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Abstract: Ag and Cu filled Chevrel phase M,MogTeg (x=1.0, 2.0) samples were synthesized by direct solid state reaction and spark
plasma sintering. The electrical and thermal properties were investigated in the temperature range of 300—800 K. The results show
that both the electrical and thermal properties are affected by filler atoms. Although the electrical conductivity of M,MogTeg is
slightly higher than that of state-of-the-art thermoelectric material, such as filled skutterudites, the absolute value of Seebeck
coefficient is relatively low. Due to the phonon scattering by the filler atoms, the decrease of the thermal conductivity and the lattice
thermal conductivity is obvious. As a result, the dimensionless figure of merit(Z7) is improved over the whole temperature region.

The highest ZT value is 0.034 at 800 K for the AgMogTeg sample.
Key words: thermoelectric property; Chevrel phase; chalcogenide

1 Introduction

The ideal thermoelectric(TE) materials should have
large Seebeck coefficient(s), and high electrical
conductivity(o) as well as low thermal conductivity(x)
[1-3]. The TE materials could be evaluated by the figure
of merit, ZT, which is defined as ZI'=(o’o/x)T. Many
researches have been focused on materials with special
structures. Skutterudites[4—6], for instance, have cavity
in their cubic structure that can be filled with atoms to
scatter phonons and then reduce the lattice thermal
conductivity. Chevrel phase materials have been studied
mainly for their superconducting properties since 1971.
Similar to the skutterudites, the 3-D framework of
Chevrel phase[7] MogXg (X=S, Se, Te) has channels
made up of interconnected cavities that can be filled with
a wide variety of guest atoms. Therefore, interest in
Chevrel phase materials for thermoelectric applications
is increased. Generally speaking, the traditional Chevrel
phases are molybdenum chalcogenides MogXs (X=S, Se,
Te) that can be classified as binaries (Mo¢Xg), ternaries
(M MogXg), and pseudo-binaries (Mos..M,Xg and
MogXs-,Y,). The unfilled Chevrel phase MogXs is
metallic while the ternaries and the pseudo-binaries can

be realized acting as semiconductors. Recently, the
ternary molybdenum chalcogenides M MogXg (M=Cu,
Ag, Fe, rare earth elements, etc; X=S, Se, Te) have been
studied for use as TE materials[8—10]. A high ZT value
of 0.6 at 1150 K for Cu/FeMo¢Ses was reported in
Ref.[9], which shows the potential thermoelectric
applications of the Chevrel phase materials. However,
little data were provided for the thermoelectric properties
of filled telluride Chevrel phase [11-12].

In the present study, both the electrical and thermal
properties of Cu/Ag filled Chevrel phases (M,MogTes)
were studied in the temperature range of 300—800 K and
the figure of merit, Z7, was evaluated in the same
temperature range.

2 Experimental

Highly pure elements Mo (99.95% pure, powder),
Te (99.9999% pure, powder), Cu (99.95% pure, powder),
Ag (99.9% pure, powder) were used as the starting
materials. The powders were first prepared in the molar
ratio of Mo to Te to M of 6:8:x (x=1.0, 2.0) and
subsequently, they were synthesized in evacuated silica
tubes by the direct solid state reaction method at
800 C for 7d. In order to get homogeneous samples, the

Foundation item: Projects(2007CB607502, 2007CB607503) supported by the National Basic Research Program of China
Corresponding author: CHEN Li-dong; Tel: +86-21-52414804; E-mail: chenlidong@mail.sic.ac.cn

DOI: 10.1016/81003-6326(08)60326-X



SHI Xiao-ya, et al/Trans. Nonferrous Met. Soc. China 19(2009) 642—-645 643

products were ground into fine powders and pressed into
bulks for another 7 d annealing at 650 C in the
evacuated silica tubes. Finally, the products were
prepared using spark plasma sintering (SPS 2040)
between 770 K and 800 K for 5 min under 55 MPa
uniaxial pressure.

The phase composition of the sample was
determined by X-ray diffraction(XRD) analysis (Cu K,).
The electrical conductivity(c) was measured using a
standard four-probe method. The Seebeck coefficient(s)
was determined from slope of the thermoelectromotive
force (AE) vs temperature gradient (0<<AT<<4 K). The
thermal conductivity was measured by a laser flash
technique (NETZSCH LFA427). All these transport
measurements were carried under a flowing Ar
atmosphere from 300 K to 800 K. The Archimedes
method was adopted to measure the relative densities.

3 Results and discussion

3.1 Electrical properties

The powder XRD pattern of the sample at room
temperature shows that single phase filled Chevrel
phases M MogTeg is obtained. For Ag filled compounds,
we only discuss the samples of the nominal x<2.0 since
the main phase is not obtained when x> 2.0. For
comparison, Cu filled M,MosTeg (x=1.0, 2.0) samples
were prepared in this work. The bulk densities of the
samples are all over 98% of the theoretical density.

Table 1 illustrates the sample characterization of
M. MogTes. The lattice thermal conductivity(xi), which
can be estimated by subtracting the carrier contribution
kg via the Wiedemann-Franz law (xg=LoT, where L is
Lorentz number) from the total thermal conductivity,
decreases with increasing filler atoms in both Ag filled
and Cu filled Chevrel phases at room temperature.
Different from the state-of-the-art “PGEC”[1,13]
materials, such as filled skutterudites, the Chevrel phase
shows the opposite trend. The larger and heavier the
filler elements are, the more the phonons scattered from
rattling of the filler atoms in skutterudites would be[5].
However, as shown in Table 1, the lattice thermal
conductivities of the Cu filled samples are much smaller
than those of Ag filled compounds when compared at the
same temperature and the same filling fraction. This is

due to the distinct effect of the filling atoms in the two
series. The atoms in filled skutterudites act as the
scattering center while in Chevrel phase the filling atoms
bond with tellurium (M—Te). Fig.1(a) shows the 3-D
framework of MogTeg units and Fig.1(b) shows the 3-D
framework of MogTeg units connected by intercluster
Mo—Te bonds. Cu/Ag atoms separate the MogTeg units
in adjacent sheets. It is found that the filler atoms are not
in the center of the units but at the channel between the
MogTeg units, which coordinates Ag/Cu by Te.
Furthermore, M—Te bonding by S—P hybrid in Ag
filled Chevrel phase is much stronger than that in Cu
filled Chevrel phase. As a result, Cu atoms are relatively
active in the structure, which reduces the stability of the
structure and causes the atoms “rattling”, like filled
skutterudites. In this case, the mass effect is not so
obvious in the Chevrel phase materials.

Fig.1 Crystal structures of MogTeg (a) and Ag/Cu filled crystal
structure of M,MogTeg (b)

Fig.2 shows the temperature dependence of
electrical conductivity for all the samples as well as the
data of Mo;Te,, reported by KUROSAKI et al[14]. The
electrical conductivities of the composites exhibit
metallic property, decreasing gradually with the rising
temperature from room temperature to 800 K. The filler
atoms increase the electrical conductivities of the matrix
in this temperature range for both Ag filled and Cu filled
series. For Ag filled samples, when the filling fraction is
small, the electrical conductivity changes slightly with
the temperature just like the trend of the matrix. However,
the electrical conductivity decreases obviously when

Table 1 Chemical composition and physical parameters for M,MogTeg at room temperature

Nominal Impurity Relative s/ ol L/ x/ K/
composition phase density/% (uV-K™ 10°sm™)  (10*V*K?H)  (Wm'K"H) (Wm'K"
AgMogTeg None 98.1 1.71 1.75 2.40 4.09 2.82
AgrMogTeg None 99.2 2.51 2.33 2.40 4.11 2.44
CuMnogTeg None 98.5 -5.25 2.23 2.40 3.72 2.11
Cu,MogTeg None 98.0 —4.49 2.73 2.40 3.21 1.25
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Fig.2 Temperature dependence of electrical conductivity for Ag
and Cu filled M,MogTeg

adding two Ag atoms into MogTeg The -electrical
conductivity of Cu filled compound decreases much
faster compared with the matrix Mos;Te, below 600 K,
while it changes to a nearly flat line when the
temperature goes higher. We consider it may be caused
by the balance of the filler atoms. The fully filled
Chevrel phase is supposed to have four atom channels.
However, we cannot get pure compounds when x>2.0
and the fully filled Chevrel phase should be
thermodynamically unstable one. So, at the relatively
low temperature (around room temperature), the filler
atoms are stable. The filler atoms get excited with the
rising temperature, and reach the best position and the
balance in the structure. Finally, at the high temperature
(above 600 K), the property trace of the filled Chevrel
phase and the matrix are alike

Fig.3 shows the temperature dependence of Seebeck
coefficient for all the samples. The matrix and Ag filled
compounds perform p-type properties and the values
increase with increasing temperature. The Seebeck
coefficient of Ag,MosTeg samples has larger value than
that of Mos;Te; in almost all temperature range.
Meanwhile, AgMogTeg has larger Seebeck coefficient
than Ag,MogTeg. This is because Ag,MogTeg possesses
higher carrier concentration than AgMogTes as we
mentioned above in Fig.2. Unexpectedly, the Seebeck
coefficient values of Cu filled samples go from negative
to positive that could be found in some intrinsic
semiconductors. It is suggested that the weak S—P
hybrid of Cu—Te makes it sensitive by adding electron
from Cu into the structure. As a result, the Seebeck
coefficient has a change of p-type to n-type.

3.2 Thermal properties and figure of merit ZT

The thermal conductivities of all the samples
studied increase as the temperature increases (Fig.4). It is
obvious that the filler elements indeed reduce the thermal
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Fig.3 Temperature dependence of Seebeck coefficient for
MXMO(,Teg
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Fig.4 Temperature dependence of thermal conductivity for
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conductivity. The more the amount of the filler atoms are,
the more the thermal conductivity will be reduced. Cu
filled system has much lower thermal conductivity than
Ag filled sample. It can be explained by the influence of
Cu atoms on the weak bonding with the structure of the
Chevrel phases, in which phonons are greatly scattered
by the filler atoms. As a result, the thermal conductivity
is lowered greatly (as listed in Table 1). Around 600 K,
there is an inflexion of thermal conductivity for
Cu,MogTeg, which agrees well with the results shown in
the electrical conductivities above.

The thermoelectric figure of merit is calculated
from the measured o, s, and «. Fig.5 shows ZT values for
all the samples. Ag filled Chevrel phases reach much
higher ZT in the temperature range while Cu filled
samples start with low Z7 value and rise to about 0.025
at 800 K for Cu,MogTeg. The largest figure of merit
reaches 0.034 at 800 K for AgMogTes.
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Fig.5 Temperature dependence of ZT value for M, MogTeg
4 Conclusions

1) Chevrel phases M,MogTes (M=Ag, Cu) were
synthesized and the thermoelectric properties were
evaluated in the temperature range from room
temperature (about 300 K) to about 800 K. The filling of
Ag/Cu increases the electrical conductivity and Seebeck
coefficient. By scattering the phonons, the lattice thermal
conductivity decreases. Thus, the figure of merit, ZT
value, rises to 0.034 at 800 K.

2) Different S—P hybrids between filler atom and
Te influence a lot on the physical properties. The weak
bonding (Cu—Te) results in a larger electrical conduc-
tivity while lower Seebeck coefficient and thermal
conductivity. The strong bonding (Ag— Te) causes
relatively lower electrical conductivity but higher
Seebeck coefficient and thermal conductivity.

3) Finally, the ZT values of M,MosTeg (M=Ag, Cu)
are extremely lower than those of the state-of-the-art
thermoelectric materials. In order to further optimize the
performance of the Chevrel phase materials, more
emphasis should be put on the electrical properties
through changing the carrier concentration.
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