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The results of experimental investigation of n-type semiconductor based on Bi,Te; alloy are presented. The
behavior of the semiconductor when heated was studied using DTA technique. Changes in physical and
chemical properties of materials are measured as a function of increasing temperature by TGA. The specific
electrical conductivity, Seebeck coefficient and thermal conductivity were measured. Thermovision imaging
was also carried out. Dependence of thermoelectric module output voltage from temperature difference of
hot and cold sides was also investigated.
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1. Introduction

Tellurium (Te) and selenium (Se) belong to twelve elementary semiconductors. Elementary
semiconductors are those in which the properties are dependent on the semiconductor electronic
structure. The presence of impurities even in very small proportions can have large effects on the
properties of the thermoelectric material [1]. Therefore the conductivity of semiconductors may eas-
ily be modified by introducing dopants into their crystal structure.

The n-type Bi,Tes ,Se, semiconductors are well known to have excellent thermoelectric prop-
erties near room temperature and are used in thermoelectric cooling devices and electrical power gen-
eration devices. Many studies on these materials have been performed in order to increase the figure
of merit, Z, the parameter which evaluates the quality of thermoelectric material [2].

2. Experimental procedures

Biy(Te,.88Se.12) single crystals of 20 mm in length and 8 mm in diameter were examined us-
ing four probe method for specific electrical conductivity measurement, Hartman method for spe-
cific thermal conductivity measurement, differential thermal analysis, thermal gravimetry analysis
and thermovision imaging.

3. Results and discussion
3.3. Thermoelectric properties

Electrical conductivity o, Seebeck coefficient o and thermal conductivity A have been meas-
ured to define quality. These properties strongly depend on carrier concentration, mobility, crystal
structure and defects in the crystal structure. Values of Biy(Te; 3sSeo.12) crystal for electrical conduc-
tivity (o), the Seebeck coefficient (S) and thermal conductivity (A) at 298 K are:
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3.4. Differential thermal analysis and thermal gravimetry analysis

Differential thermal analysis (DTA) was carried out under following conditions: air atmos-
phere, heating rate 10 °C/min*1, and T = 650°C. The precision of the measurement in the investi-
gated temperature interval was £1°C. The total mass of the material was 200 mg.
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Fig. 1. DTA and TGA curves of Biy(Te;3sSeo.12) crystal

Obtained liquidus temperature (613.7°C) on Fig. 1 is close to melting temperature of Bi,Tes
compound, but slightly increased, which can be contributed to the presence of Se. The obtained
DTA results imply that the tested material is stable to about 400°C. The first endothermic reaction
at 409.7°C corresponds to the formation of y phase (Bi,Te,Se) [3, 4]. The second reaction obtained
at temperature of 491.3°C does not correspond to any phase transformation which may be related to
the binary phase diagram of Bi-Te or with phase transformations on binary diagram Bi-Se. We as-
sumed that the second obtained temperature on the DTA curve refers to reaction of two phases:
Bi,Te; - based (1) and a Bi,Te,Se - based (y) solid solutions [3].

Thermal gravimetry analysis (TGA) was carried out under following conditions: heating rate
10 °C/min71, sample mass 0.182 g, Tax = 650°C in air medium.

The TGA curve shows the sample’s change in mass depending on temperature (Fig. 1). The
compound is stable up to 350°C and after that its mass increases which may be due to the undergo-
ing reaction of an intermediate product with nitrogen [5].

3.6. Thermovision imaging of termoelectric module

In order to test the efficiency of thermoelectric (TE) elements based on Bi,Tes;, a module
was formed with 27 p-type elements measuring of 3x3x5 mm and 27 n-type elements of the same
size. Thermoelectric material of the p-type for the TE module is (BigsSbso) (Te2.98Se002) doped
with zirconium.
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Fig. 2. Thermovision image of thermoelectric module
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Thermovision image of the module is shown on Fig. 2. One side of the module is heated up
to 80°C and then allowed to naturally cool down. The other side is passively cooled to about 22°C.
The resulting dependence of the output voltage on the temperature difference at the hot and cold
side is shown on Fig. 3.
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Fig. 3. Dependence of the thermoelectric module output power on temperature difference
of hot and cold sides

4. Conclusion

Thermoelectric materials are of interest for applications in solid state cooling and electrical
power generation devices due to many attractive features, such as long life, no moving parts, no
emission of toxic gases, low maintenance and high reliability.
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Biy(Teas3Se0.12) single crystal has been investigated using different experimental methods
(measuring of specific electrical conductivity, measuring of specific thermal conductivity, DTA,
TGA and thermovision imaging). In order to test the efficiency of thermoelectric elements based on
BiyTes; module, thermovision imaging is done. It is shown that thermal imaging research can be a
simple tool for analyzing the heating uniformity of thermoelectric module.
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TepModaekTpuUecKas XxapakTepuanus MOHOKpHucTawia Bi,Te; Se,.

B noknanme mpencTaBieHBl pe3yNbTAaThl SKCIEPUMEHTAIBHOTO HMCCICAOBAHHS N-TUIA MOJYNPOBOJHUKA HA
ocHOBe crutaBa Bi,Te;. [loBenenne npu HarpeBaHUM U3ydald C UCIOIB30BaHUEM MU (EPESHIIMAIBHOTO Tep-
Morpaduueckoro aHaau3a. OU3NKO-XUMHUECKUE CBOMCTBA MAaTEPUAJIOB M3MEPSIM B 3aBUCUMOCTU OT TEM-
MepaTypbl METOJIOM TEPMOTPABUMETPHUYCCKOTO aHa u3a. BbUTM U3MEpeHbl YIeIbHAas 3JIEKTPOINPOBOAHOCTS,
ko3¢ uireHt 3eeOeka U TEIIOMPOBOJAHOCTD, a TAK)KE MPOBEICHBI TEIUNIOBU3MOHHBIC UCCaeaoBaHus. Takxke
ObLTa MCCIEZI0BaHa 3aBUCUMOCTD TEPMOAJICKTPUICSCKON BBIXOHON MOIIHOCTH MOIYJS OT Pa3HOCTU TEeMIIe-
paTyp MEXIy TOps4Yei U XOIOAHONH CTOPOHAMH.

KitoueBsie ciioBa: nonynpogooHuKu, mepmosieKmpuyeckue Ceolcmaa, menioguoeHue.
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