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(6f)  Low  magnetostriction  amorphous  metal  alloys. 

  A  magnetic  alloy  that  is  at  least  50  percent  glassy,  having 
the  formula  (CO1-x-y-zFexNiyTz)100-b(B1-wMw)b  where  T  is 
at  least  one  of  Mn,  Cr,  V,  Ti,  Mo,  Nb  and  W,  M  is  at  least  one 
of  Si,  P,  C  and  Ge,  B  ist  boron  x  ranges  from  about  0.05  to 
0.25,  y  ranges  from  about  0.05  to  0.80,  z  ranges  from  about  0  
to  0.25,  b  ranges  from  about  12  to  30  atom  percent,  w  ranges 
up  to  0.75  when  M  is  Si  or  Ge  and  up  to  0.5  when  M  is  C  or  P, 
said  alloy  having  a  value  of  magnetostriction  of  about  -7  x  
10-6  and  +5  x  10-6  and  a  saturation  induction  of  about  0.2 
to  1.4T. 



BACKGROUND  OF  THE  INVENTION 
1.  F i e l d   of  the   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  a m o r p h o u s   m e t a l  

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

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

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

T h e r e   a re   t h r e e   p h y s i c a l   p a r a m e t e r s   w h i c h   c a n  

i n h i b i t   t he   e a s y   m a g n e t i z a t i o n   and  d e m a g n e t i z a t i o n   o f  

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

t i v i t y .   M e t a l l i c   g l a s s e s   g e n e r a l l y   show  r e s i s t i v i t i e s  

g r e a t e r  t h a n   1 0 0 . m i c r o   ohm  cm,  w h e r e a s   c r y s t a l l i n e   a n d  

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

t i v i t i e s   b e l o w   50  m i c r o   ohm  cm.  A l s o ,   b e c a u s e   of  t h e i r  

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

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

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

c h a r a c t e r i s t i c s ,   m e t a l l i c   g l a s s e s   have   an  i n i t i a l   a d -  

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

m e t a l l i c   g l a s s e s   do  no t   g e n e r a l l y   show  z e r o   m a g n e t o -  

s t r i c t i o n .   When  z e r o   m a g n e t o s t r i c t i o n   g l a s s e s   can  b e  

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

(R .C.   O '  H a n d l e y ,   B.A.  N e s b i t t ,   and  L . I .   M e n d e l s o h n ,  
IEEE  T r a n s   M a g - 1 2 ,   p.  9 4 2 ,  1 9 7 6 ,   U . S .   P a t e n t s   N o s .  

4 , 0 3 8 , 0 7 3   and  4 , 1 5 0 , 9 8 1 ) ,   b e c a u s e   t h e y   s a t i s f y   t h e  

t h r e e   a p p r o v e d   c r i t e r i a .   For   t h i s   r e a s o n ,   i n t e r e s t   i n  



z e r o   m a g n e t o s t r i c t i o n   g l a s s e s   has  b e e n   i n t e n s e   as  i n d i -  

c a t e d   by  t h e   many  p u b l i c a t i o n s   on  low  m a g n e t o s t r i c t i o n  
m e t a l l i c   g l a s s e s   (A.W.  S i m p s o n   and  W.G.  C l e m e n t s ,   I E E E  

T r a n s   M a g - 1 1 ,   p.  1 3 3 8 ,   1 9 7 5 ;   N.  T s u y a ,   K . I .   A r a i ,   Y.  - -  

S h i r a g a  a n d   T.  M a s u m o t o ,   P h y s .   L e t t .   A51,  p.  121 ,   1 9 7 5 ;   - 

H.A.   B r o o k s ,   J o u r .   A p p l .   P h y s .   47 ,   p.  3 3 4 ,   1 9 7 5 ;   T .  

E g a m i ,   P . J .   F l a n d e r s   and  C.D.   G r a h a m ,   J r . ,   App l .   P h y s .  
L e t t .   26 ,   p.  1 2 8 ,   1975   and  AIP  C o n f .   P r o c .   No.  24,   p .  

6 9 7 ,   1 9 7 5 ;   R . C .   S h e r w o o d ,   E.M.  G y o r g y ,   B . S .   Chen,   S . D .  

F e r r i s ,   G.  N o r m a n   and  H . J .   Leamy ,   AIP  C o n f .   P r o c .   N o .  

24 ,   p.  7 4 5 ,   1 9 7 5 ;   H.  F u j i m o r i ,   K . I .   A r a i ,   H.  S h i r a g a ,   M. 

Y a m a d a ,   T.  M a s u m o t o   and  N.  T s u y a ,   J a p a n ,   J o u r .   A p p l .  

P h y s .   1 5 ,   p.  7 0 5 ,   1 9 7 6 ;   L.  K r a u s   and  J .   S c h n e i d e r ,  

p h y s .   s t a t .   s o l .   a 3 9 ,   p.  K161 ,   1 9 7 7 ;   R .C.   O ' H a n d l e y  

in  A m o r p h o u s   M a g n e t i s m ,   e d i t e d   by  R.  Levy  and  R .  

B a s e g a w a   ( P l e n u m   P r e s s ,   N e w  Y o r k   1 9 7 7 ) ,   p.  379;   R . C .  

O ' B a n d l e y ,   S o l i d   S t a t e   C o m m u n i c a t i o n s   21,   p.  1 1 1 9 ,   1 9 7 7 ;  

R .C .   O ' H a n d l e y ,   S o l i d   S t a t e   C o m m u n i c a t i o n s   22,  p.  4 5 8 ,  

1 9 7 7 ;   R .C .   O ' H a n d l e y ,   P h y s .   Rev.  18 ,   p.  930 ,   1 9 7 8 ;   H . S .  

C h e n ,   E.M.  G y o r g y ,   H . J .   Leamy  and  R .C .   S h e r w o o d ,   U . S .  

P a t e n t   No.  4 , 0 5 6 , 4 1 1 ,   Nov.  1,  1 9 7 7 ) .  

The  e x i s t e n c e   of  a  z e r o   in  t he   m a g n e t o s t r i c -  

t i o n   of  C o - M n - B   g l a s s e s   has   b e e n   o b s e r v e d   by  H.  H i l t -  

z i n g e r   of  V a c u u m s c h m e l t z e   A . G . ,   H a n a u ,   G e r m a n y .  

R e f e r e n c e   to  C o - r i c h   g l a s s e s   c o n t a i n i n g   6  a t o m  

p e r c e n t   of  Cr  i s   made  by  N.  H e i m a n ,   R.D.   H e m p s t e a d   a n d  

N.  Kazama   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 .  

5 6 6 3 , . 1 9 7 8 .   T h e i r   i n t e r e s t   was  in  i m p r o v i n g   t h e  

c o r r o s i o n   r e s i s t a n c e   of  Co-B  t h i n   f i l m s .   No  r e f e r e n c e  

to   m a g n e t o s t r i c t i o n   i s   made  in  t h a t   a r t i c l e .  

S a t u r a t i o n   m o m e n t s   and  C u r i e   t e m p e r a t u r e s   o f  

C o 8 0 - x T x P 1 0 B 1 0   g l a s s e s   (T  =   Mn,  Cr ,   o r   V)  were   r e c e n t l y  

r e p o r t e d   by  T.  M i z o g u c h i   in  t h e   S u p p l e m e n t   to  the   S c i e n -  

t i f i c   R e p o r t s   of  RITU  ( R e s e a r c h   I n s t i t u t e s   of  T o n o k u  

U n i v e r s i t y ) ,   A  J u n e   1 9 7 8 ,   p.  1 1 7 .   No  r e f e r e n c e   t o  

t h e i r   m a g n e t o s t r i c t i v e   p r o p e r t i e s   was  r e p o r t 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 .   5 0 ,  

p.   7 5 9 7 ,   1 9 7 9 ,   S.  Ohnuma  and  T.   H a s u m o t o   o u t l i n e  



t h e i r   s t u d i e s   of  m a g n e t i z a t i o n   and  m a g n e t o s t r i c t i o n   i n  

C o - F e - B - S i   g l a s s e s   w i t h   l i g h t   t r a n s i t i o n   m e t a l   (Mn,  Cr ,   V ,  

W,  Ta,   Mo  and  Nb)  s u b s t i t u t i o n s .   They  show  t h a t   t he   c o e r -  

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

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

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

t e r i a l s   t h a t   a r e   e a s i l y   f a b r i c a t e d   and  have   e x c e l l e n t   s t a -  

b i l i t y   h a v e   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   f u r t h e r   s p e c i -  

f i c   c o m p o s i t i o n s .  

Summary  of  t h e   I n v e n t i o n  

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   low  m a g n e t o s t r i c t i o n   a n d  

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

c a t e   and  t h e r m a l l y   s t a b l e .   The  a l l o y s   a re   a t   l e a s t   a b o u t  

50  p e r c e n t   g l a s s y   and  c o n s i s t   e s s e n t i a l l y   of  c o m p o s i t i o n s  

d e f i n e d   by  t h e   f o r m u l a :  

( C o 1 - x - y - z F e x N i y T z ) 1 0 0 - b ( B 1 - w M w ) b '   w h e r e   T  i s   a t   l e a s t   o n e  
of  Mn,  C r ,   V,  T i ,   Mo,  Nb  and  W,  M  is   a t   l e a s t   one  of  S i ,  

P,  C  and  Ge,  B  i s   b o r o n ,   x  r a n g e s   f rom  a b o u t   0 . 0 5   to   0 . 2 5 ,  

y  r a n g e s   f r o m   a b o u t   0 . 0 5   to   0 . 8 0 ,   z  r a n g e s   f rom  a b o u t   0  t o  

0 . 2 5 ,   b  r a n g e s   f rom  a b o u t   12  to   30  a tom  p e r c e n t  ,   w  r a n g e s  

up  to   0 . 7 5   when  M  is   Si  or   Ge  and  up  to  0.5  when  M  i s   C  o r  

P,  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   of  a b o u t  

-7  x  10-6   and  +5  x  10-6  and  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 .2   to   1 . 4 T .  

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

a b o u t   0 .3   to   0 .6  or  b e t w e e n   0 . 6 0   to   0 .80   and  z  i s   r e s p e c -  

t i v e l y   l e s s   t h a n   0 .2   or  l e s s   t h a n   0 .15   when  T  i s   more   t h a n  

50  p e r c e n t   of  a t   l e a s t   one  of  Cr  and  V,  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   of  a b o u t   -6  x  10-6  t o  

+4  x  10-6  and  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   0.1  to   0 . 9 T .  

S p e c i a l   m a g n e t i c   a l l o y s   a c c o r d i n g   to   t he   i n v e n t i o n   h a v e  

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



C o 5 3 . 7 N i 1 5 . 3 F e 5 . 5 M n 5 . 5 B 2 0 ,   C o 4 1 N i 3 0 F e 5 M n 4 B 2 0 ,  

C o 5 8 N i 1 2 F e 6 M n 4 B 2 0 ,   C o 5 8 N i 1 2 F e 6 M n 4 B 2 0 ,   C o 5 1 N i 1 8 F e 8 C r 3 B 2 0 ,  

C o 5 6 N i 1 2 F e 6 C r 6 B 2 0 '   C 0 4 0 N i 3 0 F e 5 V 5 B 2 0 '   C o 5 2 N i 1 8 F e 8 M n 2 B 2 0 ,  

N i 4 5 C o 2 6 . 5 F e 7 . 5 . M n 1 B 2 0 ,   C o 3 9 N i 3 0 C r 6 F e 5 B 2 0 ,   C o 5 1 N i 1 8 F e 9 C r 2 B 2 0  
and  C o 5 9 N i 1 2 F e 6 V 5 B 2 0 .  

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 -  

mal   c o m m e r c i a l   p r a c t i c e .  

B r i e f   D e s c r i p t i o n   of   t h e   D r a w i n g s  

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   and  f u r t h e r   a d -  

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

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   of  t h e   p r e f e r r e d   e m b o d i m e n t s  

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

t r i a n g u l a r   F e - C o - N i   d i a g r a m   s h o w i n g   r e g i o n s   of  p o s i t i v e  

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

t h e r e f r o m   t h e   r e g i o n   of   n i c k e l - r i c h   c o m p o s i t i o n s   w h e r e i n  

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

s t a b l e .  

D e s c r i p t i o n   o f   t h e   P r e f e r r e d   E m b o d i m e n t s  

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

c o o l i n g   a  m e l t   of   t h e   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   1 0 5 ° C / s e c .   A  v a r i e t y   of   t e c h n i q u e s   a r e   a v a i l a b l e ,   a s  

i s   now  w e l l - k n o w n   i n   t h e   a r t ,   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   i s   s e l e c t e d ,  

p o w d e r s   of  t h e   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   t o   f o r m   t h e   e l e m e n t s ,   s u c h   as  n i c k e l - b o r i d e s ,   e t c . )  

in  t h e   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 ,   a n d  

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

f a c e ,   s u c h   as   a  r o t a t i n g   c o o l e d   c y l i n d e r ,   or   in   a  s u i t a b l e  

f l u i d   m e d i u m , .  s u c h   as  a  c h i l l e d   b r i n e   s o l u t i o n .   The  a m o r -  

p h o u s   a l l o y s   may  be   f o r m e d   in  a i r .   H o w e v e r ,   s u p e r i o r   m e c h a -  

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

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



a b o u t   5 .5   cm  of  Hg,  and  p r e f e r a b l y   a b o u t   100  µm  to   1  cm  o f  

Hg,  as  d i s c l o s e d   in  U . S .   P a t e n t   No.  4 , 1 5 4 , 2 8 3   t o   Ray  e t   a l .  

The  a m o r p h o u s   m e t a l   a l l o y s   a r e   a t   l e a s t   5 0  p e r c e n t   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   80  p e r   c e n t   a m o r p h o u s ,   a s  

m e a s u r e d   by  X - r a y   d i f f r a c t i o n .   H o w e v e r ,   a  s u b s t a n t i a l   d e -  

g r e e   of   a m o r p h o u s n e s s   a p p r o a c h i n g   100  p e r c e n t   a m o r p h o u s  

is   o b t a i n e d   by  f o r m i n g   t h e s e   a m o r p h o u s   m e t a l   a l l o y s   in  a  

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

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

a c c o r d i n g l y   p r e f e r r e d .  

R i b b o n s   of  t h e s e   a l l o y s   f i n d   u se   in  s o f t   m a g n e t i c   a p p l i c a -  

t i o n s   and  an  a p p l i c a t i o n s   r e q u i r i n g   low  m a g n e t o s t r i c t i o n ,  

h i g h   t h e r m a l   s t a b i l i t y   ( e . g . ,   s t a b l e   up  to   a b o u t   100°C)  a n d  

e x c e l l e n t   f a b r i c a b i l i t y .  

The  f o l l o w i n g   e x a m p l e   i s   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 .  

E x a m p l e  

An  a l l o y   m e l t   of  known  c o m p o s i t i o n   was  r a p i d l y   q u e n c h e d   t o  

fo rm  n o n - c r y s t a l l i n e   r i b b o n s ,   p r e s u m a b l y   of  t h e   same  c o m p o -  

s i t i o n   as  t h e   m e l t .   The  r i b b o n s ,   t y p i c a l l y   40  m i c r o m e t e r s  

(µm)  by  2  mm  in  c r o s s   s e c t i o n ,   we re   c u t   i n t o   s q u a r e s   f o r  

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

m a g n e t i z a t i o n   cr  ( 4 . 2 K ,   9  Koe)  and  a  (T,  9  KOe)  w i t h  

295  K  <  T  <  Tx,  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 .   C u r i e   t e m -  

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

σ  ( T ,   9  KOe)  c u r v e s .  

The  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   were   made  in  f i e l d s   up  t o  

4  KOe  w i t h   m e t a l   f o i l   s t r a i n   g a u g e s   (as  r e p o r t e d   in   more   d e -  

t a i l   by  R.C.   O ' H a n d l e y   in   S o l i d   S t a t e   C o m m u n i c a t i o n s ,  

Vol .   22,   p.  485 ,   1 9 7 7 ) .   The  a c c u r a c y   of  t h e s e   m e a s u r e m e n t s  

is   c o n s i d e r e d   to   be  w i t h i n   10  p e r   c e n t   of  f u l l   s t r a i n   a n d  

t h e i r   s t r a i n   s e n s i t i v i t y   i s   on  t h e   o r d e r   of  1 0 - 7 .  



C o - r i c h   g l a s s   c o m p o s i t i o n s   w i t h   p o s i t i v e   and  n e g a t i v e   m a g -  
n e t o s t r i c t i o n   c a n   be  a d d e d   l i n e a r l y   t o   g i v e   z e r o   m a g n e t o -  

s t r i c t i o n .   Fo r   e x a m p l e ,  λ s  f o r   C o 7 0 F e 1 0 B 2 0   and  C o 8 0 B 2 0  
g l a s s e s   a r e   +4  and   -4  x  1 0  ,   r e s p e c t i v e l y .   A  5 0 - 5 0   p e r  

c e n t   m i x t u r e   of   t h e s e   g l a s s e s   g i v e s   Co75 Fe5B20  w h i c h   d o e s  

in   f a c t   s h o w  λ s   =  0  ( O ' H a n d l e y   e t   a l . ,   IEEE  T r a n s   M a g - 1 2 ,  

p.  9 4 2 ,   1 9 7 6 ) .   S i m i l a r l y ,   f o r   C o 4 0 N i 4 0 B 4 0 λ s  =   -7  x  1 0 - 6  

w h i l e   f o r   F e 8 0 B 2 0 λ s   =  32  x  1 0 - 6 .   A  l i n e a r   m i x t u r e   h a v i n g  
λ =  0   w o u l d   be  0 . 1 8   x  ( F e 8 0 B 2 0 )   +  0 . 8 2   x  ( C o 4 0 N i 4 0 B 2 0 )  =  

C o 3 8 N i 3 3 F e 1 4 B 2 0   w h i c h   i s   v e r y   c l o s e   t o   t h e   o b s e r v e d  λ s  =   0 

c o m p o s i t i o n ,   C o 3 3 . 5 N i 3 3 . 5 F e 1 3 B 2 0 .  

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

t i o n s   (LCOM)  c a n   be  a p p l i e d   a c r o s s   t h e   C o - N i   s i d e   of  t h e  

F e - C o - N i   t r i a n g u l a r   m a g n e t o s t r i c t i o n s   d i a g r a m   shown  in  t h e  

d r a w i n g   ( s e e   a l s o   U . S .   P a t e n t   No.  4 , 1 5 0 , 9 8 1   to   O ' H a n d l e y ) .  

T a b l e   I  s e t s   f o r t h   some  t y p i c a l   n e a r - z e r o   m a g n e t o s t r i c t i o n  

c o m p o s i t i o n s .  

R e f e r r i n g   t o . t h e   d r a w i n g ,   a  r e g i o n   of   d i f f i c u l t   to   f a b r i -  

c a t e   and   r e l a t i v e l y   u n s t a b l e   g l a s s e s   e x i s t   in  t h e   N i - r i c h  

c o r n e r   of   t h e   t r i a n g u l a r   F e - C o - N i   d i a g r a m .   Y e t ,   g l a s s y  

a l l o y s   of  z e r o   o r   low  m a g n e t o s t r i c t i o n   e x i s t   t h e r e   w i t h  



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

N i - r i c h   g l a s s e s   a r e   more  e a s i l y   made  and  a r e   more   s t a b l e   i f  

t he   " l a t e "   t r a n s i t i o n   m e t a l   Ni  i s   b a l a n c e d   to   a  c e r t a i n   e x -  

t e n t   by  an  " e a r l y "   TM,  e . g . ,   Mn,  Cr ,   V.  E x a m p l e s   of  s u c h  

g l a s s e s   i n c l u d e   N i 5 0 M n 3 0 B 2 0 ,   N i 6 0 C r 2 0 B 2 0 ,   or  N i 7 0 V 1 0 B 2 0 .  

B a s e d   on  t h e   e v i d e n c e   o f  λ s   =  0  a l l o y s   s e t   f o r t h   a b o v e   a n d  

t h e   known  s t a b i l i z i n g   e f f e c t s   of  l i g h t   TM's  on  N i - r i c h  

g l a s s e s ,   new  low  m a g n e t o s t r i c t i o n   g l a s s e s   r i c h   in   Ni  h a v e  

b e e n   d e v e l o p e d   in   t h e   r e g i o n   b e l o w   or  n e a r   t h e  λ s   =  0 - l i n e  

in  t h e   d r a w i n g   ( i . e . ,   g l a s s e s   i n i t i a l l y   s h o w i n g  λ s  <  0 )   b y  

t h e   a d d i t i o n   of  Mn,  Cr ,   a n d / o r   V.  T h u s ,   f o r   e x a m p l e ,  

( C o . 2 5 N i . 7 5 ) 8 0 B 2 0   can   be  r e n d e r e d   more   f a b r i c a b l e   and  m o r e  

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

t i o n   can  be  i n c r e a s e d   to   n e a r   z e r o   by  s u b s t i t u t i n g   Mn,  C r  

o r  V   f o r   Co:  ( N i . 7 5 C o . 2 5 - x T x ) 8 0 B 2 0 .  



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   50  p e r c e n t   g l a s s y ,  

h a v i n g   t h e   f o r m u l a   ( C o 1 - x - y - z F e x N i y T z ) 1 0 0 - b ( B 1 - w M w ) b ,  
w h e r e   T  i s   a t   l e a s t   one  of   Mn,  C r ,   V,  T i ,   Mo,  Nb  and  W ,  

M  i s   a t   l e a s t   one  of  S i ,   P,  C  and   Ge,  B  i s t   b o r o n ,   x  

r a n g e s   f r o m   a b o u t   0 . 0 5   t o   0 . 2 5 ,   y  r a n g e s   f r o m   a b o u t   0 . 0 5  

t o   0 . 8 0 ,   z  r a n g e s   f r o m   a b o u t   0  t o   0 . 2 5 ,   b  r a n g e s   f r o m  

a b o u t   12  t o   30  a tom  p e r c e n t  ,   w  r a n g e s   up  t o   0 . 7 5   w h e n  

M  i s   Si  or   Ge  and  up  to   0 .5   when  M  i s   C  or  P,  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   of   a b o u t   -7  x 1 0 - 6  

and   +5  x  10-6   and  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 . 2  

t o   1 . 4 T .  

2.  A  m a g n e t i c   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   y  r a n g e s  

f r o m   a b o u t   0 .3   t o   0 .6   or   b e t w e e n   0 . 6 0   to   0 . 8 0   and   z  i s  

r e s p e c t i v e l y   l e s s   t h a n   0 .2   o r   l e s s   t h a n   0 . 1 5   when  T  i s  

m o r e   t h a n   50  p e r c e n t   of   a t   l e a s t   one  of  Cr  and  V,  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   of   a b o u t  

-6  x  10 -6   to   +4  x  10-6   and  a  s a t u r a t i o n   i n d u c t i o n   o f  

a b o u t   0.1  t o   0 . 9 T .  

3.  A  m a g n e t i c   a l l o y   h a v i n g   a  c o m p o s i t i o n   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  C o 5 3 . 7 N i 1 5 . 3 F e 5 . 5 M n 5 . 5 B 2 0 ,  

C o 4 1 N i 3 0 F e 5 M n 4 B 2 0 ,   C o 5 8 N i 1 2 F e 6 M n 4 B 2 0 ,  

C o 5 1 N i 1 8 F e 8 C r 3 B 2 0 ,   C o 5 6 N i 1 2 F e 6 C r 6 B 2 0 ,   C o 4 0 N i 3 0 F e 5 V 5 B 2 0 ,  

C o 5 2 N i 1 8 F e 8 M n 2 B 2 0 ,   N i 4 5 C o 2 6 . 5 F e 7 . 5 M n 1 B 2 0 ,  

C o 3 9 N i 3 0 C r 6 F e 5 B 2 0 ,   C o 5 1 N i 1 8 F e 9 C r 2 B 2 0   a n d  

C o 5 9 N i 1 2 F e 6 V 5 B 2 0 .  
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