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$y  Method  for  producing  magnets. 

A  method  for  producing  magnets  from  powdered 
magnetic  alloy.  The  method  comprises  aligning  a  particle 

charge  of  magnet  alloy  within  a  container,  which  aligning 
may  be  achieved  by  use  of  a  pulsating  magnetic  field;  and 
consolidating  the  charge  after  alignment  to  a  density  in 
excess  of  95%  of  theoretical  density  as  by  cold  or  hot 
isostatic  pressing,  or  a  combination  thereof. 



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

w i t h   i m p r o v e d   r e m a n e n c e .  

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

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

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

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

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

a t   t e m p e r a t u r e s   of  t h e   o r d e r   of   1093  to   1143°C   (2000   to   2 0 9 0 ° F ) .  

I t   i s   known  t h a t   by  i n c r e a s i n g   t h e   d e n s i t y   in   t h e   p r o d u c t i o n  

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

m a t e r i a l   t h a t   r e m a n e n c e   can   be  i m p r o v e d .   C o n v e n t i o n a l l y ,  

d e n s i t y   i s   i n c r e a s e d   by  r a i s i n g   t h e   s i n t e r i n g  t e m p e r a t u r e  

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

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

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

w i t h o u t   r e s o r t i n g   to   h i g h e r   s i n t e r i n g   t e m p e r a t u r e s   t h a t   s e r v e  

to   l o w e r   c o e r c i v e   f o r c e .  



A n o t h e r   o b j e c t   of   t h e   i n v e n t i o n   i s   in   t h e   p r o d u c t i o n   o f  

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

a c h i e v e   h i g h e r   r e m a n e n c e   v a l u e s .  

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

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

c h a r g e   of  a  m a g n e t   a l l o y   to   f o rm  a  m a g n e t   a r t i c l e ,  

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

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

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

a p p l i e d   as  a t   l e a s t   one   p u l s e   w i t h   e a c h   s a i d   p u l s e   h a v i n g   a  

d u r a t i o n   n o t   e x c e e d i n g   one  s e c o n d   and   a  p o w e r   l e v e l   of   a t   l e a s t  

5 0 , 0 0 0   o e r s t e d   ( 3 9 7 8 9   a m p e r e   t u r n s   p e r   c e n t i m e t r e )   and   t h e r e -  

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

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

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

c h a r g e   of  a  m a g n e t   a l l o y   to   f o r m   a  m a g n e t   a r t i c l e ,  

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

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

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

p a r t i c l e s   to   c o n s o l i d a t e   t h e   same  to   f u l l   d e n s i t y .  

I t   has   b e e n   d e t e r m i n e d   b r o a d l y   in   a c c o r d a n c e   w i t h   t h e  

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

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

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

a r e   p r e s e n t   in  a  g i v e n   v o l u m e ' o f   t h e   body   of   t h e   m a g n e t  

m a t e r i a l ) .   A c c o r d i n g l y ,   in   t h e   b r o a d e r   a s p e c t s   of   t h e  

i n v e n t i o n   i t   ha s   b e e n   d i s c o v e r e d   t h a t   i f   one  s u b j e c t s   a  

p a r t i c l e   c h a r g e   o f   m a g n e t   a l l o y ,   w h i c h   may  be  one  or   m o r e  



t r a n s i t i o n   e l e m e n t s ,   e . g .   n i c k e l ,   c o b a l t ,   i r o n ,   c h r o m i u m ,  

m a n g a n e s e ,   c o p p e r ,   z i r c o n i u m   and  t i t a n i u m ,   in  c o m b i n a t i o n  

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

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

t e m p e r a t u r e   b u t   a b o v e   t h e   t e m p e r a t u r e   n e c e s s a r y   to  p r o d u c e  

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

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

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

m a i n t a i n i n g   good   c o e r c i v e   f o r c e .   C o e r c i v e   f o r c e   i s  

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

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

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

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

may  be  a  c o l l a p s i b l e   c o n t a i n e r   w i t h i n   w h i c h   t h e   m a t e r i a l   c a n  

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

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

p e r   p u l s e   and  e a c h   p u l s e   t y p i c a l l y   w i l l   be  of  t h e   o r d e r   o f  

15  m i l l i s e c o n d .   A t  l e a s t   one   p u l s e   and  p r e f e r a b l y   two  p u l s e s  

a t   a  p o w e r   l e v e l   of  a t   l e a s t   5 0 , 0 0 0   Oe  (39789   a m p e r e   t u r n s  

p e r   c e n t i m e t r e )   i s   s u i t a b l e   f o r   t h e   p u r p o s e .   A f t e r -  

m a g n e t i c   a l i g n m e n t   of  t h e   p a r t i c l e s ,   t h e   p a r t i c l e s   may  b e  

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

C o n v e n t i o n a l l y ,   h i g h l y   o r i e n t e d   SmCoS  m a g n e t s   h a v e   b e e n  

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

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

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

( - 2 6 8 ° C   ( - 4 5 0 ° F ) )   to   p a s s   t h e   h i g h - d e n s i t y   c u r r e n t   n e c e s s a r y  

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

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

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

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

c o n d u c t i n g   s o l e n o i d s .   The  c o n t a i n e r   may  be  a  r u b b e r   bag  a n d  

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

p r e s e n c e   of  a  c o n s t a n t   DC  f i e l d   w h i c h   s e r v e s   to   m a i n t a i n  

a l i g n m e n t .   A l t e r n a t i v e l y ,   t h e   p a r t i c l e s   of  m a g n e t   m a t e r i a l  

may  be  a l i g n e d   w i t h i n   a  p r e f o r m e d   c o n t a i n e r ,   w h i c h   w i l l   b e  

c o l l a p s i b l e   and  o f   a  m a t e r i a l   s u c h   as  s t a i n l e s s   s t e e l .   T h e  

s t e p   of   s u b j e c t i n g   t h e   a l i g n e d   m a t e r i a l   to   a  s t e a d y   DC  f i e l d  

in   an  e v a c u a t e d   c o n t a i n e r   h a s   b e e n   f o u n d   to   " l o c k   i n "   t h e  

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

of  t h e   p a r t i c l e s   may  be  e f f e c t e d   in   any  s u i t a b l e   m a n n e r ,  

e g . ,   by  d i e   p r e s s i n g   p l u s   s i n t e r i n g ,   by  c o l d   i s o s t a t i c  

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

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

r e s p e c t   to   t h e   p r a c t i c e   o f ,  t h e   i n v e n t i o n   as  d e s c r i b e d   a b o v e  

and   d e m o n s t r a t e   i t s   u t i l i t y :  

E x a m p l e   1:  SmCoS  p o w d e r   was   o r i e n t e d   in   a  d i e   c a v i t y   w i t h   a n  

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

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

p o w d e r   a f t e r   s i n t e r i n g   and  p o s t   s i n t e r i n g   had   t h e   p r o p e r t i e s  

as  s e t   f o r t h   in   T a b l e   I .  

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

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

o n l y )   and  a s - h o t - i s o s t a t i c a l l y   p r e s s e d   ( H I P e d )   a t   9 5 4 0 C  

( 1 7 5 0 ° F ) .   The  a s - H I P e d   m a g n e t   had  t h e   p r o p e r t i e s   as  s e t  



f o r t h   in   T a b l e   I .  

The  HIPed   m a g n e t   was  r e h e a t   t r e a t e d   a t   9 1 0 ° C  

( 1 6 7 0 ° F )   f o r   t h r e e   h o u r s   and  q u e n c h e d .   The  m a g n e t i c   p r o p e r t i e s  

a f t e r   H I P i n g   and  h e a t   t r e a t m e n t   a r e   s e t   f o r t h   in  T a b l e   I .  

E x a m p l e   2:  A n o t h e r   m a g n e t   p r e p a r e d   a c c o r d i n g   t o   t h e   s a m e  

p r o c e d u r e s   p r e s c r i b e d   a s  i n   E x a m p l e   1  had  t h e   p r o p e r t i e s   s e t  

f o r t h   in   T a b l e   I I .  

E x a m p l e   3:  A n o t h e r   m a g n e t   of   SmCoS  f rom  a  b a t c h   o t h e r   t h a n   i n  

E x a m p l e s   1  a n d   2  was  p r e p a r e d   as  d e s c r i b e d   in   E x a m p l e   1.  T h e  

p r o p e r t i e s   a r e   r e c o r d e d   in   T a b l e   I I I .  



I t   may  be  s e e n   f r o m   t h e   m a g n e t i c   p r o p e r t y   d a t a   t h a t  

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

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

i s   a c h i e v e d   w i t h   r e s p e c t   t o   c o e r c i v e   f o r c e   when  a f t e r   h o t -  

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

h e a t   t r e a t m e n t .   The  d e t e r i o r a t i o n   o f   t h e   c o e r c i v e   f o r c e   a f t e r  

H I P i n g   i s   b e l i e v e d  t o   be  due  to   p h a s e   s e p a r a t i o n .  

E x a m p l e   4:  U s i n g   t h e   p o w d e r   f r o m   t h e   same  b a t c h   as  in   E x a m p l e  

3,  a  m a g n e t   was  made  by  s i n t e r i n g   SmCoS  p o w d e r   t h a t   w a s  

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

had  t h e   p r o p e r t i e s   s e t   f o r t h   in  T a b l e   I V .  

W i t h   t h e   m a g n e t   a l l o y   of  E x a m p l e   4  t h e   t h e o r e t i c a l  

maximum  d e n s i t y   i s   8 .6   gm/Cm3.   The  s p e c i f i c   m a g n e t   h a d  a  



d e n s i t y   of   8 . 3 1   gm/Cm3  b e f o r e   h o t   i s o s t a t i c   p r e s s i n g   and  t h e  

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

2%,  w h i c h   a c c o u n t s   f o r   t h e   s m a l l   i m p r o v e m e n t   in   r e m a n e n c e  

r e p o r t e d   in   t h e   e x a m p l e .   I t   i s   a n t i c i p a t e d   t h a t   i f   t h e  

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

i s o s t a t i c   p r e s s i n g   a b o u t   a  3%  i n c r e a s e   in  r e m a n e n c e   w o u l d  

r e s u l t .  

E x a m p l e   5:  SmCo5  a l l o y   was  l o a d e d   i n t o   a  s t a i n l e s s   c o n t a i n e r  

and   h y d r o g e n   a d m i t t e d   i n t o   t h e   c o n t a i n e r .   The  p r e s s u r e   w a s  

b u i l t   up  to   30  a t m o s p h e r e s ;   h y d r o g e n   a b s o r p t i o n   by  t h e   a l l o y  

r e s u l t s   in   a  d i s i n t e g r a t i o n   of  t h e   a l l o y   t o   a b o u t   - 8 0   m e s h  

p o w d e r .   The  d e h y d r i d e d   p o w d e r   was  j e t   m i l l e d   to   a b o u t   4 

p a r t i c l e   s i z e .  

The  f i n e   p o w d e r   was  l o a d e d   i n t o   a  r u b b e r   bag  o f  

19 .05mm  ( 3 / 4 " )   d i a m e t e r   and  t h e   bag   was  c o n t a i n e d   in  a  s t a i n -  

l e s s   or   p l a s t i c s   s h e a t h .   The  bag   was  t h e n   p r e s s u r i z e d  a n d  

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

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

t i m e s ,   w i t h   e n o u g h   p o w e r   to   g e n e r a t e   6 0 , 0 0 0   Oe  (47746   a m p e r e  

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

The  o r i e n t e d   p o w d e r   was  t h e n   p l a c e d   in   a  s t e a d y   DC 

f i e l d   o f  ~  1 0   kOe  and   t h e   bag  e v a c u a t e d   t o   l o c k   t h e   a l i g n m e n t .  

The  e v a c u a t e d   bag  c o n t a i n i n g   t h e   p o w d e r   was  t h e n   p l a c e d   in   a n  

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

7040   Kg/cm2  ( 1 0 0 , 0 0 0   p s i ) .   The  g r e e n   c o m p a c t   was  s u b s e q u e n t l y  

s i n t e r e d   b e t w e e n   1 0 0 0 - 1 2 0 0 ° C   and  p o s t   s i n t e r   a g e d   b e t w e e n  

8 7 0 - 9 3 0 ° C .  

The  m a g n e t s   p r e p a r e d   f rom  t h e s e   f o u r   b a t c h e s   of  p o w d e r  



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

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

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

E x a m p l e   6:  P o w d e r   of   SmCo5  was  l o a d e d   in   a  r u b b e r   bag   a n d  

o r i e n t e d   in   t h e   p o l e s   of  a n  e l e c t r o m a g n e t   i n   a  f i e l d   of   25  k O e .  

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

DC  f i e l d .   The  e v a c u a t e d   bag   c o n t a i n i n g   t h e   o r i e n t e d   p o w d e r  

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

t r e a t m e n t .   The  m a g n e t   had   t h e   f o l l o w i n g   p r o p e r t i e s   as  shown  i n  

T a b l e   V I .  

E x a m p l e   7:  A  f o u r t h   b a t c h   of  SmCoS  was  p r o c e s s e d   i n t o   m a g n e t s  

by  p r o c e d u r e s   as  d e s c r i b e d   in   E x a m p l e   1  e x c e p t   f o r   a  c h a n g e   i n  

t h e   c o m p a c t i o n   m e t h o d .   The  p o w d e r   c o n t a i n e d   in   t h e   bag   a f t e r  

a l i g n m e n t   was  i n i t i a l l y   c o m p a c t e d   i n s i d e   t h e   bag   by  p l a c i n g  



t h e   bag   t o w a r d s   t h e   end   of   t h e   c o i l   and  e m p l o y i n g   t h e   f i e l d  

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

i n i t i a l   c o m p a c t i o n   t o   an  i n t e r m e d i a t e   d e n s i t y   by  a d d i t i o n a l  

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

f i e l d   was  e v a c u a t e d ,   i s o s t a t i c a l l y   p r e s s e d   and  s i n t e r e d .   T h e  

s i n t e r e d   s a m p l e   was  o f   u n i f o r m   d i a m e t e r   and   had  a  f l a t   t o p   a n d  

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

g r a d i e n t   p a c k i n g   w h i c h   had   a  p y r a m i d a l   t o p .   The  m a g n e t i c  

p r o p e r t i e s   of   t h e   s i n t e r e d   m a g n e t   p r e p a r e d   as  p e r   t h i s  

e x a m p l e   a r e   shown  in   T a b l e   V I I .  

E x a m p l e   8:  A  r e c t a n g u l a r   p r e f o r m   w h i c h   h a s   t h e   d i m e n s i o n s   of   a  

d i e   c a v i t y   was  l o a d e d   w i t h   p o w d e r   and  t h e   p o w d e r   was  o r i e n t e d  

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

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

l o w e r   p u n c h e s .   A f t e r   a l l   t h e   p o w d e r   had  t r a n s f e r r e d   i n t o   t h e  

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

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

p a r t   was  s i n t e r e d   and   p o s t   s i n t e r e d .   The  m a g n e t   p r e p a r e d   i n  

t h i s   m a n n e r   had   t h e   f o l l o w i n g   p r o p e r t i e s   s e t   f o r t h   on  T a b l e  

V I I I .  

E x a m p l e   9:  From  t h e   same  b a t c h   of  p o w d e r   one  m a g n e t   w a s  

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

a p p l y i n g   t h e   DC  f i e l d ,   and  p r e s s i n g .   The  p r o p e r t i e s   of   t h e s e  

two  m a g n e t s   a r e   s e t   f o r t h   in  T a b l e   V I I I .  



I t   may  be  s e e n   f r o m   t h e   d a t a   r e p o r t e d   i n   E x a m p l e s   5 

to  9  t h a t   a l i g n i n g   by  t h e   u s e   of   a  p u l s a t i n g   m a g n e t i c  f i e l d  

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

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

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

and  e n e r g y   p r o d u c t .  



1.  A  m e t h o d   f o r   p r o d u c i n g   m a g n e t s   w i t h   i m p r o v e d  

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

to   fo rm  a  m a g n e t   a r t i c l e ,   c h a r a c t e r i s e d   in  t h a t   s a i d   m e t h o d  

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

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

s a i d   m a g n e t i c   f i e l d   b e i n g   a p p l i e d   as  a t   l e a s t   one  p u l s e   w i t h  

e a c h   s a i d   p u l s e   h a v i n g   a  d u r a t i o n   n o t   e x c e e d i n g   one  s e c o n d  

and   a  p o w e r   l e v e l   o f   a t   l e a s t   5 0 , 0 0 0   o e r s t e d   (39789   a m p e r e  

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

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

2.  The  m e t h o d   of  c l a i m   I ,   c h a r a c t e r i s e d   in  t h a t   s a i d  

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

a l i g n m e n t   and  s u b s e q u e n t   c o n s o l i d a t i o n .  

3.  The  m e t h o d  o f   c l a i m  2 ,   c h a r a c t e r i s e d   in   t h a t  

s a i d   c o n t a i n e r   i s   a  r u b b e r   b a g .  

4.  The  m e t h o d   of   c l a i m   1,  2  or   3  c h a r a c t e r i s e d   i n   t h a t  

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

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

5.  The  m e t h o d   o f  a n y   one  of   c l a i m s   1  to   4 , 4  

c h a r a c t e r i s e d   in   t h a t   s a i d   c o n t a i n e r   i s   e v a c u a t e d   in   t h e  

p r e s e n c e   of   a  DC  e l e c t r i c   f i e l d   a f t e r   a l i g n m e n t   of  s a i d  

p a r t i c l e s .  

6.  The  m e t h o d   of  a n y  o n e   of  t h e   p r e c e d i n g   c l a i m s ,  

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

t r a n s i t i o n   e l e m e n t   and   a t   l e a s t   one  r a r e   e a r t h   e l e m e n t .  

7.  The  m e t h o d   of   c l a i m   6,  c h a r a c t e r i s e d   in  t h a t   a t  

l e a s t   one  of  s a i d   t r a n s i t i o n   e l e m e n t s   i s   c o b a l t .  



8.  The  m e t h o d   of   c l a i m   6  or  7,  c h a r a c t e r i s e d   in   t h a t  

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

9.  The  m e t h o d   of   a n y  o n e   of   t h e   p r e c e d i n g   c l a i m s ,  

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

p a r t i c l e s ,   s a i d   p a r t i c l e s   a r e   c o m p a c t e d   to   an  i n t e r m e d i a t e  

d e n s i t y   by  a d d i t i o n a l   p u l s i n g .  

lO.   The  m e t h o d   of   a n y  o n e   of   t h e   p r e c e d i n g   c l a i m s ,  

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

s i n t e r i n g .  

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

1  t o  9 ,   c h a r a c t e r i s e d   in   t h a t   c o n s o l i d a t i o n   i s   by  c o l d   i s o s t a t i c  

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

12.   A  m e t h o d   f o r   p r o d u c i n g   m a g n e t s   w i t h   i m p r o v e d  

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

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

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

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

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

to   f u l l   d e n s i t y .  

13.   The  m e t h o d   o f   c l a i m   12,   c h a r a c t e r i s e d   in   t h a t  

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

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

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

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

14 .   The  m e t h o d   of   c l a i m   12  or  13,   c h a r a c t e r i s e d   i n  

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



e l e m e n t   and  a t   l e a s t   one   r a r e   e a r t h   e l e m e n t .  

15.  The  m e t h o d   of  c l a i m   14,  c h a r a c t e r i s e d   in  t h a t  

a t   l e a s t   one  of  s a i d   t r a n s i t i o n   e l e m e n t s   i s   c o b a l t .  

16.  The  m e t h o d   of   c l a i m   14  or   15 ,   c h a r a c t e r i s e d   i n  

t h a t   a t   l e a s t   one  of  s a i d   r a r e   e a r t h   e l e m e n t s   i s   s a m a r i u m .  

17.  The  m e t h o d   of   a n y  o n e   of  c l a i m s   12  to   1 6 ,  

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

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

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