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Abstract: The nature of the physicochemical interaction in the Tm-As-S and Tm-As-Se systems was studied
along various cross sections by methods of Differential Thermal (DTA), X-Ray Diffraction (XRD) and
Microstructural (MSA) Analyzes, measuring their micro-hardness and determining their electrophysical
properties. The investigation of the alloys of the system started by studying the properties of the initial
components in cooling modes of 7-10deg/min. After establishing the boundary of the glass formation region
in the systems, the physicochemical properties of glasses and intermediate phases were studied. Analysis
showed that all effects on the thermograms were reversible. The compounds of TmASS;, TmAS,S;, TMAS,S,,
TmsAs,Sy compositions were formed in the As,;S3-Tm,Ss, As,S3-TmS systems. The compounds of TmAS,S-,
TmAsS and TmAs,S, compositions melted congruently, while the compounds of Tm3As;S; and TmAsS; melted
incongruently. TmAsSe, TmAsSes, TmAs,Se;, TmAs,Se, and TmsAs,Seq phases were formed in the Tm-As-Se
system while TmzAs,Se; was formed by the peritectic reaction TmSe + L < TmsAs;Seq. Microstructural
analysis showed that all alloys of the Tm-As-S, Tm-As-Se cross sections were two-phase, except for the
composition of intermediate phases. Proceeding from the results of XRD, the lattice parameters of TmASS,
TmAsSz;, TmAs,S;, TmAS,S,, as well as parameters of selenium-containing compound were calculated; it
found that it crystallized in the rhombic syngony. Based on the results of physicochemical analysis, it was
established that the studied cross sections were quasi-binary sections of the Tm-As-S and Tm-As-Se ternary
systems. The phase diagram of cross sections with the participation of sulfur and selenium was plotted using
the results of physicochemical analysis; it established that the studied cross sections were quasi-binary
sections of the Tm-As-S and Tm-As-Se ternary systems.
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Introduction

Interest in rare earth elements (REE) and
their compounds, as well as in arsenic

of luminous compositions and luminescent
materials, in  radio  technology  and

chalcogenide, is related to the use of their
compounds in various fields of technology, as
well as in obtaining materials with pre-targeted
properties. Lanthanide compounds are used as

catalysts, HTSC (high-temperature
superconducting) ceramics of conductive
materials, additives to various alloys for

increasing their mechanical resistance, thermal
resistance, for obtaining special types of glass
used in nuclear technology, for the manufacture

optoelectronics, as well as in special probes to
study the structure of solutions [1-4]. There are
sufficient data on the study of the Ln-As-X
system [5-7].

There are excerpted data on the
interaction of the Tm-containing-systems and its
chalcogenides with arsenic chalcogenides and
on the intermediate phases [9-10] formed in
them.
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Purpose of the study

The purpose of this work is to study the
nature of the physicochemical interaction in the
Tm-As-S(Se) system along various cross
sections: Tm-AsS, Tm-As;S;, ASS3-TmS,

AS;S3-TmyS3 Tm-AsSe,  As,Ses-Tm, As,Ses-
TmSe, As,Ses-Tm,Se; and the study of the
electrophysical properties of compounds in the
wide temperature range.

Material and research methods

TmS, AsS, AsySs, AsSe, AsySes, TmySes
were synthesized from the elements to study
abovementioned cross sections; arsenic of
grades A-5, Tm-A-1 (99.97), sulfur of the high
purity grade for analysis, selenium of grade B-4
were for this synthesis. The synthesis regime
was selected on the basis of physicochemical
properties of the initial components and the
thermogram —the record of alloys synthesis.

After vacuum pumping the ampoules,
the initial samples (3 g) were placed in the oven
which was heated to 650-750K for 6-8 hours,
and then the temperature was raised to 1200K.
The ampoules were kept at this temperature for
5 hours and the ampoules were slowly cooled to
room temperature together with the furnace.

The alloys were subjected to

homogenizing annealing for 650 hours
depending on the concentration of components
at appropriate temperatures, 50-70 degrees
below the solidus.

The nature of the physicochemical
interaction in the Tm-As-S and Tm-As-Se
systems was studied by the methods of
differential thermal (DTA), X-ray phase (XRD)
and microstructural (MSA) analyzes, measuring
the microhardness and determining the
electrophysical properties.

For the study of the high-temperature
part, HTSC 987 equipment was used. DTA was
carried out by PDS-021 (two-coordinate self-
recorder potentiometer). Microscope MIM-7,
MIN-8 and microhardness tester PMT-3).

Results of the study and their discussion

The equilibrium state of the alloys was
controlled by the MSA and XRD methods.
Alloys with a high content of arsenic sulfide
were cherry-red and the color of selenide-based
alloys was black. Analysis of thermograms

showed that all effects on thermograms are
reversible. Mainly, two endothermic effects
were obtained on the heating curves, in addition
to the compositions corresponding to distectic
compounds.

ASS-Tm cross section

Alloys of the system were synthesized in
rotary tube furnaces; cooling the alloys was
carried out at the rate of v=7-10 deg/min (Table
1).

As is seen from Table 1, with a cooling
rate of v=7-10 deg/min, the glass formation area
reaches to 10 mol%. Some physicochemical
properties of glasses are given in Table 1.

Table 1. Some macroscopic properties of alloys (glasses) of the AsS-Tm system (the rate of cooling
v=7-10 deg/min)

Composition
Thermal effects . .
Ne of the alloys, TK DenSItg/ Mlcrohardnzess Results of MSA
mol% d,g/em H, g/mm
AsS | Tm Tg | Terys | Trmett
1 100 0 |430 |- 580 3.75 118 Single-turbid phase
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2 99 1 436 |470 | 575 3.81 120 Single-turbid phase
3 97 3 450 | 475 | 568 3.85 125 Single-turbid phase
4 93 7 |465 |485 |545 3.94 133 Single-turbid phase
5 90 10 | 468 | 497 |535 3.98 135 Single-turbid phase
6 85 15 | 475 | 900 |530 4.15 140 Crystalline glass

The equilibrium state of the alloys was alloys. After the equilibrium state, the alloys
provided to establish phase equilibrium in the were studied again and, the phase diagram of
studied systems. Tm-AsS was plotted on the basis of the results

They were annealed for 500 hours below of the integrated research methods of

the solidus by 50-100°C to homogenize the Physicochemical analysis (Fig. 1).

T, K
2075 [ L

1875

1675 | L+ v (TmASS)

1475

1275+

1075

875 ¢

675t b 4 s
v (TMASS) +Tm

475

Fig. 1. Phase diagram of the Tm-AsS system

As is seen from Fig., the TmASS (y) intermediate phase melting at 1350K was obtained.

As,S3; —TmS cross section
These alloys were synthesized similarly 13 mol% TmS was obtained in the form of
to the alloys of the As,S;-Tm system. After glass. Glassy alloys were investigated
synthesis, the alloy was cooled at the rate of physically and chemically. The research results
v=7-10 deg/min. After cooling the alloys, about are presented in Table 2.

Table 2. The values of some macroscopic properties of alloys of the As,Sz —TmS system (glasses)

3 Composition Thermal effects T.K Micro- Den5|ty3
of alloys, mol hardness d, g/lcm

CHEMICAL PROBLEMS 2022 no. 1 (20)

Results of MSA



T.M. ILYASLY etal. 71

% H, g/mm’

Astg ™mS Tg Tcrys Tmelt
1 100 0 440 470 580 118 3.75 Single-turbid phase
2 97 3 445 478 550 125 3.79 Single-turbid phase
3 95 5 448 480 595 130 3.81 Single-turbid phase
4 93 7 453 485 555 135 3.85 Single-turbid phase
5 88 10 455-465 | 475-495 525-580 140-145 | 3.90-3.95 | Single-turbid phase
6 87 13 475 495 565 135 4.01 Single-turbid phase

Three thermal effects appeared on thermograms of the alloys (Fig. 2).

TK A

Fig. 2. Thermograms of the alloys of [As2S3]o,90[ TMS]o 1 COMposition
Ty— vitrification temperature, T¢ys— temperature of crystallization, Tmerr — melting temperature
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=
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Fig. 3. Phase diagram of the As,S; —TmS system
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The phase diagram of the As,S; —TmS
cross section was plotted after providing an
equilibrium state for the alloys (Fig. 3).

Three intermediate phases TmsAs,So,
TmASs,S, and TmAs,S; were formed along the
studied cross section. TmASs,;S, and TmAS:S;

compounds melted congruently at the
temperatures of 915K and 1175K, respectively,
while compounds of TmzAs;Sg composition
were formed by the following subsequent
peritectic reaction:

11732
L + TmS == Tm3As4Sq

The results of XRD showed that new
diffraction patterns appear on the diffractograms
of the alloys. XRD analysis data are given in
Table 3. The Table shows the relationship
between inter-planar distances and intensities of
diffraction lines.

The XRD results showed that new
diffraction lines appear on the diffraction
patterns of the alloys in addition to the line of
the initial As,Szand TmS. The data of XRD are
given in Table 3.

Table 3.Results of XRD analysis for intermediate phase obtained in the As,S3—TmS system

Formula of Q) Texp. Ios dy
compounds

TmMAS;S7 13.21 10 48.48 3.374
16.56 16 69.57 3.712

16.85 18 78.26 2.661

17.44 24 100 2.621

19.55 23 98 2.220

20.73 16 78.13 2.710

TmAS,S, 12.31 18 37.14 3.622
15.62 13 37.16 2.871

16.12 15 42.36 2.780

16.62 33 94.29 2.713

16.18 35 100 2.504

22.34 11 31.43 2.102

25.76 5 14.29 1.775

Tm3AS,Se 10.71 15 22.41 4.152
12.27 18 26.89 8.634

15.7 19 28.42 2.851

16.5 32 47.81 2.801

16.57 46 68.72 2.710

19.1 67 100 2.403

19.6 29 43.3 2.310

22.11 16 23.88 2.051

25.83 9 13.43 1.813

Parameters of crystalline lattice, singonies and
volume of elemental cells were determined

based on the calculated data (table 4).
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Table 4. Crystallographic and physicochemical properties of thulium ternary compounds
(intermediate phases)
Compound | Space | Singony | Type of Parameters of lattice, nm Density, Micro-
group structure glem? hardness
MPa
anm Rhomb Sb283 a b C z Pcalc‘ Ppc,
TmASs,S; 1.189 | 1,449 | 0403 | 4 | 419 | 4.17 1925
TmAS,S, 1.155 | 1.350 | 0.356 | 4 | 443 | 441 2215
TmsAs,Seg 2.681 | 2438 | 0402 | 4 | 465 | 4.62 2025
TmAsSe; 1.115 | 1.194 | 0.403 5.09 | 5.06 1865

Synthesis and cooling of alloys were
carried out similar to the above systems. In this
case, alloys containing up to 15 mol% Tm,S;

AS,S3; —Tm,S3 cross section

were obtained in a glassy form. The values of
some macroscopic properties of glasses are
presented in Table 5.

Table 5. Some physicochemical properties of the glasses of the system (rate of cooling v=7-10

deg/min.)

Composition of Thermal effects Micro- .
No alloys T,K hardness Der;sn)g d Results of MSA

AS,S; | Tm,S T T T H, g/mm? | T

293 293 g crys melt

1 100 0 440 475 580 120 3.75 Single-turbid phase
2 97 3 448 480 565 125 3.83 Single-turbid phase
3 95 5 455 485 510 128 3.85 Single-turbid phase
4 93 7 460 490 485 135 3.94 Single-turbid phase
5 90 10 465 510 470 143 4.01 Single-turbid phase
6 85 15 480 515 485 140 4.25 Single-turbid phase
7 80 20 485 520 505 145 4.30 Crystalline glass

30

40 50

60

s

Fig. 4. X-ray diffraction patterns of the alloys of the As,S3;-Tm,S; system (before annealing) 1-5
mol%, 2-10 mol%, 3-20 mol% Tm;S;
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The XRD results showed that there were Single-turbid phase appeared from the
no intense X-ray diffraction lines on the microstructural analysis; micrographs of the
diffraction patterns of alloys from the glass alloys are shown in Fig. 5.
formation area (Fig. 4).

Fig. 5. Microstructures of the alloys of the As,S3-Tm,S3 systems
a) 5mol% As,S;  b) 15 mol% Tm,S3

Results of integrated methods of composition was formed in the system at the
physicochemical analysis showed that one temperature of 1123K according to the
incongruently melting compound of TmAsS; following reaction:

1123
L+y-Tm,S3 &= TmASS3

2073 [ L +6-TmSs 2150
B
1873 F 5ty
i ) 1573

9 1] _5+0
1473 B

= 1373 L +y-TmaSs

L LT 3B

1273} l L +6-Tm;Ss

i . .
1073 | JJ/'/'/

873
L +TmA583 TmA553+B(Tm253)

673 -
+ L
530

473 1

a(AS;Ss) +TMASS;
Il Il 1 1 Il Il Il 1 Il Il 1 1 1

Il } Il Il 1
AS,Ss 20 40 o 60 80 Tm;Ss

Fig. 6. Phase diagram of the As;S3-Tm,S3 system

CHEMICAL PROBLEMS 2022 no. 1 (20)



T.M. ILYASLY etal. 75

AsSe —Tm cross section

results obtained from the integrated methods of
PCA. As is seen from Fig.7, one congruently
melting compound of TmAsSe composition was
formed in the system at 1125K. The solubility
range of up to 2 mol Tm % was found on the
basis of AsSe.

The alloys were synthesized by the
direct ampoule method; the synthesis mode was
stepwise. The systems based on AsSe were
annealed at the temperature of 475K for 500
hours, and as a result of that alloys were
obtained. The phase diagram of AsSe — Tm
cross section was plotted on the basis of the

40

60 Tm

mol %

Fig. 7. Phase diagram of the AsSe —Tm system

TK

Fig. 8. Thermogram of alloys of [As,;Ses]o.00[ TMSe]o.1 composition
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As,Se; —TmSe cross section

Alloys of this system were synthesized
similarly to the above systems and cooled with
the rate of v=7-10 deg/min.

Alloys of up to 30-40 mol% TmSe were
obtained in the form of a black powder; while
alloys of 12 mol% TmSe in the form of
conchoidal fracture. The obtained alloys were
investigated by the integrated methods of
physical-chemical analysis. The study showed

that these alloys were glasses. Thermograms of
the alloys containing 10 mol% TmSe are shown
in Fig.8.

Results of XRD analysis are shown in

Fig.9.

As is seen from the diffraction pattern of alloys
of the As,Ses-TmSe system, there are no intense
diffraction lines special to crystalline substances

(Fig. 9)

| R

Fig. 9. Diffractograms of alloys of 1) [As;Ses]o.g0[ TMSe]o.1
2) [As,Ses]ogs[ TmSe]o.15 Systems

Table 6. Some physicochemical properties of the alloys of As,Ses-TmSe system
(Rate of cooling v=7-10 deg/min)

Composition of Thermal effects ) )
Ne alloys TK Mlcrohardngss Densm; Results of
AsiSes | TmSe | Ty | Toy | Trex | n0/MM d, glem MSA
1 100 0 450 - 650 130 4.58 Glass
2 99 1 456 520 645 130 4.61 Glass
3 97 3 465 515 640 135 4.70 Glass
4 95 5 476 500 635 140 475 Glass
5 90 10 480 510 630 148 4.83 Glass
6 85 15 485 518 615 155 4.85 Glass
7 80 10 493 500 | 610 160 4.95 Crystalline
glass

After providing the equilibrium state for
the alloys, they were studied again by means of

CHEMICAL PROBLEMS 2022 no. 1 (20)
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Fig. 10. Phase diagram of the As,Se; —TmSe system

Three intermediate phases TmsAs;Sey,
TmAs,Se; and TmAs,Se; are formed in the

system. TmAs,Se; melts congruently, while
TmAS,Se4 and Tm3zAs;Seg melt incongruently.

As,Ses —Tm,Ses cross section

Synthesis of the alloys of this system
was carried out similarly to the alloys of the
As,;Se; —TmSe system. The synthesis process
was stepwise: firstly, the temperature of the
furnace was raised to 750K, then up to 900-
1000K; the alloys were kept at this temperature
for 2 hours, and then they were cooled together
with the furnace. After synthesis, the alloys
were obtained in the compact form up to 70%
Tm,Ses, and then they turned into the spec form
and had porous. The alloys were annealed at the
temperature of 750K for 300 hours to provide
the equilibrium state.

The phase diagram of the As;Se; —
Tm,Ses cross section was plotted using the
results of physical and chemical analysis (Fig.
11).

As is seen from the Fig. 11, the cross
section is a quasi-binary section of the Tm-As-
Se ternary system.

After the separation of the intermediate
phases, their temperature dependence of the
electrical ~ conductivity =~ was  determined
individually (Fig. 12,13). It has been established
that they are p-type semiconductors.
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3000 K
T, K /
L+ Tm,Ses;=<TmAsSe; _
1200 1 ~
1100 1
1000 T L+Tm,Se;
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=
3
3
650 >
£
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D
As,Ses mol% Tm,Se; Tm;,Ses

Fig. 12. Temperature dependence of the electrical conductivity

Fig. 11. Phase diagram of the As,Se; — Tm,Se; system

of sulfide compounds
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1 1

Fig. 13. Temperature dependence of the electrical conductivity
of selenide compounds.

Conclusions

1. When studying the cross sections of the Tm-

As-S and Tm-As-Se ternary systems, glass
formation areas were revealed in them and
their boundary of existence was outlined.

formation and melting nature  was
determined. It was established that the cross
sections were quasi-binary sections of the
Tm-As-S and Tm-As-Se ternary systems.

. When studying Tm-AsS, Tm,S3-As,S;, 3. Parameters of the crystal lattice and
TmS-As,S;3 Tm-AsSe, TmSe-As,Ses, intermediate phases have been calculated. It
Tm,Sesz-As,Ses cross sections, intermediate is established that they crystallize in a
phases TmAsS, TmAsS;, TmASs,Sy, rhombic syngony.

TmAS,S;, Tm3AsSSe, TMASSe, TmAs,Se;, 4. Study into the electrical conductivity of the

TmAS,Ses, TM3AssSeg and TmAsSSe;  also glasses and intermediates revealed that they

appeared in these cross sections; their are semiconductors of p-type conductivity.
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Tm-As-S VO Tm-As-Se SISTEMLERINDO SUSOLOSMO, FAZA TARAZLIGI VO ARALIQ
FAZALARIN XASSOLORI

T.M. Ilyash, G.H. Qahramanova, R.F. Abbasova, S.M. Veysova, Z.I. Ismayilov

Baki Doviat Universiteti,
AZ 1148 Baki, Z. Xalilov kii¢.,23; e-mail: zakir-51@mail.ru

Xiilasa: Tm-As-S va Tm-As-Se sistemlorinda fiziki-kimyavi garsiligh tasirin xarakteri miixtolif en
kasiylar boyunca Diferensial Termiki (DTA), X-siialarimin difraksiyasi (XRD) va Mikroqurulus
(MQA) analizlori ilo odyranilmis, onlarin mikrosartliklari va elektrofiziki xassalori miiayyan
edilmigdir. Sistemin arintilarinin tadqigina 7-10dar/daq soyutma rejimlarinda, ilkin komponentlarin
xassalarinin dyranilmasi ilo baslanmigdrr. Sistemlarda siiso amalagalmoa sahasinin sarhadi miiayyan
edildikdan sonra siisalarin vo aralig fazalarin fiziki-kimyavi xassalori todgiq edilmisdir. TmAsSs,
TmAS,S7 , TmAS,Ss, TM3ASsSy  birlogmalari As;S3-Tm,Ss, AsS;S3-TmS sistemlarinda amoala galir.
TmAS,S7, TMASS va TmAS,S, kompozisiyalarinmin birlagmalari kongruent olaraq ariyir, TmsAs,Sg va
TmASS; birlagmoalari isa inkongruent ariyir. Tm-As-Se sisteminda TmAsSe, TmAsSes;, TmAs,;Se7,
TmAs,Ses Vo TmsAssSey fazalart amala golir. TmsAs,Seg peritektik reaksiya ilo TmSe + L «
TmsAssSeg amala galir. Mikroqurulus tahlili gostordi ki, araliq fazalarin torkibi istisna olmagla,
Tm-As-S, Tm-As-Se kasiklorinin biitiin arintilari ikifazalidir. XRD-nin naticalarina asasan TmASS,
TmASS3, TmAS,S7, TmAS,S4-tin gafas parametrlori, homginin selen torkibli birlagmanin parametrlori
hesablanmisdir. Miiayyon edilmigdir ki, birlosmalar rombik sinqoniyada kristallagirlar. Tadgigat
naticalarina asasan miiayyan edilmigdir ki, tadqiq olunan kasiklor Tm-As-S vo Tm-As-Se ii¢lii
sistemlarinin kvazibinar kasiklaridir. Fiziki-kimyavi analizin naticalarindan istifada etmoklo kiikiird
Vo selenin istiraki ilo Kasiklorin faza diagrami qurulmugsdur, miiayyan edilmigdir ki, tadqiq olunan
kasiklor Tm-As-S va Tm-As-Se ii¢lii sistemlorinin kvazibinar kasikloridir.

Agar sozlar: analiz, kasik, mikrobarklik, arinti, temperatur, kristallagma
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CTEK/IOOBPA3OBAHHUE H ®A30BbIE PABHOBECHA
B CHCTEMAX Tm-As-S B Tm-As-Se H HX CBOHCTBA

T.M. Hneacaw, I'.I'. I'axpamanosa, P.®@. Aooacoea, C.M. Beiicosa, 3.U.Ucmaunos

Bakunckuii cocyoapcmeennwiii yHusepcumem
AZ 1148 Baky, yn. 3. Xanmunosa, 23; e-mail zakir-51@mail.ru

Annomauusn: Memooamu ouggpepernyuanvrno-mepmuueckoeo ([TA), penmeenoghazosoco (PPA) u
muxpocmpykmyproz2o (MCA) ananuzos, usmepenuem MUKpomeepoOCmu u 31eKmpo@u3uiecKux
CBOUCME U3YueH Xapakmep QU3UKO-XuMUYecko2o gzaumooelicmeus 6 cucmemax Tm-As-S u Tm-
As-Se no paznuuneiv paspezam. Hccnedosanue cniasos cucmemvl OblIO HAYAMO U3VHEHUEM
CBOUCME UCXOOHBIX KOMNOHEHMO8 6 PEANCUMAX 0XIaxNcOeHus co ckopocmuto 1-10 epad/mun. Iocne
VCMAHOGNEeHUSL 8 CUCTeMAX 2PAHUYbL 00IACMU CIMEKI000PA308aHUs U3YHATU PUUKO-XUMUYECKUE
CBOUCMBA CMEKOIL U NPOMEICYMOUHBIX (pa3. AHAIU3 mepMocpamm noKazai, 4mo éce d¢hgexmol Ha
mepmocpammax oopamumvle. B cucmemax AS;S3-TmySs, AS;S3-TMS obpasyiomes coedunenus
cocmasa TMASS3z, TMAS,S7, TMAS;S4, TM3ASsSe. Coeounenus TMASLS7, TMASS, TMAS,S, nrassmesn
KOHepYIHmMHO, a coedunenuss TMzASsSg u TMASS3 - umxonepysmmmo. B cucmeme Tm-As-Se
svisiseHo oopazosanue ¢paz TMASSe, TmAsSes, TmAs,Se;, TmAS,Ses u TmsAssSes.  TmsAs,Seg
obpazyemcs no nepumexmuyeckol peaxyuu TmSe + K <> TmzAsSsSey.

MukpocmpykmypHblil ananu3 nokasai, ymo éce cnuasvl paspe3os TM-As-S, Tm-As-Se o0gyxghasnvie
Kpome cocmasa npomexcymounvie ¢asz.  Ilo pesynomamam P®PA paccuumanvl napamempbvl
pewemku coeounenuti TMASS, TmASSs, TmMAS;S7, TMAS,Sy a maxoice coedunenuti ¢ yuacmuem
cenena u yCmManoBIeHo, 4mo OHU KPUCMANIU3Yemcs 6 pomouveckom cunconuu. Ilo pesynemamam
QUBUKO-XUMUYECKO20 AHAU3A NOCMPOEHA OUAZPAMMA COCMOSHUA PA3PEe308 ¢ yyacmuem cepuvl u
cenena u yCmaHosieHo, 4mo Uccie008aHHble paspesvl AGIAIOMC KA3ZUOUHAPHLIMU — CeYeHUAMU
mpounsix cucmem Tm-As-S u Tm-As-Se.

Kniouegwie cnosa: ananus, paspes, MUKpOmeepoocms, CHIA8, memMnepamypad, KpUcmaiiu3ayusl
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