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IMPROVING THE DISTRIBUTION OF MAGNETIC PROPERTIES I N  RARE EARTH-COBALT MAGNETS 

BY THE USE OF SELECTIVE THERMAL STABILIZATION 

Stanley  R .  Trout 

Abs t rac t  - Typical  production rare ear th-cobal t  perma- 
nent  magnets  have a nominal   var ia t ion  of   25%  for  rema- 
nence  and 210% for  energy  product. A technique is 
descr ibed  for   improving  the  dis t r ibut ion  of   these  prop-  
e r t i e s   u s i n g   s t a b i l i z i n g   t e m p e r a t u r e s  which are a func- 
t i o n   o f   t h e  measured properties  of  the  as-magnetized 
magnet  and its ope ra t ing   po in t .  It is poss ib l e   t o  
achieve a 90% y i e l d   a t  a 21% to le rance  band of rema- 
nence.   Data  are  given  for two l o t s  of  production 
magnets,  to  which th i s   t echnique   has  been appl ied .  

INTRODUCTION 

Seve ra l   app l i ca t ions   o f   r a r e   ea r th -coba l t  permanent 
magnets   require   an  especial ly   narrow  dis t r ibut ion of 
energy  product o r  remanence, compared t o  normal  produc- 
t i o n   d i s t r i b u t i o n s .  The nominal v a r i a t i o n s  f o r  energy 
product and remanence a r e  ~ 1 0 %  and 25%, respec t ive ly .  
Examples o f   t hese   app l i ca t ions  are p a r t i c l e  beam focus- 
i ng   dev ices   and   f r ee   e l ec t ron   l a se r s ,  which r e q u i r e  
magnets  with good piece-to-piece  consistency. 

The i r r e v e r s i b l e   l o s s e s   i n   r a r e   e a r t h - c o b a l t  magnets 
a r e  a func t ion   of   opera t ing   po in t ,  Hk and time a t  tem- 
pera ture .  2 ,  3 , 4  Exposing  magnets  to  elevated  tempera- 
t u r e s  (100 t o  30OoC f o r  1 t o  5 hours )  i s  an   e s t ab l i shed  
technique fo r  improving  long  term  s tabi l i ty .  

This  paper  describes a technique  for  improving  the 
d i s t r i b u t i o n   o f  remanence and energy  product  in  pro- 
duct ion  magnets ,   us ing  s tabi l iz ing  temperatures  which 
a r e  a function  of  the  measured  properties  of  the as- 
magnetized  magnet  and its operat ing  point .   This   tech-  
nique  can be used to  narrow  the  width  of  the d i s t r i b u -  
t i on   t o   ach ieve   accep tab le   y i e lds   fo r   so r t ing  magnets 
t o  a $-% or + I %  band f o r  remanence. - 

EXPERIMENT 

Two lo ts ,   each   of   approximate ly  1 0 0  SmCo5, Crucore 18 
disc   magnets ,  were  used in  the  experiment.   These were 
production  magnetu. No at tempt  was rxade t o  improve 
the  piece- to-piece  uniformity,   before   the  select ive 
s t a b i l i z a t i o n   t e c h n i q u e  was appl ied.  The f i r s t   l o t  of 
magnets had a l eng th   t o   d i ame te r   r a t io ,  L/D=0.5,  while 
t he   s econd   l o t  had an L/D:1.0. These   r a t io s   co r re s -  
pond t o   l o a d   l i n e s ,  B/H of  about 1.1 and 2.2,  respec- 
t i ~ e l y . ~  The magnetic  properties  of  samples  taken from 
both  groups  were: 

Br= 8400 Gauss; Hc= 8250 Oersted;  Hk: 13,800 
Oersted;  H,i= 18,000  Oersted;  and (BH)max: 
17.2 X 106 Gauss - Oersted 

Af te r   be ing   s a tu ra t ed   i n  a pulsed  f ie ld   of   40,000 
0ersted;each magnet  had its open-circuit   magnetiza- 
t i o n  measured us ing  a Helmholtz  coil   detection  system. 
When no e x t e r n a l   f i e l d  i s  appl ied   to   the   magnet ,   th i s  
method determines  the  remanence,  for  these  operating 
p o i n t s .  The d i s t r ibu t ion   o f   r ead ings ,   be fo re   s t ab i l i -  
z a t i o n ,  and the   s t ab i l i z ing   t empera tu res   app l i ed  for 
each  group  are shown in   F igu res   l a  and Ib .  An a r b i -  
t r a ry   r e f e rence   r ead ing  of 200 is used for e a c h   l o t .  
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The d i s t r i b u t i o n s  were  broken down i n t o   q u a r t i l e s ,  al-  
though o t h e r  breakdowns are   poss ib le .   For   each   quar t i le ,  
a s t ab i l i z ing   t empera tu re  was chosen so t ha t   t he   h ighe r  
the  measured  remanence,  the  higher  the  stabil izing tem- 
p e r a t u r  a d consequent ly ,   the   h igher   the   i r revers ib le  
l o s s e s .  ':374: The da ta   o f  Bachmann and Weinmann3 used for 
determining   s tab iZiz ing   tempera tures  i s  p lo t t ed   i n   F igu re  
2. The  minimum temperature of 100°C was chosen arbi- 
t r a r i l y .  However, i n   p r a c t i c e ,   t h e   l o w e s t   s t a b i l i z i n g  
temperature  should be chosen  to  exceed  the maximum a n t i c -  
ipated  operat ing  temperature   of   the   magnet .   Stabi l iz ing 
e a c h   q u a r t i l e   a t  a d i f f e r e n t   t e m p e r a t u r e   h a s   t h e   e f f e c t  
of  narrowing  the  distribution  of  remanence and  energy 
product. 

The magnets  were s t a b i l i z e d  for two hours a t  tempera- . 
t u r e .  A second  Helmholtz  coil  measurement was made t o  
check   t he   r e su l t s   o f   s e l ec t ive   s t ab i l i za t ion .  The 
r e s u l t s   a r e  shown in   F igu re  3. 
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Fig.  la.  Histogram  of  Helmholtz  coil  readings  before 
s t a b i l i z a t i o n  and p l o t   o f   s t a b i l i z i n g   t e m p e r a t u r e s  
se l ec t ed   fo r   t he   h i s tog ram  fo r  L/D=0.5. 
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Fig.  Ib. Histogram  of   Helmholtz   col l   readmgs  before  
s t a b i l i z a t i o n  and p l o t   o f   s t a b i l i z i n g   t e m p e r a t u r e s  
se l ec t ed   fo r   t he   h i s tog ram fo r  L/D= 1 .O. 
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Fig. 2. I r r e v e r s i b l e  l o s s  v s .  s t a b i l i z i n g   t e m p e r a t u r e  
da ta .  The  Bachmann and Weinmann d a t a  are fo r  L/D= 
0.45 and L/D=0.91 fo r  5 hours .  The data from t h i s  
experiment are f o r  L/D=0,5 and L/D=1.0 f o r  2 hours .  
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Fig.  3. Histograms  of   Helhol tz   coi l   readings after 
s e l e c t i v e   s t a b i l i z a t i o n ,  for  L/D:O.5 ( 3 a )  and L/D: 
1.0 ( 3 b ) .  

DISCUSSION 

Figures  3a and  3b show the   nar rowing   of   the   d i s t r ibu t ion  
o f  remanence  due t o   s e l e c t i v e   s t a b i l i z a - t i o n .  The d a t a  
are p resen ted   i n  Table I. t o  show t h e  improvement i n   y i e l d  
a t   d i f f e r e n t   t o l e r a n c e   b a n d s  on the  remanence. The cor- 
responding  tolerance  bands  for   energy  product  are broader 
by a f a c t o r  of  two, s i n c e ,   i n   t h i s  case, energy  product 
is p ropor t iona l   t o   t he  remanence  squared.  There is a 
s i g n i f i c a n t   i n c r e a s e   i n   t h e   y i e l d  a t  the 0.5% and 1.0% 
l e v e l s ,   f o r   b o t h   l o t s .  The improvement a t  t he  1.5% and 
2.0% l e v e l s  is not  as good.  These r e s u l t s  are due t o   t h e  
par t icu lar   t empera tures   chosen  for th i s   exper iment .  The 
technique would have  been more e f f i c i e n t  had lo s s  vs.  
t empera ture   da ta   been   ava i lab le   for   recent   p ro   uc t ion  
magnets ,   but   the   data   of  Bachmann and Weinmann’ are the  
best  a v a i l a b l e ,   y e t  are n o t   i d e n t i c a l   t o   t h i s   s i t u a t i o n  
due  to:  1) t h e   s l i g h t   d i f f e r e n c e   i n  magnet s i z e ,  where 
L/D=0.45 and 0.91; 2) t h e   l o n g e r   s t a b i l i z i n g  time, f i v e  
hours ,  and ; 3)  the  production  improvements,  since  the  time 
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YIELD 
TOLEWE BEFORE 

YIELD m 
LA ON 4 STABILIZING STABILIZING 

0.5 f 0.5% 43% 5% 
0.5 * 1,0% 622 8LT 
0,5 f 1.5% 81% 93% 
0.5 f 2.0% %% 9 5 %  

1,o * 0.5% 5% 73% 
L O  f 1.0% w %x 
L O  i 1.5% 87% 9 5 %  
LO i 2.0% 93% % 

Table 1. , T a b u l a t i o n   o f   t h e   y i e l d   f o r   d i f f e r e n t   t o l e r -  
ance  bands  of  remanence,  before and after s t a b i l i -  
za t ion .  

when the  Bachmann and Weinmann samples were made, have 
improved long  term s t a b i l i t y .  A comparison of t h e   l o s s  
d a t a  measured i n   t h i s  work and t h e   d a t a   o f  Bachmann and 
Weinmann i s  p lo t t ed   i n   F igu re   2 .  

As a technique   for   ca l ibra t ing   magnets ,   se lec t ive   thermal  
s t ab i l i za t ion   has   an   advan tage   ove r   t he   u se  of  magnetic 
f i e l d  knock-down which has  been  the  conventional method 
fo r   t un ing   magne t s .   S ince   s e l ec t ive   s t ab i l i za t ion  i s  
thermal   ra ther   than  magnet ic ,  no f u r t h e r   s i g n i f i c a n t  
l o s s e s  are expected as long  as the  magnets do not  exceed 
t h e i r   s t a b i l i z i n g   t e m p e r a t u r e  or are no t  exposed t o  ad- 
verse   magnet ic   f ie lds   such   tha t   the   appl ied”f ie1d  and the  
demagnet iz ing  f ie ld   exceed Hk. With  magnetic knock-down 
i t  i s  poss ib l e ,  by excessive knock-down, t o  have  magnets 
which are n o t   s t a b l e  and will, with time, i n c r e a s e   t h e i r  
magnet iza t ion .   This   s i tua t ion  i s  unpredic tab le ,   s ince  
i t  is not   a lways   poss ib le   to  know i n  advance when t h i s  
i n s t a b i l i t y  will occur.  The in s t ab i l i t y   o f   magne t i c  
knock-down can  be  avoided by u s i n g   s e l e c t i v e   s t a b i l i -  
z a t i o n  and by con t ro l l i ng   t he   ope ra t ing   t empera tu res   o f  
the  magnets. 

CONCLUSION 

S e l e c t i v e   s t a b i l i z a t i o n   h a s  been  demonstrated as  a 
technique for improving   the   d i s t r ibu t ion   of  remanence 
and energy   product   in  rare ear th-cobal t   magnets .  The 
d a t a  show a 90% yield  can  be  obtained when s o r t i n g  magnets 
t o  a 1 .O% t o l e rance  band f o r  remanence or  a 2.0% band f o r  
energy  product.  
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The material c o n t a i n e d   i n   t h i s   p a p e r  i s  intended for 
general   information  only and should  not  be  used i n  
r e l a t i o n   t o  any spec i f ic   appl ica t ion   wi thout   independ-  
e n t   s t u d y  and determinat ion  of  i ts  a p p l i c a b i l i t y  for  
the   in tended   appl ica t ion .  Anyone making  use of t h i s  
material o r  r e l y i n g   t h e r e o n  assumes a l l  r i s k  and 
l i a b i l i t y   a r i s i n g   t h e r e f r o m .  


