MATERIALS RESEARCH

DOI: 10.63527/1607-8829-2021-4-5-12

D.E. Rybchakov,
M.V. Serbyn

Institute of Thermoelectricity of the NAS
and MES of Ukraine,

1, Nauky str., Chernivtsi, 58029, Ukraine,

e-mail: anatych@gmail.com M.V.Serbin

D.E.Rybchakov

COMPUTER METHOD OF
DESCRIPTION OF THE TECHNOLOGIES
AND PROPERTIES OF Bi;-Te; -BASED THERMOELECTRIC
MATERIALS OBTAINED BY THE PRESSING METHOD

This paper presents the results of the study of literary sources describing the technologies and
properties of thermoelectric materials obtained by the pressing method. The results of one of the
stages of creating a software product for the description of the production technologies and
properties of thermoelectric material based on Bi-Te compounds are given. Bibl. 13, Fig. 2, Table 1.
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Introduction

Thermoelectric materials science is an important direction in the development of
thermoelectricity, since advances in this area as a whole determine the possibilities and versatility of
practical uses of thermoelectric energy conversion [1]. Increasing the efficiency of thermoelectric
converters is a rather important and widespread problem. The characteristics of thermoelectric

materials can be determined by the formula:

7="2, (1)
K

where a is the Seebeck coefficient, ¢ is electrical conductivity, « is thermal conductivity.

One of the ways to obtain thermoelectric materials is the pressing method. An important
advantage of pressed thermoelectric materials (TEMs) based on Bi:Te; is their high mechanical
strength compared to crystallizing materials from a melt. In addition, powder metallurgy contributes to
increased productivity and savings. Materials obtained by powder pressing, as a rule, have a lower
value of figure of merit Z due to misorientation of grains in the bulk of the material [2].The purpose of

this work is to study the thermoelectric characteristics of solid solutions based on bismuth telluride
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obtained by pressing, as well as application of a modified computer program to study the pressing

method and characteristics of thermoelectric materials based on Bi-Te compounds.

Dependence of the thermoelectric characteristics of Bi>-Tes-based materials obtained
by the pressing method

Pressed BixTes-based materials are obtained from a powder of a preliminarily synthesized
material from a mixture of powders of initial components taken in a stoichiometric ratio [3]. Two
pressing methods are used: cold pressing, which consists in briquetting the powder in a cold mold,
followed by sintering in vacuum, in an atmosphere of hydrogen, an inert gas, and hot pressing of the
powder in a heated mold with additional annealing of the sample. Materials obtained by the pressing
methods have increased strength due to grain boundaries that prevent the propagation of cracks along
cleavage planes. In addition, this method is relatively inexpensive. One of the important thermoelectric
characteristics of pressed materials is the ability to withstand shock loads and thermal stresses. The

thermoelectric characteristics of Bi-Te-based materials obtained by pressing are indicated in Table 1.

Table 1
Production technologies and properties of thermoelectric materials
obtained by the pressing method
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Continuation of Table
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All the data in the table were implemented in the software product to describe the technologies

and properties of the thermoelectric Bi-Te - based material. Further updating the software product

database will be described in future articles.

Further updating the software product to describe the technologies and properties of
Bi-Te-based thermoelectric material

Currently, the function of adding new records has been implemented into the software

product, which contains data on the growing technology and characteristics of the thermoelectric

material based on Bi-Te compounds. The general algorithm of this function is as follows.

e Calling the add function by the user.

e Creation of a dynamic form and all its components, according to the chosen method of

obtaining thermoelectric materials.

e After the user enters all the necessary data about the mode of obtaining thermoelectric

material, the program checks the correctness of the data.

e The program switches to data adding mode.

e A new record is created in the database.

e The program switches to working mode.
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Delete the dynamic form and all its components.

The general view of record adding window is presented in Fig. 1.

2
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Add
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Fig. 1. General view of record adding window.

The function of editing existing records was also implemented. The general algorithm of this

function is as follows.

The general view of record editing window is presented in Fig. 2

Calling the editing function by the user.

Creation of a dynamic form and all its components, according to the chosen method of

obtaining thermoelectric materials.

Transfer of information from the selected record to the editing window.

After the user makes all the necessary corrections in the thermoelectric material acquisition

mode, the program checks the correctness of the data.

The program switches to data editing mode.

Editing of the selected record in the database.

Transition of the program into working mode.

Delete the dynamic form and all its components.

It should be noted that depending on the chosen method of obtaining thermoelectric material, a

corresponding window for adding and editing records about the mode of obtaining thermoelectric

material is created. Further development of the software product will be described in future articles.
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Working temperature: 700
Z 3
Alpha:
Sigma:
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Material type:
Material composition: N
Ingot lenght: Bi2Te3-Bi2Se3
Ingot diameter: 5*10
Powder size:
Pressing pressure: 30
Pressing temperature: 400-585
Annealing temperature:
Annealing duration:

Edit Exit

Fig. 2. General view of record editing window.

Conclusions

1. A study of literary sources describing Bi-Te-based thermoelectric materials obtained by pressing
was carried out.

2. The research data were added to the database of the software product to describe the
technologies and properties of obtaining Bi-Te-based thermoelectric material.

3. New functions were introduced into the software product to describe the technologies and
properties of obtaining Bi-7e-based thermoelectric material.

4. Further versions of the software product will be described in the future articles.
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KOMIP'IOTEPHUI METO/I OITUCY TEXHO.JIOI'TA
TA BJIACTUBOCTEM TEPMOEJEKTPUYHUX MATEPIAJIIB
HA OCHOBI Bi-Te;, OTPUMAHUX METOJIOM ITPECYBAHHSI

YV oaniti pobomi Hasooamuvca pesyrvmamu  O0CHIONCEHHS NIMEPAMYPHUX Odceper 8 SAKUX
ONUCYIOMbCS. MEXHON02TT MA 8IACMUBOCMI MEPMOENEKMPULHUX MAMEPIANie OMPUMAHUX MEMOOOM
npecysanns. Hagoosmuvcs pesyniomamu 00HO20 3 emanieé CmeopeHHs NPOSPAMHO20 NPOOYKMY OJis
ONUCy MexHONO2Il OMPUMAHHA MA GIACMUBOCEN MEPMOENEKMPULHO20 MAMEPIATY HAd OCHOSI
cnonyk Bi-Te. bion. 13. puc. 2. mabn. 1.

KoarouoBi cioBa: Meron Trapsdoro MpecyBaHHS, METON XOJNOZHOTO TIPeCyBaHHs, NUHAMIUHI

CIIEMEHTH, TCIYPUI BiICMYTY.

Pniouakos /I. E.
CepOun M. B.

Uucturyt TepmosnextpuuectBa HAH 1 MOH VYkpaunsi,
yi. Hayku, 1, YepHoBupbl, 58029, Ykpauna,

e—mail: anatych@gmail.com

KOMIIBIOTEPHBIN METO/] OIIMCAHUSI TEXHOJIOIT'MH 1 CBOVMICTB
TEPMODJIEKTPUYECKUX MATEPUAJIOB HA OCHOBE Bi)-Tes,
MNOJYYEHHBIX METOJIOM IPECCOBAHUS

B oaunnoii pabome npugoosmcsi pesyrbmamvl UCCAEO08AHU TUMEPAMYPHLIX UCHOYHUKOS, 8
KOMOPbIX — ONUCLIBAIOMCSL  MEXHON02UU U CGOUCMEA  MEPMOIIEKMPUYECKUX — MAMepUaos
HONYHEHHbIX Memoo0oM npeccoganus. llpusooamcs pe3ynomamsi 00HO20 U3 IMANOE CO30AHUS
NPOCPAMMHO20 ~ NPOOYKMA  ONd  ORUCAHUA — MEXHOAO2ull — NOAYy4eHuss U C8OUCm8
MEPMOINIEKMPULECKO20 MAmepuana Ha ocHoge coedunenutl Bi-Te. bubn. 13. puc. 2. maon. 1.

KnaioueBble cJI0Ba: METOA TOpPSYETO IIPECCOBAHUS, METOA  XOJIOJHOTO IPECCOBAHMUS,

JAUHAMHUYCCKUEC JJICMCHTDI, TCJUTYpUd BUCMYTa.
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