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Abstract. - The magnetic properties of terpary alloys with general formuls RFey3-:Ts (R = Gd, Sm, ¥, Nd, T = Mo,
Ti, V) bave been studied by magnetization and Moessbaver measurements. Curie lemperatusres are 1n the range of 350
to 600 K and anisotropy fields are comparable to RaFeyB type compounds. A spin recrientation transition has been

observed in NdFeg Va2

Introduction

Following the establishment of the ternary rare
earth-iron-boron compounds with the RzFe B strue-
ture as outstanding permanent magnet materials, the
gearch for other rare earth-iron alloys with simi-
lar properties was actively pursued in the last two
vears. The most fruitful area for this effort has besn
the class of ternary compounds with geoeral formula
RFeys_.T,, crystallizing in the ThMnz type structure
with 1 < £ < 2 and T a transition metal or metalloid
element. Preparation of this type of compounds has
been reported for the whole lanthanide series from Nd
to Lu, T=V and 2 = 2 [1] as well as for various
rare earth elements and T = Ti, V, Cr, Mo and 5§
|2] with = = 1. The stabilization of GdFe Alys_. al-
loys for z = 6, 8, 10 by melt spinning has also been
reported [3].

The magnetic structure of these compounds at low
temperatures 5 dominated by the anisotropy of the
rare earth jon. Amnisotropy fields are comparable to
the RaFey 4B compounds and vary with the type of the
rare earth atom. A value of 15 T has been reported
for SmFein Vs while for YFe Vs the anisotropy feld is
4 T [1}. The latter result indicates that a substantial
part of the anisotropy is carried by the iron sublat-
tice. Curie temperatures range between 350 and 610 K
and iron sublattice magnetizations are somewhat lower
than in RzFe.B alloys.

We report in this paper the results of magnetic and
Moessbauer studies on a seres of alloys with compo-
gitions' (R = Gd, ¥, 5m; T = Mo; 18 < z < 2.2)
(R=Gd, Y, 5m: T="Ti;z=1)and (R=Nd, T=V;
z = 2.2). The Moessbauer measurements are expected
to provide information on the site distribution of the
T atom in the three different iron sites of the ThMn;:
structure and the magnetic moments of iron atoms in
these sites.

Results and discussion

The studied allovs were prepared by arc melting the
constituents and anoealing at 90 °C in an argon at-

mosphere for 10 days. The purity for the starting ma-
terials was 3 N for the rare earths and 4 N for the
remmaining constituents, A small excess (10 % ) of the
rare earth constituent in the composition of the melt
was found useful for the preparation of single phase
samples.

The presence of the tetragonal ThMny: type phase
was ascertained by X-ray powder diffraction diagrams
using Co-Ka radiation. Within the resolution of these
measurements no other phase was detected except in
the case of the Sm compounds where a small jron ad-
mixture was present.

The temperatuce dependence of the magnetization
was measured in the range of 4.2 to 700 K in an ap-
plied field of 50 mT. Curie temperatures determined
from these graphs are listed in table I Approximate
values for the saturation magnetization at 4.2 K and
the anisotropy field were obtained by measurements on
samples of oriented powders set in epoxy under the in-
fluence of a magnetic field of 1.8 T. The estimated val-
ues of the saturation magnetization and the anisotropy
field are included in table I,

Table [. - Magnelic Properites of RFe;3- T, alloys:
Cure temperature, Soluration Magnefization af 4.2 K.
Anmsotropy Field af 300 K and Average Hyperfine

Field at 80 K.
Allsy Te (K) My (wp/Tu) Ha (T} By (T

300 K &0 K

Gdy (Feg gMog 2 am a0 -

Gdy jFeypMeg 440 8.3 2.8 2240

Gdy FrojpaMoy g 484 9.9 - -

Yy,  FeypgMog 60 13.5 21 19.8

Eml ?rﬂ lan! 4480 15.0 =50 =

GdFey Ti GO0 13.2 3.5 2.3

¥Fey; Ti 520 1%.0 3.0 28.0

Ndy aFeg Va2 L] iT.2 - i

The Curie temperatures in table | are in agreement
with recently reported values in similar compounds [2].
The Mo alloys show lower T, values than the Ti alloyvs,
at least partly due to the fact thar the range of sta-
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bilization for the former is around £ = 2. The results
of the Gd-Mo samples indicate that the homogeneity
range extends to the values 1.8 < £ < 2.2. The iron
sublattice magnetization as obtained from the Y al-
loys is 1.35 pup and 1.73 pa peér iron atom for T = Mo
and Ti respectively which may be compared with a
value of 2.2 pp for YFe;4B [4]. The anisotropy feld
of YFey, Ti is approcamately 3 T, while the anisotropy
field of YFe14B is reported as about 1.5 T [5]. The iron
sublattice anisotropy, therefore, appears to be stronger
in the RFe;n_ Ty compounds.

In view of the above result the magnetization in the
MNd alloy 18 expected to show a recrientation from & di-
rection perpendicular to the o axis at low temperature,
where the negative Steven's factor for Nd favors this
orientation, to a direction parallel to the ¢ axis, The
variation of magnetization as a function of tempera-
tiice in a field of 50 mT is shown in figure 1. An abrupt
change in magnetization is observed near 120 K both
with rising and falling temperature. The occurrence of
#pin reorientation has been confirmed by Moessbauer
measurements on an oriented absorber at room tem-
perature and 80 K. A detailed study of the transition
by Moessbauer and magnetization measurements is in
progress. Spin reorientation has been reported also
recently in DyFe,, Ti and has been analvsed by a crys-
tal field model 6], In this compound the shift of the
magnetization from the plane (o the ¢ axis is found to
occur gradually in the range of 100 to 200 K,
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Fig. 1. - Temperature dependence of the magnetization of
the Ndy sFep Vo alloy.

The Moessbauer spectra show incompletely resolved
magnetic hyperfine patterns arising from iron atoms
in the 4i, 4j and 4f positions of the ThMnys type lar-
tice, A typical spectrum of YFe; Ti at 80 K is shown
in figure 2. An initial fit of these data was obtained
with thres magnetic hyperfine components taking into
account the broadening of the lines due to the distri-
bution of the number of Ti neighbors in each site. In
accordance with neutron diffraction data [7], we have
assurmed that Ti envers preferentially in the i site, The
average hyperfioe fleld i 278 T. From this value we
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Fig. 2. - Mossshaver spectrum of YFeyy Ti at 80 K.

calculate an average iron moment of |88 up using a
conversion factor of 14.8 T/ pa. This value may be com-
pared with 1.73 uy obtained from the magnetization
results (Tab, I). The difference is probably due to in-
complete saturation in the magnetization data. Awv-
erage hyperfine fields have been obtained also by the
same procedure for the other alloys and the results are
included in table I

In conclusion, the foregoing data for the RFejn T,
alloys show that they exhibit Curie temperatures and
anisotropy fields sufficiently high to be of imterest
as permanent magnet materials,. The iron sublat-
tice magnetization as estimated from mapnetization
and Moessbauer spectra is somewhat lower than in
R:Fe 4B type materials.
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