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Abstract

The thermoelectric power and electrical resistivity of UB4 with three different boron isotope enrichments were
measured in the temperature range from 80 to 300 K. The thermoelectric power of each sample decreased with de-
creasing temperature, but a slight saturation of the decrease due to phonon-drag effect was observed below 120 K for
both boron isotope enriched samples. The resistivity decreased with decreasing temperature and there existed no large
difference among the resistivities of natural boron, boron-10 enriched and boron-11 enriched samples. The figure of
merit for thermoelectricity of UB, was lower by three orders of magnitude than that of well-known thermoelectric

material (Bi, Sb),(Te, Se),. © 2001 Elsevier Science B.V. All rights reserved.

1. Introduction

In the nuclear fuel cycle a large amount of depleted
uranium is discharged. The depleted uranium (99.8% U-
238) cannot be used for nuclear fuel. The utilization of
the depleted uranium is important in the nuclear engi-
neering. Since uranium has 5f-electrons and the largest
atomic number of all naturally occurring elements,
uranium compounds will exhibit interesting properties.
We have been investigating new possibilities of some
uranium compounds such as URu,Si, and U,Ru;Sis as
thermoelectric materials [1]. The compound of UB, is
expected to be a novel thermoelectric material as fol-
lows. In general, materials having large average atomic
number are thought to have enhanced p./xpn (1.: charge
carrier mobility, x,: thermal conductivity due to pho-
nons) [2] as well as a large thermoelectric figure of merit
Z. The thermoelectric figure of merit can be written as

Z = 8%/px, (1)
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where S represents the thermoelectric power, p is the
electrical resistivity and x is the thermal conductivity.
Furthermore the layer structure of UB,4 [3] probably
causes the decrease in the thermal conductivity. Due to
the presence of 5f-electrons, some uranium compounds
are known as heavy fermion compounds in which charge
carrier has a large effective mass at low-temperature.
The large effective mass can enhance the optimum
thermoelectric figure of merit and lead to particularly
large values of the thermoelectric power [4]. Although
UB, is not a heavy fermion compound, the effective
mass of its electrons is expected to be larger than that of
regular alloys [5]. It was observed that the Seebeck co-
efficient increases with decreasing impurity content [6].
An isotope with different mass can be regarded as an
impurity. In this study, the thermoelectric properties of
three kinds of UB, samples, which consist of boron-10,
boron-11 and natural boron, were measured to clarify
the applicability of this material for use as a thermo-
electric material.

2. Experimental
The starting materials, 99.999% pure natural B

powder and 99.98% pure U metal, were mixed and
arc-melted together several times in purified argon
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Table 1

The lattice parameters of samples
Sample a (nm) ¢ (nm)
U"By 0.70771(8) 0.39813(6)
U'""B, 0.70769(8) 0.39810(6)
U'"'B, 0.70778(10) 0.39819(9)
U"B4 [3] 0.70773(2) 0.39816(2)

atmosphere. Isotopic compositions used in this study
were 99.75% boron-10, 99.52% boron-11 and natural
boron. The arc-melted samples were shaped into cylin-
drical rods of about 4 mm in diameter and 20 mm in
length. X-ray diffraction (XRD) indicated the presence
of a single phase for each sample. The lattice parameters
are shown in Table 1 comparing with the other data [3].
Thermoelectric power, S, and electrical resistivity, p,
were measured from 80 to 300 K in vacuum by using the
standard 4-wire method [7].

3. Results and discussion

The temperature dependences of thermoelectric
power for the three UB, samples are shown in Fig. 1.
The values of thermoelectric power decrease with de-
creasing temperature. From the slopes of the tempera-
ture dependence of thermoelectric power (Ax), the Fermi
energy (Er) was deduced using Eq. (2) for each sample.

E]: = L/AOC7 (2)
where L is the Lorenz number [8]. The Fermi energy of

each UB,4 sample was almost the same —1.04 eV. The
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Fig. 1. Thermoelectric power of UB,: () U'"By; (A) U'By;
(d) U"B,.

carrier electron concentration obtained from the Fermi
energy was 4.82 x 102 m—® and indicated metallic
property. Below 120 K, the thermoelectric power for
boron-isotope enriched samples seems to be approxi-
mately constant, suggesting the presence of phonon-
drag thermoelectric power [9,10] caused by the strong
interaction between phonons and electrons. In the case
of UB4 sample prepared from natural B, the slope
change due to phonon-drag was not clearly observed in
Fig. 1. It has been observed for some materials that the
phonon-drag thermoelectric power decreases with in-
creasing impurity content, e.g., the phonon-drag effect of
Au doped with 2.2 mol% Au is one-third that of pure Au
[6]. Natural boron can be considered as boron-11 doped
with 20 mol% boron-10. Therefore the magnitude of the
phonon-drag thermoelectric power was small and was
not clearly observed.

The electrical resistivities of UB, are shown in Fig. 2
as well as those reported by Matterson and Jones [11] for
UB, and Wang and Lee [12] for U metal. The difference
in the electrical resistivity among three UB, samples
seemed to be small. The resistivity of UB, at room
temperature in this study was about an order of mag-
nitude larger than that by Matterson and Jones [11]. The
small temperature dependence of electrical resistivity
also indicated that these samples were metallic.

The thermoelectric figures of merit Z of UB,; ex-
pressed by Eq. (1) were calculated from the thermo-
electric power, electrical resistivity and thermal
conductivity, which was calculated by the Wiedemann—
Franz relation, in this study and the results are shown in
Fig. 3. The thermoelectric figures of merit of three UB,
samples are lower by an order of magnitude than that of
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Fig. 2. Electrical resistivity of UBy4: (A) U'%By; (a) U'By;
(@) U"By; (O) UBy [11]; (------- ) U [12].
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Fig. 3. Thermoelectric figure of merit of UB,: (A) UYBy;
(a) UMBy; (O) U"By; ($) USiysGeys [13]; (—) (Bi,Sb),

(Te, Se), [14].

other uranium compound, e.g., USi;sGe;s [13] and
three orders of magnitude lower than those of well-
known thermoelectric materials (Bi, Sb),(Te, Se); [14].
These poor thermoelectric properties may come from
the metallic properties such as the small thermoelectric
power and the large thermal conductivity.

4. Conclusion

The thermoelectric powers of three samples of UB,
with different isotopic compositions are all about 4-6
pV/K at room temperature and decreased with de-
creasing temperature. Both boron-isotope-enriched
samples showed a small phonon-drag thermoelectric
power below 120 K. It is concluded that uranium tetra-
boride is a poor thermoelectric material due to metallic

properties such as low thermoelectric power and large
electrical resistivity.
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