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Abstract: Partial pressure of elements was found by multiplication of resultant pressure to their share in condensate determined by
chemical analysis, assuming the existence of ideal solutions. It avoids vapor molecular composition to be taken into account while partial
pressure estimation. To determine boiling temperature of alloys in selenium-sulfur system boiling point method was used in order to
determine values of partial pressures of elements with subsequent determination selenium and sulfur bulk quantities ratio in the vapor
by means of vapor phase condensate analysis obtained by the static method at the boiling temperatures of solutions. Vapor phase
composition at the boiling point was defined as selenium or tellurium partial pressure ratio to the total pressure at the boiling point. On
the basis of an author of the partial pressure of steam quantities of selenium and tellurium, presented in the form of temperature and
concentration dependences of the calculated phase transition boundary melt - steam system selenium - tellurium, presented in tabular
form, and inflicted on the existing phase diagram of condensed phases. Azeotropic mix with maximum temperature was discovered at the
state diagram: composition of azeotropic liquid at 995 °C corresponds to 7.5 at. % Se and 92.5 at. % Te. That is, distillation separation
of selenium and tellurium is possible in selenium and azeotropic mixture, or tellurium and an azeotropic mixture. Comparison of the
results of research with the calculated data obtained on the basis of the research results of other authors, in the presence of differences
in the composition and the boiling temperature of the boiling liquid indivisible, essentially confirmed its existence. The latter is the cause
of system separation difficulties using distillation methods, because alloy composition becomes identical to vapor phase composition if

azeotropic liquid presents there.
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Difficulties of selenium and
tellurium  separation with distillation attracted
researchers © attention to the liquid-vapor equilibria
in the system indicated.

Researches of liquid-vapor equilibria in selenium —
tellurium system were made by the authors of paper[1]
to check out possibility of separation by rectification
at atmospheric and low pressures. Trials were
performed at the concentration range of 2-99 wt. %
of tellurium at pressures of 6.7, 12, 20, 33.3, 60
and 101.3 kPa. Sampling to determine vapor phase
composition was carried out at the boiling point in the
form of solid condensate, assuming that liquid phase
composition does not change. Selenium and tellurium
content in condensate was determined by weighing.
Finally, liquid — vapor aggregative transition was
made for each pressure built and absence of azeotropic
mix was established.

Selenium relative volatility coefficients were
determined as ratio of concentrations in vapor and
liquid states, in respect of tellurium — as ratio of
concentration in liquid state to concentration in vapor
state. Low values of relative volatility ratios were
explained by the chemical compounds formation
between selenium and tellurium in liquid and vapor
states.

Introduction.
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Sato T. & Kaneko H. [2] in course of thermody-
namic study of selenium - tellurium system estab-
lished presence of azeotropic liquid-alloy melt with
minimum boiling point and Te concentration of 2 %
in alloy that contradicts to current practice of ele-
ments separation by distillation including tellurium
accumulation in distillation residue.

The author of the paper [3] determined selenium va-
por pressure in hard alloys with Se content % of 22.0,
49.0,69.7, and 85.2 94.5 at the specially designed equip-
ment enabling to get continuous dependence of vapor
pressure and temperature using radioactive isotope *Se
as well as estimated data of selenium vapor composition
were obtained using mass-spectrometric method with ra-
dioactive indication. Se, Se,, Se,, Se, and Se, ions were
detected in the vapor state. Mean molecular composition
of vaporous selenium was determined based on the ra-
tio of different molecules ions number and it was equal
to 443 that corresponds to molecular mass of six atoms.
Strong abnormal negative deviation from the perfect
solutions law was established. Formation of molecules
of selenium with tellurium was assumed and purification
of tellurium from selenium with vacuum distillation was
proved as impossible.

Outcomes of liquid-vapor equilibria study for
selenium- impurity liquid alloys were presented in
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the paper [4], where selenium — tellurium, selenium
— sulfur, selenium — mercury and selenium — arsenic
systems were studied using circulation method and
relative volatility ratios of impurity element were
determined. In selenium liquid alloys containing
(1,1-2,0)- 10> mass % of tellurium, average value of the
ratio was equal to 2.62, and based on that distillation
process was recognized as most promising. The latest
is confirmed by the authors of [5, 6] while extra-pure
elements production.

The author of [7] studied liquid - vapor phase
equilibria in tellurium - selenium system in the area
of selenium small concentrations with ebulliometric
method and it was found that separation factor
decreases while pressure reduction. The system is
characterized by negative deviation from Raoult’s law
and that occurs due to mixed selenium and tellurium
molecules formation under researcher assumption.

In the later study [8] thermodynamic properties
of selenium — tellurium alloys were determined by
measuring electromotive force of concentration chains
in the liquid allows with Te content up to 15— 78 at. %
at the temperature range of 723 — 880 K. Authors
estimated partial and integral thermodynamic constant
values of individual elements and system as a whole.
Thus positive deviation from ideality was established
at the concentration dependences of tellurium activity
in the alloys, and in respect of selenium —change of
deviation sign from ideality in the area of tellurium
60 at. %.

It is quite difficult to determine thermodynamic
constant terms of selenium — tellurium system based
on vapor pressure values because it is necessary to
take into account molecular weight, distinguished
by diversity of associates composition and assembly.
Vapor might contain molecules of Se,, Se,, Se,, Se,,
Te, Te,, Te,, TeSe, assembly of them varies depending
on temperature variations and alloy composition
[9, 10]. In this regard, the papers were made aimed to
develop thermodynamic activity calculation method
in alloys, equilibrium of complex composition [11]
to vapor state as well as thermodynamic evaluation
of the system based on the optimized data set about
Se — Te system [12] enabling to align thermodynamic
functions and a state diagram to the experimental
evidence.

Later authors of paper [13] in the form of their
contribution to liquid selenium — tellurium solutions
thermodynamic properties simulation presented
derivation of the Gibbs free energy equation during
two isomorphic pure elements mixing, forming
disordered substitution solution adjusted to excess
volume account record to the system considered. It has

proven that recording of excess volumes contributions
significantly improves alignment between estimated
thermodynamic functions of mixture and experimental
values of selenium — tellurium alloys.

Based on assessment of studies performed and
outcomes established thereof, conclusion can be made
about some inconsistencies and interpretation of data
concerning vapor pressure, thermodynamic activity,
complex molecular composition of the condensed
and vapor phases, complexity of evaporative system
separation into components, presence of azeotropic
mixture or lack of it.

The purpose of this study was to determine liquid
- vapor phase transition boundaries based on selenium
and tellurium vapor pressure data, whereas vapor
molecular composition was not taken into account
during determination thereof.

Experimental Part and Discussion of Results.
To determine boiling temperature of alloys in
selenium-sulfur system boiling point method was
used in order to determine values of partial pressures
of'elements with subsequent determination selenium
and sulfur bulk quantities ratio in the vapor by
means of vapor phase condensate analysis obtained
by the static method at the boiling temperatures of
solutions.

Partial pressure of elements was found by
multiplication of resultant pressure to its share
in condensate found upon its chemical analysis,
assuming the existence of ideal solutions. It avoids
vapor molecular composition to be taken into account
while partial pressure estimation.

Vapor phase composition at the boiling point was
defined as selenium or tellurium partial pressure ratio
to the total pressure at the boiling point.

To conduct the trials alloys were prepared of
selenium content of 10, 30, 45, 50, 55 and 70 at. %.
In course of study CP grade tellurium and high-purity
selenium of UHP -1 grade were used containing
99,992 % wt of the main component.

Alloys of these compositions were prepared in
withdrawn quartz ampoules by heating above the
melting temperature to 50 °C, aging for 12 hours at this
temperature with stirring by shaking and subsequent
quenching in water.

The partial pressure of the alloy components vapor
is presented in the form of temperature-concentration
dependencies, [14] for selenium:

In pg, [17a] = (~10775x}, +16384x2, —228x, —
—17921)- 7™ —20,013x{, +60,172x3, —60,185x2, +
+20,424x,, + 24,399 +In x,
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for tellurium:

In py, [Ia] = (10775x3, —32104x2 +31667x,, —

— 24646+ 215Inx,,)- T™'=20,013x% + 46,564x,
~29,567x2 —1,024x, +26,901+1,5181nx,

|

Liquid — vapor phase transition boundaries were
defined based on partial values of selenium and
tellurium vapor pressure: boiling temperature adopted
when sum of partial pressures is equal to atmospheric
pressure (101325 Pa), vapor composition at the
boiling point, as well as ratio of partial pressure to the
total one are presented in table.

Table — Boiling point of alloys and vapor phase composition at the boiling
point

The content of The selenium content
selenium in the Alloy boiling point, |in a couple of * atomic
alloy * atomic °C fraction
fraction
1 672 1
0,70 772 0,9961
0,50 845 0,9500
0,40 879 0,8889
0,30 918 0,7662
0,20 963 0,5049
0,10 993 0,1380
0,08 994 (994,4) 0,0863
0,075 995 (994,5) 0,0750
0,06 994 (994,2) 0,0484
0,04 993 0,0232
0 989 0
* - the rest of tellurium

In addition, boundaries of alloys and vapor phase
coexistence were identified based on data of paper [1]
under following conditions and assumptions;

- mass percent is converted into atomic percent;

- pressure in the system is equal to overall vapor
pressure at the boiling point;

- condensate composition is identical to vapor
composition;

- partial pressure of vapor components is pro rata
with condensate composition;

- selenium vapor pressure values were used in
calculations consisting of Se, molecules;

- thermodynamic functions of tellurium were
estimated by Gibbs-Duhem equation integration in
order to avoid any mismatch;

- tellurium is present in vapor in the form of
Te,dimers;

- Se, and Te, pressure was borrowed from [15].

Liquid and vapor coexistence boundaries were
marked at the state diagram [16, 17] figure.
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1 — our data; 2 — by [1] data

Figure — the phase chart selenium-tellurium

In both cases azeotropes were presented at the
state diagram at the maximum temperature: based
on estimation with our data composition of azetropic
liquid at 995 °C corresponds to 7.5 at. % Se (the
rest is tellurium), according to [1] — 47.9 at. % Se at
1234 °C. Therefore distillation separation of selenium
and tellurium is possible into selenium and azeotropic
mixture, or tellurium and azeotropic mixture.

Irrespective of differences in extreme values of
composition and boiling temperature existence of
azeotropic mixtures in selenium - tellurium system
was confirmed in principle. Boundaries of liquid
and vapor coexistence each side of azeotropic
composition obtained based on study evidence [1], in
our opinion, are not accurate due to the large number
of assumptions. In addition, shape of boundaries of
areas indicated (adjacent to Se — state diagram edge),
supposes much better quality of distillation refining
of selenium from tellurium, comparing to existing
practice.

Conclusions. Phase transition boundaries for
alloy— vapor in selenium — tellurium system were
estimated based on values of selenium and tellurium
vapor partial pressure determined by the authors and
presented in characteristic curves of temperature and
concentration.

Azeotropic mix with maximum temperature was
discovered at the state diagram: composition of
azeotropic liquid at 995 °C corresponds to 7.5 at. %
Se and 92.5 at. % Te. That is, distillation separation
of selenium and tellurium is possible in selenium and
azeotropic mixture, or tellurium and an azeotropic



Physical-Chemical Studies

mixture. The latter is the cause of system separation
difficulties wusing distillation methods, because
alloy composition becomes identical to vapor phase
composition if azeotropic liquid presents there.
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TYWIHOEME

OnemMeHTTEpAiH napuuangbl KbiCbIMbl Kamnmbl KbICbIM MOSLWEpPiHiH OHblH, KOHOEHCaTTaFbl XUMUSMbIK TarngayMeH aHblKkTanfaH
MerepiHe kebenTiHaici apkbinbl Tabbingbl. Byn GyablH Monekynanblk KypaMblH aHblkTaman-ak napumangbl KblCbIMHbIH, MesLwepiH
aHblkTayFa MyMkiHaik 6epepni. CeneH-Tennyp XyneciHiH 6ankbiManapbiHblH KaiHay TemrnepaTypachiH aHblKTay YLiH KanHay HyKTenepi
afici kondaHbinNabl, GankeiManapablH kaiHay TemnepaTtypacbliHaa 3MeMeHTTepdiH napumanibl KbicbiMaapbl aHblkTangbl, ofaH KewiH
CereH xaHe TennypAblH Maccanblk KaTbiHacTapbl Oy dasacbiHbliH Tangay apkbinibl aHbikTangbl. KaviHay Temnepartypacbl kesiHge Oy
asacblHbIH Kypambl CeNeH MeH TennypabiH napumanibl KblCbIMbIHbIH, XXanmnbl KbiCbiMFa KaTbiHAChl PeTiHAE aHblKTanabl. ABTOprapablH
aHbIKTaFaH CeneH xaHe TennypablH Oy KbiCbIMbIHbIH TEMNepaTyparnbl-KOHLEHTPaUNoHAbl ToyenainikTep TypiHAe KepceTinreH napuvanbl
MeriLiepriepi Herisinae ceneH — Tennyp xyweciHgeri 6ankbiMa — 6y dhasanblk eTyiHiH Llekapanapbl ecenTenreH, ofnap Kecte TypiHae
KepCeTINreH xaHe KoHAeHcauusinaHFaH dgasanapgbld dasanbik guarpammacbiHa canbiHFaH. Ky guarpammacbiHga temnepartypanbik
MakCUMyMMeH a3eoTponTbl kocna Garkanabl: 995 °C Gipre 6ankutbiH KocnaHblH KypaMmbl keneci 7,5 at. % Se un 92,5 at. % Te. [demex,
cernieH MeH TennypAblH GeniHyi, ceneH xoHe aseoTponTbl KOCMa HeMece Tennyp XoHe as3eoTponTbl KOCMa >XOMbIMEH KYPYi MYMKIH.
Backa aBTopnapablH 3epTTeynepi HoTUXKeCIHAE anblHFaH eCenTik MaNiMeTTeP MEH OCbl 3epTTey HOTUXKENEPIH CanbICTbIpy HATWXKECIHAE
npyHUMNuanabl Typ4e ap Typni kypaMzaa, Gipre 6ankuTbiH CyMbIKTLIKTbIH, KaliHay TemMnepaTypacbiHaa MyMkiH 6onybiH Aenenaesi. CoHfbIChl
XKYMEHi anemMeHTTepre AUCTUNNAUMANbI ddicneH 6enyai kubiHaaTaabl, cebebi Gipre KanHaTbIH CyMbIKTbIK 6ap ke3ae 6ankbiMaHbIH Kypambl
Oy dasacblHbIH KypaMblHa Caiikec kenegi.

Tywningi ce3pep: ceneH, Tennyp, ekinik xyrne, 6anksima, Oy KbiCbiMbl, Ky guarpammacsl, 6ipre KanHanTblH CYMbIKTbIK, a3€0TPOMThI
Kocna.

PE3IOME

MapumnanbHoe OaBrneHVe 3NeMEHTOB HaWAEHO MPOU3BEAEHWEM BEMUYMHBI CYMMapHOro AaBMeHWsl Ha ero [of B KOHAeHcaTe,
onpeneneHHy XMMUYECKUM aHanvM3oM, B MPeanofioKeHNU CyLLeCTBOBaHMSA MaearnbHbIX PacTBOPOB. OTO yCTpaHSEeT HeobxoanMOCTb
yyeTa MOMEKynsipHOro COCTaBa napa Mnpu pacyeTe BeNnuuMHbl MapuManbHoro gaeneHust. [ns onpegeneHvst Temnepatypbl KUNEHUs
CMIaBOB CUCTEMbI CENEH-TENNYP MCMONb30BaH METoA TOYEK KMMEHUs Ans OnpeaeneHns CyMMbl napunanbHbIX OaBEHU 3NeMeHTOB
C nocrnenyloLlmM onpefeneHMeM COOTHOLLIEHUSI MacCoBbIX KOMWMYECTB CerneHa W Tennypa B nape aHanvM3oMm KoHAeHcaTa napoBou
asbl, MOMyYEeHHOro CTaTUYECKUM METOAOM, MpW TemnepaTtypax kuneHusi pactBopoB. CocTaB napoBoi ¢asbl npu Temnepatype
KWUMEeHWs1 onpeferieH Kak OTHOLUEHWE napuuanbHOrO AaBleHUsI CerneHa Wnu Tennypa K CyMMapHOMY [aBrieHWUo Npu Temnepatype
KuneHusl. Ha ocHoBaHuM onpeferneHHbIX aBTopamMu MapuManbHbiX BENUYUH OABEHUS napa ceneHa u Tennypa, NpeacTaBreHHbIX B
BUAE TeMMNepaTypHO-KOHLEHTPALMOHHbBIX 3aBUCUMOCTEN, paccunTaHbl rpaHuLlbl (ha3oBOro nepexoga pacnsae — nap B CUCTEME ceneH
— Tennyp, npeacTaBneHHble B BUAE TabnuyHbIX SaHHbIX, U HAHECEHHbIE Ha CYLLEeCTBYHOLLYO (ha3oBylo AnarpaMMy KOHAEHCUPOBAHHbIX
¢a3. Ha gnarpamme coctosiHusi obHapyxeHa a3eoTporHasi CMecb C MakCMMyMOM TeMMepaTypbl: COCTaB HepasgenbHO KWMsiLen npu
995 °C xwupkocTtn cootBeTcTBYeT 7,5 aT. % Se 1 92,5 at. % Te. To ecTb AUCTUNNALMOHHOE pa3dereHne ceneHa n Tennypa BO3MOXHO Ha
CerleH 1 a3e0TPONHY CMECh, UMW TENIYpP 1 a3e0TPOrHY cMeck. ConocTaBneHne pesynsratoB UCCNEeA0oBaHUS C PACYETHBIMU AaHHBLIMY,
NoryyYeHHbIMU Ha OCHOBaHWM Pe3ynbTaToB UCCNENOBaHNS APYrMX aBTOPOB, MPWU HANMYMM pPasnuuuii coctaBa M TeMnepaTypbl KUNeHns
HepasaenbHO KUMSLWEWN XXMOKOCTM, MPUHLMNManbHO MOATBEPAMUIIO ee CyllecTBOBaHue. [locnegHee SBNSETCS NMPUUMHOW TPYAHOCTEN
pasgeneHns CUCTEMbI Ha ANEMEHTbI AUCTUNSALMOHHBIMU crnocobamu, Tak Kak Npu HanMyiMm HepasgenbHO KUMSLLEN XUAKOCTM cocTaB
pacnnasa MAEHTUYEH COCTaBy NapoBoW dasbl.

KnioueBble croBa: cerneH, Tennyp, [BOVHasa cuctema, pacnnas, AaeneHue napa, guarpamMmma COCTOAHUA, Hepa3geribHO Kundawas
XMNOKOCTb, a3eoTponHas CMecCb.
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