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Ab str ac t  

High field magnetization curves have been measured at 4.2 K on magnetically aligned 
R2Co]4BI-xC~ (R=-Pr, Nd; x=O.O, 0.2 and 0.5) samples with the magnetic field applied 
parallel and perpendicular to the alignment direction. It is found that, for both the 
praseodymium and the neodymium compounds, the saturation magnetization decreases 
on substitution of carbon for boron. In the Nd2Co14B~_xCx system, the critical field of 
the first-order magnetization process (FOMP) increases with increasing carbon content. 
No FOMP is observed in the Pr2Co14B~_xCz system. The temperature dependence of the 
a.c. susceptibility shows that in Nd2Co~4B~ -xCz the spin reorientation temperature decreases 
with increasing carbon content. A spin reorientation phenomenon is also observed in 
Pr2Co~4B0.aCo.2 and in Pr2Co~4Bo.sCo.5. Also in these compounds, the spin reorientation 
temperature decreases with increasing carbon content. 

1. I n t r o d u c t i o n  

R2T1aB-based c o m p o u n d s  have been  extensively s tudied in r ecen t  years  
[ 1 ]. In part icular,  subst i tut ion of  o ther  e lements  on the R and T sublat t ices 
has received m u c h  attention.  As for as subst i tut ion for bo ron  in R2Fe14B 
c o m p o u n d s  is concerned ,  until now only ca rbon  has  been  repor ted  as possible  
subst i tut ion e lement  for  bo ron  in this type  of  c o m p o u n d  [ 1, 2 ]. All publ i shed 
results  show the Curie t empera tu re  to decrease  on ca rbon  substi tut ion,  
whereas  the spin reor ienta t ion t empera tu re  and the an i so t ropy  field increase.  
The R2Fe14C c o m p o u n d s  were p repared  and  invest igated for the first t ime 
by Bus chow et  al .  [3]. All rare earth e lements  which fo rm R2Fe,4B c o m p o u n d s  
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also form RuFe~4C, except yttrium, lanthanum, cerium and ytterbium. Some 
substitutions in R2Fe~4C compounds, on both the R and the Fe sublattices, 
have been performed [4]. 

Until now, not much work has been done on substitution of carbon for 
boron in R2Co14B compounds [5]. The R~.Co~4B compounds, having the same 
structure as the R2Fe14B compounds, have much higher Curie temperatures 
than the R2Fe~4B compounds [6-9]. The magnetic anisotropy is also different: 
in R2Fe14B, the iron sublattice exhibits easy-axis anisotropy, whereas in 
R2Co14B, the anisotropy of the cobalt sublattice is of easy-plane type. Carbon 
substitution for boron in R~.Fe14B compounds leads to a decrease in the iron 
moment, which may be attributed to an increased filling of the 3d band. In 
this respect, it is also interesting to investigate the effect of carbon substitution 
in R2Co14B compounds. Sanchez et al. [5] have investigated the dependence 
of the Curie temperature on the cobalt content in Dyls(Fe~_~Cox)77Cs with 
0 ~< x ~< 0.5 and found a strong increase in the Curie temperature with increasing 
cobalt content. 

In the present work, the magnetic anisotropy of two systems, Pr2Co~4(B, 
C) and Nd2Co~4(B,C), has been investigated. 

2. E x p e r i m e n t a l  procedure  

Samples were prepared by melting together appropriate amounts of pure 
rare earth, pure cobalt and Co-B (15.6% B) or Co-C (3.9% C) alloy in an 
arc furnace under a purified-argon atmosphere. The ingots were wrapped in 
tantalum foil and sealed into an evacuated quartz tube, filled with high purity 
argon. They were annealed for two weeks at 900 °C. X-ray diffraction showed 
the main phase to possess the Nd2Fe~4B-type tetragonal structure and small 
amounts of second phase to be present. Aligned samples were prepared by 
mixing a fine powder of the compounds with epoxy resin and by letting it 
solidify in a cylindrical holder in an external field of about 1 T. 

High field magnetization curves were measured at 4.2 K in the 40 T 
High Field Facility at the University of Amsterdam. Magnetization curves 
were measured by applying external fields parallel and perpendicular to the 
alignment direction. The spontaneous magnetization of the compounds was 
derived by extrapolating the parallel magnetization curve to zero field. A.c. 
susceptibility measurements were carried out in the temperature range from 
4.2 to 290 K on polycrystalline bulk samples. 

3. R e s u l t s  and d i s c u s s i o n  

3.1. Nd2Col~Bl-xCx 
Figure 1 shows the high field magnetization curves of Nd2Co~4Bl_xCx 

compounds measured at 4.2 K. The magnetization curves have been measured 
with the field applied parallel and perpendicular to the alignment direction 
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Fig. 1. High field magnetization curves of Nd2Co~4B~_~C~ compounds for the field applied 
parallel (©) and perpendicular (~7) to the alignment direction. 

TABLE 1 

Magnetic properties of NdeCo~4Bs_~Cx compounds at 4.2 K 

m~ MR Mco Btr Ts~ 
(#n (~z B (/z n (T) (K) 
(formula unit) - ') ion- 5) ion- 5) 

Nd2Co54B 24.9 3.27 1.31 
Nd2Co~4B0.sC0.2 23.9 3.27 1.24 
NdeCo54B0.~C0.,~ 22.7 3.27 1.22 
Pr2Co~4B 24.3 3.20 1.27 
Pr2Co~4B0.sC0.2 24.0 3.20 1.25 
Pr2Co,4B0.~C0.~ 23.2 3.20 1.21 

21 =40 
23 =20 

105 
85 

of  the samples.  It is found that  the spon taneous  magnet iza t ion  Ms decreases  
with increasing ca rbon  conten t  (Table 1). By assuming  that  the rare earth 
ion m o m e n t  possesses  the free ion value, the magne t ic  m o m e n t  per  cobal t  
ion can be derived f rom the spon taneous  magnet izat ion.  The magnet ic  m o m e n t  
per  cobal t  ion decreases  f rom 1.31/~B for  Nd2Co,4B to 1.22/~B for 
Nd2Co14Bo.sCo.~. This shows that  the influence of  ca rbon  subst i tut ion for  
bo ron  on the magnet ic  m o m e n t  of  the t ransi t ion metal  ions is qualitatively 
the same for  R2Fe14B and R2Co,4B compounds .  This reduc t ion  in the transit ion 
metal  m o m e n t  can be unders tood  in terms of  an increased  filling of  the 3d 
band  on carbon  substi tution. 

In the perpendicu lar  magnet iza t ion curves  of  Nd2Co,4B and 
Nd2Co14Bo.sCo.2 (Fig. 1), a p h e n o m e n o n  is observed  similar to that  found  
earlier for al igned Nd2FeI4B samples and which co r r e sponds  to a first-order 
magnet iza t ion  p rocess  (FOMP) [10]. For  Nd2Co~4B, the FOMP field is about  
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21 T which is the same as the result in ref. 6. In order to show clearly the 
influence of carbon substitution on the critical field, the field dependence 
of the differential susceptibility dM/dB is shown in Fig. 2 for the perpendicular 
magnetization curves of Nd2Co~4B and Nd2Co~4Bo.sC0 2. One can see that the 
FOMP field clearly increases on carbon introduction which is similar to the 
effect of carbon introduction in Nd2Fe~4B [4]. 

The temperature dependence of  the a.c. susceptibility of the 
NdeCo14B1_xC= compounds is shown in Fig. 3. Clear peaks, corresponding 
to spin reorientation transitions, are observed for Nd2Col4B and 
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Fig. 2. Field dependence of dM/dB of the perpendicular magnetization curves of Nd2Co14B 
and Nd2Co14B0.aC0. 2. 

Fig. 3. Temperature dependence of the a.c. susceptibility of Nd2CoI4B~_=C= compounds. 
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Fig. 4. High field magnetization curves of Pr2Coj4BI_zC x compounds for the field applied 
parallel (O) and perpendicular (V)  to the alignment direction. 

Fig. 5. Temperature dependence of the a.c. susceptibility of Pr2Co14B~ _=C= compounds.  
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Nd2Co~4Bo.sC0.2. The spin reor ien ta t ion  t e m p e r a t u r e  d e c r e a s e s  with increas ing  
c a r b o n  con ten t  f r o m  abou t  40 K for  x = 0 to  nea r  20 K for  x =  0.2. 

3.2. Pr zCo14B1-xCx  

Figure  4 shows  the  magne t i za t ion  cu rves  of  a l igned Pr2Co~4B~_xCx 
c o m p o u n d s  m e a s u r e d  at  4.2 K with  the  field appl ied  e i ther  paral le l  or  
p e r p e n d i c u l a r  to  the  a l ignment  direct ion.  The s p o n t a n e o u s  magne t i za t i on  
d e c r e a s e s  with increas ing  ca rbon  content ,  c o r r e s p o n d i n g  to a magne t i c  m o m e n t  
p e r  coba l t  ion tha t  dec rea se s  f r o m  1.27tLn in Pr2Co~4B to 1.21t~n in 
Pr2Co~4BosCo.5. This can  again  be  exp la ined  by an increased  filling of  the  
3d band  on c a rbon  subst i tut ion.  One can  see  tha t  the  pe rpend i cu l a r  mag-  
ne t iza t ion  cu rves  of  all th ree  c o m p o u n d s  do not  sa tu ra te  even  in the h ighes t  
app l ied  field of  35 T. No FOMP is obs e rv ed  in these  c o m p o u n d s .  F r o m  the 
e x p e r i m e n t a l  resu l t s  it is difficult to  dec ide  w h e t h e r  subs t i tu t ion  of  c a r b o n  
for  b o r o n  has  led to a change  in the  magne t i c  an i so t ropy  field. F r o m  the 
magne t i za t ion  curves  for  the  field appl ied  pe rpend icu l a r  to the  a l ignment  
d i rec t ion  one can  see  tha t  the zero field ex t r apo la t ions  of  the magne t i za t ion  
are  different  for  each  ca rbon  content .  Since all s amp le s  have  been  a l igned 
a t  r o o m  t empera tu r e ,  this obse rva t ion  indicates  a change  in the  magne t i c  
a n i s o t r o p y  be tween  r o o m  t e m p e r a t u r e  and  liquid hel ium t e m p e r a t u r e  in at 
leas t  two of  the  c o m p o u n d s .  

This  change  in magne t i c  an i so t ropy  is conf i rmed  by the a.c. suscept ib i l i ty  
m e a s u r e m e n t s  shown in Fig. 5. Spin reor ien ta t ion  t rans i t ions  o c c u r  at  105 
K in Pr2Co14Bo.8Co.~, and  at  85 K in Pr2Co~4Bo.sCo.~. These  resu l t s  show tha t  
par t ia l  subs t i tu t ion  of  bo ron  by  ca rbon  no t  only  causes  a dec r ea se  of  the  
magne t i za t ion  but  also s t rongly  inf luences the  magne toc rys ta l l ine  an i so t ropy  
of  the  Pr2CoI4B c o m p o u n d .  A low t e m p e r a t u r e  spin  reor ien ta t ion  t rans i t ion  
has  neve r  b e e n  obs e rved  before  in p r a s e o d y m i u m - b a s e d  c o m p o u n d s  of  the  
2 - 1 4 - 1  type .  
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