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j$  Permanent  magnetic  material  and  method  for  producing  the  same. 
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@  A  permanent  magnetic  material  of  a  desired  bulk  shape 
is  obtained  which  comprises  a  composite  microstructure 
consisting  of  magnetic  particles  of  Nd2Fe14B  dispersed 
within  a  metallic  cementing  phase  of  10%  or  less  by  volume 
of  the  magnetic  material.  A  magnetic  powder  is  prepared 
from  an  alloy  comprising  Nd2Fe14B  compound  and  is  mixed 
with  an  alloy  powder  having  a  melting  point  lower  than  the 
peritectic  temperature  of  Nd2Fe14B,  and  the  mixed  powder  is 
sintered  at  a  temperature  higher  than  the  melting  point  but 
lower  than  the  peritectic  temperature,  so  that  the  alloy 
powder  melts  and  forms  the  cementing  phase  covering 
each  magnetic  particle  to  thereby  realize  high  coercive 
force  and  excellent  corrosion  resistance.  In  place  of  Nd, 
other  rare  earth  metal  or  metals  can  be  used.  A  part  of  Fe 
can  be  replaced  by  other  transition  metal  or  metals.  For 
the  cementing  metallic  element  or  elements,  Al,  Zn,  Sn,  Cu, 
Pb,  S,  In  Ga,  Ge,  and  Te  can  be  used. 
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P e r m a n e n t   M a g n e t i c   m a t e r i a l   a n a  

M e t h o d   f o r   P r o d u c i n g   t he   s a m e  

1)  F i e l d   of   t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to   a  p e r m a n e n t   m a g n e t  

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

5  i r o n - r a r e   e a r t h   m e t a l   - b o r o n   ( R - F e - B )   p e r m a n e n t   m a g n e t  

m a t e r i a l   w i t h   a  h i g h   c o e r c i v e   f o r c e .  

2)  D e s c r i p t i o n   of  t h e   P r i o r   A r t  

P e r m a n e n t   m a g n e t s   h a v e   b e e n   u s e d   in   v a r i o u s  

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

10  R e c e n t l y ,   d e m a n d s   f o r   Sm-Co  p e r m a n e n t   m a g n e t s  

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

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

h i g h   e n e r g y   p r o d u c t   of  Sm-Co  m a g n e t s .   H o w e v e r ,   t h e  

Sm-Co  m a g n e t s   a r e   e x p e n s i v e   b e c a u s e   of   u s e   of  c o b a l t .  
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T h e r e f o r e ,   v a r i o u s   a p p r o a c h e s   a r e   made  f o r   n e w  

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

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

A  p o s s i b l e   a p p r o a c h   has   b e e n   d i r e c t e d   to   a  n o v e l  

5  i n t e r m e t a l l i c   c o m p o u n d   of  t r a n s i t i o n   m e t a l   (T)  and   r a r e  

e a r t h   m e t a l   (R)  i n s t e a d   of  t h e   Sm-Co  i n t e r m e t a l l i c  

c o m p o u n d .  

H o w e v e r ,   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   w i t h o u t   u s e  

of  Co  h a v e   b e e n   c o n s i d e r e d   i m p o s s i b l e   to   p r o d u c e   a  

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

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

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

r e f e r e n c e   i s   made  to   K.  J.   S t r n a t ;   IEEE  T r a n s .   M a g .  

( 1 9 7 2 )   5 1 1 .  

15  In  A p p l .   P h y s .   L e t t .   3 9 ( 1 0 )   ( 1 9 8 1 ) ,   840 ,   N.  C .  

Koon  and   B.  N.  Das  d i s c l o s e d   m a g n e t i c   p r o p e r t i e s   o f  

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

( F e 0 . 8 2 B 0 . 1 8 ) 0 . 9 T b 0 . 0 5 L a 0 . 0 5 -   T h e ^   W r ° t e   t h a t  

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

2  0  r e l a t i v e l y   h i g h   t e m p e r a t u r e   of  900  K,  w h i c h   a l s o   m a r k e d  

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

f o r c e   .  They   f o u n d   o u t   t h a t   t h e   a l l o y   in   t h e  

c r y s t a l l i z e d   s t a t e   a p p e a r e d   p o t e n t i a l l y   u s e f u l   as  l o w  

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

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

i n t e r m e t a l l i c   c o m p o u n d   of   R - F e - B   (R  =  Tb  and   La)  a r e  

f o r m e d   in   t h e   a l l o y .   R e v i e w i n g   t h e   R - F e - B   (R=Gd,  S n ,  

Nd)  t e r n a r y   p h a s e   d i a g r a m   by  N.  F.  C h a b a n ,   Y.  B.  K u z ' m a ,  
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N.  S.  B i l o n i z h k o ,   0.  0.  K a c h m a r   and  N.  W.  p e t r i v ;  

D o p o d i v i   A k a d .   Nuk  .  Ukr .   RSR,  S e r .   A  ( 1 9 7 9 )   No.  10,   P . P .  

8 7 5 - 8 7   7,  t h e   i n t e r m e t a l l i c   c o m p o u n d   R - F e - B   (R  =  Tb  a n d  

La)  by  Koon  e t   a l   i s   g u e s s e d   to   be  r e p r e s e n t e d   b y  

5  R ^ F e ^ g B ,   w h i c h   i s   c o n f i r m e d   to   be  N d 2 F e 1 4 B   by  J .   J .  

C r o a t   e t   a l   .  R e f e r e n c e   i s   made  to   J.   J .   C r o a t ,   J .   F .  

H e r b s t ,   R.  W.  Lee  and  F.  E.  P i n k e r t o n ;   J .   A p p l .   P h y s ,   55  

( 1 9 8 4 )   2 0 7 8 .  

T h e r e f o r e ,   c o n s i d e r i n g   t h e   s a t u r a t i o n  

10  m a g n e t i z a t i o n   of  an  i n t e r m e t a l l i c   c o m p o u n d   of  R-T  a s  

shown  in  t h e   a b o v e - d e s c r i b e d   r e f e r e n c e   by  K-.  J .   S t r n a t ,  

i t   can  be  g u e s s e d   t h a t   u se   of  Ce,  P r ,   a n d / o r   Nd  f o r   R  i n  

F e - B - R   a l l o y   can   p r o v i d e   a  b e t t e r   m a g n e t i c   p r o p e r t i e s  

f o r   p e r m a n e n t   m a g n e t s   t h a n   t h e   F e - B - L a - T b   a l l o y .  

15  J.  J .   C r o a t   p r o p o s e d   a m o r p h o u s   (Nd  a n d / o r  

P r ) - F e - B   a l l o y   h a v i n g   m a g n e t i c   p r o p e r t i e s   f o r   a  

p e r m a n e n t   m a g n e t   as  d i s c l o s e d   in   J P - A - 6 0 0 0 9 8 5 2   .  T h o s e  

m a g n e t i c   p r o p e r t i e s   was  c o n s i d e r e d   to   be  c a u s e d   by  a  

m i c r o s t r u c t u r e   w h e r e   N d 2 F e ^ 4 B   p a r t i c l e s   h a v i n g   a  

2  0  p e r t i c l e   s i z e   of  2  0 -30   nm  we re   d i s p e r s e d   w i t h i n   a n  

a m o r p h o u s   Fe  p h a s e .   R e f e r e n c e   i s   f u r t h e r   made  to   R.  K .  

M i s h r a :   J .   M a g n e t i s m   and  M a g n e t i c   M a t e r i a l s   5 4 - 5 7   ( 1 9 8 6 )  

4 5 0 .  

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

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

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

m a g n e t   c a n n o t   be  o b t a i n e d   f r o m   t h e   a m o r p h o u s   a l l o y .  
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S a g a w a ,   F u j i w a r a ,   and   M a t s u u r a   p r o p o s e d   a n  

a n i s o t r o p i c   R - F e - B   s i n t e r e d   m a g n e t   in   J P - A - 5 9 0 4 6 0 0 8  

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

( e s p e c i a l l y   Nd)  ,  Fe ,   and   B  by  a  c o n v e n t i o n a l   p o w d e r  

5  m e t a l l u r g i c a l   p r o c e s s e s .   The  s i n t e r e d   m a g n e t   has   m o r e  

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

t h e   known  Sm-Co  m a g n e t s   . 

H o w e v e r ,   t h e   R - F e - B   s i n t e r e d   m a g n e t   has   a  

p r o b l e m   in   c o n s i d e r a b l y   low  c o r r o s i o n   r e s i s t a n c e .  

10  F u r t h e r ,   s i n c e   t h e   R - F e - B   a l l o y   o u t   o f  

s t o i c h i o m e t r i c   c o m p o u n d   of  Nd2Fe14B  i s   a c t i v e   to   o x y g e n ,  

a n y   c a r e   i s   n e c e s s a r y   so  as  to   p r e v e n t   t h e   a l l o y   f r o m  

o x i d a t i o n .   M o r e o v e r   a  s u r f a c e   o x i d e   l a y e r   m u s t   b e  

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

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

a c c u r a c y .  

I t   i s   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  p e r m a n e n t   m a g n e t   m a t e r i a l   of   a  b u l k   s h a p e  

2  0  c o m p r i s i n g   R 2 T ^ B   m a g n e t i c   c o m p o u n d   and   h a v i n g   a n  

e x c e l l e n t   c o r r o s i o n   r e s i s t a n c e .  

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  

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   t h e   b u l k - s h a p e   p e r m a n e n t  

m a g n e t   m a t e r i a l   c o m p r i s i n g   R2T14B  m a g n e t i c   c o m p o u n d   a n d  

25  h a v i n g   an  e x c e l l e n t   c o r r o s i o n   r e s i s t a n c e .  

I t   i s   s t i l l   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   to   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   t h e  

b u l k - s h a p e   p e r m a n e n t   m a g n e t   m a t e r i a l   c o m p r i s i n g   R 2 T 1 4 B  
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m a g n e t i c   c o m p o u n d   w i t h   an  e x c e l l e n t   d i m e n s i o n a l  

a c c u r a c y .  

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 ,   a  m a g n e t i c  

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

5  can  be  o b t a i n e d   w h i c h   c o n s i s t s   e s s e n t i a l l y   of  a  m e t a l l i c  

c e m e n t i n g   p h a s e   and   m a g n e t i c   c r y s t a l l i n e   p a r t i c l e s  

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

The  c e m e n t i n g   p h a s e   i s   10%  or  l e s s   by  v o l u m e   of   t h e  

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

10  s e l e c t e d   f r o m   a  f i r s t   m e t a l l i c   g r o u p   of  A l ,   Zn,  Sn,  C u ,  

Pb,  S,  I n ,   Ga,  Ge,  and  Te  .  The  m a g n e t i c   c r y s t a l l i n e  

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

m a g n e t i c   b o d y   and   i s   a  c o m p o s i t i o n   r e p r e s e n t e d   by  a  

c h e m i c a l   f o r m u l a   R^T^^B ,   w h e r e   R  i s   a t   l e a s t   one  e l e m e n t  

15  s e l e c t e d   f r o m   Y  and   r a r e   e a r t h   m e t a l s ,   T  b e i n g  

t r a n s i t i o n   m e t a l   and  c o m p r i s i n g   Fe  5 0 - 1 0 0   at%  in   t h e  

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

e m b e d d e d   in   t h e   c e m e n t i n g   p h a s e   to   f o r m   an  i n t e r f a c e  

t h e r e b e t w e e n   . 

2  0  The  c e m e n t i n g   p h a s e   i s   i n e r t   to   o x y g e n   i n  

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

r e s i s t a n c e   . 

The  c e m e n t i n g   p h a s e   may  c o m p r i s e   a n  

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

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

m e t a l l i c   g r o u p   of  R,  T,  and   B .  

The  p r e s e n t   i n v e n t i o n   f u r t h e r   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   a  m a g n e t i c   b o d y   w i t h   a  h i g h   c o e r c i v e   f o r c e  
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f o r   a  p e r m a n e n t   m a g n e t .   The  m e t h o d   c o m p r i s e s   s t e p s   o f :  

p r e p a r i n g   an  i n g o t   of  R-T-B   m a g n e t i c   a l l o y   c o m p r i s i n g   a  

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

c h e m i c a l   f o r m u l a   of  R2T14B,   w h e r e   R  i s   a t   l e a s t   o n e  

5  e l e m e n t   s e l e c t e d   f r o m   Y  and   r a r e   e a r t h   m e t a l s ,   T  b e i n g  

t r a n s i t i o n   m e t a l   b u t   c o m p r i s i n g   Fe  5 0 - 1 0 0   at%  in   t h e  

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

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

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

10  s e l e c t e d   f r o m   a  f i r s t   m e t a l l i c   g r o u p   of  Al ,   Zn,  Sn,   C u ,  

Pb,   S,  I n ,   Ga,  Ge,  and   Te;  m i x i n g   t h e   m e t a l l i c   c e m e n t i n g  

p o w d e r   of   10%  or  l e s s   by  v o l u m e   and   t h e   m a g n e t i c   p o w d e r  

of  s u b s t a n t i a l l y   b a l a n c e   to   p r e p a r e   a  m i x e d   p o w d e r ;   a n d  

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

15  e l e v a t e d   t e m p e r a t u r e .  

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

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

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

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

20  a  t e m p e r a t u r e   l o w e r   t h a n   a  p e r i t e c t i c   r e a c t i o n  

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

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

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

b o d y .  

25  The  s i n t e r e d   b o d y   may  be  s u b j e c t e d   to   a  h e a t  

t r e a t m e n t   a t   a  t e m p e r a t u r e ,   p r e f e r a b l y ,   3 0 0 - 9 0 0   °C  f o r  

i m p r o v i n g   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   s i n t e r e d   b o d y .  



7 

0  2 4 9   9 7 3  

The  b u l k - s h a p e   body   f o r m i n g   s t e p   may  be  h o t  

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

i n t o   t h e   b u l k - s h a p e   body   a t   an  e l e v a t e d   t e m p e r a t u r e  

l o w e r   t h a n   1 , 1 0   0  °C  b u t   h i g h e r   t h a n   a  m e l t i n g  

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

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

p r o c e s s   and   a l t e r n a t i v e l y   a  h o t - e x t r u s i o n   p r o c e s s .  

F i g .   1  i s   a  s c h e m a t i c   v i e w   of  a  m i c r o s t r u c t u r e  

10  of  a  b u l k - f o r m   p e r m a n e n t   m a g n e t   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 ;  

F i g .   2  i s   a  v i e w   i l l u s t r a t i n g   v a r i a t i o n   o f  

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

to   N d ^ p F e ^ A l ^ Q   in  t h e   m a g n e t ;  

15  F i g .   3  i s   a  v i e w   i l l u s t r a t i n g   a  m i c r o s t r u c t u r e  

of  a  p e r m a n e n t   m a g n e t   m a t e r i a l   o f  

( N d 2 F e 1 4 B )   g5  ( N d 3 0 F e 4 0 A l 3 0   )  5  a c c o r d i n g   to   an  e x a m p l e   o f  

t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   4  i s   a  v i e w   i l l u s t r a t i n g   a  m i c r o s t r u c t u r e  

2  0  of  a  p e r m a n e n t   m a g n e t   m a t e r i a l   o f  

( N d 2 F e 1 4 B ) g g   t - ( N d C u 2 ) ^ 0    ̂ a c c o r d i n g   to   a n o t h e r   e x a m p l e  

of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   5  i s   a  v i e w   i l l u s t r a t i n g   a  m i c r o s t r u c t u r e  

of  a  p e r m a n e n t   m a g n e t   m a t e r i a l   o f  

25  ( N d 2 F e 1 4 B )   g5  (Pbgg  gSn^Q  4)5  a c c o r d i n g   to   s t i l l   a n o t h e r  

e x a m p l e   of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   6  i s   a  v i e w   i l l u s t r a t i n g   a  m i c r o s t r u c t u r e  

of  a  p e r m a n e n t   m a g n e t   m a t e r i a l   o f  
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( N d 2 F e 1 4 B ) g 5 ( N d 4 0 F e 2 0 P b 2 0 S n 2 0 ) 5   a c c o r d i n g   to   y e t   a n o t n e r  

e x a m p l e   of   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   7  i s   a  v i e w   i l l u s t r a t i n g   v a r i a t i o n   of  a  

c o e r c i v e   f o r c e   of  a  p e r m a n e n t   m a g n e t   m a t e r i a l   in   a n  

5  e x a m p l e   to   a  h e a t   t r e a t m e n t   t e m p e r a t u r e ;   a n d  

F i g .   8  i s   a  v i e w   i l l u s t r a t i n g   v a r i a t i o n   of  a  

c o e r c i v e   f o r c e   of   a  p e r m a n e n t   m a g n e t   m a t e r i a l   in   a n  

e x a m p l e   to   a  h e a t   t r e a t m e n t   t i m e   p e r i o d .  

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

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

a  c o r r o s i o n   r e s i s t a n c e   by  m a k i n g   t h e   m a t e r i a l   to   h a v e   a  

m i c r o s t r u c t u r e   as  shown  in   F i g .   1  w h e r e   m a g n e t i c  

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

15  N d 2 F e 1 4 B   a r e   d i s p e r s e d   w i t h i n   a  m e t a l l i c   c e m e n t i n g  

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

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

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

N d .  

2  0  In  o r d e r   to   r e a l i z e   t h e   m i c r o s t r u c t u r e ,   N d 2 F e 1 4 B  

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

p r e p a r e d   and   t h o s e   p o w d e r   a r e   m i x e d .   The  m i x e d   p o w d e r  

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

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

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

t o g e t h e r   . 

The  m e t a l l i c   e l e m e n t   or   e l e m e n t s   a r e   s e l e c t e d   t o  

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

N d ^ e ^ B ,   and  t h e   e l e v a t e d   t e m p e r a t u r e   i s   a l s o   s e l e c t e d  

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

t h e   m e l t i n g   p o i n t   of  t h e   c e m e n t i n g   p o w d e r .   T h e r e f o r e ,  

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

p h a s e   by  t h e   s i n t e r i n g   p r o c e s s   or  h o t   c o m p a c t i o n   p r o c e s s  

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

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

Nd  i s   a c t i v e   to   o x y g e n   i f   t h e y   do  n o t   f o r m   any-  

10  i n t e r m e t a l l i c   c o m p o u n d   t o g e t h e r   or  w i t h   o t h e r   m e t a l l i c  

e l e m e n t   or  e l e m e n t s .   T h e r e f o r e ,   i t   i s   d e s i r e d   t h a t   t h e  

c e m e n t i n g   p h a s e   i n c l u d e s   no  N d .  

H o w e v e r ,   a t   t h e   h i g h   t e m p e r a t u r e   f o r   t h e  

s i n t e r i n g   or  h o t - c o m p a c t i o n ,   Nd  a n d / o r   Fe  d i f f u s e   f r o m  

15  t h e   m a g n e t i c   p o w d e r   i n t o   t h e   c e m e n t i n g   p h a s e   so  t h a t   t h e  

i n t e r m e t a l l i c   c o m p o u n d   of  N d 2 F e 1 4 B   i s   d e c o m p o s e d .   I n  

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

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

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

2  0  i n t e r m e t a l l i c   c o m p o u n d   or  c o m p o u n d s   w i t h   o t h e r   m e t a l l i c  

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

i s   p r e p a r e d   as  an  a l l o y   p o w d e r   i n c l u d i n g   Nd  and  Fe  i n  

a d d i t i o n   to   t h e   i n t e r m e t a l l i c   c o m p o u n d   of  N d 2 F e ^ 4 B .  

In  e i t h e r   u s e   of  t h e   f o r m e r   and   t h e   l a t t e r   w a y s ,  

2  5  Nd  and  Fe  a r e   p r e s e n t   in  t h e   c e m e n t i n g   p h a s e   of  t h e  

p r o d u c e d   b o d y .   H o w e v e r ,   Nd  f o r m s   an  i n t e r m e t a l l i c  

c o m p o u n d   w i t h   t h e   o t h e r   m e t a l l i c   e l e m e n t   or  e l e m e n t s .  
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A c c o r d i n g l y ,   t h e   c e m e n t i n g   p h a s e   i s   a l s o   - e x c e l l e n t   i n  

c o r r o s i o n   r e s i s t a n c e .  

G e n e r a l l y   s p e a k i n g ,   s i n c e   a  c o m p a r a t i v e l y   h i g h  

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

5  of   t h e   f o r m e r   and   t h e   l a t t e r   can   be  e m p l o y e d .   H o w e v e r ,  

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

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

i n t e r m e t a l l i c   c o m p o u n d   of  Nd  and   Fe  w i t h   t h e   o t h e r  

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

10  h i g h e r   t h a n   t h e   t e m p e r a t u r e   f o r   h o t   c o m p a c t i o n .  

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

maximum  10  %  by  v o l u m e   of  t h e   m i x e d   p o w d e r ,   b e c a u s e   w h e n  

t h e   c e m e n t i n g   p o w d e r   e x c e e d s   10  v o l % ,   t h e   a m o u n t   of   t h e  

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

15  r e m a n e n c e .  

I t   s h o u l d   be  n o t e d   t h a t   t h e   i n t e r m e t a l l i c  

c o m p o u n d   of  N d 2 F e 1 4 B   h a s   a  h i g h   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   b u t   has   n o t   a  c o e r c i v e   f o r c e   s u f f i c i e n t   f o r   a  

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

2  0  Now,  t h e   p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   i n  

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  

An  - i n g o t   of   an  i n t e r m e t a l l i c   m a g n e t i c   a l l o y  

r e p r e s e n t e d   by  N d ^ 2 F e 8 i B g   was  p r e p a r e d   by  t h e   i n d u c t i o n  

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

s t a r t   m a t e r i a l s   o f   Nd,  Fe  ( e l e c t r o l y t i c   i r o n ) ,   and  B 

w e r e   98%,  9 9 . 9 % ,   and   99 .5%  or  m o r e ,   r e s p e c t i v e l y .   T h e  

i n g o t   was  p u l v e r i z e d   by  a  c r u s h e r   to   h a v e   a  p a r t i c l e  
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s i z e   b e l o w   24  mesh  ( T y l e r )   a n d ,   t h e r e a f t e r ,   f i n e l y  

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

h a v i n g   an  a v e r a g e   p a r t i c l e   s i z e   of  3  jam.  

On  t h e   o t h e r   h a n d ,   v a r i o u s   m e t a l l i c   p o w d e r s   ( Z n ,  

5  Al ,   S,  I n ,   Ga,  Ge,  Sn,  Te,  Cu,  and   Pb)  f o r   t h e   c e m e n t i n g  

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

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

a  p u r i t y   of  9  9.9%  or  m o r e .  

Each   m e t a l l i c   p o w d e r   was  m i x e d   w i t h   t h e   f i n e  

10  m a g n e t i c   p o w d e r   to   f o r m   m i x e d   p o w d e r .   Each   m e t a l   w a s  

a d j u s t e d   a t   5%  by  v o l u m e   of  t h e   m i x e d   p o w d e r .   Zn,  A l ,  

S,  In ,   Ga,  Ge,  Sn,  Te,  Cu,  and  Pb  w e r e ,   by  w e i g h t ,   5%, 

2%,  2%,  5%,  4%,  4%,  5%,  4%,  6%,  and  7%  in  t h e   m i x e d  

p o w d e r s ,   r e s p e c t i v e l y .  

15  A f t e r   b e i n g   m i x e d   in   a  b a l l   m i l l ,   e a c h   m i x e d  

p o w d e r   was  h o t - p r e s s e d   i n t o   a  d e s i r e d   b u l k - s h a p e   b o d y  

2 
u n d e r   a  p r e s s i n g   s t r e s s   of  1 , 0 0 0   K g . f / c m   a t   a  

t e m p e r a t u r e   of  600°C  w i t h i n   a r g o n   g a s   a t m o s p h e r e   f o r   1 5  

m i n u t e s   . 

2  0  Each   h o t - p r e s s e d   b o d y   was  m e a s u r e d   as  to   d e n s i t y  

d,  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 ,   c o e r c i v e   f o r c e  

j-H-Qt  maximum  e n e r g y   p r o d u c t   ( B H ) m a x .   The  m e a s u r e d   d a t a  

a r e   d e m o n s t r a t e d   w i t h   s a m p l e   n u m b e r s   1 - 1 0   in   T a b l e   1 .  

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

25  Nd,  Fe,   B,  and   Al  were   b l e n d e d   w i t h   e a c h   o t h e r   to   o b t a i n  

an  a l l o y   r e p r e s e n t e d   by  ( N d 1 5 F e 7 7 B 7   )  g5Al5   and  an  i n g o t  

of  t h e   a l l o y   was  p r o d u c e d   by  u s e   of  an  i n d u c t i o n  

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

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

a b o v e .   W h i l e ,   an  i n g o t   r e p r e s e n t e d   by  N d - ^ F e g ^ B g   w a s  

p r e p a r e d   in   t h e   s i m i l a r   m a n n e r   and   a  h o t - p r e s s e d   b o d y  

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

d e s c r i b e d   a b o v e .   D e n s i t i e s   and   m a g n e t i c   p r o p e r t i e s   o f  

t h o s e   two  h o t - p r e s s e d   b o d i e s   a r e   shown  w i t h   s a m p l e  

n u m b e r s   11  and   12,   r e s p e c t i v e l y ,   in   T a b l e   1 .  

T a b l e   1 

10  :  • 

S a m p l e   C o m p o s i t i o n   d  Br  jB.c  ( B H ) m a x  

No*  ( g / c m 3 )   (KG)  (KOe)  (MGOe) 

1  ( N d 1 3 F e 8 1 B 6 ) 9 5 Z n 5   7 .5   7 . 1   1 0 . 8   9 . 8  

2  ( N d 1 3 F e 8 1 B g ) 9 5 A l 5   7 .3   7 .0   1 2 . 6   1 0 . 1  

3  ( N d 1 3 F e 8 1 B 6 )   g6S4  7 . 1   6 .8   1 0 . 5   9 . 2  

4  (Nd,  , F e Q 1 B c )   . - I n .   7 .5   6 .7   9 .9   8 . 6  
13  81  6  97  3 

5  ( N d 1 3 F e 8 1 B 6 ) g g G a 4   7 .4   6 .9   1 0 . 6   9 . 4  

6  ( N d 1 3 F e 8 1 B g ) 9 6 G e 4   7 .4   6 .8   1 0 . 0   8 . 9  

7  (Nd  1 3 F e g l B 6 ) 9 7 S n 3   7 .5   6 .6   1 0 . 1   8 . 5  

8  ( N d 1 3 F e 8 1 B g ) 9 8 T e 2   7 .4   7 .0   7 .9   9 . 1  

9  ( N d 1 3 F e 8 1 B 6 ) g 4 C U g   7 .6   6 .7   9 . 1   8 . 3  

10  ( N d 1 3 F e 8 1 B g ) 9 g P b 2   7 .7   6 .7   9 .2   8 . 2  

11*  ( N d 1 6 F e 7 7 B 7 ) g 5 A l 5   7 .2   6 .3   9 .6   7 . 5  

12*  Nd,  -jFeQ  ,  Bc  7 .5   1  0 .2   1  
13  81  6 

*  S a m p l e   a c c o r d i n g   to   p r i o r   a r t  
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T a b l e   1  t e a c h e s   t h a t   t h e   s a m p l e s   Nos .   1 - 1 0  

a c c o r d i n g   to   an  e m b o d i m e n t   of  t h i s   i n v e n t i o n   a r e  

s u p e r i o r   to  c o m p a r i n g   s a m p l e s   Nos .   11  and  12  a c c o r d i n g  

to  t h e   known  p r o d u c t i o n   m e t h o d   in   t h e   m a g n e t i c  

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

(  BH  )  max  . 

E x a m p l e   2 

A  f i n e   m a g n e t i c   p o w d e r   of  N d - ^ F e g ^ B g   w a s  

p r e p a r e d   and  was  m i x e d   w i t h   m e t a l   p o w d e r s   ( e a c h   h a v i n g  

10  an  a v e r a g e   p a r t i c l e   s i z e   of  2 0 - 3 0   urn  )  of  Zn  5wt%,  A l  

2wt%,  S  2wt%,  In  5wt%,  Ga  4wt%,  Ge  4wt%,  Sn  5wt%,  T e  

4wt%,  Cu  6wt%,  and   Pb  7wt%,  r e s p e c t i v e l y ,   in   t h e   s i m i l a r  

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

Each   m i x e d   p o w d e r   was  c o m p a c t e d   i n t o   a  c o m p a c t  

15  body   of  a  d e s i r e d   b u l k - s h a p e   by  a p p l i c a t i o n   of  a  

2 
p r e s s i n g   f o r c e   of  1 . 5   t o n .   f  /cm  u n d e r   i n f l u e n c e   of  a  

g r a i n   a l i g n i n g   m a g n e t i c   f i e l d   of  25  KOe  .  The  c o m p a c t  

body   was  h o t - p r e s s e d   a t   600°C  by  p r e s s i n g   s t r e s s   o f  

2 
1 , 0 0   0  K g . f / c m   w i t h i n   v a c u u m   f o r   15  m i n u t e s .   E a c h  

20  h o t - p r e s s e d   body   was  s u b j e c t e d   to   m e a s u r e m e n t   of  d e n s i t y  

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

s a m p l e   Nos .   1 3 - 2 2   in   T a b l e   2 .  

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

of  ( N d 1 5 F e 7 7 B 7 ) 9 5 A l 5   and  N d ^ F e ^ B g   w e r e   p r o d u c e d   a n d  

25  we re   f i n e l y   g r o u n d   i n t o   p o w d e r s .   T h o s e   p o w d e r s   w e r e  

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

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

shown  as  s a m p l e   Nos .   23  and   24  in   T a b l e   2 .  

T a b l e   2 

5  S a m p l e   C o m p o s i t i o n   d  Br  H  ( B H ) m a x  

No*  ( g / c m 3 )   (KG)  (KOe)  (MGOe) 

13  (Nd,  _ F e 0 1 B , ) n c Z n _   7 .5   1 3 . 5   1 1 . 1   4 2 . 0  
13  81  6  95  5 

14  ( N d 1 3 F e g l B 6 ) g 5 A l 5   7 . 3   1 4 . 0   1 2 . 9   4 5 . 3  

15  ( N d T - F e ^ B J ^ S .   7 . 1   1 3 . 9   1 0 . 6   4 1 . 9  
13  81  6  96  4 

16  ( N d 1 3 F e 8 1 B 6 ) g 7 I n 3   7 .5   1 3 . 6   1 0 . 3   4 0 . 1  

17  (Nd,  _ F e Q , B c ) 0 , G a .   7 .4   1 3 . 7   1 1 . 1   4 1 . 2  
13  81  6  96  4 

18  ( N d 1 3 F e 8 1 B g ) g 6 G e 4   7 . 4   1 3 . 7   1 0 . 4   3 9 . 8  

19  ( N d 1 3 F e 8 1 B g ) g 7 S n 3   7 .5   1 3 . 6   1 0 . 6   4 0 . 0  

20  - C N d 1 3 F e 8 1 B g ) g 8 T e 2   7 .4   1 3 . 8   7 .8   3 9 . 1  

21  ( N d 1 3 F e 8 1 B g ) g 4 C u 6   7 .6   1 3 . 4   9 .3   3 9 . 6  

22  ( N d 1 3 F e 8 1 B g ) g 8 P b 2   7 .7   1 3 . 3   9 .2   3 8 . 7  

23*  ( N d 1 6 F e 7 7 B 7 ) g 5 A l 5   7 .2   9 .8   6 .4   2 2 . 8  

24*  N d 1 3 F e 8 1 B g   7 . 5   1  0 .2   1  

20  —  —  

*  S a m p l e   a c c o r d i n g   to   p r i o r   a r t  

I t   s h o u l d   be  n o t e d   f r o m   T a b l e   2  t h a t   s a m p l e   N o s .  

1 3 - 2 2   a c c o r d i n g   t o   e m b o d i m e n t s   of   t h e   p r e s e n t   i n v e n t i o n  

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

25  c o m p a r i n g   s a m p l e s   of  Nos  23  and   24  a c c o r d i n g   to   t h e  

known  p r o d u c i n g   m e t h o d   b u t   a l s o   s a m p l e s   of   Nos .   1 - 1 0   i n  
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T a b l e   1  a c c o r d i n g   to  e m b o d i m e n t s   of  t h e   p r e s e n t  

i n v e n t i o n .  

E x a m p l e   3 

In  t h e   s i m i l a r   m a n n e r   as  d e s c r i b e d   in   E x a m p l e   1 ,  

5  Nd2Fe14B  m a g n e t i c   a l l o y   i n g o t   was  p r e p a r e d   and   w a s  

p u l v e r i z e d   to   h a v e   a  p a r t i c l e   s i z e   b e l o w   24  m e s h  

( T y l e r )   . 

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

m a t e r i a l s   of  Nd  ( h a v i n g   a  p u r i t y   f a c t o r   of  98%  or  m o r e ) ,  

10  Fe  ( h a v i n g   a  p u r i t y   f a c t o r   of  9  9.9%  or  m o r e ) ,   and  A l  

( h a v i n g   a  p u r i t y   f a c t o r   of  9  9 .9%)  w e r e   m i x e d   and  m e l t e d  

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

an  i n g o t   of  N d 3 0 F e 4 Q A l 3 0   a l l o y .   The  i n g o t   was  a l s o  

p u l v e r i z e d   i n t o   p o w d e r   h a v i n g   a  p a r t i c l e   s i z e   b e l o w   2 4  

15  ( T y l e r )   m e s h .  

Bo th   of  t h e   p o w d e r s   w e r e   b l e n d e d   w i t h   e a c h   o t h e r  

a t   v a r i o u s   m i x i n g   r a t i o s   so  t h a t   N d 3 Q F e 4 0 A l 3 0   p o w d e r   i s  

0-15%  by  v o l u m e   of  t h e   b l e n d e d   p o w d e r .  

Each   b l e n d e d   p o w d e r   was  f i n e l y   g r o u n d   i n t o   a  

20  p o w d e r   of  an  a v e r a g e   p a r t i c l e   s i z e   of  a b o u t   4  ;um.  T h e  

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

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

2 
of  1 .5   t o n .   f  /cm  u n d e r   i n f l u e n c e   of   a  g r a i n   a l i g n i n g  

m a g n e t i c   f i e l d   of  2  0  KOe.  The  c o m p a c t   b o d y   was  s i n t e r e d  

25  in   v a c u u m   a t   1 , 0 0 0 - 1 , 1 5 0   °C  f o r   2  h o u r s .   The  s i n t e r e d  

body   was  h e a t   t r e a t e d   a t   50  0-9  0  0  °C  f o r   one  h o u r .  

D e n s i t y   d,  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 ,   c o e r c i v e  

f o r c e   H  ,  and   (BH)max  of  t h e   s i n t e r e d   b o d y   a f t e r   h e a t  



L6 

0  2 4 9   9 7 3  

t r e a t m e n t   w e r e   m e a s u r e d   and   a r e   i l l u s t r a t e d   i n   F i g .   2 

f o r   v a r i o u s   v o l u m e   p e r c e n t s   of  N d ^ g F e ^ g A l ^ Q   in   t h e  

s i n t e r e d   b o d y .  

In  F i g   .  2,  t h e   maximum  m a g n e t i c   p r o p e r t i e s   a r e  

5  o b t a i n e d   a t   5  vol%  of  N d 3 0 F e 4 Q A l 3 0   c o n t e n t .   T h e  

m a g n e t i c   p r o p e r t i e s   a r e   shown  as  a  s a m p l e   No.  25  i n  

T a b l e   3  .  The  t a b l e   a l s o   h a s   p r o p e r t i e s   of  a  c o m p a r i n g  

s a m p l e   No.  26  w h i c h   was  a  s i n t e r e d   N d ^ F e g g B g   a l l o y  

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

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

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

p o w d e r   m e t a l l u r g y .  

T a b l e   3 

15  S a m p l e   C o m p o s i t i o n   d  Br  Hc  ( B H ) m a x  

No*  ( g / c m 3 )   (KG)  (KOe)  (MGOe) 

25  (Nd„Fen  ,B)QK.   7 .4   1 4 . 5   1 5 . 0   4 8 . 5  
2.  14  y b  

( N d 3 0 F e 4 0 A 1 3 0 } 5  

2 0  

26*  N d , , F e Q n B ,   7 .5   1 2 . 8   1 0 . 0   3 8 . 0  
14  80  6 

*  S a m p l e   a c c o r d i n g   to   p r i o r   a r t  

I t   w i l l   be  u n d e r s t o o d   f r o m   T a b l e   3  t h a t   s a m p l e  

25  No.  25  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   has   a  

c o n s i d e r a b l y   e x c e l l e n t   m a g n e t i c   p r o p e r t i e s   in   c o m p a r i s o n  
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w i t h   s a m p l e   No.  »26  a c c o r d i n g   to   t h e   c o n v e n t i o n a l  

p r o c e s s .  

The  s i n t e r e d   body   of  s a m p l e   No.  2  5  w a s  

c r o s s - s e c t i o n e d   and   p o l i s h e d .   The  m i c r o s t r u c t u r e   in   t h e  

5  p o l i s h e d   s u r f a c e   was  o b s e r v e d   by  a  S c a n n i n g   E l e c t r o n  

M i c r o s c o p e   (SEM)  .  The  o b s e r v e d   m i c r o s t r u c t u r e   i s  

i l l u s t r a t e d   in   F i g .   3 .  

R e f e r r i n g   to  F i g .   3,  i t   w i l l   be  n o t e d   t h a t   t h e  

m a g n e t i c   c r y s t a l l i n e   p a r t i c l e s   ( b e i n g   b l a c k )   of   N d 2 F e 1 4 B  

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

( b e i n g   w h i t e )   of  N d ^ F e ^ A l ^ Q   • 

T h e n ,   t h e   No.  2  5  s a m p l e   was  s u b j e c t e d   t o  

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

c e m e n t e d   p h a s e   in  t h e   s a m p l e   by  u s e   of  an  E l e c t r o n   P r o b e  

15  M i c r o   A n a l y s e r   (EPMA)  .  A n a l y s e d   e l e m e n t s   and   t h e i r  

a m o u n t   (a t%)   a r e   shown  in  T a b l e   4 .  

T a b l e   4 

P h a s e   Nd  Fe  Al  B  C o m p o s i t i o n  

20.  —   :  —  

C e m e n t i n g   2 5 . 2   7 0 . 2   4 . 6   0  N d ( F e A l ) 1 _ 3  

m a g n e t i c   1 2 . 3   8 1 . 8   0  6  N d ( F e A l ) 1 4 B  

T h i s   e x a m p l e   t e a c h e s   us  t h a t   m a g n e t i c   p r o p e r t i e s  

25  of  s i n t e r e d   N d - F e ,   .B  m a g n e t   can   be  c o n s i d e r a b l y   i m p r o v e d  
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by  c o v e r i n g   and  c e m e n t i n g   t h e   N d 2 F e ^ 4 B   p a r t i c l e s   w i t h  

t h e   N d ( F e ,   A l ) ^   m a t r i x   or   t h e   c e m e n t i n g   p h a s e .  

F i g .   2  shows   t h a t   t h e   m a g n e t i c   p r o p e r t i e s  

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

5  f r o m   5  vol%  t h r o u g h   8  v o l % .   I t   i s   c o n s i d e r e d   t h a t   t h i s  

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

p a r t i c l e s   . 

E x a m p l e   4 

N d 2 F e 1 4 B   a l l o y   p o w d e r   and   N d ^ F e ^ A l ^ Q   a l l o y  

10  p o w d e r   p r o d u c e d   t h r o u g h   t h e   s i m i l a r   s t e p s   as  d e s c r i b e d  

in   E x a m p l e   3  w e r e   b l e n d e d   w i t h   e a c h   o t h e r   so  t h a t  

N d ^ g F e ^ A l ^ Q   p o w d e r   was  5%  of   v o l u m e   of   t h e   b l e n d e d  

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

b u l k   s h a p e   in   t h e   g r a i n   a l i g n i n g   m a g n e t i c   f i e l d   of  20  

2 
15  KOe  by  a p p l i c a t i o n   of   c o m p a c t i n g   f o r c e   of   1 . 5   t o n .   f  / c m  

and   p r o d u c e d   a  g r e e n   c o m p a c t   b o d y .   The  g r e e n   c o m p a c t  

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

t h e   g r e e n   c o m p a c t   a t   80  0  °C  i n   a r g o n   gas   a t m o s p h e r e   b y  

2 
1 , 0 0   0  K g . f / c m   f o r   15  m i n u t e s .  

2  0  D e n s i t y   and   m a g n e t i c   p r o p e r t i e s   of  t h e  

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

s a m p l e   n u m b e r   of  No.  27  in   T a b l e   5 .  

In  T a b l e   5,  s a m p l e   No.  2  8  i s   a  s a m p l e   p r o d u c e d  

f r o m   a  Nd,  . F e o n B c   p o w d e r   t h r o u g h   t h e   s i m i l a r   c o m p a c t i n g  
14  o  U  b 

25  and   h o t - p r e s s i n g   s t e p s .  

C o m p a r i s o n   of  s a m p l e   Nos .   27  and  28  a l s o   t e a c h  

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

p r o p e r t i e s   of   N d 2 F e . ^ B   m a g n e t .  
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T a b l e   5 

Sample   C o m p o s i t i o n   d  Br  ( B H ) m a x  

No.  ( g / c m 3 )   (KG)  (KOe)  (MGOe) 

27  ( N d ' 2 F e 1 4 B ) g 5 .   7 .5   1 4 . 2   1 6 . 0   4 7 . 5  

( N d 3 0 F e 4 0 A 1 3 0 } 5  

28*  Nd,  .  FeQ  nB  ,  7 . 5   1 . 0   0 .2   1 
14  80  6 

*  S a m p l e   a c c o r d i n g   to   p r i o r   a r t  

E x a m p l e   5 

N d 2 F e 1 4 B   m a g n e t i c   a l l o y   p o w d e r   w i t h   an  a v e r a g e  

p a r t i c l e   s i z e   of  3  jam  was  p r e p a r e d   in   t h e   s i m i l a r   m a n n e r  

as  d e s c r i b e d   in   E x a m p l e   1.  W h i l e ,   NdCu2  p o w d e r   f o r   t h e  

c e m e n t i n g   p h a s e   m a t e r i a l   h a v i n g   s i m i l a r   p a r t i c l e   s i z e  

was  a l s o   p r o d u c e d   in   a  s i m i l a r   p r o d u c i n g   m e t h o d .   B o t h  

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

NdCu2  p o w d e r   was  a b o u t   10%  by  v o l u m e   in   t h e   m i x t u r e ,   a n d  

t h e   m i x t u r e   was  u n i f o r m l y   m i x e d   in   a  b a l l   m i l l .   T h e  

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

2 
of  c o m p a c t i n g   s t r e s s   of  1 . 5   t o n .   f  / cm  in  t h e   g r a i n  

a l i g n i n g   m a g n e t i c   f i e l d   of  20  KOe.  The  c o m p a c t e d   b o d y  

was  s i n t e r e d   in   v a c u u m   a t   1 , 1 0 0 - 1 , 1 3 0   °C  f o r   2  h o u r s .  

The  s i n t e r e d   b o d y   was  h e a t - t r e a t e d   i n   a r g o n   g a s  

a t m o s p h e r e   a t   6 0 0 - 8 0 0   °C  f o r   one  h o u r .  
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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   b o d y   a s  

s a m p l e   No.  29  a r e   shown  in   T a b l e   6  t o g e t h e r   w i t h   i t s  

d e n s i t y .  

T a b l e   6 

S a m p l e   C o m p o s i t i o n   d  Br  Hc  ( B H ) m a x  

No*  ( g / c m 3 )   (KG)  (KOe)  (MGOe) 

29  ( N d 2 F e 1 4 B ) 8 9 > 5 .  

io  C I V I C S  

7 .5   1 2 . 8   9 .3   3 8 . 5  

No.  29  s a m p l e   was  t h e n   c r o s s   - s e c t i o n e d   a n d  

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

o b s e r v e d   by  u s e   of   an  o p t i c a l   m i c r o s c o p e .   The  o b s e r v e d  

15  m i c r o s t r u c t u r e   i s   i l l u s t r a t e d   in   F i g .   4.  In  t h e   f i g u r e ,  

N d 2 F e ^ 4 B   m a g n e t i c   p a r t i c l e   i s   shown  i n   w h i t e   and   t h e  

NdCu2  c e m e n t i n g   p h a s e   i s   shown  i n   b l a c k .  

F u r t h e r ,   t h e   e l e c t r o n   beam  X - r a y   m i c r o a n a l y s i s  

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

20  c e m e n t i n g   p h a s e   of   t h e   s a m p l e   of   No.  29.   T a b l e   7  s h o w s  

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

(a t%)   . 

In  T a b l e   7,  t h e   c e m e n t i n g   p h a s e   c o m p r i s e s   t w o  

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

25  r e p r e s e n t e d   by  NdCu,  and   C o m p o u n d   I I   i s   r e p r e s e n t e d   b y  

N d ( C u ,   F e ) 2 -  
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r a b l e   7 

P h a s e   Nd  Cu  Fe  B 

5  M a g n e t i c   1 3 . 1   -  8 1 . 8   6 . 0  

I  4 6 . 9   5 3 . 1  

C e m e n t i n g   1 

I I   3 1 . 3   6 0 . 8   7 . 9  

10  ■  :  —  : 

As  b e i n g   i l l u s t r a t e d   m   F i g .   4,  e a c h   m a g n e t i c  

p a r t i c l e   ( s h o w n   in   w h i t e   in   F i g .   4)  i s   c e m e n t e d   a n d  

c o v e r e d   w i t h   t h e   c e m e n t i n g   p h a s e   ( b l a c k   in   F i g .   4 ) .  

E x a m p l e   6 

15  A  m i x t u r e   s i m i l a r   to   in   E x a m p l e   5  was  p r e p a r e d .  

The  m i x t u r e   was  h o t - p r e s s e d   in   a r g o n   g a s  

a t m o s p h e r e   a t   900  °C  by  a p p l i c a t i o n   of  p r e s s i n g   s t r e s s  

2 
of  1 , 0 0 0   K g . f / c m   f o r   15  m i n u t e s .  

T a b l e   8 

20  •  •  —  —   —  

S a m p l e   C o m p o s i t i o n   d  Br  H  ( B H ) m a x  

No-  ( g / c m 3 )   (KG)  (KOe)  (MGOe) 

30  ( N d „ F e ,   .B)  QQ  7 . 4 5   1 2 . 4   8 .5   3 6 . 0  
z  14  o  y  .  _> 

25  ( N d C u 2 ) 1 ( K 5  
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- T a b l e   8  s h o w s   d e n s i t y   and   m a g n e t i c   p r o p e r t i e s   o f  

t h e   h o t - p r e s s e d   b o d y   as  s a m p l e   No.  30 .   T a b l e   8  t e a c h e s  

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

E x a m p l e   7 

5  N d 2 F e 1 4 B   m a g n e t i c   p o w d e r   s i m i l a r   to   E x a m p l e   5 

was  p r e p a r e d .   W h i l e ,   Nd25  4Cu52  2Zn22  4  P o w d e r   f o r   t n e  

c e m e n t i n g   p h a s e   was  p r e p a r e d   i n   t h e   s i m i l a r   m a n n e r   a s  

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

w i t h   e a c h   o t h e r   so  t h a t   t h e   a m o u n t   of   t h e  

10  Nd25  4(-'u52  2Zn22  4  P o w d e r   was  a b o u t   10%  by  v o l u m e   of   t h e  

b l e n d e d   p o w d e r .   The  b l e n d e d   p o w d e r   was  u n i f o r m l y   m i x e d  

in   b a l l   m i l l .   The  m i x t u r e   was  h o t - p r e s s e d   i n t o   a  b o d y  

of  a  d e s i r e d   s h a p e   i n   a r g o n   gas   a t   600  °C  by  p r e s s i n g  

2 s t r e s s   of  1 , 0 0 0   K g . f / c m   f o r   15  m i n u t e s .  

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

h o t - p r e s s e d   b o d y   a r e   shown  in   T a b l e   9 .  

T a b l e   9 

S a m p l e   C o m p o s i t i o n   d  Br  Hc  ( B H ) m a x  

20  N° '   ( g / c m 3 )   (KG)  (KOe)  (MGOe) 

( N d 2 F e 1 4 B ) 8 9 > 4 .  

31  (Nd25  4Cu52  2  7 , 4 2   12*2   9*5  3 5 , 0  

Z n 2 2 . 4 ) 1 0 . 6  
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E x a m p l e   8 

A  m o l t e n   a l l o y   of  N d 3 4 F e g 5 B   was  p r e p a r e d   in   t h e  

s i m i l a r   way  as  in   E x a m p l e   1 .  

W h i l e ,   two  P b - S n   a l l o y s   A  and   B  shown  in   T a b l e  

5  10  we re   a l s o   p r e p a r e d   in   t h e   m o l t e n   s t a t e   by  u s i n g   s t a r t  

m a t e r i a l s   of  Pb  and   Sn  e a c h   h a v i n g   p u r i t y   f a c t o r   o f  

9  9.9%  or  m o r e .  

T a b l e   1 0  

L0  C e m e n t i n g   A l l o y   Pb  S n  

A  ( a t%)   6 9 . 6   JO.  4 

B  (a t%)   2 6 . 1   7 3 . 9  

15  A  p o w d e r   l e s s   t h a n .   25  0  ( T y l e r )   mesh   was  p r e p a r e d  

f r o m   e a c h   of  t h e   m o l t e n   a l l o y s   by  a t o m i z a t i o n .   T h e n ,  

Nd,  , F e ,   nB,  m a g n e t i c   p o w d e r   was  d i v i d e d   by  b a l l   m i l l   i n t o  
16  18  6 

a v e r a g e   p a r t i c l e   s i z e   of  a b o u t   3  p.m.  E a c h   p o w d e r   o f  

P b - S n   a l l o y s   A  and   B  was  b l e n d e d   w i t h   t h e   m a g n e t i c  

2  0  p o w d e r   and   was  m i x e d   in   b a l l   m i l l .   The  a m o u n t   of  e a c h  

of  a l l o y   A  and  B  was  5%  by  v o l u m e   of  e a c h   m i x t u r e .  

E a c h   p o w d e r   m i x t u r e   was  c o m p a c t e d   i n t o   a  c o m p a c t  

body   of  a  b u l k   s h a p e   in   t h e   a l i g n i n g   m a g n e t i c   f i e l d   o f  

2 
2  0  KOe  by  c o m p a c t i n g   s t r e s s   of  1 . 5   t o n .   f  / cm  .  T h e  

25  c o m p a c t   b o d y   was  s i n t e r e d   in   v a c u u m   a t   1 , 0 0 0 - 1 , 1 5 0   ° C  

f o r   2  h o u r s .   The  s i n t e r e d   b o d y   was  h e a t - t r e a t e d   a t  
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2 4  

5 0 0 - 9 0 0   °C  f o r   one  .hour   and   was  t h e r e a f t e r   . s u b j e c t e d   t o  

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

The  m e a s u r e d   d a t a   a r e   d e m o n s t r a t e d   i n   T a b l e   1 1 .  

No.  32  s a m p l e   u s e s   a l l o y   A  and   No.  33  u s e s   a l l o y   B .  

5  T a b l e   1 1  

(  BH  )  m a x  

(MGOe) 

10  32  A  7 .5   1 2 . 9   1 1 . 5   3 8 . 0  

33  B  7 .5   1 2 . 8   1 2 . 0   3 7 . 5  

S a m p l e   C e m e n t x n g   d  Br  H c  
No*  

A l l o y   ( g / c m 3 )   (KG)  (KOe)  

The  m i c r o s t r u c t u r e   of   e a c h   s a m p l e   of  Nos .   32  a n d  

33  was  o b s e r v e d   by  an  o p t i c a l   m i c r o s c o p e .   F i g .   5  s h o w s  

15  t h e   m i c r o s t r u c t u r e   of  No.  32  s a m p l e .   In  t h e   f i g u r e ,   t h e  

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

c e m e n t i n g   p h a s e   i s   b l a c k .  

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

m a g n e t i c   p e r t i c l e   p h a s e   and   t h e   c e m e n t i n g   p h a s e   of   e a c h  

20  s a m p l e   of  Nos .   32  and   33.   The  a n a l y s e d   e l e m e n t s   a r e  

shown  in   T a b l e   12  t o g e t h e r   w i t h   t h e i r   a m o u n t s   by  a t % .  

A t t e n t i o n   s h o u l d   be  d i r e c t e d   to   a  f a c t   t h a t   t h e  

m a g n e t i c   p a r t i c l e   p h a s e   c o n s i s t s   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   of  N d 2 F e 1 4 B .   W h i l e ,   Nd  and   Fe  i s   p r e s e n t   i n  

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

s i n t e r e d   b o d y .  

T a b l e   12  

5  S a m p l e   P h a s e   Nd  Fe  B  Pb  Sn  f o r m u l a  

M a g n e t i c   1 2 . 3   8 1 . 7   6  -  -  N d 2 F e 1 4 B  

32  ~ ~ ~ ~ ~ ~  

10  C e m e n t i n g  

I  5 0 . 5   2 6 . 0   -  1 7 . 5   6 .0   N d ( F S /  

I I   5 3 . 0   2 0 . 0   -  2 2 . 0   5 .0   P b ' S n )  

M a g n e t i c   1 2 . 6   8 1 . 2   6 .2   -  -  N d 2 F e 1 4 B  

33  

15  I  4 8 . 5   2 7 . 0   -  6 .5   1 8 . 0  

C e m e n t i n g  

I I   5 2 . 0   3 4 . 0   -  5 .0   9 . 0  

N d ( F e ,  

P b , S n )  

For   s a m p l e   No.  33,  i t   w i l l   be  a p p r e c i a t e d   t h a t  

2  0  t h e   c e m e n t i n g   p h a s e   i s   c o n s t i t u t e d   of  an  i n t e r m e t a l l i c  

c o m p o u n d   of  N d ( P b ,   Fe,   Sn)  w h e r e   a  p a r t   of  Pb  in   NdPb  i s  

r e p l a c e d   by  Fe  and   Sn.  W h i l e ,   t h e   c e m e n t i n g   p h a s e   i n  

No.  33  s a m p l e   i s   c o m p o s e d   of  an  i n t e r m e t a l l i c   c o m p o u n d  

of  N d ( S n ,   Fe ,   Pb)  w h e r e   a  p a r t   of  Sn  in   NdSn  c o m p o u n d   i s  

25  r e p l a c e d   by  Fe  and  P b .  
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T h a t   i s ,   Nd  and   Fe  d i f f u s e   .from  N d - F e - B  

p a r t i c l e s   i n t o   P b - S n   p h a s e   so  t h a t   e a c h   N d - F e - B   p a r t i c l e  

b e c o m e s   a  s t o i c h i o m e t r i c   i n t e r m e t a l l i c   c o m p o u n d   R ^ F e ^ B  

w h i c h   has   f  e r r o m a g n e t i s m .  

5  I f   Nd  and   Fe  a r e   i n s u f f i c i e n t l y   d i f f u s e d   in   t h e  

P b - S n   a l l o y ,   e x c e l l e n t   m a g n e t i c   p r o p e r t i e s   a r e   n o t  

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

o n l y   t h e   i n t e r m e t a l l i c   c o m p o u n d   of   N d 2 F e . ^ B   b u t   a l s o  

n o n - m a g n e t i c   p h a s e .  

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

t h e   p e r m a n e n t   m a g n e t   m a t e r i a l   to   p r e p a r e   N d 2 F e ^ 4 B  

p a r t i c l e s   and   to   mix  t h e   p a r t i c l e s   w i t h   c e m e n t i n g   p h a s e  

m a t e r i a l s   so  as  to   o b t a i n   a  b u l k - s h a p e   m a g n e t   m a t e r i a l  

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

15  E x a m p l e   9 

The  p o w d e r   m i x t u r e s   p r e p a r e d   in   E x a m p l e   8  w e r e  

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

m a g n e t i c   f i e l d   of   2  0  KOe  by  c o m p a c t i n g   s t r e s s   of  1 . 5  

2 
t o n .   f  / cm  .  E a c h   g r e e n   c o m p a c t   b o d y   was  h o t - p r e s s e d   i n  

20  a r g o n   g a s   a t   750  °C  u n d e r   a p p l i c a t i o n   of   a  p r e s s u r e  

2 
1 , 0 0   0  K g . f / c m   f o r   20  m i n u t e s .   T h e r e a f t e r ,   t h e  

h o t - p r e s s e d   b o d y   was  h e a t - t r e a t e d   in   a r g o n   gas   a t   600  ° C  

f o r   3  0  m i n u t e s .  

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

25  a r e   shown  i n   T a b l e   13 .   S a m p l e s   of  Nos .   34  and   35  i n  

T a b l e   13  c o n t a i n   t h e   P b - S n   a l l o y s   A  and  B  in   T a b l e   1 0 ,  

r e s p e c t i v e l y   . 
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Cable   13  

S a m p l e   A l l o y   d  Br  ( B H ) m a x  

No-  No*  ( g / c m 3 )   (KG)  (KOe)  (MGOe) 

34  A  7 .4   1 2 . 5   1 2 . 0   3 6 . 5  

35  B  ' 7 . 4   1 2 . 4   1 2 . 5   3 6 . 0  

In  t h i s   e m b o d i m e n t ,   i t   was  a l s o   c o n f i r m e d   t h a t  

10  Nd  and   Fe  we re   p r e s e n t   in   t h e   c e m e n t i n g   p h a s e   w i t h   t h e  

p a r t i c l e s   b e c o m i n g   Nd2Fe14B  c o m p o u n d .  

E x a m p l e   1 0  

N d 2 F e 1 4 B   m a g n e t i c   a l l o y   p o w d e r   s i m i l a r   t o  

E x a m p l e   3  was  p r e p a r e d .  

15  In  t h e   s i m i l a r   p r o d u c i n g   s t e p s ,   N d - F e - P b - S n  

a l l o y   p o w d e r s   C,  D,  and  E  in   T a b l e   14  w e r e   p r o d u c e d   f r o m  

T a b l e   1 4  

C e m e n t i n g   A l l o y   Nd  Fe  Pb  S n  

2  0  —  

C  40  20  ZU 

D  40  10  30  2 0  

E  40  10  20  30  
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s t a r t   . m a t e r i a l s   of   Nd  ( p u r i t y   of  98  %  or  m o r e ) ,   F e  

( p u r i t y   of   99.9%  or   m o r e ) ,   Pb  ( p u r i t y   of  9 9 . 9 % ) ,   and  S n  

( p u r i t y   of  9 9 . 9 % ) .   E a c h   p o w d e r   of   C-E  was  p r e p a r e d   t o  

h a v e   an  a v e r a g e   p a r t i c l e   s i z e   of   3  / i m .  

5  T h e s e   p o w d e r s   C-E  w e r e   b l e n d e d   w i t h   t h e   m a g n e t i c  

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

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

C-E  was  5%  by  v o l u m e   of   e a c h   p o w d e r   m i x t u r e .  

E a c h   p o w d e r   m i x t u r e   was  c o m p a c t e d   i n t o   a  c o m p a c t  

10  b o d y   i n   t h e   a l i g n i n g   m a g n e t i c   f i e l d   of   20  KOe  b y  

2 
c o m p a c t i n g   f o r c e   of  1 . 5   t o n .   f  / cm  ,  and   t h e   c o m p a c t   b o d y  

was  s i n t e r e d   in   v a c u u m   a t   1 , 0 0   0 - 1 , 1 5 0   °C  f o r   2  h o u r s .  

The  s i n t e r e d   b o d y   was  f u r t h e r   h e a t - t r e a t e d   a t   50  0 - 9 0 0  

° C .  

15  T a b l e   15  i n d i c a t e s   d e n s i t y   and   m a g n e t i c  

p r o p e r t i e s   of   e a c h   s i n t e r e d   and   h e a t - t r e a t e d   b o d y   a s  

s a m p l e s   Nos .   36,  37,   and   38  w h i c h   u s e   N d - F e - P b - S n   a l l o y s  

C,  D,  and   E,  r e s p e c t i v e l y .  

T a b l e   1 5  

20  —  

S a m p l e   C e m e n t i n g   d  Br  ( B H ) m a x  

No'  A l l o y   ( g / c m 3 )   (KG)  (KOe)  (MGOe) 

36  C  7 .5   1 2 . 9   1 1 . 4   3 7 . 5  

25  37  D  7 .6   1 2 . 8   1 0 . 9   3 7 . 5  

38  E  7 .5   1 2 . 9   1 1 . 0   3 8 . 5  



29 
0  2 4 9   9 7 3  

In  c o m p a r i s o n   w i t h   Nos .   32  and  33  s a m p l e s ,   N o s .  

3  6-3  8  s a m p l e s   a r e   n e a r l y   e q u a l   to   t h e m   in  t h e   m a g n e t i c  

p r o p e r t i e s   b u t   h a v e   a  r e d u c e d   Nd  c o n t e n t   w h i c h   i s   a c t i v e  

to  o x y g e n .   A c c o r d i n g l y ,   Nos.   3 6 - 3 8   s a m p l e s   a r e   s u p e r i o r  

5  to   Nos .   32  and   33  s a m p l e s   in  t h e   c o r r o s i o n   r e s i s t a n c e  

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

m a t e r i a l s   . 

T a b l e   16  

10  S a m p l e   P h a s e   Nd  Fe  B  Pb  Sn  

M a g n e t i c   1 2 . 2   8 1 . 8   6 . 0  

3  6  :  _____  _  

C e m e n t i n g   4 1 . 5   1 9 . 7   -  2 1 . 0   1 7 . 8  

15  _ _ _ _ _  

M a g n e t i c   1 2 . 4   8 1 . 7   5 . 9  

3  7  ■  —  —   —  

C e m e n t i n g   4 0 . 2   9 .3   -  3 0 . 8   1 9 . 7  

2  0  M a g n e t i c   1 2 . 5   8 1 . 4   6 . 1  

38  ■  —  -  —  

C e m e n t i n g   4 0 . 8   1 0 . 1   -  2 0 . 8   1 8 . 3  

For   e a c h   s i n t e r e d   b o d y ,   t h e   o b s e r v a t i o n   o f  

2  5  m i c r o s t r u c t u r e   and   m i c r o a n a l y s i s   w e r e   c a r r i e d   o u t .   T h e  

m i c r o s t r u c t u r e   of  No.  38  s a m p l e   i s   shown  in  F i g .   6 
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30  

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

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

d e s c r i b e d   i n   T a b l e   1 6 .  

I t   w i l l   be  u n d e r s t o o d   f r o m   T a b l e   16  t h a t   n o t  

5  o n l y   B  b u t   Nd  and   Fe  do  n o t   d i f f u s e   i n t o   t h e   N d - F e - P b - S n  

c e m e n t i n g   p h a s e .   Pb  and   Sn  n o r   d i f f u s e   i n t o   N d 2 F e 1 4 B  

p a r t i c l e s   . 

E x a m p l e   1 1  

E a c h   m i x t u r e   o b t a i n e d   in   E x a m p l e   10  w a s  

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

2 
f i e l d   of  25  KOe  by  p r e s s i n g   s t r e s s   of   1 .5   t o n .   f  /cm  . 

The  g r e e n   c o m p a c t   was  h o t - p r e s s e d   in   a r g o n   gas   a t   80  0  ° C  

2 
by  p r e s s i n g   s t r e s s   of   1 . 0   t o n .   f  /cm  f o r   20  m i n u t e s .  

T h e n ,   t h e   h o t - p r e s s e d   b o d y   was  h e a t - t r e a t e d   in   a r g o n   g a s  

15  a t m o s p h e r e   a t   600  °C  f o r   30  m i n u t e s .  

T a b l e   17  shows   d e n s i t y   and   m a g n e t i c   p r o p e r t i e s  

of   e a c h   h o t - p r e s s e d   b o d y   a f t e r   h e a t - t r e a t e d   as  s a m p l e s  

Nos .   39,  40 ,   and   4 1 .  

T a b l e   1 7  

2 0  

S a m p l e   C e m e n t i n g   d  Br  ( B H ) m a x  

No*  A l l o y   ( g / c m 3 )   (KG)  (KOe)  (MGOe) 

39  C  7 .5   1 2 . 9   1 1 . 0   3 6 . 5  

40  D  7 .6   1 2 . 4   9 .8   3 5 . 0  

41  E  7 .5   1 2 . 5   1 1 . 5   3 6 . 0  
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3 1  

Nos .   39  and   4  0  s a m p l e s   h a v e   m a g n e t i c   p r o p e r t i e s  

e q u a l l y   to   Nos .   34  and  35  s a m p l e s   b u t   h a v e   a  r e d u c e d  

a m o u n t   of  N d .  

N e x t ,   in   o r d e r   to  a p p r e c i a t e   of  c o r r o s i o n  

5  r e s i s t a n c e   of  p e r m a n e n t   m a g n e t   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 ,   s a m p l e s   of   Nos .   25,   29,  and  32  

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   and  No.  26  s a m p l e  

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

s u b j e c t e d   to   t h e   f o l l o w i n g   t e s t s .  

0  T e s t   1 

A  h u m i d i t y   t e s t   was  c a r r i e d   o u t   o n t o   t h e   t e s t  

p i e c e s   u n d e r   a  t e s t   c o n d i t i o n   of   a  t e m p e r a t u r e   of  60  ° C  

and   a  h u m i d i t y   of  90%  f o r   100  h o u r s .  

T a b l e   1 8  

S a m p l e   9  0%  H u m i d i t y   T e s t   At  60  ° C  

No.  T i m e ( H r . )   1  5  10  25  50  75  1 0 0  

29  G G G X Y Z Z  

32  G G G G X Y Z  

25  G G G G G X Y  

26  G X X Y Z Z Z  

3  G  . . . N o   c h a n g e   . 

X  . . . W h i t e   o x i d e   s l i g h t l y   o b s e r v e d .  

Y  . . . R e d   r u s t   o c c u r r e d   on  t h e   s u r f a c e .  

Z  . . . R e d   r u s t   p r e s e n t e d   o v e r   t h e   e n t i r e   s u r f a c e .  
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The  r e s u l t   of  t h e   t e s t   i s   shown  m   T a b l e   18  , 

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

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

5  m e t a l l u r g y .  

T e s t   2 

T e s t   p i e c e s   of   e a c h   s a m p l e   w e r e   c o a t e d   w i t h  

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

t r e a t i n g ,   and   a n t i - c o r r o s i o n   r e s i n   c o a t i n g ,  

10  r e s p e c t i v e l y .  

The  e l e c t r o l y t i c   Ni  p l a t i n g   was  c a r r i e d   o u t  

a f t e r   Cu  p l a t i n g   c o a t i n g   of  3-5   pm  t h i c k n e s s   w a s  

p r e v i o u s l y   f o r m e d .  

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

15  c o n v e n t i o n a l   p h o s p h a t e   s o l u t i o n .  

In  t h e   a n t i - c o r r o s i o n   r e s i n   c o a t i n g ,   e p o x y   r e s i n  

was  d i s s o l v e d   in   an  o r g a n i c   s o l v e n t   and   t h e n   s p r a y e d  

o n t o   t e s t   p i e c e s .   T h e r e a f t e r ,   e p o x y   r e s i n   c o a t i n g   w a s  

f o r m e d   by  h e a t i n g   a t   15  0  ° C .  

2  0  T h o s e   t e s t   p i e c e s   w e r e   s u b j e c t e d   to   s a l t   s p r a y  

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

s o l u t i o n   (5%  NaCl)   was  s p r a y e d   o n t o   t h e   t e s t   p i e c e s   a t  

35  °C  f o r   48  h o u r s   d u r i n g   w h i c h   s u r f a c e   c h a n g e   of  e a c h  

t e s t   p i e c e   was  o b s e r v e d .   When  t h e   t e s t   c o m p l e t e d ,  

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

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

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   in   T a b l e s   19  and  2 0 .  
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I t   w i l l   be  n o t e d   f r o m   T a b l e   19  t h a t   p e r m a n e n t  

m a g n e t   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   a r e  

e x c e l l e n t   in   c o r r o s i o n   r e s i s t a n c e .   The  m a g n e t i c  

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

5  c o a t i n g   as  w e l l   be  u n d e r s t o o d   f r o m   T a b l e   2 0 .  

T a b l e   19  

C o a t i n g   S a l t   S p r a y   C o r r o s i o n   T e s t  

10  K i n d   T h i c k n e s s   Time  S a m p l e   N u m b e r  

(urn)  ( H r . )   29  32  25  26  

Ni  p l a t e   1 0 - 2 0   12  G  G  G  Z 

P h o s p h a t e   5-7  3  X  X  G  Z 

15  Epoxy   r e s i n   1 5 - 2 5   24  G  G  G  Z 

G  . . . N o   c h a n g e   . 

X  . . . W h i t e   o x i d e   s l i g h t l y   o b s e r v e d .  

Y  . . . R e d   r u s t   o c c u r r e d   on  t h e   s u r f a c e .  

2  0  Z  . . . R e d   r u s t   p r e s e n t e d   o v e r   t h e   e n t i r e   s u r f a c e .  
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■atile  z u  

Z o a t m g  

5  S a m p l e   K i n d   Ni  p l a t e   P h o s p h a t e   j spoxy  r e s i n  

2 0  

r h i c k .   1 0 - 2 0   /lm  5 - /   Jim  1 5 - ^ 5   / im 

Br  (KG)  1 4 . 1   X4 .^   i<±.u  

10  29  ZRC  (KOe)  1 4 . 8   1 5 . 3   1 4 . 5  

(BH)max  (MGOe)  4 6 . 9   4 7 . 1   4 6 . 8  

Br  (KG)  12.   b  J-2.4  x ~ . o  

32  _H_  (KOe)  9 .4   9 .0   9 . 8  
J-  V_* 

15  (BH)  max  (MGOe)  3 8 . 5   3 5 . 4   3 6 . 5  

Br  (KG)  12.   a  l ^ . y   J - - - 0  

25  ^   (KOe)  1 1 . 0   1 2 . 0   1 1 . 9  

(BH)max  (MGOe)  3 7 . 0   3 7 . 6   3 6 . 5  

E x a m p l e   1 2  

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

f a c t o r   of   9 9 . 9 % ,   w e r e   b l e n d e d   w i t h   t h e   N d 1 3 F e 8 1 B 6  

m a g n e t i c   a l l o y   p o w d e r   o b t a i n e d   in   E x a m p l e   2 ,  

25  r e s p e c t i v e l y ,   and   t h e   b l e n d   was  m i x e d   u n i f o r m l y   in   b a l l  

m i l l s   to   o b t a i n   r e s p e c t i v e   p o w d e r   m i x t u r e s .  
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Added   a m o u n t s   of  Zn,  Sn,  and  Al  p o w d e r s   w e r e  

s e l e c t e d   to  be  5%  by  v o l u m e   of  r e s p e c t i v e   p o w d e r  

m i x t u r e s   . 

Each   p o w d e r   m i x t u r e   was  c o m p a c t e d   in  t h e  

5  a l i g n i n g   m a g n e t i c   f i e l d   of  25  KOe  by  p r e s s i n g   s t r e s s   o f  

2 1 .5   t o n   .  f  /cm  and  f o r m e d   a  g r e e n   c o m p a c t   of  a  d e s i r e d  

b u l k   s h a p e .   The  g r e e n   c o m p a c t   was  h e a t e d   a t   700  °C  a n d  

t f ren  c o a t e d   w i t h   g l a s s   c o a t i n g   by  d e p o s i t i n g   g l a s s  

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

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

and  was  m o u l d e d   i n t o   a  d e s i r e d   s h a p e   by  e x t r u s i o n .  

Each   e x t r u d e d   body   was  m e a s u r e d   to   o b t a i n   t h e  

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

d e n s i t i e s   a r e   i n d i c a t e d   f o r   Nos .   42,   43,  and  44  s a m p l e s  

15  in   T a b l e   21  t o g e t h e r   w i t h   d e n s i t y .  

T a b l e   2 1  

20  

S a m p l e   C o m p o s i t i o n   d  Br  ( B H ) m a x  

No.  ( g / c m 3 )   (KG)  (KOe)  (MGOe) 

42  ( N d 1 3 F e 8 1 B g ) 9 6 A l 4   7 .3   1 3 . 8   9 .9   4 1 . 2  

43  ( N d 1 3 F e 8 1 B 6 ) g 5 Z n 5   7 .5   1 3 . 4   5 .8   3 7 . 8  

44  ( N d 1 3 F e 8 1 B g ) g 7 S n 3   7 .5   1 3 . 3   7 .0   3 7 . 0  

45*  ( N d 1 3 F e 8 1 B g ) 8 9 A l 1 1   7 .2   9 .8   6 .4   2 2 . 8  

46*  N d 1 3 F e g i B g )   7 .5   1 .0   0 .2   1 

* . . .   S a m p l e   a c c o r d i n g   to   t h e   P r i o r   A r t  
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In  T a b l e   21,   e a c h   of  Nos .   45  ana   4b  s a m p l e s   i s   a  

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

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

M a g n e t i c ,   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  

5  I n v e n t i o n   can   be  p r o d u c e d   by  h o t   e x t r u s i o n   and   h a s  

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

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

E x a m p l e   13  

E a c h   of  g r e e n   c o m p a c t   o b t a i n e d   in   E x a m p l e   12  w a s  

LO  h o t - p r e s s e d   in   a r g o n   gas   a t m o s p h e r e   a t   70  0  °C  b y  

2 
p r e s s i n g   s t r e s s   of  1 , 0 0   0  K g . f / c m   f o r   15  m i n u t e s .   T h e  

h o t - p r e s s e d   body   was  h e a t - t r e a t e d   i n   a r g o n   a t   60  0  °C  f o r  

10  m i n u t e s .  

T a b l e   2 2  

15  —  ■ 

S a m p l e   C o m p o s i t i o n   d  Br  ( B H ) m a x  

No.  ( g / c m 3 )   (KG)  (KOe)  (MGOe) 

47  W i s ^ s i V g e ^   7 ,3   14  'y  * 

20  A f t e r   H e a t   T r e a t m e n t   7 .3   1 4 . 1   2 0 . 3   4 6 . 9  

48  ( N d i 3 F e 8 1 B 6 ) 9 5 Z n 5   '  

A f t e r   H e a t   T r e a t m e n t   7 .3   1 3 . 3   1 8 . 9   4 1 . 8  

25  49  ( N d 1 3 F e 8 1 B 6 ) 9 7 S n 3   7 .5   13  .  b  l U . b   4 * . z  

A f t e r   H e a t   T r e a t m e n t   7 .5   1 3 . 4   1 6 . 6   - 4 2 . 4 -  
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3 7  

M a g n e t i c   p r o p e r t i e s   of  e a c h   h o t - p r e s s e d   b o d y   a s  

s a m p l e   of  Nos .   47,   48,   and  49  w e r e   m e a s u r e d   b e f o r e   a n d  

a f t e r   t h e   h e a t   t r e a t m e n t   and  a r e   i l l u s t r a t e d   in   T a b l e  

22.   I t   w i l l   be  f o u n d   o u t   f r o m   T a b l e   22  t h a t   t h e  

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

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

i m p r o v e m e n t   i s   c o n s i d e r e d   to   be  c a u s e d   due  to   d e c r e a s e  

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

h e a t - t r e a t m e n t .  

10  In  o r d e r   to   c o n f i r m   i n f l u e n c e   of  h e a t - t r e a t i n g  

t e m p e r a t u r e   f o r   t h e   i m p r o v e m e n t   of  c o e r c i v e   f o r c e ,   h e a t  

t r e a t m e n t   was  c a r r i e d   o u t   to   No.  47  s a m p l e   a t   v a r i o u s  

t e m p e r a t u r e s .   F i g .   7  i l l u s t r a t e s   m e a s u r e d   c o e r c i v e  

f o r c e   to   v a r i a t i o n   of  h e a t - t r e a t i n g   t e m p e r a t u r e .   F i g .   7 

15  shows  t h a t   t h e   e f f e c t i v e   t e m p e r a t u r e   i s   3 0 0 - 9 0 0   ° C .  

F u r t h e r ,   e x p e r i m e n t   f o r   h e a t - t r e a t m e n t   w a s  

p e r f o r m e d   as  to   No.  47  s a m p l e   a t   v a r i o u s   h e a t - t r e a t i n g  

t i m e   p e r i o d s   a t   a  c o n s t a n t   t e m p e r a t u r e   of   60  0  °C.  F i g .  

8  shows  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  and  c o e r c i v e  

2  0  f o r c e   H  to   v a r i a t i o n   of  h e a t - t r e a t i n g   t i m e   p e r i o d .   I t  

w i l l   be  n o t e d   f r o m   F i g .   8  t h a t   t h e   h e a t   t r e a t m e n t   f o r  

a b o u t   10  m i n u t e s   i s   m o s t   e f f e c t i v e   f o r   i m p r o v e m e n t   o f  

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

E x a m p l e   1 4  

25  A l - ^ Z n g g   p o w d e r   and  A l g 3 C u 1 7   p o w d e r   w e r e  

p r o d u c e d   f r o m   s t a r t i n g   m a t e r i a l s   h a v i n g   p u r i t y   of  98%  o r  

m o r e .   E a c h   p o w d e r   has   an  a v e r a g e d   p a r t i c l e   s i z e   of  1 - 1 0  

/ l m .  
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E a c h   p o w d e r   and   t h e   N d 1 3 F e 8 i B 6   m a < ? n e t l c   p o w d e r  

o b t a i n e d   in   E x a m p l e   2  we re   m i x e d   w i t h   e a c h   o t h e r   a t   a  

m i x i n g   r a t i o   of  5  to   95  by  v o l u m e   ( w h i c h   means   4 .4   wt% 

f o r   A l11ZnQS  and  2 .4   wt%  f o r   N d ^ F e ^ B g )   in   a  b a l l   m i l l ,  

j  T a b l e   23 

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

N o .  

LO  so  ^ i s ^ a i ^ ^ s "   7 , 4  

( A l l l Z n 8 9 ) 5  

51  ( N d i 3 F e 8 l V 9 5 -   7 ,3   1 3 - 5   9 ' 5   4 2 ' 3  

( A l 8 3 C u 1 7 ) 5  

15  •  :  —  •  —  ' — —   —  —  

The  m i x t u r e   was  c o m p a c t e d   to   a  g r e e n   c o m p a c t   i n  

t h e   a l i g n i n g   m a g n e t i c   f i e l d   of   25  KOe  by  p r e s s i n g   s t r e s s  

of  1 .5   t o n .   f  / c m 2 .   The  g r e e n   c o m p a c t   was  h o t - p r e s s e d   i n  

a r g o n   gas   a t m o s p h e r e   a t   600  °C  by  p r e s s i n g   s t r e s s   o f  

2  0  1 , 0 0   0  K g . f / c m 2   f o r   15  m i n u t e s .   The  m a g n e t i c   p r o p e r t i e s  

of  h o t - p r e s s e d   b o d y   of  s a m p l e   Nos .   5  0  and   51  a r e  

d e s c r i b e d   in   T a b l e   2 3 .  

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

m a g n e t i c   p r o p e r t i e s   s i m i l a r   to   E x a m p l e   2 .  

C  r>r  I  C  V  en.  ;  metis. 

g / c m 3 )   (KG)  (KOe)  (MGOe) 
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E x a m p l e   15  

A l g g F e ^   p o w d e r ,   A ^ ^ N i - , .   p o w d e r ,   A ^ q C O q q  

p o w d e r ,   and   A l ^ C r ^ ^   p o w d e r   w e r e   u s e d   in   p l a c e   o f  

A l ^ ^ Z n g g   p o w d e r   and   A l g ^ C u ^ ^   p o w d e r   in   E x a m p l e   14,  and   a  

5  g r e e n   c o m p a c t   was  p r o d u c e d   f r o m   a  m i x t u r e   of  e a c h   p o w d e r  

and  N d - ^ F e g   ^Bg  m a g n e t i c   p o w d e r   in   s i m i l a r   m a n n e r   a s  

d e s c r i b e d   In  E x a m p l e   14.   The  g r e e n   c o m p a c t   w a s  

h o t - p r e s s e d   s i m i l a r l y ,   b u t   f o r   10  m i n u t e s .  

T a b l e   2  4 

10  

S a m p l e   C o m p o s i t i o n   d  Br  .̂R ,̂  ( B H ) m a x  

No.  ( g / c m 3 )   (KG)  (KOe)  (MGOe) 

52  (Nd,  _FeQ  . B - J . - i   7 .3   1 3 . 2   9 .5   3 9 . 8  
lo  ol  o  yo  

( A l 6 6 F e 3 4 } 5  

53  ( N d 1 3 F e 8 1 B g ) 9 4 .   7 .4   1 3 . 0   9 .1   3 9 . 5  

( A 1 2 5 N i 7 5 } 6  

20  54  ( N d i 3 F e 8 1 B 6 } 9 4 '   7 ,5   1 3 , 7   9 ,4   4 2 , 3  

55  ( N d 1 3 F e Q 1 B 6 ) 9 5 .   7 .3   1 3 . 6   9 .8   4 2 . 5  

( A l ? 5 C r 2 5 ) 5  
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M a g n e t i c   p r o p e r t i e s   of  t h e   h o t - p r e s s e d   b o d y   w a s  

e x c e l l e n t   s i m i l a r l y   as  in   E x a m p l e   14  and   i s   shown  I n  

T a b l e   24  w i t h   s a m p l e   n u m b e r s   Nos .   5 2 - 5 5   f o r   a l l o y  

p o w d e r s   u s e d .  
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C  LAIMS  : 

1.  A  m a g n e t i c   body   w i t h   a  h i g h   c o e r c i v e   f o r c e  

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

m e t a l l i c   c e m e n t i n g   p h a s e   and   m a g n e t i c   c r y s t a l l i n e  

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

5  c e m e n t i n g   p h a s e ,   s a i d   c e m e n t i n g   p h a s e   b e i n g   10%  or  l e s s  

by  v o l u m e   of  s a i d   m a g n e t i c   b o d y   and   c o m p r i s i n g   a t   l e a s t  

one  e l e m e n t   s e l e c t e d   f r o m   a  f i r s t   m e t a l l i c   g r o u p   of  A l ,  

Zn,  Sn,  Cu,  Pb,   S,  I n ,   Ga,  Ge,  and   Te,  s a i d   m a g n e t i c  

c r y s t a l l i n e   p a r t i c l e s   b e i n g   s u b s t a n t i a l l y   b a l a n c e   of  t h e  

10  v o l u m e   of  t h e   m a g n e t i c   b o d y   and   b e i n g   a  c o m p o s i t i o n  

r e p r e s e n t e d   by  a  c h e m i c a l   f o r m u l a   R 2 T i 4 B '  

w h e r e   R  i s   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f r o m   Y  and   r a r e  

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

Fe  5 0 - 1 0 0   at%  in  t h e   t r a n s i t i o n   m e t a l ,   e a c h   of  s a i d  

15  m a g n e t i c   p a r t i c l e s   b e i n g   e m b e d d e d   in   s a i d   ' c e m e n t i n g  

p h a s e   to   f o r m   an  i n t e r f a c e   t h e r e b e t w e e n .  

2.  A  m a g n e t i c   b o d y   as  c l a i m e d   in   C l a i m   1,  s a i d  

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

a t   l e a s t   one  of  s a i d   f i r s t   m e t a l l i c   g r o u p   and  a t   l e a s t  

one  s e l e c t e d   f r o m   a  s e c o n d   m e t a l l i c   g r o u p   of  R,  T,  a n d  

5  B .  

3.  A  m e t h o d   f o r   p r o d u c i n g   a-  m a g n e t i c   b o d y   w i t h  

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

s t e p s   of  : 

p r e p a r i n g   an  i n g o t   of  R -T-B   m a g n e t i c   a l l o y  

5  c o m p r i s i n g   a  m a g n e t i c   i n t e r m e t a l l i c   c o m p o u n d  
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2 

( C l a i m   3  c o n t i n u e d )  

r e p r e s e n t e d   by  a  c h e m i c a l   f o r m u l a   of  R 2 T i 4 B '   w n e r e   R  i s  

a t   l e a s t   one   e l e m e n t   s e l e c t e d   f r o m   Y  and   r a r e   e a r t h  

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

5  0 - 1 0 0   at%  in   t h e   t r a n s i t i o n   m e t a l ;  

L0  p u l v e r i z i n g   and  m i l l i n g   s a i d   i n g o t   to   t h e r e b y  

p r e p a r e   a  m a g n e t i c   p o w d e r ;  

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

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

g r o u p   of  A l ,   Zn,  Sn,   Cu,  Pb,   S,  I n ,   Ga,  Ge,  and  T e ;  

15  m i x i n g   a  m e t a l l i c   c e m e n t i n g   p o w d e r   of  10%  o r  

l e s s   by  v o l u m e   and   s a i d   m a g n e t i c   p o w d e r   of  s u b s t a n t i a l l y  

b a l a n c e   to   p r e p a r e   a  m i x e d   p o w d e r ;   a n d  

f o r m i n g   a  b u l k - s h a p e   b o d y   of  s a i d   m i x e d   p o w d e r  

a t   an  e l e v a t e d   t e m p e r a t u r e .  

4  .  A  m e t h o d   as  c l a i m e d   i n   C l a i m   3  ,  s a i d  

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

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

a  g r a i n   a l i g n i n g   m a g n e t i c   f i e l d   i n t o   a  c o m p a c t   body   of  a  

5  p r e d e t e r m i n e d   s h a p e ;   a n d  

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

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

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

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

10  s a i d   b u l k - s h a p e   b o d y ,   a  s i n t e r e d   b o d y .  

5.  A  m e t h o d   as  c l a i m e d   in   C l a i m   4,  w h e r e i n   s a i d  

R-T-B  i n g o t   c o n s i s t s   of  s a i d   i n t e r m e t a l l i c   c o m p o u n d   o f  

R  T,  .B,  and   s a i d   m e t a l l i c   c e m e n t i n g   p o w d e r   c o m p r i s e s   a n  



3 

[)  2 4 9   9 7 3  

( C l a i m   5  c o n t i n u e d )  

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

5  f r o m   s a i d   f i r s t   m e t a l l i c   g r o u p   and   a t   l e a s t   one  s e l e c t e d  

f rom  a  s e c o n d   m e t a l l i c   g r o u p   of  R,  T,  and   B .  

6.  A  m e t h o d   as  c l a i m e d   in   C l a i m   5,  f u r t h e r  

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

h e a t   t r e a t m e n t   f o r   i m p r o v i n g   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 i n t e r e d   b o d y .  

7.  A  m e t h o d   as  c l a i m e d   in   C l a i m   6,  w h e r e i n   s a i d  

h e a t   t r e a t m e n t   i s   p e r f o r m e d   a t   3 0 0 - 9 0 0   ° C .  

8.  A  m e t h o d   as  c l a i m e d   in   C l a i m   3,  w h e r e i n   s a i d  

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

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

b u l k - s h a p e   b o d y   a t   an  e l e v a t e d   t e m p e r a t u r e   l o w e r   t h a n  

5;  1 , 1 0 0   °C  b u t   h i g h e r   t h a n   a  m e l t i n g   t e m p e r a t u r e   of  s a i d  

m e t a l l i c   c e m e n t i n g   p o w d e r .  

9.  A  m e t h o d   as  c l a i m e d   in   C l a i m   8,  w h e r e i n   s a i d  

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

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

2 
u n d e r   a  p r e s s u r e   of  5 - 5 , 0 0 0   K g . f / c m   . 

10.   A  m e t h o d   as  c l a i m e d   in   C l a i m   9,  s a i d   b u l k  

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

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

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

5  h o t - p r e s s i n g   p r o c e s s .  

11 .   A  m e t h o d   as  c l a i m e d   in   C l a i m   10,   w h e r e i n  

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

m a g n e t i c   f i e l d .  
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4 

12  .  A  m e t h o d   as  c l a i m e d   in   C l a i m   8  ,  w h e r e i n  

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

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

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

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

e x t r u s i o n   to   t h e r e b y   p r o d u c e ,   as  s a i d   b u l k - s h a p e   b o d y ,  

an  e x t r u d e d   b o d y .  

13.   A  m e t h o d   as  c l a i m e d   in   C l a i m   1 2 ,  

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

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

14.   A  m e t h o d   as  c l a i m e d   in   C l a i m   8,  f u r t h e r  

c o m p r i s i n g   a  s t e p   of  s u b j e c t i n g   s a i d   b u l k - s h a p e   body   t o  

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

t h e r e o f .  

15.   A  m e t h o d   as  c l a i m e d   i n   C l a i m   14,  w h e r e i n  

s a i d   h e a t   t r e a t m e n t   i s   p e r f o r m e d   a t   30  0 - 9 0 0   ° C .  
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