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Résumé - Les implications de 1'hydruration des borures ternaires de type 
TR2FemB, sur leurs propriétés structurales, magnétiques et leur cohésion 
sont discutées. On donne quelques exemples en particulier avec TR = Y, Ce, Dy. 

Abstract : Implications of the hydridation of the ternary borides RE2Fei4B on 
the physical, crystal structure and mechanical cohesion are discussed. Some 
examples are given, more particularly with RE = Y, Ce, Dy. 

I - INTRODUCTION 

Since the recent discovery of borides RE2Fexi|B having high-performant permanent 
magnet properties, a considerable work have been done, dealing both with fundamental 
properties and applications. This development is favoured by large possibilities of 
substitution of the elements. More recently the hydridation properties of the series 
have been evidenced and the consequent changes in the magnetic and mechanical pro
perties of the compounds have been preliminary analysed /1,2/. 

II - HYDRIDATION PROCESS OF THE SAMPLES 

A sample of a crushed ingot (dimensions of the grains fy 1-5 mm) is introduced in an 
evacuated autoclave and then outgassed to % 10"" Torr (of air), before high purity 
hydrogen (5N) is admitted at a final pressure of about 7.106 Pa. 

In most cases the reaction is complete in few minutes, but sometimes it is 
necessary to initiate the hydridation by heating the sample at about 100-150°C. 
Furthermore, this activation process has been successfully applied even under reduced 
pressure of hydrogen (̂  103 Pa). The final materials are stable hydrides at room 
temperature. The desorption process has been analysed when heating the autoclave 
and recording the pressure : generally it takes place between 150 and 160°C, but a 
second and minor gas desorption has been sometimes observed around 270°C (depen
ding on the initial charge, and (or) the RE metal). 

The first cycle "hydridation/deshydridation" initiates a disproportionation phenome
na of some a-iron particles. Roughly speaking the quantity of iron detected using a 
very sensible thermomagnetic torque varies from fe 0-5 % to ̂  0-10 % before and after 
the hydridation. The origin of this iron is not exactly established, since the dis
proportionation process mostly characterizes the first activation. It might be attri
buted to the effect of hydrogen on the minor phases existing in the matrix /3,M-/. When 
heating the sample at higher temperature (^ 600°C) an irreversible disproportionation is 
observed, with the formation of stable RE-hydrides and quantities of iron particles. 
The RE2Fei4BHx (0 < x < 5.2) compounds we obtain in "normal" conditions are well 
crystallized materials, and in contrast to many RE-3d hydrides, their diffrac
tion lines (X-rays and neutron) remain constant.in width, comparison with the un-
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charged compounds. Th i s  means t h a t  t h e  dimensions of t h e  p a r t i c l e s  a r e  up t o  
2-3.102 nm. 

E lec t ron  micrographs r e v e a l  t h a t  t h e  handground samples (few minutes)  wi th  RE = Y 
and Ce a r e  formed of r e l a t i v e l y  homogeneous p a r t i c l e s  ( r a t h e r  s p h e r i c a l  and compara- 
b l e  wi th  each o t h e r ) .  The dimensions a r e  about  1 t o  10 pm be fo re  and 0 - 5  t o  2.5 pm 
a f t e r  hydr ida t ion .  The e l e c t r o n  d i f f r a c t i o n  p a t t e r n s  e x h i b i t  w e l l  de f ined  s p o t s ,  
c h a r a c t e r i s t i c  of w e l l  c r y s t a l l i z e d  m a t e r i a l s .  

111 - IMPLICATIONS OF HYDRIDATION ON THE CRYSTAL AND MAGNETIC PROPERTIES 

The REgel4B compounds have a t e t r a g o n a l  c r y s t a l l o g r a p h i c  s t r u c t u r e  r e l a t e d  t o  t h e  
a-phase  and t o  t h e  Ca Cu5 types  /5 ,6 ,7 / .  The hydr ides  r e t a i n  t h e  same s t r u c t u r e ,  and 
t h e  lattice parameters  a and c i n c r e a s e  wi th  t h e  hydrogen con ten t  / l / . F o r  example, 
f o r  t h e  Dy compound they  can be expressed by l i n e a r  laws o f t h e  hydrogen coritent X ,  

a  = 0.8757(3) + 0.0022(1).x nm, c = 1.2004(4) + 0.0029(&).x m. Genera l ly ,  t h e  
i n c r e a s e  i n  volume t o  t h e  hydrogen con ten t  is AVH % 1.5 1 0 - ~  ( r ~ m ) ~ .  I t  remains 
weaker f o r  t hese  phases  than f o r  most of t h e  RE-3d a l l o y s  forming s t a b l e  hydr ides  
/8/ .  But i n  t h e  c a s e  of  Ce2Fel$B, t h e  volume expansion is magnified by a valence  
change of Ce : AVH % 2.7 1 0 - ~  ( n ~ n ) ~ .  Consider ing t h e  a c t i v e  p a r t  of t h e  s t r u c t u r e ,  
i n t e r i n s o f  s i t e s  chemical ly  a t t r a c t i v e  f o r  hydrogen, one has  t o  exclude t h e  neigh- 
borhood of t h e  B atoms and t h e  i n n e r  s i t e s  of t h e  o-s labs .  So, t h e  volume expansion 
normalized t o  t h e  remaining CaCu, - type of environment is % 3/2. AV = 2.6 10-3 (nm)3 
t h a t  is c l o s e  t o  t h e  value  u s u a l l y  found /8 / .  

The scheme of hydrogen f i l l i n g  sites was f i r s t  proposed us ing  the  West lake 's  c r i t e -  
r i a  a p p l i e d  t o  t h e  RE3Fe and RE2Fe2 te t r ahedra /8 / .  A maximum r a t i o  H/M = 5.5 was 
p r e d i c t e d ,  i n s t ead  of 5.2 a s  t h e  maximum observed i n  ou r  exper imenta l  c o n d i t i o n s  
of p repa ra t ion .  Then, t h e  model was confirmed both by neutron d i f f r a c t i o n  on 
Y2Fe14BDx(Hx) and Mossbauer spect roscopy ( 5 7 ~ e ,  161~y) exper iments  /9,10/.  Two t y p e s  
of s i t e s  a r e  t o  be d i s t i n g u i s h e d  and t h e i r  own a t t r a c t i v i t y  d i s c r i m i n a t e s  t h e  physi -  
c a l  parameters ,  as by example t h e  t r a n s f e r e d  hype r f ine  parameters  on to  t h e  two RE 
n u c l e i  /10/.For example, i n  Dy2Fe14BHx, t h e  hydr ida t ion  causes  a change i n  t h e  s l o p e  
of t h e  o rde r ing  temperature  curve  ve r sus  t h e  H-content, f o r  X Q 2-2.5 ( f i g u r e  1 ) .  I n  
a l l  t h e  c a s e s ,  t h e  o rde r ing  temperature  i n c r e a s e s  upon hydr ida t ion .  The r e l a t i v e  
i n c r e a s e  is g e n e r a l l y  c l o s e  t o  10 % excepted wi th  RE = Ce where an  i n c r e a s e  of % 25 % 
was observed ( t a b l e  I ) .  

HYDROGEN CONCENTRATION 

Fig. 1 - V a r i a t i o n  of t h e  o rde r ing  temperature  i n  Dy Fe BH ve r sus  X t h e  hydrogen 
2 14  X 

concen t ra t ion .  



Table I - Curie  temperature ,  Tc, of some of t h e  compounds. The i n c r e a s e  of Tc i n  t h e  
hydr ide  compared t o  t h e  v i r g i n  compound is  given i n  %. 

A sys t ema t i c  change in  magnet iza t ion is a l s o  observed i n  t h e  s e r i e s  : t h e  g a i n  on 
hydr iding t h e  m a t e r i a l  is AM/M % 10-15 % at  300 K under 150 kOe. Under H = 25 kOe, 
we n o t i c e  AM/M = 16 %, 30 % and 50 % f o r  t h e  systems Y2Fel4BHo-3-6, Ce2Feli+BH0-4,5, 
Dy2Fel4BHg-4.7 r e s p e c t i v e l y .  This means t h a t  t h e  hydrogen i n s e r t i o n  c r e a t e s  condi- 
t i o n s  of an important  s o f t e n i n g  of t h e  magnetic m a t e r i a l s .  A remarkable l o s s  of coer-  
c i v i t y  is g e n e r a l l y  observed on hydr iding.  Using f i n e  crushed powder samples a s  
s t a r t i n g  m a t e r i a l s  ( i n  o r d e r  t o  compare e f f e c t s  on t h e  most similar s t a t e  of samples) 
we n o t i c e  a weakening of c o e r c i v i t y  up t o  75 % i n  (Ndo.lYo.g)2Fe14BH3.34 comparison 
wi th  t h e  uncharged m a t e r i a l .  

I V  - DISCUSSION 

S e v e r a l  minor phases  (RE-rich, Fe - r i ch ,  B-r ich)  have been proposed t o  p l a y  an 
important  r o l e  i n  t h e  mechanism of t h e  high c o e r c i v i t y  of t h e  new magnets RE2Fel4B 
/ Q / .  The e x t e r n a l  form of the  sample ( i n g o t ,  g r a i n s ,  f i n e  powder) is expected t o  
be r e l e v a n t  f o r  t h i s  p rope r ty .  

The hydrogen d e c r e p i t a t i o n  of m a t e r i a l s  g e n e r a l l y  causes  a d ramat i c  r e d u c t i o n  i n  t h e  
c o e r c i v i t y . T h i s  p rocess  f o r  reducing t h e  p a r t i c l e  s i z e  t u r n s  t o  be more e f f i c i e n t  
( i n  t ime,  i n  c o s t ,  i n  dimension of t h e  g r a i n s )  than mechanical mi l l i ng .  Furthermore,  
hydrogen f i l l s  s e l e c t e d  t e t r a h e d r a l  s i t e s  of t h e  s t r u c t u r e  and mod i f i e s  i n t r i n s i c  
fundamental p r o p e r t i e s  a s  : 

- l o c a l  magnet iza t ion : e l e c t r o n  t r a n s f e r  (on to  3d-metal) ,change i n  t h e  e l e c t r o n i c  
s t a t e  (RE-metal) ... 
- an i so t ropy  and exchange i n t e r a c t i o n s  : c r y s t a l  f i e l d  e f f e c t  (RE) ,  exchange f o r c e  
mod i f i ca t ions  (3d-3d wi th  t h e  d i s t a n c e  changes,  3d-Re wi th  conduction e l e c t r o n  
dens i ty . .  . ) . 
In  t h i s  r e s p e c t ,  t he  process  of chemical i n s e r t i o n  and mechanical d e c r e p i t a t i o n  on 
hydr iding t h e  new magnet materials should have important  imp l i ca t ions .  
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