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FIELD  OF  THE  INVENTION 

The  i n v e n t i o n   r e l a t e s   to  p e r m a n e n t   m a g n e t s ,  

i . e .   h a r d   m a g n e t s ,   f o r m e d   of  t r a n s i t i o n   m e t a l ,   a  r a r e  

e a r t h   m e t a l ,   and  b o r o n ,   and  to  m e t h o d s   of  p r e p a r i n g  

t he   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 s .  

BACKGROUND  OF  THE  INVENTION 

Hard  m a g n e t s ,   t h a t   i s ,   p e r m a n e n t   m a g n e t s   a r e  

c h a r a c t e r i z e d   by  a  h igh   c o e r c i v e   f o r c e   and  a  h i g h  

r e m a n e n c e .   They  may  be  f o r m e d   of  a  t r a n s i t i o n   m e t a l  

and  a  r a r e   e a r t h   m e t a l ,   as  s a m a r i u m - c o b a l t ,   or  a 

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

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

m e t a l - b o r o n   h a r d   m a g n e t s   a re   c h a r a c t e r i z e d   by  low  c o s t  

and  a  p r e c i s e   m o r p h o l o g y   w i t h   t he   g r a i n   s i z e   b e i n g   on 



t he   o r d e r   of  f rom  a b o u t   1  to  a b o u t   10  m a g n e t i c   d o m a i n s  

in  s i z e .   T r a n s i t i o n   m e t a l - r a r e   e a r t h   m e t a l - b o r o n   h a r d  

m a g n e t s   and  m e t h o d s   of  p r e p a r i n g   them  are   d e s c r i b e d   i n  

U.S.   P a t e n t   4 , 4 0 2 , 7 7 0   to  N.C.  Koon  f o r   Hard  M a g n e t i c  

A l l o y s   of  a  T r a n s i t i o n   Meta l   And  L a n t a n i d e ,   U . S .  

4 , 4 0 9 , 0 4 3   to  N.C.  Koon  f o r   A m o r p h o u s   T r a n s i t i o n   M e t a l  

L a n t a n i d e   A l l o y s ,   and  J a p a n e s e   P u b l i s h e d   P a t e n t  

A p p l i c a t i o n   5 9 - 6 4 7 3 9   of  J . J .   C r o a t ,   c l a i m i n g   t h e  

b e n e f i t   of  U.S.   A p p l i c a t i o n   S e r i a l   No.  4 1 4 , 9 3 6   of  J . J .  

C r o a t   f o r   High  E n e r g y   P r o d u c t   R a r e - E a r t h - I r o n   M a g n e t  

A l l o y s   and  U.S.   A p p l i c a t i o n   S e r i a l   No.  5 0 8 , 7 6 6   of  J . J .  

C r o a t   f o r   H i g h  E n e r g y   P r o d u c t   Rare   E a r t h - I r o n   M a g n e t  

A l l o y s .  

In  o r d e r   to  p r e p a r e   b u l k   q u a n t i t i e s   o f  

t r a n s i t i o n   m e t a l - r a r e   e a r t h   m e t a l - b o r o n   m a g n e t s  

a l l o y s ,   t h e   m a t e r i a l   must   be  q u e n c h e d   f rom  t h e   m e l t .  

H o w e v e r ,   in  o r d e r   to  a t t a i n   maximum  p e r f o r m a n c e ,   i . e .  

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

be  v e r y   p r e c i s e l y   c o n t r o l l e d .   T h a t   i s ,   t h e  

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

w i t h i n   v e r y   n a r r o w   l i m i t s .   M o r e o v e r ,   even   v e r y   s l i g h t  

d e v i a t i o n s   f rom  o p t i m u m   c o m p o s i t i o n s   a n d / o r   q u e n c h  

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

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

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

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

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

p r o p e r t i e s   of  t he   s o l i d i f y i n g   m e l t   a re   not   i n v a r i a n t ,  

bu t   a re   b e l i e v e d   to  be  a  s t r o n g   f u n c t i o n   of  l o c a l  

d e v i a t i o n s   of  t he   l i q u i d   c o m p o s i t i o n   f rom  t h e  

e u t e c t o i d   c o m p o s i t i o n .   T h u s ,   too   s low  a  q u e n c h   r a t e  

r e s u l t s   in  a  s o f t   m a g n e t   m a t e r i a l   r e q u i r i n g   r e m e l t i n g  

and  r e c a s t i n g .   Too  r a p i d   a  q u e n c h   r a t e   is  r e p o r t e d ,  

e . g . ,   in  U.S.   P a t e n t   4 , 4 0 2 , 7 7 0   to  Koon,   et  al  and  U . S .  

P a t e n t   A p p l i c a t i o n   S e r i a l   No.  5 0 8 , 2 6 6   of  C r o a t   t o  



r e s u l t   in  a  weak  m a g n e t   t h a t   r e q u i r e s   s u b s e q u e n t  

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

Both  Koon  and  C r o a t   d e m o n s t r a t e   a  p r e f e r e n c e  

f o r   a  two  s t e p   p r o c e s s   c h a r a c t e r i z e d   by  o v e r - q u e n c h  

and  s u b s e q u e n t   back  a n n e a l i n g .  

The  two  s t e p   p r o c e s s   of  q u e n c h i n g   and  b a c k  

a n n e a l i n g ,   w h i l e   a v o i d i n g   t he   e f f e c t s   of  t h e  

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

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

s e r i e s   of  m a n u f a c t u r i n g   s t e p s .  

SUMMARY  OF  THE  INVENTION 

The  i n v e n t i o n   h e r e i n   p r o v i d e s   an  a s - q u e n c h e d ,  

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

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

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

no t   r e q u i r i n g   s u b s e q u e n t   a n n e a l i n g ,   and  p r o d u c e d   w i t h  

r e l a x e d   p r o c e s s   p a r a m e t e r s .  

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

m a t e r i a l   is  p r e p a r e d   by  r a p i d l y   q u e n c h i n g   a  m o l t e n  

c o m p o s i t i o n   o f :  

(1)  a  t r a n s i t i o n   m e t a l   such   as  i r o n ,   c o b a l t ,  

n i c k e l ,   m a n g a n e s e ,   and  m i x t u r e s   t h e r e o f ;  

(2)  a  r a r e   e a r t h   m e t a l ,   i . e .   a  l a n t h a n i d e ,  

a s c e r i u m ,   n e o d y m i u m ,   p r a e s o d y m i u m ,   and  m i x t u r e s  

t h e r e o f ;  

(3)   b o r o n ;   a n d  

(4)  a  q u e n c h   r a t e   r a n g e   b r o a d e n i n g   a m o u n t   o f  

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

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

z i r c o n i u m ,   and  z i r c o n i u m - n i o b i u m .  

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

the   m a g n e t i c   m a t e r i a l   is  p r e p a r e d   by  r a p i d l y   q u e n c h i n g  

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



p r a e s o d y m i u m ,   b o r o n ,   and  a l u m i n u m ,   w h e r e b y   to  fo rm  t h e  

a s - q u e n c h e d ,   u n a n n e a l e d ,   m i c r o c r y s t a l l i n e   ha rd   m a g n e t ,  

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

m a g n e t   p r e p a r e d   t h e r e b y .  

THE  FIGURES 

The  i n v e n t i o n   may  be  u n d e r s t o o d   by  r e f e r e n c e  

to  t he   F i g u r e s .  

F i g u r e   1  shows  t h e   a s - q u e n c h e d   e n e r g y  

p r o d u c t s   of  n e o d y m i u m - i r o n - b o r o n   a n d  

p r a e s o d y m i u m - i r o n - b o r o n - a l u m i n u m   a l l o y s .  

F i g u r e   2  shows  the   as  q u e n c h e d   e n e r g y  

p r o d u c t s   of  a  p r a e s o d y m i u m - i r o n - b o r o n   a n d  

n e o d y m i u m - i r o n - b o r o n -  

a l u m i n u m   a l l o y s .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

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

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

p r o d u c t s ,   h i g h   c o e r c i v i t i e s ,   and  h i g h   C u r i e  

t e m p e r a t u r e s   and  a r e   f u r t h e r   c h a r a c t e r i z e d   in  t h a t  

t h e y   do  not   r e q u i r e   a n n e a l i n g   to  o b t a i n   t h e s e  

p r o p e r t i e s .  

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

TMwRExByGz.  TM  r e p r e s e n t s   a  t r a n s i t i o n   m e t a l  

or  m e t a l s   c h o s e n   f rom  t h e   g r o u p   c o n s i s t i n g   of  i r o n ,  

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

P r e f e r a b l y   i r o n   is  t h e   p r e d o m i n a n t   or  even   s o l e  

t r a n s i t i o n   m e t a l .   Where  i r o n   is  not   t h e   s o l e  

t r a n s i t i o n   m e t a l ,   i t   c o n s t i t u t e s   t h e   m a j o r   p a r t   of  t h e  

t o t a l   t r a n s i t i o n   m e t a l   c o n t e n t   of  the   a l l o y ,   g e n e r a l l y  

b e i n g   above   a b o u t   70  a t o m i c   p e r c e n t   of  t h e   t o t a l  

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



T h a t   i s ,   t he   t r a n s i t i o n   m e t a l   c o n t e n t   is  p r e f e r a b l y  

s u b s t a n t i a l l y   a l l   i r o n   w i t h   i n c o n s e q u e n t i a l  

i m p u r i t i e s .   O p t i o n a l l y   up  to  30  a t o m i c   p e r c e n t   o f  

c o b a l t ,   n i c k e l   a n d / o r   m a n g a n e s e ,   b a s i s   t o t a l  

t r a n s i t i o n   m e t a l   c o n t e n t   of  t he   c o m p o s i t i o n ,   may  b e  

p r e s e n t   w i t h o u t   d e l e t e r i o u s   e f f e c t ,   and  may  e v e n  

p r o v i d e   an  a d d i t i v e   e f f e c t .  

RE  r e p r e s e n t s   a  r a r e   e a r t h   m e t a l   or  m e t a l s .  

The  r a r e   e a r t h   m e t a l   or  m e t a l s   a re   l i g h t   r a r e   e a r t h  

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

n e o d y m i u m ,   p r a e s o d y m i u m ,   and  m i x t u r e s   t h e r e o f .  

B  r e p r e s e n t s   b o r o n .  

G  r e p r e s e n t s   a  q u e n c h   r a t e   r a n g e   b r o a d e n i n g  

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

f rom  the   g r o u p   c o n s i s t i n g   of  a l u m i n u m ,  

a l u m i n u m - v a n a d i u m ,   z i r c o n i u m ,   and  z i r c o n i u m - n i o b i u m .  

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

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

a l u m i n u m - v a n a d i u m   and  z i r c o n i u m - n i o b i u m ,   wh ich   a r e  

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

c o u n t e r a c t   each   o t h e r   as  a l u m i n u m - z i r c o n i u m ,  

a l u m i n u m - n i o b i u m ,   v a n a d i u m - z i r c o n i u m   a n d  
v a n a d i u m - n i o b i u m .  

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

a b o u t   60  to  a b o u t   92.  x,  t he   a t o m i c   p e r c e n t   of  t o t a l  

r a r e   e a r t h   m e t a l s   is  f rom  a b o u t   8  to  a b o u t   40.  y,  t h e  

a t o m i c   p e r c e n t   of  b o r o n   is  f r om  a b o u t   t r a c e s   to  a b o u t  
20.  z,  t h e   a t o m i c   p e r c e n t   of  t h e   q u e n c h   r a t e   r a n g e  

b r o a d e n i n g   m a t e r i a l ,   is  a  q u e n c h   r a t e   r a n g e   b r o a d e n i n g  

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

g l a s s   f o r m i n g   m a t e r i a l   is  g e n e r a l l y   above   a b o u t   o n e  

a t o m i c   p e r c e n t   and  p r e f e r a b l y   a b o v e   a b o u t   two  a t o m i c  

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

p e r c e n t .  



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

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

r a r e   e a r t h   m e t a l .   With  p a r t i a l   s u b s t i t u t i o n   of  b o r o n ,  

t h e   t r a n s i t i o n   m e t a l ,   or  t h e   r a r e   e a r t h   m e t a l ,   or  a n y  

or  a l l   of  t he   a l l o y   c o n s t i t u e n t s   by  the   g l a s s   f o r m e r ,  

i t   is  p o s s i b l e   to  p r o v i d e   p r o c e s s i n g   a d v a n t a g e s  

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

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

a m o u n t   of  b o r o n   must   be  h i g h   e n o u g h   to  i n t e r a c t   w i t h  

t h e   t r a n s i t i o n   m e t a l   and  r a r e   e a r t h   m e t a l ,   bu t   no t   s o  

h i g h   as  to  fo rm  n o n - m a g n e t i c   p h a s e s   or  to  r e n d e r   t h e  

a l l o y   s o f t   or  even   n o n - m a g n e t i c .   M o r e o v e r ,   t h e   a m o u n t  

of  b o r o n   s h o u l d   not   be  so  low  as  to  f a i l   to  p r o v i d e   an  

o p e r a t i v e ,   h a r d   m a g n e t .   W i t h i n   t h i s   r a n g e   of  b o r o n  

c o m p o s i t i o n ,   t he   g l a s s   f o r m e r   is  added   to  e n h a n c e   t h e  

q u e n c h   r a t e   r a n g e   at  w h i c h   a  h i g h   c o e r c i v i t y ,   h i g h  

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

f o r m e d .  

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

of  f o r m i n g   t he   a l l o y .   The  a l l o y   is  f o r m e d   by  a  r a p i d  

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

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

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

the   p r o d u c t   of  t he   r o t a t i o n a l   v e l o c i t y   of  t he   c h i l l  

whee l   t h e   r a d i u s   of  t h e   c h i l l   w h e e l ,   and  p i .   T h i s  

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

m e t a l   e f f l u e n t .   At  c o n s t a n t   e f f l u e n t   g e o m e t r y ,  

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

t e m p e r a t u r e ,   q u e n c h   r a t e   is  m o n o t o n i c   a n d  

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

v e l o c i t y .   For  a  m e l t   s p i n n e r   u t i l i z i n g   a  20  i n c h  

d i a m e t e r   c o p p e r   c l a d   c h i l l   whee l   s p a c e d   1  to  30  

m i l l i m e t e r s   f rom  a  0 .2   to  2 .0   m i l l i m e t e r   d i a m e t e r  

a p e r t u r e   w i t h   a  0 .5   to  10  p o u n d s   per   s q u a r e   i n c h   h e a d ,  

a  c h i l l   whee l   v e l o c i t y   of  1000  r e v o l t i o n s   per   m i n u t e ,  

i . e . ,   a  l i n e a r   v e l o c i t y   of  1 . 3 2   x  103  c m / s e c .   T h e  



q u e n c h   r a t e   is  a b o v e   0 .5   x  105C  per   s e c o n d ,  

p r e f e r a b l y   a b o v e   a b o u t   1  x  105C  per   s e c o n d ,   and  in  a 

p a r t i c u l a r l y   p r e f e r r e d   e m b o d i m e n t   a b o v e   a b o u t   10  x 
105C  per   s e c o n d .   M o l t e n   c o m p o s i t i o n s   of  t r a n s i t i o n  

m e t a l - r a r e   e a r t h   m e t a l - b o r o n   e x h i b i t   a  r e l a t i v e l y  

s h a r p   l o c a l   maximum  of  e . g . ,   c o e r c i v i t y ,   as  a  f u n c t i o n  

of  c h i l l   whee l   v e l o c i t y ,   w i t h   c o e r c i v i t y   d r o p p i n g   o f f  

to  30  p e r c e n t   of  peak  v a l u e   at  c h i l l   whee l   v e l o c i t i e s  

of  p l u s   or  m i n u s   10  p e r c e n t   of  t he   c h i l l   w h e e l  

v e l o c i t y   c o r r e s p o n d i n g   to  peak  c o e r c i v i t y .   By  way  o f  

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

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

maximum  o f ,   e . g . ,   c o e r c i v i t y   as  a  f u n c t i o n   of  c h i l l  

whee l   v e l o c i t y ,   w i t h   c o e r c i v i t y   b e i n g   85  to  90  p e r c e n t  

of  peak  v a l u e   at  c h i l l   whee l   v e l o c i t i e s   of  p l u s   o r  

m i n u s   10  p e r c e n t   of  t h e   c h i l l   whee l   v e l o c i t y  

c o r r e s p o n d i n g   to  peak  c o e r c i v i t y ,   and  60  p e r c e n t   o f  

peak  v a l u e   of  at  c h i l l   whee l   v e l o c i t i e s   of  p l u s   o r  

m i n u s   20  p e r c e n t   of  t he   c h i l l   whee l   v e l o c i t y  

c o r r e s p o n d i n g   to  peak   c o e r c i v i t y .   As  h e r e i n  

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

m e t a l ,   r a r e   e a r t h   m e t a l ,   b o r o n ,   and  g l a s s   f o r m e r   i s  

q u e n c h e d   w i t h i n   a  q u e n c h   r a t e   r a n g e   to  form  a  g l a s s y ,  

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

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

a n n e a l i n g   i f   a  g r a i n   s i z e   a b o v e   t h a t   o b t a i n e d   by  t h e  

q u e n c h i n g   is  r e q u i r e d .  

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

p r e f e r a b l y   o b t a i n e d   to  9 9 . 9   p e r c e n t   p u r i t y   a n d  

p a r t i c u l a r l y   a  p r e f e r r e d   e x e m p l i f i c a t i o n   to  9 9 . 9 9  

p e r c e n t   p u r i t y .  

The  p r e c u r s o r   m a t e r i a l s ,   t h a t   i s ,   t h e  

t r a n s i t i o n   m e t a l ,   t he   r a r e   e a r t h   m e t a l ,   b o r o n ,   and  t h e  

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

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

an  a r g o n   h e l i u m   a t m o s p h e r e .   M e l t i n g   and  r e m e l t i n g   may  



be  c a r r i e d   out   s e v e r a l   t i m e s   in  o r d e r   to  o b t a i n  

s u b s t a n t i a l l y   h o m o g e n e o u s   a l l o y .  

The  s u b s t a n t i a l l y   h o m o g e n e o u s   a l l o y   i s  

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

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

i n e r t   s u r f a c e ,   t h a t   i s ,   a  s u r f a c e   m o v i n g   at  a  q u e n c h  

s p e e d   of  a b o u t   at  l e a s t   300  c e n t i m e t e r s   per   m i n u t e  

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

P r e f e r a b l y ,   t he   r a p i d l y   mov ing   s u r f a c e   is  a  r a p i d l y  

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

r o t a t i n g   at  an  a n g u l a r   v e l o c i t y   so  as  to  p r o v i d e   a 

l i n e a r   v e l o c i t y   of  a b o v e   a b o u t   300  c e n t i m e t e r s   p e r  

s e c o n d ,   p r e f e r a b l y   above   a b o u t   1000  c e n t i m e t e r s   p e r  
s e c o n d   but   l e s s   t h a n   a b o u t   5000  c e n t i m e t e r s   per   s e c o n d .  

The  f o l l o w i n g   e x a m p l e s   a re   i l l u s t r a t i v e   o f  

t h e   m e t h o d   of  t h i s   i n v e n t i o n .  

EXAMPLES 

I .   P r e p a r a t i o n   of  t he   A l l o y s  

A l l o y s   of  t h e   e x a m p l e s   were   p r e p a r e d   b y  

w e i g h i n g   ou t   t he   a p p r o p r i a t e   c o n s t i t u e n t s .   T h e  

p r a e s o d y m i u m   was  M o r t o n   T h i o k o l   A l f a   p r a e s o d y m i u m ,  

h a v i n g   a  n o m i n a l   p u r i t y   of  9 9 . 9 9   p e r c e n t .   T h e  

n e o d y m i u m   was  R e s e a r c h   C h e m i c a l s   I n c . ,   n e o d y m i u m ,  

h a v i n g   a  n o m i n a l   p u r i t y   of  9 9 . 9   p e r c e n t .   The  b o r o n  

was  M o r t o n   T h i o k o l   A l f a   b o r o n ,   h a v i n g   a  n o m i n a l   p u r i t y  

of  9 9 . 9   p e r c e n t .   The  a l u m i n u m   was  A t l a n t i c   E q u i p m e n t  

a l u m i n u m ,   h a v i n g   a  n o m i n a l   p u r i t y   of  9 9 . 9 9   p e r c e n t .  

The  i r o n   was  A t l a n t i c   E q u i p m e n t   e l e c t r o l y t i c   i r o n ,  

h a v i n g   a  n o m i n a l   p u r i t y   of  9 9 . 9 9 9   p e r c e n t .  

The  c o n s t i t u e n t s   were   p l a c e d   in  a  19  mm  o . d . ,  
17  mm  i . d .   q u a r t z   c r u c i b l e ,   and  h e a t e d   in  an  e l e c t r i c  

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

w h e r e b y   to  fo rm  an  i n g o t .   The  i n g o t s   were   h o m o g e n i z e d  

by  r e p e a t e d   r e m e l t i n g .  



I I .   Q u e n c h i n g  

Q u e n c h i n g   was  c a r r i e d   ou t   u s i n g   an  a r g o n  

p r e s s u r i z e d   q u a r t z   c r u c i b l e   h a v i n g   an  o r i f i c e   on  t h e  

b o t t o m .   The  o r i f i c e   was  v e r t i c a l l y   s p a c e d   f rom  a 

mov ing   c h i l l   s u r f a c e ,   i . e . ,   a  20  i n c h   d i a m e t e r  

r o t a t i n g ,   c o p p e r   w h e e l .   The  m o l t e n   m e t a l   was  e j e c t e d  

t h r o u g h   the   o r i f i c e   o n t o   t he   c o p p e r   c h i l l   w h e e l .  

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

T h e r e a f t e r ,   a  p o r t i o n   of  t he   h o m o g e n i z e d   i n g o t   w a s  

p l a c e d   in  t h e   c r u c i b l e ,   and  t h e   c r u c i b l e   was  h e a t e d   i n  

an  i n d u c t i o n   f u r n a c e .   When  t h e   i n g o t   was  m o l t e n ,   t h e  

m o l t e n   c o m p o s i t i o n   was  e j e c t e d   o n t o   t he   r a p i c l y  

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

r e c o v e r e d .  

I I I .   M a g n e t i z a t i o n  

M a g n e t i z a t i o n   m e a s u r e m e n t s   were   made  u s i n g   a 

v i b r a t i n g   s a m p l e   m a g n e t o m e t e r .   The  m a g n e t o m e t e r   w a s  

c a l i b r a t e d   u s i n g   a  s t a n d a r d   N . B . S .   n i c k e l s p h e r e  

s a m p l e .  

EXAMPLE  I 

S a m p l e s   of  F e 8 2 B 6 P r 1 2   a n d  

F e 7 9 B 6 P r 1 1 . 5 A l 3 . 5   were  p r e p a r e d ,   q u e n c h e d ,   a n d  

t e s t e d   as  d e s c r i b e d   a b o v e .   The  f o l l o w i n g   r e s u l t s   w e r e  

o b t a i n e d :  

C o m p o s i t i o n   F e 8 2 B 6 P r 1 2   F e 7 9 B 6 P r 1 1 . 5 A l 3 . 5  





EXAMPLE  I I  

S a m p l e s   of  F e 7 9 B 6 N d 1 5   a n d  

F e 7 7 B 6 N d 1 5 A l 2   were   p r e p a r e d ,   q u e n c h e d ,   a n d  

t e s t e d   as  d e s c r i b e d   a b o v e .   The  f o l l o w i n g   r e s u l t s ,  

shown  g r a p h i c a l l y   in  F i g u r e   2,  were   o b t a i n e d :  



W h i l e   t he   i n v e n t i o n   has  been  d e s c r i b e d   w i t h  

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

e m b o d i m e n t s   t h e r e o f ,   i t   is  no t   i n t e n d e d   to  l i m i t   t h e  

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

a p p e n d e d   h e r e t o .  



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

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

c o n s i s t i n g   of  i r o n ,   c o b a l t ,   n i c k e l ,   m a n g a n e s e   a n d  

m i x t u r e s   t h e r e o f ;  

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

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

t h e r e o f ;  

(c)   b o r o n ;  

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

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

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

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

z i r c o n i u m ,   and  z i r c o n i u m - n i o b i u m .  

2.  The  ha rd   m a g n e t i c   m a t e r i a l   of  C la im  1 ,  

w h e r e i n   t h e   t r a n s i t i o n   m e t a l   is  i r o n .  
3.  The  ha rd   m a g n e t i c   m a t e r i a l   of  C la im   1 ,  

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

4.  The  h a r d   m a g n e t i c   m a t e r i a l   of  C la im  3 ,  

w h e r e i n   t h e   a l u m i n u m   c o n t e n t   is  f r o m   a b o u t   2  to  a b o u t  

10  a t o m i c   p e r c e n t .  

5.  The  h a r d   m a g n e t i c   a l l o y   of  C l a i m   4 ,  

w h e r e i n   t he   a l l o y   c o m p r i s e s   a b o u t   8  to  a b o u t   40  a t o m i c  

p e r c e n t   l a n t h a n i d e ,   a b o u t   2  to  10  a t o m i c   p e r c e n t  

a l u m i n u m ,   up  to  a b o u t   20  p e r c e n t   b o r o n ,   b a l a n c e   i r o n .  

6.  A  m e t h o d   of  f o r m i n g   t h e   g l a s s y ,   h a r d  

m a g n e t i c   m a t e r i a l   of  c l a i m   1  c h a r a c t e r i z e d   b y :  

(1)  f o r m i n g   a  m o l t e n   c o m p o s i t i o n   o f :  

(a)   a  t r a n s i t i o n   m e t a l   c h o s e n   f rom  t h e  

g r o u p   c o n s i s t i n g   of  i r o n ,   c o b a l t ,   n i c k e l ,   m a n g a n e s e ,  
and  m i x t u r e s   t h e r e o f ;  

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

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

t h e r e o f ;  



(c)   b o r o n ;   a n d  

(d)  a  q u e n c h   r a t e   r a n g e   b r o a d e n i n g  

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

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

z i r c o n i u m ,   and  z i r c o n i u m - n i o b i u m ;   a n d  

(2)  q u e n c h i n g   t h e   m o l t e n   c o m p o s i t i o n   w i t h i n  

a  q u e n c h   r a t e   r a n g e   to  fo rm  a  g l a s s y ,   h a r d   m a g n e t i c  

m a t e r i a l .  

7.  The  m e t h o d   of  C l a i m   6,  w h e r e i n   t h e  

t r a n s i t i o n   m e t a l   is  i r o n .  

8.  The  m e t h o d   of  C l a i m   6,  w h e r e i n   t h e   g l a s s  

f o r m i n g   a d d i t i v e   is  a l u m i n u m .  

9.  The  m e t h o d   of  C l a i m   8,  w h e r e i n   a l u m i n u m  

c o n t e n t   is  f r om  a b o u t   2  to  a b o u t   10  a t o m i c   p e r c e n t .  

10.  The  m e t h o d   of  C l a i m   9,  w h e r e i n   t h e   h a r d  

m a g n e t i c   a l l o y   c o m p r i s e s   a b o u t   8  to  a b o u t   40  a t o m i c  

p e r c e n t   l a n t h a n i d e ,   up  to  a b o u t   20  a t o m i c   p e r c e n t  

b o r o n ,   a b o u t   2  to  10  a t o m i c   p e r c e n t   a l u m i n u m ,   b a l a n c e  

i r o n .  

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

q u e n c h i n g   t he   m o l t e n   c o m p o s i t i o n   on  a  c h i l l   s u r f a c e .  

12.  The  m e t h o d   of  C l a i m   11  c o m p r i s i n g  

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

s u r f a c e .  

13.  The  m e t h o d   of  C l a i m   12,  w h e r e i n   t h e  

c h i l l   s u r f a c e   moves  w i t h   r e s p e c t   to  t he   m o l t e n  

c o m p o s i t i o n .  
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