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COMPUTER METHOD OF DESCRIPTION
OF THE TECHNOLOGIES AND PROPERTIES
OF Bi2-Tes-BASED THERMOELECTRIC MATERIALS
OBTAINED BY THE BRIDGMAN METHOD

This paper presents the results of the study of literary sources describing the technologies and
properties of thermoelectric materials obtained by the Bridgman method. The results of one of the
stages of creating a software product for the description of the production technologies and
properties of a thermoelectric material based on Bi-Te compounds are given.Bibl.8, Fig.2, Table 1.
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Introduction

Thermoelectric materials are in high demand due to their use in power generation and
refrigeration applications. They are an excellent solution in active cooling devices in military,
telecommunication equipment and temperature control systems.

Bismuth telluride (Bi:Te3) is one of the best thermoelectric materials with the highest
thermoelectric figure of merit (Z), which in turn is related to thermal conductivity (x) and electric
conductivity (o), as represented in formula 1

z=-22, )
K

where a is the Seebeck coefficient.

Traditional methods of manufacturing bismuth telluride compounds include the Bridgman,
Czochralski, and zone melting methods, as well as powder metallurgy methods such as hot pressing
and hot extrusion [1].

The purpose of this work is to study the thermoelectric characteristics of solid solutions based
on bismuth telluride obtained by the Bridgman method, as well as application of a modified computer
program with the study of Bridgman’s method and characteristics of thermoelectric materials based on
Bi-Te compounds.

Dependence of the thermoelectric characteristics of Bi.-Tes-based materials obtained
by the Bridgman method

When obtaining samples of Bi>Tes and its solid solutions by the Bridgman method, the material
is synthesized by fusing the initial components in the same ampoule in which the material will be
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grown later [2]. The Bridgman method consists in the fact that an ampoule with a crystallizing
substance moves in the furnace from the upper part with a temperature exceeding the melting
temperature to the lower part, the temperature of which is lower than the melting temperature.
Bridgman-produced ingots of Bi>Tes consist of one or more crystalline grains large enough to be cut
into single-crystal samples.

Table 1 shows the thermoelectric characteristics of Bi-Te-based materials obtained by the
Bridgman method.

Table 1
Thermoelectric characteristics of Bi-Te-based materials
obtained by the Bridgman method.
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308 | 4.57 - - 1.21 P (BI0,258b0175)2T63 15 | 686 673 2-5 [3]
308 | 3.67 - - - N Biz(Teo,94Seo,06)3 15 [3]
298 | 1.27 - - 1.38 P (Bio_258b0,75)2Te3 - - - - [4]
298 | 1.25 - - 136 | N Bi2(Teo.04Se0.06)3 - - - - [4]
208 1 0.91 | 221 - 136 | P (Bio25Sho75)2Tes 15 - 673 5 [5]
298 | 1.09 | 223 | - | 165 | N | BixTeossSeoos)s | 15| - |673 | 5 | [5]
473 - - - - P BiosSbisTeso - 923 - - [6]
300 | 28 | 171 | 1910 | 10.2 | N Bi;Te1sSers - - 600 | 1200 | [7]
300 | 27 | 161 | 2120 | 95 | N B'l'QQQBZZO'OOOZTel'S - | - | 600 | 1200 | [7]
15
300 3 | 163 |2320| 89 | N Bil-gg%ggooooﬁelﬁ - | - | 600 | 1200 | [7]
15

ISSN 1607-8829 Journal of Thermoelectricity /23, 2021 45



D.E. Rybchakov , M.V. Serbyn
Computer method of description of the technologies and properties of Bi,-Tes -based thermoelectric...

All the data in the table were implemented in the software product to describe the technologies
and properties of Bi-Te -based thermoelectric material. Updating the software product database will be
described in future papers.

Theory of linear interpolation

Interpolation in the general sense is a method of calculating certain intermediate values of any
studied quantity based on a set of known values.

If the investigated process can be described by a linear function, the procedure for calculating
unknown parameters can be significantly simplified compared to other calculation cases.
Mathematical modeling of various production situations of engineering and scientific practicality by
methods of linear interpolation suggests the possibility of mathematical forecasting by identifying the
value of the interpolated coordinate Y by a given parameter of the X coordinate with known
coordinates of two points of a linear function [8].

For successful management, it is necessary to foresee how this or that system will behave within
the framework of the existing process described by the corresponding linear function. The first point
of the linear function has coordinates X0,YO0, the second - X1,Y1, the resulting interpolated Y
coordinate, which is calculated, based on the given value of the X coordinate, is calculated according
to formula 2:

Y =((X =X )x (Y, =Yo) (X, = Xo))+Yo, )

Further development of the software product for describing the technologies and
properties of Bi-Te — based thermoelectric material.

The function of theoretical calculation of unknown values of o and & using interpolation was
introduced into the software product for describing the production technologies and characteristics of
thermoelectric material based on Bi-Te compounds. The general algorithm of this function is as
follows.

e Calling the interpolation function by the user.

e Creation of a dynamic form and all its components for interpolation.

e After the user enters the required working temperature, the program searches the database
for a material whose performance range may include the desired value. To do this, the
following algorithm is implemented (Fig.1).

e After selecting the optimal material, the program calculates the value of the coefficient a using
a linear interpolation formula.

e Based on the result obtained, the program plots the dependence of o on temperature.

e After receiving the results of o, the program calculates the value of o using a linear
interpolation formula.

e Based on the result obtained, the program plots the dependence of & on temperature.

e The results are also displayed in Label.

e  After the user terminates, the program deletes all form components and the form itself. The
general view of the value interpolation window is shown in Fig.1.

46 Journal of Thermoelectricity /23, 2021 ISSN 1607-8829



D.E. Rybchakov , M.V. Serbyn

Computer method of description of the technologies and properties of Bi,-Tes -based thermoelectric...

The found value is
assigned to the given
one

A

No

s )
i

Reading the temperature
value set by the user

l

No

Finding the closest
value to the given one

|

Output of interpolation
impossible message

Checking whether there is a
record of the characteristics of
this material with a higher
temperature index

Checking whether a user-
specified value falls within the
found range

l Yes

Recording the found values to
variables for subsequent
calculations

A

[ End

~——/

Fig. 1. Algorithm of finding optimal material for interpolation
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Fig. 2. General view of the value interpolation window
Interpolation; output; working temperature; interpolated Alpha; interpolated Sigma

Further development of the software product will be described in future papers.

Conclusions

A study of literary sources describing Bi-Te-based thermoelectric materials obtained by the
Bridgman method was carried out.
1. 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.
2. The interpolation function is implemented in the software product to describe the
technologies and properties of obtaining Bi-Te-based thermoelectric material.
3. Further versions of the software product will be described in subsequent papers.
The authors express their gratitude to Anatychuk Lukyan lvanovych, academician of the
National Academy of Sciences, for the suggested topic of the paper.
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KOMITI’'IOTEPHUIM METO/I OIIUCY TEXHOJIOI'TA TA
BJIACTHUBOCTEN TEPMOEJEKTPUUYHUX MATEPIAJIIB HA OCHOBI
Bi>-Tes, OTPUMAHUX METOJOM BPII’KMEHA

Y oanmiti pobomi masooamuvca pesyrvmamu  QOCAIONCEHHS NiMepamypHux odxicepen 8 AKUX
ONUCYIOMBCS MEXHONIO2I] Ma 6IACUBOC MEPMOETEKMPUYHUX MAMEPIANI8 OMPUMAHUX MENOoOOM
bpioosicmena. Hasoossmocsi pesynomamu 00HO20 3 emanié CmeopeHHs NPocpamHo2o npooyKkmy 0Jis
ONUCY MEXHONO2I OMPUMAHHA MA G1ACMUBOCIIEl THEPMOETEKMPULHO20 Mamepiany HA OCHOGI
cnonyk Bi-Te. Bion. 8. puc. 2. maén. 1.

KirouoBi ciioBa: meron bpipkMena, iHTEPIONALIS, TEITyPUT BICMYTY.
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HA OCHOBE Bi2-Tes, IOJIYYEHHbBIX METOJAOM BPUIKMEHA

B oannoii pabome npugodsmcs pe3ynbmamvl aHAIU3A TUMEPANMYPHBIX UCHOYHUKOG, 8 KOMOPbIX
ONUCHIBAIOMCA  MEXHOIO2UU U  CEOUCMEA MEPMOINEKMPUUECKUX MANEPUANO8, NOJYYEHHbIX
memoodom bpuodscmena. Ilpusooames pe3ynrsmamspl 00HO20 U3 IMAN0E CO30AHUSL NPOSPAMMHOZO
NPOOYKMa Oisk  ONUCAHUA MEXHONOSUU NPOU3BOOCMEA U  CEOUCME MePMOINEKMPULECKO20
Mamepuana Ha ocHoge coedunenus Bi-Te. buba. 8. puc. 2. mabn. 1.
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