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In this letter we report the results of entropy variations in random anisotropy magnets composed of
Th,Y,_,Al,, 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 Physic§DOI: 10.1063/1.1506777

It is known that magnetic refrigeration is a serious andtime-dependent magnetocaloric effect in molecular clusters
real alternative to current conventional refrigerationwas recently studied by our grofip.
systems:? One of the most critical factors for using mag- In this article we present the results of entropy variation
netic refrigeration in refrigerators is that of finding a suitableand temperature phase transition in random magnetic anisot-
material within the working temperature range of refrigera-fopy materials under a modest applied magnetic field.
tion. This accounts for the increasing interest, in recent years, Measurements of magnetic entropy variation when a
in the study and characterization of magnetic materials thafixéd magnetic field change is applied allow one to determine
show large entropy changes when subjected to magnetic ifYnether a magnetic material may be considered a good mag-
tensity variation. netic rgfrlgera_nt. Alternatively, r_e-fngerant capacity may be
Magnetic refrigeration is based on the magnetocaloridetermined directly by measuring the temperature change

effect. When a magnetic material is subjected to the action olimder an applied magnetic field variation. The equivalence of

an applied magnetic field variation, an entropy change i"°s€ tWe different methods has been demonsifafed. |
brought about in the magnetic sublattice of the material. P 9 ' 9

Since the degree of the alignment of magnetic momentnetlc entropy change of the system due to the application of

) . . 3 magnetic fieldASg, can be derived from Maxwell rela-
present in the magnetic sublattice of the system chang

oo o ) 'ANG&Rons by integrating over the magnetic field, i.e.,
when a magnetic field variation is applied, the magnetic en-

tropy will also change. An increase in magnetic entropy will
be observed when the applied magnetic field intensity is re- _[Bmax
duced, and conversely the entropy will decrease when the

magnetic field increases, since the order of the magnetic mo-

mepts in the material INcreases. The re?‘“‘?“o"‘ in the m_""gb'vhereBmin and B, represent the initial and final values of
netic entropy of a material when magnetic fields are applleqhe magnetic inductioh

adiabatically,AS, causes the lattice entropy to increase.by It seems clear that a high magnetocaloric effect will be
the same amounfi S, and the temperature of the material opserved when the magnetization varies sharply in a constant
thus increases. This is known as the magnetocaloric effectfie|d. This occurs, for example, at the Curie temperature for

The magnetocaloric effect was studied for different ma-ferromagnetic—paramagnetic transitions, where the maxi-
terials in a wide temperature range. Under 40 K there are tWghum absolute value of the entropy change is expected.
types of materials that show a significant magnetocaloric ef-  Samples were prepared using the argon arc melting tech-
fect. One of them shows paramagnetic behavior within thisiique. The buttons obtained were remelted several times and
temperature rangeThe second class of materials are thoseannealed at 800 °C for approximately one week, in order to
in which one can to take advantage of the entropy changensure good homogeneity and the elimination of spurious
associated with the ferromagnetic to paramagnetic transitiophases. This was checked using powder x-ray analysis. The
when the magnetic materials are subjected to an applied fielthagnetization measurements were taken using an induction
variation near their Curie temperatf®® The giant and method magnetometer. The magnetization isotherms were

measured by cooling the sample down3tK in anominally
“Electronic mail: xavier.bohigas@upc.es zero applied field and then applying an inc_reasing figld at the
Ypermanent address: Instituto de Assifa de Canarias, C/ wiLictea, ~ temperature of measureménihe magnetic properties of
38200 La Laguna, Tenerife, Spain. these materials have been studied extensively.
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FIG. 3. Temperature dependence of entropy changes corresponding to the
compound Th oY o.8Al» -

FIG. 1. Magnetic phase diagram for ;¥ _,Al, compounds.
Initial ac susceptlblllty,xac, was measured as a function Figures 3 and 4 show the temperature dependence of
of the temperature for different compounds of the formula

oty Al Wi =015, 020,035 535 0140, and 050 CLIOPY _Shange_ conesponding 10, e _compounds
The real part ofy,. shows two different types of behavior | _%:20 980 "2 507050 "2 '

. g havior is observed for the other samples studied. There is a
.dsegggg'rng dor;tthae (-:rebr t(;(')r:ntiz?;ltfrr;t?0(0.3%';8?12%;36:: clear increase in the entropy change of the specimen when
l/vith coxmosition Acciordingp to ltJhEG’E\(IjvwlardsI Andersonthe temperature increases up to temperalyg, at which a

. : . . . e Kk rs, with falling entr hange for temperatur
model, this temperature is associated with the spin glass cax appears afing entropy change Ior temperatures

. ” . boveT .. This temperature peak agrees well for all com-
paramagnetic phase transitibtFor x0.30, this peak trans- positions, with the temperature at which the spin glass to

form; Into a s_mooth shoulder, with a seconq max'mum.apbaramagnetic transition occurs. The large entropy change as-
pearing at a higher temperature, which also increasesxwith

sociated with this phase transition can be explained by the

From the susceptibility measurements, we have proposed th : ; - _
phase diagram presented in Fig. 1 for these matéfials. neiagnetlc order of these two different magnetic phases. Mag

i netic moments are partially ordered in the coherent spin glass
In order to evaluate the magnetocaloric effect of our ma- P y bin g

terials, we calculated the entropy changes associated with hase, whereas in the paramagnetic phase the magnetic mo-
! " . Py 9 : ér)ﬂents are disordered because there is no interaction between
applied magnetic field variation from the isotherm curves o

o e ) them. Thus, in accordance with this change in the magnetic
magnetization versus the applied field by using the eXPreSy der an entropy change is expected at the magnetic phase
sion 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
whereM; and M, are the experimental values of magne-fields. When the Th composition increases, the entropy
tization atT; andT;, ; temperatures, respectively, under anchange likewise increases, reaching a value of 7.6 J/K kg
applied field of intensityB; . This expression is a numerical corresponding to the FRY,sAl, sample when a modest
approximation to the integral in E¢l). Figure 2 shows iso-  magnetic field variation of 2 T is applied. Samples exhibit
thermal magnetization measurements at different temperafifferent transition temperatures when the material composi-
tures corresponding to the sampleyEEY o 50Al 5.
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FIG. 2. Entrony change was calculated from experimental magnetizatiofr|G, 4. Temnerature dependence of entrony changes corresponding to the
curves vs applied magnetic field. compound ThsgY a5l .
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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 curvg AS(T)| shows a maximum for different compositions of, ¥ _ Al,.

X |AS| (I/kg K) |AS| (J/kg K) |AS| (J/kg K) |AS| (kg K) Timax
in ThY 1 Al, (AB=0.6T) (AB=1.0T) (AB=1.6T) (AB=2.0T) (K)

0.15 0.3 0.4 0.9 1.2 10
0.20 0.4 1.0 1.8 2.4 12
0.25 0.5 1.1 1.9 2.5 14
0.35 1.0 1.8 2.8 35 16
0.40 0.9 2.9 3.8 4.5 22
0.50 2.1 3.9 6.3 7.6 30

tion varies within the 10—30 K temperature range, as can b#hatT,,, increases over the 10—30 K temperature range and
seen in Table I. A similar dependence of entropy change othat some of these materials show a sufficient magnetoca-
composition has been observed in other families of materialdoric effect to be used as active magnetic refrigerants within
such as perovskite structures with the formulathis temperature range.
Lag 6£Ca 35Ti1_yMN, O3 (Ref. 11) and series of pseudobinary In conclusion, we have shown data for the magnetic
Dy;_ErAl, compoundg:? component of entropy variation in random anisotropy mag-

Calculated entropy variations under modest appliechets as a function of the applied field, temperature, and com-
fields for different compositions of Yb in our materials are position. These data clearly indicate that the magnetocaloric
summarized in Table I. The entropy change values areffect based on spin glass to paramagnetic phase transition in
greater than, or at least similar to, other previously published’b,Y,_,Al, materials is high and tunable. The results ob-
results calculated in ferromagnetic to paramagnetic phaseined show a strong dependence on the composition of the
transitions in the same temperature ranges. The maximumaterial. These materials are therefore suitable candidates
value of the entropy variation detected in our materials is 7.6or use as magnetic refrigerants within a temperature range
J/IKgK for a magnetic field change of 2 T. This value is below 40 K.
higher than that of previously published restfior similar )
aluminides with the same field variation;5 J/kgK (for ~ X-B. J.T., and F.T. would like to thank MATGAS for
ErAl,), ~2.1 JkgK (for DyAl,), and ~3 JkgK (for  financial support.
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for unit mass(or volume. Accepting this point of view, the (2003, and references therein.
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J/molatom K for AB=2 T, while the entropy variation for opnys: Lett.73 390(1998. ; :
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