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The magnetocaloric effe€MCE) originated from the itinerant-electron metamagnetic transition for
La(FeSi; )13 compounds has been investigated. With increasing Fe concentration, the MCE is
enhanced and both the isothermal magnetic entropy chAi8jeand the adiabatic temperature
changeAT .4 for the compound withx=0.90 are—28 J/kg K and 8.1 K, respectively, by changing

the magnetic field from 0 to 2 T. Similar large MCE values are achieved around room temperature
by controlling the Curie temperature by means of hydrogen absorption. Consequently,
La(FeSi; )13 compounds are promising as magnetic refrigerant materials working in relatively
low magnetic fields. ©2002 American Institute of Physic§DOI: 10.1063/1.1498148

Recently, a large MCE was discovered in first-order tran-AS,, andAT .4 have been investigated. Details of the experi-
sition materials:* By changing the magnetic field from 0 to mental conditions and magnetic properties have been re-
5T, for example, Gg(Si,Ge,) exhibits the isothermal mag- ported elsewher&:®
netic entropy chang@dS,=—18 J/kkgK and the adiabatic When the electronic and lattice entropies are indepen-
temperature chang&T,4=15 K at the first-order crystallo- dent of the magnetic field, both the valuesids,, andA T4
graphic transition temperature 278 K. These two values aras a function of temperatufe are given by
larger than the values & S,,= -9 J/kgK andAT,~=12 K

of Gd, which exhibit a second-order magnetic transition tem- ASn(Man=[S(Mx=S(Molr. (1)
perature at 294 R.Therefore, materials having a first-order AT Dan=[T(Su—T(S)ols, (2)
transition are considered to be attractive for magnetic refrig- _ . o
erant materials. whereS is the total entropy andH is the magnetic field

Cubic NazZnstype La(FgSi;_,)13 compounds have a change from O tdH. Figure 1 shoyvs the temperature depen-
ferromagnetic ground state in the concentration range 0.gdence of the total entropy in various magnetic fields for the
<x=<0.89° For the compound witk=0.88, a discontinuous L&(F&.ss5lo.1J13 compound.  The value —of S(T)4
volume change indicative of a first-order transition around=/(C/T)ndT is calculated from the specific heat measure-
Curie temperaturdc=195 K has also been measured by Ment carried out by a relaxation methbtWith increasing
x-ray diffraction”® A Mdssbauer spectrum change from a Magnetic field, a significant jump & due to the IEM tran-

ferromagnetic ) sextet to a paramagneti®) doublet also  Sition shifts to a higher temperature range. The valua 8
occurs in the narrow temperature rangeTef* 2. In addi- 1S also related to the magnetizatidh as functions oflT and

tion, the coexistence of bot and P spectra due to the H, which is given by the following equation related to the

supercooling phenomenon has been confirmed justat Maxwell relationship:
=195 K.” In the P state, the magnetization curves exhibit an

S-shape behavior, accompanied by a clear hystefesl 550 ™ T - .
these behaviors of the La(fg&Siy 1213 compound are con- La(Fe, g5Sip12)13 Para.
sistent with there being in these materials an itinerant-
electron metamagneti¢lEM) transition, that is, a field-
induced first-order magnetic transition from tReto the F
state, which occurs above.=195 K.”~° 500 i
Recently, a large value &S, aroundT-=208 K for )
the La(F@ g7Sip.129 13 compound containing«-Fe impurity &
of 8 wt% has been reportéfl.it should be noted that the =
magnetic transition characteristics of La(Bg ,),3 com- 2 450 1 1T -
pounds are sensitive t0,’~% and hence, the IEM transition Ferro. ——2
becomes obscure by compositional heterogéhity addi- —o—3
tion, both the values A& S, andAT,4are necessary for us to S
evaluate the refrigerant properties, because a laggdoes
not always correspond to a largeT,q.'? In the present 400 : : : :
study, in order to discuss the MCE in homogeneous 180 190 200 210 220 230
La(FeSi; _,)13 compounds due to the IEM transition, both Temperature (K)
FIG. 1. Temperature dependence of the total enti®y various magnetic
¥Electronic mail: shun@maglab.material.tohoku.ac.jp fields for the La(FggsSip.12) 13 coOmpound.
0003-6951/2002/81(7)/1276/3/$19.00 1276 © 2002 American Institute of Physics
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FIG. 2. Temperature dependence of the isothermal magnetic entropy chanéG. 4. Temperature dependence of the isothermal entropy chia8gen
AS,, for the La(Fg ggSip 1213 compound. the magnetic field change from 0 to 2 D =2T) for La(FgSi,_y)13
compounds withk=0.88, 0.89, and 0.90.

H

Asm(T)AH:J' (IM/9T)pdH. (3)  range are desirable. Otherwis&T .4 is not so large even
0 though AS,, is large enough? therefore,AT,4 should be

The temperature dependencelo$,, obtained from Eq(3) evaluated.

for the La(FgggSig 1913 compound is given in Fig. 2. The The temperature dependence &1 .4 as a function of

value of M exhibits a drastic change of about Jug due to  magnetic field change for the La(§&Sij 1213 compound is

the IEM transition’° resulting in a significant large negative presented in Fig. 3. The value @{S), was obtained from

maximum value oAS;;,. The magnitude of the peak &fS, Fig. 1 andT(S), was estimated by subtractingS,(T) an

is in agreement with the difference $between thé> andF  from S(T),, by using Eq.(1). The value ofAT 4 exhibits a

states shown in Fig. 1, which suggests that the electronic ansharp peak at 195 K. The maximum value/oT .4 becomes

lattice entropy changes due to the IEM transition are negli6.5 K underAH=2T. From Figs. 2 and 3, it is clear that the

gibly small. It should be noted that such a lar§&,, is  La(FegSip 1213 compound has a large MCE due to the IEM
obtained even in relatively low magnetic fields, because theransition.

IEM transition field becomes lower as the temperature comes  Figure 4 shows the temperature dependenc& ) un-
close toTc=195 K. That is to say, as seen from Fig. 2, theder AH=2T for La(FgSi;_,);3 compounds withx=0.88,
negative maximum value akS,, under the magnetic field 0.89, and 0.90. The negative value &%, becomes larger
change from 0 to 24H=2T) is —20 J/kg K. with increasingx. For the compound witlk=0.90, the nega-

For magnetic refrigerant materials, a small heat capacityive maximum value ofAS,, becomes—28 J/kg K under
per unit mass and a large value&§,, in a wide temperature

10 T T T T

10 T T T T
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FIG. 5. Temperature dependence of the adiabatic temperature chdnge
FIG. 3. Temperature dependence of the adiabatic temperature chdge in the magnetic field change from 0 to 2 Ri{=2T) for La(FgSi;_,)13

for the La(F@ ggSig 1213 compound. compounds withk=0.88, 0.89, and 0.90.
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TABLE |. Transition temperatur&, ; isothermal entropy changeS,, ; and adiabatic temperature chan€é,q
of La(FeSi; )13 (x=0.877, 0.880, 0.890, 0.900), La(zgSip.12)13H10, La(Fe geSin11)13H13, together with
those for MnAs, Gg(Si,Gey), and Gd in the magnetic field change from 0 to 2AH=2T).

Material T, (K) AS,, JkgK) AT, (K) Reference
La(Fe,Si; - )13
x=0.877 208% —-14 o 10
x=0,880 1959 -20 6.5
x=0.890 1887 —24 75
x=0.900 184¥ —28 8.1 Present
La(Feq g5Si0 12)15H; o 2749 ~19 6.2 results
La(FeggoSig11)15H: 5 291 —24 6.9
MnAs 318 -31 4.7 3
Gds(8i,Ge,) 278" -14 73 4
Gd 2949 -5 5.7 5

“Curie temperature.
Y(rystallographic transition temperature.

AH=2T, which increases about 40%, compared with theAT,4 have been investigated in La(/S8 _,),3 itinerant-
value for the compound witlk=0.88. The temperature de- electron metamagnetic compounds. The MCE is enhanced by
pendence oA Tqis given in Fig. 5 for La(Fg5i;_,)13com-  increasingx, and henceAS,, and AT,4 reach —28 J/kg K
pounds withx=0.88, 0.89, and 0.90. The value &T,y and 8.1 K, respectively, undexH=2T at 184 K for the
becomes larger with increasing For the compound with compound withx=0.90. The large MCE is also obtained
x=0.90, the maximum value & T,4 reaches 8.1 K under around room temperature by controlling the Curie tempera-
AH=2T. Accordingly, the magnetocaloric properties areture by means of hydrogen absorption. Consequently,
enhanced by controlling in La(FgSi; )13 compounds. La(FeSi; _,)13 compounds are one of the most promising
From the practical viewpoint, it is important to control magnetic refrigerant materials acting in relatively low mag-
the temperature range of the large MCE. For thenetic fields.
La(Fe) gsSig 1913 compound, the Curie temperatufe can

be controlled up to 336 K continuously by hydrogen absorp-  1he present work has been supported by the Grant-in-
tion while still keeping the IEM transitioff15accompanied Aids for Scientific ResearctB) (2) (No. 13555168and on

by its zero-hydrogen comparable value &8,,.16 As a re- Prio.rity Areag(A) (No. 299 from Japan Society for t.he Pro-
sult, La(F@ gSip12)15H1 0 exhibits AS,=—19 J/kgK and motion of Science. One of the auth_c(ns.F.) would like to
AT.=6.2K under AH=2T at 274 K. Furthermore, acknowledge sqpport by the Industrial Technology Research
La( FQ)SQSIOII) 13H1.3 exhibits Asm: —24 J/kg K andATad Grant Program |n_ ZOO(NO OOA2601931from the New _En-_
=6.9 K underAH=2 T at 291 K. Therefore, the large MCE ergy and Industrial Technology Development Organization
for La(FeSi_y)13H, compounds is also obtained up to (NEDO) of Japan.

room temperature in relatively low magnetic fields, which
can be generated by using permanent magnets.

Collected in Table | are the transition temperattliy@nd
the magnetocaloric properties undeAH=2T for
La(FeSi—x)13 compounds, La(FseSio 12 13H1.0,
La(Fe gSip11)13H1 3. together with those of MnAS3,
Gds(Si,Ge,),* and G reported as candidates for magnetic
refrigerant materials. The value &S, for the heteroge-
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