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Very large magnetic entropy change near room temperature
in LaFe 11.2Co0.7Si1.1

Feng-xia Hu,a) Bao-gen Shen, Ji-rong Sun, Guang-jun Wang,
and Zhao-hua Cheng
State Key Laboratory of Magnetism, Institute of Physics & Center of Condensed Matter Physics,
Chinese Academy of Sciences, Beijing 100080, People’s Republic of China

~Received 17 July 2001; accepted for publication 10 December 2001!

A very large magnetic entropy changeDS has been observed in Fe-based cubic NaZn13-type
compound LaFe11.2Co0.7Si1.1 near the Curie temperatureTC of 274 K. The value of the entropy
change is;20.3 J/kg K under a magnetic field of 5 T atTC5274 K. It markedly exceeds that of
pure Gd at the corresponding temperature range@V. K. Pecharsky & K. A. Gschneidner, Jr., Phys.
Rev. Lett. 78, 4494 ~1999!#. The great entropy change produced by the sharp change of
magnetization is associated with a large negative lattice expansion atTC . The very large magnetic
entropy change and low cost suggest that the compound LaFe11.2Co0.7Si1.1 has great potential for
applications as magnetic refrigerants near room temperature. ©2002 American Institute of
Physics. @DOI: 10.1063/1.1447592#
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The search for a room temperature magnetic refrige
is of special interest for its widely practical applicatio
Many ferromagnets concerning second order magnetic t
sitions have been investigated in an attempt to achiev
large magnetocaloric effect~MCE!, of which the rare earth
element Gd was considered historically to be the only us
material as a room temperature magnetic refrigerant owin
its large magnetic entropy changeDS near room temperatur
~DS;9.8 J/kg K under 5 T field atTC5293 K!.1 Recently,
MCE involving a first order phase transformation has
tracted much interest.2–9 Many materials undergoing a firs
order transition have been found showing large magnetic
tropy changes. A typical representative of them near ro
temperature is the Gd5Si2Ge2 alloy,2 in which a structure
transition takes place accompanying the magnetic phase
sition, resulting in a giant magnetic entropy change~18.5
J/kg K under 5 T field at 276 K!. This is the highest revers
ible DS in the similar temperature region up to now.2 Usu-
ally, a first order magnetic phase transition concentrates
magnetic entropy change to a narrower temperature rang
comparison with a second order transition, resulting in
large magnetic entropy change at that transition. In this le
we report the discovery of a very large magnetic entro
change near room temperature in the compou
LaFe11.2Co0.7Si1.1 also involving a first order transition.

The compounds with cubic NaZn13-type structure have
been suggested to be appropriate materials for exploring
ficient magnetic refrigerants due to their excellent soft fer
magnetism and high magnetization.10–12Recently, it is found
that in a compound LaFe11.4Si1.6 a large negative therma
expansion occurs at the Curie temperatureTC of ;208 K and
that leads to a large magnetic entropy change.13 Moreover,
we found that with decreasing Si content in LaFe132ySiy the
nature of the phase transition atTC changes from secon
order to first order and the first order nature is strengthe
by further reducing the Si content, at the same time lower
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TC . However, the incorporation of Co weakens the nature
the first order magnetic transition and drivesTC to a higher
temperature. Therefore, it can be expected that a proper c
bination of Si and Co will drive the compound’sTC near
room temperature and remain the first order nature of
phase transition atTC , which is characterized by a shar
change of lattice parameter. From this viewpoint, we p
pared the cubic NaZn13-type compound LaFe11.2Co0.7Si1.1

with TC at 274 K and investigated its magnetic entro
change.

The detail of sample preparation has been descri
elsewhere.10,12Powder x-ray diffraction~XRD! patterns con-
firmed that the present sample crystallized in the cu
NaZn13-type structure. A minor phasea-Fe was also ob-
served. The amount ofa-Fe phase was estimated to be
wt% based on the chemical analysis by inductively coup
plasma-atomic emission spectrometry. The measuremen
ac susceptibility on heating and cooling indicate that
width of temperature hysteresis at the transition point is n
row, ,2 K. Thereby, the magnetic entropy change is e
pected to be roughly reversible for temperature cycling.

All magnetic measurements were performed using a
perconducting quantum interference device magnetome
The Curie temperatureTC was determined to be 274 K from
the temperature dependence of magnetization measured
der a field of 0.01 T. Figure 1~a! displays the magnetization
isotherms of La(Fe0.94Co0.06)11.9Si1.1 measured on field in-
crease in a wide temperature range with different tempe
ture steps. In the vicinity of the Curie temperature the te
perature step of 2 K was chosen and a step of 5 K for the
regions far away fromTC . Figure 1~b! shows selectedM-H
curves for increasing and decreasing fields for the sake
clarity. The sweep rate of the field is slow enough to ens
that theM-H curves are recorded in an isothermal proce
One can find that the magnetic hysteresis upon altering fi
is small, which is considered to be a very favorable char
teristic for magnetic refrigerant applications.
© 2002 American Institute of Physics
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FIG. 1. Magnetization isotherms of LaFe11.2Co0.7Si1.1. ~a! Isotherms on field increase. Temperature step is 2 K in the vicinity ofTC , and 5 K for the regions
far away fromTC . ~b! Selected isotherms on field increase and decrease, indicating the existence of a small magnetic hysteresis.
-

t

h

ti
v
e
t
f

-

R

e

r-

e

te
-

e
g

r

n-

f

The magnetic entropy changeDS was obtained using the
Maxwell relation DS(T,H)5*0

H(]M /]T)HdH.1–9 Figure
2~a! shows theDS as a function of temperature under differ
ent applied fields of 2 and 5 T~DS is nearly the same for
field increase and decrease due to the small magnetic hys
esis!. The peak value ofDS is ;20.3 J/kg K under a field of
5 T. The phenomenon of the asymmetrical broadening of t
DS peak with increasing field was also observed, which is
result of the field-induced itinerant-electron metamagne
transition from paramagnetic to ferromagnetic state abo
TC .13 The DS of Gd is also measured for comparison. Th
obtained results agree with the previous measuremen2

Figure 2~b! exhibits the magnetic entropy change o
LaFe11.2Co0.7Si1.1 in comparison with that of Gd and
Gd5Si2Ge2 under a field of 5 T. TheDS curve of Gd5Si2Ge2

is quoted from the literature.2 It is evident that theDS of
LaFe11.2Co0.7Si1.1 notably exceeds that of Gd (TC5293 K)
and reaches that of Gd5Si2Ge2 at the corresponding tempera
ture range. Such a largeDS in 3d alloys was rarely observed
at the corresponding temperature range except for Fe
alloys.14 However, FeRh alloys are inappropriate to be a
magnetic refrigerants due to the irreversibility of the magn
tocaloric effect on altering magnetic field~it disappears after
one cycle! and the very high cost of Rh.3 Therefore, the

FIG. 2. Magnetic entropy changeuDSu of LaFe11.2Co0.7Si1.1 ~a! for the mag-
netic field changes of 0–2 and 0–5 T~b! compared with that of Gd and
Gd5Si2Ge2 for the field change of 0–5 T.
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present observation should also be of some theoretical inte
est besides the obvious practical superiority.

The origin of the great magnetic entropy change in th
present LaFe11.2Co0.7Si1.1 compound should be attributed to
the sharp change of magnetization nearTC . X-ray powder
diffraction ~XRD! at various temperatures was performed in
order to study the structure change on altering magnetic sta
with temperature. It is found that the crystal structure re
mains cubic NaZn13 type, but the lattice parameter changes
dramatically atTC as expected, implying a first order transi-
tion. Shown in Fig. 3 is the temperature dependence of th
lattice parameter obtained from the XRD spectrum, notin
the large negative thermal expansion nearTC . The lattice
parameter of the material when it is ferromagnetic is bigge
than that when it is paramagnetic in the vicinity ofTC by
;0.439%. The inset of Fig. 3 shows the temperature depe

FIG. 3. The temperature dependence of lattice parameter o
LaFe11.2Co0.7Si1.1 obtained from x-ray diffraction patterns, exhibiting a large
negative thermal expansion atTC . The inset shows the temperature depen-
dence of the volume change~uDV/V u! of LaFe11.2Co0.7Si1.1 in comparison
with that of Gd.
IP license or copyright, see http://ojps.aip.org/aplo/aplcr.jsp
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dence of the volume change~uDV/V u! for LaFe11.2Co0.7Si1.1

in comparison with that of Gd. It is found that the volum
change (uDV/V u;1.3%) of LaFe11.2Co0.7Si1.1 exceeds that
of Gd by a factor of 15 around theirTC . A magnetic phase
transition accompanying such a large negative thermal
pansion is unusual. In FeRh and GdSiGe alloys, the volu
changeuDV/V u during the phase transition, which is respo
sible for their giant magnetic entropy change, is;0.9% and
0.4%, respectively.15,16The large negative thermal expansio
in LaFe11.2Co0.7Si1.1 should be the crucial reason for th
greatDS. To understand the origin of the unusual large ne
tive expansion, further theoretical and experimental work
investigate the coupling between magnetism and lattice
LaFe11.2Co0.7Si1.1 is strongly desired.

In summary, a very large magnetic entropy change c
tered at 274 K in the compound LaFe11.2Co0.7Si1.1 was dis-
covered. The key reason is the dramatic negative lattice
pansion atTC . Cycling of a magnetic field does not induc
an irreversible change in the magnetic and magnetoca
behavior. The magnetic hysteresis on altering field is sm
The present study suggests that the LaFe11.2Co0.7Si1.1 com-
pound is a promising candidate for magnetic refrigera
near room temperature. Moreover, the small tempera
hysteresis of the phase transition and the low cost of
present material technically make the design and const
tion of the refrigerator simple and cheap.
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