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Thermoelectric properties of�-BaCu2S2
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Abstract

A polycrystalline sintered sample of�-BaCu2S2 with a natural superlattice structure was prepared by solid-state reactions. The thermal
diffusivity and heat capacity were measured from room temperature to about 850 K. The thermal conductivity was evaluated from the thermal
diffusivity and heat capacity. The value at room temperature is 0.86 W m−1 K−1. Using the data of the electrical resistivity and the Seebeck
coefficient obtained in a previous study, the dimensionless figure of meritZTof �-BaCu2S2 was evaluated. TheZT increases with increasing
temperature and reaches 0.17 at 820 K.
© 2004 Elsevier B.V. All rights reserved.
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. Introduction

The effectiveness of a material for thermoelectric applica-
ions is determined by the dimensionless figure of meritZT
see for example,[1]), whereT is the absolute temperature
ndZ = (S2σ)/κ (S is the Seebeck coefficient,σ is the elec-

rical conductivity, andκ is the thermal conductivity). The
lectrical properties are determined by the power factorP,
efined here asP = S2σ or S2/ρ, whereρ is the electrical
esistivity. To be a good thermoelectric material, it is neces-
ary to have large power factor and low thermal conductivity.
n our group, thermoelectric properties of various materials
uch as a molybdenum telluride with Chevrel phase[2,3],
hallium telluride[4,5], rare earth copper oxide[6,7] have
een studied to discover highZTmaterials.

In our previous study[8], the electrical resistivity and
eebeck coefficient of�-BaCu2S2 have been reported. The
-BaCu2S2 has a unique crystal structure, in which, Cu2S2

ayers are sandwiched by Ba sheets[9,10] like a natural su-
erlattice structure. We have discovered that�-BaCu2S2 has
moderate power factor (Pmax = 1.53× 10−4 W m−1 K−2

layered structure, it is supposed that the thermal conduc
is relatively low. However, there is no data about the the
transport properties of�-BaCu2S2.

In the present study, the�-BaCu2S2 compound is prepare
by solid-state reactions. The heat capacity and thermal
sivity are measured and the thermal conductivity is evalu
Using the data of the power factor reported in our prev
study, the dimensionless figure of meritZTof �-BaCu2S2 is
evaluated. The possibility of the compound as the the
electric materials is studied.

2. Experimental

The polycrystalline sintered sample of�-BaCu2S2 was
prepared by a solid-state reaction. The appropriate rati
BaS and Cu2S as the starting materials were mixed and se
in a quartz ampoule, and then the mixture was grad
heated to 1173 K and annealed for 48 h. After that, the p
uct was cooled slowly to 973 K and the� phase was obtaine
t around 700 K)[8]. Since the�-BaCu2S2 compound has
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by quenching from 973 K to room temperature. The obtained
sample was pressed into pellets for the measurement. The
density of the samples was calculated from the measured
weight and dimension. The crystal structure was analyzed
by a powder X-ray diffraction method at room temperature
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using Cu K� radiation. The chemical composition was deter-
mined by an EDX analysis. The heat capacity of�-BaCu2S2
was measured in a differential scanning calorimeter (DSC,
ULVAC), in the temperature range from room temperature
to about 850 K. The apparatus has a “triple-cell” system and
an adiabatic temperature control system, which was origi-
nally developed by Takahashi et al.[11]. The principle of the
apparatus is briefly summarized in the literature[12]. The
measurement was carried out in high purity argon (99.999%)
atmosphere with a flow rate of 100 ml/min. In order to check
the accuracy of the apparatus, the heat capacity of�-Al2O3
was measured. The thermal diffusivity of�-BaCu2S2 was
measured by a laser flash method from room temperature
to about 850 K in vacuum (10−4 Pa) by using TC-7000 (UL-
VAC). The thermal diffusivity at the temperatures considered
during the heating process was checked during the cooling
cycle. The thermal conductivity was calculated from the ther-
mal diffusivity α, heat capacityCP, and densityρ, using the
following standard expression:

κ = αCPρ

3. Results and discussion
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Fig. 1. Relationship between the electrical conductivityσ and Seebeck co-
efficientSof �-BaCu2S2 and other materials[1,14].

tor is required to have an order of magnitude (W m−1 K−2)
of about 10−3 for materials used in current devices. The
values of the power factor of�-BaCu2S2 reach an order of
magnitude of 10−4. The maximum value of the power factor
is 1.53× 10−4 W m−1 K−2 at around 700 K. This low value
of the power factor is due to the high electrical resistivity.

Fig. 2 shows the temperature dependence of the heat ca-
pacity of�-BaCu2S2 measured in the DSC. In the tempera-
ture range between 300 and 900 K, the empirical equation for
theCP of �-BaCu2S2 is determined from the experimental
data as follows:

CP (J K−1 mol−1) = 132+ 2.95× 10−2T − 3.92× 105

T 2

The thermal diffusivity of�-BaCu2S2 was measured by
the laser flash method, and the thermal conductivity was eval-
uated.Fig. 3 shows the temperature dependence of thermal
conductivity of�-BaCu2S2, together with the data of other
From the X-ray diffraction pattern of the sample, it is c
rmed that a single phase sample of�-BaCu2S2 with the
pace groupI4/mmmis obtained[8]. The lattice paramete
f �-BaCu2S2 evaluated from the X-ray diffraction patte
re shown inTable 1; they agree well with literature data[13].
he bulk density of the sample is about 93% of the theore
ensity.

Fig. 1 shows the relationship between the electr
onductivity σ and the Seebeck coefficientS, togethe
etermining the power factorS2σ. In Fig. 1, the val-
es for state-of-the-art thermoelectric materials suc
GeTe)1−x(AgSbTe2)x “TAGS” and sintered Bi2Te3 are also
hown for comparison[1,14]. It is known that the power fa

able 1
ample characteristics and physical properties of�-BaCu2S2

attice parameters at room temperature (nm)
a 0.391
c 1.265

heoretical density (g cm−3) 5.63

ample bulk density
g cm−3 5.24
T.D. (%) 93

eat capacity,CP = a + bT+ c/T2 (J K−1 mol−1)
a 132
b 2.95× 10−2

c −3.92× 105

hermal conductivity at room temperature,
κ (W m−1 K−1)

0.86

aximumZT, ZTmax 0.17 (at 820 K

Fig. 2. Temperature dependence of the heat capacity of�-BaCu2S2.
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Fig. 3. Temperature dependence of the thermal conductivity of�-BaCu2S2

and other substances[1,14].

substances[1,14]. To be a good thermoelectric material, it is
necessary to have a low thermal conductivity. The thermal
conductivity of�-BaCu2S2 is lower than those of state-of-
the-art thermoelectric materials. The value at room tempera-
ture is 0.86 W m−1 K−1. This low thermal conductivity is due
to the naturally layered structure of�-BaCu2S2. The thermal
conductivity decreases with increasing temperature, showing
typical phonon conduction characteristics.

It is well known that the total thermal conductivityκtotal
of solids can be written as follows:

κtotal = κlat + κel + · · ·
where κlat is the lattice contribution andκel is the
electronic contribution.κel can be calculated using the
Wiedemann–Franz–Lorenz relation:

κel = LσT

whereL is the Lorenz number,σ is the electrical conduc-
tivity, andT is the absolute temperature.κlat is obtained by

Fig. 5. Temperature dependence of the dimensionless figure of merit,ZTof
�-BaCu2S2 and other substances[1,14,15].

subtractingκel from κtotal. The variations ofκtotal andκel of
�-BaCu2S2 with temperature are shown inFig. 4. The κel
is extremely low compared withκtotal. It is found that the
majority of thermal conductivity of�-BaCu2S2 consists of
lattice contribution.

The dimensionless figure of meritZTof �-BaCu2S2 was
evaluated by using the data of the electrical resistivity, See-
beck coefficient, and thermal conductivity. The temperature
dependence ofZT of �-BaCu2S2 is shown inFig. 5, to-
gether with the data of state-of-the-art thermoelectric materi-
als[1,14,15]. TheZTof �-BaCu2S2 increases with increasing
temperature, and reaches a maximum value of 0.17 at 820 K.
It is confirmed that�-BaCu2S2 has a potential for thermo-
electric application. In order to enhance the thermoelectric
performance of the material, it is necessary to optimize the
carrier density. Now, we are trying to increase the electrical
conductivity by doping with other elements. The result will
be reported in the near future.

4. Conclusion

Polycrystalline sintered�-BaCu2S2 was prepared and the
thermal properties were measured from room temperature
to 850 K. The thermoelectric properties of�-BaCu2S2 were
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Fig. 4. Temperature dependence ofκtotal andκel of �-BaCu2S2.
valuated. A dense sample with 93% of the theoretical de
as obtained in this study. The empirical equation for thCP
f �-BaCu2S2 is determined from the experimental data

ollows:

P (J K−1 mol−1) = 132+ 2.95× 10−2T − 3.92× 105

T 2

The thermal conductivity of�-BaCu2S2 is relatively low
nd the value at room temperature is 0.86 W m−1 K−1. The
Tof �-BaCu2S2 increases with increasing temperature.
aximum value of theZT is obtained as 0.17 at 820 K.
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