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Abstract. — The complex composition dependence of the anisotropy of the 3d sublattice in the Y2 (Coi—zFez),, 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 RpT14B compounds
f1, 2], 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 (Co1_.Fes),, B by Bolzoni et al. [3]
and on Laz (Coi—zFe.);, B by Grossinger et al. [4]. In
the present contribution, anisotropy measurements are
reported for Y2 (Coi—.Fe;),, 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 (Co;—zFez),, B,
with £ = 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 magnetizdtion 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 YzFe;4B 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
z = 0.75 and a change in sign around z = 0.3,
see figure 1. Very similar results have been observed
for Lag (Coi1--Fes),, B at 4.2 K by Grdssinger et al.
[4]. The same type of anomalous composition depen-
dence of the magnetic anisotropy is also observed in
Y2 (Co, Fe),, 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 %,
fi, Pe, in Nd2 (Co1—cFe;);, B have been determined
by Herbst et al. [8] by neutron diffraction exper-
iments. Assuming the same f; p. factors for the
Y2 (Coy—cFey),, B compounds, the experimentally de-
rived values for K1 («) in table I have been fitted with
the expression:

K; (2) = Ki (0) + Zn: fi, re (v) AK} 6y

where K (0) is the anisotropy constant of Y2Co14B

Table I. — Saturation magnetizations and anisotropy constants K1 of the Y2 (Coi—.Fe:),, B compounds at 4.2 K.

z 0.000 0.250 0.375 0.500 0.625 0.750 0.875 1.000
M, (Am®/Kg) 106 129 138 150 157 166 172 177
K; (10° J/m®) -80 -25 49 90 108 1.9 102 7.1
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Table 1L — Values for the difference in the individual site anisotropy AK} =

Site 16K; 16 Ks
AK; 011 0.09
Ki, Fe
K;., Co
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Fig. 1. — Composition dependence of the anisotropy con-
stant K1 at 4.2 K for the Y (Coy-.zFez),, B compounds.
The solid curve represents a fit of equation (1) to the data
with values for the parameters AK7Y, as given in table II.

(z = 0), where n; is the number of sites ¢ within the
unit cell and where AK1 = Kl, Fe— Kl Co is the dif-
ference in the contribution to the anisotropy of the
iron and cobalt atoms at the site 4. The resulting val-
ues for AK7 are presented in table II. 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
Ki r can now be extracted if the corresponding
K1, co values are known and vice versa. A whole set of
Kl re OF K& 1, Co values is not yet available. However,
Burlet et al. [9] observed in YbaFe1sB a step-wise
change in the average hyperfine field value AB and
in that of the 8j. site, AB’?, upon passing the spin-
reorientation temperature at 115 K. This quantity is
known to be related to the anisotropy energy at that
temperature and can be used to estimate a value for
K7 g, according to:

Ki? Fe _ ABJZ 9
Ki (1)  S56AB’ @

Using the values of 1.6 T and 0.9 T for AB and Asz,
respectively, and taking K (1) equal to 10.5%10° J / m®

[3] we calculate a value of 0.1 x 10° J/m® for KP g
at 115 K. Taking the same value for this parameter at

81
—6.25
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Kl Fe™ Kl Co (271« 105 J/ms)

8 i, 4e 4c
441 941 -191
0.10
—4.31

4.2 K we obtain a value of —4.31x10° J/m? for K? .

Although the absolute values for K{z re and K2 o,
are less accurate by this extra,polatlon from 115 K to
4.2 K, the opposite-sign contribution to the anisotropy
of the iron and cobalt atoms at the site 8j, 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.
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