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La(FeSi;_,)13 and their hydrides exhibit large magnetocaloric effects due to the itinerant-electron
metamagnetic transitions in a wide temperature range covering room temperature. Thermal
conductivity and diffusivity of L&Fe, geSig 1213 and LaFe, gsSig 12 13H1.0 have been investigated,
together with those of other candidates for magnetic refrigerants working in the vicinity of room
temperature such as Gd, §81,Ge, and MnAs. The thermal conductivity in the vicinity of room
temperature for L@reygeSip10)13H10 IS larger than that for G&i,Ge, and MnAs, and almost
identical to that for Gd. Furthermore, the thermal diffusivity in the vicinity of room temperature for
La(Fey gsSig.129)13H10 is as large as that for Gd and £8L,Ge,, and larger than that for MnAs.
Consequently, L@de,Si; _,)13and their hydrides are promising as the magnetic refrigerants from the
standpoint of thermal transport properties. 2004 American Institute of Physics.
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I. INTRODUCTION change from 0 to 5 ¥-1° Furthermore, L& &, 9oSi 10 13H11
exhibitsAS,,= —31J/kgK andAT,=15.4K atT,=287K

In the recent research and development of magnetic rqn the magnetic field change from 0 to 5% The value of
frigerants, large magnetocaloric effe¢4CEs) in the vicin- AS,, for La(Fey oSip 10 13H1 1 is larger than that for Gdand
ity of room temperature have been reported in severagd.Sj,Ge,,* almost the same as that for MnAgn addition,
materials.~* For example, Gd metal exhibits the isothermal AT, for La(Fe, oiSiy 1014H; 1 is almost the same as that for
entropy changé S,= —9 J/kg K and the adiabatic tempera- Gd.Si,Ge,,* and larger than that for MnAsand Gd? Ac-
ture change\ T,4=11.6 K at the second-order magnetic tran- cordingly, LaFe,Si;_,) 15 and their hydrides are promising
sition temperature, 298 K, in the magnetic field change formas the magnetic refrigerants working in a wide temperature
0 to 5 T? The compounds having the first-order transition range covering room temperatte’
such as GgBi,Ge, (Ref. 3 and MnA$ exhibit large MCEs The active magnetic regenerator refrigerat@MRR)
in comparison with Gd metal. By changing the magneticwith the Bryton cycle is practical in the vicinity of room
field from O to 5 T,AS,, and AT,q for GdsSi,Ge, are =18  temperaturé? The bed of magnetic materials in the AMRR
J/kgK and 15.3 K, respectively at the first-order transitionacts as both magnetic refrigerants and regenerator materials.
temperature, 278 R.Moreover, MnAs compourfdexhibits  Therefore, the thermal conductivity of the bed along the heat
AS,=—-32J/kgK at the first-order transition temperature,transfer fluid flow direction should be small to keep the tem-
318 K, though AT,;=12.8K is smaller than that of perature gradient in the bed. Since the bed cools and heats
GdsSi,Ge, .° the heat transfer fluid, excellent behavior of heat exchange

La(Fey gsSio 1213 Shows a first-order transition between between the bed and the heat transfer fluid is also necessary.
the paramagnetic and the ferromagnetic states at the Curia the AMRR, the bed should be composed porously of fine
temperature Tc=195K.>~" The first-order transition from particles having excellent thermal transport properties, be-
the paramagnetic to the ferromagnetic state, that is, theause the porous state restrains heat transfer between the hot
itinerant-electron metamagneti&EM) transition, can be trig-  and cold heat exchangers through the be§.Furthermore,
gered by applying magnetic fiefd! Recently, large values its effective surface area is utilized for heat transfer with the
of AT, for La(FeSi; )13 due to the IEM transition have heat transfer fluid®!® Therefore, to obtain the high perfor-
been confirmed just abov@c.®"'* In addition, Tc for  mance of magnetic refrigeration, magnetic materials are
La(FeSi; —4)13 can be controlled up to about 330 K by hy- claimed to have not only large MCEs but also excellent ther-
drogen absorption, without vanishing the IEM transitié®  mal transport properti€$:* Several kinds of materials hav-
Therefore, L& Si; )13 and their hydrides exhibit large ing large MCEs have been reported, but their thermal trans-
MCEs due to the IEM transition in a wide temperature rangeport properties are still uncertain.
covering room temperatufe!* For La(FeygsSio1213H10, In the present article, the temperature dependences of
AS;, andAT,q4due to the IEM transition are23 J/kgK and  thermal conductivity and thermal diffusivity for the
11.1 K, respectively, alfc=274K in the magnetic field La(Feg,gSiy12)13and LAFe gSip 12 13H1 o have mainly been
investigated. From the viewpoint of application in magnetic
3Author to whom correspondence should be addressed; electronic maif€frigeration, thermal conductivity and thermal diffusivity in
shun@maglab.material.tohoku.ac.jp the vicinity of room temperature for the (Bg, geSig 12 13H1 o
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14 - . - wherex, is the thermal conductivity of porous materials and
P is the porosity. Following this expression, the value of the
MnAs compound with the density of about 90% was cor-
rected to the x-ray density value. For the(Ee, ggSig 12) 13, &

12

10 . . ; ¢
increases gradually with temperature and slightly decreases
P 4 at Tc=195K. The value of is expressed as
Q
E 6 i K= Ket Kph, 2
% egr? where k. and «p, are the electron and the phonon thermal
4 J s GdsSipGe, 1 conductivities, respectively. The contribution ©f is given
,.e“ La(Feo.sSSioJW by the following expression associated with the
s MnAs | Wiedemann—Franz law
0 : : ' ke=LT/p, 3)
0 100 200 300 400

wherelL is the Lorenz number, ang is the electrical resis-
tivity. Above the Debye temperatui®, L has the constant
FIG. 1. Temperature dependence of the thermal conductiifipr the  value of Ly=2.45X 10 8 WQ/K?, because the elastic scat-
La(FeygeSo.1913 and LaFey geSin12)1sH10, together with that for the tering of electrons dominates in this temperature. By using

Gd;Si,Ge,, Gd and MnAs. For the MnAs compound,for the specimen ; ; i
with the density of about 90% was corrected to the x-ray density value b the Debye function obtained from the SpeCIfIC heat déxa,

Y, . .
using the equation for porous materiéee Ref. 18 for the LaFeygeSip 1213 iS calculated to be about 350 K.
From Eq(3), Ke= 6.6 W/Km for the LiFQ)8§|012) 13 at 350

K is estimated by using=1.3x10 6Qm. This value is
gbout 60% ofx for the LaFey gsSip.12) 13- Accordingly, ke in
Eq. (2) for the LaFe, gsSip.19) 13 is dominant in the vicinity of
350 K. The behavior ok for the LaFe, gsSig 12 13H1.0 has
analogy with that for the L@ e, geSig 12 13- Therefore,x for
the LaFe,gsSig 1213 IS hardly changed after hydrogen ab-
Il. EXPERIMENT sorption.

. . The value ofx for the Gd metal exhibits a peak in a low
The LaFe gsSlo12)13 and GdSi,Ge, were prepared by  yomnerature range, and increases with temperature above

arc melting in an Ar gas atmosphere. The heat treatments fqf o, temperature. The value effor the Gd metal resembles
the LaFey geSio 1713 and GdSi,Ge, were carried out in an the previous dat& Similar behavior is also observed in the
evacuated quartz tube at 1323 K for ten days and at 1270 'édSSiZGez and MnAs as seen from the figure. The value of
for three days, respectively. The hydrogen absorption into the. ¢, “ihe LaFey 5:Sio 19 18Hy o is larger than that for the
La(Fey geSio 1213 was carried out by annealing under hydro- \yoas compound. In a low temperature rangefor the
gen gas atmosphere. The MnAs compound was prepared t@’dSSizGez and Gd is larger than that for the

a solid—vapor reaction. Mn and As elements were Sealega(FQ).SBSiO.lz)13H1.0- However, it should be pointed out that
under vacuum in a quartz tube and annealed at 1073 K for of the L&Fey 5:Sio 19 1sH1 0 IS larger than that of the

seven days. Since the MnAs specimen becomes porous, i gj Ge, and almost the same value as that of the Gd metal
was compacted at 973 K under pressure 590 N and thep the vicinity of room temperature.

sintered at 1073 K for three days under vacuum in a quartz \yhen the temperature gradient in magnetic refrigerants

tube. The bulk density' of the MnAs specimen was at,’ou'is constant, the steady heat transfer is expressed by the fol-
90% of the x-ray density. A polycrystalline Gd metal with lowing expression by using:

purity of 99.9 wt% was used as the Gd specimen. No extra
phase in all the present specimens was detected by x-ray U=—«gradT, 4

powder diffraction measurements. The specific heat measurg,ere U is the density of heat flow. Accordingly, under the

ments were carried out by a relaxation method, and the eleGgeady heat transfer condition, the thermal conductive prop-
trical resistivity was measureq py a conventional four—probeerty of the LaFe, gSio.12)14H1 0 in the vicinity of room tem-
method. The thermal conductivity was measured by a pU|SBerature is superior to that of the E8,LGe, and MnAs,
method:’ almost the same as that of the Gd metal. The magnetic re-
frigeration requires the process of temperature change in the
magnetic materials. Therefore, the time dependence of tem-
perature gradient in the magnetic refrigerants should be
Figure 1 shows the temperature dependence of thermahken into consideration. Such nonsteady heat transfer can be
conductivity « for the LaFegsSip1)i3 and discussed by the following equation:
La(Fey gsSig 12 13H1 0, together with that for Gd, G&$i,Ge,

Temperature (K)

have been discussed by comparison with those of other ca
didates for magnetic refrigerants working in the vicinity of
room temperature such as Gd, S§Ge, and MnAs.

Ill. RESULTS AND DISCUSSION

— 2
and MnAs. According to Schuf?? the modified equation for IT/t=a V=T, ®)
porous materials is given by wheret is the time, and the thermal diffusivity is given as
k= rKpl(1-P)%, (1) a=k/dCp, (6)
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10! T T T IV. SUMMARY
—=— La(FeygSig.12)13 The thermal transport properties such as thermal conduc-
100 14 —o— La(Feyg5Sip12)13H10 ] tivity « and thermal diffusivitya for the LaFeygeSig 1913
& —— GdsSi,Ge, and LaFe, geSip 19 13H1 o have been discussed by comparison

with those for other candidates as the magnetic refrigerants
working in the vicinity of room temperature such as
GdSi,Ge,, Gd and MnAs. The value ofx for the
Y y La(Fey gsSig 19 13H1 o is larger than that for the G8i,Ge,
MnAs and MnAs compounds, and almost the same value as that for
the Gd metal in the vicinity of room temperature. Further-
more, « in the vicinity of room temperature for the
La(Fe, gsSig 12 13H1 o Is almost the same order as that of the
10"‘0 ul)o 2")0 3(')0 200 Gd;Si,Ge, and Gd, .and larger 'than that. of the MnAs com-
Temperature (K) pound. The LeFe(Sll,X)l?,HY Wlth the different composi-
tions of Fe and H also exhibit almost the same results. For
FIG. 2. Temperature dependence of the thermal difqui\dtyfor the examp|e, the values of« and a« at 300 K for the
éig?;-éff-lgésanad”‘:/lnkgf%-s%s'OJQ13H1-0' together - with ~ that for La(Fey 90Sio 10 1H: 1 are 8.7 W/mK and 0.027 cffs, respec-
tively. Consequently, it is concluded that the(Eq Si; )13
and their hydrides are promising as magnetic refrigerants

whered is the density, an€p is the specific heat at constant from the standpoint of the thermal transport properties.
pressure. From EqJ5), it is clear thata is the important
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