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BCTAHOBJIEHHSI KBA3IBIHAPHUX HHEPEPI3IB ¥ MOTPIVMHINA
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Binapuunit Tenmypun Sril'e BigHOCHTECS 10
KITACUYHHUX JETYI0UNX JIOMIIIIOK ISt
TEpMOETIEKTPHUHNX MatTepiamiB [1], a cemenin
SnSe —xapakTepu3yeTbCs OAHUM i3 HaWBUIIUX
MTOKA3HMKIB TEPMOETIEKTPHUHOI 10OpoTHOCTI [2].

Tepuapui cronyku tumy TlaSnXs (X — Se, Te)

BOJIOJIIFOTh HU3BKOK (POHOHHOIO TEIUIOTPOBIJI-
HICTIO Ta BHCOKMMH 3HAYCHHSMHU TEPMOECIEK-
tpruHOi mobpotrocti ZT [3, 4]. Ile 0b6yMoBioe
MOXKJIMBICTh iX BHKOPUCTAHHS y SKOCTI TEpPMO-
CIeKTPUYHHUX CJIEMEHTIB. Jlns posmmpeHHs
obmacri BUKOPHUCTAHHS MEPCIIEKTUBHAX
MaTepiaiiB MPOBOMATHCS YHCEIbHI JOCTIKSHHS
(i3UKO-XiMIUHOI B3a€MOIl CHCTEM 3a YYacTIO
a3 SnXTta TlaSnX; (X — Se, Te) [5-7].

Meroro maHOi pPoOOTH € BCTAHOBIICHHS
KBa3iOiHApHUX TIEpepi3iB TMOTPIHHOI B3aEMHOL
cucremu T1:Se+SnTe->Tl,Te+SnSe.

Tepuapui ¢asu TlsSnSe Tta TIl4Srile;,
dopmyroTecs Ha mepepizax Tl.Se-SnSe [4}ra
Tl,Te-SAe [8,9], sxi y cBoo uepry,
OJTHOYACHO PEali3yIOThCS Yy YETBEPHIH cHUCTeMi
TI-Sn—Se¥e [10]. B3aemonuis cionyk Tl4SnSe
ta Tl4SrTe; 3miicHIOETBCS Y MeXax IOTPIHHOI
B3aeMHOI cucremu 11,Se+SnTe>Tl,Te+SnSe,
mo oOMexyeTbcs Tepepizamu  T1.Se—ThTe,
SnSe-SnTe, 7%e-SnSe rta Tl.Te-SMe
(puc. 1).

@Di3uK0-XiMiYHI TapaMeTpH CIONYK, LI0
icHyroTh y cuctemi T1Se+SnTe»>Tl,Te+SnSe
MpeacTaBieHi y Tabm. 1.
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Puc. 1. Peanizauis cucremu Tl,Se+SrTe—Tl;Te+SnS$ B Mmexax yerBepHoi cuctemu TI-Sn—SeFe/

Cucremu Tl;Se—ThTe [11]ta SnSe-SnTe

[12] BigHOCSTBCSA M0 €BTEKTHYHOrO THIY 0Oe€3

YTBOpEHHs MpoMikHuX cronyk. Ilepepis Tl.Se—

SnSe xapakTepu3yeTbCsi  HasBHICTIO
TepHapHUX crnoiuyk: T1.SnSe Tta Tl:SnSe.
Crmonyka  Tl,SnSe  icHye 'y BY3BKOMY
TemrieparypHomy intepBaii (640-683 K). Dazu

IIBOX

Tl.Se ta Tl4SnSe xapaktepusyroTbesi HeoOMe-
JKEHOIO0 B3a€MHOIO0 PO3YMHHICTIO Y PIOKiH Ta
tBepaiii (asax [4]. Kpucramiuma cTpykrypa
TI.SnSe ne Bimoma. Ilepepis Tl.Te-SiTe
XapaKTePU3YEThCS HASBHICTIO O/HI€T TepHApPHOT
cronyka  Tl4SriTe;, 3 mmpokor  001acTiO
romoreHHocti [8, 9]. YV poborti [13] Bka3yeTbcs

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

DOI: 10.24144/241-0260.2019.:43-48



Hayk. sicnux Yaceopoo. yu-my (Cep. Ximis), 2019.M 1 (41)
-44-

Sci. Bull. Uzhh. Univ. Ser. Chem., 20%9] (41)

Ha CBTCKTHYHUHM THI B3aeMOJii Ha mepepisi
Tl;Se—SnTera yrBopenns ¢asu Tl.SnSeTesa
MepUTEKTHYHOIO peakitiero L+SnTe—Tl.SnSeTe

npu 723 K,
HEBlgOMA.

KpHUCTalliYHa CTPYKTypa sKOi

Ta6auns 1. Oisuko-xiMiuHi TapamMeTpu cronyk cucremu T1:Se + SnTe~ Tl.Te + SnSe

Cronyku | Ty, K |JliTepatypa| III a A tl;l a%\)aMeTpcp:I’ I,);IHITKHﬂ’O 7 Jliteparypa
T1.Se 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] 11501 4.153 - 4 17

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

T1,SnSe | 706 4 P4/ncq 8.522 - | 12.722 - 4 18

TI,SnTg | 817 8,9 I4/mcm 8.819 - 13.013 - 4 19

IMpumirka: *— temneparypa ¢pa3oBOTo mepexomy.
ExcnepuMeHTa/JIbHA YACTHHA

Binapui cenenianm Ta Temypumu 1lxSe,
Tl;Te, SnSe, SnTenepxyBaau CIUIABICHHIM

Pe3yabTaTH Ta iX 00roBOpeHHA

Pesymbratét  mOCTiIKEHHS BUX1IHUX
OiHapHMX Ta TepHApHUX cHOIYK MeToxamu JTA
ta POA noOpe y3rokyeTses 3 JiTepaTypHUMHU

NPOCTUX  pPEYOBUH  (YHCTOTA HE  MEHIIE ‘ ¢

99.99mac.%). Cunres TepHapuux (a3 Tl,SnSe  AaHuMH. OTpUMaHi JaHi BKasyloThb Ha Te, IO
ta  TI,SrTe; mposomwim  crnasmemmsm  CUHTE30BaHi  dasu € injwBigyanbHAMM
THONEPEHBO OJEPKAHUX OiHApHMX ceneHimip Ta  CHOTYKaMH.

TENYPUAIB Y MOJIIPHOMY cHiBBimHOMIEHHI T12X :
SnX = 2:1, a cmmaBy ckmagy T1,SnSeTey
MoJsipHOMY criBBigHomenHi TIoX @ SnX' = 1:1
Bci cuHTE3u MpOBOIUIIN Y BaKYYMOBaHUX
no 1073 Ma kBapHoBUX amIysaax OPSMUM OJIHO-
TEeMIIepaTypHUM  MeToJoM.  MakcumaibHa
TeMIiepaTypa CHHTe3y OiHapHUX, TEpHAPHUX Ta
TeTpapHux cnoiayk Oyma Ha 50 K Bumporo ix
TeMmIiepatyp IUIaBIEHHA, a JUIi  CIUIABiB
BcepeauHi cuctemu T1,Se+SnTe>Tl;Te+SnSe

3a pesynbTaTamM AOCIIIKEHb METOJIaMH
HATA, POA ta MCA icuyBanHs TeTpapHoi (ha3u
TI,SnSeTene miaTBepmkero. OCKiNbKH BU3HA-
YEeHHSl KBa3iMOJBIMHMX Mepepi3iB MPOBOIUTHCS
HIDKYEC TEMIIEPaTypHOTO IHTEpBaIY ICHYBaHHS
¢aszu TI:SnSe;, To BoHa He BpaxoByBanach Ipu
NOJANBIINX JOCHIKCHHSIX. TakuM YWHOM,
KOHIICHTpAIlIfHUN  YOTHPUKYTHHUK  CHCTEMH
Tl:Se+SNTe-Tl,Te+SN$  xapakTepH3yeThCS
HasBHIiCTIO 4 OinapHux a3 (y BepumMHax) Tta

950 K. Butpumka  3paskis  mpu  uux  ABOX TEPHApHHX ¢a3 (Ha cTopoHax).

TeMItepaTypax CTaHOBHJIA 24ro. Lle oOymoBmoe Te, MmO cCHCTeMa
ToMoreHi3ylounii  Bifman TpPOBOAWIM  HpH TIzSe+SnTe—>TI2Te-f-USn$ MONKE  JUTHTHCS
Temmeparypi 473 K mpotsrom 72 rox smis  TPhOMA  KBasinouBilHmvu - mepepisamum  Ha
Oinapuux a3 ta 168ron y Bunaaky tepHapuux =~ 1OTHPH KBa3iMOTpiiiHi cucremu. Bceepenuni

XaJNbKOTeHINIB Ta cmuasiB. Beci
3arapTOBYBAJIMCH Ha TTOBITPI.

InenTudikamito BuXigHMX OiHapHHX 1
TepHapHOi (a3 Ta AOCTIIKECHHS CIUTaBiB Ha iX
OCHOBI TIPOBOAIIA METOAaMH JH(EPEHIIHHOTO
tepmiunoro (ATA, mBuakicts HarpiBy 8 K-xs™*
XpOMeJb-aJIIOMENIeBa TepMomapa, 3 TOYHICTh
peectpanii Temmepatypu * 5 K), peHTreHiBCh-
koro ¢aszosoro (PDA, JIPOH-4.07, Cuk-
sunpomintoBanus, Ni-pimeTp, kpox A20= 0.02°,
exkcriosunis 0.5 ¢) Ta MIKPOCTPYKTYpHOTO
(MCA, weranorpadiuauii  Mikpockorn Jlomo
MeTtam P-1) aHami3is.

CIlIaBH

ONIHIET 3 HUX pEAT3YEThCS OIUH YaCTKOBO
KBa31MOABIHHUHA nepepis Ha OCHOBI
€HIOTEPMIYHOI MepUTeKTHYHOI (azu Tl.SnSe.
Vci MOXIHMBI TIepepi3u MEpEeTHHAIOThCT y 9
TOYKax (puc. 2).

Jos BU3HAUECHHS KBa31IOIBIHHUX
Mepepi3iB BUKOPUCTOBYETHCS EKCIICPUMEHTANb-
HUN CcrHoci0, SIKuUi Tojdsarae y JIOCIiKeHHI
(hazoBOrO CKJIaMy CIUIaBy, IO 3HAXOAWUTHCSA Ha
MEPETHHI MOKIIUBUX KBa3iOiHAPHHUX Iepepi3iB.
Tomy, mpu BUOOpI €KCIIEPUMEHTAIBHUX TOYOK,
BapTO BPaxOBYBaTH MOXJIMBICTH iJeHTHU(IKAL]
meromoM P®DA (momiOHicTe audpakTorpam,
BiJHOCHI IHTEHCHUBHOCTI).




Hayk. sicnux Yoiceopod. yn-my (Cep. Ximis), 2019.Ve 1 (41) Sci. Bull. Uzhh. Univ. Ser. Chem., 20%91 (41)

-45-

Takox Oyn0 3AIMCHEHO NPOTHO3yBaHHSI

TI 4SnSe,

(T1,Sn,Se;)®

SnSe

SnTe

Puc. 2. MoxniBi KBa3ino/BiiHI nepepizu y cucTeMi
Tl,Se+SrTe— T, Te+SnS.

pO3TaIlyBaHHS MOJKJIUBUX CTaOUTHhHHUX IIepe-
pi3iB, a BimTak i BTOpMHHEX cucTeM (puc. 3).
MoxmBuMH € 6 cnoco0iB  po3TalryBaHHS

Tl 4SnTe{[epepBiB. VY Bumagkax 1 Ta 2 cTabiapHOW0O €

ONHA 13 [iaroHaned, 3 IBOX CTOpiH sKOi
PO3TaIIOBYIOTECS N0 CTaOUIbHOMY mepepizy. Y
Bunagkax 3—6 y cucTemi BiACYTHS cTabiibHA
miaronane. CrabinpHuit  mepepis  TlaSnSe—
T14SHT'e; moxinsie OCTiKYBaHY CHCTEMY Ha JBi
BTOPHHHI, B MeXaX SKUX YK€ Peali3yeTbcs 10
OJTHOMY iarOHAJIBHOMY TIEpepi3y.

VY3aranpHIOIOUH CKa3aHe, IS BU3HAYCHHS
KBa310iHApHUX nepepizis y cucremi
Tl;Se+SrTe— Tl Te+SnS, HeoOxinHO 3ailCHU-
TH CHHTE3 Ta EKCIIEPUMEHTAJbHE IOCHIIKCHHS
Touok 1, 4, 5ta 9.

Tl,Se Tl,Te TI,Se Ti,Te Tl,Se T, 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)
(T1ySn,Se)@ (T1,Sn,Se,)@ O (T1,8n,8¢,)¢ 5
SnSe SnTe SnSe SnTe SnSe SnTe
Tl,Se Ti,Te Tl,Se Tl,Te Tl,Se Ti,Te
@ ® ] ® 1
— 3 i —
TI,SnSe; b T1,SnTe, T1,SnSe; ¢ b T1,SnTe, T1,SnSe, Q= O T1,SnTey
4 5 : 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 - C 9
SnSe SnTe SnSe SnTe SnSe SnTe

Puc. 3. Bapiantu peanizauii kBa3inoasiitHux nepepisie y cuctemi TloSe+SrTe—Tl,Te+SnS.

Ha  mudpakrorpami  3paska,  sSIKHi Ha  mudpakrorpami  3paska,  sSKHH
BIJNIOBia€ CKjIaay TOUKM 9, 3HAWAEHO JBI BIJIMIOBiZIa€ CKJIamy TOYKHM 1, 3HAHICHO OIHY
cucteMn  pedriekciB  sAKi  BiANOBIIAIOTH TeTparoHajgbHy  CHCTeMy  peduiekciB, 110
pom0ivHiit (SnSe)ra terparonanbHiit (TI4SrTes) BiamoBigae ¢aszi  Tl4SriTes (puc. 4). Omxe
¢dasi (puc. 4). Ile Bkasye Ha KBa3ibiHApPHICTH €IMHUM  MOXJIMBHAM  BapiaHTOM  peajizaiii

nepepizy SnSe —TdSrTes, Ta yHEMOXKIUBIIIOE
peaizauito BapiantiB 1, 3ta 6 (puc. 3).
Hudpaxrorpamu 3paskiB 4 Ta 5 xapak-

cTabinbpHUX TepepisiB € cmocid 5 (puc. 3).
B pesynbraTi mpoBeAEHOrO AOCIiIKEHHS
BCTaHOBJICHO iCHYBaHHS TPbOX KBa3iMOJBIHHHX

TEPU3YIOTbCS HASBHICTIO CHUCTEMH pPeQIICKCiB, mepepi3iB y TOTpiHHIA B3aeMHIA  cUCTEMI
o BiAMOBIAa0Th Ga3am T1sSNSe (3pazok 4) ta  TlxSe+SnTe-Tl.Te+SnS. Bei BOHU
TI4Sril'es (3pazok 5). HasBHICTH iHImIMX cucTeM  (OpMYIOThCs Ha OCHOBI TlsSnTes.

pedmekcie  He 3adikcoBano (pumc.4). Ile Kpasimoppiiinuit  mepepizs  TlaSnSes—

CKOpOYYy€E KITBKICTh BapiaHTIB IO JBOX, a CaMe:.
5Ta 6 (puc. 3).

Tl.SnTe; mominsge 3arambHy CHCTEMY Ha JIBi
BropunHi: T1,.Se+TkSnTe—TI,Te+TLSnSe Ta
TI.SNSe+SnTe-TlsSnTe+SnSe  Bcepeauni
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SKHX peaiizyeTbcs cTabuibHI mepepizu Tl.Se—
Tl4SnTes ra SNS-T14SnTes BianosiaHo.

IcuyBanus TerpapHoi ¢asu Tl.SnSeTene
i ATBEPKEHO.

Asarhil
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Puc. 4. ExciepuMenTanbsHi qudpakrorpamu
inpuBinyanpaux a3 TlaSrTes, TlaSnSe, HTM-SNS
ta Touok 1, 4, 5ra 9.

BucHoBKH
Merogamu  [JTA, PDOPA Tta MCA
MPOBEICHO BU3HAUECHHS KBa3101HApHUX
mepepi3iB y TOTpiHHIA B3aeMHIA  cuUCTeMI

Tl,Se+SnTe-Tl,Te+SnS. BeranosieHo, mo y
noTpiitHii B3a€MHIN cucTeMi
Tl:Se+SnTe-Tl,Te+SnS, peamizyloTecs Tpu
kBasimoBiiiai mepepizu: TloSe—TlaSnTes, SNS—
T|4SI'1T€3 Ta T|4SI']S€3—T|4SI']T€3.
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DETERMINATION OF THE QUASI BINARY SECTIONSIN THE TERNARY
RECIPROCAL SYSTEM Tl2Set+SnTe—Tl2Tet+SnSe

Filep M .J., Malakhovska T.O., Pogodin A.l., Sabov M.Y u.

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

The compounds of TnX; (X — Se, Te) formula show low thermal conductiwatyd relatively
high thermoelectric figure of merit ZT. Thereforengpounds TiSnXz can be used as perspective
materials for thermoelectric devices. To incredse d¢cope of use an investigation of the physico-
chemical interaction in the systems based on thgooands T4SnXz is promising.

The TkSnXs compounds are formed in the in quaternary TI-Sa¥8esystem and could be
presented as ternary reciprocal systensd+SnTe>Tl;Te+SnSe. The binary phasesSd, ThTe,
SnSe and SnTe, which are located in the cornecsrafentration quadrangle, melts congruently. The
compound SnSe have a polymorphic transformati@9atk. The TiSe-TbTe and SnSe-SnTe quasi
binary sections refer to the eutectic type systEme. quasi binary section.He—SnSe and Jlle-SnTe
are characterized by the formation of several asewty melting ternary compounds: s$hSe
(706 K) and TiSnTe (817 K); and incongruently melting compound.SitSe; (683 K). The
TI.SnSe compound exists only in narrow temperature rar@0683 K), because of solid-state
decomposing and its crystal structure is unknowme Ternary Td4SnSe and TkSnTe have a wide
homogeneity area. The existences of quaternary contpTbSnSeTe are not confirmed.

Since the determinations of quasi binary sectioascarried out below the temperature interval
of the existence of the BnSe; phase, it was not taken into account in furthgestigations. Thus,
the concentration quadrangle of theSE+SnTe->Tl, Te+SnSe system is characterized by the presence
of 4 binary phases (at vertices) and two ternargsph (on the sides). This occurs that the
TI.Se+SnTe->Tl.Te+SnSe system will be divided by three quasi lyisactions on four quasi ternary
systems. Inside one of them the partially quasafyirsection, based on the incongruently melting
phase TiSnSe;, will be realized. All possible sections intersat® points.

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

Used the XRD method existence of three quasi birs@gtions TASnSs—TlSnTes TloSe—
Tl.SnTez and Sng-Tl.SnTes were determined.

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