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Abstract. Amorphous Cogo—,Ho;B2g alloys were prepared by melt spinning technique and their magnetic
properties have been studied. The magnetic compensation occurs at about x = 8. Antiferromagnetic
coupling between Co and Ho prevails and breaks at relatively high-fields. The mean field theory has been
used to explain the temperature dependence of the magnetization. The exchange interactions between

Co-Co and Co-Ho atom pairs have been evaluated.

PACS. 75.50.Kj Amorphous and quasicrystalline magnetic materials — 75.30.Et Exchange and

superexchange interactions

1 Introduction

Amorphous transition metal (T') rare-earth (R) alloys
have been extensively investigated from practical and fun-
damental points of view [1,2]. First studies related to these
alloys have shown that they exhibit several properties: gi-
ant coercivity [3], magnetic bubbles [4], etc. Moreover,
contrary to their crystalline analogs, amorphous alloys
have revealed a great variety of magnetic structures and
phase transition, and due to the possibility of their pro-
duction over a wide range of concentrations, they offer a
unique possibility to smoothly modify their basic magnetic
parameters.

Amorphous alloys based on R metals with strong spin-
orbit interaction also exhibit random anisotropy, which
arises from the topological disorder which causes the lo-
cal symmetry axes to be randomly oriented. As in inter-
metallics, in amorphous alloys the magnetic moment of the
heavy rare-earth couples antiferromagnetically to that of
the transition metal. However, under very high magnetic
field this coupling breaks down and the field dependence
of the magnetization shows very interesting behaviors.

In order to study the influence of Ho addition
on the magnetic properties of Co-B alloys, amorphous
Cogp—Ho,Bag alloys, with 0 < z < 12, were prepared,
and their magnetic properties investigated. Thermal vari-
ation of magnetization has been analyzed in terms of the
mean field theory and the exchange integrals, Jco.co and
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Jco-Ho have been deduced. From the high-field magneti-
zation behavior, we have evaluated the molecular field co-
efficient. Comparison of all these parameters with those
corresponding to Fe-Ho-B alloys, has been made.

2 Experimental

Amorphous Cogg_,Ho,Bsy alloys with 0 < z < 12 were
prepared by melt spinning technique using a single roller in
an argon atmosphere. The amorphous state of the samples
was verified by X-ray diffraction. The compositions of the
alloys were determined by electron probe microanalysis.
Magnetization measurements were performed at 4.2 K in
applied fields up to 20 T (at the S.N.C.I., Grenoble). The
Curie temperature, T, of the a-Cogg_,Ho,Bog alloys was
determined from the thermomagnetic data.

3 Results and discussion
3.1 Magnetization at 3 T

For all the samples, saturation occurred at about 3 T.
The moment of Ho was determined as follows. It is known
that with the addition of rare-earth metal, the T moment
decreases due to hybridization of the 5d and 3d orbitals.
This decrease in Co moment can be considered as negligi-
ble for < 5, as shown for the case of Er [5] and Tm [6].
So for x = 3.6, the Co moment can be taken as 1.25 up,
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Fig. 1. Concentration dependences of p,, the magnetic mo-
ment of the a-Cosgo—»Ho,B2o alloys (A), at 8 K, and, pco, the
magnetic moment of Co (m).

a value which was obtained for the sample with z = 0,
and which agrees well with the results published [5,7,8].
Knowing the alloy moment, pu,, and using the relation:

fta = [(80 — ) pco — T piro] /100 (1)

we calculated pg, to be 10.2 + 0.5 pp. This value agrees
with the theoretical value (g;) of 10 pup and is close to
the experimental value of 10.3 up found in the litera-
ture [9]. This would indicate that the Ho spin structure
is collinear on the first approximation, and that the ran-
dom anisotropy of Ho is rather small, although the ground
state of trivalent Ho is ®Ig with a spin-orbit coupling. How-
ever, fields of about 3T were necessary to saturate the
samples which implies that some anisotropy is present,
and therefore that the antiferromagnetic interaction be-
tween Co and Ho (Jco.mo) is stronger than the random
anisotropy. Such situation has been observed for Fe-Ho-B
alloys [10]. However, in amorphous Co-Er-B alloys the Er
spin structure was found to be conical with a large aver-
age apex angle of about 82°, which was attributed to the
strong random anisotropy of Er [5] and the antiferromag-
netic interaction between Co and Er (Jco.gy) which lead
to a speromagnetic structure [11].

tco for other alloys may now be calculated based on
the assumption that ug, is independent of x. Figure 1
shows the variation of u, with Ho concentration. p, de-
creases rapidly and linearly, as a consequence of an anti-
ferromagnetic coupling of the Co and Ho moments, and
the compensation of the moments occurs for about = 8.

The temperature dependence of the magnetic moment
of the samples has been studied using the mean-field the-
ory [12] in which the thermal behavior could be described
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Table 1. Values of exchange integrals for four concentrations.

T Sco Tcezp Jco-co JCo-Ho
(K) (X) (X)
3.6 0.56 470 79 10.6
5.5 0.55 465 81.5 10.3
7.6 0.52 435 82.3 11.7
11.5 0.47 370 88 12.4

Table 2. Comparison of exchange integrals (Jrr) and the
molecular field coefficient, (nrr) relative to Fe-Ho-B [10] and
Co-Ho-B (this study) alloys.

Alloys Jrr (K) NRT
Cor2.4Ho7.6B2o 11.8 51.95
Fer3 4Ho7 6B19 7.8 39.9
by the Brillouin function:
gi Ji up H;
kT

where Bj,, ¢g; and J; are respectively the Brillouin func-
tion, the Landé factor and the effective total momentum
of the ion ¢, H, is the molecular field acting on the site i,
and the other constants have their usual meaning. The
molecular fields Hc, and Hy, are expressed as:

2 JCo-Co ZCo-Co SCO (T)

HCo =
gco UB
+ 2 Jco-Ho #Co-Ho (gHo - 1) JHo (T) (3&)
gco B
1. - 2JHo-Co ZHo-Co (gu0 — 1) Sco (T)
Ho —
gHo 1B
n 2JHo—HoZHo—Ho(gHo - 1)2JH0(T) (Sb)
gHo 4B

where Joo-co, JCo-Ho, and Juo.mo are the exchange inte-
grals for Co-Co, Co-Ho, and Ho-Ho interactions, respec-
tively, z;; (i, = Co, Ho) is the number of nearest neigh-
bors of the atom j for the atom i. Figure 2 shows the
fitting procedure results (in which Jyopo has been ne-
glected), and values of Jco.co and Jcoo-Ho, for four con-
centrations are collected in Table 1. It is seen from this
table that Jco.co increases while Joo o remains practi-
cally constant. The calculated exchange integrals, Jco o,
are slight larger compared to those, Jpe 110, Obtained for
Fe-Ho-B alloys [10]. Table 2 compares Jgr values, for the
same concentrations, for Ho-Co-B and Fe-Ho-B alloys [10].

The exchange constant A(T) can be calculated using
the following relation [13]:

12 J56(T) (2/100)? /71010
+ [nCo—Ho + nHo—Co]JCo—Ho [gHo - 1]
Jio(T)Sco(T) [2(80 — ) /(100)?] /THo-co

+ NCo-Co JCo-Co S(Qjo (T)[(SO - x)/loo]Q/TCo—Co (4)

A(T) = nHo-Ho JHo-HolgHo —
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Fig. 2. Temperature dependence of the magnetic moment of the alloys: solid circles: experimental data, solid lines: calculated

alloy moment, dashed lines: calculated total Co moment (ug,
(Wito = T im0 /100).

where we have neglected the third term, and where n;; is
the number of maximally permissible atom pairs per unit
volume extended to first neighbors, taking to be two in our
case, r;; are the interatomic distances, which are taken to
be rco-co = 2.5 A, T'Co-Ho = 3 A, in accordance with
the structural data of Harris et al. [14]. Figure 3 shows
the temperature dependence of A, for different concentra-
tions. Figure 4 compares the variation of A, at low tem-
perature, as a function of concentration, for Co-Ho-B and
Fe-Ho-B [10] alloys; the exchange decreases more rapidly
in Fe-Ho-B alloys than in Co-Ho-B ones.

3.2 Magnetization at 4.2 Kfor 3 T<H<20T

Figure 5 shows the field dependence of the magnetic mo-
ment of the alloys, u,, for two compositions x = 3.6 and
x = 11.5. It is seen from this Figure that under high
applied fields, the magnetization curves exhibit a pro-
nounced magnetic transition, and that the high-field part

((80 — z)11c0/100)), dotted lines: calculated total Ho moment

of these curves intercepts the p,-axis at the same ordi-
nate which is close to zero magnetic field. Furthermore,
these curves resemble those of ferrimagnetic compounds
(which a schematic representation is given in the inset of
Fig. 5), which behavior can be understood on the basis
of the two-sublattice model. Indeed, the latter has been
applied in the case of amorphous alloys [15-18] and that
of intermetallics compounds [19,20]. It is based on the as-
sumption that the magnetization curve can be considered
as that expected for an ideal ferrimagnetic system con-
sisting of two well-defined magnetic sublattices coupled by
antiferromagnetic interactions. This magnetization curve
(Inset of Fig. 5) results from a consideration of the free
energy of the ferrimagnetic system [21]

E=MrB—-MgrB+nrr My Mpg. (5)

M and Mp denote the magnetization of the two sublat-
tices, nrr is the intersublattice molecular field coefficient,
which value is a measure of the slope of the magnetization
curve observed in intermediate fields. At sufficiently low
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Fig. 3. Temperature dependence of the exchange constant, A,
for four concentrations.
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Fig. 4. Concentration dependences of A, at low temperature,
for Cogo—HozBa2g (this study) and Fess—;Ho,Bis alloys [10].
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Fig. 5. Field dependence of the magnetic moment of the alloys
for two concentrations: x = 3.6, and x = 11.5. The inset shows
the schematized curve for a ferrimagnetic system containing
two magnetic sublattices.

Table 3. Values of calculated and experimental molecular field
coefficients.

cal

exp

T ngyT Npp
3.6 44.8 49.5
5.5 46.5 -
7.6 51.9 -
11.5 52.8 55.3

and high fields the magnetizations, corresponding to the
saturated state, are equal to |Mp — Mg| and |Mt + Mg|,
respectively. In our case the high-field saturated state (the
forced ferromagnetic state) was not reached, and needs
fields higher than 20 T to be established. Values for the
coefficient npr derived from the slope of the magnetiza-
tion curve in the high-field region appear in Table 3.

The exchange coupling parameter Jrr, between the
4f spins and its 3d spin surroundings can be calculated
directly from ngrr with the help of the following relation

Jrr = gr Nt ngrr 1%/ (9r — 1)2RT (6)

where N is the number of 3d atoms per unit of mass, and
zrr is the number of T-neighbors of the R atom, which
is assumed to be equal to 12: nrp increases with the Ho
concentration which may be related to a variation of the
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strength of the 3d-4 f exchange with Ho concentration. In
Er-Co-B [2] and Fe-Ho-B [10] alloys, this coefficient re-
mains constant until reaching the magnetic compensation
and then increases. Moreover, nrp for the alloys stud-
ied is greater than that obtained for Fe-Ho-B alloys [10]
(Tab. 2).

4 Conclusion

We have studied magnetization behavior of amorphous
Cogp—,Ho,Bag alloys, for which a magnetic compensation
occurs at about z = 8. Co and Ho spins order antiferro-
magnetically and this coupling breaks at sufficiently high
fields. The Co moment remains practically constant un-
til the concentration of magnetic compensation (z < 8)
and then shows a decrease. The various exchange inte-
grals, Joo.co and Joo.mo have been calculated using the
mean field theory. Jco 1o shows a very slight increase, and
Jco-co remains practically constant for x < 8, and then
shows an increase. We have also evaluated the molecular
field coefficient, ngr, which values are rather higher than
those observed for Fegs_,Ho,B1g alloys.
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