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In this letter we report the results of entropy variations in random anisotropy magnets composed of
Tbx Y1⫺x Al2 , with x⫽0.15, 0.20, 0.25, 0.35, 0.40, and 0.50. We discovered large entropy variation
associated with the spin glass to paramagnetic transition. Both temperature transition and entropy
changes were studied at different temperatures and with different compositions. Our conclusion is
that these materials are suitable candidates for use as magnetic refrigerants in a temperature range
below 40 K. © 2002 American Institute of Physics. 关DOI: 10.1063/1.1506777兴

It is known that magnetic refrigeration is a serious and
real alternative to current conventional refrigeration
systems.1,2 One of the most critical factors for using magnetic refrigeration in refrigerators is that of finding a suitable
material within the working temperature range of refrigeration. This accounts for the increasing interest, in recent years,
in the study and characterization of magnetic materials that
show large entropy changes when subjected to magnetic intensity variation.
Magnetic refrigeration is based on the magnetocaloric
effect. When a magnetic material is subjected to the action of
an applied magnetic field variation, an entropy change is
brought about in the magnetic sublattice of the material.
Since the degree of the alignment of magnetic moments
present in the magnetic sublattice of the system changes
when a magnetic field variation is applied, the magnetic entropy will also change. An increase in magnetic entropy will
be observed when the applied magnetic field intensity is reduced, and conversely the entropy will decrease when the
magnetic field increases, since the order of the magnetic moments in the material increases. The reduction in the magnetic entropy of a material when magnetic fields are applied
adiabatically, ⌬S, causes the lattice entropy to increase by
the same amount, ⌬S, and the temperature of the material
thus increases. This is known as the magnetocaloric effect.
The magnetocaloric effect was studied for different materials in a wide temperature range. Under 40 K there are two
types of materials that show a significant magnetocaloric effect. One of them shows paramagnetic behavior within this
temperature range.3 The second class of materials are those
in which one can to take advantage of the entropy change
associated with the ferromagnetic to paramagnetic transition
when the magnetic materials are subjected to an applied field
variation near their Curie temperature.2,4,5 The giant and
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time-dependent magnetocaloric effect in molecular clusters
was recently studied by our group.6
In this article we present the results of entropy variation
and temperature phase transition in random magnetic anisotropy materials under a modest applied magnetic field.
Measurements of magnetic entropy variation when a
fixed magnetic field change is applied allow one to determine
whether a magnetic material may be considered a good magnetic refrigerant. Alternatively, refrigerant capacity may be
determined directly by measuring the temperature change
under an applied magnetic field variation. The equivalence of
these two different methods has been demonstrated.4,7
In an isothermal process of magnetization, the total magnetic entropy change of the system due to the application of
a magnetic field, ⌬S B , can be derived from Maxwell relations by integrating over the magnetic field, i.e.,
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where B min and B max represent the initial and final values of
the magnetic induction.5
It seems clear that a high magnetocaloric effect will be
observed when the magnetization varies sharply in a constant
field. This occurs, for example, at the Curie temperature for
ferromagnetic–paramagnetic transitions, where the maximum absolute value of the entropy change is expected.
Samples were prepared using the argon arc melting technique. The buttons obtained were remelted several times and
annealed at 800 °C for approximately one week, in order to
ensure good homogeneity and the elimination of spurious
phases. This was checked using powder x-ray analysis. The
magnetization measurements were taken using an induction
method magnetometer. The magnetization isotherms were
measured by cooling the sample down to 3 K in a nominally
zero applied field and then applying an increasing field at the
temperature of measurement.8 The magnetic properties of
these materials have been studied extensively.9
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FIG. 1. Magnetic phase diagram for Tbx Y1⫺x Al2 compounds.

Initial ac susceptibility,  ac , was measured as a function
of the temperature for different compounds of the formula
Tbx Y1⫺x Al2 , with x⫽0.15, 0.20, 0.25, 0.35, 0.40, and 0.50.
The real part of  ac shows two different types of behavior
depending on the Tb composition. For x⬍0.30, a sharp peak
is observed at a certain temperature, T SG , which increases
with composition. According to the Edwards–Anderson
model, this temperature is associated with the spin glass to
paramagnetic phase transition.10 For x⬎0.30, this peak transforms into a smooth shoulder, with a second maximum appearing at a higher temperature, which also increases with x.
From the susceptibility measurements, we have proposed the
phase diagram presented in Fig. 1 for these materials.8
In order to evaluate the magnetocaloric effect of our materials, we calculated the entropy changes associated with an
applied magnetic field variation from the isotherm curves of
magnetization versus the applied field by using the expression
兩 ⌬S B 兩 ⫽

兺i

M i ⫺M i⫹1
•⌬B i ,
T i ⫺T i⫹1

where M i and M i⫹1 are the experimental values of magnetization at T i and T i⫹1 temperatures, respectively, under an
applied field of intensity B i . This expression is a numerical
approximation to the integral in Eq. 共1兲. Figure 2 shows isothermal magnetization measurements at different temperatures corresponding to the sample Tb0.50Y0.50Al2 .
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FIG. 3. Temperature dependence of entropy changes corresponding to the
compound Tb0.20Y0.80Al2 .

Figures 3 and 4 show the temperature dependence of
entropy change corresponding to the compounds
Tb0.20Y0.80Al2 and Tb0.50Y0.50Al2 , respectively, similar behavior is observed for the other samples studied. There is a
clear increase in the entropy change of the specimen when
the temperature increases up to temperature T max , at which a
peak appears, with falling entropy change for temperatures
above T max . This temperature peak agrees well for all compositions, with the temperature at which the spin glass to
paramagnetic transition occurs. The large entropy change associated with this phase transition can be explained by the
magnetic order of these two different magnetic phases. Magnetic moments are partially ordered in the coherent spin glass
phase, whereas in the paramagnetic phase the magnetic moments are disordered because there is no interaction between
them. Thus, in accordance with this change in the magnetic
order, an entropy change is expected at the magnetic phase
transition temperature.
The entropy variation changes considerably according to
the composition, as can be seen in Table I, which shows the
entropy variation calculated for different applied magnetic
fields. When the Tb composition increases, the entropy
change likewise increases, reaching a value of 7.6 J/K kg
corresponding to the Tb0.5Y0.5Al2 sample when a modest
magnetic field variation of 2 T is applied. Samples exhibit
different transition temperatures when the material composi-
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TABLE I. Absolute values of the entropy variation calculated from the isotherm magnetization curves of our
materials when different magnetic field intensity variation is applied. The table also shows the temperature at
which the curve 兩 ⌬S(T) 兩 shows a maximum for different compositions of Tbx Y1⫺x Al2 .
X
in Tbx Y1⫺x Al2

兩 ⌬S 兩 共J/kg K兲
(⌬B⫽0.6 T)

兩 ⌬S 兩 共J/kg K兲
(⌬B⫽1.0 T)

兩 ⌬S 兩 共J/kg K兲
(⌬B⫽1.6 T)

兩 ⌬S 兩 共J/kg K兲
(⌬B⫽2.0 T)

T max
共K兲

0.15
0.20
0.25
0.35
0.40
0.50

0.3
0.4
0.5
1.0
0.9
2.1

0.4
1.0
1.1
1.8
2.9
3.9

0.9
1.8
1.9
2.8
3.8
6.3

1.2
2.4
2.5
3.5
4.5
7.6

10
12
14
16
22
30

tion varies within the 10–30 K temperature range, as can be
seen in Table I. A similar dependence of entropy change on
composition has been observed in other families of materials,
such as perovskite structures with the formula
La0.65Ca0.35Ti1⫺x Mnx O3 共Ref. 11兲 and series of pseudobinary
Dy1⫺x Erx Al2 compounds.2,12
Calculated entropy variations under modest applied
fields for different compositions of Yb in our materials are
summarized in Table I. The entropy change values are
greater than, or at least similar to, other previously published
results calculated in ferromagnetic to paramagnetic phase
transitions in the same temperature ranges. The maximum
value of the entropy variation detected in our materials is 7.6
J/Kg K for a magnetic field change of 2 T. This value is
higher than that of previously published results12 for similar
aluminides with the same field variation, ⬃5 J/kg K 共for
ErAl2 ), ⬃2.1 J/kg K 共for DyAl2 ), and ⬃3 J/kg K 共for
DyNi2 ), and also for the families of materials with the formula Dy1⫺x Erx Al2 , which show entropy changes of 2–5
J/kg K 共Ref. 2兲 in a similar temperature range 共10– 60 K兲. As
shown recently by Pecharsky and Gschneidner,4 a meaningful comparison of entropy change in different materials
should be made using J/mol 共atom兲 K, and not J/kg K, i.e., by
presenting the entropy change for 1 mole of atoms, and not
for unit mass 共or volume兲. Accepting this point of view, the
Tb0.5Y 0.5Al2 aluminate shows an entropy change of 0.45
J/mol共atom兲 K for ⌬B⫽2 T, while the entropy variation for
the Dy1⫺x Erx Al2 compounds increases from 0.15 to 0.40
J/mol共atom兲 K for the same field variation and a similar temperature range.
Table I also shows the temperature at which the entropy
variation is at a maximum. These values correspond quite
well with those of the spin glass to paramagnetic transition
presented in Fig. 1. This indicates that the phase transition
temperature corresponds to the temperature at which maximum entropy variation is achieved. It is clear from Table I

that T max increases over the 10–30 K temperature range and
that some of these materials show a sufficient magnetocaloric effect to be used as active magnetic refrigerants within
this temperature range.
In conclusion, we have shown data for the magnetic
component of entropy variation in random anisotropy magnets as a function of the applied field, temperature, and composition. These data clearly indicate that the magnetocaloric
effect based on spin glass to paramagnetic phase transition in
Tbx Y1⫺x Al2 materials is high and tunable. The results obtained show a strong dependence on the composition of the
material. These materials are therefore suitable candidates
for use as magnetic refrigerants within a temperature range
below 40 K.
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