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dinen M.ﬁ., K.X.H., c.H.Cc.; ManaxoBcbka T.O., k.X.H., c.H.c.; [Toroain A.L, K.X.H., C.H.C.;
Caoos M.1O., x.X.H., 1101I.

BCTAHOBJIEHHSA FBA3IBIHAPHHX IEPEPI3IB Y HOTPIMHIN
B3AEMHIU CUCTEMI TLSe+SnTe—~TLTe+SnSe

JBH3 «Yaiceopoocoruti HayioHanbHull yHigepcumem», XiMiyHutl paxyiomem,
eyn. ITiocipna,46,m. Yoceopoo, 88000, e-mail: mfilep23@gmail.com

binapuunit Tenmypun SnTe BigHOCHTBCS 10
KITACUYIHUX JIETYIOYIX JIOMIIIIOK TUTS
TepMOCIIEKTpUYHUX MatepiamB [1], a cemeHin
SnSe — xapakTepu3yeTbcs OJHUM i3 HAMBHIIMX
MMOKa3HUKIB TEPMOCIICKTPUIHOI TOOpOTHOCTI [2].
Tepnapni cromyku tamy TliSnXs (X — Se, Te)
BOJIOJIIFOTh HU3BKOK (POHOHHOIO TEIUIOTIPOBIJI-
HICTIO Ta BHCOKHUMH 3HAUYEHHSIMU TEPMOEIIEK-
TpuaHOi nmoopotHocTi ZT [3, 4]. Lle oO6ymoBIOE
MOMKJIMBICTh iX BHKOPUCTAHHS y SKOCTI TEpPMO-
CNIEKTPUYHHUX eJeMeHTIiB. [y  po3mmpeHHs
obmacri BUKOPHUCTAHHS MIePCIIEKTUBHAX
MaTepiaiB MPOBOMATHCS YHCEIbHI JOCTIKSHHS
($i3UKO-XiMIUHOI B3a€MOIl CHCTEM 3a YYacTiO
a3 SnX ta TlLSnX;3 (X - Se, Te) [5-7].

Tl

T, Te

T1,SnTe,

Metoro maHOi pPoOOTH € BCTAHOBIICHHS
KBa3iOiHApHUX TIepepi3iB TOTPIHHOI B3aEMHOL
cuctemu Tl,Se+SnTe—TlTe+SnSe.

Tepuapui ¢azu TlSnSes ta TlsSnTes,
dhopmytoThes Ha mepepizax TloSe-SnSe [4] Ta
T, Te-SnTe [8,9], sxi y cBoi dYepry,
OJTHOYACHO PEali3ylOThCS Yy YETBEPHIH cUCTeMi
T1-Sn—Se-Te [10]. B3aemonis cromyk TlsSnSes
ta Tl4sSnTes 3mIHCHIOETBCS Y MeXax MOTpiitHOT

B3aeMHOI cucreMu TLSe+SnTe«—Tl,Te+SnSe,
mo obOmexyerbes mnepepizamu  TloSe-Tl,Te,
SnSe-SnTe, TLSe-SnSe Ta Tl,Te-SnTe
(puc. 1).

@Di3uKo-XiMiYHI TapaMeTpHU CIONYK, LI0
icayioth y cuctemi ThSe+SnTe—Tl,Te+SnSe
mpeacTaBiieHi y Taba. 1.

Sn

Puc. 1. Peamizauis cucremu Tl,Se+SnTe«—Tl,Te+SnSe B mexxax yerBepHoi cuctemu T1-Sn—Se—Te/

Cucremu TIhSe-T1,Te [11] Ta SnSe—-SnTe
[12] BimHOCSATBCS MO EBTEKTHYHOTO THITY Oe3
YTBOpEHHS MpoMikHUX crionyk. [lepepisz Tl.Se—
SnSe  xapakTepu3yeTbcs  HASBHICTIO  JBOX
tepHapHux cnoayk: TLSnSes ta TLSnoSes.
Cnonyka  TLSn,Ses icHye 'y  BY3bKOMY
TemreparypHoMmy intepBami (640-683 K). dazu

T1,Se T, Te
~ o -
N ~ - /7
N ,:”{\ \//
-\ 7S~
T1,SnSe; i /;1 T14SnTe,
~ \N/ P
N /N 7
%~
P IS
7 7 ~ N
/7 7 ~ N
/,/ AR
P Sa
SnSe SnTe

Tl,Se ta Tl4SnSes xapakrepusyroTbcss HeoOMe-
JKEHOIO B3a€MHOIO0 PO3YMHHICTIO Yy pIOKiH Ta
tBepaiii  ¢aszax [4]. KpucramiuHa cTpykrypa
TlSn2Ses we Bigoma. Ilepepis TlTe-SnTe
XapaKTepU3yEThCs HASBHICTIO OXIHIET TepHapHOI
cioyku  TliSnTes, 3 mmpokoro obacTio
roMmoreHHocTi [8, 9]. V poboti [13] Bka3yeThcs

© ®inen M., Manaxosceka T.O., [Toromin A.l., Ca6os M.IO.

DOI: 10.24144/2414-0260.2019.1.43-48
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Ha CEBTEKTHYHHMH THII B3a€EMOAii Ha mepepisi npu 723 K, KpucrtamiuHa CTpyKTypa SKOi

TL,Se—-SnTe Ta yrBopenus ¢dazu Tl,SnSeTe 3a
nepuTeKTHIHO0 peakitiero L+SnTe«>T1,SnSeTe

HEBIgOMA.

Tadoauus 1. Oizuko-xiMiuHi mapameTpu croiryk cuctemMu T1,Se + SnTe «» Tl,Te + SnSe

Cronyku | Tny, K |JliTepatypa| III a A tl)_,l a:i)aMeTpéI’ II)&eHHTKH I 7 Jliteparypa
TlSe 663 14 P4/ncc | 8.52 - 12.68 — 10 15
Tl,Te 716 14 C2/c | 15.662 | 8.987 | 31.196 |100.761| 44 16

HTM-SnSe | 807* 17 Pbnm | 4.445 | 11.501 | 4.153 - 4 17

BTM-SnSe | 1147 17 Cmcem | 4310 | 11.705 | 4.318 — 4 17
SnTe 1082 17 Fm3m | 6.326 - - - 4 17

T14SnSe; | 706 4 P4/ncc | 8.522 - 12.722 - 4 18

Tl4SnTe; | 817 8,9 I4/mcm | 8.819 - 13.013 - 4 19

MMpumirka: *— temmneparypa ¢pa3oBOro mepexomy.
ExcnepumeHnTaibHA YacTHHA Pe3yabTaTH Ta iX 00roBOpeHHA
binapui cenenimm Tta Temypumu TlSe, PesynbraTi  NOCHIKCHHS — BHXIJTHHX

T, Te, SnSe, SnTe omepxyBanu CIUIaBICHHIM
OPOCTUX  PEYOBHMH  (YUCTOTA HE  MEHIIE
99.99 mac.%). Cunre3 tepHapHuX (a3 TlsSnSes
ta  TLSnTes  mpoBomWau  CIUIABICHHIM
MOTIEPETHRO OJIePKaHMX OIHAPHUX CENICHIIIB Ta
TeJNypUiB Y MOJsipHOMY criBBigHomeHH THX :
SnX = 2:1, a cmmaBy cximamy TLSnSeTe y
MossipHOMY criBBigHOMmEeHHI T1L,X : SnX'=1:1

Bci cuHTE3u MPOBOIMIN Y BaKyyMOBaHHX
10 107 ITa KBapHOBHX amIlyJax MPAMUM OJHO-
TEMIIEpaTypHUM  METOIOM.  MakcumanbHa
TeMIeparypa CUHTE3y OiHapHHMX, TepHapHHX Ta
TeTpapHuX cnoiayk Oyma Ha 50 K Bumporo ix
TeMIepaTtyp IUIaBJI€HHA, a [uid  CIUIaBiB
Bcepenuni cuctemu Th,Se+SnTe—Tl,Te+SnSe —
950 K. Burpumka  3pa3kiB  OpuH  IHX
TeMIlepaTypax CTaHOBUJIA 24 rogn.
T'omoreHizyrounii  Bimmmaa TPOBOAWIA  IIPH
temneparypi 473 K mporsrom 72 rom ans
Oinapaux ¢a3 Ta 168 ron y BunaaKy TepHapHHX
XaJbKOTCHINIB Ta cmaBiB. Bci  crulaBu
3arapTOBYBAJINCH Ha TTOBITPI.

InenTudikamito BuXigHMX OiHapHHX 1
TepHapHOi (a3 Ta AOCTIIKCHHS CIUIaBiB Ha iX
OCHOBI TIPOBOIIA METOAAMH JH(EPEHIHHOTO
tepmiuboro (JITA, mBuakicts Harpisy 8 K-xs™!
XpOMeJb-aJIIOMENIeBa TepMomapa, 3 TOYHICTh
peectpanii temneparypu * 5 K), peHTreHiBch-
koro (azoBoro (P®A, [APOH-4.07, CuK,-
BUIIpoMiHIOBaHHs, Ni-QinbTp, kpok A20= 0.02°,
ekcosuniss 0.5 ¢) Ta MIKPOCTPYKTYPHOTO
(MCA, wetanorpadiuauii  Mikpockon Jlomo
Metam P-1) aHamis3is.

OiHapHMX Ta TepHApHUX cHOIYK MeToxamu JTA
ta POA noOpe y3rokyeTscs 3 JiTepaTypHUMHU
nmannvu. OTpuMaHi TaHi BKa3ylOTh Ha Te, IO
cHMHTe30BaHi  (asu €  iHOUBiXyadbHUMH
CHOJIYKaMH.

3a pesynbTaTamM AOCIIIKEHb METOJIaMH
HATA, POA ta MCA icuyBaHHs TeTpapHoi (ha3u
T1,SnSeTe we miaTBepmkeHo. OCKINBKU BHU3HA-
YEeHHSl KBa3iMOJBIMHMX Mepepi3iB MPOBOIUTHCS
HIDKYE TEMIIEPaTypHOTO IHTEpBaIy ICHYBaHHS
¢azu T1,Sn,Ses, To BoHAa HEe BpaxoByBajach MpH
NOJANBIINX  JOCHIKCHHSIX. TakuM YWHOM,
KOHIICHTpAIlIfHUN  YOTHPUKYTHHUK  CHCTEMH
ThLSe+SnTe—~TL, Te+SnSe  xapakTepu3yeThCs
HasBHiCTIO 4 OiHapHMX (a3 (y BeplIMHaxX) Ta
JIBOX TepHapHUX (a3 (Ha CTOpoHaXx).

Ile oOymoBmO€E Te, IO CHCTEMA
TlSe+SnTe—Tl,Te+SnSe  moxe  gimuTHcs
TpbOMa  KBa3iMOABIMHMMH  Tepepi3aMH  Ha
YOTHpY KBa3imoTpiiiHi cuctemu. Bceepemnuni
OnHIET 3 HHUX peami3yeTbCsi OAMH YacCTKOBO
KBa31MOABIHHUHA nepepis Ha OCHOBI
engorepMiuHoi meputekTHdHOi (azu T1Sn,Ses.
Yei MOXIHMBI TIepepi3d MEepeTHHAIOTHCT Yy 9
TOUKax (puc. 2).

Jns BU3HAUECHHS KBa31OIBIHHUX
Mepepi3iB BUKOPUCTOBYETHCS EKCIICPUMEHTANb-
HUN CHoci0, SIKUi TojdsIrae y JIOCIiKeHHI
($azoBoro ckmagy CrjaBy, IO 3HAXOOUTHCSA Ha
MEPETHHI MOKIIUBUX KBa3iOiHAPHHUX Iepepi3iB.
Tomy, ipu BHOOpPi €KCIIEpUMEHTAIBHUX TOYOK,
BapTO BpPaXOBYBaTH MOXJIMBICTH iJeHTU(IKaI]
MetogoM P®A (nmomibuicte audpakTorpam,
BIJJHOCHI IHT€HCHUBHOCTI).
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Takox Oya0 3AIMCHEHO NPOTHO3yBaHHSI

TI 4SnSe,

(T1,Sn,Se;)®

SnSe

SnTe

Puc. 2. MoxniBi KBa3ino/BiiHI nepepizu y cucTeMi
Tl,Se+SnTe«<Tl,Te+SnSe.

pO3TaIlyBaHHS MOJKJIUBUX CTaOUTHHHX IIepe-
pi3iB, a BiATaK 1 BTOPHWHHHX CHCTeM (pucC. 3).
MoxnauBuMu € 6 CHocoOiB  po3TanryBaHHS

Tl 4SnTeg[epepBiB. VY Bumagkax 1 ta 2 cTabUTBHOIO €

OlHA 13 [iaroHaned, 3 IBOX CTOpiH sKOi
PO3TaIIOBYIOTECS O CTaOUIBHOMY mepepizy. Y
BUNagkax 3—-6 y cuctemi BiACYTHS cTabilbHA
nmiaronanb. CrabimeHnuit  mepepiz  TlaSnSes—
T14SnTe; moxinse mocmipKyBaHy CUCTEMY Ha JBi
BTOPHHHI, B MeXaX SKUX YK€ Peali3yeTbCcs 10
OJTHOMY JTiarOHAJIBHOMY TIepepi3y.

Y3aranbpHIOIOUHN CKazaHe, JUIsl BU3HAYCHHS
KBa310iHApHUX nepepizis y cucremi
T1,Se+SnTe<—Tl,Te+SnSe, HE0OXiMHO 3a1HCHU-
TH CHHTE3 Ta EKCIEPUMEHTAIILHE JTOCIIIKECHHS
Touok 1,4,5Ta9.

Ti,Se Tl,Te TI,Se Ti,Te Tl,Se Tl,Te
1 1
O R, O _o— O gy
T1,SnSe; (o) Tl,SnTe;  TI,SnSe; [e} TI,SnTey T1,SnSe; 4 p T1,SnTe,
4 5 - 4 6 5 N 4 6 5
o
o w 7 3 7 (] . 7 (o)
(T1,Sn,S¢;)8 (T1,Sn,Se;)@ O (T1,8n,8¢,)¢ 5
SnSe SnTe SnSe SnTe SnSe SnTe
Tl,Se Tl,Te Tl,Se Tl,Te Tl,Se Ti,Te
@ ® 1 ® :
2 3 3 3 3
TI,SnSe; p T1,SnTe, T1,SnSe; ¢ b T1,SnTe, T1,SnSe, Q= O T1,SnTey
4 5 N 4 5 4 5
6 6 6
o o )
- 70 70 8 7 08
(T1,8n,8¢;)@ (T1,Sn,Se;)@ (T1,8n,8e;)@
9 9 - - 9
SnSe SnTe SnSe SnTe SnSe SnTe

Puc. 3. BapianTu peanizauii kBazinoasiinux nepepizis y cucremi TlhoSe+SnTe—Tl,Te+SnSe.

Ha  mudpakrorpami  3paska,  sSKHiH Ha  mudpakrorpami  3paska,  sSIKHiH
BIIMIOBiZIa€ CKJAAy TOYKH 9, 3HaiigeHo [Bi BIJIMIOBiZIa€ CKJIaMy TOYKHM 1, 3HAHICHO OIHY
cucteMd  pediekciB  AKi  BiANOBINAIOTH TeTparoHajgbHy  CHCTeMy  peduiekciB, 110
pomOiuHiit (SnSe) ta TeTparonanbHil (TLSnTes) Bignosimae dazi  TLSnTe; (puc.4). Ormxe
(dasi (puc. 4). lle Bka3zye Ha KBa3iOIHApHICTH €IVHUM  MOXJIMBHAM  BapiaHTOM  peajizaiii

nepepizy SnSe -TlsSnTes, Ta yHEMOXIHBITIOE
peanizanito Bapiantis 1, 3 ta 6 (puc. 3).
Hudpaxrorpamu 3paskiB 4 Ta 5 Xapak-

CcTaOUTHHUX TIepepisiB € croci6 5 (puc. 3).
B pesynbraTi mpoBeAEHOrO AOCIiIKEHHS
BCTaHOBJICHO iCHYBaHHS TPbOX KBa3iMOJBIHHHX

TEPU3YIOTbCS HASBHICTIO CHUCTEMH pPeQIICKCiB, mepepi3iB y TOTpiHHIA B3aeMHIA cuUCTeMI
mo BiamosigaroTh (azam TLSnSes (3pazok 4) Ta TI,Se+SnTe«<>Tl,Te+SnSe. Bci BOHU
TlkSnTes (3pazok 5). HasBricTh iHmmx cucreM  (opmyrotscs Ha ocHOBI T1sSnTes.

pebrnekcie  He 3adikcoBano (puc.4). lle Kpasinmomsiitamii  mepepis  TliSnSes—

CKOpOYY€E KITBKICTh BapiaHTIB IO JABOX, a CaMe:
5 ta 6 (puc. 3).

TlsSnTe; mominsge 3aranbHy CHUCTEMY Ha JIBi
BropuHHi: TlSe+TLSnTe;~TLTe+TLSnSes Ta
TLSnSes+SnTe«>T1:SnTes+SnSe BCEpEeAMHI
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SIKMX peamizyeTbesi cTabinpHi mepepizu TlhSe—
T14SnTe; Ta SnSe—TL4SnTe; BinmosiaHo.

IcuyBanus Terpaproi ¢azu Tl,SnSeTe He
i ATBEPIKEHO.

¥ VNP W YT ST T
v s !

=
o
e
S R
mn o "y FOYPREITTY ¥ A
e

HTM-SnSe

A Py

Tl4<>nSe

WMMJMW

Tl 4E,nTe3 u

A aA, AnA. A

20 30 540 50 60

Puc. 4. ExciepuMenranpsHi qudpakrorpamu
inpuBinyanpaux a3z TlkSnTes, TlySnSes, HTM-SnSe
TaTOUoK 1,4, 5 Ta9.

BucHoBKH
Merogamu  [JTA, POPA Tta MCA
MIPOBEICHO BU3HAUECHHS KBa3101HApHUX
mepepi3iB y TOTpiHHIA B3aeMHIA  cuUCTeMI

TLSe+SnTe—~TLTe+SnSe. Bcranosneno, o y
noTpiliHii B3a€MHIN cucTeMi
TLSe+SnTe~Tl, Te+SnSe, peami3yioTbCa TpHU
kBasimoBiiiHi niepepizu: Tl,Se-TlsSnTes, SnSe—
TL4SnTes ta Tl4SnSes—T14SnTes.
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DETERMINATION OF THE QUASI BINARY SECTIONS IN THE TERNARY
RECIPROCAL SYSTEM Tl:Se+SnTe—Tl2:Te+SnSe

Filep M.J., Malakhovska T.O., Pogodin A.I., Sabov M.Yu.

Uzhhorod National University, 88000, Uzhhorod, Ridh str. 46;
e-mail: mfilep23@gmail.com

The compounds of Tl4SnX3 (X — Se, Te) formula show low thermal conductivity and relatively
high thermoelectric figure of merit ZT. Therefore compounds TlsSnX3 can be used as perspective
materials for thermoelectric devices. To increase the scope of use an investigation of the physico-
chemical interaction in the systems based on the compounds T14SnX3 is promising.

The TlsSnX3 compounds are formed in the in quaternary Tl-Sn—Se-Te system and could be
presented as ternary reciprocal system Tl,Se+SnTe«—Tl,Te+SnSe. The binary phases TlSe, Tl,Te,
SnSe and SnTe, which are located in the corners of concentration quadrangle, melts congruently. The
compound SnSe have a polymorphic transformation at 807 K. The T1l,Se-T1.Te and SnSe-SnTe quasi
binary sections refer to the eutectic type system. The quasi binary section Tl>Se—SnSe and Tl,Te—SnTe
are characterized by the formation of several congruently melting ternary compounds: TlsSnSes
(706 K) and TlsSnTes (817 K); and incongruently melting compound Tl,Sn>Ses (683 K). The
T1>Sn2Ses compound exists only in narrow temperature range (640-683 K), because of solid-state
decomposing and its crystal structure is unknown. The ternary TlsSnSes and T14SnTes have a wide
homogeneity area. The existences of quaternary compound T1,SnSeTe are not confirmed.

Since the determinations of quasi binary sections are carried out below the temperature interval
of the existence of the Tl,Sn,Ses phase, it was not taken into account in further investigations. Thus,
the concentration quadrangle of the Tl,Se+SnTe—Tl,Te+SnSe system is characterized by the presence
of 4 binary phases (at vertices) and two ternary phases (on the sides). This occurs that the
Tl2Se+SnTe«—Tl,Te+SnSe system will be divided by three quasi binary sections on four quasi ternary
systems. Inside one of them the partially quasi binary section, based on the incongruently melting
phase T1.Sn»>Ses, will be realized. All possible sections intersect at 9 points.

For determination of the quasi binary sections the experimental method was, which consists in
investigation of the phase compositions of the alloy, which are at the intersection of possible quasi
binary sections. The binary compounds were synthesized using high purity (99.99% mas.) elemental
components. The ternary compounds and investigated alloys were obtained using the pre-synthesized
binary compounds by one temperature method. All synthesized alloys were investigated by DTA,
XRD and MSA analysis.

Used the XRD method existence of three quasi binary sections TlsSnSes—T1iSnTe; TlhSe—
T14SnTe; and SnSe-T1l4sSnTes were determined.

Keywords: chalcogenides; X-ray diffraction; quasi binary sections; reciprocal system.
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