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Abstract

A polycrystalline sintered sample @fBaCuS, 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 therma
diffusivity and heat capacity. The value at room temperature is 0.86Ym'. Using the data of the electrical resistivity and the Seebeck
coefficient obtained in a previous study, the dimensionless figure of Aedf B-BaCwS, was evaluated. ThET increases with increasing
temperature and reaches 0.17 at 820 K.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction layered structure, it is supposed that the thermal conductivity
is relatively low. However, there is no data about the thermal
The effectiveness of a material for thermoelectric applica- transport properties @-BaCwS,.

tions is determined by the dimensionless figure of méfit Inthe present study, tiieBaCw S, compound is prepared
(see for examplg1]), whereT is the absolute temperature by solid-state reactions. The heat capacity and thermal diffu-
andZ = (Fo)/k (Sis the Seebeck coefficient, is the elec- sivity are measured and the thermal conductivity is evaluated.

trical conductivity, andc is the thermal conductivity). The  Using the data of the power factor reported in our previous
electrical properties are determined by the power faBtor  study, the dimensionless figure of metit of 3-BaCwpS, is
defined here aP = S0 or $/p, wherep is the electrical evaluated. The possibility of the compound as the thermo-
resistivity. To be a good thermoelectric material, it is neces- electric materials is studied.

sary to have large power factor and low thermal conductivity.
In our group, thermoelectric properties of various materials
such as a molybdenum telluride with Chevrel phfs8],
thallium telluride[4,5], rare earth copper oxid@,7] have
been studied to discover higiT materials.

In our previous study8], the electrical resistivity and
Seebeck coefficient @-BaCwS, have been reported. The
B-BaCuy$S; has a unique crystal structure, in which, Spl
layers are sandwiched by Ba shef®4.0] like a natural su-
perlattice structure. We have discovered gr&8aCupS, has
a moderate power factoPfay = 1.53 x 1004Wm~—1K—2
at around 700K]J8]. Since theB-BaCwpS, compound has

2. Experimental

The polycrystalline sintered sample pfBaCupS, was
prepared by a solid-state reaction. The appropriate ratios of
BaS and CpS as the starting materials were mixed and sealed
in a quartz ampoule, and then the mixture was gradually
heated to 1173 K and annealed for 48 h. After that, the prod-
uct was cooled slowly to 973 K and tRephase was obtained
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
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using Cu kx radiation. The chemical composition was deter-
mined by an EDX analysis. The heat capacitpaBaCupS,

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 Hl1]. The principle of the
apparatus is briefly summarized in the literat{t2]. The
measurement was carried out in high purity argon (99.999%)
atmosphere with a flow rate of 200 ml/min. In order to check
the accuracy of the apparatus, the heat capacity-Af203

was measured. The thermal diffusivity pfBaCwS,; was

measured by a laser flash method from room temperature

to about 850 K in vacuum (1@ 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 «, heat capacitfCp, and density, using the
following standard expression:

Kk = aCpp

3. Results and discussion

From the X-ray diffraction pattern of the sample, itis con-
firmed that a single phase sample@BaCuypS, with the
space group4d/mmmis obtained8]. The lattice parameters
of B-BaCuyp S, evaluated from the X-ray diffraction pattern
are shown iTable % they agree well with literature dafth3].

The bulk density of the sample is about 93% of the theoretical
density.

Fig. 1 shows the relationship between the electrical
conductivity o and the Seebeck coefficiel§ together
determining the power factof%o. In Fig. 1, the val-
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Fig. 1. Relationship between the electrical conductivitgnd Seebeck co-
efficientSof B-BaCwS; and other materiald,14].

tor is required to have an order of magnitude (WK —2)

of about 103 for materials used in current devices. The

values of the power factor @-BaCwS, reach an order of

magnitude of 104. The maximum value of the power factor

is 1.53x 10-4*Wm~1K~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 B-BaCwpS, measured in the DSC. In the tempera-

ture range between 300 and 900 K, the empirical equation for

the Cp of B-BaCuyS; is determined from the experimental

data as follows:

3.92x 10°
T2
The thermal diffusivity of3-BaCwS, was measured by
the laser flash method, and the thermal conductivity was eval-

Cp(IK tmol™) = 132+ 2.95 x 1072T —

ues for state-of-the-art thermoelectric materials such asuated.Fig. 3 shows the temperature dependence of thermal

(GeTe)_,(AgSbTe), “TAGS” and sintered BiTes are also
shown for comparisofi,14]. Itis known that the power fac-

Table 1
Sample characteristics and physical propertie3-8aCuypS,
Lattice parameters at room temperature (nm)
a 0.391
c 1.265
Theoretical density (g cn¥) 5.63
Sample bulk density
gcm3 5.24
T.D. (%) 93
Heat capacityCp = a+ bT+ ¢/T2 (JK-1mol™1)
a 132
b 2.95x 1072
c —3.92x 1P
Thermal conductivity at room temperature, 0.86

k (Wm1K-1)

MaximumZT, ZTmax 0.17 (at 820K)

conductivity of 3-BaCwS,, together with the data of other
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Fig. 2. Temperature dependence of the heat capacRyBRACwS;.
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Fig. 5. Temperature dependence of the dimensionless figure of ZiEdf,

Fig. 3. Temperature dependence of the thermal conductivigy®aCw S, B-BaCwS, and other substanc 14,15]

and other substancgk, 14].

substancefl,14]. To be a good thermoelectric material, it is
necessary to have a low thermal conductivity. The thermal
conductivity of B-BaCuypS; is lower than those of state-of-
the-art thermoelectric materials. The value at room tempera-
ture is 0.86 W nm! K—1. This low thermal conductivity is due
to the naturally layered structure @fBaCuyS,. The thermal
conductivity decreases with increasing temperature, showing v
typical phonon conduction characteristics.

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

subtractingce| from kigta. The variations oOkiota andxe of
B-BaCuyS, with temperature are shown Fig. 4. The kg
is extremely low compared withioiy. It is found that the
majority of thermal conductivity oB-BaCuypS, consists of
lattice contribution.
The dimensionless figure of me#T of 3-BaCwS, was
aluated by using the data of the electrical resistivity, See-
beck coefficient, and thermal conductivity. The temperature
dependence oZT of B-BaCwS, is shown inFig. 5, to-
gether with the data of state-of-the-art thermoelectric materi-
Ktotal = Klat + Kel + « - - als[1,14,15] TheZT of B-BaCwSp increases with increasing

) ) o . temperature, and reaches a maximum value of 0.17 at 820 K.
where «iat is the lattice contribution andcel is the |t is confirmed thap-BaCwS, has a potential for thermo-
electronic contribution.cel can be calculated using the  glectric application. In order to enhance the thermoelectric
Wiedemann—Franz—Lorenz relation: performance of the material, it is necessary to optimize the
kel = LoT carrier density. Now, we are trying to increase the electrical

conductivity by doping with other elements. The result will
whereL is the Lorenz numbeg is the electrical conduc-  pe reported in the near future.

tivity, and T is the absolute temperaturgg; is obtained by

1.0 T — T —— —T— .
1 Kle| is calculated lIJsing Wiedema;m-FranzLaw. ] 4. Conclusion
- ]
~ 084 n ] Polycrystalline sinteref-BaCw S, was prepared and the
—.’g ] - ] thermal properties were measured from room temperature
s ] . . ] to 850 K. The thermoelectric properties@BaCuwS, were
; 067 " oag . ] evaluated. A dense sample with 93% of the theoretical density
R o was obtained in this study. The empirical equation forGhe
3 04 ] of B-BaCuS; is determined from the experimental data as
s ] follows:
o ] 4
© J J
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Temperature, T (K) and the value at room temperature is 0.86 Wi —1. The

ZTof B-BaCuyS; increases with increasing temperature. The
Fig. 4. Temperature dependencecgfa andxe of B-BaCwS,. maximum value of th&T is obtained as 0.17 at 820 K.
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