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Abstract

The new possibility of uranium noble metal silicides for thermoelectric materials was investigated by the analogy
with transition-metal silicides having good thermoelectric power. The Seebeck coefficient and electrical resistivity of
URu,Si, and U,Ru;Sis were measured in the temperature range from 300 to 1100 K and Hall coefficient at room
temperature. The Seebeck coefficients of URu,Si, and U,Ru;Sis were obtained to be —48.9 and —32.8 pV K~ at 1100
K, respectively. The temperature dependences of the electrical resistivities for URu,Si, and U,Ru;3Sis were small, which
are similar to that of uranium metal rather than that of silicon semiconductor. As thermoelectric materials for high
temperatures, URu,Si, and U,Ru;Sis were thought to be not promising. © 2001 Elsevier Science B.V. All rights re-

served.

1. Introduction

In the nuclear fuel cycle a large amount of depleted
uranium and some fission-produced noble metals, such
as Ru, Pd and Rh, are discharged. The noble metals are
valuable and important in many areas. The number of
nuclear power plants is large, and consequently the
amount of fission-produced noble metals is large and
becomes comparable to that of national resources of the
world. Although some of these reactor-produced noble
metals have radioactivity, they will become non-radio-
active after about 50 years. The depleted uranium can-
not be used for nuclear fuel, but uranium is an
interesting element with Sf-electrons and the largest
atomic number of the naturally occurring elements. In
general, compounds with large average atomic number
are thought to have enhanced p. /i, (1.: charge carrier
mobility, x,n: thermal conductivity due to phonon) [1] as
well as high dimensionless thermoelectric figures of
merit ZT (ZT = S?T/px, S: Seebeck coefficient, T: ab-
solute temperature, p: electrical resistivity, x: thermal
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conductivity). Average atomic numbers of URu,Si, and
U,Ru;Sis are 99.27 and 91.97, respectively. From the
presence Sf-electrons, some uranium compounds are
known as the heavy fermion compounds which have a
large effective mass of electron or hole at low tempera-
ture. The large effective mass of charge carriers can also
give large Seebeck coeflicient values [2] and thus large
optimum thermoelectric figures of merit. The effective
masses of charge carriers in URu,Si, and U,Ru;Sis are
25-140 times larger than those in non-heavy fermion
compounds [3-5]. The Seebeck coefficients and electrical
resistivities of URu,Si, and U,Ru;Sis have been only
measured at low temperatures [5-10]. The compounds
URu,Si, and U,Ru;Sis are thought to be similar to the
transition-metal silicides which have high melting points
and good electric properties. In this study, the thermo-
electric properties of URu,Si, and U,Ru;Sis were
measured to clarify their applicability for use as ther-
moelectric materials.

2. Experimental
The starting materials, Si powder (purity: 99.999%)

and Ru powder (purity: 99.9%), were mixed in the de-
sired molar ratio and cold-pressed into a pellet at
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400 kg cm™. This pellet and a uranium piece (purity:
99.98%) were arc-melted together several times in puri-
fied argon atmosphere, and then annealed in an evacu-
ated quartz tube at 1173 K for one week (URu,Si,) and
at 1073 K for two weeks (U,Ru;Sis). The arc-melted
samples were shaped into a cylindrical rod of about
5 mm in diameter and 25 mm in length. X-ray diffraction
(XRD) indicated the presence of a single phase for each
sample. The Seebeck coefficient, S, and the electrical
resistivity, p, were measured in the range from 300 to
1100 K at a pressure of 107 Pa of air. A Pt/Rh-Pt
thermocouple was attached on each end of the sample
rod, and another two Pt wire electrodes were placed
between them in the standard 4-wire arrangement. The
Hall effects were measured at room temperature in a
magnetic field up to 3 T.

3. Results and discussion

The temperature dependences of the Seebeck coeffi-
cients for URu,Si, and U,Ru;Sis are shown in Fig. 1,
indicating that both samples are n-type semiconductors.
The values of the Seebeck coefficients of URu,Si, and
U,Ru;Sis increase with temperature and reach —48.9
and -32.8 V K™' at 1100 K, respectively. The Seebeck
coefficient of URu,Si, is larger than that of U,Ru;Sis at
all temperatures. The Fermi energies of URu,Si, and
U,Ru;Sis were calculated from the slope of the tem-
perature dependence of the Seebeck coefficient. The
Fermi energy of URu,Si, thus obtained was 0.79 eV and
at least 10 times larger than that obtained previously for
URu,Si, at low temperatures [11]. The measured Fermi
energy of U,Ru;Sis was 0.71 eV. These large Fermi
energies show that the effective mass is not large. Since
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Fig. 1. Seebeck coefficients of URu,Si, and U,Ru;Sis:
(m) UR,,Siz; (o) UR,Ru;Sis.

the large effective mass is caused by an enormous elec-
tronic density of states at the Fermi level due to strong
electronic interactions, the enhancement of the elec-
tronic interactions in URu,Si, and U,Ru;3Sis seems not
to appear from the present result. The electrical resis-
tivities of URu,Si, and U,Ru;Sis are shown in Fig. 2
together with those of the Si and U [12]. The electrical
resistivities of URu,Si, and U,Ru;Sis have almost the
same value, about 2.0 x 107> Q m regardless of tem-
peratures. This small temperature dependence is similar
to that of uranium rather than silicon semiconductor.
The small temperature dependence of the electrical re-
sistivity and the low Seebeck coefficient of URu,Si, and
U,Ru;Sis indicate that these samples are metallic. The
thermal conductivity x was calculated by the following
Wiedemann—-Franz relation:

K=LT/p, (1)

where L is the Lorenz number.

The values of the dimensionless thermoelectric figure
of merit, ZT of URu,Si, and U,Ru;Sis were 0.098 and
0.043 at 1100 K, respectively, based on the Seebeck co-
efficient S in Fig. 1, electrical resistivity in Fig. 2 and
thermal conductivity calculated from Eq. (1). The values
of ZT for URu,Si, and U,Ru;Sis are shown in Fig. 3 as
a function of temperature, and these are small compared
to other thermoelectric materials.

From the measurement of the Hall coefficient by
Onuki et al. [8], the carrier concentration of URu,Si, at
room temperature was estimated to be 1 x 102 m=3.
The Hall mobility u of URu,Si, was also calculated to
be 1.9 x 107 m? V! 57! from the present electrical re-
sistivity data and the relation u = Ry /p [8], where Ry is
the Hall coefficient. The Hall coefficient and the carrier
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Fig. 2. Electrical resistivities of URu,Si, and U,Ru;Sis:
(W) URW,Si: (o) UpRusSis; (——) U [12]; (————-) Si [12]
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Fig. 3. Dimensionless figure of merit: (m) URu,Siy;
(o) UzRU}Sis.

concentration of U,Ru;Sis can be expected to be similar
to those of URu,Si, because of the similar values and
tendencies of electrical resistivities of the two materials,
seen in Fig. 2. The carrier concentrations of URu,Si,
and U,Ru;Sis obtained in this study were so large that
the Seebeck coefficient was small.

4. Conclusion

The thermoelectrical properties of uranium-rutheni-
um-silicon compounds, URu,Si, and U,Ru;Sis, were
studied. The Seebeck coefficient of URu,Si, which was
about —24 pV K ! and decreased to about —49 pV K,
was larger than that of U,Ru;Si5, —6 pVv K! at room
temperature and —33 uV K~! at 1100 K. The electrical
resistivities of URu,Si, and U,Ru3Sis were similar and
exhibited a metallic behavior. The values of dimen-
sionless thermoelectric figure of merit of URu,Si, and
U,Ru;Sis were 0.098 and 0.043 at 1100 K, respectively.
The uranium-ruthenium-silicon compounds, such as

URu,Si, and U,Ru;Sis, showed poor thermoelectric
properties above room temperature.
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