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The temperature dependence of the magnetocaloric effect (AT effect) is studied for the compounds
YFe,, ErFe,, YFe; and HoFe, in the temperature range from 78 to 600°K. For the compounds
ErFe, and HoFe; there is a discontinuous change of sign of the AT effect at the compensation point
T .. The behavior of the isotherms AT (H) indicates the development of noncollinear magnetic
structures in the immediate vicinity of T_.. On the basis of the AT -effect data, the paraprocess
susceptibility, and the specific heat, an estimate is made of the effective exchange field acting on the

rare-earth ions in ErFe, and HoFe;.

The magnetic properties of compounds of rare-earth
metals with iron are at present being studied inten-
sively 131 7o explain the magnetic behavior of these
substances, it is necessary to study in them also non-
magnetic effects that are dependent on peculiarities of
their magnetic structure; in particular, it is of interest
to study the magnetocaloric effect, which is very sensi-
tive to the paraprocess and to angular configurations.
In the present communication, we shall present the re-
sults of an investigation of the magnetocaloric effect in
the compounds ErFe;, YFe,, HoFe;, and YFe;. These
compounds were obtained in the laboratory of E. M.
Savitskil, in the A. A. Baikov Institute of Metallurgy of
the USSR Academy of Sciences. The technology of speci-
men preparation and the method of measurement were
described earlier®*), The x-ray and metallographic
analysis established the single-phase character of the
specimens.

Figures 1 and 2 show the results of the measure-
ments of the magnetocaloric effect (A T-effect). One
notices that the A T-effect is positive over the whole
temperature interval for YFe, and YFes, whereas for
ErFe. and HoFes there is a change of sign of the effect
near the magnetic compensation point T, (490°K and
389°K respectively). The aAT-effect is positive for
T < T, and negative for T > T,- At the Curie point ey,
for all the specimens studied, there is a maximum of the
positive AT-effect.

In order to explain the behavior of the magnetocaloric
effect, it is necessary to take account of the magnetic
and neutron-diffraction datal*+% according to which
the compounds YFe,; and YFe; are ferromagnetic, with a
single magnetic sublattice (the yttrium ion has no mag-
netic moment), whereas ErFe, and HoFe; consist of two
magnetic sublattices (rare-earth and iron) whose mag-
netic moments are oriented antiparallel. The AT-effect
observed in ErFe, and HoFe; consists of a AT,-effect,
due to the iron sublattice, and a AT.-effect, due to the
rare-earth sublattice (AT = AT, + AT:). According to
thermodynamics [®]

AT.=—I%(%) H.vdH, 1)
e ()

where I, and I, are the magnetizations of the iron and
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rare-earth sublattices respectively (the resultant mag-
netization is I = I, + L). In the case of YFe; and YFes,
we have AT, =0, 81, /AT < 0, and AT, > 0; that is, in
these substances there is a positive magnetocaloric
effect due to a paraprocess of ferromagnetic type, since
here the application of a magnetic field leads to an in-
crease of the magnetic order 4, For the ferromagnets
ErFe; and HoFe; at T < T, the magnetic moment of the
rare-earth sublattice is directed along the field and
increases with increase of the field, so that AT. > 0,
whereas the moment of the iron sublattice is directed
opposite to the field and decreases with increase of the
field (a paraprocess of antiferromagnetic type [4 ), SO
that AT, < 0. For T < T, there is a net positive
AT-effect, since AT: is larger in absolute value than
AT, because of the fact that the magnetic moment of the
rare-earth sublattice changes more rapidly with tem-
perature and field, at low temperatures, than does the
moment of the iron sublattice'*’*], For T > T in ErFe;
and HoFe;, the magnetic moment of the iron sublattice
is directed along the field (AT, > 0), whereas the mo-
ment of the rare-earth sublattice is directed opposite to
the field. Here an increase of field leads to ordering of
the iron sublattice and disordering of the rare-earth
sublattice (paraprocess of antiferromagnetic type), so
that AT, > 0 and AT < 0. The net AT-effect is nega-
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FIG. 1. Temperature dependence of the magnetocaloric effect for the
compounds YFe, (O) and ErFe, (X) in external field 15.8 kOe.

FIG. 2. Temperature dependence of the magnetocaloric effect for the
compounds YFe, (O) and HoFe, (X) in external field 15.8 kOe.
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tive, since AT; is larger in absolute value than AT;.
The values and signs of AT, and AT: can be determined
from equations (1) and (2).

Mo6ssbauer-effect investigations on iron nucleit™ in
compounds of the type RFe;, where R is a heavy rare-
earth ion, have shown that in these compounds the mag-
netic moment u . of the iron sublattice varies no more
than 109 with respect to the presence of one or another
rare-earth ion. Magnetic and neutron-diffraction
datal*®+*1 also indicate a change of upe by no more
than 15% in a series of compounds RFe; or RFes. It may
therefore be assumed that likewise the magnetocaloric
effect AT, due to the iron sublattice, far from the Curie
point, is in first approximation the same in all the com-
pounds RFe; and RFes. This enables us to estimate the
magnetocaloric effect AT. due to the rare-earth sub-
lattice, for ErFe. and HoFes, from the relation AT:
=AT — AT:. Thus at temperature 300°K and for
H = 15.8 kOe one can obtain in ErFe;, the value AT:
=AT —AT,;=0.19° + 0.04° = 0.23°, and in HoFe; the
value AT: = 0.17° + 0.07° = 0.24°K (see Figs. 1 and 2).
Knowing ATz, we estimate the value of the effective field
Hgg acting on the rare-earth ion, according to the form-
ula of molecular-field theory for ferrimagnets in a col-
linear phase at temperatures far from the Curie point[®:

Hy= 802 G 3)

“ Tas, xH »
where s; and J. are the spin and total magnetic moments,
respectively, of the rare-earth ion, y. is the molar sus-
ceptibility of the rare-earth sublattice, and Cy; is the
specific heat. From our measurements, xz = 0.028 in
ErFe: and 0.04 in HoFes. On substituting in formula (3)
the values found above for AT: and Yz, the field
H = 15.8 kOe, the known values of g, J;, and sz, and also
Cy = 24 cal/deg mol (for ErFe, and HoFes)", we found
Hgg ~ 1.6 x 10° Oe and Hgg ~ 1.0 x 10° Oe, respectively,
for ErFe; and HoFes.

The effective field acting within the iron sublattice
can be estimated from the values of the Curie points @
of the ferromagnets YFe; and YFe; by the formulas of
molecular-field theory(®l:

He=3Kk8/20 (s, +1) ~7.5+810° Oe.

Here k is Boltzmann’s constant, s, = % to 1, and g is
the Bohr magneton. Compounds of the type RFe: and
RFe; possess a maximum value of the field H_, acting on
the rare-earth ion, as compared with other types of
rare-earth ferro- and antiferromagnets (for example,
in rare-earth iron-garnets Hgg ~ 3 x 10° 0el jn
rare-earth orthoferrites H,, ~ 10* Oel'])), The large
magnitude of the field Hgg causes magnetic ordering of
the rare-earth sublattice at high temperatures and is
responsible for the huge magnetostrictive deformations
(A ~ 107% at room temperature in some compounds of
the type RFe; and RFes[#7,

As was shown earlier{**’**J| the magnetocaloric effect
in rare-earth iron garnets is a very sensitive indicator
for the occurrence of angular configurations of the sub-
lattice magnetizations. Near the compensation tempera-
ture the values of the critical fields H r at which there
occurs a transition to a noncollinear s(;‘.ructure decrease
abruptly. It was therefore of interest to investigate the
behavior of the magnetocaloric effect of the compounds
ErFe; and HoFe; in the immediate vicinity of their mag-
netic compensation points (see Figs. 3 and 4). The
AT-effect in the region T < T is positive and increases
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FIG. 3. Dependence of the magnetocaloric effect on external field H
in the immediate vicinity of the compensation temperature, for the com-
pound ErFe,.

FIG. 4. Dependence of the magnetocaloric effect on external field H
in the immediate vicinity of the compensation temperature, for the com-
pound HoFe;s.

with increase of field, but on attainment of a certain
critical value of the field it begins to decrease. On in-
crease of the temperature this decrease of the AT-effect
becomes stronger, and ultimately it leads to a change of
sign of the AT-effect. For T > T, the magnetocaloric
effect acquires a negative sign. The behavior of the
AT-effect near T,, was more complicated in the sub-
stances studied than in the rare-earth iron garnets,
where on development of angular configurations there
was a saturation of the AT-effect and the isotherms
AT(H) experienced a break. In the compounds ErFe; and
HoFe; we did not observe the abrupt break that deter-
mined the values of H,  in iron garnets; but the general
change of the AT(H) curves indicates the occurrence in
these compounds of a noncollinear structure in the im-
mediate vicinity of the magnetic compensation tempera-
ture. It is seen from Figs. 3 and 4 that on heating, with
approach to T, the change of character of the AT(H)
curves begins at weaker fields; this indicates that with
approach to T, the critical fields decrease. But in con-
trast to the iron garnets, above the compensation tem-
perature we did not detect an increase of the critical
fields.

In closing, we express our thanks to Professor K. P.
Belov for his attention to the research and for discus-
sion of the results, and also to V. F. Terekhova and
V. E. Kolesnichenko for preparation of the specimens
for the investigation.

DThe specific heat was measured by the “flash method” [°] in the labo-
ratory of B. A. Strukov, with accuracy 5-7%.
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