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Magnetic properties of R,Co;7,Ga, and RCos,Ga, alloys, where R = Y and Th, have been investigated in
steady and pulsed magnetic fields up to 14 and 34 T, respectively. For the Y,Co;7,Ga, alloys saturation is
reached in relatively low magnetic fields and the saturation magnetic moment decreases with increasing Ga
content. No saturation was observed for the Y Cos ,Ga, alloys and the Curie temper atures wer e lower than for
the corresponding 2:17 phases. The Curie temperatures of the ThCos,Ga, samples were also lower than for
the corresponding 2:17 materials. The Th compounds did not reach saturation even in the highest magnetic
field. The minimum in the temperature dependence of the magnetization is an indication of ferrimagnetic
character. The substitution of Ga for Co in ThCos,Ga, increases the magnetic moment, which may be
explained as a result of the replacement of Co atoms with magnetic moments antiparallel to those of the Th

atoms.

Rare-earth alloys and compounds/ M agnetic measurements/ M agnetization

Introduction

During the past decades the structure and intrinsic
magnetic properties d®,T;; (R = rare earthT = Fe,
Co) compounds have been extensively studied
because of the promising magnetic properties cfethe
materials and their potential application as matsri
for hydrogen storage, etc. A strong uniaxial maignet
anisotropy is required to achieve high coerciviyt

the binary R,Co;; compounds exhibit uniaxial
anisotropy only foR = Sm, Er and Tm. There exists a
possibility that substitution of Ga for Co can icdu
uniaxial anisotropy in the compounds formed by othe
rare earths. The structure and magnetic propeofies
the Tb and Y compounds have recently been
examined [1-4]. The crystal structure of these
extended solid solutions depends on the Ga
concentration. A preliminary examination of the Tb
compounds revealed only the existence of a
rhombohedral TjZn,type phas€gl,2], however, a
more detailed investigation of this system showed t
with increasing Ga concentration the following
sequence of phases exists:;,Nh; (hex) —» Thy,Zny;
(rhomb) [4]. The Y system exhibits a still more

complicated situation: TNi;;  (hex) —
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TbCu, (hex) — ThyZn;; (rhomb) [3]. In both
Th,Co7,G3a [1,2] and Y,Co,7,Ga [3] an increase of
the Ga concentration causes a decrease of the Curie
temperature, whereas the same effect on the daturat
magnetization was observed only in the Y system. In
both systems saturation was reached in relativedy |
magnetic fields.

In the present study, we have extended the
investigation of the magnetic properties to
measurements of the magnetization at low temperatur
in high (up to 34 T) pulsed magnetic fields, wittet
aim of checking if high magnetic fields can infleen
the mutual coupling of the Tb and Co magnetic
sublattices. The results obtained for the Y alloys
should serve as a reference for the magnetic Co
sublattice. Magnetic measurements for R@os ,Ga,
phases that were discovered in the Tb-Co-Ga and
Y-Co-Ga systems are also reported.

Experimental details
R,Co7,Ga, samples of nominal composition

Y.Co7,Ga, x =0, 0.9, 1.9, 3.23, 4.75, 5.7, 8.58
and ThCo7,Ga, x =0, 1.9, 2.85, 3.8, 8.58] were

111



W. Suskiet al.,Magnetic properties d®,Co,7,Ga andRCo0s.,Ga, alloys ...

investigated. For the investigation of tRR€os,Ga
phases with the closely related hexagonal structure
type CaCy, the following compositions were selected:
x=0.6 and 1.5 for YGpGa, and x = 0.6, 0.9 and 1.2

Table 2 Lattice parameters and magnetic data

for TbCo,,Ga,. All samples were prepared by arc-
melting the constituents under high-purity argon

(99.998 %) on a water-cooled cooper hearth. The
ingots were then heat treated in evacuated silibast

at 870 K for two weeks and subsequently quenched in
cold water (still in the silica tubes). Phase asalyvas
carried out using X-ray diffraction and the samples
were further characterized by Scanning Electron
Microscopy (SEM) and Energy Dispersive X-ray
analysis (EDX). All the samples were found to be
single-phase materials. The magnetic measurements
were carried out on polycrystalline pieces.

The field dependence of the magnetization at 4.2 K
in steady magnetic fields was measured up to 14 T
using a string magnetometer (not shown) and up to
35 T in pulsed magnetic fields (pulse duration 1€) m
[5]. The temperature dependence of the magnetization
atT = 1.9-400 K was measured in a magnetic field of
0.5 T with a SQUID magnetometer, and in a magnetic
field of 0.483 T at increasing temperature up to
1100 K with a home made installation.

Results and discussion

Crystallographic data for the,Co,;.,Ga samples and
results of magnetic measurements in low magnetic
fields were published ifi3,4]. Cell parameters of the
RCos.,Ga, samples are listed imable 1andTable 2
The magnetic field dependence of the magnetization
(magnetic moment) at 4.2 K for the,Q0,7.,Ga, and
YCos,Ga, alloys in magnetic fields up to 35 T is
shown in Fig. 1L It can be seen that for the
Y,Co,7.,G3, alloys (solid lines) saturation is reached
in relatively low magnetic fields. In high magnetic
fields the magnetic moment of the pristingCé,;;
compound is lower than the moments of the alloys
with x = 0.9 and x = 3.23. We have so far found no
explanation for this behavior. The magnetizatien
magnetic field curves obtained for the Y.GBGa
alloys (dashed lines iRig. 1) show that saturation is
more difficult to achieve than for the,&o0,7.,Ga
alloys. No saturation was observed for the compound

Table1 Lattice parameters and magnetic data
for TbCq.,Ga, alloys with CaCettype
structure.

« Lattice parameters s Trmax
a(A) c(A) (neffu.) | (K)
0.6 | 4.969(2) 4.013(2) 5.0 530
0.9 | 4.9721(8) | 4.0286(8)| 5.4 500
1.2 | 4.984(2) 4.036(3) 6.2 400
d“saturation” magnetic moment aT =4.2K in

magnetic fielduH =
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347

for YCos,Ga, alloys with CaCettype
structure.
Lattice parameters Us Tmax | Tc
a(A) cA | e/fu)| K | (K)
0.6 | 4.9787(6) 3.9894(9) 7.78 400 738
15| 4.898(3) | 4.120(3)] 3.59 31120
dsaturation” magnetic moment af =4.2K in
magnetic fielduigH =34 T
20 — 71 r 1 v T T T T° 1
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Fig. 1 Magnetic moment of XCo,;,,Ga, and
YCos.,Gg, vs. pulsed magnetic field at 4.2 K.
The solid lines are for the former alloys and the
dashed lines for the latter ones.

with x = 0.6, whereas for x = 1.5 saturation was
reached only in a relatively high magnetic fielcheT
sample with the higher Ga content has a lower value
of magnetization.

Fig. 2 presents details of the magnetizatios
magnetic field curves for the YE@Ga, solid solution
below 5 T at 1.9 and 4.2 K. Neither hysteresis nor
remanence were observed and the two curves present
similar features. However, the two alloys with
different Ga concentration exhibit slightly diffete
temperature dependences of the magnetic moment, as
can be seen ifrig. 3 which shows the temperature
dependence in a magnetic field of 0.5 T. For the
material with higher Ga concentration the
magnetization decreases with increasing temperature
and the Curie point is at about 300 K, whereagter
sample with x = 0.6 the Curie temperature is about
750 K and a maximum at about 400 K is observed for
the magnetization curve.

Fig. 4 shows the temperature dependence of the
magnetic moment for the Thggsa alloys. The
magnetic moment decreases with increasing Ga
concentration and the same is true for the temperat
of the magnetic moment maximum. This type of
behavior with a compensation point indicates the
presence of two magnetic sublattices with oppasitel
directed magnetic moment (ferrimagnetic order).

Chem. Met. Alloy4 (2008)



U (psff.u.)

W. Suskiet al.,Magnetic properties d®,Co,7,Ga andRCo0s.,Ga, alloys ...

or T=42K X=15 7
_ e ®38 80O
4_ ~~~~~ Oe@ L x=0.6 i
— cg ® T=19K
= °®
<3l o 1
& | ow
Qz_ we 7
0]
1+ o 1
ol § YCosixGaX_
0 1 2 3 4 5
HoH (T)

Fig. 2 Magnetic moment of YGQGg, vs.
steady magnetic field at 1.9 K (black filled
circles: x=0.6, black empty circles: x =1.5)
and 4.2 K (gray filled circles: x=0.6, gray
empty circles: x = 1.5).
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Fig. 3 Magnetic moment of YGQGg, vs.
temperature in a magnetic field of 0.5 T.
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Fig. 4 Magnetic moment of ThGQGa, vs.
temperature in a magnetic field of 0.5 T.
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Fig. 5 shows the magnetizatiars. the magnetic field

for yoH < 5 T for the solid solution ThGgGa, at

1.9 K. One can see that in this magnetic field
saturation is not reached. Moreover, all threeyallo
exhibit a small hysteresis, which is most pronodnce
for the sample with the smallest Ga content (x6).0.
The magnetization is lowest for the same sample,
whereas at higher temperature this sample shows the
highest magnetization (see~ig.4). The clear
indication of opposite directions of the magnetat

in the Tb and Co sublattices motivated us to apply
higher magnetic fields. The Y phases were measured
as reference systenkig. 6 shows magnetizationms.

the pulsed magnetic field for the J0n;,Ga and
TbCo, G4, alloys. In no case saturation was observed.
The saturated magnetic moment computed per Tb
atom for roughly the same Ga concentration (x = 0.9
for the 1:5 and x/2 = 0.95 for the 2:17 phase)ighér

for the 1:5 phase (5.4 and 4.he/Tb atom,
respectively). Another interesting observation he t
sequence of the values of the highest (“saturafion”
magnetic moment with respect to the Ga content. For
the 2:17 alloys the “saturation” value of the magne
moment decreases with increasing Ga concentration.
This behavior may suggest that the Ga atoms
substitute for Co atoms that do not contributehe t
magnetic order antiparallel to the Tb sublattica.tie
contrary, substitution of Ga for Co in the 1.5
intermetallics increases the total magnetic moment,
which may result from the selective replacemerCof
atoms with magnetic moments antiparallel to thdse o
the Tb sublattice.
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Fig. 5 Magnetic moment of ThGQGa, vs.
steady magnetic field at 1.9 K (filled symbols:
increasing field, empty symbols: decreasing
field).

Conclusions
The magnetic properties of the investigated
intermetallics are complex.,€0,7,Ga alloys can be

saturated in relatively low magnetic fields and the
saturation magnetic moment decreases with incrgasin
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Ga concentration. For the YEg5a samples no None of the Th samples reached saturation in the
saturation was detected and their Curie points are highest applied magnetic field (35T). In the
lower than for the 2:17 phases. For the ThGa, ThCo; G, phases the substitution of Ga for Co
samples the Curie points are also lower than fer th increases the magnetic moments with respect to the
corresponding 2:17 phases. The minimum observed in pristine compound. This is most probably the restilt
the temperature dependence of the magnetization for a selective replacement of Co atoms with magnetic

the Tb materials is an indication of ferrimagnetism moments antiparallel to those of the Th atoms.
184 x=0
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Fig. 6 Magnetic moment of Tio0;7,Ga (a)

and TbhCa,Gag, (b) vs. pulsed magnetic field at
4.2 K.
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