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Large magnetic entropy change in LgFe,C0 14 gAl1 17
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Large magnetic entropy change with comparable magnitude to that of pure Gd has been observed in
compounds La(Re ,Ca)q1Al117 (x=0.06,0.08) at their Curie temperatures o273 K and~303 K,
respectively. These compounds are of a cubic NaZype structure with soft ferromagnetism. The magnetic
entropy change is reversible in the whole experimental temperature range-f2@® to ~330 K. The most
interesting feature is that the Curie temperature can be easily tuned by adjusting the substitution of Co for Fe.
It is suggested that the present compounds are suitable candidates for magnetic refrigerants in a wide range
near room temperature. The calculat®®& curve in the molecular field approximation is in a satisfactory
agreement with the experimental one.
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As an alternative technology for cooling and gas liquefac-The results indicate that La(f#d; _,)13 compounds exist in
tion, magnetic refrigeration has attracted more and more athe range of 0.46 y<0.92 and display three different mag-
tention for its advantages in capacity, mass and ecologicaetic behavior—mictomagnetism, ferromagnetism, and anti-
cleanness in comparison with the conventional thermomeferromagnetism with the variation of iron concentration. At
chanical cooling techniqués!® The research on the room- the range of 0.88y=<0.92 they show weak antiferromag-
temperature magnetic refrigerant is of special interest for it$, o coupling, which can be overcome even by applying a
widely practical appl_lcat|on. M.UCh effort has b_een de(_jlcatedsma“ field of a few T and cause the spin-flip transitions to
to the search for suitable refrigerants. Some interesting M3he fully saturated ferromagnetic stafe

penals, such_as superparamagne_ng mateﬁa?lgol)_/crystal— In this paper, we report the observation of large magnetic
line perovskite manganese oxides? etc., were discovered .
showing considerable magnetocaloric effédiCE). A vari- entropy change [AS| in  La(Fa_.Co)igfliir (X )
ety of prototype materials, intermetallic compounds and al-_ 0'0_6’0'08) alloys. Th?se al!oys appear to be very attractive
loys of rare earths were studied in an attempt to achieve largg2ndidates for magnetic refrigerants near room temperature
magnetocaloric effect, of which GdSiGe alloys were recentlyor the following advantagesa) showing a large magnetic
discovered exhibiting great MCE in a very wide temperaturentropy changeAS|, which is comparable with that of Gd;
range™'? Near room temperature they show higher MCE (b) reversible in field and temperatur) easily tunableT
than that of Gd which was thought to be the most suitablé'€ar room temperature; aiid) much cheaper raw materials
refrigerant near room temperature for a long time. However(even with relatively low purity than the rare earth elements
the compounds with cubic Nazstype structure have not (Gd, Dy).
been studied in this way. They show excellent soft ferromag- Our  experiments  confirm  that the  sample
netism with high saturation magnetization due to their highLaFe gAl; 17 (y=0.91) shows antiferromagnetism, and
concentration of @ metal and the cubic symmetry structure. further reveal that a small doping of Co can make its anti-
One knows that large MCE is expected in magnetic materialéerromagnetic coupling collapse completely, resulting in a
with high magnetization® Therefore, the study of magnetic whole ferromagnetic state. THg: shifts to high temperature
entropy change on the Nagptype compounds is of signifi- with the increase of Co doping. We chose samples of
cance and interest. La(Fe _,Co)118Al117 (x=0.06,0.08) with T around
The previous studies revealed that the NagAgpe com-  room temperature and found both of them show large mag-
pound LaCgs, with T as high as 1318 K, is the only stable netic entropy change.
alloy among theRT,3 alloys (R=rare earth elementsT The ingots of the present samples were prepared by re-
=transition elemen)s™® However, stable pseudobinary com- peatedly arc melting the appropriate amount of the starting
pounds Lafl,M) 5 can be formed with a small amount lgf, materials with purity of 99.9 wt. % and subsequently homog-
whereT is Fe or Ni andM is Si or Al2* The Curie tempera- enizing by annealing at 1273 K for 50 days. The ingots were
ture T or Neel temperaturely of those La,M),3 alloys  then quenched in liquid nitrogen. Figure 1 is the x-ray pow-
can be easily tuned in a wide temperature range near rooutfer diffraction(XRD) patterns, which shows that the samples
temperature. Since the maximum magnetic entropy changerystallized in a single phase of the cubic Na#£type struc-
of an ordered magnetic material occurs at the phase trandre. All magnetic measurements were performed using a
tion temperature upon an application of a magnetic fieldsuperconducting quantum interference deyB8®UID) mag-
these alloys would be good room-temperature magnetic reaetometer. The inset of Fig. 1 is the temperature dependency
frigerator materials, provided that they also exhibit suitableof the ac susceptibilityy on heating and cooling, which ex-
entropy change. The magnetic properties and structures ¢fibits sharp changes at magnetic transition points. It is evi-
these compounds have been carefully studied béfofé. dent that both samples exhibit a completely reversible tem-
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FIG. 1. X-ray diffraction (XRD) patterns of
La(Fe _,Co,)11.8Al1 17 (Xx=0.06,0.08), showing that the samples 0- T T T
XKL T . 0 1 2 3 4 5 6
crystallize in a single phase of the cubic Nagtype structure. The H(T)

inset is the temperature dependence of ac susceptihilitypon
heating and cooling for both samples, which show fully reversible

FIG. 2. Magnetization isotherms of La(fgC I X
behavior between the transition on heating and cooling. d (F8CO) 18117 (

=0.06,0.08). The temperature step is 5 K.

perature dependence of ac susceptibility at the transitiog g e refrigerant materials, especially for the materials with a

points, which is a characte_rlsnc of a se_cond-order magnelite -ond order transition. This indirect method of measuring

transition. Thus the reversible magnetic _entropy change ONMCE has been rightfully suggested according to Landau

}_em;;eratu&e can Atl)e expecieg.oggeog urie geTpergtu(rjes f‘ﬂ’ieory,26 and successfully verified as a reliable way to evalu-
ag(nelky %')0-%30-%9]13 (y=0. M f ) ari germlnfeF_as ate candidate materials for magnetic refrigeratibfl. The

N and~ ' respecnve.y, rom t € Inset of Fig. accuracy of the calculatetlS depends on the accuracy of the

1. We also performed the magnetic hysteresis loop measurgs ~surements of magnetic moment, temperature, and mag-

ments &5 K in order to ex_amir_1e the magnetic hardness. Thenetic field. The reported accuracy AfS is in the range of
fact that the small coercive fields less than 20 Oe and thg _; 4o, 16

small ratio of the remanent magnetization to saturation one
: ; Figure 3 shows theAS| of La(Fg_,Ca)11gAl117 (X
0, . .
(<1%) suggests that our materials are magnetically Very:o.06,0.08) determined by above equation as a function of

soft. . . .
. . o temperature under different fields. The maxim under

Figure 2 presents the_|sothermal magnetization of_the tw%ppri)ed fields 62 T and 5 T are 4.8 and 9.5 JL;ng for the
samples measured at different temperatures in a wide tem-
perature range coverinf: . The temperature increment is 5 : : : : : :
K. The sweep rate of field is slow enough to ensure that ;| =St
M-H curves are recorded in an isothermal process.MHd
curves on field increase and decreéasa shown at different
temperatures show completely reversible behavior, which isg
expected for a very soft ferromagnet. It is well known that a o
complete reversibility of MCE requires that no hysteresis ofﬁ
both the temperature and the magnetic field appear in th&<
vicinity of a magnetic ordering temperature. This is easilyg
achievable for a soft ferromagnetic material. Our samples are
just the case. N\

According to the thermodynamical theory, the magnetic 0
entropy changeAS(T,H) is given by the Maxwell 200 240 280 320 240 280 320 360
relatior? 112627 T(K) T(K)
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H FIG. 3. Magnetic  entropy  change |AS|  of
AS(T,H)=3(T,H)—S(T,0)= fo (IM/9T)dH. (1) La(Fe _,C0) 1188117 (Xx=0.06,0.08), compared with that of Gd
for the magnetic field changes of 0 to 2 and 0 to 5 T. Solid lines:
Using Maxwell relation to calculate magnetic entropy theoretical results calculated in the molecular field approximation
change can accurately screen the intrinsic nature of the magpr a field of 5 T.
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' ' ' ' ' retical and experimental curves is found. The discrepancies,

10+ 2 especially for the peak shape AfS,,, are probably due to
—A—Gd :
—e—LaFeCo,,). Al ﬁo the roughness of the molecular field model, and also due to
—o—La(Fe,_Co_) Al 0° magnetic inhomogenization, lattice distortion, etc. in real fer-

092~ ~008'11.88 117 V-~ -

romagnetic materials.
The high magnetization of La(ke,Co,)11 g7l 1 17Should
be one reason of the large magnetic entropy change. Consid-
ering the fact that the  magnetization  of
8 La(Fe _,Co,)118Al1 17 Originates from Fe and Co atoms,
the values of 2.0 and 2ulg/Fe, Co were determined for
La(Fg _,Co)118Al1 17 (x=0.06,0.08), respectively, from
M-H curves measured at 5 K. It is also found from Figs. 3
and 4 that the maximum magnetic entropy chahg| re-
mains nearly constant at any field when the substitution of
Co for Fe increases, which should be ascribed to the nearly
H(T) same magnetization of the two samples. Usually, a small
: amount of Co substituting for Fe shifig to higher tempera-
(X:F(|).G66‘,1(.).gé§|2t1ﬁ2§_ncdigﬁ$pgi§| V{;L I;ﬁéfi‘f_é%?‘)”'swl'” tures in Fe-based intermetallic compounds, but it does not
affect the saturation magnetization considerably due to the
strong exchange interaction between Fe and Co atoms.
former (Tc~273 K) and 4.5 and 9.0 JkkgK for the latter |5 "symmary, we discovered a large magnetic entropy
(Tc~303 K), respecuvely. For comparison, we also Mea-change in compounds La(Fe,Go}Al; ;7 at room tempera-
sured the magnetic entropy change of (. 3), and ob- e range. Theoretical results 85y, , calculated in the mo-
tained |AS|_~5'0 and 9.7 J/kgK afl¢ (293 K) under the  |acyiar field approximation, have been found to describe sat-
corr'esrl)lozrédmg fields, which agree with those reportedsiaciorily the ones determined from the magnetization
earlier.~ The field dependence of [AS| for  measurements. The reversible behavior of the second order
La(Fe «C0)1184Al1.17(x=0.06,0.08) and Gd at theic is  transition in our materials makes the design and construction
displayed in Fig. 4. It is evident that tHaS| of our com-  of the refrigerator simple. The nearly unchandeds| and
pounds has nearly same magnitude as that of Gd in the wholge yariation of T with Co doping makes it easy to get a
field range from O to 5 T. Since the highest magnetocaloriq]eany constaniAS in a wide temperature range, which is
effect involving a second order magnetic transition neafjegired for application to Ericsson-type magnetic refrigera-
room temperature is produced by Gd, and most intermetalligyr o further exciting and important superiority is that our
compounds which are ordered magnetically near or abovgompounds are much cheaper than the materials previously
room temperature show significantly lowixS| than Gd'° reported, such as FeRhGd, GdSIGE2etc. In other
obvious[y, 'our'results are very attractive. Furthermore, thgyords the large magnetic entropy change, low cost and the
broad distribution off AS| from ~230 to ~330 K for our  ¢onyenience of controlling transition temperature suggest

two samples is very favorable to a room temperaturgnat our materials are promising candidates for magnetic re-
Ericsson-cycle magnetic refrigerator. frigerants.

The calculation of magnetic entropy change in the mo-
lecular field approximation is expected to describe the mea- This work was supported by the State Key Project of Fun-
sured quantities qualitatively. The calculatedd S(H,T) asa damental Research and the National Natural Science Foun-
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