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Abstract

In this paper, the magnetostriction of b, .Fe, compounds was investigated using a standard strain gauge technique, and the intrinsic
magnetostriction of C&b,_,Fe, compounds was derived from fitting the (4 4 0) peak of the X-ray diffraction pattern. It is found that the
magnetostriction of C&b;_.Fe, compounds decreases slowly with increasing Ce content at low Ce content, while decreases sharply at high
Ce content. X-ray diffraction analysis shows that the intrinsic magnetostriction decreases with the Ce concentration incregbig,ifeze
compounds, and the Ce ion contributes to the magnetostriction.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction 2. Experiment

The cubic Laves-phase compounds RBghere R =rare Theingots of CeTh;_Fe (x=0.0-0.8) were prepared by
earth) have attracted a great deal of attention because of theiarc melting the appropriate amounts of Fe (purity better than
large magnetostriction at room temperat{tte4]. Among 99.9 wt.%) and rare earth (99.95 wt.%) under a purified-argon

them, the compounds of Thfand SmFeg are well known atmosphere. The as-cast ingots were wrapped in tantalum
as the giant magnetostrictive materials. However, accordingfoils and vacuum annealed for a week at 880in sealed

to the single-ion model, Cek@nd PrFe compounds have  quartz capsules.

larger magnetostriction than Thf-and SmFgat 0 K[5]. But X-ray diffraction measurements on powder samples were
the magnetostriction of Ceg@nly shows 60ppm at 4.2K.  performed using Cu K radiation to identify the phase purity.
The great difference between theory and experiment is due toThe magnetostrictiorA =1 ,, — 1 ) was measured atroom
the mix-valence behavior of Ce ions. Many studies have beentemperature by a standard strain gauge technique. The in-
done on the compounds with Ce. The experimental resultstrinsic magnetostriction of the compounds was derived from
show that the Ce ion has the transition tendency from local- fitting the (4 4 0) peak of the X-ray diffraction pattern, and
ized state to delocalized state in some intermetalbes]. calculated fromk1 1 1=(1 — singp)/sinf1, whered; ando, are

In order to identify the contribution of Ce ion to the magne- the Bragg angles.

tostriction, the magnetostriction and intrinsic magnetostric-

tion A1 11 of Ce, Thy_Fe compounds were investigated in

this work. 3. Results and discussion

X-ray patterns for C€lb;_Fe» with the different Ce con-
centrations are shown iRig. L It can be seen that the cu-

* Corresponding author. Tel.: +86 22 26582214; fax: +86 22 26582944, biC Laves (MgCy) structure is maintained for G€b;_ Fe
E-mail address: admat@jsmail.hebut.edu.cn (Y.X. Li). throughout the alloy series.
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Fig. 1. X-ray patterns for G&b;_Fe, with the different Ce concentration.

Fig. 2 shows the magnetic-field dependence of the mag-
netostriction for Cerb;_,Fe& compounds at room temper-
ature. It can be seen froffig. 2 that the magnetostriction
of Ce, Th1_,Fe compounds decreases slowly with increas-
ing Ce content when < 0.4, while decreases sharply when
x>0.4. It can be attributed to the change of Ce ion valence
toward trivalencd8].

Because the powder of the (Jd;_,Feo compounds with
high Ce concentration is oxygenated easily in the atmo-
sphere, only the (440) X-ray reflection of the compounds
with x < 0.4 were obtained in our studyig. 3shows the ob-
served and calculated profiles for the (4 4 0) X-ray reflection
of Ce,Thy_,Fe alloys. The two broken lines represent two
separate diffracted,142 profiles reflected from two sepa-
rate lattices. It can be seen that the intrinsic magnetostric-
tion A1 1 1 of Ce,Thy_,Fe& compounds decrease from 2455
(x=0.1) to 1815 £=0.3) with increasing Ce concentration.
Many experiments show that the intrinsic magnetostriction
A1 1 10f RFe is provided by R ions and the intrinsic magne-
tostriction 1 1 1 of polycrystalline TbFe is 2629 ppm. As-
suming that the intrinsic magnetostrictian 1 1 of TbFe is
directly proportion to Th concentration, the magnetostriction
provided by Tb ions in C&b;_,Fe will also decrease by
10% (263 ppm) when Tb concentrations decrease by 10%,
and Tb ions contribute 2366 ppm to the magnetostriction of
Cep.1Tho.oFe& compound. Wheredsig. 3shows that the in-
trinsic magnetostrictiorh; 1 1 of Cey 1Thg gFe& compound
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Fig. 2. Magnetostriction of G&b;_Fe as function of magnetic field at
room temperature.
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Fig. 3. Observed (square) and calculated (solid line) profiles for the (4 4 0)
X-ray reflection of CgTh;_Fe, compounds. (ax=0.1 (b) x=0.2 (c)
x=0.3.
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