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Beryn

TepMmoenekTpudHi MaTepiaid SBISIOTHCS

JOKepelaMd  abTCPHATUBHOI  €HEprii, 110
3a0e3MeuyoTh TpsIME TEPETBOPCHHS TEILIOBOI
eHeprii y €JIEKTPUUHY. ITokparnieHHs

e(DEeKTUBHOCTI TEPMOCIEKTPUIHUX MaTepialliB
MOXKJIMBE IUISIXOM BapilOBaHHS CKIIAIIB CIOJIYK
Ta PpPO3POOKH  BIAMOBIMHUX  TEXHOJIOTIYHUX
pexkumi [1-3]. B ocrammiii uac 3Ha4Ha yBara
TOPUJIISETECA  TATIMBMICHUM — XaJBKOTCHITHUM
MmarepiajiaM, OCKiIbKH HasBHICTH aToMiB Taiito
JTO3BOJISIE OJTHOYACHO 301IBIIYBATH iX EJIEKTPO-
NPOBIHICTh Ta 3MEHIIYBAaTH TEIUIONPOBIIHICTS,
II0 TPUBOAUTH JO CYTTEBOTO IOKPAIICHHS
TepMoOeNIeKTpruHoi  mobporHocti  [4,5]. 3a
OCTaHHI POKH 3HAYHWK HAYKOBHM 1HTepec
BUKJIMKarOTh croinyku tumy (TlaMeXas, ne Me—
Sn, Pb, X=S, SeTe) 3aBasku MNOETHAHHIO
TEpMOENIEKTPHUUHNX [5] Ta HeTiHIHHO-OMTHYHIX
[6] BnacTuBoOCTEiA.

Jlana poOoTa mpucBiIYEHA PO3POOII
TEXHOJIOTIYHUX YMOB BHPOIIYBaHHS MOHO-
kpucramiB  Terparanmito(I)  tpurioctanary(Il)
(TI4SNS), sk MEepCHEeKTUBHOTO TEPMOCICKTPHY-
HOTO MaTepiaiy.

Cmonyka Tl4SNnS yrBOproerbes B cuctemi
TI,;S-SNS 32  NEPUTEKTHYHOIO  PEAKIIEI0
L+TI:S— TSNS npu temneparypi 626K [7],
XapaKTepU3YEThCS TMONIMOPPHUM IEPETBOPEH-
M npu 600K [6]. BpaxoByroum xapaxtep
IUVIABJICHHS  COONYKH  114SNS,  HaiOinbm
OPUIYCTAMHAM €  TIPOIIEC  BUPOIILyBaHHS
MOHOKDHCTAIY CHOAYKH T1.SNS  mumxom
HalpaBJIeHOI KpUCTaji3amii BUXiTHOTO CKIaxy
ONMU3BKOTO  JI0 TEPUTEKTUKH, alie  JICHIo

3MILIEHOTO A0  €BTeKTHKH,  OTPUMAaHHS
MOHOKPHCTAIy BiOyBa€ThCs, 1Mo KoHoxi [9], sika
3'emHye MK c000I0 PIBHOBaXKHI KOHIICHTpAIii
pO3IUIaBY Ta KPUCTAIIB CIIOIYKH T14SNS.

EKCl'lepl/IMeHTa.leHa JacTHHA

Cunre3 BUXITHOT IIUXTH JUTS
BHPOIIYBaHHS MOHOKPHCTAJIiB TSNS
TIPOBOJTHIIM 3 CJIEMEHTAPHUX KOMIIOHCHTIB TaJIi10
mapku T1-000 (0.99997), omoa OBY-000
(0.99995) Ta cipku (Oc.H. 16-5). Cuntes
3milicHioBamM y BakyymoBanux jgo 0.13Ila
KBaplOBUX  aMIyllaX  OJHOTeMIEpaTypHUM
MeTomoM. PexuM cuHTe3y BKIO4YaB y cebe
marpie 31 mBuakictio 50K/rox mo 698 K 3
HACTYIIHOIO BUTPHMKOIO, IO CKiIanana 24 rox,
BCI KOMIIOHGHTH 1 TPOAYKTH B3a€MOAIl
3HAXOJWINCSA y PO3IUIABICHOMY BUIIISAL, MIO
CIIPUSUIO 3aBEPIICHHIO XIMIYHOI B3aeMOii 3
YTBOpEHHSIM HeoOXigHoi ¢a3u. OXONomKeHHS
JI0 eKCHEepUMEHTANIbHO MiAiOpaHol TeMueparypu
Bignany 480 K 3gilicHioBaiyd 13 MIBUAKICTIO
30K/rox. Bimmam mpoBommnu upotsrom 336
roauH. OXOJOKEHHS 3HIHCHIOBAIN B PEXHUMI
BUKJIFOUEHOI Teui.

BupomnryBanHsS ~MOHOKpHCTAliB  TeTpa-
taniii(l) tpuriocranaty(Il) (T14SNS) nmpoBoanmm
IUIIXOM ~ KPHCTai3ali€lo 3  pO3IUIaBy Y
JBO30OHHIM Tpy6uarTiii meui omopy (remmeparypa
30HM posmiaBy 698K, 3ouu Bignany — 480K) 3

BUKOPHCTAaHHSIM  KBapIOBOTO  KOHTelHepa
crienianpHo1 KOHGIryparlii — 3 KOHyCOIoAi0HO0
HIDKHBOIO ~ YaCTHHOK  JUIi  TPOBEACHHS

3apOKEHHSI METOAOM 30ipHOi peKpucTami3arii.
IIpu oTpuMaHHI MOHOKPHCTAIIB KOHYCOTOIIOHY
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aMIIyly 3 BHXIZHOK MHMXTOK ([OMEpenHbOo
CHHTE30BaHUM TepHAPHUM cynbdigom)
MOMIIIATIH Yy BEpXHIO “rapsdy” 30HY POCTOBOI
meui npu Temmeparypi 698K, nme mmxty
pPO3IUIABISUIM 1 3  METOI  TOMOTeHi3aril
HNpOBOIWIN 24 TOAWHHY BHUTPUMKY aMIylIH Yy
rapsyiii 3oHi. Jlami pocToBuii KOHTEHHEp Iepe-
MillaJId TaKUM YHHOM, IIO0 3aKpHCTaTi3yBaTh
2 -4MMm po3ruiaBy B HIDKHIN KOHYcONOmiOHiH
YacTUHI aMIyNX 3 HACTYIHUM PEKpHCTalIi3alii-
HUM Biamanom mpotsarom 48roxa. Ilpouec
HaApOIyBaHHS KpHucTaly Ha copMoBaHii
3aTpaBIli 3aBEpIIyBAIM BiAMAJIOM BHPOIIECHOTO
MOHOKPHUCTAITy y 30HI KPHUCTaJi3allii MpoTAroM
72 roxn (480K). EkcnepuMeHTalbHO BCTa-
HOBJIEHO, [0  ONTHUMajJbHA  IIBHIKICTH
nepeMinieHHs (GPOHTY KpUCTaJi3amii CKiaaae
0.1 — 0.3um/Toz, a MBUAKICTH OXOIOIKEHHS 110
kiMHatHOI Temneparypu — 10K/rox. Takum
YHHOM, pO3pOOJIEHI  TEXHOJOTIYHI  YMOBH
OJICp>KaHHS MOHOKPI/ICTaﬂiB 3a6e3neqy}0TB Puc. 1. 3aranpuuii BUTJISLA MOHOKpUCTAITY T|4SnS;:
3MiIIEHHS! PIBHOBaru MEPUTEKTHYHOTO IPOLECY a — CTeXiOMeTpHIHHH CKIIa; 6 — CKIla GIn3bKuit /10
L + TS < TSNS B 6ik yrBOpEeHHS TOUKH HCPUTCKTHKI.
terparaniii(l) tpurioctanary(Il).

HoTtpumyiounchk  po3poONEHUX  TEXHO-
JOTIYHUX YMOB, HAMH OTPUMAaHO MOHOKPHCTAIIN
TepHapHOro cyabdimy TSNS i3  muxTu 2 T1,5nS, nepur.
crexioMeTpuyHoro ckiany (66.67mo1.% ThS ta
33.33M01.% SnS),a Takox i3 MIKXTH CKIALY, m A | ,t ) h
6mm3bkoro o nepurekTukd (52momn.% ThS ta
48 w™mo0a1.% SnS). MakcuManbHa JIOBKHHA
oJIepKaHUX MOHOKpHCTaNliB ckiamama 15 — 40
MM, niametp 8 mm (puc. 1). L% | ©

3pasku  MoHOKpHcTaniB  Terparaiiro(l)
tpurtioctanaty(ll)  (TlsSNS)  mocmimxyBanu \ l l ﬁ
METOJIOM PEHTI'CHIBCHKOTO (Pa3oBOro aHalizy
P®A, mudppakromerp [JPOH-4.07, Cuk-
sunpominroBauus, Ni-pinbTp).

[Mob6ynoBani Ha ocHOBI PDA ekcriepumen-
TanpHi audpakrorpamu tetparanito(l) Tpurio-
cranaty(Il) oTpumaHOro i3 CTEXiOMETPHYHOTO
ckiany — (puc. 20) Ta ckiamy, OJNU3BKOIO JI0

Tl481’lS3 CTEX.

T14Sn83 TEOp.

TOYKH TIEPUTEKTUKH — pHC. 23, BUSABHIHCS il L S T
IIGHTUYHUMH [0  pO3paxoBaHOi  3TiTHO 20 30 40 50 60
miteparypuux ganux [10] mudpakrorpamu 20
T14SnS (puc. 28). Puc. 2. EkcriepuMenTalibHi (a — CKJIaj] TOUKH
3 BHKOPHCTAaHHSM MPOTPAMHOTO KOMII- HNEPUTEKTUKH; O — CTeXIOMETPUYHUN CKna)E[) Ta
nekcy UnitCell [11] pospaxoBano mapamerpu Teoperuina (B) audpaxrorpamu Terpatasito(l)
tpurioctaHaty(Il).

KpucTaigiuyHoi rpatku (tabm. 1). BceraHoBieHo,
0 HaWOUIBIl ONHM3BKHUMHU JIO JTEpPaTypHHX
BUSIBUWINCS TapaMETPH KPUCTAIIYHOI TpPaTKU
MOHOKpHCTally,  BHPOLIGHOTO i3  CTeXio-
METPUYHOTO cKiany (tabum. 1).
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Taoauus 1. [Tapamerpu KpucTamiuHOi rpaTKu
terpatanito(I) Tpuriocranary(IT)
IT" P4/ncc, Z = 4)

d peur., ITapameTpu rpaTku
®daza Hlend a,I,)& P pc' iy
TI4SnS it | 7.86 8.305 12.647
TlsSnScrex | 7.84| 8.3073(4) 12.6372(7
TI.SnS nepur.| 7.71| 8.4154(3) 12.5662(5

HesBaxkaroun Ha 1HKOHTPYECHTHHI Xapak-
Tep miaasineHHs terpataiiii(l) Tpurioctanary(Il)
(Tl4SnS), i#oro dasoBoomHOpiAHUE MOHO-
KPHCTAJ BUPOLICHO i3 IUXTH CTEX1OMETPUYHOTO
ckiagy. MIOro TOMOrEHHICTh IMTiATBEPIKYETHCS
JMaHAMHA MIKPOCTPYKTYPHOTO aHami3y Mpen-
craBieHoro Ha (puc. 3). Lle mosicHIOETBCS THM,
IO LIBHJKICTh PO3YMHEHHA KpHUCTaNiyHOI (a3u
MEPEBUINYE INBUAKICTH yTBOpeHHA TSNS i
TOMY piBHOBara neputeKTHyHoi peakuii L + T1>S
> Tl4SNS 3mimena y Oik yTBOpeHHs TepHAPHOI
hazm.

Puc. 3. Pesynsraru MiKpocfﬁyKTypHoro aHamzy
MoHokpuctaiy Terparanito(l) Tputioctanaty(Il)
(cTexioMeTpuyHHI CKIA).

3aHpOHOHOBaHHﬁ METO TEXHOJIOTTYHO

3pYUHHIA, XapaKTePU3YETHCS XOPOLIOI0
BIITBOPIOBAHICTIO B  OJACPXKAHHI  SKICHHUX
KpUcTamiB 1 Moxke OyTH BHUKOHAHMHA Ha

CTaHJApTHOMY YCTAaTKyBaHHi.

Ilpn onepkaHHI MOHOKPHCTATy TeTpa-
tanmiii(l)  Tpuriocranary(ll)  (TlSnNS) 3
BUKOPUCTAaHHIM IIUXTH CKJIay, IIO BiAMOBigae
TOYI ONMM3BKIA 10 MEPUTEKTHUKU (BiIXHUIEHHS
BiZl cTexioMmeTpii) 3aBKIM iCHYE IMOBIPHICTH
3MILIEHHSI 32 CKJIaJoM B JBOX(a3Hy o001acTh

CratTs Hagiiwa no peaakmii; 23.11.2018.

TI:S+TLSNS, 1110 YHEMOXKIUBITIOE AOCSITHCHHS
BiITBOPIOBAHOCTI TEXHOJIOTIYHUX YMOB
oJIepKaHHS STKICHIX MOHOKPHCTAJIIB.
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FEATURESOF THE TETRATHALIUM() TRITIOSTANATE(II) SINGLE
CRYSTAL GROWTH

Malakhovska T.O., Filep M .J., Pogodin A.l., Sabov M.Yu., Stasyuk Yu M., Barchiy |.E.,
Peresh E.Yu.

Thermoelectric materials provide a direct transfmion of heat into electric energy. Improving
the efficiency of thermoelectric material is a cdexpand individual task for concrete material.
Ternary chalcogenides type.Sh(Pb)X (X-S,Se,Te) are perspective thermoelectric maserito
improve the thermoelectric figure of merit of a eval the reduction of the phonon thermal is used
what can be reached by using polycrystalline gglsiorystal samples.

This work is devoted to the development of techgigla conditions for the crystal growth of
T14SnS compound. T4SnS are formed in the T6—SnS quasibinary system by peritectic reaction L +
TI,.S-TI.SnS at 626 K and is characterized by polymorphic tiamsation at 600 K. The low
temperature modification of 433nS are crystallized in tetragonal system, SG P4/ncc.

For the current investigation two samples withadf) 66.67 mol.% B5 : 33.33 mol.% SnS (1)
and 52 mol.% TS : 48 mol.% SnS (2) were obtained. The 1 sampteegpond to stoichiometric
composition of TASnS compound. The 2 sample correspond to nonstoichi@eamposition what
lies on the branch of the primary crystallizatidrhigh temperature modification of sHnS.

The both synthesis were carried out from high puglementary components in vacuumed to
0.13 Pa quartz ampoules by one-temperature diretitad. The maximal temperature of synthesis
698 K was obtained with heating rate 50 K per h@aoling to an experimentally selected annealing
temperature of 480 K was carried out with rate 30hKThe annealing was carried out during 336 h.

The crystals growth of the both samples was caugidg "the solution-melt” method in a two-
zone furnace (temperature of the melt zone — 698nkKgealing zone — 480 K) in a quartz container
with a cone-shaped lower part. Obtained singletalysvere without cracks.

Results of the microstructural analysis (MSA) irades that the grown crystals do not contain
inhomogeneities. Comparison of the experimentallytaimed powder diffraction data with
theoretically calculated indicate that a both algstare single-phase. The calculated cell parasieter
the 1 and 2 samples are close and agree with ¢loediiical data.

Keywords: Ternary chalcogenides, X-ray diffraction, Micnasgttural analysis, Single crystal
growth.



