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Rybchakov D.E. COMPUTER SIMULATION OF THE EXTRUSION PROCESS
OF Bi-Te BASED THERMOELECTRIC MATERIAL
OF RECTANGULAR SHAPE

During hot extrusion, the thermoelectric material heated to a temperature below its melting point
passes through the mold (die) under the action of pressure. In the present paper, this process has
been simulated with the use of Comsol Multiphysics application package of object-oriented
simulation. In this model, the extruded material is presented as a liquid with a very high viscosity,
which depends on the velocity and temperature. As a result of simulation, the distributions of
temperature and material flow velocity in the die were obtained as well as stress distribution in the
die due to external pressure and thermal loads during the tape extrusion process. These studies
make it possible to optimize the installation for the production of extruded thermoelectric material.
Bibl. 4, Fig. 6, Tabl. 2.

Key words: thermoelectric material, hot extrusion, computer simulation, die.

Introduction

There are various methods for obtaining thermoelectric materials, which are solid solutions based
on bismuth telluride. These solutions have a number of specific features that make it difficult to obtain
high- quality materials. Among the existing methods for obtaining thermoelectric materials, the most
common is the method of zone melting, mainly vertical [1].

Another method for obtaining thermoelectric materials is the hot extrusion process when the
thermoelectric material heated to a temperature below its melting point passes through the mold (die)
under the action of pressure [2]. This method has the following advantages:

— High degree of homogeneity of the obtained samples.

— The ability to obtain samples of the required shape, which reduces the loss of material during

further cutting.

— Higher mechanical strength of the samples compared to those obtained by zone melting.

However, the hot extrusion method also has disadvantages, the main of which is that texture in
extruded materials is worse than in materials obtained by zone melting, but the figure of merit of
extruded material is achieved not only by texture, but also by phonon scattering at grain boundaries

3].
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Summarizing the advantages and disadvantages of the hot extrusion method, we can conclude that
the materials obtained in this way have a high consumer potential. Thus, the main task in the study of
the hot extrusion is to improve starting samples. This is achieved by optimizing the geometry of the
die and experimenting with the input conditions of the process such as temperature, pressure and more.
However, such experiments involve large financial and labor costs, which, as a result, may not be
justified at all. To reduce these costs and formulate the theoretical part of this technology, computer
simulation is a very relevant method. This method allows revealing critical shortcomings of the
influence of conditions on the obtained samples. Of course, it is not able to reproduce real conditions
of the hot extrusion with 100% reliability, but even the existing imperfect reliability can reduce costs
several times.

The purpose of this work is to create a computer model of the process of hot extrusion of
thermoelectric material based on bismuth telluride, in order to study the temperature distribution and
the velocity of formation of extruded material in the form of tapes, which can be the basis for
optimizing the hot extrusion work equipment.

Physical, mathematical and computer models

To accomplish this task, Comsol Multiphysics application package of object-oriented simulation
was used [4]. In this model, the thermoelectric material is considered as a liquid with a high viscosity
which depends on velocity and temperature. Computer model makes it possible to study the
distribution of mechanical stresses in the die due to external pressure and loads.
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Fig. 1. Physical model of the extrusion process of tape
thermoelectric material.
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The used physical model of the tape material extrusion process is shown in Fig. 1. The model
considers the case of extrusion of a cylindrical billet of material 1 through a matrix 2, at the output of
which a tape of thermoelectric material is formed. The geometrical dimensions: A and B are the
diameter and length of the input cell of the die in which the thermoelectric material billet is located; C
is the length of the beveled part of the die; D and F are the thickness and length of the die outlet, the
width of which is A. The case is considered when the ratio of the length to the thickness of the outlet is
in the range 2 - 10.

During simulation, one also has to take into account a large number of parameters of the operating
environment, some of which are shown in Table 1.

Table 1
Model environment conditions

1. Ambient temperature 25°C
2. Die temperature (T = const) 450°C

Coefficient of heat exchange between the material and )
3. ) 11000 W/(m**K)

the die

4. The speed of the piston that presses material (V) 0.03 mm/s

The properties of thermoelectric material and the material of which the die is made are given in
Table 2.

Table 2
Material properties

Thermal conductivity, W/(m*K) 4
1. Thermoelectric material Density, kg/m® 7600
Heat capacity, J/(kg/K) 150
Thermal conductivity, W/(m*K) 24.3
2. Steel (die) Density, kg/m* 7850
Heat capacity, J/(kg/K) 500

Fig. 2 shows a grid of the investigated model in Comsol Multiphysics.
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Fig. 2. The grid is built for the die configurations shown in Fig.1.

Computer simulation results
As a result of computer simulation, the following indicators were obtained:
Velocity field of thermoelectric material inside the die is shown in Figs.3 and. 4.

V= mm/min
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Fig. 3. Velocity field of thermoelectric material
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Fig. 4.Velocity field of thermoelectric material at the output

Temperature distributions in thermoelectric material and die are shown in Figs. 5 and 6.

I'="°C
450

400
350

250

I 200

Fig. 5. Temperature distributions
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Fig. 6. Temperature distributions at the output

The developed computer model can serve as a basis for optimizing the installation for extrusion of
thermoelectric material based on bismuth telluride in order to increase its efficiency, as well as to
improve starting product.

Conclusions

1. A computer model of the process of hot tape extrusion of a thermoelectric material based on
bismuth telluride has been created, which can be used to study the distributions of temperature and
velocity of material movement in a die of a given shape, as well as the distribution of stresses in the
die due to external pressure and thermal loads.

2. The behavior of thermoelectric material passing through the die for the case of tape extrusion of
thermoelectric material based on bismuth telluride has been studied.

3. The distributions of temperature and velocity fields have been obtained depending on the
configuration of the die for the case of one-stage tape extrusion of a thermoelectric material based
on bismuth telluride.
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KOMIT'IOTEPHE MOJIEJIIOBAHHS ITPOIECY
EKCTPY3Ii TEPMOEJEKTPUYHOI' O
MATEPIAJTY HA OCHOBI Bi-Te
MPSAMOKYTHOI ®OPMH

Ilpoyec eapauoi excmpysii sa61ae c00010 NPOXOOINHCEHHS PO3iepimoeo 00 memnepamypu Hudxicue
memnepamypu niaeieHHs MmepmMoeleKmpuyHoco mamepiany uepez npec-gpopmy (@inv’epy) nio
dieio mucky. B daniii pobomi npogedeno mMooeno8ans ybo2o npoyecy 3 GUKOPUCIAHHAM NAKemy
NPUKIAOHUX npozpam 00 'exmHuo-opichmosarnozo moodenoséannss Comsol Multiphysics. B oanii
MoOeni eKcmpyO0o8aHux Mamepian npedCmasisicmovcs AK piouna 3 0ydice UCOKOIO 8 S3KiCmb, AKA
3anedcums 6i0 wieuOKocmi ma memnepamypu. B pesynomami modeniosanns 6yno ompumano
PO3n00inu memnepamypu i WeUOKOCMI meyii mamepiany 6 Mampuyi, a makoxic po3noodin Hanpye y
Mampuyi 34 paxyHOK 308HIUWHbLO2O MUCKY [ MENI08UX HABAHMAN}CEHb 8 NPOYeci CMPIUKo8oi
excmpysii. Jlani Oocnioxcennss O0aiomb 3M02Yy ORMUMIZY8AMU YCMAHOBKY 0N 00ePINCAHHS
excmpy0o8an020 mepmoeiekmpuunoz2o mamepiany. bion. 4. puc. 6, maon. 2.

Kiro4oBi cioBa: TepMOCIEKTPUYHUA MaTepiai, rapsda eKCTpy3is, KOMIT IOTepHE MOJICITIOBAHHS,

¢binp’epa.
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KOMIIBIOTEPHOE MOJAEJIMPOBAHUE
ITPOLHECCA 3KCTPY3UHU TEPMOJJIEKTPUYECKHUX
MATEPHAJIOB ITPSIMOYTOJIbHOM ®OPMbI HA
OCHOBE Bi-Te

Ilpoyecc  zopsueii dxcmpysuu npeocmasnsem cobOU — NPOXOJdCOEHUe  paszocpemozo 00
memMnepamypul Hudce memMnepamypul NiaeIeHUsi MePMOINEKMPULECKO20 MAMepUuana uepe3 npecc-
dopmy (punvepy) noo oeticmseuem dasnenusi. B dannoii pabome npogedeno mooenuposarue 3mozo
npoyecca ¢ UCNONb306AHUEM NAKeMA NPUKIAOHBIX NPOSPAMM  O00BEKMHO-OPUEHMUPOBAHHOZO
mooenuposanusi Comsol Multiphysics. B Oannoii modenu 9KCmMpyoupoSanHvill Mamepuai
npeocmasnsemcst Kax JHCUOKOCHb C O4eHb 8bICOKOU 8A3KOCNIbIO, KOMOPAs 3A8UCUN O CKOPOCMU
u memnepamypwi. B pesynomame mooenuposanus 610 NOIYHYEHO paAChpedeneHUs meMnepamypbl
U CKOpoCMuU meyenus Mamepuaid 8 mampuye, d maxoice pacnpeoenerue HanpsdiceHull 6 mampuye
3a cuem GHewlHe20 OAGIeHUs U Men08blX HASPY30K 8 npoyecce NeHMOUYHOU IKcmpy3uu. JJannvie
UCCne008anusi NO360AAIOM ONMUMUUPOBAMb YCINAHOBKY O/ NOJAYYEHUs IKCMPYOUPOBAHHO20
mepmosnekmpureckoeo mamepuaia. buba. 4, puc. 6, maon. 2.

KioueBbie cj10Ba: TEPMOIICKTPUYCCKUI Marepuall, Topsvas OSKCTPY3Hs, KOMITBIOTEPHOE

MOJIETUPOBaHUE, (DUITHEPHI.
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