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Magnetic anisotropy and magnetic transitions in RFe ;Mo
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Compounds of the composition RFe Mo, with R = ¥, Nd, Sm, Gd, Tb, Dy, Ho. Er. Tm and Lu were sudied by means
of the ac-initial susceptibality (y ) and the singular point detection (SPD) technique in the temperature range from 4.2 10 300
K. Spin reoricntation transitions were detected for the compounds RFe, Mo, with R = Nd and Dy, For the compounds
RFe Mo, with R = Y, Ho, Er, Tm and Lu the ac-initial susceptibility data indicate a magnetic iransitbon of unidentificd
nature. For SmFe,, Mo, a first-order magnetization process (FOMP) is observed below 170 K

The ThMn,, structure with RFe,, was found 10 be
unstable. However, compounds of the composition
RFe;; M, (M=Ti. ¥V, Cr, 8, Mo: x=1 or 2} with
ThMn,, structure can be formed for various rare
carths. Such compounds are interesting for permanent
magnet applications because of their high Fe concen-
tration (causing possibly a high saturation magnetiza-
tion} and their uniaxial crystal structure (causing possi-
bly high magnetocrystalline anisotropy which is basic
for a high coercivity). Since 1987, compounds of the
type RFe, Ti, RFe, WV, have been studied intensively
[1-4] In this contribution experimenial investigations
on RFe Mo, are reported,

Samples of RFe,,Mo, with R = Y, Nd, Sm, Gd, Th,
D, Ho, Er, Tm and Lu were prepared by arc melting
and were subsequently homogenized a1 B30°C. The
homogenized samples have been checked by Meray
diffraction 1o be single phase with tetragonal structure.
In order to detect a possible temperature-induced
magnelic transition, all samples were subjected to
measurements of the lemperature dependence of the
ac-initial susceptibility in an ac magnetometer in the
temperature range from 4.2 to 300 K using an ac-fickd
of 40 A/m and a frequency of 125 Hz The spin
reorientation transitions, described as a change of the
easy direction of magnetization (EDM) from one crys-
tallographic direction to another with varying tempera-
ture, were detected for RFe, Mo, with R = Nd (a1 180
Kb and R = Dy (a1 143 and 63 K). No spin reorienta-
tion transition was traced for TbFe, Mo, Figure 1
shows the temperature dependence of the ac-initial
susceptibility (y) and its first derivative (dy /dT) for
DyFeyMog. It follows from this figure that two peaks
are evident in the curve of the dy/dT versus T.
Similar to the case of DyFe,,Ti [5), the following expla-
nation can be given for DyFe,,Mo,, The peak at the
higher temperature {at about 143 K) indicates a change
of the EDM from the c-axis to a cone, whereas the
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Fig. 1. Temperature dependence of the sc-initial susceptibility
i (solid circles) and s firt dervative dy /dT (open circdles)
of DyFe u“ﬂ'}.
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Fig. . Temperature dependence of the sc-initial susceptibility
¥ of YFe ;Mo and LuFe oMo,
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Fig. 3. Temperaiure dependence af the ansotropy field i,
determined by the SPD 1echnique for YFe ,Mo,, GdFe,,-
M., DyFe, Mo, and ThFe Mo,

peak at the lower temperature (at about 63 K} indi-
cates & change of the EDM from the cone to the basal
plane. Figure 2 shows the temperature dependence of
the ac-initial susceptibility of YFe, Mo, and LuFe,,
Mo,. A very pronounced peak can be observed for
YFe,,Ma, at 266 K and for LuFe,,Mo, a1 204 K. A
similar phenomenon was also found for compounds
RFe, Mo, with R = Ho (231 K), Er (219 K) and Tm
{204 K) All these experimental facts together with
those of the singular point detection (SPD) measure-
ments (see YFe Mo, in fig. 3) force us to the conclu-
shon that a temperature-induced magnetic phase transi-
tion occurs in the Fe sublattice of RFe Mo, com-
pounds. According to this assumption the magnetic
transition observed in HoFe,Mo,. ErFe,,Mo, and
TmFe,;,Mo, can be understood as being due to a
compelition between the Fe sublattice amisotropy and
the very low anisotropy of the Ho-, Er- and Tm sublat-
tice. The nature of this unidentified transition of the
Fe sublattice has been explained as the temperature-
induced competition of the anisotropy ameng the dif-
ferent Fe sites.

The SPD theory predicts a singularity in the
M /dHT versus H curve at H = H, for an uniaxial
eompound for which the external field is applied per-
pendicular to the EDM. Figure 3 shows the tempera-
ture dependence of the anisotropy ficld H, for
YFe,,Mo,, GdFe,,Mo,, DyFe,,Mo, and ThFe oMo,
From the resulis of YFe Mo, and GdFe,,Moy, it is
concluded that the Fe sublattice anisotropy of
RFe, Mo, is uniaxial. The anisotropy of TbFe Mo,
is also umiaxial, even down to 4.2 K, whereas the
anisotropy of DyFe,Mo, is uniaxial only above 143 K,
which is in agreement with the susceptibility measure-
ment (see fig. 1). Figure 4 shows the lemperature
dependence of the ac-initial susceptibility y and its
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Fig. 4. Temperature dependence of the ac-initial susceptibility
x Usolid circles) and its first derivative dy /d7 (open squares)
of SmFe oMoy,

first derivative dxfldr for smF‘HMﬂ‘]- Due to the
large uniaxial anisoiropy of the Sm sublattice, no spin
reoricntation transition is predicted for SmFey Mo,
However, for SmFe oMo, a change of the shape of the
#{T) curve (resulting in a peak in the curve of the
dy /AT versus T)is evident (see fig. 4). According 1o
our previously experience on Nd, Fe, B [6], this change
might give an evidence for the onsel temperature of a
first-order magnetization process. In order to verify
this prediction, a direct measurement of the magneti-
zation process al various temperatures from 4.2 to 300
K was performed for SmFe Mo, in a pulsed field
system by the SPD technique. Figure 5 shows the
measurcd results. From this figure it is evident that, as
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Fig. 5. Temperature dependence of the anisotropy fiekd H,
and eritical FOMP field H,, of SmiFe  Mo,.
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