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(S)  Semi  hard  magnetic  material  for  a  reed  switch  and  process  for  producing  the  same. 
Due  to  an  Mo  addition,  to  a  known,  Co-Fe-Nb  semi-hard 

magnetic  material,  the  coercive  force  is  enhanced  without 
causing  deterioration  of  the  cold  workability  of  the  semi-hard  r-jn 
magnetic  material.  In  addition,  the  energy  product,  the  ' 
residual  flux  density  and  the  fullness  factor  are  high  ^  according  to  the  semi-hard  magnetic  material  of  the  present  IS 
invention.  Such  material  is  particularly  suited  for  reed  pieces  B  - j g ^ h  
of  reed  switches,  which  are  mounted  in  a  four  .  wire  "^>-!-vKp3S^iJ 
crosspoint  switch.  y ^ ^ ^ ^ l ^  
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D u e   to  an  Mo  addition,  to  a  known,  Co-Fe-Nb  semi-hard 
magnetic  material,  the  coercive  force  is  enhanced  without 
causing  deterioration  of  the  cold  workability  of  the  semi-hard 
magnetic  material.  In  addition,  the  energy  product,  the 
residual  flux  density  and  the  fullness  factor  are  high 
according  to  the  semi-hard  magnetic  material  of  the  present 
invention.  Such  material  is  particularly  suited  for  reed  pieces 
of  reed  switches,  which  are  mounted  in  a  four  wire 
crosspoint  switch. 



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

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

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

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

in   a  s e l f - h o l d i n g   t y p e   r e e d   s w i t c h .   S p e c i f i c a l l y ,   t h e  

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

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

1.  Bo th   s a t u r a t e d   m a g n e t i c   f l u x   d e n s i t y   ( B s )  

and  r e s i d u a l   m a g n e t i c   f l u x   d e n s i t y   (Br)   a r e   h i g h .  

2.  The  s q u a r e   h y s t e r e s i s   l o o p   e x h i b i t s   a  h i g h  

s q u a r e n e s s   r a t i o   ( B r / B s )   and  a  h i g h   " f u l l n e s s   f a c t o r " .  

The  t e r m   " f u l l n e s s   f a c t o r "   u s e d   h e r e i n   is   r e p r e s e n t e d   b y  

t h e   f o r m u l a :  

w h e r e i n   (BH)max  i s   t h e   maximum  m a g n e t i c   e n e r g y   p r o d u c t   a n d  
Hc  i s   c o e r c i v e   f o r c e .  

3.  The  c o e r c i v e   f o r c e   (Hc)  i s   u s u a l l y   in  t h e  

r a n g e   b e t w e e n   10  and  50  Oe.  The  c o e r c i v e   f o r c e   s h o u l d   b e  

more  t h a n   50  Oe  f o r   a p p l i c a t i o n   of  t h e   s e m i - h a r d   m a g n e t i c  

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

e x p l a i n e d   h e r e i n a f t e r ,   i s   s e v e r e .  



4.  P l a s t i c   w o r k a b i l i t y   i s   e x c e l l e n t ,   i . e .   t h e s e  

m a t e r i a l s   a r e   c a p a b l e   of   b e i n g   e a s i l y   c o l d   w o r k e d   i n t o   a n y  
d e s i r e d   s h a p e   or   s i z e   s u c h   a s ,   f o r   e x a m p l e ,   a  f i n e   w i r e  

r o d   h a v i n g   a  d i a m e t e r   as  s m a l l   as  l e s s   t h a n   1  mm. 

5.  The  p l a t i n g - o r   s o l d e r i n g - p r o p e r t y   i s   e x c e l l e n t ,  

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

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

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

6.  When  t h e   s e m i - h a r d   m a g n e t i c   m a t e r i a l s   a r e  

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

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

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

t e m p e r a t u r e .  

When  t h e   r e e d   s w i t c h e s   a r e   u s e d   in  a  f o u r - w i r e  

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

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

As  a  r e s u l t   of  t h e   d e m a g n e t i z a t i o n ,   t h e   c o e r c i v e   f o r c e   a n d  

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

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

c r o s s p o i n t   s w i t c h   of  an  e l e c t r o n i c   s w i t c h i n ] g   s y s t e m .  

In  U .S .   P a t e n t   NO.  3 , 9 8 9 , 5 5 7 ,   f i l e d   by  t h e   p r e s e n t  

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

s e m i - h a r d   m a g n e t i c   m a t e r i a l ,   w h e r e i n '  a n   a l l o y   m a t e r i a l  

c o m p r i s i n g   f rom  73  to  93%  of  c o b a l t ,   f rom  1  to   5%  o f  

n i o b i u m   and  i r o n   in   b a l a n c e   i s   s u b j e c t e d   to  (1)  a  p r o c e s s  

a n n e a l i n g   a t   a  t e m p e r a t u r e   of   900°  or   h i g h e r ,   and  s u b s e -  

q u e n t l y ,   (2)  a  f i n a l   c o l d   w o r k i n g   a t   a  r e d u c t i o n   of   a r e a  

of   75%  or   h i g h e r .   The  same  U . S .   p a t e n t   a l s o   d e s c r i b e s   a  

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

w h e r e i n   t h e   a l l o y   m a t e r i a l ,   w h i c h   i s   c o l d   w o r k e d   as  s t a t e d  

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

950°C  and  h i g h e r .   The  s e m i - h a r d   m a g n e t i c   m a t e r i a l ,   in   t h e  

U .S .   P a t e n t   m e n t i o n e d   a b o v e ,   h o w e v e r ,   i s   d i s a d v a n t a g e o u s  

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

d e t e r i o r a t e d   by  t h e   i n c r e a s e   of   t h e   n i o b i u m   c o n t e n t   in   t h e  

r a n g e   of  f rom  1  to   5%,  a l t h o u g h   t h e   c o e r c i v e   f o r c e   of   t h e  



s e m i - h a r d   m a t e r i a l   i s   i n c r e a s e d   by  such   i n c r e a s e   o f  n i o b i u m .  

In  a d d i t i o n ,   d e t e r i o r a t i o n   of  c o l d - w o r k a b i l i t y   is  p a r t i c u -  

l a r l y   r e m a r k a b l e   when  an  a t t e m p t   i s   made  to  i n c r e a s e  

n i o b i u m   to  more  t h a n   5%. 

The  a l l o y   m a t e r i a l   of  t he   U.S .   P a t e n t   m e n t i o n e d  

a b o v e   may  c o n t a i n , , f o r   e x a m p l e ,   t a n t a l u m ,   t i t a n i u m ,   v a n a d i u m ,  

z i r c o n i u m ,   m o l y b d e n u m ,   c h r o m i u m ,   t u n g s t e n   and  the   l i k e .  

The  a m o u n t   of  t h e s e   m e t a l s   u s e d   in  a d d i t i o n   to  n i o b i u m   i s  

u s u a l l y   such   t h a t   t h e   r a t i o   by  w e i g h t   of  t h e s e   m e t a l s   t o  

n i o b i u m   is   b e l o w   3 0 / 7 0 .   T h e s e   m e t a l s   form  i n t e r m e t a l l i c  

c o m p o u n d s   in  t h e   same  a  m a n n e r   as  n i o b i u m   f o r m s   t he   i n t e r -  

m e t a l l i c   c o m p o u n d s ,   a c c o r d i n g   to  the   d e s c r i p t i o n   of  U . S .  

P a t e n t   No.  3 , 9 8 9 , 5 5 7 .  

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

No.  3 , 9 8 3 , 9 1 6   an  i m p r o v e d   p r o c e s s   f o r   r e m o v i n g   the   d e t e r i o -  

r a t i o n   of  t h e   c o l d   w o r k a b i l i t y ,   w h e r e i n   an  a l l o y   m a t e r i a l  

c o n s i s t i n g   e s s e n t i a l l y   of  from  73  to   93%  of  c o b a l t ,   from  3 

to  7%  of  n i o b i u m   and  i r o n   in  b a l a n c e   is   s u b j e c t e d   to  (1)  a  

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

1000°C  or   h i g h e r   f o l l o w e d   by  a  r a p i d   c o o l i n g   t h r o u g h   a t  

l e a s t   t h e   t e m p e r a t u r e   r a n g e   b e t w e e n   800°C  and  500°C ,   t h e n ,  

(2)  a  c o l d   w o r k i n g   a t   a  r e d u c t i o n   a r e a   of  75%  or  m o r e ,   a n d  

s u b s e q u e n t l y ,   (3)  an  a g e i n g   a t   a  t e m p e r a t u r e   in  t h e   r a n g e  
f rom  500  to   9 0 0 ° C .   The  p r e s e n t   I n v e n t o r s   i n v e s t i g a t e d  

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

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

a l t h o u g h   t h e   c o l d   w o r k a b i l i t y   of  t h e   s e m i - h a r d   m a g n e t i c  

m a t e r i a l   is  in  f a c t   e n h a n c e d   to  some  e x t e n t   by  t h e   i m p r o v e d  

p r o c e s s .   F i r s t ,   u n l e s s   t h e   b a r   or  w i r e   of  the   s e m i - h a r d  

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

the   b a r   or  w i r e   is   l i a b l e   to  r u p t u r e .   S e c o n d ,   t h e   c o l d  

w o r k a b i l i t y   of  t h e   s e m i - h a r d   m a g n e t i c   m a t e r i a l   is   s e r i o u s l y  

d e g r a d e d ,   to   s u c h   an  e x t e n t   t h a t   t h e   c o l d   w o r k i n g   c a n n o t  

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

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

40  Oe.  In  t he   s e m i - h a r d   m a g n e t i c   m a t e r i a l   m e n t i o n e d   a b o v e  

and  c o n t a i n i n g   3  to   7%  of  n i o b i u m ,   t h e   Nb  c o n t e n t   and  F e  



c o n t e n t   mus t   be  i n c r e a s e d   to   5%  or   h i g h e r   and  18%  o r  

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

f o r c e   i s   i n c r e a s e d   more  t h a n   40  O e ,  b u t   t h e   c o l d   w o r k a b i l i t y  
i s   d e t e r i o r a t e d .   I t   i s ,   t h e r e f o r e ,   p r a c t i c a l l y   i m p o s s i b l e  

to  o b t a i n   f rom  t h e   C o - F e - N b   a l l o y   m a t e r i a l ,   a  s e m i - h a r d  

m a g n e t i c   m a t e r i a l   h a v i n g   a  c o e r c i v e   f o r c e   of  f rom  40  t o  

70  Oe  and  w h i c h   is   s u i t e d   f o r   t h e  r e e d   s w i t c h e s   to  b e  

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

e l e c t r o n i c   s w i t c h i n g   s y s t e m .  

A  s e m i - h a r d   m a g n e t i c   m a t e r i a l   h a v i n g   a  h i g h   c o e r c i v e  

f o r c e   i s   a v a i l a b l e   u n d e r   t he   name  of  VACOZET  655,   w h i c h   i s  

s o l d   by  t h e   VACUUMSCHMELZE  C o m p a n y ,   in  F e d e r a l   R e p u b l i c   o f  

G e r m a n y .   T h i s   s e m i - h a r d   m a g n e t i c   m a t e r i a l   c o m p r i s e s   30% 

i r o n   10.6%  n i c k e l ,   1.2%  a l u m i n u m ,   2.4%  t i t a n i u m   and  c o b a l t  

in   b a l a n c e .   S i n c e   t h e   m a g n e t i c   p r o p e r t i e s   of  t h i s   s e m i - h a r d  

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

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

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

e n c l o s e d   in   a  g l a s s   c a p s u l e   of  a  r e e d   s w i t c h .   In  a d d i t i o n ,  

s i n c e   t h e   s e m i - h a r d   m a g n e t i c   m a t e r i a l   of  VACOZET  6 5 5  

i n c l u d e s   a l u m i n u m   as  w e l l   as  t i t a n i u m ,   t h e   p l a t i n g - a n d  

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

t h o s e   of  t h e   C o - F e - N b   a l l o y .  

I t   i s ,   t h e r e f o r e ,   an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n  

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

of   a  r e e d   s w i t c h ,   w h i c h   p o s s e s s   t h e   p r o p e r t i e s   1  t h r o u g h  

_6,  m e n t i o n e d   a b o v e ,   and  s p e c i f i c a l l y ,   a  h i g h   c o e r c i v e  

f o r c e   and  an  e x c e l l e n t   c o l d   w o r k a b i l i t y .  

I t   i s   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

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

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

and  n i o b i u m ,   as  w e l l   as  one  a d d i t i v e   e l e m e n t   w h i c h   can  f o r m  

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

n o t   d e t e r i o r a t e d   w i t h   an  e n h a n c e m e n t   of  t h e   c o e r c i v e   f o r c e .  

I t   i s   f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   p r o -  

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

of  r e e d   s w i t c h e s ,   w h i c h   a r e   m o u n t e d   in   e a c h   c r o s s p o i n t   of  t h e  



f o u r   w i r e   t y p e   c r o s s p o i n t   i n   an  e l e c t r o n i c   e x c h a n g e   s y s t e m .  
I t   i s   a l s o   an  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   t o  

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

w o r k i n g   o f   t h e   r e e d   p i e c e s   o f   a  r e e d   s w i t c h   and  to   e n h a n c e  

t h e   c o e r c i v e   f o r c e   of   t h e   p r o d u c e d   r e e d   p i e c e s .  

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

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

a  r e e d   s w i t c h ,   s a i d   m a t e r i a l   c o n t a i n i n g   ( a )   a  m a j o r   p r o p o r -  
t i o n   o f   c o b a l t   and  i r o n ,   w h i c h   f o r m s   a  m a t r i x   of   s a i d  

m a t e r i a l   h a v i n g   a  f a c e   c e n t r e d   c u b i c   l a t t i c e ,   ( b ) .  a d d i t i o n -  

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

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

t h e   r e q u i r e d   c o e r c i v e   f o r c e ,   and   ( c )   one  e l e m e n t ,   w h i c h   i s  

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

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

p r e s e n t   i n   s a i d   m a t e r i a l   i n   an  a m o u n t   of   n o t   l e s s   t h a n   296 

by  w e i g h t   so  t h a t   s a i d   m a t r i x   i s   c o m p o s e d   o f   s a i d   f a c e  

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

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

i s   i n c r e a s e d   to   a  v a l u e   of   n o t   l e s s   t h a n   35  Oe,  p r e f e r a b l y  

f r o m   40  t o   70  Oe,  more   p r e f e r a b l y   f r o m   60  to   70  Oe,  and  t h e  

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

r a n g e s  b y   w e i g h t :  

i r o n   f r o m   12  to   18%,  p r e f e r a b l y   f r o m   15  to   18%;  

n i o b i u m   f r o m   2  to   4%;  

m o l y b d e n u m   f r o m   2  to   5%; 

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

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

n o t   l e s s   t h a n   11  kG,  p r e f e r a b l y   13  kG,  and   a  f u l l n e s s   f a c t o r  

of   n o t   l e s s   t h a n   a p p r o x i m a t e l y   0 . 8 0 .  

The  p r e s e n t   i n v e n t i o n   a l s o   c o n s i s t s ,   a c c o r d i n g   to   a n o t h e r  

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

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

a  m a j o r   p r o p o r t i o n   of   c o b a l t   a n d   i r o n ,   and   a d d i t i o n a l l y  

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

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

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



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

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

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

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

e l e m e n t   i n   an  a m o u n t   o f   f rom  2  to   5%  by  w e i g h t   and   t h e   i r o n  

c o n t e n t   i s   a d j u s t e d   to   an  a m o u n t   i n   t h e   r a n g e   o f   f r o m   1 2  

to   18%,  p r e f e r a b l y   f r o m   15  to   18%,  by  w e i g h t ,   and   t h e  

n i o b i u m   c o n t e n t   to   an  a m o u n t   i n   t h e   r a n g e   o f   f r o m   2  to   4% 

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

o f   a r e a   o f   a t   l e a s t   90%,  a n d ,   due   to   s a i d   m o l y b d e n u m  

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

w o r k e d   m a t e r i a l   a t   a  v a l u e   n o t   e x c e e d i n g   450  V i c k e r s  

P y r a m i d   N u m b e r ,   (b )   p r e v e n t i n g   t h e   d e c o m p o s i t i o n   o f   t h e  

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

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

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

s a i d   c o l d   w o r k i n g ;   s a i d   c o l d   w o r k e d   m a t e r i a l   i s   a g e d   a t  

a  t e m p e r a t u r e   o f   f r o m   600  to   7 5 0 ° C ,   p r e f e r a b l y   f r o m   6 5 0  

to   7 0 0 ° C ,   t h e r e b y   d e c o m p o s i n g   s a i d   c o b a l t   m a t r i x   p h a s e s  

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

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

(b)   t h e   o r i g i n a l   m a t r i x   p h a s e s   o f   s a i d   f a c e   c e n t r e d  

c u b i c   l a t t i c e   a n d   ( c )   t h e   new  m a t r i x   p h a s e s   o f   a  b o d y  

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

i s   p r o v i d e d   w i t h   a  c o e r c i v e   f o r c e   n o t   l e s s   t h a n   35  O e ,  

p r e f e r a b l y   f r o m   40  to   70  Oe,  m o r e   p r e f e r a b l y   f r o m   60  t o  

70  Oe,  a  r e s i d u a l   m a g n e t i s a t i o n   f l u x   d e n s i t y   o f   n o t   l e s s  

t h a n   11  kG,  p r e f e r a b l y   13  kG,  and   a  f u l l n e s s   f a c t o r   o f  

n o t   l e s s   t h a n   a p p r o x i m a t e l y   0 . 8 0 .  

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

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

w h i c h   i s   c o n t a i n e d   t h e r e i n   i n   an  a m o u n t   o f   f r o m   73  t o  

93%,  p r e f e r a b l y   f r o m   75  to   81%.  When  t h e   c o b a l t   c o n t e n t  

i s   l e s s   t h a n   73%,  t h e   a l l o y   m a t e r i a l   i s   so  h a r d   t h a t   t h e  

w o r k a b i l i t y   t h e r e o f   i s   d e t e r i o r a t e d .   As  a  r e s u l t ,   b o t h  

t h e   s q u a r e n e s s   r a t i o   and   t h e   f u l l n e s s   f a c t o r   o f   t h e   s e m i -  

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

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

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



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

c o b a l t   and  i r o n .   H o w e v e r ,   when  t h e   c o b a l t   c o n t e n t   is   l e s s  

t h a n   72%,  a  p a r t   of  t h e   a l l o y   m a t e r i a l   c r y s t a l s   h a v i n g   t h e  

f a c e   c e n t e r e d   c u b i c   l a t t i c e   is   t r a n s f o r m e d   i n t o   a  b o d y  

c e n t e r e d   c u b i c   l a t t i c e   d u r i n g   t he   c o l d   w o r k i n g ,   w i t h   t h e  

r e s u l t   t h a t   t he   p l a s t i c   w o r k a b i l i t y   of  t he   c o b a l t   b a s e d  

a l l o y   m a t e r i a l   i s   r e d u c e d .   When  t he   c o b a l t   c o n t e n t   e x c e e d s  

93%,  t he   w o r k a b i l i t y   of  t h e   a l l o y   m a t e r i a l   i s   a l s o   r e d u c e d .  

T h i s   i s   b e c a u s e ,   a  p a r t   of  t h e   a l l o y   m a t e r i a l   c r y s t a l s  

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

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

p l a s t i c   w o r k a b i l i t y   of   t h e   c o b a l t   b a s e d   a l l o y   m a t e r i a l   i s  

r e d u c e d .   In  a d d i t i o n ,   when  t h e   c o b a l t   c o n t e n t   e x c e e d s  

93%,  t h e   c o n t e n t s   of  m o l y b d e n u m ,   i r o n   and  n i o b i u m   a r e  

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

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

d e g r a d e d .  

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

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

f o r c e .   When  t he   n i o b i u m   c o n t e n t   i s   l e s s   t h a n   2%,  t h e  

c o e r c i v e   f o r c e   i s   too   low.   On  t he   o t h e r   h a n d ,   when  t h e  

n i o b i u m   c o n t e n t   e x c e e d s   4%,  t h e   w o r k a b i l i t y   of  t h e   c o b a l t  

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

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

t e n d   n o t   to  be  d i s s o l v e d ,   and  t h u s ,   r e m a i n   in  t h e   c o b a l t  

- m a t r i x   a f t e r   t he   s o l u t i o n   t r e a t m e n t   of  t h e   c o b a l t   b a s e d  

a l l o y   m a t e r i a l .  

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

w i t h   t he   r e q u i r e d ,   c o e r c i v e   f o r c e ,   s a t u r a t i o n   f l u x   d e n s i t y  

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

t h a n   12%,  t h e   c o e r c i v e   f o r c e ,   s a t u r a t i o n   f l u x   d e n s i t y   a n d  

r e s i d u a l   m a g n e t i z a t i o n   a r e   t oo   low.   When  t h e   i r o n   c o n t e n t  

e x c e e d s   18%,  t h e   c o l d   w o r k a b i l i t y   of   t h e   c o b a l t   b a s e d  

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

f rom  12  to  18%.  

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

c o b a l t ,   i r o n   and  n i o b i u m ,   t h e   c o l d   w o r k a b i l i t y   t h e r e o f   i s  



d e t e r i o r a t e d   when  an  a t t e m p t   is  made  to  i n c r e a s e   t h e  

c o e r c i v e   f o r c e   t h e r e o f   by  a d j u s t i n g   t h e   n i o b i u m   c o n t e n t .  

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

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

d e t e r i b r a t e d   s u b s t a n t i a l l y .   The  m o l y b d e n u m   c o n t e n t   of  2"- 

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

f o r c e .   When  t h e   m o l y b d e n u m   c o n t e n t   e x c e e d s   5%,  t h e   r e s i d u a l  

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

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

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

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

t h e   a l l o y   m a t e r i a l ,   c a r t i n g   t h e   m e l t   i n t o   an  i n g o t ,   h o t -  

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

m a t e r i a l ,   c o l d   w o r k i n g ,   and  s u b s e q u e n t l y ,   a g e i n g   t h e   a l l o y  

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

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

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

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

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

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

t he   i n g o t   i s   s u b j e c t e d   to  a  h o m o g e n i z i n g   a n n e a l i n g .   T h e  

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

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

a  w i r e ,   a  t a p e   or   a  s m a l l   b a r .   A n y  c o n v e n t i o n a l   p r o c e s s  
f o r   p r o d u c i n g   t h e   w i r e   e t c . ,   can  be  e m p l o y e d   in   p r o d u c i n g  

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

The  s e m i - f i n i s h e d   p r o d u c t   m e n t i o n e d   a b o v e   i s   h e a t e d  

a t   a  t e m p e r a t u r e   of   f rom  1050  to  1 2 0 0 ° C ,   p r e f e r a b l y   f r o m  

1050  to  1 1 5 0 ° C ,   and  s h o u l d   s u b s e q u e n t l y   be  r a p i d l y   c o o l e d .  

The  s e m i - f i n i s h e d   p r o d u c t   may  t h e n   be  s u b j e c t e d   to  a  

p e e l i n g   by  t h e   f i e s ,   i f   n e c e s s a r y .  
The  p r o c e s s   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   i s  

c h a r a c t e r i z e d   in   t h a t :   (1)  t h e   c o l d   w o r k i n g   i s   p e r f o r m e d  

a t   a  r e d u c t i o n   of   a r e a   of   a t   l e a s t   90%,  a n d ,   due  to   t h e  

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

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

450  in   V i c k e r s ,   (b)  t h e   d e c o m p o s i t i o n   of  a  c o b a l t   r i c h  



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

p h a s e s   is   p r e v e n t e d   d u r i n g   t h e   c o l d   w o r k i n g ,   and  (c)  t h e  

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

and ;   (2)  t h e   c o l d   w o r k e d   m a t e r i a l   is  aged   a t   a  t e m p e r a t u r e  
of   f rom  600  to  7 0 0 ° C ,   and  by  t he   a g e i n g ,   t he   c o b a l t - r i c h  

m a t r i x   p h a s e s   a r e   d e c o m p o s e d   i n t o   (a)  t h e   p h a s e s   of  i n t e r -  

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

m a t e r i a l ,   (b)  t h e   o r i g i n a l   m a t r i x   p h a s e s   of  t he   f a c e  

c e n t e r e d   c u b i c   l a t t i c e ,   and  (c)  t h e   new  m a t r i x   p h a s e s   of  a  

body   c e n t e r e d   c u b i c   l a t t i c e ,   and  a l s o ,   t he   s e m i - h a r d  

m a g n e t i c   a l l o y   i s   p r o v i d e d   w i t h   a  c o e r c i v e   f o r c e   no t   l e s s  

t h a n   35  Oe,  p r e f e r a b l y   f rom  40  to  70  Oe,  more  p r e f e r a b l y  

f rom  60  to  70  Oe,  a  r e s i d u a l   m a g n e t i z a t i o n   f l u x   d e n s i t y   o f  

n o t   l e s s   t h a n   13  kG  and  a  f u l l n e s s   f a c t o r   of  no t   l e s s   t h a n  

a p p r o x i m a t e l y   0 . 8 0 .  

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

p r e s e n t   i n v e n t i o n ,   w h i c h   c o n s i s t s   of  t h e   C o - F e - N b - M o   a l l o y ,  

can   be  u s e d   f o r   t h e   r e e d   p i e c e s   of  a  r e e d   s w i t c h ,   on  w h i c h  

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

mus t   be  a p p l i e d .   S i n c e   t h i s   s e m i - h a r d   m a g n e t i c   m a t e r i a l  

c o n t a i n s   n e i t h e r   t i t a n i u m   nor   a l u m i n u m ,   the   s u r f a c e   c o a t i n g  

i s   u n i f o r m   and  e x h i b i t s   a  h i g h   a d h e s i v e   s t r e n g t h .  

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

s t e p s .   In  t h e   p r e p a r a t o r y   s t e p   p r i o r   to  t he   a p p l y i n g   s t e p  

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

a g e d   f o r   e x a m p l e   a t   6 5 0 ° C ,   a r e   b o i l e d   in  a  5%  c a u s t i c  

a l k a l i n e   s o l u t i o n   a t   a  t e m p e r a t u r e   of  100°C  f o r   a b o u t   20 

m i n u t e s ,   or  s u b j e c t e d   to  an  e l e c t r o l y t i c   p o l i s h i n g ,   t h e r e b y  

r e m o v i n g   an  o x i d e   f i l m   c o m p o s e d   m a i n l y   of  n i o b i u m   o x i d e .  

In  t he   s t e p   of  f o r m i n g   an  u n d e r l y i n g   l a y e r ,   t h e   u n d e r l y i n g  

l a y e r ,   s u c h   as  a  g o l d   s t r i k i n g   l a y e r ,   i s   d e p o s i t e d   on  t h e  

r e e d   p i e c e s ,   so  as  to  i n c r e a s e   t h e   b o n d i n g   s t r e n g t h   of  t h e  

d e s i r e d   c o a t i n g   to  t h e   r e e d   p i e c e s .   In  t h e   s t e p   of  f o r m i n g  

t h e   c o a t i n g ,   a  l o w e r ,   c o a t i n g   m e t a l l i c   l a y e r ,   such   as  a  

t i n   L a y e r ,   may  be  f i r s t l y   f o r m e d   on  t h e   u n d e r l y i n g   l a y e r  

to  t h i c k n e s s   of  a p p o x i m a t e l y   0 .5   m i c r o n ,   and  s u b s e q u e n t l y ,  

t h e  ' r h o d i u m   p l a t i n g   l a y e r   i s   f c r m e d   to  a  t h i c k n e s s   of  f r o m  



2 . 0  t o   4 .0   m i c r o n s .  

The  pre s e n t   i n v e n t i o n   is   e x p l a i n e d   in  d e t a i l   h e r e i n -  

a f t e r   w i t h   r e f e r e c e   to  t h e   d r a w i n g s ,   w h r e i n :  

F i g .   1  is  a  g r a p h   i n u i c a t i n g   t he   c h a n g e   o f  

r e s i s t i r   a n   a g e i n g   t e m p e r a t u r e   1 5 m  

a l l o y   m a t e r i a l s ;  

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

of  t he   h a r d n e s s   a f t e r   d r a w i n g   w i t h   r e g a r d   to  t he   c o n t e n t s  

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

a l l o y s ;  

F i g .   3  i s   a  g r a p h   i n d i c a t i n g   t he   r e l a t i o n s h i p  

of  t h e  h a r d n e s s   a f t e r   d r a w i n g   w i t h   r e g a r d   to  the   c o e r c i v e  

forese  o f  t w o   c o b a i t -  b a s e d  a l l o y s ;  

F i g .   4  is   a  g e n e r a l   v i e w   of  a  f o u r   w i r e   c r o s s -  

p o i n t   s w i t c h ;  

F i g .   5  i s   a  p a r t i a l l y   e n l a r g e d   v i e w   of  F i g .   1 ;  

F i g .   6  i s   a  c r o s s p o i n t ,   in  w h i c h   t h e   s e m i - h a r d  

m a g n e t i c   m a t e r i a l   a c c o r d i n g   to   the   p r e s e n t   i n v e n t i o n   i s  

u s e d ;  

F i g s .   7A,  B  a n d  C   a r e   g r a p n s   i n d i c a t i n g   t h e  

c h a n g e   of  t h e   c o e r c i v e   f o r c e ,   the   r e s i d u a l   f l u x   d e n s i t y  

and  the   s q u a r e n e s s   r a t i o ,   r e s p e c t i v e l y ,   as  a  f u n c t i o n   o f  

t h e   a g i n g   t e m p e r a t u r e   of  Co -13%Fe-4%Xb-x%Mo  a l l o k y s ;  

F i g s .   8A  and  B  a rc   g r a p h s   i n d i c a t i n g   t h e  

c h a n g e   in  r e s i d u a l   f l u x   d e n s i t y   and  c o e r c i v e   f o r c e ,   r e s p e c -  

t i v e l y ,   of  t he   a l l o y   m a t e r i a l s   of  F i g .   7,  a s  a   f u n c t i o n   o f  

t h e   m o l y b d e n u m   c o n t e n t   of  t he   a l l o y ;  

F i g s .   9A,  3  a n d   C  a r e   grouphs  w i t h   r e g a r d   t o  

C o - 1 8 % F e - 3 % N b - x % M o   a l l o y s   s i m i l a r   to  F i g s .   7A,  B  a n d   C ,  

r e s p e c t i v e l y ;  

F i g s .   10A  and  B  a r e   g r a p h s   w i t h   r e g a r d   to  t h e  

C o - 1 8 % F a - 8 % N b - x % M o   a l l o y s ,   s i m i l a r   to  F i g s .   8A  and  B ,  

r e s p e c t i v e l y ;  

F i g s .   11A,  B  a n d  C   a r e   g r a p h s   w i t h   r e g a r d   t o  

Co-x%Fe-4%Nb-3%Mo  a l l o y s ,   s i m i l a r   to  F i g s .   7A,  B  a n d   C ,  

r e s p e c t i v e l y ,   a n d ;  

F i g s .   12A  and  B  a r e  g r a p h s   i n d i c a t i n g   t h e  



c h a n g e s   in  r e s i d u a l   f l u x   d e n s i t y   and  c o e r c i v e   f o r c e ,  

r e s p e c t i v e l y ,   of  t h e   a l l o y   m a t e r i a l s   of  F i g .   11,  w i t h  

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

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

p r e s e n t   i n v e n t i o n   is  c h a r a c t e r i z e d ,   as  c o m p a r e d   w i t h   t h a t  

c o n s i s t i n g   of  C o - F e - N b ,   by  e x h i b i t i n g   a  h i g h   c o e r c i v e  

f o r c e   no t   l e s s   t h a n   35  Oe,  p r e f e r a b l y   from  40  to  70  O e ,  

more  p r e f e r a b l y   f rom  60  to  70  Oe,  a  r e s i d u a l   m a g n e t i z a t i o n  

f l u x   d e n s i t y   of  no t   l e s s   t h a n   13  kG  and  a  f u l l n e s s   f a c t o r  

of   no t   l e s s   t h a n   a p p r o x i m a t e l y   0 . 8 0 .   In  a d d i t i o n   t h e  

e n e r g y   p r o d u c t   (BH)max  r a n g e s   a d v a n t a g e o u s l y   f rom  0 .3   t o  

0 .6   M  G · O e .  

A  m e a s u r e m e n t   of  t h e   r e s i s t i v i t y   and  an  X - r a y  

d i f f r a c t o m e t r y   was  c a r r i e d   o u t   w i t h   r e g a r d   to  t h e   a l l o y  

m a t e r i a l s   of  C o - 1 5 % F e - 4 % N b - 2 ~ 5 % M o ,   w h i c h   were   f i r s t l y  

f o r m e d   in  t h e   form  of  a  c o i l   h a v i n g   a  2  mm  d i a m e t e r   a n d ,  

t h e n ,   d r awn   to  a  s i z e   of  0 .6   mm  a f t e r   b e i n g   s o l u t i o n  

t r e a t e d   a t   1 1 0 0 ° C .   The  d rawn   c o i l   was  s u b j e c t e d   to  a g e i n g  

a t   a  t e m p e r a t u r e   up  to  1000°C  and ,   t h e n ,   r e s i s t i v i t y  

m e a s u r e m e n t   and  X - r a y   d i f f r a c t o m e t r y   were   c a r r i e d   o u t .  

The  r e s u l t s   of  s u c h   m e a s u r e m e n t   and  X - r a y   d i f f r a c t o m e t r y  

a r e   shown  in  F i g .   1 .  

The  f o l l o w i n g   f a c t s   w i l l   be  a p p a r e n t   f rom  F i g .   1 .  

(1)  The  d e c r e a s e   of  r e s i s t i v i t y   s t a r t s  f r o m   5 0 0 ° C .   ( 2 )  

The  r e s i s t i v i t y   i s   minimum  a t   a  t e m p e r a t u r e   of  f rom  650  t o  

- 7 0 0 ° C .   (3)  The  r e s i s t i v i t y   i s   i n c r e a s e d   f rom  a  t e m p e r a t u r e  

h i g h e r   t h a n   7 0 0 ° C .   (4)  The  a l l o y   m a t e r i a l s   e x h i b i t   a t   a  

d r a w i n g   s t a t e   ( A . D . )   a  c r y s t a l   s t r u c t u r e   of  a  r a c e   c e n t e r e d  

c u b i c   (FCC)  l a t t i c e   w i t h   a  l a t t i c e   c o n s t a n t   (a)  of  3 . 5 6  

a n g s t r o m s .   (5)  The  f a c e   c e n t e r e d   c u b i c   p h a s e s   of  t h e  

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

t h e   new  p h a s e s   of  t h e   body  c e n t e r e d   c u b i c   (BCC)  l a t t i c e  

and  p r e c i p i t a t e s   ( P P T ) ,   as  w e l l   as  t h e   o r i g i n a l   f a c e  

c e n t e r e d   c u b i c   (FCC)  p h a s e s ,   w h i l e   t h e   r e s i s t i v i t y   i s  

d e c r e a s e d   d u r i n g   t h e   d e c o m p o s i t i o n .   (6)  Only   t he   f a c e  

c e n t e r e d   c u b i c   (FCC)  p h a s e s   a r e   p r e s e n t   a t   a  t e m p e r a t u r e  

of  800°C  and  h i g h e r .  



I t   was  p r o v e n   by  the   X - r a y   d i f f r a c t o m e t r y   of  t h e  

i l l e r   t a t e r i n   t h a t   t he   f a c e   c e n t e r e d   c u b i c   p h a s e s   a n d  

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

c b a l t ,   and  the   i r o n   is  d i s s o l v e d   in  t he   s o l i d   s o l u t i o n .  

The  c o r p o s i t i o n   of  the   p r e c i p i t a t e d   p h a s e s   a r e   n o t   e l u c i d a t e d  

b u t  a r e   b e l i e v e d   to  be  the   i n t e r m e t a l l i c   c o m p o u n d s   o f  

Co3Nb  a n d  c o 3 M o .  

From  the   f r c t s   r e v e a l e d   f r o m  F i g .   1,  i t   w i l l   b e  

a p p a r e n t   t h a t   s e v e r a l   f e i t u r e s   of  t he   p r e s e n t   i n v e n t i o n  

r e s i d e   in   the   S t r u c t u r e   of  t h e   a l l o y   m a t e r i a l s .   T h e  

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

f rom  600  to   750°C  is   c a u s e d   no t   o n l y   by  a  p r e c i p i t a t i o n   o f  

the   i n t e r m e t a l l i c   c o m p o u n d s   i n t o   t he   c o b a l t   m a t r i x ,   as  i n  

t h e   c a s c   o f  t h e   known,   C o - F e - N b   a l l o y ,   b u t   a l s o   by  a  

d e c o m p o s i t i o n   of  t he   c o b a l t   m a t r i x   i n t o   t h e   FCC  p h a s e s   a n d  

BCC  p h a s e s .   Such  d e c o m p o s i t i o n   of  t h e   c o b a l t   m a t r i x   i n t o  

two  k i n d s   of  p h a s e s   i s   b e l i e v e d   to  c a u s e   t h e   r e m a r k a b l e  

i n c r e a s e   of  t h e   c o e r c i v e   f o r c e ,   w h i c h  i n o r  a s e   i s   a c h i e v e d  

when  t h e   m o l y b d e n u m   i s   a d d e d   in  an  a m o u n t   of  a t   l e a s t   2%. 

When  t h e   m a t r i x   of  any  m e t a l l i c   m a t e r i a l   i s   c o m p o s e d   o f  

t h e   two  k i n d s   of  f i x t u r e   p h a s e s ,   t h e   c o l d   w o r k a b i l i t y  

t h e r e o f   is   i m p a i r e d   t h e r e b y .   In  a d d i t i o n ,   t h e   d e c o m p o s i t i o n  

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

d r a w i n g   in  t h e   c a s e   of  t h e   known  C o - F e - N b   a l l o y   m a t e r i a l .  

H o w e v e r   a c c o r d i n g   to  one  of  t h e   f e a t u r e s   of  t h e   i n v e n t i o n ,  

t h e   c o b a l t   m a t r i x   i s   n o t   d e c o m p o s e d   due  to  t h e   Mo  a d d i t i o n  

d u r i n g   the   c o l d  w o r k i n g ,   and  t h u s   t h e   c o l d   w o r k a b i l i t y   o f  

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

In  F i g .   2,  t h e   h a r d n e s s   a f t e r   d r a w i n g   i s   s h o w n  w i t h  

r e g a r d   to  t h e   s e v e r a l   c o b e l t - b a s e d   a l l o y s .   The  l i n e s  

- Δ  - a n d  - @ -   r e p r e s e n t   t he   a l l o y   of  C o - 1 3 % F e - 2 % N b - x % M o  

and  the   a l l o y   of  C o - 1 5 % F e - 4 % N b - x % M o ,   a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n ,   r e s p e c t i v e l y .   The  l i n e  -  -  r e p r e s e n t s  

t h e   a l l o y   of  C o - 1 2 % F e - x % T i ,   t h e   l i n e   - -  - -   r e p r e s e n t s   t h e  

a l l o y   of  C o - 1 2 % F e - x % N b ,   and  t h e   l i n e   - @ -   r e p r e s e n t s   t h e  

a l l o y   or  C o - l l a r e - 5 % T o - x % M o .   A l l  t h e   a l l o y s   were   c o l d  

d r a w n   a t   a  r e d u c t i o n   of  a r e a   of  90%.  From  F i g .   2,  t h e  



i n f l u e n c e   of  the   a d d i t i o n a l   e l e m e n t ,   i . e .   m o l y b d e n u m ,  

n i o b i u m   or  t i t a n i u m ,   on  t he   work  h a r d e n i n g   of  Co-Fe   a l l o y s  
is   a p p a r e n t .  

The  m o l y b d e n u m   c o n t e n t   e x e r t s   s u b s t a n t i a l l y   n o  
i n f l u e n c e   on  t he   h a r d n e s s   of  the   C c - F e   a l l o y   m a t e r i a l s  

( c . f .   t he   l i n e s  - Δ - ,  - @ -   a n d  - @ - )  .   In  t he   a l l o y s  

r e p r e s e n t e d   by  t h e s e   t h r e e   l i n e s ,   t he   a l l e y   of  C o - l l % F e -  

-5%Ti-x%Mo  has   t he   h i g h e s t   h a r d n e s s ,   w h i l e   t he   o t h e r   t w o  

a l l o y s   have   an  a d v a n t a g e o u s l y   low  h a r d n e s s   of  no t   e x c e e d i n g  

450  in  V i c k e r s .   When  t h e   t i t a n i u m -   or  n i o b i u m - c o n t e n t   i s  

i n c r e a s e d ,   t he   h a r d n e s s   i s   a l s o   p r o p o r t i o n a l l y   i n c r e a s e d  

( t h e   l i n e   -  - or  - @ )  .  

In  T a b l e   I ,   b e l o w ,   t h e   c o l d   w o r k a b i l i t y ,   t h e   c o e r c i v e  

f o r c e   (Hc  in  Oe)  and  t he   s a t u r a t i o n   f l u x   d e n s i t y   (B100  i n  

kG)  a r e   shown  w i t h   r e g a r d   to   t h e   known,   C c - F e - N b   a l l o y s  

d i s c l o s e d   in  U . S . P a t e n t   No.  3 , 9 8 9 , 5 5 7 .   T h e s e   a l l o y s   w e r e  

p r o d u c e d   u s i n g   t h e   same  p r o c e d u r e   as  in  E x a m p l e   1,  i l l u s -  

t r a t e d   h e r e i n b e l o w .   S i n c e   t h e   d i f f i c u l t y   in  t h e   w o r k a b i l i t y  

c a n n o t   be  q u a n t i t a t i v e l y   e x p r e s s e d ,   i t   is  e x p r e s s e d   in  t h e  

t h r e e   l e v e l s   A,  B  a n d   C,  w h e r e i n   t he   l e v e l   A  i n d i c a t e s  

t h a t   t he   a l l o y   m a t e r i a l   c o u l d   be  w o r k e d   i n t o   a  w i r e   h a v i n g  

d i a m e t e r   of  0 .6   mm  ( r e d u c t i o n   of  a r e a   of  91%),   t h e   l e v e l   B 

i n d i c a t e s   t h a t   t he   w i r e   was  f r e q u e n t l y   r u p t u r e d   d u r i n g   t h e  

d r a w i n g   to  t h e   s i z e   of  0 .6   mm,  and  t h e   l e v e l   C  i n d i c a t e s  

t h a t   the   0 .6   mm  w i r e   c o u l d   n o t   be  p r o d u c e d   by  t h e   d r a w i n g .  

The  m a g n e t i c   p r o p e r t i e s   in  T a b l e   I  a r e   t h o s e   of  t h e   w i r e s  

h a v i n g   a  d i a m e t e r   of  0 .6   mm  and  aged   a t   7 0 0 ° C .   H o w e v e r ,  

w i t h   r e g a r d   to  t he   w i r e s   of  l e v e l   C,  t h e   m a g n e t i c   p r o p e r t i e s  

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

c a l i b r a t e d ,   in  a  m a n n e r   as  i f   t h e   c h a n g e   of  t h e   m a g n e t i c  

p r o p e r t i e s   o c c u r e d   due  to  t he   c o l d   d r a w i n g   of  t he   w i r e s   u p  

to  91%  of  t h e   r e d u c t i o n   of  a r e a .  



I t   i s   a p p a r e n t   f rom  T a b l e   I ,   t h a t   t h e   c o l d   w o r k a b i l i t y  

of   t he   a l l o y   m a t e r i a l s   e x h i b i t i n g   a  c o e r c i v e   f o r c e   m o r e  

t h a n   36  Ce  i s   3  c r   C.  The  c o l d   w o r k a b i l i t y   i s   d e t e r i o r a t e d  

w i t h  a n   i n c r e a s e   in  t he   n i o b i u m   and  i r o n   c o n t e n t s .   A l t h o u g h  

e i t h e r   t h e   h i g h   c o e r c i v e   f o r c e   or   t h e   e x c e l l e n t   c o l d  

w o r k a b i l i t y   mus t   be  s a c r i f i c e d   in  t h e   known  a l l o y   m a t e r i a l s  

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

c c e r c i v e   f o r c e   and  c o l d   w o r k a b i l i t y   can   be  a c h i e v e d   by  t h e  

a d d i t i o n   of  m o l y b d e n u m   to  t h i s   a l l o y   m a t e r i a l .   A c c o r d i n g  

to  one  of  t he   f e a t u r e s   of   t h e   p r e s e n t   i n v e n t i o n ,   t h e  

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

d e c r e a s e d   in  t he   p r e s e n t   i n v e n t i o n   as  c o m p a r e d   w i t h   t h a t  

in   t h e   c o l d   d r a w i n g   of  t h e  k n o w n   a l l o y   m a t e r i a l   of  C o - F e - N b .  

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

be  d r a w n   a t  a   r e d u c t i o n   of  a r e a  o f   a t   l e a s t   90%  w i t h o u t  

t h e   w i r e   r u p t u r i n g .   A l t h o u g h   t he   w i r e   a c c o r d i n g   to  t h e  

known  a l l o y   of  C o - F e - N b   is  b r o k e n   i n t o   more  t h a n   t h r e e  



p i e c e s ,   t he   w i r e   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   is   n o t  

b r o k e n   d u r i n g   d r a w i n g ,   even   i f   b o t h   w i r e s   a r e   d rawn   u n d e r  

the   some  d r a w i n g   c o n d i t i o n s .  

The  h a r d n e s s   a f t e r   c o l d   d r a w i n g   is   t he   r e s u l t   o f  

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

c o l d   w o r k a b i l i t y   o f   any  m e t a l l i c   m a t e r i a l .   The  r e l a t i o n s h i p  

b e t w e e n   t h e   c o l d   w o r k a b i l i t y   and  t h e   c o e r c i v e   f o r c e   of  t h e  
c o b a t t   b a s e d   a l l o y  m a t e r i a l s   i s   r e a d i l y   s e e n   in  F i g .   3 .  

Tn  F i g .   3,   t h e   l i n e  -  -   r e p r e s e n t s   t h e   known  a l l o y  

m a t e r i a l   of  C o - 1 2 % F e - x % N b ,   w h i c h   i s   c o l d   d r a w n   a t   a  r e d u c t i o n  

of   a r e a   of   90%  ( e x c e p t   f o r   65%  of  t h e   a l l o y   c o n t a i n i n g  

6%Nb)  a n d   w h i c h   i s  a g e d   a t   700°C  f o r   t h e   p e r i o d   of  1  h o u r .  

T h e  a l l o y   m a t e r i a l   of   Co-12%Fe-6%Nb  c o u l d   n o t   be  c o l d  

drawn  a t   a  r e d u c t i o n   of  a r e a   of  90%.  The  l i n e  -   @  -  

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

i n v e n t i o n ,   w h i c h  c o n s i s t s   of  C o - 1 5 % F e - 4 % N b - x % N b .   T h e s e  

a l l o y   m a t e r i a l s  w e r e   d r awn   a t   a  r e d u c t i o n   of  a r e a   of  90% 

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

d r a w i n g   was  m e a s u r e d .   The  c o l d   d r a w n   a l l o y   m a t e r i a l s   w e r e  
t h e n   aged  a t   6 5 0 ° C e f o r   t h e   p e r i o d   of  1  h o u r .   The  k n o w n  

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

w i t h   an  i n c r e a s e   i n  t h e   h a r d n e s s   a f t e r   d r a w i n g ,   i . e .   a  
d e t e r i o r a t i o n   of   t h e   c o l d   w o r k a b i l i t y .   In  o t h e r   w o r d s ,   d u e  
to  t h e   p r e c i p i t a t i o n   of  i n t e r m e t a l l i c   c o m p o u n d s   c o n t a i n i n g  
n i o b i u m   t h e   c o e r c i v e   f o r c e   i s   i n c r e a s e d ,   w h i l e   t h e  

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

t h e   c o l d   w o r k a b i l i t y   of  t h e   known  a l l o y   of  C o - F e - N b .  

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

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

i n c r e a s e d   f rom  35  to   75  Oe,  w h i l e   t h e   h a r d n e s s   a f t e r  

d r a w i n g   is  k e p t   e s s e n t i a l l y   c o n s t a n t .   T h i s   f a c t   m e a n s  
t h a t   t h e   a m o u n t   of  t h e   i n t e r m e t a l l i c   c o m p o u n d s ,   wh ich   a r e  

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

is  not   c h a n g e d   r e g a r d l e s s   of  t h e   i n c r e a s e   of  t h e   c o e r c i v e  

f o r c e .   The   d i f f e r e n c e   b e t w e e n   t h e   two  l i n e s   in   F i g .   3 

i m p l i e s ,   t h e r e f o r e ,   t h a t   in  t h e   a l l o y   m a t e r i a l s   of  t h e  



p r e s e n t   i n v e n t i o n ,   t he   i n c r e a s e d   c o e r c i v e   f o r c e   in   t h e  

r a n g e   from  35  to  70  Ce  i s   c a u s e d   m a i n l y   due  to   t h e   d e c o m p o -  

s i t i o n   of  t h e   c o b a l t   m a t r i x   i n t o   t h e   new  body   c e n t e r e d  

c u b i c   (BCC)  p h a s e s   and  t h e   o r i g i n a l   f a c e   c e n t e r e d   c u b i c  

(FCC)  p h a s e s ,   e x p l a i n e d   in  c o n n e c t i o n   w i t h   F i g .   1.  I n  

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

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

t h e   c o e r c i v e   f o r c e .  

R e f e r r i n g   to   F i g .   4  a  c o i l   form  1  c o n t a i n s   a  p l u r a l i t y  

of   r e e d   s w i t c h e s   w h i c h   a r e   u s e d   as  c r o s s p o i n t   s w i t c h e s ,  

and  o u t s i d e   of  e a c h   1,  a  d r i v i n g   c o i l   8  w h i c h   d r i v e s   t h e  

a b o v e - m e n t i o n e d   r e e d  s w i t c h   1  i s   wound .   A  m a g n e t i c   s h u n t  

p l a t e   2  i s   c o m p o s e d   of  m a g n e t i c   m a t e r i a l   and  p r o v i d e s   a  

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

f o r m s   1  in  m a t r i x   a r r a y .   H o r i z o n t a l   and  v e r t i c a l   m u l t i p l e  

c o n n e c t i n g   w i r e s   3  and  9  shown  in   F i g .   5,  c o n n e c t   t h e   l e a d  

t e r m i n a l s   6  of  t h e   r e e d   s w i t c h e s   h e l d   in   t h e   c o i l   f o r m s   1 

w i t h   t h e   o u t p u t   t e r m i n a l s   of   t h e   c i r c u i t s   of  t h e   s p e e c h   p a t h .  
S a i d   m u l t i p l e   c o n n e c t i n g   w i r e s   3  and  9  a r e   c o m p o s e d   o f  

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

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

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

p r o d u c e d   when  t h e   r e e d   s w i t c h   i s   m i n i a t u r i z e d .  

As  shown  in   F i g .   5,  f o u r   r e e d   s w i t c h e s   a re   i n s e r t e d  

i n - t h e   r e s p e c t i v e   c o i l   f o r m s   1 , s o   as  n o t   to   l i e   on  t h e   s a m e  
l i n e   w i t h   r e s p e c t   to   t h e   l o n g i t u d i n a l   d i r e c t i o n s   of  t h e  

r e s p e c t i v e   m u l t i p l e   c o n n e c t i n g   w i r e s   3  and  9,  and  c o n n e c t e d  

to   s a i d   r e s p e c t i v e   m u l t i p l e   c o n n e c t i n g   w i r e s   3  and  9 .  

T h u s ,   t h e   m u l t i p l e   c o n n e c t i n g   w i r e s   3  and  9  a r e   r e s p e c t i v e l y  

a r r a n g e d   on  t h e   same  p l a n e  i n   p a r a l l e l ,   w i t h   a  s u b s t a n t i a l l y  

e q u a l   d i s t a n c e   b e t w e e n   a d j a c e n t   c o n n e c t i n g   l i n e s .  

F i g .  6   shows   t h e   r e l a t i o n   b e t w e e n   t h e   c o i l   form  1 

and  t h e   r e e d   s w i t c h e s   1 3 - 1 5   w h i c h   a r e   c o n t a i n e d   in   t h e  

b o b b i n   1.  R e f e r r i n g   to  F i g .   6,  f o u r   r e e d   s w i t c h e s   13,  1 4 ,  
15  and  16  a r e   c o n t a i n e d   in   t h e   w i r e   c o i l   form  1,  and  t h e  

l e a d   e n d s   6  of  t h e s e   r e e d   s w i t c h e s   a r e   a r r a n g e d   in   row  a n d  
c o l u m n   d i r e c t i o n   a s  s h o w n   in   F i g .   5,  and  c o n n e c t e d   w i t h   t h e  



m u l t i p l e   c o n n e c t i o n   w i r e s .  

In  t h e   c r o s s p o i n t   s w i t c h e s   as  shown  in  F i g s .   4,  5  a n d  

6,  t he   h y s t e r e s i s   l oop   of  t h e   s e m i - h a r d   m a g n e t i c   m a t e r i a l s   o f  
t he   r e e d   s w i t c h e s   a r e   d i s t o r t e d   by  t h e   m u t u a l   d e m a g n e t i z a t i o n  

e f f e c t ,   in  such   a  m a n n e r   t h a t   t he   e n e r g y   p r o d u c t   (BH)max  o f  

t h e   h y s t e r e s i s   l o o p   i s   d e c r e a s e d .   H o w e v e r ,   s i n c e   t he   s e m i -  

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

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

f o r   the   r e e d   s w i t c h e s   of  f o u r   w i r e   c r o s s p o i n t   s w i t c h i n g  
m a t r i x .  

The  p r e s e n t   i n v e n t i o n   is   e x p l a i n e d   more  in  d e t a i l  

in  c o n n e c t i o n   w i t h   E x a m p l e s .  

E x a m p l e   1 

E l e c t r o l y t i c   c o b a l t ,   e l e c t r o l y t i c   i r o n ,   f e r r o n i o b i u m  

m e t a l   and  f e r r o m o l y b d e n u m   m e t a l   were   c h a r g e d   in  an  a l u m i n o u s  

c r u c i b l e   and  m e l t e d   u n d e r   vacuum  by  a  h i g h   f r e q u e n c y  

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

an  i n g o t   h a v i n g   a  d i a m e t e r   of  40  mm  and  a  w e i g h t   of  a p p r o x i -  

m a t e l y   3 .2  kg .   The  i n g o t   was  h o m o g e n i z e d   a t   1200°C  f o r   5 

h o u r s   a n d  s u b s e q u e n t l y   w o r k e d   to  a  w i r e   of  2  mm  in  d i a m e t e r  

by  u s i n g   a  h o t   s w a g i n g   m a c h i n e ,   c o l d   s w a g i n g   m a c h i n e   and  a  

w i r e   d r a w i n g   m a c h i n e .   T h i s   w i r e   of  2  mm  in  d i a m e t e r   w a s  

h e a t e d   a t   1100°C  f o r   30  to  60  m i n u t e s   to  c a r r y   o u t   t h e  

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

in   w a t e r .   The  so  t r e a t e d   w i r e   of   2 .0   mm  in  d i a m e t e r   w a s  

c o l d   d r a w n   to  Lhe  s i z e   of  0 .6   mm  in  d i a m e t e r ,   and  t h e  

r e d u c t i o n   of  a r e a   d u r i n g   t he   c o l d   d r a w i n g   a m o u n t e d   to  91%. 

The  w i r e   c o u l d   be  c o l d   d r a w n   w i t h o u t   o c c u r e n c e   of  r u p t u r i n g .  

The  c o l d   w o r k a b i l i t y   was  e x c e l l e n t .   The  c o l d   d r a w n   w i r e  

was  s u b j e c t e d   to  an  a g e i n g   a t   a  t e m p e r a t u r e   l o w e r   t h a n  

1000°C  f o r   one  h o u r .   The  so  p r o d u c e d   s e m i - h a r d   m a g n e t i c  

m a t e r i a l   c o n t a i n e d   15%  of  i r o n   4%  of  n i o b i u m ,   f rom  2  to  5% 

of  m o l y b d e n u m   and  c o b a l t   in  t h e   b a l a n c e .  

The  m e a s u r e m e n t   r e s u l t s   of  c o e r c i v e   f o r c e   ( H c ) ,   t h e  

r e s i d u a l   f l u x   d e n s i t y   ( B r ) ,   and  t h e   s q u a r e n e s s   r a t i o  

( B r / B s ,   Bs  d e s i g n a t e s   t h e   s a t u r a t i o n   f l u x   d e n s i t y )   a r e  

shown  in  F i g s .   7A,  B  a n d   C .  



The  f o l l o w i n g   f a c t s   w i l l   be  a p p a r e n t   f rom  F i g s .   7 

A,  B  a n d   C.  When  t h e   a g i n g   t e m p e r a t u r e   i s   a d j u s t e d   f r o m  

600  t o  7 0 0 ° C ,   p r e f e r a b l y   f rom  600  to  6 6 0 ° C ,   (1)  t h e   c o e r c i v e  

f o r c e   i s   40  Ce  or  m o r e ,   p r e f e r a b l y   f rom  50  Oe  or  m o r e ,   ( 2 )  

t h e  s q u a r e n e s s   r a t i o   r a n g e s   from  92  to  95%,  and  (3)  r e s i d u a l  

m a g n e t i z a t i o n   r a n g e s   f rom  11  to  14  kG.  A c c o r d i n g l y ,  

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

m a t e r i a l s   a r e   s a t i s f i e d   by  a d j u s t i n g   t h e   a g e i n g   t e m p e r a t u r e .  

The  m o l y b d e n u m   c o n t e n t   s h o u l d   be  n o t   more  t h a n   5%,  so  a s  

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

r e s i d u a l   f l u x   d e n s i t y .  

The  r e s i d u a l   f l u x   d e n s i t y   and  c o e r c i v e   f o r c e   m e a s u r e d  

in  t h e   p r e s e n t   E x a m p l e   a r e   shown  in  F i g s .   8  A  and  B ,  

r e s p e c t i v e l y ,   in  d e p e n d e n c e   upon  t h e   m o l y b d e n u m   c o n t e n t .  

As  i s   c l e a r   f rom  F i g .   8  B,  t h e   i n c r e a s e   of  t h e   c o e r c i v e  

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

more  t i m e s   l a r g e r   a t   t h e   m o l y b d e n u m   c o n t e n t   of  2%  or   m o r e  

t h a n   a t   t h e   m o l y b d e n u m   c o n t e n t   of   l e s s   t h a n   2%.  T h i s   f a c t  

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

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

a l l o y   m a t e r i a l s   c o n t a i n i n g   2%  or   more  of   m o l y b d e n u m   a n d  

t h o s e   c e n t - l i n i n g   ne  m o l y t d o n u m .   Such  d i f f e r e n c e   i s   e x p l a i n e d  

in  d e t a i l   in  c o n n e c t i o n   w i t h   F i g .  1 .   I t   can   t h e r e f o r e   b e  

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

a l l o y   m a t e r i a l s   c o n t a i n i n g   l e s s   t h a n   2%  of   m o l y b d e n u m   i s  

s i m i l a r   to  t h a t   of  t h e   known ,   C o - F e - N b   a l l o y .  

E x a m p l e   2 

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

c o n t a i n i n g   18%  of   i r o n ,   3%  of   n i o b i u m   and  f rom  2  to   5%  o f  

m o l y b d e n u m   was  p r o d u c e d   by  t he   p r o c d u r   of  E x a m p l e   1 .  

In  F i g s .   9  A,  B  a n d   C  s i m i l a r   to   F i g s .   7A,  B  a n d   C ,  

r e s p e c t i v e l y ,   a l m o s t   same  m e a s u r e d   r e s u l t s   of   t h e   c o e r c i v e  

f o r c e ,   r e s i d u a l   f l u x   d e n s i t y   and  s q u a r e n e s s   r a t i o   as  i n  

t h o s e   of  F i g s .   7A,  B  a n d   C,  r e s p e c t i v e l y ,   a r e   o b t a i n e d ,  

e x c e p t   f o r   t h e   f o l l o w i n g .   The  c o e r c i v e   f o r c e   and  r e s i d u a l  

f l u x   d e n s i t y   i n  F i g s .   9A  and  B,  r e s p e c t i v e l y   a r e   s l i g h t l y  

h i g h e r   t h a n   in  t h o s e   of  F i g s .   7A  and  B.  The  s q u a r e n e s s  



r a t i o   in  F i g .   9 C .  

The  i n f l u e n c e   of  m o l y b d e n u m   on  t he   r e s i d u a l   f l u x  

d e n s i t y   and  c o e r c i v e   f o r c e   as  s e e n   from  F i g s .   10A  and  B,  

r e s p e c t i v e l y ,   i s   d i f f e r e n t   f rom  t h a t   as  s e e n   f rom  F i g s .   8A 

and  3  in  t he   f o l l o w i n g   p o i n t s .   In  F i g .   10A,  t h e   d e c r e a s e  

cf   the   r e s i d u a l   f l u x   d e n s i t y   w i t h   the   i n c r e a s e   o f  t h e  

m o l y b d e n u m   c o n t e n t   is   a d v a n t a g e o u s l y   m i t i g a t e d .   In  F i g .  

10B,  t he   c o e r c i v e   f o r c e   of  t h e   aged   a l l o y   m a t e r i a l s   i s  

h i g h e r   t h a n   t h a t   of  t he   aged   a l l o y   m a t e r i a l s   in  F i g .   8B 

c o n t a i n i n g   t h e   same  a m o u n t   as  in  F i g .   10B.  T h e s e   d i f f e r e n c e s  

a r e   a d v a n t a g e o u s   f rom  t he   p o i n t   of  v iew  of  m a g n e t i c   p r o -  

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

c o n t e n t   of  t h e   a l l o y   m a t e r i a l s   in  F i g .   10  t h a n   in  t h o s e   i n  

F i g .   8 .  

E x a m p l e   3 

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

c o n t a i n i n g   from  12  to   18%  of  i r o n ,   4%  of  n i o b i u m   and  3%  o f  

m o l y b d e n u m   was  p r o d u c e d   by  t h e   p r o c e d u r e   of  E x a m p l e   1 .  

F i g s .   11A,  B  a n d   C  a r e   g r a p h s   s i m i l a r   to  F i g s .   7A, 

B  a n d   C,  r e s p e c t i v e l y .  

When  t h e   a l l o y   m a t e r i a l s   c o n t a i n i n g   18%  and  15%  o f  

i r o n   a r e   c o m p a r e d   w i t h   t h e   a l l o y   m a t e r i a l   c o n t a i n i n g   12%, 

of  i r o n ,   t he   l a t t e r   e x h i b i t s   t h e   i n f e r i o r ,   c o e r c i v e   f o r c e  

and  s q u a r e n e s s   r a t i o   to  t h o s e   of  t h e   f o r m e r .   The  i r o n  

c o n t e n t   is   t h e r e f o r e   p r e f e r a b l y   no t   l e s s   t h a n   15%,  f r o m  

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

I t   is   c l e a r   f rom  F i g .   12,  t h a t   a l t h o u g h   t h e   c o e r c i v e  

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

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

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

in  t h e   p r e s e n t   E x a m p l e   r a n g e d   f rom  90  to  95%. 

E x a m p l e   4 

The  s e m i - h a r d   m a g n e t i c   m a t e r i a l s   h a v i n g   t h r e e  

c o m p o s i t i o n s   as  shown  in  T a b l e   I I   were   p r o d u c e d   by  t h e  

p r o c e d u r e   o f  E x a m p l e   1.  The  m e a s u r e m e n t   r e s u l t s   of  t h e  

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





1.  A  s e m i - h a r d   m a g n e t i c   m a t e r i a l   f o r   a  r e e d  

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

( a )   a  m a j o r   p r o p o r t i o n   of   c o b a l t   and   i r o n ,   w h i c h  

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

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

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

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

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

( c )   one   e l e m e n t ,   w h i c h   i s   a d d e d   i n   a  p r e d e t e r m i n e d  

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

i n   t h a t   s a i d   one   e l e m e n t   i s   m o l y b d e n u m   and   i s  

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

t h a n  2 %   by  w e i g h t   so  t h a t   s a i d   m a t r i x   i s   c o m p o s e d  

o f   s a i d   f a c e   c e n t r e d   c u b i c   l a t t i c e   and   a  b o d y  

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

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

a  v a l u e   o f   n o t   l e s s   t h a n   35  Oe,  p r e f e r a b l y  f r o m   4 0  

to   70  Oe,  more   p r e f e r a b l y   f r o m   60  t o   70  Oe,  a n d  

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

f o l l o w i n g   r a n g e s   b y  w e i g h t :  

i r o n   f r o m   12  to   18%,  p r e f e r a b l y   f r o m   15  t o  

1 8 % ;  



n i o b i u m   f r o m   2  to   4%;  

m o l y b d e n u m   f r o m   2  to   5%; 

and   t h e   b a l a n c e   e s s e n t i a l l y   c o b a l t ,   t h e r e b y  

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

f l u x   d e n s i t y   o f   n o t   l e s s   t h a n   11  kG,  p r e f e r a b l y  

13  kG,  and   a  f u l l n e s s   f a c t o r   o f   n o t   l e s s   t h a n  

a p p r o x i m a t e l y   0 . 8 0 .  

2.  A  p r o c e s s   f o r   p r o d u c i n g   a  r e e d   p i e c e   o f   a  

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

c o n t a i n i n g   a  m a j o r   p r o p o r t i o n   of   c o b a l t   and   i r o n ,  

a n d   a d d i t i o n a l l y   n i o b i u m   and   one  e l e m e n t   w h i c h  

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

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

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

s a i d   s o l u t i o n - t r e a t e d   m a t e r i a l   a t   a  p r e d e t e r m i n e d  

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

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

o f   s a i d   r e e d   s w i t c h ,   c h a r a c t e r i s e d   i n   t h a t  

m o l y b d e n u m   i s   s e l e c t e d   as   s a i d   one   e l e m e n t   i n   a n  

a m o u n t   o f   f r o m   2  to   5%  by  w e i g h t   and   t h e   i r o n  

c o n t e n t   i s   a d j u s t e d   to   an  a m o u n t   i n   t h e   r a n g e   o f  

f r o m   12  t o   18%,  p r e f e r a b l y   f r o m   15  to   18%,  by  w e i g h t ,  

a n d   t h e   n i o b i u m   c o n t e n t   to   an  a m o u n t   i n   t h e   r a n g e  
o f   f r o m   2  t o   4%  by  w e i g h t ,   s a i d   c o l d   w o r k i n g   i s  

p e r f o r m e d   a t   a  r e d u c t i o n   o f   a r e a   o f   a t   l e a s t   9 0 % ,  

a n d , d u e   t o   s a i d   m o l y b d e n u m   s e l e c t i o n ,   ( a )  

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

m a t e r i a l   a t   a  v a l u e   n o t   e x c e e d i n g   450  V i c k e r s  

P y r a m i d   N u m b e r ,   (b )   p r e v e n t i n g   t h e   d e c o m p o s i t i o n  

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

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

d u r i n g   s a i d   c o l d   w o r k i n g ,   and   ( c )   p r e v e n t i n g   t h e  

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



s a i d   c o l d   w o r k e d   m a t e r i a l   i s   a g e d   a t   a  t e m p e r a t u r e  

o f   f r o m   600  to   7 5 0 ° C ,   p r e f e r a b l y   f r o m   650  to  7 0 0 ° C ,  

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

( a )   t h e   p h a s e s   of   i n t e r m e t a l l i c   c o m p o u n d s  .  

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

(b )   t h e   o r i g i n a l   m a t r i x   p h a s e s   o f   s a i d   f a c e  

c e n t r e d   c u b i c   l a t t i c e   and   ( c )   t h e   new  m a t r i x   p h a s e s  

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

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

n o t   l e s s   t h a n   35  Oe,  p r e f e r a b l y   f r o m   40  to   70  O e ,  

more   p r e f e r a b l y   f r o m   60  to   70  Oe,  a  r e s i d u a l  

m a g n e t i s a t i o n   f l u x   d e n s i t y   o f   n o t   l e s s   t h a n   11  k G ,  

p r e f e r a b l y   13  kG,  and   a  f u l l n e s s   f a c t o r   of   n o t   l e s s  

t h a n   a p p r o x i m a t e l y   6 . 8 0 .  

3.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   2,  c h a r a c t e r i s e d  

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

t e m p e r a t u r e   o f   f r o m   1050  to   1 2 0 0 ° C ,   p r e f e r a b l y   f r o m  

1050   to   1 1 5 0 ° c .  

4.  A  p r o c e s s   a c c o r d i n g   to   c l a i m  2  o r   c l a i m   3 ,  

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

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

m a t e r i a l .  

5.  The  u s e   o f   a  r e e d   p i e c e   o f   a  s e m i - h a r d  

m a g n e t i c   m a t e r i a l   a c c o r d i n g   to   c l a i m   1,  f o r   a  

f o u r   w i r e   c r o s s p o i n t   s w i t c h .  
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