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This study focuses on improving the thermoelectric properties of PbTe-based materials by adding
different Sb content. The potential for achieving high thermoelectric efficiency in Sb-doped n-type
PbTe-based thermoelectric compounds is described, and the electrical resistivity, Seebeck coefficient
and thermal conductivity are measured from room temperature to about 500K. The effects of the Sb
concentration in Sbx (PbigTez) on the resulting thermoelectric properties are studied. Furthermore, the
surface features of Sbx (PbigTeyo) are also observed.
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1. INTRODUCTION

Solid-state thermoelectric (TE) materials are attracting growing attention for their use in
renewable energy and electronic cooling applications [1, 2]. The high performance of TE materials is
quantified by their large figure of merit, ZT. The ZT is defined as (S°c/ )T [3-5], where S is the
Seebeck coefficient, o is electrical conductivity, S°c is the power factor, and T is the absolute
temperature.

One of the most thermoelectric materials is lead telluride (PbTe), which is suitable for use at
medium temperatures, such as in power generation and cooling applications ™. Recently, many studies
have focused on doping PbTe with various elements to improve the carrier concentration and add some
nanostructure materials to improve its TE performance [6]. One study ! reported that the addition of
Ag and Sb to PbTe produced a new quaternary TE material, which can obtain a ZT value above 1.7 at
about 700K, due to the significant reduction in thermal conductivity, caused by the nanostructure of
the PbTe matrix. This material has many desirable properties, such as an isotropic morphology, high
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crystal symmetry, and the ability to control the carrier concentration. In contrast, the TE properties of
non-doped PbTe are low because of their poor electrical conductivity.

There are many elements that can be added to PbTe materials, such as Ag, Sb, and Co. This
study investigates the effects of adding different amounts of Sb to PbTe, and especially the TE
properties of the resulting PbShxTe material. There are many methods that can be used to produce the
PbTe materials, such as vacuum melting [8-11], a mechanical alloy method with hot pressing [12, 13],
and vapor phase deposition [14]. In contrast to conventional melting, this study uses the vacuum arc
melting method, which can both reduce the energy needed and be effective in limiting grain growth.
Furthermore, the samples after vacuum arc melting have some pores in the surface. Therefore, it uses
the electrochemical deposition method to make the more compact surface and good grain growth.

2. MATERIAL PREPARATION AND EXPERIMENTAL PROCEDURE

The Pb1gSbxTey samples were prepared with commercial powders Sb (99.99%), Pb (99.9%)
and Te (99.999% in-purity), which were weighed according to stoichiometry. After being uniformly
mixed in an agate mortar in an atmosphere of argon, the specimens were formed by pressing. The
pressed specimens were then put into a vacuum arc melting furnace. To obtain material with good TE
properties, the alloy was melted three times at 873K for 12 hours and the pressure during the melting
process is 1.3x107 torr. After vacuum arc melting, we put the samples into solution with Pb(NO3),,
H,TeOzand Sh,0O3 which are diluting the tartaric acid and HNO3.

The phase structures were investigated by X-ray diffraction and the microstructure of all the
samples was examined by SEM (Scanning Electron Microscopy). Finally, the Seebeck coefficient and
electrical resistivity were measured by using a four-point direct current (dc) and commercial

equipment, a (ZEM-3(M8) system. The thermal conductivity was calculated using the equation
k=aC,p, where a is the thermal diffusivity, Cp is the heat capacity and p is the density.

3. RESULTS AND DISCUSSION

3.1. Analysis of Micro-structure
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Figure 1. XRD diffraction patterns of the Pb1gShyTeyo (x=1, 5, 10).
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Figure 2. SEM micrographs of the fracture surfaces of (a) PbigSbTeso, (b) Pbig ShsTey, and ()
Pb1gSbioTexo.
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The XRD spectra of Pb;gSbyTeyo are shown in Figure 1. The XRD patterns of all samples are
indexed very well with the standard diffraction of the PbTe structure (NaCl Fm3m symmetry
structure). This indicates that the specimens prepared by the vacuum arc melting method are single
phase PbTe.

Figures 2a-2c show typical SEM fracture surface micrographs of the Pb1gSbTez, Pbi1gShsTey
and PbigShigTey specimens prepared by the vacuum arc melting process. They reveal that all the
specimens are very dense. Although grain boundaries are hardly to observe in the SEM photographs ,
it can be clearly seen that all the specimens have rather different textures. There are small striped
structures in the Pb1gSbTe,o specimen. When the Sb content is increased to 5%, it contains many long
and curly stripes. However, the number of striped structures is less in the Pbi1gSbioTezo Specimen,

3.2. Electrical and Seebeck coefficient analysis
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Figure 3. Electrical conductivity of Pb,gShyTey (X=1, 5, 10) as a function of temperature.

Figure 3 shows the electrical conductivity as a function of temperature for all the specimens.
The electrical conductivity of the PbigSbsTe, specimens is lower than that of the PbigSbhTe,, and
Pb1sShigTe, specimens over the whole temperature range. However, the increased electrical resistivity
with increasing temperature for all the specimens indicates that they are semiconductors

Figure 4 shows that the Seebeck coefficient for all three specimens is a function of temperature.
The Seebeck coefficients are all positive, which indicates that the Pb;gSbhyTezo specimens have p type
behavior. Furthermore, the Pbig SbsTe, specimen has the highest Seebeck coefficient compared to the
others below 340K. After 340K the Seebeck coefficient of Pb;g ShsTe,o becomes negative, although
the absolute value remains higher than those of the other specimens. A negative value means that the
dominant carriers change from electronic holes to electrons as the experimental temperature increases,
which corresponds with the results reported by Orihashi et al [15]. There are some studies present the
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negative vale of Seebeck coefficient in the whole temperature range which indicates the n-type

conduction in [16, 17]
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Figure 4. The Seebeck coefficients of the specimens with different Sb content.

3.3. Thermoelectric properties
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Figure 5. The power factor for all specimens at different temperature.
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It presents the temperature dependence of the power factor in Figure 5 for the PbigSbyTey
specimens, which is calculated from the measured electrical conductivity and Seebeck coefficient. The
power factor of the specimens increased along with the temperature up to 340K. However, at
temperatures higher than 340K, the value of the power factor decreases. Furthermore, the power factor
of the PbigShsTe, specimen was higher than that of the other Sb specimens throughout the whole
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measured temperature range. This greater power factor is attributed to the mainly increase in the
electrical conductivity without any mainly decrease in the Seebeck coefficient.
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Figure 6. Variations in thermal conductivity with temperature for Pb;gShyTezo (x=1, 5 and 10).

0.0045

0.0040-—
0.0035 —
0.0030—~
0.0025 _

0.0020 —

ZT

0.0015 -
0.0010 +

0.0005

0.0000

= Pb SbTe
~—&—Pb. Sb Te,
S PblsSmee:-c-

280

T
300

S
320

{ T Y T I T
340 360 280
Temperature(K)

— T
400 420 440 460

Figure 7. The ZT values as a function of temperature for all the Pb1gSbyTe,o specimens (x =1, 5 and

10).

Figure 6 shows the thermal conductivity for the Pb;gShxTe, (x = 1, 5 and 10) specimens as a
function of temperature. It can be seen that for all specimens the thermal conductivity decreases as the
temperature and Sb content increases. However, when the Sb content was 10%, the thermal
conductivity decreased. This is similar to the results found for the electrical properties, and the Pbig
SbsTey specimen has the highest electrical conductivity, and thus the highest electrical thermal

conductivity.
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The values of ZT are calculated from the electrical resistivity, thermal conductivity and
Seebeck coefficient. Figure 7 is shown that the calculated values of ZT for all specimens. The
maximum ZT value amongst all samples is 0.004 at 340 K, which is mainly due to the lowest electrical
resistivity. It is therefore, obvious that 5% is the best content of Sb in PbygSbxTe,.

4. CONCLUSION

The Pb1gShyTeyo specimens used in this study were prepared by vacuum arc melting. The
thermoelectric characteristics were measured from 280K to 460K. The results show that both the
electrical resistivity and the absolute value of the Seebeck coefficient increase along with the
temperature. In contrast, the thermal conductivity decreases as the temperature increases. Furthermore,
the best TE properties are obtained when the Sb content is 5%. The figure of merit, i.e., the ZT value,
for Pb1gShsTey is 0.004 at 340K.
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