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Magnetic entropy change and magnetoresistance
in the LaFe 11.375Al1.625 compound
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Large magnetic entropy changeuDSu with a nearly temperature-independent magnitude over a wide
temperature range~about 70 K span from;140 K to 210 K! was observed in an Fe-based
NaZn13-type compound LaFe11.375Al1.625. Such a behavior of magnetic entropy change is ascribed
to two closely spaced magnetic transitions. One at 181 K (TN) with second-order nature is from the
paramagnetic to antiferromagnetic state; another at 140 K (TO) with first-order nature, temperature
hysteresis;5 K, is from antiferromagnetic to ferromagnetic state. At the antiferromagnetic to
ferromagnetic transition a large change of resistance was found, which can be induced as a function
of temperature as well as field. The magnetoresistence under a field of 1 T reaches 3.4%. ©2002
American Institute of Physics.@DOI: 10.1063/1.1449444#
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I. INTRODUCTION

The investigation of magnetic entropy change and m
netoresistence in intermetallics attracts more and m
attentions.1–7 One knows that the ideal magnetic refrigera
material suitable for the Ericsson-type refrigerator sho
have a constant~or almost constant! entropy change through
the thermodynamical cycle range. Thus the field-induced
tropy change should be constant over a wide working te
perature range for optimum efficiencies. In an attempt
circumvent this problem, the techniques of multilayer a
physical mixture were used to achieve a constantuDSu,8,9

where ferromagnetic materials with varying Curie tempe
tures are layered or sintered. Potential problems with s
techniques include solid-state reactions between constit
materials, possibly altering the expected temperature pro
of the magnetic entropy change thereby reducing the ove
efficiency of the cycle. The best choice for a suitable Eri
son cycle refrigerant would be a single material with an
propriateuDSu profile. The typical materials with such prop
erties are the series of~GdEr!NiAl, 10 in which the
temperature range of magnetic refrigeration is from;10 K
to ;80 K. However, at relatively high temperature range,
materials are reported to show tablelikeuDSu up to now. In a
study of magnetic properties of Fe-based intermetallic co
pounds with NaZn13-type structure, we found two successi

a!Electronic mail: hufx@g203.iphy.ac.cn
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transitions in compound LaFe11.375Al1.625. The higher tem-
perature transition at 181 K (TN) from antiferromagnetism to
paramagnetism is of second-order in nature, while the lo
one at 140 K (TO) from ferromagnetism to antiferromag
netism is of first-order in nature. The investigation of ma
netic entropy changeuDSu indicates that the LaFe11.375Al1.625

compound shows a nearly constantuDSu in a wide tempera-
ture range. Moreover, the antiferromagnetic to ferromagn
transition temperature in LaFe11.375Al1.625 is influenced by an
external field. At constant temperature, a very low field b
low 1 T can induce a metamagnetic transition, which is
companied by a large change in resistance, a so-called g
magnetoresistance~GMR! effect. Here, we also report o
resistance in LaFe11.375Al1.625.

II. SAMPLE PREPARATION AND EXPERIMENT

The ingots of the present sample were prepared by
peatedly arc-melting the appropriate amount of the star
materials with purity of 99.9% and subsequent homogen
tion by annealing at 1273 K for 30 days. The measureme
of x-ray powder diffraction~XRD! pattern show that the
LaFe11.375Al1.625 compound crystallized in a completel
single phase of the cubic NaZn13-type structure. No impurity
was detected. All magnetic and electrical resistivity measu
ments were performed using a superconducting quantum
6 © 2002 American Institute of Physics
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terference device~SQUID! magnetometer equipped with
probe for making four-point electrical resistance measu
ments.

III. RESULTS AND DISCUSSION

The low-magnetic-field temperature-dependent magn
zation has been measured in the zero-field-cooled~ZFC! and
field-cooled ~FC! process in order to determine magne
state, transition temperature, and the nature of the transi
The sample was first cooled in zero-field to 5 K, then a sm
field was applied to the sample, after that the magnetiza
was measured in the heating process up to 300 K, thus
ZFC magnetization curve was obtained. The FC magnet
tion was measured in the process of cooling sample to
with the same field. The heating rate, 1 K/min, is the same
the cooling rate in the temperature range from;130 K to
;190 K. Figure 1 presents the ZFC-FC magnetization
LaFe11.375Al1.625 obtained under a magnetic field of 0.01
Two successive transitions were found with changing te
perature. The lower temperature transition at 140 K~TO , on
heating! with temperature hysteresis of;5 K occurs between
ferromagnetism and antiferromagnetism, while the hig
one at 181 K (TN) with complete temperature reversibilit
between antiferromagnetism and paramagnetism. The be
ior of the ZFC-FC magnetization manifests the nature
first-order and second-order for the transition atTO andTN ,
respectively. X-ray powder diffraction~XRD! patterns ob-
tained under different temperatures indicate that the cry
structure of LaFe11.375Al1.625 remains cubic NaZn13-type on
changing magnetic state with temperature, but the cell
rameter changes dramatically. The inset of Fig. 1 shows
temperature dependence of cell parameter. It is evident
the first-order transition at 140 K (TO) accompanies a big
jump of cell parameter, in comparison with a small change
cell parameter for the second-order transition at 181 K (TN).
As well known, FeRh and GdSiGe alloys undergoing a fi
order phase transition show giant MCE.11–13 At the phase
transition point, a sharp change of lattice parameter an
change of symmetry from a monoclinic to an orthorhom
structure occur in FeRh and GdSiGe alloys, respectively.
simultaneous change of structure and magnetization at t
sition temperature is responsible for their giant magnetic

FIG. 1. The ZFC-FC magnetization of LaFe11.375Al1.625 obtained under a
magnetic field of 0.01 T. The inset shows the temperature dependent la
parameter of LaFe11.375Al1.625 obtained from x-ray diffraction patterns.
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tropy change. It is expected that LaFe11.375Al1.625 involving
the first-order transition would also show large magnetic
tropy change.

Figure 2~a! displays the magnetization isotherms
LaFe11.375Al1.625 measured up to 5 T on field increase in
wide temperature range from 90 K to 235 K with a tempe
ture step of 5 K. Figure 2~b! shows the isotherms for field
increase and decrease with a cycle from 0 to 2 T. The sw
rate of the field is slow enough to ensure that the isothe
are recorded in an isothermal process. One can find tha
field-induced transition from antiferromagnetism to ferr
magnetism occurs. However, the magnetic hysteresis of
metamagnetic transition in a field cycle is just limited to
small field below 0.7 T and does not extend to zero fie
which is considered to be a very important characteristic
magnetic refrigerant applications.13

According to the thermodynamical theory, the magne
entropy change DS(T,H) is given by the Maxwell
relation,13–15

DS~T,H !5S~T,H !2S~T,0!5E
0

HS ]M

]T D
H

dH.

Figure 3 shows theDS(H,T) as functions of tempera
ture and magnetic field. It is evident that theDS peak be-
comes wide gradually with the increase of applied field. T
nearly tablelikeDS under a high field above 2.5 T and th

ice

FIG. 2. Magnetization isotherms of LaFe11.375Al1.625. ~a! Isotherms on field
increase up to 5 T.~b! Isotherms on field increase and decrease in a cy
from 0 to 2 T.
IP license or copyright, see http://ojps.aip.org/japo/japcr.jsp
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high magnitude ofDS under a low field below 1 T are th
advantages of our compound. As described above, the ne
temperature independentDS in the temperature range from
;140 K to ;210 K is desired for the application to th
Ericsson-cycle refrigerator. Also, the high magnitude of lo
field entropy change is of special interest for a practical
plication. For example, theuDSu peak value under a field o
0.5 T reaches 3.2 J/kg K, which is even bigger than tha
Gd under 1 T (uDSu;2.9 J/kg K). The origin of such a be
havior of magnetic entropy change should be ascribed to
two closely spaced magnetic transitions in LaFe11.375Al1.625.
The DS peak involving the transition atTO broadens asym
metrically to higher temperature with the increase of appl
field ~Fig. 3!, which results from the field-induced metama
netic ~IEM! transition from antiferromagnetic to ferromag
netic state aboveTO .5 The overlapped effect with the con
tribution from the transition atTN results in a further
broadening of theuDSu peak~Fig. 3!.

The temperature and field dependence of the electr
resistivity were measured. Shown in Fig. 4 is the tempera
dependence of the resistivity measured under 0 and 1 T.
can find that in zero field a sharp reduction of electrical
sistivity occurs atTO , where LaFe11.375Al1.625 transforms
from ferromagnetic to antiferromagnetic state. At the N
temperatureTN , only a slope change is observed. The stro
reduction in resistivity can also be induced by a low fie
below 1 T. The field-induced metamagnetic transition
companies a considerable magnetoresistance,Dr/r
5@r(H,T)2r(0,T)#/r(0,T), as depicted in the inset of Fig
4. The peak value reaches 3.4%, which is same as the ch
in resistance (rAF2rF)/rF induced by temperature.

IV. SUMMARY

We have presented magnetic entropy change and r
tivity measurements of LaFe11.375Al1.625 compound. Due to
the two closely spaced magnetic transitions atTO ~;140 K!

FIG. 3. Magnetic entropy changeuDSu of LaFe11.375Al1.625 under different
fields.
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and TN ~;181 K!, LaFe11.375Al1.625 shows nearly constan
magnetic entropy change in a wide temperature range f
;140 K to 210 K, which is favorable to a Ericsson-typ
refrigeritor. At the antiferromagnetic to ferromagnetic tran
tion, we found a large change of resistance which can
induced as a function of temperature as well as field. A GM
effect of 3.4% under a field of 1 T was observed.
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