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Thermoelectric Properties of Y,Mo0,0;,-based Pyrochlore Solid Solutions
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As an attempt to search new n-type thermoelectric oxides, the Seebeck coefficient and the
electrical conductivity of Y,Mo,07-based solid solutions were measured in a temperature
range from 300 to 1100K. Y’ was partly substituted with Ca®" and La>*, and Mo*" was

partly substituted with Ti*".

All the samples showed n-type semiconductivity.

Substitution of a part of Y*>* with Ca* increased both the Seebeck coefficient and the

electrical conductivity.

The highest power factor obtained was 23 x 10® W/mK?2.
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1. INTRODUCTION

Oxides of pyrochlore-type structure, expressed as
AB,0;, are attracting aftention as promising
thermoelectric materials.  One of the reasons is that the
arrangements of A and B ions are those of “Kagome”
structure which may cause spin frustration of electron
leading to an enhancement of the Seebeck coefficient.

Although magnetic properties of pyrochlore-type
oxides have been studied extensively, studies of
thermoelectric properties have been scarce [1-3].
Subramanian et al. [1] measured the Seebeck coefficient
and the electrical conductivity of a series of Ln,Mo,05
(Ln = Sm-Yb, Y) compounds and showed that some of
those have the Seebeck coefficients ranging from about
-2 to -35 pV/K in a temperature range from 77 to 800 K
with the electrical resistivity of several mQcm.  Iikubo
et al. [2] reported that the Seebeck coefficient of
Y,..Nd,Mo,0, pyrochlores lies in a range from 0 to -25
puV/K below 300 K.  Zhou et al. [3] reported that
Ln,,Bi,Ru,07 (Ln = Nd and Yb) solid solutions showed
the Seebeck coefficients ranging from 20 to 40 uV/K, the
electrical resistivity ranging from 1 to 3 mQcm, and the
highest power factor was 0.8 x 10 W/mK? at 1000K.

The thermoelectric properties cited above seem to be
insufficient for practical use; the Seebeck coefficient has
to be increased and the electrical conductivity has to be
enhanced.  In order to increase the Seebeck coefficient,
a dilution of carrier concentration should be the first
measure. For the enhancement of the electrical
conductivity of pyrochlore compounds, an incorporation
of large A cation is effective [1, 2, 4] probably because
the expansion of the unit cell straighten the B-O-B
bonding angle, by which the mobility of the carrier may
increase.

Compared with the higher performance of p-type
thermoelectric oxides, better n-type thermoelectric oxides
have to be searched.

In the present work, starting from an n-type
thermoelectric oxide, Y,Mo0,0;, we attempted to improve
its performance through ionic substitution to enhance
both the Seebeck coefficient and the electrical
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conductivity. In Y,Mo,0, the electronic carrier
originates from 4d electrons in Mo* [1].

2. EXPERIMENTAL
2.1 Sample preparation

The compositions investigated in this work were
Yz_xLaXM02O7 (X = (.1 and 02), Yz_xCaxM0207 (X = (.1
and 0.2), and Y,Mo,,Ti,O7 (x = 0.1 and 0.2).

The sintered samples were prepared according to Sato
and Greedan [4]. Pertinent amounts of Y,0;, La,0s,
CaCQO;, M0O,, and TiO, (all analytical grade purity) were
mixed, pressed into pellets at a pressure of 200MPa.
The pellets were reaction-sintered at 1723 K for 6 hours
in a flow of CO,/CO (1:1) mixed gas.

2.2 Characterization

X-ray diffraction analysis was conducted using CuKa
radiation. Seebeck coefficient and the electrical
conductivity were measured in a temperature range from
350 to 1100 K in an Argon atmosphere.

3. RESULTS AND DISCUSSION

All the samples were single-phased solid solutions
without any trace of impurity phases as examined by the
X-ray diffraction, indicating that the ionic substitution
was completed in the present composition range.  Since
the bulk density of the samples was around 60 - 65 %,
independent on the composition, the effect of the bulk
density on the electrical conductivity may be neglected.

Fig. 1 shows the temperature dependence of the
Seebeck coefficient, the electrical conductivity and the
power factor of Y,,La,Mo,0; solid solutions.  The
Seebeck coefficient was not affected by the incorporation
of La®", while the electrical conductivity increased with
increasing La>" content.  Since the ionic radius of La*"
in 8-fold coordinated site (130 pm) is larger than that of
Y*" (116 pm), the incorporation of La’" resulted in an
increase in the electrical conductivity. It has been
demonstrated that an increase in La** content in
Y,..La.Mo,0; solid solutions expands the unit cell [5].

Fig. 2 shows the temperature dependence of the
Secbeck coefficient, the electrical conductivity and the
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Fig. 1  Temperature dependence of (a) the

Seebeck coefficient, (b) the electrical conductivity
and (c) the power factor of Y,,LaMo,0O; solid
solutions.
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Fig. 2 Temperature dependence of (a) the

Seebeck coefficient, (b) the electrical conductivity
and (c) the power factor of Y,,.Ca,Mo,0; solid
solutions.
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power factor of Y,.,CaMo0,0; solid solutions. In the
temperature range from 500 to 800 K, both the
thermopower (the absolute value of the Seebeck
coefficient) and the electrical conductivity increased.

The increase in the thermopower may be attributed to
the decrease in the carrier concentration as follows; an
incorporation of Ca®" at an expense of Y>* may require
the creation of Mo®* at an expense of Mo*" to maintain
the charge neutrality, and the an increase in the number of
Mo’* concentration means a decrease in the number of
the available 4d electrons as charge carriers.

In spite of the consideration of a decrease in the
carrier concentration, the electrical conductivity was not
deteriorated.  That would be attributed to the expansion
of the unit cell as large Ca® jon (126 pm) substitutes for
Y* ion.

As a result of the increases in both the thermopowerr
and the electrical conductivity, the power factor increased
largely as shown in the figure (c).  The highest power
factor was 23 x 10 W/mK? between 500 and 700 K.

Fig. 3 shows the temperature dependence of the
Seebeck coefficient, the electrical conductivity and the
power factor of Y,Mo,,Ti,O; solid solutions. By
substituting Ti*" with no d electron for Mo*', we aimed
the decrease in the carrier concentration. As we
expected, the thermopower increased with increasing Ti*
content. However, the electrical conductivity was
accordingly deteriorated. As the result, the power
factor did not increase very much because of a drastic
decrease in the electrical conductivity.

Consequently, in Y,Mo,07-based pyrochlore solid
solutions, it was found to be possible to increase both the
absolute value of the Seebeck coefficient thermopower
and the electrical conductivity at the same time by
substituting a part of Y*>" with an ion having a larger size
and a lower valence. As an example, a partial
substitution of Y** with Ca* was an effective measure.

The highest power factor obtained in this work,
however, was still smaller than that reported by Zhou et
al. for Ln,,Bi,Ru,O; pyrochlores, mainly because of the
low electrical conductivity. ~ The optimization of the
composition and the increase in the bulk density should
lead to better n-type thermoeclectric pyrochlore-type
oxides.

4. SUMMARY

(1) Y,Mo,0;-based pyrochlore-type solid solutions were
n-type semiconductors.

(2) The incorporation of larger A site ions than Y** (Ca*
and La*") increased the electrical conductivity.

(3) The incorporation of ions that may decrease the
carrier concentration (Ca®* for Y** and Ti** for Mo*")
increased the thermopower.

(4) The incorporation of Ca®* for a part of Y*" improved
both the thermopower and the electrical conductivity.
As the result, the highest power factor was obtained for
Y 5Cag,Mo0,05, being 23 x 10 W/mK? between 500 and
700K.
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Fig. 3 Temperature dependence of (a) the

Seebeck coefficient, (b) the electrical conductivity
and (c) the power factor of Y,Mo,,Ti,O; solid
solutions.
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