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A  permanent  magnet  of  R2Co17  type  crystal  structure 
consisting  of,  in  percent  by  weight,  at  least  one  rare  earth 
element  within  the  range  of  24  to  28,  cobalt  within  the  range 
of  48  to  53,  copper  within  the  range  of  2  to  4.9,  iron  within 
the  range  of  18  to  30  and  zirconium  within  the  range  of  1.7 
to  3.0.  By  substituting  zirconium  for  a  portion  of  copper  an 
optimum  combination  of  coercive  force  and  residual  mag- 
netization  (saturation  induction)  may  be  achieved. 



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   p e r m a n e n t   m a g n e t s  

of  R2Co17  t y p e   c r y s t a l   s t r u c t u r e .  

I t   i s   known  in  t h e   p r o d u c t i o n   of  r a r e   e a r t h - c o b a l t  

p e r m a n e n t   m a g n e t s   ( R - C o )   t h a t   i r o n   may  be  u s e d   to  r e p l a c e  

a  s i g n i f i c a n t   p o r t i o n   of  t h e   c o b a l t   when  z i r c o n i u m   i s  

a d d e d   to  t h e   c o m p o s i t i o n .   I t   i s   a l s o   known  t h a t  

a d d i t i o n s   of  c o p p e r   may  be  made  to  c o m p o s i t i o n s   of  t h i s  

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

m a g n e t i z a t i o n   ( s a t u r a t i o n   i n d u c t i o n )   i s   d e c r e a s e d .  

L i k e w i s e   as  i r o n   i s   i n c r e a s e d   t h e r e   i s   a  c o r r e s p o n d i n g  

r e d u c t i o n   in  c o e r c i v e   f o r c e .  

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

a t   l e a s t   one  r a r e   e a r t h   e l e m e n t ,   p r e f e r a b l y   s a m a r i u m ,  

c o b a l t ,   i r o n   and  c o p p e r   w h e r e i n   an  o p t i m u m   c o m b i n a t i o n   o f  

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

A  more   s p e c i f i c   o b j e c t   of  t h e   i n v e n t i o n   i s   t o  

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

c o p p e r   i s   r e d u c e d   and  r e p l a c e d   by  a  z i r c o n i u m   a d d i t i o n ,  

w h e r e b y   an  o p t i m u m   c o m b i n a t i o n   of  c o e r c i v e   f o r c 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   may  be  a c h i e v e d .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  p e r m a n e n t   m a g n e t  

of  R 2 C o l 7   t y p e   c r y s t a l   s t r u c t u r e   c o n s i s t i n g   o f ,   i n  

p e r c e n t   by  w e i g h t ,   a t   l e a s t   one  r a r e   e a r t h   e l e m e n t   w i t h i n  

t h e   r a n g e   of  24  to   28,  c o b a l t   w i t h i n   t h e   r a n g e   of   48  t o  

53,  c o p p e r   w i t h i n   t h e   r a n g e   of  2  to   4 .9   to   l e s s   t h a n   5 ,  
i r o n   w i t h i n   t h e   r a n g e   of  18  to   30  and  z i r c o n i u m   w i t h i n  

t h e   r a n g e   of  1 . 7   to   3 . 0 .  

B r o a d l y   in  t h e   p r a c t i c e   of  t h e   i n v e n t i o n   t h e   p e r m -  
a n e n t   m a g n e t   i s   of  an  a l l o y   of  t h e   g e n e r a l   f o r m u l a   R 2 C o 1 7  
w h e r e i n   R  is   a t   l e a s t   one  r a r e   e a r t h   c o m p o n e n t ,   p r e f e r -  

a b l y   s a m a r i u m ,   and  t h e   Co  c o m p o n e n t   i s   c o b a l t .   T h e  

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

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

24  to  28,  c o b a l t   w i t h i n   t h e   r a n g e   of  48  to   53,  c o p p e r  
w i t h i n   t h e   r a n g e   of  2  to  4 . 9 ,   i r o n   w i t h i n   t h e   r a n g e   of   18  



to   30  and  z i r c o n i u m   w i t h i n   t h e   r a n g e   1 .7   to   3 . 0 .   By 

m a i n t a i n i n g   c o p p e r   a t   an  a m o u n t   l e s s   t h a n   5%  and  a d d i n g  

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

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

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

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

As  s p e c i f i c   e x a m p l e s   of  t h e   p r a c t i c e   of  t h e  

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

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

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

to  a  p a r t i c l e   s i z e   w i t h i n   t he   r a n g e   of  5  to  10  m i c r o n s .  

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

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

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

by  d i e   p r e s s i n g   in  a  t r a n s v e r s e   m a g n e t i c   f i e l d .  

T h e r e a f t e r ,   t h e   m a g n e t s   w e r e   h e a t   t r e a t e d   a t   1200°C  f o r   1 

h o u r ,   c o o l e d   f o r   2  h o u r s   to  1150°C  and  h e l d   a t   t h i s  

t e m p e r a t u r e   f o r   5  h o u r s ,   q u e n c h e d ,   and  t h e n   h e a t e d   t o  
850°C  and  a g e d   f o r   17  h o u r s ,   c o o l e d   f o r   13  h o u r s   t o  

4 0 0 ° C ,   h e l d   a t   400°C  f o r   I  h o u r   to   10  h o u r s ,   and  t h e n  

q u e n c h e d .  



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

t h e   r e s u l t s   a r e   s e t   f o r t h   in  TABLE  I .  

For   t h e   a b o v e   a l l o y   so  p r o c e s s e d   TABLE  I I   shows  a  

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

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

p r e s s e d   b l o c k s .  



TABLE  I I I   shows   t h a t   c o l d   i s o s t a t i c   p r e s s i n g  

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

b l o c k s .  

TABLE  IV  shows   t h e   e f f e c t   of  h e a t   t r e a t m e n t   on  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   t e s t e d   m a g n e t s .  

An  a l l o y   of  t h e   c o m p o s i t i o n   2 6 . 0   s a m a r i u m ,   4 9 . 0  

c o b a l t ,   3 .9   c o p p e r ,   1 9 . 2   i r o n ,   2 .5   z i r c o n i u m ,   c l o s e l y  

s i m i l a r   in  c o m p o s i t i o n   to  A l l o y   B,  was  j e t   m i l l e d   and  d i e  

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

t h e   p r e s s i n g   d i r e c t i o n .   T h e s e   m a g n e t s   we re   s o l u t i o n  

t r e a t e d   o v e r   a  t e m p e r a t u r e   r a n g e   of  1080  to   1 1 8 0 ° C   f o r  

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

i n d i c a t e d   in  TABLES  V  to  V I I .  





T h i s   same  a l l o y   c o m p o s i t i o n   was  j e t   m i l l e d   and  d i e  

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

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

t r e a t e d   a t   1180  or   1 1 5 0 ° C   and  aged   a t   8 5 0 ° C .   T h e  

m a g n e t i c   p r o p e r t i e s   o b t a i n e d   a r e   shown  in  TABLE  V I I I .  

As  may  be  s e e n   f r o m  t h e s e   s p e c i f i c   e x a m p l e s ,   t h e  

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

m a g n e t i z a t i o n   may  be  o b t a i n e d   by  c o n t i n u o u s   c o o l i n g   a f t e r  

t h e   a g i n g   t r e a t m e n t .  



1.  A  p e r m a n e n t   m a g n e t   of  R2Co17  t y p e   c r y s t a l  

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

w e i g h t ,   a t   l e a s t   one  r a r e   e a r t h   e l e m e n t   w i t h i n   t h e   r a n g e  

of  24  to   28,  c o b a l t   w i t h i n   t h e   r a n g e   of  48  to  53,  c o p p e r  

w i t h i n   t h e   r a n g e   of  2  to  4 .9   to   l e s s   t h a n   5,  i r o n   w i t h i n  

t h e   r a n g e   of  18  to  30  and  z i r c o n i u m   w i t h i n   t h e   r a n g e   o f  

1 . 7   to   3 . 0 .  

2.  A  p e r m a n e n t   m a g n e t   a c c o r d i n g   to  c l a i m   1 ,  

c h a r a c t e r i s e d   in  t h a t   R  i s   s a m a r i u m .  

3.  A  p e r m a n e n t   m a g n e t   a c c o r d i n g   to  c l a i m s   1  and  2 ,  

c h a r a c t e r i s e d   in  t h a t   s a i d   m a g n e t   i s   a g e d   and  t h e r e a f t e r  

c o n t i n u o u s l y   c o o l e d   p r i o r   to  q u e n c h i n g .  
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