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La(Fe Si; )13 compounds exhibit an itinerant-electron metamagr#&h) transition above Curie
temperatureT. The IEM transition in the compound witk=0.88 is accompanied by a giant
volume change. From a practical viewpoif was controlled by hydrogen absorption in order to
obtain such a giant volume magnetostriction at room temperature. For tfe,lgSio 12)13H10
compound, the IEM transition occurs abovg=278 K, and a significant isotropic linear
magnetostriction of about 0.3% at 7 T is induced in the vicinity of room temperature. This large
magnetostriction is attributed to the giant volume magnetostriction of about 1% by the IEM
transition. © 2001 American Institute of Physic§DOI: 10.1063/1.1388157

The itinerant-electron metamagnef{tEM) transition, DOS curve around the Fermi level is modified by the substi-
that is, the first-order field-induced transition from the para-tution.
magnetic(P) to the ferromagneti¢F) state was observed in Another useful method to increadg. is to introduce
Co-based Laves phase compounds such as,Y@®ef. 1) interstitial atoms such as B, C, N, and H. Some hydrides
and LuCg.? The origin of the IEM transition is associated have been synthesized and their magnetic properties have
with a special 8 band structure which exhibits a sharp peakbeen investigatetf In addition, a hydrogen absorption into
of the density of statéDOS) just below the Fermi level.lt NazZn s-type LaFeAl; )3 compounds brings about a dras-
has been confirmed experimentéii§and theoreticallythat  tic change in the transition temperatdfen order to obtain a
Co-based Laves-phase quasibinary compounds exhibit giant volume magnetostriction at room temperature, there-
large magnetovolume effect. fore, the increase if ¢ is examined by hydrogen absorption.

Recently, it has been demonstrated that NaZype La(Fe, gsSip 1013 Was prepared by arc melting in an Ar
La(Fe,Si;_,)13 compounds composed of 112 atorfspace gas atmosphere. Heat treatment for homogenization was car-
group Fm3) show an IEM transitio. For the compound  ried out in a vacuum quartz tube at 1323 K for 10 déys.
with x=0.88, a first-order phase transition occurs at the CurieX-ray powder diffraction identified the phase in all the speci-
temperaturel c= 195 K. In the paramagnetic state, the IEM mens as a Nazgtype single phase. Hydrogen absorption
transition is induced by applying a magnetic field. At 200 K was carried out by differential scanning calorimg@8C) in
just aboveT, this field-induced transition results in a large g H, atmosphere of 5 MPa and Ar atmosphere of 0.1 MPa.
volume magnetostriction of about 1.5%. After hydrogen absorption, the mechanical strength of the

The magnitude of the linear magnetostriction, namelysample decreased, however, the form of the sample was kept
one third of the volume change for the (E&geSip1213  without any trouble for measurement of the linear magneto-
compound is larger than that of ThFHeased compounds, striction. The magnetization and magnetostriction were mea-
well known as large magnetostrictive materials. Thbased  syred by an induction method and a three-terminal capaci-
compounds exhibit an anisotropic linear magnetostriction, tance method, respectively.
whereas the L#&e, gsSip 1213 compound exhibits an isotropic Figure 1 shows the room-temperature lattice consaant
volume magnetOStriCtion. The mechanism of the Volumeagainst the Curie temperatu'r% determined by thermomag_
magnetostriction originates from the onset of the magnetigetization measurements. It was confirmed that the lattice
moment induced by the exchange splitting of tlieefectron  constant is increased by hydrogen absorption without a
band. Therefore, the present compounds are attractive ascfange in the NaZatype structure. From the gas-
type of giant isotropic magnetostrictive material. However, itchromatograph analysis for (e g6Sin.1215Hy , the maxi-
is not so easy to induce a large volume magnetostriction ifym concentration of hydroggnwas determined to be 1.6.
the vicinity of room temperature, because the IEM transitionThe yajue ofT . was increased up to 336 K, accompanied by
field increases with increasing temperattfrélternatively, 5 volume expansion of about 3%. This volume expansion is
the IEM transition field becomes lower as the temperaturgaysed by not only the hydrogen absorption but also the
comes close tdc. Practically, therefore, it is necessary t0 magnetovolume effect, because(Eey gSio.12)13H 6 iS fer-
adjustTc around room temperature to obtain a giant volumeyomagnetic at room temperature. The lattice constant in the
magnetostriction. It has been confirmed fffigtis increased  ferromagnetic range is apparently larger than that in the para-
up to 250 K by substituting Co for St'? However, the magnetic range. Therefore, a very large magnetovolume ef-
volume magnetostriction becomes obscure, implying that the, ¢ is preserved after hydrogen absorption.
For y=1.0 with Tc=278 K, a thermally induced phase
¥Electronic mail: shun@maglab.material.tohoku.ac.jp transition occurs around room temperature. Figure 2 shows
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FIG. 1. Room-temperature lattice constanagainst the Curie temperature FIG. 3. Temperature dependence of the relative volume change for the
Te. La(Fey gSig.1213H1.0 cOmpound.

the x-ray diffraction patterns around T for ~ volume coupling constant, respectively. In tRestate, the
La(Fe, gsSip 1913H1 ¢ The diffraction patterns in both thie  contribution of the local magnetic moment to the volume is

and theP states exhibit the NaZgtype structure. The peak dominant, because the thermal spin fluctuations are sup-
positions show a significant shift aroufi¢., and the coex- Ppressed below the Curie temperature. On the other hand, the

istence of peaks in the state with a large volume and tiee  local moment becomes zero in tRestate. In theP state, the
state with a small volume is confirmed at 280 K. Such avolume is dominated by thermal spin fluctuations. The dif-
discontinuous peak shift suggests that a thermally induceterence in volumeAw(Tc) is expressed by the following
first-order phase transition also takes place after hydrogeﬂxpfessmﬂi

absorption. _ 2 2
Figure 3 shows the temperature dependence of the rela- Ao(Te)=kCriME(Te) — £3(Te)}- @)

tive volume change dgtermined from x-ray diffraction pat-For the LdFe,gSiy12)1aH1 o compound, the difference in

terns for the L&Fe geSip101aH10 compound. Due to the yolume between th€ andP states is about 1%. This result

first-order phase transition, the volume is changed disconmeans thaM(T.) becomes smaller angb(Tc) becomes

tinuously atT. . There is a magnetic contribution to the ther- larger with increasing ¢, and hence, the value dfw(T¢)

mal dependence of the volume change, which is called spotkecomes smaller than that of the(Eay geSig 1013 compound

taneous volume magnetostrictiesy. For itinerant electron gfter hydrogen absorption.

magnets,os is expressed by using the local magnetic mo-  Figure 4 shows the magnetization curves as a function of

ment MEET) and the amplitude of thermal spin fluctuations temperature for the L(&e, ggSio 113H; 0 compound around

&T) as Tc. A characteristic S-shaped curve with a hysteresis is ob-
0= kCrd M3(T)+ £4(T)}, (1)  served abov@c. This means that a field-induced first-order

- phase transition also takes place after hydrogen absorption.
where k and C,,,, are the compressibility and the magneto-
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FIG. 2. X-ray diffraction patterns around the Curie temperature for theFIG. 4. Magnetization curves of the (e, geSij 19)13H1.0 cOmpound as a

La(Fe geSip.12)13H1.0 cOmMpound. function of temperature in the vicinity of the Curie temperature.
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0.35 ‘ . . ing temperature, a large value is obtainable in lower
La(Feyg¢Sig 12)13H1.9 magnetic fields, as seen from Fig. 5. Therefore, such a giant
030  T.=278K magnetostriction is expected betweéBnand 284 K in much
lower applied magnetic fields, because the critical field of the
0.25 | IEM transition tends to become zero&g.
S ozl I_n c;onclusion, in order to obtain a giant volume magne-
S tostriction at room temperature, Curie temperatlige was
é 0.15 L adjusted to around room temperature by hydrogen absorp-
) tion. The LdFe,geSip12)13H1 0 compound exhibits a ther-
0.10 L ToTI84K mally induced first-order transition @i.=278 K. By apply-
286 ing a magnetic field abové:, an IEM transition is caused,
0.08 L 288 accompanied by a giant volume change of about 1%. This
volume magnetostriction is isotropic, therefore, one third
0.00 L r L corresponds to the linear magnetostriction. Furthermore, it
0 2 4 6 should be emphasized that no crystallographic structure con-
Magnetic Field (T) trols are necessary in contrast to conventional magnetostric-

FIG. 5. Magnetic-field dependence of the linear magnetostriction parallel t

Jive materials. Consequently, the present compound is a prac-

the magnetic-field direction just above the Curie temperature for thelical one for giant isotropic magnetostrictive materials.
La(Fep gSio.1213H1.0 compound.
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