of  c h a n g e   of  m a g n e t o s t r i c t i o n  
v a l u e   w i t h   r e s p e c t   to   s i l i c o n   c o n t e n t ,   d X s / d f ,   i s   c l o s e  

to  z e r o   f o r   " f "   b e t w e e n   11  and  12  a tom  p e r c e n t   w h i l e  

| d λ S / d f |   i s   a b o u t   0 . 8 x 1 0 - 6 / a t . % S i   n e a r   f = 1 0   o r   13  a t o m  

p e r c e n t   when  a = 6 7 . 1 ,   b = 4 . 5 ,   c = 3 . 0   and  d = 1 . 5   a tom  p e r -  
c e n t .   The  q u a n t i t y   [ d λ S / d f |   b e c o m e s   z e r o   n e a r   f = 1 2  

a t o m   p e r c e n t   and  a b o u t   0 . 1 x 1 0 - 6 / a t . % S i   n e a r   f=10  or   13  

a tom  p e r c e n t   when  a = 6 7 . 8 ,   b = 3 . 7 , c = 3 . 0   and  d = 1 . 5   a t o m  

p e r c e n t .  
The  s m a l l   a m o u n t   of  Ni  i s   r e l a t i v e l y   i n e f f e c -  

t i v e   to   a l t e r   t h e   m a g n e t o s t r i c t i o n   v a l u e s   in  t h e   p r e -  
s e n t   a l l o y   s y s t e m   a n d  C o : F e   r a t i o s   e s s e n t i a l l y  

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

m a g n e t o s t r i c t i o n   i s   r e a l i z e d   f o r   t h e   C o : F e   r a t i o   o f  

a b o u t   ( 1 4  ~  1 6 . 5 )   to   1  in  t he   p r e s e n t   a l l o y   s y s t e m .   I n  

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

C 0 7 0 . 5 F e 4 . 5 B l o S i l 5   and  C 0 7 4 F e 6 B 2 0 ,   t h e   r a t i o s   a r e  

n a r r o w l y   s e t   a t   a b o u t   14  and  12  r e s p e c t i v e l y .   T h e  

a b o v e   r a n g e   of  t h e   Co :Fe   r a t i o   b e t w e e n   a b o u t   1 4 : 1   t o  

1 6 . 5 : 1   and  t h e   t o l e r a n c e   of  a b o u t   + 0 . 5   a tom  p e r c e n t  



n e a r   f = 1 1 . 5   a tom  p e r c e n t   to  a c h i e v e   λ s = 0   and  d λ s / d f  

=0  a r e   a d v a n t a g e o u s   f rom  m a t e r i a l s   s y n t h e s i s   s t a n d -  

p o i n t .  
T a b l e   IV  g i v e s   ac  c o r e   l o s s   ( L ) ,   e x c i t i n g  

p o w e r   (Pe)   and  p e r m e a b i l i t y   ( P  )   a t   0 . 1   T e s l a   i n d u c t i o n  

and  a t   50  kHz  of  t h e   n e a r - z e r o   m a g n e t o s t r i c t i v e   g l a s s 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 n n e a l e d   a t   d i f f e r e n t  

t e m p e r a t u r e s   ( T a ) .  

T a b l e   V  shows   the   e f f e c t s   of  t he   a n n e a l i n g  

t e m p e r a t u r e   (Ta)  and  a n n e a l i n g   f i e l d   (H11)  a p p l i e d  

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

s a m p l e s   on  t he   dc  c o e r c i v i t y   (Hc)  and  r e m a n e n c e   ( B r ) ,  

ac  c o e r c i v i t y   ( H c ' )   and  s q u a r e n e s s   r a t i o   ( B r / B l ) ,   w h e r e  

B1  is   t h e   i n d u c t i o n   a t   an  a p p l i e d   f i e l d   o f  1  O e  a t   50  

kHz  and  µ at  50  kHz  and  0 .1   T  i n d u c t i o n   f o r   one  of  t h e  

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

Low  c o e r c i v i t y   and  h i g h   s q u a r e n e s s   r a t i o   c l o s e   to  1  a t  

h i g h   f r e q u e n c i e s   ( e . g .   50  kHz)  a r e   d e s i r a b l e   in  s o m e  

m a g n e t i c   d e v i c e   a p p l i c a t i o n s   such  as  s w i t c h - m o d e   p o w e r  

s u p p l i e s .  



The  r e s u l t s   s e t   f o r t h   in  T a b l e s   IV-VI   a b o v e  

i n d i c a t e   t h a t   L=4  W/kg,   Pe=7  V a / k g   and  µ =23  000  a t   0 . 1  

T  and  50  kHz  can  be  a c h i e v e d   f o r   2 5 - 3 0   µm  t h i c k   z e r o  



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

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

s i m i l a r   t h i c k n e s s   ( 2 5  µ m )   g i v e s   L=  8  W/kg,   Pe=  10  V A / k g  

and  u   =19  000  a t   0 . 1   T  and  50  kHz.   I t   is  c l e a r   t h a t  

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

c r y s t a l l i n e   s u p e r m a l l o y s .   E x a m p l e s   of  a m o r p h o u s   a l l o y s  

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 r e   s e t   f o r t h   i n  

T a b l e   V I I .   The  a d v a n t a g e o u s   c o m b i n a t i o n   of  p r o p e r t i e s  

p r o v i d e d   by  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   c a n n o t  

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

a l l o y s   w i t h   h i g h   s a t u r a t i o n   i n d u c t i o n   such   a s  

C o 7 4 F e 6 B 2 0   b e c a u s e   t h e i r   C u r i e   t e m p e r a t u r e s   a r e   h i g h e r  
t h a n   t he   f i r s t   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   and  t h e  

h e a t - t r e a t m e n t   to  i m p r o v e   t h e i r   p r o p e r t i e s   a r e   n o t   s o  

e f f e c t i v e   as  in  t h o s e   w i t h   l o w e r   s a t u r a t i o n   i n d u c t i o n s .  

The  above   p r o p e r t i e s ,   a c h i e v e d   in  t he   g l a s s y   a l l o y s   o f  
t h e   p r e s e n t   i n v e n t i o n ,   may  be  o b t a i n e d   in  low  i n d u c t i o n  

g l a s s y   a l l o y s   of  t he   p r i o r   a r t .   H o w e v e r ,   t h e s e   a l l o y s  

of  t he   p r i o r   a r t   s u c h   as  C o 3 1 . 2 F e 7 . 8 N i 3 9 . 0 B 1 4 S i 8   t e n d  

to   be  m a g n e t i c a l l y   u n s t a b l e   a t   r e l a t i v e l y   low  t e m -  

p e r a t u r e   of  a b o u t   150°C  as  p o i n t e d   e a r l i e r .  

T a b l e   VII   shows   t h e   m a g n e t i c   p r o p e r t i e s   o f  

some  of  t h e   r e p r e s e n t a t i v e   g l a s s y   a l l o y s   of  t he   c o m -  
p o s i t i o n   C O a F e b N i c M o d B e S i f   in  w h i c h   a t   l e a s t   one  of  a ,  
b,  c,  d,  e,  and  f  is   o u t s i d e   t h e   c o m p o s i t i o n   r a n g e  
d e f i n e d   in  t h e   p r e s e n t   i n v e n t i o n .   The  t a b l e   i n d i c a t e s  

t h a t   t h e   a l l o y s   w i t h   a t   l e a s t   one  of  t he   c o n s t i t u e n t s  

o u t s i d e   t h e   d e f i n e d   r a n g e s   e x h i b i t   at   l e a s t   one  of  t h e  

f o l l o w i n g   u n d e s i r a b l e   p r o p e r t i e s :   ( i )   The  v a l u e   of  | λ s |  

i s   l a r g e r   t h a n   1 x 1 0 - 6 ,   ( i i )   The  C u r i e   t e m p e r a t u r e   ( S f )  

i s   h i g h e r   t h a n   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   ( T c l ) ,  

w h i c h   makes   t h e   p o s t - f a b r i c a t i o n   f i e l d   a n n e a l i n g   l e s s  

e f f e c t i v e   and  ( i i i )   The  C u r i e   t e m p e r a t u r e   and  s a t u r a -  

t i o n   i n d u c t i o n   (Bs)  become  t o o   low  to  be  p r a c t i c a l .  



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

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

t h e   i n v e n t i o n .  

EXAMPLES 

1.  S a m p l e   P r e p a r a t i o n  

The  g l a s s y   a l l o y s   l i s t e d   in  T a b l e s   I I - V I I   w e r e  

r a p i d l y   q u e n c h e d   ( a b o u t   106  K / s e c )   f rom  t h e   m e l t  

f o l l o w i n g   t h e   t e c h n i q u e s   t a u g h t   by  Chen  and  P o l k   i n  

U . S .   P a t e n t   3 , 8 5 6 , 5 1 3 .   The  r e s u l t i n g   r i b b o n s ,   t y p i -  

c a l l y   25  to   30u  m  t h i c k   and  0 .5   to   2 . 5   cm  w i d e ,   w e r e  

d e t e r m i n e d   to   be  f r e e   of  s i g n i f i c a n t   c r y s t a l l i n i t y   b y  

X - r a y   d i f f r a c t o m e t r y   ( u s i n g   CuK  r a d i a t i o n )   a n d  

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

a l l o y s   were   s t r o n g ,   s h i n y ,   h a r d   and  d u c t i l e .  

2.  M a g n e t i c   m e a s u r e m e n t s  

C o n t i n u o u s   r i b b o n s   of  t h e   g l a s s y   m e t a l   a l l o y s  

p r e p a r e d   in  a c c o r d a n c e   w i t h   t he   p r o c e d u r e   d e s c r i b e d   i n  

E x a m p l e   I  were   wound  o n t o   b o b b i n s   ( 3 . 8   cm  O . D . )   to  f o r m  

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

c o n t a i n e d   f rom  1  to   3  g  of  r i b b o n .   I n s u l a t e d   p r i m a r y  

and  s e c o n d a r y   w i n d i n g s   ( n u m b e r i n g   a t   l e a s t   10  e a c h )  

w e r e   a p p l i e d   to  t h e   t o r o i d s .   T h e s e   s a m p l e s   were   u s e d  



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

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

and  c o r e   l o s s   ( IEEE  S t a n d a r d   1 0 6 - 1 9 7 2 ) .  
The  s a t u r a t i o n   m a g n e t i z a t i o n ,   Ms,  of  e a c h  

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

m a g n e t o m e t e r   ( P r i n c e t o n   A p p l i e d   R e s e a r c h ) .   In  t h i s  

c a s e ,   t h e   r i b b o n   was  c u t   i n t o   s e v e r a l   s m a l l   s q u a r e s  

( a p p r o x i m a t e l y   2  mm  x  2  mm).  T h e s e   were   r a n d o m l y  
o r i e n t e d   a b o u t   t h e i r   n o r m a l   d i r e c t i o n ,   t h e i r   p l a n e  

b e i n g   p a r a l l e l   to   t he   a p p l i e d   f i e l d   (0  to   720  k A / m .  
The  s a t u r a t i o n   i n d u c t i o n   Bs  (=4πMSD)  was  t h e n   c a l c u -  

l a t e d   by  u s i n g   t he   m e a s u r e d   mass   d e n s i t y   D. 

The  f e r r o m a g n e t i c   C u r i e   t e m p e r a t u r e   (Of)  w a s  
m e a s u r e d   by  i n d u c t a n c e   m e t h o d   and  a l s o   m o n i t o r e d   b y  
d i f f e r e n t i a l   s c a n n i n g   c a l o r i m e t r y ,   w h i c h   was  used   p r i -  
m a r i l y   to   d e t e r m i n e   the   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 .  
The  f i r s t   or  p r i m a r y   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 c l )  

was  u s e d   to   c o m p a r e   t he   t h e r m a l   s t a b i l i t y   of  v a r i o u s  

g l a s s y   a l l o y s   of  t he   p r e s e n t   and  p r i o r   a r t   i n v e n t i o n s .  

M a g n e t i c   s t a b i l i t y   was  d e t e r m i n e d   f rom  t h e  

r e o r i e n t a t i o n   k i n e t i c s   of  t h e   m a g n e t i z a t i o n ,   in  a c c o r -  
d a n c e   w i t h   t h e   m e t h o d   d e s c r i b e d   in  J o u r n a l   of  A p p l i e d  

P h y s i c s ,   v o l .   49,  p.  6510  ( 1 9 7 8 ) ,   w h i c h   m e t h o d   i s  

i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e   t h e r e t o .  

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

m e t a l l i c   s t r a i n   g a u g e s   (BLH  E l e c t r o n i c s ) ,   w h i c h   w e r e  

b o n d e d   ( E a s t m a n  -   910  C e m e n t )   b e t w e e n   two  s h o r t   l e n g t h s  

of  r i b b o n .   The  r i b b o n   a x i s   and  g a u g e   a x i s   w e r e  

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

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

in  t h e   p a r a l l e l   (Δl/l)11 and  p e r p e n d i c u l a r ( Δ l / l ) 1  i n - p l a i n  

f i e l d s ,   a c c o r d i n g   to  t h e   f o r m u l a  a   = 2 / 3 [ (   Δ l / l ) 1 1  -   ( Δ l / l ) 1 ] .  
H a v i n g   t h u s   d e s c r i b e d   t he   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  b u t   t h a t   f u r t h e r  

c h a n g e s   and  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  o n e  

s k i l l e d   in  t he   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 h e  

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 a g n e t i c   a l l o y   t h a t   i s   a t   l e a s t   70% 

g l a s s y ,   h a v i n g   t h e   f o r m u l a   C O a F e b N i c M o d B e S i f   w h e r e   a  

r a n g e s   f rom  a b o u t   58  to   70  a tom  p e r c e n t ,   b  r a n g e s   f r o m  

a b o u t   2  to   7 . 5   a t o m   p e r c e n t ,   c  r a n g a e s   f rom  0  to   8  a t o m  

p e r c e n t ,   d  r a n g e s   f rom  a b o u t   1  to   2  a t o m   p e r c e n t ,   e  

r a n g e s   f rom  a b o u t   11  to   15  a tom  p e r c e n t   and  f  r a n g e s  
f r o m   a b o u t   9  to   14  a t o m   p e r c e n t   w i t h   t h e   p r o v i s o   t h a t  

t h e   sum  of  a,   b  a n d   c  r a n g e s   f rom  a b o u t   72  t o   76  a t o m  

p e r c e n t   and  t h e   sum  of   e  and  f  r a n g e s   f rom  a b o u t   23  t o  

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

t o s t r i c t i o n   b e t w e e n   - l x 1 0 - 6   and  + 1 x 1 0 - 6 .  

2.  The  m a g n e t i c   a l l o y   of   c l a i m   1  in  w h i c h   a  

r a n g e s   f rom  a b o u t   63  to   69  a tom  p e r c e n t ,   b  r a n g e s   f r o m  

a b o u t   3  to   6  a tom  p e r c e n t   and  c  r a n g e s   f rom  a b o u t   0  t o  

6  a tom  p e r c e n t .  

3.  The  m a g n e t i c   a l l o y   of  c l a i m   1  in  w h i c h   a  

r a n g e s   f rom  a b o u t   64  to   68  a t o m   p e r c e n t ,   b  r a n g e s   f r o m  

4  to   5  a tom  p e r c e n t   and  c  r a n g e s   f rom  0  to   6  a tom  p e r -  

c e n t   when  f  i s   b e t w e e n   11  and  12  a tom  p e r c e n t   and  t h e  

sum  of  e  and  f  i s   n e a r   24  a tom  p e r c e n t .  

4.  The  m a g n e t i c   a l l o y   of  c l a i m   3  h a v i n g   t h e  

f o r m u l a   C o 6 7 . 4 F e 4 . 1 N i 3 . 0 M o 1 . 5 B 1 2 . 5 S i 1 1 . 5 .  
5.  The  m a g n e t i c   a l l o y   of  c l a i m   3  h a v i n g   t h e  

f o r m u l a   C o 6 7 . 1 F e 4 . 4 N i 3 . 0 M o 1 . 5 B 1 2 . 5 S i 1 1 . 5 .  

6.  The  m a g n e t i c   a l l o y   of  c l a i m   3  h a v i n g   t h e  

f o r m u l a   C o 6 4 . 0 F e 4 . 5 N i 6 . 0 M o 1 . 5 B 1 2 . 5 S i 1 1 . 5 .  

7.  The  m a g n e t i c   a l l o y   of  c l a i m   3  h a v i n g   t h e  

f o r m u l a   C o 6 7 . 0 F e 4 . 5 N i 3 . 0 M o 1 . 5 B 1 2 S i 1 2 .  
8.  The  m a g n e t i c   a l l o y   of  c l a i m   3  h a v i n g   t h e  

f o r m u l a   C o 6 7 . 0 F e 4 . 5 N i 3 . 0 M o 1 . 5 B 1 3 S i 1 1 .  
9.  The  m a g n e t i c   a l l o y   of  c l a i m   3  h a v i n g   t h e  

f o r m u l a   C o 6 7 . 5 F e 4 . 5 N i 3 . 0 M o 1 . 0 B 1 2 S i 1 2 .  
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