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Abstract. - The complex composition dependence of the anisotropy of the 3d sublattice in the Y2 ( C O ~ - , F ~ , ) ~ ~  B 
compounds at 4.2 K has been analysed by means of the individual site anisotropy model. The cobalt contribution to the 
magnetocrystalline anisotropy at the site 8j2 is found to be of the opposite sign to that given by the iron ion at this site. 

1. Introduction 

In most R-T intermetallics (R = rare earth, 
T = transition metal), the 3d ions are known to be 
situated at several different crystallographic sites, for 
which sites different contributions to the anisotropy 
can be expected. In case of the RzT14B compounds 
[I, 21, the number of different 3d sites reaches to  six. 
In order to study the 3d anisotropy, compounds in 
which R is non-magnetic (Y, La or Lu) or magneti- 
cally isotropic (Gd) are most suited. Such studies have 
been carried out in the temperature range from 77 K 
to 300 K on Y2 (Col-,Fe,),,B by Bolzoni et al. [3] 
and on La2 (Col-,Fe,),, B by Grossinger et al. [4]. In 
the present contribution, anisotropy measurements are 
reported for Y2 (Col-,Fez),, B compounds at 4.2 K. 
The results of this investigation are analysed in terms 
of the individual site anisotropy model. 

2. Experimental 

Pseudo-ternary compounds of Y2 (COI-,F~,),, B, 
with x = 0.0, 0.25, 0.375, 0.5, 0.625, 0.75, 0.875 and 
1.0, were prepared by arc melting and by subsequently 
annealing the ingots at 950°C for 10 days. The sam- 
ples are single phase as confirmed by X-ray and ther- 
momagnetic analyses. 

.The magnetization measurements at 4.2 K have 
been carried out on aligned powder samples of a cu- 
bic shape with one of the sides parallel to the align- 
ment direction. From the magnetization curve along 
the easy direction (the direction parallel to the align- 
ment field) a value of 0.18 has been derived for the 
demagnetising factor, which implies a value of 0.41 for 
the hard directions. The anisotropy constants were de- 

termined by fitting the magnetization curve along the 
hard direction using computer programs that take into 
account the appropriate distribution of the easy direc- 
tion of particles around the alignment direction [5]. 
The value of 99 J/kg obtained for Y2Fel4B is quite 
close to a value of 101 J/kg determined for a single- 
crystalline sample at 4.2 K [6]. The resulting values 
for the anisotropy constants are collected in table I, 
together with the values for the saturation magnetisa- 
tion. 

3. Discussion 

The most striking feature of the experimental re- 
sults is the anomalous composition dependence of the 
anisotropy constant at 4.2 K: a maximum at about 
x = 0.75 and a change in sign around x = 0.3, 
see figure I. Very similar results have been observed 
for La2 (CO~- ,F~, ) ,~  B at 4.2 K by Grossinger et al. 
[4]. The same type of anomalous composition depen- 
dence of the magnetic anisotropy is also observed in 
Y2 (Co, Fe)17 and has been explained in terms of the 
individual site anisotropy model as a consequence of 
the preferential site occupation of the cobalt and iron 
atoms [7]. 

The occupancy factors of iron atoms at the site i, 
fi, F ~ ,  in Nd2 (Col-,Fe,),,B have been determined 
by Herbst et al. [8] by neutron diffraction exper- 
iments. Assuming the same fi, pe factors for the 
Y2 (Col-,Fe,),, B compounds, the experimentally de- 
rived values for K1 (x) in table I have been fitted with 
the expression: 

KI (x) = KI (0) + Cni fi, ~e (x) A K ~  (1) 

where Kl(0)  is the anisotropy constant of Y2Co14B 

Table I. - Saturation magnetizations and anisotropy constants KI of the Y2 ( C O ~ - , F ~ , ) ~ ~  B compounds at 4.2 K. 
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Table 11. - Values for the difference i n  the individual site anisotropy A K ~  = K:, F e - ~ : ,  co ( i n  lo5 ~ / m ~ ) .  

Site 16 K1 16 Kp 8 j, 8 j 2  4e 4c 
A K ~  - 0 . 1  0.09 -6.25 4.41 9.41 -1.91 

Ki,  Fe 0.10 
K4, co -4.31 

4.2 K we obtain a value of -4.31 x lo5 J / I ~ ~  for K? co. 
Although the absolute values for K? Fe and K? co 
are less accurate by this extrapolation from 115 K to 
4.2 K, the opposite-sign contribution to the anisotropy 
of the iron and cobalt atoms a t  the site 8j2 is quite 
well established. Different signs for the iron and cobalt 
contributions to the anisotropy is a general feature of 
the R-T intermetallics and can be understood in terms 
of different electronic configurations of the iron and 
cobalt atoms that correspond with opposite signs of 
the Stevens factors of the iron and cobalt atoms in 
these compounds. 

-B / 1 Acknowledgement 

Fig. 1. - Composition dependence of the anisotropy con- 
stant K1 at 4.2 K for the Yp (c~l-,Fe,)~, B compounds. 
The solid curve represents a fit of equatlon (1) to the data 
with values for the parameters AKi, as given in table 11. 

(z = 0) , where ni is the number of sites i within the 
unit cell and where A K ~  = K;, F e - ~ I ,  co is the dif- 
ference in the contribution to the anisotropy of the 
iron and cobalt atoms at the site i. The resulting val- 
ues for A K ~  are presented in table 11. Because of the 
large number of fitting parameters (six) the followed 
procedure should be considered as the first approach 
to determine the individual site anisotropy of the 3d 
sublattice in the 2:14:B compounds. 

Values for the individual site anisotropy constants 
K;,  Fe can now be extracted if the corresponding 
Kt ,  co values are known and vice versa. A whole set of 
K;,  or K4, co values is not yet available. However, 
Burlet et al. [9] observed in YbzFelrB a step-wise 
change in the average hyperfine field value AB and 
in that of the 8jp site, AB'Z, upon passing the spin- 
reorientation temperature a t  115 K. This quantity is 
known to be related to the anisotropy energy a t  that 
temperature and can be used to estimate a value for 
~ j 2  ,, , according to: 

Using the values of 1.6 T and 0.9 T for AB and ABJ2, 
respectively, and taking K1 (1) equal to 10.5 x lo5 ~ / m ~  
[3] we calculate a value of 0.1 x lo5 ~ / m ~  for K t  Fe 

a t  115 K .  Taking the same value for this parameter at  

The authors express their thanks to Dr. F. F. Bekker 
and Dr. R. Radwdski for their continuous interest 
in this work. Cooperation with T. T. Dung from 
the Cryogenic Laboratory and experimental help of B. 
Matthaei and R. Verhoef from the Natuurkundig Lab- 
oratorium are greatfully acknowledged. This study has 
been partly supported by the European C.E.A.M. p r e  
gram. 

[I] Croat, J. J., Herbst, J. F., Lee, R. W. and Pinker- 
ton, P. E., J. Appl. Phys. 55 (1984) 2578; 
Sagawa, M., Fujimura, S., Togawa, N., Ya- 
mamoto, H. and Matsuura, y., J. Appl. Phys. 
55 (1984) 2083. 

[2] Radwanski, R. J. and Franse, J. J. M., Phys. Rev. 
B 36 (1987) 8616. 

[3] Bolzoni, F., Coey, J. M. D., Gavigan, J., Givord, 
D., Moze, O., Pareti, L. and Viadieu, T., J. Magn. 
Magn. Mater. 65 (1987) 123. 

[4] Grossinger, R., Kirchmayr, H. and Buschow, K. 
H. J., J. Less-Common Met. 136 (1988) 367. 

[5] Kakol, Z., Figiel, H. and Kapusta, C. Z., Proc. 
5th Intern. Symp. Magnetic Anisotropy and C e .  
ercivity in RE-TM Alloys (Bad Soden, F.R.G.) 
1987, p. 125. 

[6] Givord, D., Li, H. S. and Perrier de la Bsthie, R., 
Solid State Commun. 51 (1984) 857. 

[7] Thuy, N. P. and Franse, J.  J. M., J.  Magn. Magn. 
Mater. 54-57 (1986) 915. 

181 Herbst, J. F. and Yelon, W. B., J. Appl. Phys. 
60 (1986) 4224. 

[9] Burlet, P., Coey, J. M. D., Gavigan, J.  P., Givord, 
D. and Meyer, C., Solid State Commun. 60 
(1986) 723. 


