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Abstract. The DyFg,_,Mo, (1.00 < x < 2.75) series has been investigated by means of x-ray
diffraction, thermomagnetic analysis, vibrating sample magnetometer, SQUID magnetometer and
the singular-point detection technique. With increasing Mo concentration, lattice parameters

c andV increase linearly, while Curie temperatufe and saturation magnetizatia, decreases
markedly. A value ofM; of 152 up fu=! has been obtained for the hypothetical DyJe
compound. All the samples show uniaxial anisotropy at room temperature. A maximum appears
at x = 1.5 on the curve of magnetocrystalline anisotropy figld versus Mo concentration at
room temperature. At low temperature, Dyke Mo, compounds have a complex magnetic
behaviour. A transition from uniaxial anisotropy to canted structure at low temperatures in
samples with low Mo concentrationx (< 2) and magnetohistory effects in samples with high
Mo concentrationX > 2) were observed.

1. Introduction

The RFe, (R = rare earth) compound with tetragonal structure does not exist, but the
ternary intermetallics Be, M),, could be formed if a small amount of the third element
MM =Ti V, Cr, W, Si, Mo and Nb) is substituted for Fe [1-3]. The properties
and concentration of stabilizing element M have considerable influence on the magnetic
properties of RFe M)45 [2,4]. The influence results from the contribution of extra states
from the third element M into the 3d band of the Fe sublattice [5]. THEeRMO0);,
compound shows quite a difference in magnetic properties from otliee M), series

such as M= Ti, V, Cr, W and Si. For example, the Curie temperature decreases much
more rapidly with Mo concentration than with other stabilizing elements. Besides, the
magnetohistory effect was observed only in th&&Mo),, system [6,7]. At present,

a number of studies on magnetic properties, especially the magnetic anisotropy and
magnetic phase transition, have been reported [8-13]. These investigations mainly focus
on R(Fe Mo),, compounds for Mo= 2 [11-13]. But a study on magnetic properties
varying with Mo concentration in the heavy rare-earth BEgMo, system is lacking. In

the present work, we studied the effect of Mo substitution on the crystallographic and
magnetic properties for the DyEe Mo, series in a range of temperature from 4.2 K to
room temperature.
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2. Experimental details

The ingots were prepared by arc-melting the constituent elements with starting purity of
99.9%. They were melted several times to ensure homogeneity under an atmosphere
of highly purified argon. 5% excess of Dy was used for compensating the loss during
melting. The alloys, sealed in vacuum excavated quartz tubes, were annealed for
15 hours at 1050C. The quality of samples was checked by x-ray diffraction and
thermomagnetic analysis (TMA). Lattice parameters and unit-cell volume were determined
by indexing the x-ray diffraction patterns. Curie temperatures were measured by
vibrating sample magnetometer (VSM) at a low field of 0.04 tesla. Magnetocrystalline
field B, was measured with the singular-point detector (SPD) technique [14]. The
magnetization curves at 4.2 K and room temperature were obtained by SQUID and
VSM in a field up to 6.5 tesla and 2.0 tesla respectively. Saturation magnetization
M, was obtained by plotting/ against YH in the high-field part of the magnetization
curves and extrapolatingd to oo [15]. The magnetohistory effect was observed using
VSM.
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Figure 1. X-ray diffraction patterns of unaligned and aligned samples for RyEéo, series.
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3. Results and discussion

The unaligned powder x-ray diffraction patterns of the DyFeMo, series are shown in
figure 1(a). All peaks could be indexed with a tetragonal ThMstructure (space group
14/mmm). This indicates that all the samples are single phase with the tetragonal;7hMn
type. The TMA data also confirmed such a conclusion. The lattice paranagteesd unit-

cell volumeV are summarized in table 1 and plotted in figure 2. Fitting the data of figure 2
with least-squares methods, we can see that with increasing Mo concentration the parameters
a andc increase linearly but with a different slope. The slape/Ax of parametew is
0.0038 nm/Mo in comparison with 0.0026 nm/Mo fae/Ax of parametee. The slope of
Aa/Ax is larger than that oiA\c/Ax (about 1.5 times). It implies that the Mo substitution
atoms have strong preference for the 8i sites which are located in the crystal prism along
the a-axis, and result in a different expansionofindc. This result is in good agreement
with that from x-ray diffraction of NdFgMo, [2] and neutron diffraction for NdRgMo,

[16] and YFe,_,Mo, (x = 1-3) [17] which indicates Mo atoms prefer to occupy 8i sites in
the Mo-containing systems. A similar result can be found for ()EeMo; in the literature

[15, 18] whereAa/Ax is about 1.60 and 1.72 timesc/Ax respectively.

Table 1. Crystallographic and magnetic data of Dyke Mo, series. Parameters and ¢
are the lattice constantg/ is unit-cell volume, T¢ is Curie temperatureM; is saturation
magnetizationy p,—r. is molecular-field coefficientyoH, is magnetic anisotropy field and
EMD is easy magnetization direction.

M (up fu™) roHq (T) EMD

————————  NDy—Fe
x a(m) c(@mm) V@mpP Tc(K) 42K 300K (o) 300 K 42K 300K

1.00 0.8513 0.4776 0.3461 490 10.76 12.37 88 0.88 cantagaxis
1.25 0.8526 0.4787 0.3480 474 9.03 11.17 93 0.92 cantedaxis
1.50 0.8537 0.4786 0.3488 449 8.10 9.30 87 1.03 cantegraxis
1.75 0.8544 0.4793 0.3499 423 6.74 8.64 90 0.96 cantectaxis
2.00 0.8559 0.4799 0.3516 373 5.74 7.59 98 0.62 cantegkaxis
2.25 0.8558 0.4801 0.3514 350 430 5.98 — 0.50 randograxis
250 0.8570 0.4817 0.3537 311 3.76 4.59 85 >0 random c-axis
2.75 0.8583 0.4825 0.3547 236 1.87 2.65 — >0 random c-axis

The Mo concentration dependence of Curie temperature is shown in figure 3. It can
be seen that Curie temperature falls markedly with increasing Mo concentration as seen
in YFe» Mo, [15,19], more rapidly than supposed from a simple dilution of Fe by
Mo. The exchange field coefficiemty,—r. which corresponds to the contribution from
Dy—Fe exchange interaction can be deduced from the molecular-field approximation [20].
Generally, neglecting the exchange interaction between rare earth, the expression of the
molecular coefficientp,—r, is given by

g3/ (Te — Tro)Tc
4(81 - 1)2CDyCFe

whereCp, and Cr, are the Curie constants for Dy and Fe sublattices respectively. Using
the Curie temperature data of Dyke Mo, listed in table 1 and the values di- of
YFei»_Mo, from the literature [19], the exchange field coefficiept—r. can be calculated.
The calculated values afp,—r. Were listed in table 1 and plotted in figure 3 in comparison
with n p.—p. Which were obtained from Yke Mo, [15]. It can be seen thatp,—r, almost

Npy—Fe =
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Figure 2. Mo concentration variation of lattice parametessand ¢) and unit-cell volumeV
for DyFe;,_,Moy.
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Figure 3. Mo concentration variation of Curie temperatufe and molecular-field coefficient
npy—re for DyFe;,_ Mo,.

keeps constant whiler.—r. decreases with increasing Mo concentration. The average value
of npy—r. is 90 uo for DyFe;,_ Mo, and considerably smaller thasy,—r, of 355 g and

272 1 for YFe;;Mo; and YFgoMo, [15]. It indicates that the Fe—Fe exchange interaction
is predominant in DyFg_ . Mo,.

The saturation magnetizatiavf; at 4.2 K and room temperature is given in table 1 and
plotted in figure 4. figure 4 indicates tha, decreases linearly with Mo concentration. Like
Curie temperaturesy, reduces more quickly than that calculated from the ‘dilution model’.
In this work, M, of DyFe,; ;M01 is 108 up fu™t and much smaller than the Z3up fu™t
of YFej10Mo1 g at 4.2 K. This is because of the ferrimagnetic coupling between Dy and Fe.
Extrapolatingx to 0, we obtainM, = 15.18 up fu™* at 4.2 K for the hypothetical DyFg
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Figure 4. Mo concentration dependence of saturation magnetizadprior DyFe,,_ Mo, at
4.2 K and room temperature.

compound, and extrapolating,; to 0, we obtain critical concentration, = 3.2 at which
the ferromagnetic phase disappears in the QyE&o, compound. The value of,, = 3.2

is slightly smaller tharnx., = 3.6 which was calculated from the ‘magnetic valence model’
in YFe,_,Mo, [15].
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Figure 5. Typical SPD curves of DyRg_, Mo, at room temperature.

Figure 5 shows several typical room-temperature singular-point detection (SPD) curves
on which the cusp indicates the magnetocrystalline anisotropy field The Mo
concentration dependence 8f is shown in figure 6. The x-ray diffraction patterns of
aligned samples (see figure 1(b)) indicate that all the samples exhibit uniaxial anisotropy at
room temperature though no peak is observed on the SPD curve for samplas=wR2t50
and 2.75. This results are good agreement with [11], [21] and [22] which considered
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Figure 6. Mo concentration dependence of anisotropy fi&d for DyFe;,_ Mo, at room
temperature.

the anisotropy as uniaxial for DyEgMo,, but somewhat different from [23] regarding
DyFe Mo, as complex anisotropy at room temperature. In figureBg,increases with

Mo concentration at first and reaches a maximum at 1.5, then decreases rapidly with
further increasing Mo concentration. This nonmonotonic variation in the Mo concentration
dependence of th&, for DyFe;,_ Mo, is very different from the linear relationship for
YFe,_ Mo, [19]. Since the magnetocrystalline anisotropy of the Fe sublattice decreases
with increasing Mo concentration monotonically [19], so the maximum in the anisotropy
of DyFe;,_,Mo, may be attributed to the variation of crystal-field interactions caused by
the Dy sublattice. In our present work, is 0.62 tesla forx = 2 at room temperature and

near to the result of 0.42 tesla measured by Kbl using the SPD technique [12] but
remarkably smaller than that of 1.4 tesla which was obtained from the magnetization curves
measured on the aligned samples by Tuckeal [22]. Moreover, at low temperatures a
transition from uniaxial anisotropy to canted structure in samples with low Mo concentration
(x < 2) and magnetohistory effects in samples with high Mo concentration 2) were
observed. Two typical examples of such change in samples were shown in figure 7 and
figure 8. Figure 7 gives the angfedependence of the parallel component of magnetization,
M,, for DyFe,,5sMo01 25 at several temperatures. It can be seen from figure 7 that the
magnetically aligned sample DyfesMo1 25 still keeps a uniaxial anisotropy when the
temperature decreases from 293 to 225 K sinceMtiekeeps a maximum at = 0 and a
minimum aty = 90°. But when the temperature is below 175 K, the value&lphaty = 90°

is no longer the minimum and the minima occur arogng +60° at temperatures of 125,

100 and 77 K. These changes imply that the easy magnetization direction of the aligned
sample deviates fromraxis below 175 K. It indicates that the magnetic anisotropy changes
from uniaxial to canted with decreasing temperature. The same magnetic phase transition
from uniaxial to canted with decreasing temperature for Qy#e, has been observed in

[12] and discussed in [13]. Figure 8 shows a temperature dependence of magnetization of
DyFe, sMo, 5 alloy on cooling in a field of 0.1 tesla (FC) and zero field (ZFC). It follows
from this result that a magnetohistory effect occurs in Q0,5 which has high Mo
concentration. Further studies on the magnetocrystalline anisotropy and the magnetohistory
effects for the DyFg,_, Mo, series are in progress.
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Figure 8. Temperature dependence of the magnetization of Pye, s on zero-field cooling
and field cooling.

In conclusion, crystallographic and magnetic properties of the RyE®lo, series have
been investigated in detail. All samples are single phase with the Thiype structure.
With increasing Mo concentration, the lattice constantand ¢ increase linearly but with
a different slope which is 0.0038 nm/Mo along theaxis and 0.0026 nm/Mo along the
c-axis. With increasing Mo concentration Curie temperature decreases monotonically and
the saturation magnetization decreases linearly wii 45 fu™! per Mo atom. All the
samples exhibit uniaxial anisotropy at room-temperature. The room-temperature anisotropy
field varies in a non-linear way with increasing Mo concentration and a maximum value
of 1.03 tesla appears at = 1.50. At low temperature, DyRge Mo, compounds have
a complex magnetic behaviour. A transition from uniaxial anisotropy to canted structure
at low temperatures for samples with low Mo concentration<( 2) and magnetohistory
effects in samples with high Mo concentration 2) was observed.
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