SOVIET PHYSICS JETP

VOLUME 20, NUMBER 4

APRIL, 1965

MAGNETIC PROPERTIES OF GADOLINIUM-TERBIUM AND GADOLINIUM -ERBIUM

ALLOYS

V. I. CHECHERNIKOYV, IULIU POP, and I. V. BUROV

Moscow State University

Submitted to JETP editor May 14, 1964

J. Exptl. Theoret. Phys. (U.S.S.R.) 47, 1257-1261 (October, 1964)

The magnetic properties of Gd—Tb and Gd—Er alloys were investigated in the temperature
range from 77 to 1100°K. Maxima, which depended on the concentration and the magnetic

field intensity, were found in the o(T) curves. For Gd—Er alloys, a dependence of the ef-
fective magnetic moment and of the paramagnetic Curie point on the alloy composition was

established.

l. The results of a study of the magnetic proper-
ties of a single crystal of Th, 1] together with the
data on neutron diffraction in this metal and in
Tb-Y alloys (2] have established the existence in
them of a helicoidal antiferromagnetic structure.

In the present paper, we report the results of a
study of the magnetic properties of Gd—Tb and
Gd-Er alloys. We investigated five Gd—-Tb alloys
containing 10, 30, 50, 70, and 90 wt.% Tb, and eight
Gd-Er alloys containing 5, 20, 30, 50, 60, 70, 80,
and 90 at.% Er. The purity of the primary metals
was 99.2%. The main impurities were Ca, Nd, Sm,
Ho, Tm, Th, and gaseous impurities.

The alloys were prepared in an arc furnace with
a nonconsumable tungsten electrode in a cooled
copper hearth in an atmosphere of purified helium.
Each alloy was remelted three times, which en-
sured maximum uniformity of the compositions.
After the remelting treatments, the alloys were
annealed in vacuum for 50 hours at 800°C. The data
of microstructure, x-ray diffraction, and thermal
analyses, carried out at the A. A. Baikov Metal-
lurgy Institute, indicated that at room temperature
the primary metals formed a continuous series of
solid solutions.

The magnetic properties were investigated by
the standard ponderomotive method using a pendu-
lum balance and a balance ring. To check the uni-
formity of the alloy composition, several samples
of the same composition were investigated. The
Gd-Tb alloys were investigated in the temperature
range from 77 to 300°K, and the Gd—Er alloys from
77 to 1100°K, i.e., both in the ferromagnetic and
paramagnetic regions. For all the samples, we
measured the temperature dependence of the mag-
netization for various magnetic field intensities.

2. Figure 1 shows the dependence of ¢ on T

for polycrystalline Tbh and for the Gd—Tb alloys,
plotted using our measurements. It is evident that
the majority of the curves have characteristic max-
ima, which appear most clearly in weak fields. On
increasing the magnetic field intensity, these max+
ima broaden gradually and disappear completely at
some critical field Hs. Thus, for example, the
maximum for the alloy with 90 wt.% Tb disappears
in a field of 7550 Oe, while that for the alloy with
10 wt.% Tb disappears at 1500 Oe. The value of
the critical field He decreases as the Gd content
is increased.

It is especially necessary to mention that on in-
creasing the Gd content the T, maxima in the o(T)
curves broaden and are barely noticeable in the al-
loy with 10 wt.% Tb. Obviously, in the Gd—Tb al-
loys the nature of the dependence o(T) is governed
primarily by the Tb atoms. Hegland, Legvold, and
Speddingl!] also detected maxima, which disap-
peared at 300 Oe, in the ¢(T) curve for a Th single
crystal. The neutron diffraction datal?] showed
that a helicoidal antiferromagnetic structure exists
in pure Tb. The Néel point was found to be 229°K.
The same structure was detected in Tb-Y alloys.
The results of these studies and our data form the
basis for the suggestion that in pure terbium, as in
Gd-Tb alloys with high Tb content, the antiferro-
magnetic structure coexists with the ferromagnetic,
i.e., in the region of the existence of antiferromag-
netism, the ferromagnetic ordering of spins does
not disappear completely. This complicates the de-
termination of the ferromagnetic Curie point and
the Néel temperature in these substances. If the
ferromagnetic Curie point is found from the curve
o(T), then it is more convenient to do this in
strong magnetic fields. The values of the Curie
temperature determined in this way show that @®f
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50 a0 FIG. 2. Dependence of the temperature T¢ on the magnetic
field intensity for Gd--Tb alloys: x — 30 wt.% Tb; 0 — 50 wt.%
Tb; A — 70 wt.% Tb; [0 — 90 wt.% Th.
function of the magnetic field, as shown clearly in
b p Fig. 2.
G We ialso determined the ¢ (T ) dependence
for the Gd-Er alloys (up to 50 at.% Er). It was
found that these o(T) curves also had maxima.
P However, in this case the maxima were sharpest
50 | for the alloys with high gadolinium content (Fig. 3).
o A further investigation that we carried out in-
volved the determination of the temperature de-
pendence of the paramagnetic susceptibility of the
Gd-Er alloys up to 1100°K. Figure 4 shows the
0 temperature dependence of the reciprocal of this
100
G
150 100500e
N } 7550 0e
50 s~
g
i 1 1
700 290 709
7, °K
FIG. 1. Dependence of oon T: a) Tb polycrystal; b) Gd--90
wt.% Tb alloy; c) Gd--50 wt.% Tb alloy; d) Gd--70 wt.% Tb S0k 2460
alloy. N
varies linearly with the alloy composition. In Fig.
1, dashed lines join the maxima of the o(T) curves. 0
It is easily seen that the temperature of the maxi-

mum, Tc, becomes displaced toward lower tem- FIG. 3. Dependence of ¢ on T for Gd—Er alloys: a) 30 at.%
peratures. This displacement of T, is a linear Er; b) 50 at.% Er.
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FIG. 4. Dependence of the reciprocal of the specific sus-
ceptibility on temperature for Gd—Er alloys: 1) Gd; 2) 30 at.%

Er; 3) 50 at.% Er; 4) 60 at.% Er; 5) 70 at.% Er; 6) 90 at.% Er;
7) Er.

specific magnetic susceptibility for all the inves-
tigated alloys. It is evident from this figure that
for the alloys containing more than 60% Gd the
dependence of 1/x on T is linear over the whole
investigated range of temperatures, i.e., the

Curie-Weiss law in the form x = C/(T - ®p) is
obeyed. For the remaining alloys, we have the law
x = C/(T—-®p) + xk, where xk is the susceptibil -
ity component independent of temperature. The
addition of Er to Gd also reduces the magnetic
susceptibility and its temperature dependence,
i.e., the curves 1/x(T) for these alloys are less
steep than the curve for pure gadolinium. From
the rectilinear portions of the 1/x(T) curves, we
determined the effective magnetic moment Pp and
the paramagnetic Curie point @p. The magnetic
moments of these alloys increase with increase of
the Er content from 7.95 up for pure Gd to 9.52 up
for Er. The paramagnetic Curie point shifts to
lower temperatures when the erbium content is in-
creased but remains positive at all concentrations
of erbium.

3. The results of the studies of the magnetic
properties of Gd—Tb and Gd—Er alloys have shown
that the dependence of these properties on tempera-
ture is complex. This is particularly so in the fer-
romagnetic region where the ferromagnetic and
antiferromagnetic structures coexist.

In conclusion, the authors express their grati-
tude to Prof. E. I. Kondorskii for discussing the re-
sults of the present work and for his valuable com-
ments.
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