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CALCULATION AND 3D MODELING OF THE GIBBS ENERGY
AND LIQUIDUS SURFACES OF THE YbTe-Sb;Tes- Bi,Tes SYSTEM
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In this work by using the liquidus equation applied to the YbTe-Sh;Tes-Bi,Te; quasiternary sys-
tem consisting of non-molecular compounds an approximation and 3D modelling of crystallization
surfaces and partial excess Gibbs free energy for YbTe were carried out. The equations were solved
on the basis of limited number of experimental points on the phase diagram and published data on
boundary systems. The surfaces of the crystallization and partial excess free energy of YbTe were 3D
visualized for high-temperature region (1000 + 2000 K) of YbTe-Bi,Tes-Sh;Te; systems in the concen-

trations range 0.25 + 1.0 mole fraction of YbTe on sections Xg; 1o, /(X5 10, T X170, ) = 0+ 1. The ap-

proximation, calculation and visualization of crystallization surfaces and partial excess Gibbs free

energy of YbTe were performed by the program OriginLab2015 and Grafikus.ru/plot3d.
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Introduction

Compounds Sb,Te; and Bi,Tes and phas-
es based on them are widely used as thermoe-
lectric materials [1,2]. They are also a topologi-
cal insulators and can be used in spintronics
and quantum computing [3,4]. Multi-com-
ponent systems based on these compounds are
of great interest due the possibility formation of
new intermediate phases of variable composi-
tion having improved functional characteristics.

According to [5,6] phase diagrams of the
YbTe-SboTes; and YbTe-Bi,Te; quasi-binary
system relate to the eutectic type with a wide
range of homogeneity based on SbyTe; (0.78 +
1.0 mole fraction of Sb,Tes) and Bi, Te; (0.85 +
1.0 mole fraction of Bi,Tes). In both systems,
most of the liquidus occupies the region of
crystallization YbTe (0+0.78 mole fraction
Sb,Tes and 0 +~ 0.85 mole fraction BiyTes).

Quasiternary system YbTe-Sb,Tes-Bi,Te;
has phase diagram with monovariant eutectic
equilibrium [5]. Liquidus surface consist of
fields of primary crystallization of YbTe and
wide continuous strip of solid solutions along
the side system Sb,Te;-Bi;Te;. Experimental
determination of liquidus surface of the com-
pound YbTe is very difficult due to its high
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melting (2003 K). In [5] the surface crystalliza-
tion of the YbTe in the YbTe-Sb,Tes-BiTes
system was determined by graphical extrapola-
tion of experimental data from T<1200 K up to
melting point of this compound. Thermody-
namic functions of this quasiternary system at
high temperatures have not been studied.

In this paper calculation and 3D modeling
of crystallization surfaces and partial excess
Gibbs free energy for YbTe in the YbTe-
Sb,Tes-Bi;Te; system were performed by using
published data for the boundary systems and
the limited number of data points on the phase
diagram.

Thermodynamic calculations and results

For thermodynamic approximation of liqu-
idus of boundary quasi-binary systems YbTe-
Sb,Te; and YbTe- BixTes following equation [7]
is used:

—exs,l

AG =T (48] -19,1441gf(x))) - AH] (1)

X} - is mole fraction of YbTe in liquid
solution;
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T~ is liquidus temperature of YbTe;

T]m ,AH ]m - are melting point and molar
enthalpy of YbTe;

T" = 2003 X; AH]" =35600 J mol™.
The last value is calculated using two inde-
pendent methods based on heats of melting of
ytterbium and tellurium,;

AS] =4H]'/T]" - is molar entropy of
melting of YbTe;

AST=17.773 J mol 'K "

—exs
AG - is partial molar excess free energy

of YbTe (in J-mol™), associated with the ther-
modynamic activity and activity coefficient on

relation AG, = RTIny, = RTIn(a,/x, ).

f(x;) - is function for converting the
thermodynamic equations of phase equilibrium
applied to the systems of non-molecular com-
pounds [7,8]. For investigated systems:

S6)) =01(3-2x1)(4(5-3x1) )

The values of the partial excess free en-
ergy of YbTe in YbTe-Bi;Te; and YbTe-
Sb,Te; systems were approximated by the fol-
lowing polynomials, respectively:

—_exs

AG; =-14252x" + 16720x — 2419 (3)

—_exs

AG; = -13600+64890x-83500x*+
+32390x° (4)

Based on (3) and (4) we received the fol-
lowing relationship, which approximates the
partial excess free energy of YbTe on crystalli-
zation surface of this compound in the
YbTe(1)-Bi,Te;(2)-Sb,Tes(3) system:

—_exs

AG; = (-14252x" + 16720x —2419)y+
+(=13600+64890x-83500x*+
+32390x°)(1-y)+ 1500x(1-x)*y(1-y)  (5)
In equation (5): x=xypre=0.25+1;
y=x2/(x2tx3)= 0+1;

Function 1500x(1-x)*y(1-y) is determined
on the basis of a limited number of data points
on the phase diagram of ternary system. 3D
model of the surface of the partial excess free
energy of YbTe in liquid alloys saturated by
this compound is shown in figure 1.
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Fig. 1. 3D model of the surface of the partial excess free energy of YbTe approximated by the equation
(5) for the YbTe-Bi,Te;—Sb,Te; system
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Fig. 2. 3D model of the surface crystallization of YbTe approximated by the equation (9)
for the YbTe—Bi,Te;—Sb,Te; system

From the relation (1) the following equation
for calculating liquidus temperature of YbTe was
received:

—exs,]
"4
7= AH] + 4G : 6)
AS™ - 19.1441gf(x.)

Inserting the values of the melting en-
thalpy and entropy of YbTe and relations (2,5)
into (6) we have got the equation for simple
calculating of the liquidus temperature. This
problem we decided to yet another, simpler
way. The liquidus temperatures of YbTe for the
binary boundary systems YbTe(1)-Bi,Tes(2)
and YbTe(1)-Sb,Tes(3) were calculated ac-
cording to the equation (6) and approximated
by the following polynomials, respectively:

Ti(12) =563+2260x-1472x*+653x>  (7)
Ti13) = —322+8275x-16446x"+
+16456x°-5964x* (8)

Based on (7) and (8) we received the fol-
lowing relationship, which approximates the
surface crystallization of YbTe in quasiternary
system YbTe(1)-Bi,Te;(2)-Sb,Tes(3):

T1(12.3=(-322+8275x-16446x"+
+16456x°—5964x")(1-y)+
+( 563+2260x-1472x*+653x")y+
+800 x(1-x)*y(1—y) )
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In equation (5): x=xypre=0.25+1;
y=x2/(x2+x3)= 01

Function 1500x(1-x)*y(1-y) is defined on
the basis of a limited number of experimental
points on the phase diagram of ternary system.
3D model of liquidus surface YbTe approximated
by the equation (9) is shown in figure 2.

Conclusion

Presented models describe the crystalliza-
tion surfaces and partial excess free energy of
YbTe at high temperature (1000+2000 K) re-
gion of the YbTe-Bi,Te;—Sb,Tes system and
the concentration range 0.25+1 mole fraction of
YbTe on sections

XBi,Te, /(xBizTe3 T Xy, 7, )=0~+1.

The dependence of the partial excess free
energy of YbTe for saturated liquid alloys on
composition characterized by a region of maxi-
mum. It was established, that with increasing con-
tent of Bi;Te; and Sb,Tes, consequently, with de-
creasing of YbTe first increases positive devia-
tion from ideal state. Further positive deviation is
reduced when approaching 0.3 mole fraction
YbTe and replaced by a negative deviation from
the ideal state. This is consistent with the fact that
at concentrations xyyre = 0 + 0.2 in the YbTe—
Bi,Tes—Sb,Te; system formed solid solutions
SbyBizoTe [5]. The obtained thermodynamic
equations of approximation and 3 D models can
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be used for directed synthesis of promising phases
in the YbTe-Bi,Te;—Sb,Te; system.

The work was supported by the Science
Foundation of the State Oil Company of Azerbaijan
Republic (Grant for the project ""Preparation and
investigation of new functional materials based on
complex metal chalcogenides for alternative en-
ergy sources and electronic engineering'’, 2014).
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YbTe-Sh,Te;—Bi,Te; SISTEMININ GiBBS ENERJIiSi VO LIKVIDUS SOTHLORININ
HESABLANMASI VO 3D MODELLOSDIRILMOSI

A.N.Mammadov, E.R.Tagiyev, M.B.Babanl, D.B.Tagiyev

Isdo likvidus tonliyini geyri-molekulyar birlosmolordon amolo golmis YbTe-Sb,Te;—Bi,Te; sistemino totbiq etmoklo
YbTe-in kristallasma vo parsial izafi Gibbs enerji sothlori approksimasiya olunmus va 3D modellosdirilmisdir. Tonliklor
sorhad sistemlarinin odabiyyat malumatlart v iiglii sistemin faza diaqramindaki az sayda tocriibi qiymaotlori osasinda hall
edilmisdir. YbTe-in kristallasma vo parsial izafi Gibbs enerji sothlorinin YbTe—Sb,Te;—Bi,Te; sisteminin yiitksok temperatur

sahasinda (10002000 K), 0.25+1.0 YbTe mol payr qatiiq vo Xp; 7, /| (x BiyTe, +
rinda 3D goriintilisii OriginLab2015 and Grafikus.ru/plot3d programlart vasitosi ilo reallagdirilmigdir.

X b, Te, )= 01 nahiyalori intervalla-

Agar sozlar: hesablama, approksimasiya, 3D modellagma, Gibbs enerjisi, itterbium-telluridin likvidusu, kvazibinar
va kvazitiglii sistemlor

PACYET " 3D MOJEJMPOBAHUE MOBEPXHOCTEM JIUKBUJITYCA
N SHEPI' TNBBCA CUCTEMBI YbTe-Sb,Te;- Bi,Te;

A.H.Mamenos, J.P.Tarues, M.b.baoaniasl, /I.6.Tarues

B paborte ¢ rcnionp30BaHIEM ypaBHEHHUS JIMKBHIYCA IPIMEHUTENBHO K cucteMe Y bTe—Sb,Te;—Bi,Te; u3 Hemoneky-
JSIPHBIX COCAMHEHWH MpOBEACHA armpokcuManys U 3D MomenmupoBaHue ITOBEPXHOCTEH KPHUCTAIM3ALNK M TapIHaIbHON
n30BITOYHON cBOOOIHON »HEepruu ['mo6ca it YbTe. YpaBHeHHS pelIeHs! Ha OCHOBAHMH JINTEPATYPHBIX JTAHHBIX JUIS Tpa-
HUYHBIX CUCTEM M OIPAaHMUYEHHOTO YHCIIa IKCIEPUMEHTAIBHBIX TOUeK Ha (pasoBoii mrarpamme. I1oBEpXHOCTH KpHCTaILIH3a-
I ¥ TapIHUaabHON cBoOomHOM sHeprum YbTe 3D Bu3yanmupoBaHBI /1Sl BRICOKOTEMIIEpATypHOI oOnmactu cucteMsl YbTe—
Bi;Te;—Sb,Te; B wmutepBane Temmeparyp 1000+2000 K wu xonmenrpammidi 0.25+1 wmomp.jomm YbTe mo paspesam

X Bi,Te, /\ ( X BiTe, +x b, Te, ) = 0~+1 ¢ nomorkio iporpamm OriginLab2015 and Grafikus.ru/plot3d.

Knroueswvie crosa: pacuem, annpoxcumayus, 3D modenuposanue, snepeus ['ubbca, auxeudyc mearypuoa um-
mepous, Kea3ubUHApHble U K8A3UMpOlHble CUCTEMbl
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