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@  Glassy  metal  alloys  with  perminvar  characteristics. 
@  A  series  of  glassy  metal  alloys  with  near  zero  magnetost- 
riction  and  Perminvar  characteristics  of  relatively  constant 
permeability  at  low  magnetic  field  excitations  and  constricted 
hysteresis  loops  is  disclosed.  The  glassy  alloys  have  the 
compositions  CoaFebNicMdBeSif  where  M  is  at  least  one 
member  selected  from  the  group  consisting  of  Cr,  Mo,  Mn 
and  Nb,  and  "a-f"  are  in  atom  percent  where  "a"  ranges  from 
about  66  to  71,  "b"  ranges  from  about  2.5  to  4.5,  "c"  ranges 
from  about  0  to  3,  "d"  ranges  from  about  0  to  2  except  when 
M=Mn  in  which  case  "d"  ranges  from  about  0  to  4,  "e" 
ranges  from  about  6  to  24  and  "f"  ranges  from  about  0  to  19, 
with  the  proviso  thatthe  sum  of  "a",  "b"  and  "c"  ranges  from 
about  72  to  76  and  the  sum  of  "e"  and  "f  "  ranges  from  about 
25  to  27.  The  glassy  alloy  has  a  value  of  magnetostriction 
ranging  from  about  -  1x10"6to  about  +  1X10~6,  a  satura- 
tion  induction  ranging  from  about  0.5  to  1  Tesla,  a  Curie 
temperature  ranging  from  about  200  to  450°C  and  a  first  cryst- 
allization  temperature  ranging  from  about  440  to  570°C.  The 
glassy  alloy  is  heat-treated  between  about  50  and  110°C 
below  its  first  crystallization  temperature  for  a  time  period 
ranging  from  about  15  to  180  minutes,  then  cooled  to  room 
temperature  at  a  rate  slower  than  about  -  60°C/min. 
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DESCRIPTION 

GLASSY  METAL  ALLOYS  WITH  PERMINVAR  CHARACTERISTICS 

BACKGROUND  OF  INVENTION 

1.  F i e l d   of  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  

P e r m i n v a r   c h a r a c t e r i s t i c s   t h a t   is  c o n s t a n t  

5  p e r m e a b i l i t i e s   a t   low  m a g n e t i c   f i e l d   e x c i t a t i o n s   a n d  

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

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

l i n e a r   m a g n e t i c   p r o p e r t i e s   at   low  m a g n e t i c   e x c i t a t i o n  

l e v e l s .  

10  2  .  D e s c r i p t i o n   of  P r i o r   A r t  

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

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

i s   n o n - l i n e a r   c h a r a c t e r i z e d   by  a  h y s t e r e s i s   l o o p .   T h i s  

l o o p   u s u a l l y   d o e s   no t   a l l o w   a  r e l a t i v e l y   c o n s t a n t  

15  p e r m e a b i l i t y   n e a r   t h e   z e r o - e x c i t a t i o n   p o i n t .   To  r e a l i z e  

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

d e v e l o p e d   [ s e e ,   f o r   e x a m p l e ,   R.  M.  B o z o r t h ,  

F e r r o m a g n e t   ism  (Van  N o s t r a n d ,   C o . ,   I n c . ,   New  Y o r k ,   1 9 5 1 )  

p.  1 6 6 - 1 8 0 ]   .  T h e s e   a l l o y s   a re   u s u a l l y   b a s e d   o n  

20  c r y s t a l l i n e   i r o n - c o b a l t - n i c k e l   s y s t e m .   T y p i c a l  

c o m p o s i t i o n s   ( w e i g h t   p e r c e n t )   i n c l u d e   2 0 % F e - 6 0 % C o - 2 0 % N i  

( 2 0 - 6 0   P e r m i n v a r )   and  3 0 % F e - 2 5 % C o - 4 5 % N i   ( 4 5 - 4 5  

P e r m i n v a r ) .   I m p r o v e m e n t s   of  t he   c r y s t a l l i n e   P e r m i n v a r  

a l l o y s   have   been   made .   Of  s i g n i f i c a n c e   i s   t he   a d d i t i o n  

25  of  m o l y b d e n u m ,   as  e x e m p l i f i e d   by  t he   s y n t h e s i s   of  7 . 5 -  

4 5 - 2 5   M o - P e r m i n v a r   (  7  .  5 % M o - 4 5 % N i - 2 5 % C o - 2 2   .  5%Fe  )  .  T h i s  

m a t e r i a l ,   when  f u r n a c e   c o o l e d   f rom  1 1 1 0 ° C ,   e x h i b i t e d   a  

dc  c o e r c i v i t y   (Hc)  of  40  A/m  ( = 0 . 5   Oe) ,   i n i t i a l  

p e r m e a b i l i t y   (  yQ)  of  100  and  the   r e m a n e n c e   (Br)   o f  

30  ° - 7 5   T-  

In  t he   a d v e n t   of  m o d e r n   e l e c t r o n i c s   t e c h n o l o g y ,   i t  

b e c o m e s   n e c e s s a r y   to  f u r t h e r   i m p r o v e   t h e   P e r m i n v a r - l i k e  

p r o p e r t i e s .   For  e x a m p l e ,   f u r t h e r   r e d u c t i o n   Hc  a n d  

i n c r e a s e   of  \io  w o u l d   be  d e s i r a b l e   when  an  e f f i c i e n t  

35  t r a n s f o r m e r   r e q u i r i n g   low  f i e l d   m o d u l a t i o n s   is  n e e d e d .  

F u r t h e r m o r e ,   t he   u s u a l   n o n - l i n e a r   c h a r a c t e r i s t i c   of  t h e  
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c o n v e n t i o n a l   P e r m i n v a r   a l l o y s   c a n n o t   be  u t i l i z e d   w i t h o u t  

a  l a r g e   l e v e l   of  e x c i t a t i o n   of  w e l l   a b o v e   80  A/ra  ( = 1  

O e ) .   A l s o   d e s i r a b l e   in  many  a p p l i c a t i o n s   a r e   low  a c  
m a g n e t i c   l o s s e s .   One  a p p r o a c h   to  a t t a i n   t h e s e   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   is  to  r e d u c e   t h e   m a t e r i a l s '  

m a g n e t o s t r i c t i o n   v a l u e s   as  low  as  p o s s i b l 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   ,XS  i s   r e l a t e d   to  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   LI /   %  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  t he   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   o f  

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   \ s   and  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   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   t h e   same  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   show  l o w e r   dc  c o e r c i v i t i e s   a n d  

h i g h e r   p e r m e a b i l i t i e s .   Such  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  s u c h   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  f o 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 ,   such   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   is   not   t o o  

l a r g e   and  t h e   r e s i s t i v i t y   no t   too   s m a l l ) .   A l s o   b e c a u s e  

e n e r g y   i s   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  



10  

15  

20  

25  

30  

35  

:  :  /   0 2 4 0 6 0 0  
- 3 -   ,  r  r  .  „  < 

f  f  f  r  r  ■  em 
s a t u r a t i o n   m a g a n e t o s t r i c t   ion   is  z e r o ,   t he   c o r e   l o s s   o f  

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 ow.   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   (of   m o d e r a t e   o r  

low  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   a n d  

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   no  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   is  t h e   r e a s o n   f o r  

the   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   is  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 he   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   o f  

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 re   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  the   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%  Ni  ,  17% 

Fe  ( s o l d   u n d e r   t he   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 he   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   low  a n i s o t r o p y  
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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   h a v e   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   by  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   on  C o 9 Q F e 1 0  
h a v e   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 .  

Fo r   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 g n F e ^ g   i s  

o n l y   a b o u t   100  to   2 0 0 .  

^j.  C a t e g o r y   (3)  a l l o y s   s u c h   as  Fe -6   wt%  Si  and  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 he   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 o u n d   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 ,  
CO 

m a k i n g   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   to  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   is   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   of  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 he   p r e s e n c e   o f  

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

d i l u t i o n   and  e l e c t r o n i c   h y b r i d i z a t i o n ,   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   on  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  h a v e  

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 Q N i 4 0 P   -j^Bg  ( t h e   s u b s c r i p t s   a r e   i n  

2 0  
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3 5  



10  

1 5  

20  

2 5  

3 0  

3 5  

,  .  :  ;  :  /  0 2 4 0 6 0 0  
—5—  r  •  *  "  ' 

r  f.   ̂ r  f  f» 
a tom  p e r c e n t )   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 . 8  

T e s l a ,   w h i l e   t he   g l a s s y   a l l o y   N i 4 9 F e 2 9 P 1 4 B g 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  the   g l a s s y  

a l l o y   N i 8 0 P 2 o   *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   h a v e   y e t   been   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 h e   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 g B g 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 o 7 0 . 5 F e 4   , 5 s i 1 5 B 1 0   Vo1,  14»  J a p a n e s e   J o u r n a l   of  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 ) )   Co31  #  2Fe7  .  8 N i 3 9   .  0 B 1 4 s i 8  
[ p r o c e e d i n g s   of  3rd   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 o 7 4 F e 6 B 2 0   [ I E E E  

T r a n s .   MAG-12,  942  ( 1 9 7 6 ) ] .   H o w e v e r ,   none   of  t he   a b o v e -  

m e n t i o n e d   n e a r - 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   s h o w  

P e r m i n v a r - l i k e   c h a r a c t e r i s t i c s .   By  p o l i s h i n g   t h e  

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

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

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

P e r m i n v a r - l i k e   K e r r   h y s t e r e s i s   l o o p s   ( A p p l i e d   P h y s i c s  

L e t t e r s   ,  v o l .   36,  pp.   3 3 9 - 3 4 1   ( 1 9 8 0 ) .   T h i s   is  o n l y   a  

s u r f a c e   e f f e c t   and  is  not   of  a  b u l k   p r o p e r t y   of  t h e  

m a t e r i a l ,   l i m i t i n g   t he   use  of  s u c h   e f f e c t   in  s o m e  

s e l e c t e d   d e v i c e s .  

F u r t h e r m o r e ,   to  r e a l i z e   t he   P e r m i n v a r   p r o p e r t i e s ,  

the   c r y s t a l l i n e   m a t e r i a l s   m e n t i o n e d - a b o v e   have   to  b e  

b a k e d   f o r   a  l o n g   t i m e   at   a  g i v e n   t e m p e r a t u r e .   T y p i c a l l y  

the   h e a t - r t r e a t m e n t   is  p e r f o r m e d   a t   425°C  f o r   24  h o u r s .  

O b v i o u s l y   i t   is  d e s i r a b l e   to  h e a t - t r e a t   t h e   m a t e r i a l s   a t  

a  t e m p e r a t u r e   as  low  as  p o s s i b l e   and  f o r   a  d u r a t i o n   a s  

s h o r t   as  p o s s i b l e .  

C l e a r l y   d e s i r a b l e   a re   new  m a g n e t i c   m a t e r i a l s   w i t h  

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

m o d e r n   e l e c t r o n i c s   t e c h n o l o g y .  
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SUMMARY  OF  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   is   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  

has   a  low  m a g n e t o s t r i c t i o n   and  P e r m i n v a r   c h a r a c t e r i s t i c s  

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

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

a d d i t i o n   t o   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 .   T h e  

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 k N i c M d B e S i f  
w h e r e   M  i s   a t   l e a s t   one  n u m b e r   s e l e c t e d   f rom  t he   g r o u p  

c o n s i s t i n g   of  Cr ,   Mo,  Mn  and'  Nb,  " a - f   "  a r e   in  a t o m  

p e r c e n t   and  t h e   sum  of  " a - f   e q u a l s   100 ,   "a"  r a n g e s   f r o m  

a b o u t   66  to   71,   "b"  r a n g e s   f r o m   a b o u t   2 .5   to   4 . 5 ,   " c "  

r a n g e s   f r o m   a b o u t   0  to  3,  "d"  r a n g e s   f rom  a b o u t   0  to  2 

e x c e p t   when  M=Mn  in  w h i c h   c a s e   "d"  r a n g e s   f rom  a b o u t   0 

to  4,  "e"  r a n g e s   f rom  a b o u t   6  to   24  and  "f  "  r a n g e s   f r o m  

a b o u t   0  t o   19 ,   w i t h   t he   p r o v i s o   t h a t   t h e   sum  of  " a " ,  

" b " ,   and  "c"   r a n g e s   f rom  a b o u t   72  to   76  and  t h e   sum  o f  

"e"  and  " f "   r a n g e s   f rom  a b o u t   25  to   27.  The  g l a s s y  

a l l o y   h a s   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  

-  l x l O - ^   t o   +  l x l O - ^ ,   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 . 5   to  1  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   200  to  450°C  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 rom  a b o u t   440  to   5 7 0 ° C .   The  g l a s s y  

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

b e t w e e n   a b o u t   50  and  110°C  b e l o w   i t s   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   f o r   a  t i m e   p e r i o d   r a n g i n g  

f rom  15  to   180  m i n . ,   and  t h e n   c o o l i n g   t h e   a l l o y   a t   a  

r a t e   s l o w e r   t h a n   a b o u t   -  6 0 ° C / m i n .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

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   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  

i n v e n 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 ,   w h i c h   is   a  g r a p h  

d e p i c t i n g   t h e   B-H  c h a r a c t e r i s t i c s   of  an  a l l o y   of  t h e  

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

f i f t e e n   m i n u t e s   a t   t he   t e m p e r a t u r e s   (A)  4 6 0 ° C ,   (B)  4 8 0 ° C  

and  (C)  5 0 0 ° C .  
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DETAILED  DESCRIPTION  OF  THE  INVENTION 
The  g l a s s y   a l l o y   is  h e a t - t r e a t e d   a t   a  t e m p e r a t u r e  

Ta  f o r   a  d u r a t i o n   of  t i m e   t a ,   w h e r e   AT_  _  =  ( T ^ - T   )  i s  C  a  C  X  Si 
b e t w e e n   50  and  a b o u t   1 1 0 ° C ;   and  ta  i s   b e t w e e n   a b o u t   15 
and  120  m i n u t e s ,   f o l l o w e d   by  c o o l i n g   of  t he   m a t e r i a l   a t  
a  r a t e   s l o w e r   t h a n   a b o u t   - 6 0 ° C / m i n .   The  c h o i c e   of  T Si 
and  t a   s h o u l d   e x c l u d e   t he   c a s e   t h a t   AT___  ~  50°C  and  t  <-  °-  a  

>  15  m i n u t e s   b e c a u s e   s u c h   c o m b i n a t i o n   s o m e t i m e s   r e s u l t s  
in  c r y s t a l l i z a t i o n   of  t he   g l a s s y   a l l o y .  

The  p u r i t y   of  t he   a b o v e   c o m p o s i t i o n   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 .   H o w e v e r ,   i t   wou ld   b e  
a p p r e c i a t e d   t h a t   the   m e t a l   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  at  l e a s t   one  o t h e r   e l e m e n t  
s u c h   as  v a n a d i u m ,   t u n g s t e n ,   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   4  a tom  p e r c e n t   o f  
Si  may  be  r e p l a c e d   by  c a r b o n ,   a l u m i n u m   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   a l l o y s .  

E x a m p l e s   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   of  t he   i n v e n t i o n   i n c l u d e   C o 7 0 > 5 F e 4   5 B 1 5 S i 1 0 ,  

' w 6 9 . 0 r c 4 . 1 l N X 1 . 4 t l u l  
: o 6 5 . 7 F e 4 . 4 N i 2 . 9 M o 2  

: o 6 7 . 5 F e 4 . 5 N i 3 . 0 B 8 S  

: o 6 9 . 9 F e 4 . 1 M n 1 . 0 B 8 S  

: o 6 8 . 0 F e 4 . 0 M n 3 B 8 s i l  

- ° 6 8 . 0 t e 4 . 0 M n 2 c r l B 8 b l 1 7 '   Co69  .  0Fe4  .  0 C r 2 B 8 S i 1 7   '  
• u 6 9 . 0 r e 4 . 0 W D 2 B 8 b l 1 7 '   u 

! o 6 7 . 7 F e 3 . 3 M n 2 B 1 2 S i 1 5 '  

! o 6 7 . 8 F e 4 . 2 C r l B 1 2 S i 1 5 '  

; o 6 6 . 1 F e 3 . 9 C r 3 B 1 2 S i 1 5 ' C  

° 6 5 . 7 F e 4 . 4 N i 2 . 9 M o 2 B 2 3 C  
mefae  a i i 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_)  b e t w e e n  
).5  and  1  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   200  and  4 5 0 ° C  
ind  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  
> 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   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  
. i s t e d   in  T a b l e   I .  
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TABLE  I  

D 

ID 

S a t u r a t i o n   i n d u c t i o n   ( B s ) ,   C u r i e   t e m p e r a t u r e   (  ef  )  ( 
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   (  xs )   and  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   ( T c l )   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   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 o s i t i o n s  
Co  Fe  Ni  M  B  S i  
70.5  4.5  -  -  15  10 
69.0  4.1  1.4  Mo=1.5  12  12 
65.7  4.4  2.9  Mo=2  11  14 
68.2  3.8  -  Mn=l  12  15 
67.7  3.3  -  Mn=2  12  15 
67.8  4.2  -  Mo=l  12  15 
67.8  4.2  -  Cr=l  12  15 
69.2  3.8  -  Mo=2  8  17 
67.5  4.5  3.0  -  8  17  . 
70.9  4.1  -  8  17 
69.9  4.1  -  Mn=l  8  17 
69.0  4.0  -  Mn=2  8  17 
68.0  4.0  -  Mn=3  8  17 
67.1  3.9  -  Mn=4  8  17 
69.0  4.0  -  Cr=2  8  17 
68.0  4.0  -  -  Mn=2,Cr=l  8  17 
69.0  4.0  -  Nb=2  8  17 
65.7  4.4  2.9  Mo=2  23  C=3* 
65.7  4.4  2.9  Mo=2  23  2 
69.5  4.1  1.4  -  6  19 
68.6  4.4  -  Mo=2  21  Ge=4* 
70.5  4.5  -  -  24  Ge=l* 
67.0  4.0  -  Cr=2  12  15 
69.2  3.8  -  Mo=2  10  15 
68.1  4.0  1.4  Mo=1.5  8  17 
69.0  3.0  -  Mn=3  10  15 
68.5  2.5  -  Mn=4  10  15 
68.8  4.2  -  Cr=2  10  15 

U.J.  con t en t   is  r e p l a c e d   by  the  i n d i c a t e d   e lement   and  amount .  
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10  

1 5  

20 

2 5  

B^CIesla)   6  f(°C)  X  s(10-6)   T H ( ° C )  
0.82  422  -0.3  517 

0.73  324  0  520 

0.77  246  0  530 

0.70  266  +0.4  558 

0.71  246  +0.4  560 

0.62  227  +0.4  556 

0.64  234  +0.6  561 

0.67  295  +0.5  515 

0.73  329  +0.5  491 

0.77  343  -0 .4  490 

0.77  331  -0.5  493 

0.75  312  +0.8  502 

0.74  271  +0.9  507 

0.74  269  -0.8  512 

0.63  261  +0.2  503 

0.69  231  +0.7  511 

0.62  256  +0.4  541 

0.76  393  0  500 

0.79  402  0  512 

0.73  316  -0.1  443 

0.77  365  0  570 

0.99  451  -0 .4  494 

0.57  197  +0.4  480 

0.72  245  +0.4  541 

0.67  276  +0.4  512 

0.79  305  +1.1  544 

0.78  273  +0.4  548 

0.69  261  +0.4  540 

30  
F i g u r e   1  i l l u s t r a t e s   t he   B(  i n d u c t i o n   )-H(  a p p l i e d  

f i e l d )   h y s t e r e s i s   l o o p s   f o r   a  n e a r - z e r o   m a g n e t o s t r i c t i v e  

Co67  . 8 F e 4 . 2 C r l B 1 2 s * 1 5   9 l a s s v   a l l o y   h e a t - t r e a t e d   a t   Ta  = 

460°C  (A) ,   Ta  =  480°C  (B)  and  Ta  =  500°C  (C)  f o r   15  

^   
m i n u t e s ,   f o l l o w e d   by  c o o l i n g   a t   a  r a t e   of  a b o u t  

- 5 ° C / m i n .   The  c o n s t r i c t e d   B-H  l o o p s   of  F i g s   IB  and  1C 

a r e   c h a r a c t e r i s t i c   of  t h e   m a t e r i a l s   w i t h   P e r m i n v a r - l i k e  

p r o p e r t i e s ,   w h e r e a s   t h e   B-H  l o o p   of  F i g .   1A  c o r r e s p o n d s  
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to   t h a t   of  a  t y p i c a l   s o f t   f e r r o m a g n e t .   As  e v i d e n c e d   i n  
F i g u r e   1,  t he   c h o i c e   of  t he   h e a t - t r e a t m e n t   t e m p e r a t u r e  

Ta  i s   v e r y   i m p o r t a n t   in  o b t a i n i n g   t h e   P e r m i n v a r  

c h a r a c t e r i s t i c s   in  t h e   g l a s s y   a l l o y s   of  t h e   p e r e s e n t  
i n v e n t i o n .   T a b l e   I I   s u m m a r i z e s   t h e   h e a t - t r e a t m e n t  

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

T a b l e   I I  

H e a t - t r e a t m e n t   t e m p e r a t u r e   (Ta)  and  d u r a t i o n   ( t a )  
to   o b t a i n   P e r m i n v a r   c h a r a c t e r i s t i c s   in  t h 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 .   ATc_a  is   e q u a l   to  ( T c l  
- T a ) .   C o o l i n g   r a t e   is   a b o u t   - 5 ° C / m i n .   u n l e s s   s t a t e d  
o t h e r w i s e .   The  q u a n t i t y   uQ  is   t h e   i n i t i a l   d c  

p e r m e a b i l i t y   and  Hc  i s   t he   c o e r c i v i t y   o b t a i n e d   a f t e r   t h e  
h e a t - t r e a t m e n t   . 

C o m p o s i t i o n s  

Fe  Ni  M  B  S i  

7 0 . 5   4 .5   15  10  
7 0 . 5   4 .5   -  -  15  1 0  
7 0 . 5   4 .5   -  -  15  10  
6 9 . 0   4 .1   1 . 4   Mo=1.5   12  1 2  
6 9 . 0   4 .1   1 . 4   Mo=1.5   12  1 2  
6 9 . 0   4 .1   1 . 4   Mo=1.5   12  1 2  
6 5 . 7   4 .4   2 . 9   Mo=2  11  1 4  
6 8 . 2   3 .8  -  Mn=l  12  15  
6 8 . 2   3 .8   -  Mn=l  12  15  
6 7 . 7   3 .3   -  Mn=2  12  15  
6 7 . 7   3 .3   -  Mn=2  12  15  
6 7 . 8   4 .2   -  Mo=l  12  15  
6 7 . 8   4 .2   -  C r= l   12  15  
6 7 . 8   4 .2   -  C r= l   12  15  
6 9 . 2   3.8  -  Mo=2  8  17 
6 9 . 2   3 .8   -  Mo=2  8  1 7  
6 9 . 2   3.8  -  Mo=2  8  17  
6 9 . 2   3.8  -  Mo=2  8  1 7  
6 9 . 2   3.8  -  Mo=2  8  17  
6 9 . 2   3 .8   -  Mo=2  8  1 7  
6 7 . 5   4.5  3 . 0   -  8  17  

6 7 . 5   4 .5   3 . 0   -  8  1 7  
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C o m p o s i t i o n s  

CO  Fe  Nl  M  B  S i  
6 7 . 5   4 .5   3 .0   -  8  17  
6 7 . 5   4 .5   3 .0   -  8  17  
7 0 . 9   4 .1   8  17 
7 0 . 9   4 .1   8  17  
6 9 . 9   4 .1   -  Mn=l  8  17  
6 9 . 9   4 .1   -  Mn=l  8  17  
6 9 . 0   4 .0   -  Mn=2  8  17 
6 9 . 0   4 .0   -  Mn=2  8  17  
6 8 . 0   4 .0   -  Mn=3  8  17 
6 8 . 0   4 .0   -  Mn=3  8  17  
6 7 . 1   3 .9   -  Mn=4  8  17  
6 9 . 0   4 .0   -  Cr=2  8  17  
6 9 . 0   4 .0   -  Cr=2  8  17 
6 8 . 0   4 .0   -  Mn=2  , C r = l   8  17  
6 8 . 0   4 .0   -  M n = 2 , C r = l   8  17  
6 9 . 0   4 .0   -  Nb=2  8  17  
6 8 . 1   4 .0   1 .4   Mo=1.5  8  17 
6 8 . 1   4 .0   1 .4   Mo=1.5   8  17  
6 5 . 7   4 .4   2.9  Mo=2  23  C=3* 
6 5 . 7   4 .4   2 .9  Mo=2  23  2 
6 9 . 5   4 .1   1 .4  6  19 
6 8 . 5   4 .4   -  Mo=2  21  G e = 4 *  
7 0 . 5   4 .5   -  24  G e = l *  
6 9 . 2   3 .8   -  Mo=2  10  15  
6 9 . 2   3 .8   -  Mo=2  10  15  
6 9 . 0   3 .0   -  Mo=3  10  15  
6 8 . 5   2 .5   -  Mn=4  10  15  
6 8 . 8   4 .2   -  Cr=2  10  15  

*  A l l   of  Si  c o n t e n t   is  r e p l a c e d   by  t h e   i n d i c a t e d  
J i e m e n t   . 

S3 
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T=( °C)   t n ( m i n . )   A  T „ _ - , ( ° C )   rL,(A/m)  v  n  
460  15  57  3 .4   7 , 9 0 0  

460  15**  57  3 .1   5 , 7 0 0  

460  15***  57  1 .4   7 , 6 0 0  

430  120  90  1 .2   4 , 0 0 0  

430  150  90  3 .6   4 , 0 0 0  

420  180  100  6 .4   1 2 , 2 5 0  

420  15  110  4 .0   3 3 , 0 0 0  

480  15  78  0 . 2 0   1 9 , 0 0 0  

500  15  58  7 .6   1 3 , 0 0 0  

480  15  80  0 . 2 0   2 2 , 0 0 0  

500  15  60  0 . 2 0   2 2 , 0 0 0  

500  15  56  0 . 4 4   9 0 , 0 0 0  

480  15  81  0 . 2 0   5 0 , 0 0 0  

500  15  61  0 . 4 4   3 0 , 0 0 0  

460  15  55  4 .2   9 , 7 0 0  

460  30  55  4 .9   1 0 , 0 0 0  

460  45  55  4 .5   8 , 0 0 0  

460  90  55  5 .0   7 , 5 0 0  

460  105  55  3 .9   7 , 9 0 0  

380  45  111  4 .7   1 2 , 7 0 0  

380  60  111  4 .5   9 , 6 0 0  

380  90  111  3 .6   1 1 , 5 0 0  

380  105  111  5 .0   1 5 , 8 0 0  

420  15  71  3 .6   7 , 2 0 0  

400  15  90  7 .0   5 , 0 0 0  

420  15  70  2 .0   2 , 4 0 0  

400  15  93  1 .7   2 , 5 0 0  

420  15  73  0 . 8 4   3 , 6 0 0  

400  15  102  3 .2   1 3 , 0 0 0  

420  15  82  0 . 9 8   5 , 0 0 0  

400  15  107  2 .0   2 9 , 0 0 0  

420  15  87  3 .3   2 1 , 5 0 0  

420  15  92  0 . 7 0   1 5 , 8 0 0  

420  15  83  0 . 8 0   2 4 , 0 0 0  

440  15  63  0 . 8 4   2 1 , 5 0 0  

420  15  91  1 .4   3 1 , 5 0 0  

440  15  71  1 . 1   2 4 , 0 0 0  
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t b ( " c >   t a ( m m . )   A  T  c c )   H„(A/m)   Uq 
440  15  101  3 .4   2 8 , 7 0 0  
440  15  72  2 .9   3 5 , 8 0 0  
460  15  52  3 .6   1 9 , 3 0 0  
440  15  60  5 .6   2 , 3 0 0  
450  15  62  1 0 . 4   8 , 0 0 0  
380  15  63  12  3 , 3 0 0  
480  15  90  5 .2   1 7 , 0 0 0  
420  15  74  6  6 0 0  
450  60  91  1 .5   2 1 , 0 0 0  
460  60  81  1 .6   1 9 , 3 0 0  
440  15  104  1 .2   1 7 , 5 0 0  
440  15  108  1 .2   2 3 , 0 0 0  
460  15  80  0 .8   2 0 , 0 0 0  

c o o l i n g   r a t e   «  - 3 ' C / m i n .  
***  c o o l i n g   r a t e   *  - 6 0 ° C / m i n .  

T h i s   t a b l e   t e a c h e s   the   i m p o r t a n c e   of  t he   q u a n t i t y  

ATc_a  b e i n g   b e t w e e n   a b o u t   50  and  110°C  and  r e l a t i v e l y  
slow  c o o l i n g   r a t e s   a f t e r   t he   h e a t - t r e a t m e n t s   a t  

t e m p e r a t u r e   Ta  and  f o r   the   d u r a t i o n   t a .   I t   is  a l s o  
l o t e d   t h a t   yQ  v a l u e s   a re   h i g h e r   and  the   Hc  v a l u e s   a r e  
Lower  t h a n   t h o s e   of  p r i o r   a r t   m a t e r i a l s .   For  e x a m p l e ,   a  
p r o p e r l y   h e a t - t r e a t e d   (Ta  =  460°C;   ta   =  15  m i n . )  

: ° 6 7 . 8 F e 4 . 2 C r l B 1 2 s i 1 5   g l a s s y   a l l o y   e x h i b i t s   yQ  »  5 0 , 0 0 0  
and  Hc  =  0 .2   A/m  w h e r e a s   one  of  t he   i m p r o v e d   p r i o r   a r t  
a l l o y ,   n a m e l y   7 . 5 - 4 5 - 2 5   M o - P e r m i n v a r ,   g i v e s   y0  =  1 0 0  
and  Hc  =  40  A/m  when  f u r n a c e   c o o l e d   f rom  1100°C  a n d  
j i v e s   ]iQ  =  3 , 5 0 0   when  q u e n c h e d   f rom  6 0 0 ° C .  

In  many  m a g n e t i c   a p p l i c a t i o n s ,   l o w e r  

n a g n e t o s t r i c t i o n   is  d e s i r a b l e .   For  some  a p p l i c a t i o n s ,  

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

a 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  
j l a s s y   m e t a l   a l l o y s   a re   o b t a i n e d   f o r   " a " ,   "b" ,   "c"  i n  
:he  r a n g e s   of  a b o u t   66  to  71,  2 .5   to   4 .5   and  0  to   3  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 o   t h a t   t he   sum  o f  
"a",   " b " ,   and  "c"  r a n g e s   b e t w e e n   72  and  76  a t o m  
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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   |  Xs|  of  t h e s e   g l a s s y   a l l o y s   is  l e s s  

t h a n   a b o u t   l x l O - 6   ( i . e .   t he   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   - l x l   0"6  to  +1x1  0~6  or  f rom  -1  to   +1  

m i c r o s t r a i n s   )  . 
The  g l a s s y   a l l o y s   of  t h e   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 .   US  P a t e n t   No.  3 , 8 4 5 , 8 0 5   i s s u e d   N o v e m b e r   5,  1974  a n d  

No.  3 , 8 5 6 , 5 1 3   i s s u e d   D e c e m b e r   24,  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   form  of  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 he   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   in  t h e  

r a n g e   of  a b o u t   25  to   27  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   is   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   6  to   24  a tom  p e r c e n t .   I t   i s  

p r e f e r e d ,   h o w e v e r ,   t h a t   t he   c o n t e n t   of  m e t a l   M,  i . e .   t h e  

q u a n t i t y   "d"  d o e s   no t   e x c e e d   v e r y   much  f rom  a b o u t   2  a t o m  

p e r c e n t   e x c e p t   when  M=Mn  to  m a i n t a i n   a  r e a s o n a b l y   h i g h  

C u r i e   t e m p e r a t u r e   (>  2 0 0 ° C ) .  
20  .   ̂ ^  In  a d d i t i o n   to   t h e   h i g h l y   n o n - l i n e a r   n a t u r e   of  t h e  

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

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

h i g h   f r e q u e n c i e s .   Some  e x a m p l e s   of  t h e s e   f e a t u r e s   a r e  

g i v e n   in  T a b l e   I I I .  
25  y  

T a b l e   I I I  

Core   l o s s   (L)  and  i m p e d a n c e   p e r m e a b i l i t y   (  y)  a t  

f=50   kHz  and  i n d u c t i o n   l e v e l   of  0 . 1   T e s l a   f o r   some  o f  

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

i n v e n t i o n .   T=  and   ta  a r e   h e a t - t r e a t m e n t   t e m p e r a t u r e   a n d  
30  a  a  

t i m e .   C o o l i n g   a f t e r   t h e   h e a t - t r e a t m e n t   is  a b o u t  

- 5 ° C / m i n . ,   u n l e s s   o t h e r w i s e   s t a t e d .  

L5 

20 

25 

3 5  
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c o m p o s i t i o n s  
co  fe  Nl  M  B  s i  
7 0 . 5   4 .5   -  15  lfJ 
7 0 . 5   4 . 5   -  15  l fJ  
7 0 . 5   4 .5   -  "  15  1 0  
6 9 . 0   4 .1   1 .4   Mo=1.5  12  12  
6 5 . 7   4 .4   2 .9   Mo=2  11  14  
6 8 . 2   3 .8   -  Mn=l  12  1 5  
6 8 . 2   3 .8   -  Mn=l  12  15  
67 .7   3 .3   -  Mn=2  12  1 5  
6 7 . 7   3 .3   -  Mn=2  12  15  
67 .8   4 .2   -  Mo=l  12  15  
67 .8   4 .2   -  c r = l   12  15  
67 .8   4 .2   -  c r = l   12  15  
69 .2   3 .8   -  Mo=2  8  17  
59 .2   3 .8   -  Mo=2  8  1 7  
59 .2   3 .8   -  Mo=2  8  17  
59.2   3 .8   -  Mo=2  8  17  
59.2  3 .8   -  Mo=2  8  17  
57.5  4 .5   3 .0   -  8  1 7  
57.5  4 .5   3 .0   -  8  17 
57.5  4 .5   3 .0   -  8  17  
' 7 . 5   4 .5   3 .0   -  8  17  
57.5  4 .5   3 .0   -  8  17  
' 0 . 9   4 .1   8  17 
' 0 . 9   4 .1   8  1 7  
59.9  4 .1   -  Mn=l  8  17  
S9.9  4 .1   -  Mn=l  8  17  
i9 .0   4 .0   -  Mn=2  8  17 
' 9 .0   4 .0   -  Mn=2  8  17  
' 8 .0   4 .0   -  Mn=3  8  17 
'8 .0   4 .0   -  Mn=3  8  17  
'7 .1   3 .9   -  Mn=4  8  17 
9 .0   4 .0   -  c r=2   8  17  
9 .0   4 ,0   -  Cr=2  8  17 
8 .0   4 .0   -  Mn=2,  C r = l   8  17  
8 -°   4 .0   -  Mn=2,  C r= l   8  17 
9 .0   4 .0   -  Nb=2  8  17  
8-1  4 .0   1 .4   Mo=1.5  8  17  
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Co  Fe  Ni  M  B  S i  
6 8 . 1   4 . 0   1 .4   Mo=1.5   8  17  

6 5 . 7   4 . 4   2 .9   Mo=2  23  C=3* 

6 5 . 7   4 . 4   2 .9   Mo=2  23  2 

6 8 . 6   4 . 4   -  Mo  =2  21  G e = 4 *  

6 9 . 2   3 .8   -  Mo=2  10  15  

6 9 . 0   3 . 0   -  Mn=3  10  15  

6 8 . 5   2 .5   -  Mn=4  10  15  

6 8 . 8   4 . 2   -  Cr=2  10  15  

*  A l l   of   Si  c o n t e n t   is  r e p l a c e d   by  t h e   i n d i c a t e d  

e l e m e n t .  
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C 2 4 0 e d Q  
X  /  r  f  p  ft r  f  n  r  c  r* 

*  w  t - i i n i n . )   L ( W / k a )   u 
460  15  35  2 , 3 0 0  
460  15**  39  2 , 0 0 0  
460  15***  14  3 f 4 0 0  
430  120  14  2 , 8 0 0  
420  15  6 .7   6 , 0 0 0  
480  15  4 .6   1 4 , 0 0 0  
500  15  4 .4   9 , 3 0 0  
480  15  4 .0   1 7 , 6 0 0  
500  15  4 .5   1 7 , 0 0 0  
500  15  4 .0   2 7 , 6 0 0  
*80  15  4 .0   2 4 , 7 0 0  
500  15  3 .7   2 2 , 5 0 0  
160  15  9 .0   5 , 4 0 0  
160  30  6 .3   1 4 , 9 0 0 .  
160  45  6 .6   1 3 , 8 0 0  
160  90  '  6 .7   1 4 , 4 0 0  
160  105  6 .9   1 4 , 8 0 0  
J80  45  19  3 , 0 0 0  
180  60  20  2 , 8 0 0  
180  90  21  2 , 9 0 0  
180  105  18  2 , 9 0 0  
[20  15  22  

"  
3 , 0 0 0  

00  15  31  2 , 4 0 0  
20  15  15  2 , 0 0 0  
00  15  23  2 , 8 0 0  
20  15  16  2 , 7 0 0  
00  15  11  3 , 8 0 0  
20  15  11  3 , 8 0 0  
00  15  8 .0   5 , 5 0 0  
20  15  10  5 , 2 0 0  
20  15  5 .7   9 , 2 5 0  
20  I5  5 .5   1 2 , 5 0 0  
40  15  4 .7   1 3 , 2 0 0  
20  15  4 .8   1 0 , 0 0 0  
40  15  .  4 .7   1 0 , 5 0 0  
40  15  4 .2   1 1 , 2 0 0  
40  15  6 .6  8 , 2 0 0  
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Ca(°C)   t a ( m m . )   L ( W / k g )   y 

460  15  7 .2   7 , 1 0 0  

440  15  20  2 , 0 0 0  

450  15  '  27  2 , 8 0 0  

480  15  9 .7   5 , 2 0 0  

450  60  9 .1   9 , 6 0 0  

460  60  10  7 , 7 0 0  

440  15  8 .3   6 , 5 0 0  

440  15  8 .3   8 , 2 0 0  

460  15  5 .7   1 0 , 3 0 0  

* *  

* * *  
C o o l i n g   r a t e   =  - 3 ° C / m i n .  

C o o l i n g   r a t e   -  - 6 0 ° C / m i 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 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   in  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   30  ym  t h i c k   and  0 .5   to  2 .5   cm  w i d e ,   were   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   by  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 )   and  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   w e r e  

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  w e r e   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 r o m   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 )   a n d  

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   a n d  

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  
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...«y.1wl.«iuci.cj.  i r i i i n - c u u n   a p p i i e a   K e s e a r c h )   .  in  t h i s  
c a s e ,   t he   r i b b o n   was  cu 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 h e   a p p l i e d   f i e l d   (0  to   720  kA/m.  T h e  
s a t u r a t i o n   i n d u c t i o n   Bs  (=4*MSD)  was  t h e n   c a l c u l a t e d   b y  
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   (  ef)  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  u s e d  
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 .  

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   were  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   o f  
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   were  p a r a l l e l ,  
rhe  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   o f  
a p p l i e d   f i e l d   f rom  t he   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   (  l%/   %)  and  p e r p e n d i c u l a r   (  a  %/  %)  "  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   x  =  2/3  [  (  a  A/a  ) 
-  (  L l / i )   *  ] .  

H a v i n g   t h u s   d e s c r i b e d   t h e   i n v e n t i o n   in  r a t h e r   f u l l  
3 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   n eed   n o t  
?e  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 e r   c h a n g e s   a n d  
t iodi 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  
:he  a r t ,   a l l   f a l l i n g   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  
is  d e f i n e d   by  t he   s u b j o i n e d   c l a i m s .  
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What  is  c l a i m e d   i s :  

1.  A  m a g n e t i c   a l l o y   t h a t   is  at  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 k N i ^ a R e R i   f  ,  w h e r e   M  is   a t   l e a s t  

one  n u m b e r   s e l e c t e d   f r o m   t he   g r o u p   c o n s i s t i n g   of  Cr ,   Mo,  

Mn  and  Nb,  "a"  -  " f "   a r e   in  a tom  p e r c e n t   and  t h e   sums  o f  

"a"  -  " f "   e q u a l s   1 0 0 ,   "a"  r a n g e s   f rom  a b o u t   66  to  7 1 ,  

"b"  r a n g e s   f rom  a b o u t   2 . 5   to   4 . 5 ,   "c"  r a n g e s   f rom  a b o u t  

0  to   3,  "d"  r a n g e s   f r o m   a b o u t   0  to  4,  "e"  r a n g e s   f r o m  

a b o u t   6  to   24  and  " f "   r a n g e s   f rom  a b o u t   0  to   19,  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"  and  "c"  r a n g e s   f r o m  

a b o u t   72  to   76  and  t h e   sum  of  "e"  and  "f"   r a n g e s   f r o m  

a b o u t   25  to  27,   s a i d   a l l o y   h a v i n g   a  v a l u e   o f  

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

2.  The  m a g n e t i c   a l l o y   of  c l a i m   1,  s a i d   a l l o y  

h a v i n g   b e e n   h e a t - t r e a t e d   by  h e a t i n g   t h e   a l l o y   to   a  

t e m p e r a t u r e   b e t w e e n   50  and  110  °C  b e l o w   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   t h e r e o f   f o r   a  t i m e   p e r i o d  

r a n g i n g   f rom  a b o u t   15  to   180  m i n u t e s ,   and  t h e n   c o o l i n g  

t h e   a l l o y   a t   a  r a t e   s l o w e r   t h a n   a b o u t   -  6 0 ° C / m e n .  

3.  The  m a g n e t i c   a l l o y   of  c l a i m   2  has   P e r m i n v a r  

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

low  m a g n e t i c   e x c i t a t i o n   and  a  c o n s t r i c t e d   h y s t e r e s i s  

l o o p .  

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   Co7n  .  5Pe4  .  5 R 1 5 s i l 0   * 

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   Co6q  .  7Fe4  m  i ^ i i   .4Mol  .  5 R 1 2 s i 1 2   * 

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   Co^S  . 7 ^ 4   . 4 N i 2   .  9Mo2Rl  l s i 1 4   * 

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   Cofis  . 2 F e 3   , 8 M n i R 1 2 R i 1 5   * 

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   COfi7  . 7 F e ^   .  3Mn2Ri2-c>i l5   * 

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   COfi7  m  3^64  .2NI°1R12R^1  5  * 
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10.  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   a  f o r m u l a  
s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

5  
C o 6 7 . 8 P e 4 . 2 C r i B 1 2 S i 1 5 f   Cofiq  .  2Fe3  . 8 M o 2 B 8 S i i 7   , 
C o 6 7 . 5 F e 4   .5Mi3  . 0 R 8 R i 1 7 ,   Co70  , 9Fe4   .  l R R R i l 7   '  
C o 6 9 . 9 F e 4 . 1 M n 1 . 0 R 8 s i 1 7 f   C o 6 g , 0 F e 4 # 0 M n 2 B 8 f i i 1 7 ,  

Cofi8  . 0Fe4   . 0 M n 3 R 8 s i 1 7   »  Co67  a F e 3   #9Mn4B8Si17   , 
C o f i 9 . 0 F e 4 . 0 C r 2 B 8 R i 1 7 ,   C o 6 8 . n F e 4 > 0 M n 2 C r 1 B R S i i 7 r  

C o 6 9 . 0 F e 4 . 0 N b 2 s i 1 7 f   C o 6 7 # 0 F e 4 < n C r 2 B 1 2 S i 1 5 r  

C o f i 6 . 1 F e 3 . 9 C r 3 R 1 2 R i i 5 ,   Co6ft  >5Fe2  . 5 M n 4 B l n S i 1 5   , 
C o 6 5 > 7 F e 4   . 4 N i 2 > q M o 2 B 2 3 C 2   and  0o6R  .  fiFe4  .  4Mo2Ge4R21  . 
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