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ABSTRACT

The analysis of the researches completed by now showed the lack of information concerning the
definition of quantity of the vapor pressure values over the molten and crystalline aluminum
chalcogenide. In the work presented here, the saturated vapor pressure over liquid and crystalline
aluminum sesquitelluride was determined for the first time by the boiling point method
(isothermal version). The compound was synthesized from elements, with a purity of 99.99 wt. %,
identified by X-ray phase analysis as a monophase Al,Tesz was used as a research object. Certain
vapor pressure of liquid Al;Tes corresponds to the dependence,

In Py, [17a] =18,828-11865-T '1va

por pressure over crystalline telluride is

In P, [17a] =19,869-13077-T

Based on the values of saturated vapor, the temperature
dependence of the Gibbs free energy of evaporation and sublimation was determined, by
differentiating which concerning temperature, the entropies of the condensed phase - vapor
transformation were calculated, and then the enthalpy. Thermodynamic functions were as
follows: entropy of evaporation of the liquid phase - 60.71 + 4.08 J/(mol K), enthalpy - 98.65 + 6.64
kJ/mol; entropy of sublimation of the crystalline phase - 69.37 + 4.67 J/(mol K), enthalpy - 108.73
+7.31 kJ/ mol. The low value of entropy of the aluminum telluride transfer to the vapor phase
indicates the presence of associates in the vapor and of the congruent character of evaporation
and sublimation of Al,Tesindirectly. Defined as the difference between the sublimation enthalpies
and evaporation, the enthalpy of aluminum telluride melting was 10.08 + 0.68 kJ/mol, the entropy
calculated similarly was 8.66 + 0.58 J/(mol K). The data obtained coincide with the thermodynamic
values found by other authors by calorimetric methods.
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Introduction

A retrospect of seventy years showed a limited
devoted to

number of researches

(Al;Tes) in the tin-selenium system in the
condensed phase, which melts congruently at
temperatures of 895 °C.

the The authors of [9] found the heat of formation of

physicochemical study of aluminum chalcogenides,
compared with similar compounds of other metals
[[11,121,131,14],15],16],[71], and the most of these few
studies are associated with the aluminum-tellurium
system.

Under the equilibrium state diagram [8], there is
one compound, aluminum sesquitelluride selenide

aluminum sesquichalcogenides, for a compound
with tellurium — 326.3 + 21 kJ/mol by direct
determination of the heat of interaction of metal
with chalcogenes in the Berthelot-Roth microbomb.
A close value of the enthalpy of formation of
aluminum telluride (-318.8 £ 4 kJ/mol) based on
calorimetric measurements was obtained in [10].
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As a result of the approximate calculation [11],
the heat of gaseous Al,Te; formation was 364
ki/mol.

Mass spectrometric studies [12] of the
composition of the vapor phase over aluminum
telluride found the presence of AlTe +, Al;Te +, Al,Te;
+, and AlTe; + ions with a low relative intensity and
found the enthalpies and entropies of formation of
compounds of the indicated composition at a
temperature of 1,292K (1,019 °C). The dissociation
energy of AIS was determined to be 359.8 + 12.6
kJ/mol.

A group of authors first determined the
enthalpies of formation and melting of alloys with a
concentration of up to 70 at. % Those, where the
congruent character of melting of Al,Tes was
established, and then, using differential thermal
analysis [14], the presence of a stratification region
of liquid solutions was found.

Mass spectrometric studies and the values of the
formation enthalpies obtained in the same study
confirmed the presence of two liquid phases.

When studying the pressure and composition of
vapor by mass spectroscopic, static, and torsion-
effusion methods [15] in the temperature range
538-760 K, it was found that the only component of
the gas phase over crystalline AL;Tes is the Te;
dimer, and the temperature dependence of the

dissociation pressure ( Pre, ) turned out to be equal
Ig Py, [xI1a] = (5,079+0,297) - (8270+152) - T™*

where T is the temperature, K.

Partial and integral thermodynamic functions of
metals were determined in [16] paper, using the
method of measuring the electromotive forces of
concentration chains at 700 - 820 K (427 — 547 °C) in
the range of alloy compositions of the aluminum-
tellurium system up to 20 atom percentte.

When studying phase equilibria and intermediate
phases in the Al-Te system, the authors of [17] paper
found the presence of a superstructure in the a -
AloTes compound. The [18] paper gives excess
thermodynamic functions in the concentration
range 0-60 atom percent tellurium for 1190 K
(917 °C), indicating very low values of its
thermodynamic activity.

The study [19] is devoted to thermodynamic
modeling and optimization of the Al-Te system
based on and using previously performed
experiments, including [[13], [14]].

No later publications concerning the study of the
thermodynamics of the aluminum-tellurium system
have been found. The analysis of the research results

outlined above shows a clear lack of Information
about the aluminum-tellurium system in respect to
the technologies of tellurium purification by physical
and physicochemical methods. There is no
information regarding the thermodynamics of
evaporation and sublimation of aluminum
sesquitelluride Al;Tes.

The purpose of this study was to determine the
thermodynamic functions of the sublimation of
crystalline telluride, its evaporation from the liquid
phase, and the melting of the compound.

Research object and methodology

The object of research was aluminum telluride
synthesized by fusing the amounts of tellurium
(99.99 wt.%) and aluminum (99.99 wt.%)
corresponding to the composition of the compound
in sealed quartz ampoules, from which air was
previously evacuated. Heating was performed at a
rate of 100 °C per hour to a temperature of 1000 °C,
the melt was kept at this temperature for 12 hours,
followed by quenching in water. The alloy was
identified by X-ray phase analysis as a monophase
A|2T83.

When considering the Al-Te system, the
congruent nature of melting and the existence of
aluminum telluride in solution was noted [13], a very
low value of Te activity in the liquid phase at
concentrations of 0-60 atom percent, that,
apparently, refers to the element obtained as a
result of the dissociation of AL,Tes, as well as its low
value of the dissociation pressure at a melting
temperature of 1168 K (895 °C) - 9.97 1073 kPa (we
calculated from the data [15].

This fact, as well as the significant value of the
free energy of aluminum telluride formation, gives
grounds to assume the congruent character of the
compound evaporation. thermodynamic
characteristics were calculated based on the values
of the saturated vapor of Al;Tes.

To determine the vapor pressure values, the
boiling point method (isothermal version) was
chosen; the method was based on a sharp increase
in the evaporation rate when the external pressure
and saturated vapor pressure of the investigated
component are equal with a decrease in pressure
above the melt, which was described in detail by the
authors earlier [[20], [21], [22], [23], [24], [25]].

The advantage of the method is that there is no
need to establish the molecular composition of the
vapor, which introduces significant errors in
calculations when determining the saturated vapor
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Table -1 — Experimentally determined and calculated values of the saturated vapor of aluminum telluride

Temperature,| Experiment | Calculated Relative |Temperature, | Experiment | Calculated Relative
K steam steam error, K steam steam error,
pressure, pressure, % pressure, pressure, % (A),
kPa. kPa kPa. kPa

46.40 -2.77 3.73 +0.0

1,473 49.06 47.72 +2.81 1,123 3.47 3.73 -6.97
47.72 0.0 4.00 +7.24

27.52 +3.69 1.33 -1.48

1,373 26.73 26.54 +0.72 1,033 1.27 1.35 -5.93
25.43 -4.18 1.47 +8.89

5.73 -5.76 0.67 8.06

1,173 6.11 6.08 -0.49 973 0.67 0.62 +8.06
6.42 +5.59 0.53 -14.52

|A|average=5-13

pressure by other methods. due to the high
aggressiveness of tellurium and telluride concerning
metals, quartz was used as the material of the device
and the container for the test charge and suspension
device material in its high-temperature part. The
pressure was measured with a vacuum gauge in mm
Hg with subsequent transfer to Pa.

Experimental results and their discussion

The experimental conditions and the values of
the vapor pressure of aluminum telluride
determined in this case are given in the table 1.

The total measurement error is defined as the
sum of the errors of independent measurements:
temperature — 1 %, weighing —0.1 %, pressure — 0.5
%, approximation of experimental data —5.13 %,
equal to 6.73 %.

The experimentally determined vapor pressure
of liquid Al;Tes corresponds to the dependence:
In Py 7, [[7a]=18,828-11865-T ", vapor pressure
over crystalline telluride -
In P al,Te, [I7a]=19,869 —13077 - T *

The results of the values of the saturated vapor
pressure over liquid and crystalline aluminum
sesquitelluride in the coordinates Inp — T (figure 1)
graphically, by the intersection of linear
dependences (1000-T1=0.8591) determine the
melting point equal to 1,164 K (891 °C) that only
differs by 4°C from the one shown on the
equilibrium phase (895 °C) diagram [8] and indicates
the correctness of the experimental data.

Based on the values of the saturated vapor
pressure over aluminum telluride (Al,Tes), the
thermodynamic functions of evaporation were
calculated, which amounted to entropy of the liquid
phase — 60.71 + 4.08 J/(mol K), enthalpy — 98.65 +

6.64 kJ/mol; entropy of sublimation of the crystalline
phase - 69.37 £ 4.67 J/(mol K), enthalpy — 108.73
7.31 kJ/mol. The low enthalpy value of the
aluminum telluride transfer to the vapor phase
indicates the presence of associates in the vapor
and, indirectly, the congruent character of Al,Te;
evaporation under Truton's rule.

Inp [T1a]

———0,8591 ——

1000xT"

6 [l
o6 07 08 09

Dark marks are experimental data and
light marks are calculated data

Figure 1 - Dependence of the vapor pressure of
aluminum telluride on temperature

Based on the simplest relationship: AHmel = AHsubl,
- AHevap, Where AHme, AHsw. and AHewp are
enthalpies of melting, sublimation and evaporation,
respectively, the thermodynamic functions of
melting of aluminum telluride were determined:
enthalpy is 10.08 + 0.68 kJ/mol, entropy is 8.66 +
0.58 J/(mol K).

The latter coincides with the data of the study
[14], where, using calorimetry, the melting entropy
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was determined equal to 8.6 £ 0.9 J/(mol K), and the
enthalpy is 10 + 1 kJ/mol.

Conclusions

As a result of this research, the pressure of
saturated vapor over liquid and crystalline
aluminum sesquitelluride using the boiling point
method was determined for the first time and on
this grounds, the thermodynamic functions of
evaporation and sublimation of Al,Tes were
calculated.

The enthalpy of liquid compound vaporization
was determined as 98.65 + 6.64 kJ/mol, of crystalline
sublimation was 108.73 + 7.31 ki/mol; the
evaporation entropy of telluride was found to be
equal to 60.71 + 4.08 J/(mol K), the sublimation
entropy was 69.37 = 4.67 J/(mol K).

The low value of entropy indicates the presence
of associates in the vapor and the congruent
character of evaporation and sublimation. The
melting functions determined in this study: entropy
— 8.6 £ 0.9 J/(mol K), enthalpy — 10 + 1 kl/mol,
coincide with the results of determinations
performed with the calorimetric method.

The obtained values of the functions will
supplement the currently missing information in the
thermodynamic database.
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ANOMUHUIA TeNNypUaiHiH 6ynaHy }KoHe cybAMMaLUACBIHbIH,

TepMmoanHaMUKAChI

bypa6aesa H.M., BonoguH B.H., HuueHko A.B., Tyneyraii ®.X.

«MeTannyprus »kaHe KeH 6aibITy MHCTUTYTbI» AK, CaTbaeB yHuBepcuTeTi, AimaTbl, KasakcTtaH

TYWIHAEME

Ocbl yaKbITKa AeWiH KyprisinreH 3epTreynepai Tangay HaTwKeciHAe GanKbITbIIFAH KaHe KpucTangpl

ANMOMUHUIA XaNBbKoreHUAiHiH, 6y KbICbIMbIHbIH, MOHAEPIH aHbIKTayfa KaTbICTbl aKMapaT KOK eKeHi

aHbIKTanabl. YCbIHbLIFAH JKYMbICTa KaiHay HyKTesnepi agiciMeH (M30TepmMUsAnbIK HYCKa) anfall pet

Makana kengi: 15 mayceim 2021
CapantamagaH eTri: 07 kapawa 2021
KabbingaHabl: 16 aknaH 2022

KbICbIMbI:

yCTiHAEeri 6y KbICbIMblI:

IN P 7., [17a] =19,869 13077 T *

KaHbIKKAH OyablH, CyMbIK YX9He KpuUCTangbl anlOMWHWUIA CECKBUTENNYPUAIHE KbICbIMbl aHbIKTaNAbI.
3epTTey HbiCaHbl PeTiHAe 3/1eMeHTTepPAEeH CuHTe3genreH TasanbiFbl 99,99 mac. %, AlTes moHodasa
peTiHAe peHTreH-pa3anbiK Tangay apKbl/ibl aHbIKTaNFaH KOCbINbIC KoaAaHblabl. Cylibik AlaTes 6enrini 6y

In Py, [17a] =18,828-11865-T

- Toyenpinikke caiKec Kenegdi, Kpuctanapl Tennypug,

TeH. KaHblKKaH ByablH, MaHaepiHe cyiieHe

oTbIpbIn, MMB6CTIH 6ynaHy MeH cybaMmaLuaHbIH, 60C S3HEPrUACbIHbIH, TemnepaTypafa Tayenainiri, OHbl

TemnepaTypara KaTbiCTbl AvddepeHumanaay apKblabl KOHAEHCaUMANaHFaH GpasaHblH, SHTpoNUAnapbl —
6yablH, Typ/ieHyi anapiMeH ecenTenegi, CogaH KeliH aHTanbnus. TepmoavHaMuKanblk GyHKUMANap

Keneci MaHAaepai Kypaabl: cyibik dasaHblH 6ynaHy sHTponusackl - 60,71+4,08 Ox/(monb-K), sHTanbnua —

98,65+ 6,64 Kx/Mmonb; KpucTangpl dasaHbiH, cybanmaumsa sHTponuackl — 69,37+4,67 [x/(monb-K),

sHTanbnuAckl — 108,7317,31 kAx/Monb. ANIOMUHUI TeNnypuaiHiH, 6y dasacbiHa 6Ty 3HTPOMNUACHIHbIH,

TOMeH MaHi byaa

accoumatTapaplH,  60ybiH

oHe KaHama Typae AlTes 6ynaHybl MeH

Cy6NMMaLMACHIHBIH, KOHTPYEHTTI cunaTbiH KepceTedi. Cybaumaumn xaHe 6ynaHy sHTaAbNUANAPbIHbIH,

alibIpMaLUbIbIFbl  PeTiHAe aHblKTanfFaH aNlOMUHWUIA Tennypuiiii, 6anky sHTanbnusAcel 10,0810,68

KO>K/MONb, OCbIFaH YKcac agicneH ecenTenreH sHTponusa 8,66+0,58 [s/(monb-K) 6onabl. AnbiHfFaH

[epeKTep KanoMEeTpUANbIK aaicTepmeH 6acka aBTopnap TankaH TEPMOAUHAMMUKANbIK MIHAepMeH

coWKec Kenegi.

TyiiH ce3aep: antomMUHUIA Tennypuai, by KpicbiMbl, 6anky, 6ynaHy, cybammaumsa, SHTPONUA, SHTANbNUA.
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TepmoanHamuKa ucnapeHma n cybammauymm Tennypuaa antoMmmHuUA

bypa6aeBa H.M., BonoguH B.H., HuueHko A.B., Tyneyrait ®.X.

AO «MHCTUTYT MeTannyprum u oboraweHun», Satbayev University, Anmartol, KasaxctaH

AHHOTALMUA

B pe3ynbrate aHaAn3a BbIMO/IHEHHbIX K HACTOALWLEMY BpeEMEHU VICC!]e,CI,OBaHVIl‘/II YCTaHOB/IEHO OTCYyTCTBUE
CBe,D,eHVIVI, Kacawowmxeca onpe,u,eneHMVl BeNNMYUH AOaBNeHuMA napa Hag pacniaB/ieHHbIM U
KPUCTANZIMYECKUM XaNbKOTEHUAOM aNtoMUHUA. B I'Ipe,Cl,CTaB!leHHOl’I pa60Te BrnepBble METOAOM TOYEK

Moctynuna: 15 utoHs 2021 KUMNeHUa (M30TepMUYECKMIA BapuaHT) onpeaeneHo AaBNeHUe HacCbIWEHHOro Mnapa Haj KUOKUM U
PeueH3upoBaHue: 07 HoAbps 2021 KPUCTANAMYECKMM CECKBUTEMYPUOOM antoMuUHUA. B KayecTBe o6beKTa MCCie0BaHUA UCMONAb30BAHO
MpuHaTa B Nneyatb: 16 ¢espansa 2022 CMHTE3NPOBAHHOE W3 3/1eMeHToB, uYucToTon 99,99 mac. %, coeanHeHue, UAEHTUOULMPOBAHHOE

peHTreHo}a3oBbIM aHaNM30M Kak moHodasa Al.Tes. OnpegeneHHoe gasneHue napa xuakoro AlTes

— — . -1
COOTBETCTBYET 3aBUCUMOCTH: N Dy, [71a] =18,828-11865-T

In Py, [11a] =19,869-13077-T

, 4aBNeHne napa Hag KpUctaaindeCkum

TeNNypuaom Ha ocHOBaHMM BENWMYMH HaACbIWEHHOro napa
onpeaeneHa TemnepatypHasa 3aBUMCMMOCTb CBO6OAHOM 3Heprum mb6ca ucnapeHusa u cybammaumm,
onddepeHUMpoBaHNeM KOTOPOW MO TemnepaType paccyvMTaHbl BHa4ase 3SHTPOMMU MpeBpalLeHus
KOHAEHCcMpoBaHHana ¢asa — nap, a 3aTem 3HTanbnuA. TepmoguHamuyeckue GYHKLMKU COCTaBUAM
BEJIMYMHY: SHTPOMUA MCMapeHus )uakon ¢asbl — 60,71+4,08 Osk/(monb-K), aHTanbnus — 98,65+ 6,64
KLX/Monb; aHTpoNUs CybaMMaumMm Kpuctaaimyeckoin dasbl — 69,37+4,67 [x/(monb-K), aHTanbnusa —
108,7317,31 kk/Monb. Manas BennyMHa SHTPONMUM Nepesoaa TeNypuaa altoMUHUA B NapoByto dasy
CBUAETeNbCTBYET O HAa/IMYMM AaCCOLMATOB B MApe U KOCBEHHO — O KOHTPYIHTHOM XapaKTepe UCMapeHus u
cybnmmaummn Al;Tes. OnpeaeneHHan Kak pasHUUA 3HTanbnui cybanmaumm M UCNapeHUs 3HTanbnua
nAaBAeHMA TENNYPULA aNIOMUHMA COCTaBua BennumnHy 10,08+0,68 KxK/MOb, SHTPONMA, paccunTaHHasA
aHanornyHo, — 8,66x0,58 [x/(mosib-K). MonyyeHHble AaHHble COBMAaZaloT C TEPMOAUHAMMUYECKUMM
BE/IMYMHAMMU, HAUAEHHBIMW APYTMMU aBTOPAMM KalOPUMETPUYECKUMU METOLAMM.

Kntouesble cnosa: Tennypua aNtoMMHUA, AaBneHue napa, naasaeHune, ucnapeHue, cybammaums
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