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AnHoTanysa. Metogamu GU3NKO-XMMUYECKOTO aHanm3a — nuddepeHnaasbHO-TepPMUYECKIM,
BBICOKOTEMITEPATYPHBIM IU(depeHMaTbHO-TEPMUUECKUM, PEHTTeHO(})Aa30BbIM, MUKPOCTPYK-
TYPHBIM, & TAKXe M3MepeHMeM MUKPOTBEpAOCTU u3ydeHa cucrema Sm,Te,—GeTe, koTopas
SIBJISIETCS KBa3MOMHAPHBIM CEYeHMEM TPOIiHOI cucTemMbl Ge—Sm-—Te. [Ipy COOTHOIIEHUY UCXOI -
HbIX TesrypumoB 1:1 (50 mon. %) u Temmepatype 1100 K mo mepuTeKTMUECKO peakuun
xk+Sm,Te, — GeSm, Te, obpa3syeTcs TPOITHOe CoeIVTHEHEe GeSm,Te,. O6pas1ipl CUCTEMBI, Oora-
Thie GeTe, IIpeCTaB/SIOT CO60/ KOMITAKTHbIE CIUTKM OJIeCTsIIIe-Ceporo 1BeTa, a CIijlaBbl, 60-
raTbie Sm,Te, — criek yepHoro usera. Jluksumyc cucrembr Sm,Te,—~GeTe cocrouT us Tpex
Berseii: Sm,Te,, GeSm,Te, 1 o-TBepapIX pacTBOPOB Ha 0cHOBe GeTe. PeHTreHo(a3oBbIii aHAIN3
3aKPUCTAUTM30BAaHHBIX 00PA3II0B MIOKA3aJI, YTO HAOOP PEHTIE€HOBCKMX OTPAasKeHMIT COOTBETCTBYET
dasam Sm,Te,, GeSm,Te, 1 o-TBepAbIX pacTBOPOB Ha 0cHOBe GeTe. YcTaHOBIEHO 06pa3oBaHye
VHKOHTPY3HTHO ILIaBAILErocs coefHenns cocraa GeSm,Te,, KOTOpOe MOXKET MCII0/Ib30BaTh-
€Sl KaK TepMO3JieKTpuueckuii matepuat. Ha ocHoBe GeTe o6pa3syeTcst y3Kasi 06/1aCTh TBEPAOTO
pacTtBopa.

KnroueBbie ciioBa: Cl)&BOBaH AuarpamMma, 3BTeKTHKa, MUKPOTBePAOCTb, KBaBM6MHapHOE ceue-

HIe, IOTyTIPOBOIHNK, TepMOrpaMma.

BBEJEHUE

Tejutypup, repMaHuss Hallesl IpakTUYecKoe
MIpyMeHeHMe B KaueCTBe MaTepuajia TepMO3JIeKTPU -
yeckux npeobpasosarteneii u B VK Texuuke. ITonck
HOBBIX HEOPTaHMYECKUX MaTEPUAIOB, 0618 Ja0IVIX
CaMbIM Pa3HOOOPa3HbIM COYETaHMEM TPAKTUYECKI
BaKHBIX CBOJCTB, ITPEACTaBIISIET COO0I OIHY U3 OC-
HOBHbBIX 3aJla4, CTOSIIIMX Mepe[ XMMMeli oTyIIpo-
BOIHMKOB. GeTe 1 HEKOTOPBIE CIIJIaBbl HA €T0 OCHO-
Be SIBJISIOTCSI IEPCIEKTUBHBIMM MaTepuasiaMmu. B
JIuTepaType MUMEKTCS CBEIEHMS O BIMSTHUY Pa3HbIX
371IeMEHTOB U COeIMHEHU I Ha TEPMO3JIEKTPUUECKIE
CBOJICTBa Te/utypuza repmanusg [1-18].

CUHTe3 HOBBIX CJIOKHBIX TPOMHBIX CILJIaBOB U3
objacTeil TBEpAbIX PACTBOPOB HA OCHOBE MCXOJ -
HBIX TTOJIYIIPOBOAHUKOBBIX COEIVUHEHUI TTO3BOJISI-
eT PeKOMEHI0BaTh MO/IydeHHbIe MaTepuasbl AJIs
MCITOTb30BAHMS B PA3/JIMYHBIX 00IaCTIX HAYKU U
TeXHUKU.

Llenpio HACTOSsIIIEN pabOTHI SIBJISIETCS UCCIIE0-
BaHMe (Da30BbIX paBHOBecuii B cucreme Sm,Te, -
GeTe c mocTpoeHueM ¢ha30BOi IuarpaMmebl, OTIpe-
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Cucrema Sm-Te. /InarpamMma COCTOSIHUSI CHC-
tTeMbl Sm-Te mocrpoeHa B pabore [19]. ITomyTop-
HBIN Temnypun camapus Sm,Te, iaBuTCs mpu
1773+50 K. Coenunenne Sm,Te, umeer Kpucra-
JIMYECKYIO CTPYKTYPY THa Sb,S,, OTHOCUTCS K pOM-
61UeCcKOli CMHTOHUM C TTapaMeTpaMy PerieTKn:
a=12.04, b=11.86,c="17.34A.

Cucrema Ge-Te. B cucTeme HalileHO OLHO CO-
enuneHnue — GeTe. MoHOTe/TYpUA, TepMaHus I171a-
BUTCSI KOHTPYSHTHO ITpu 996 K. OBTEKTUKA MEXIY
MOHOTEJUIYPUAOM TepMaHieM UMeeT TeMIleparTy-
py 993 K 1 coctaB 49.85 mol % Te. GeTe Kpucran-
JIU3YeTCs B KyOMUeCKOM CMHTOHMM (CTPYKTYpa TUIIA
NaCl) ¢ nepuozmom pemerku: a = 6.01 A [10].

s onipepeneHns Xxapakrepa B3aMOAECTBS
B TpoitHOIi cucteMe Ge-Te—Sm HaMmy paHee ObUIA
uccienoBanbl paspessi: Ge, Te , —-Sm,  Te , [20]
u GeTe-Sm,Ge, [21].

DKCITEPUMEHTAJIbHASA YACTb

Paspes Sm,Te,—GeTe ucciemnoBan MeTogamu
bun3uko-xMMuUeckoro ananusa: auddepeHu-
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anbHO-TepMmuyeckum (I TA), BICOKOTEMIIEpPATYP-
HbIM TuddepeHinanbHo-TepMmuueckum (BITA),
peHTreHoda3oBbIM (PDA), MUKPOCTPYKTYPHBIM
(MCA), a TakKe M3MepeHMeM IIJIOTHOCTU U MUK-
pPOTBEPIOCTH.

ITA ipoBogmau Ha mupomeTtpe HTP-75 B Baky-
yMMpOBaHHBIX 40 0.1333 Pa KBapLeBbIX aMIlyJIax,
srajoHoM crysku Al O,. CKopocTh HarpeBa coCTaB-
nsina 9-10 K/min (morpentHocts * 5 K).

BATA mnipoBoauiu 1o aHaJIOTMUYHOW METOOM-
Ke. B CBSI3U € BBICOKOI TeMIlepaTypoi IJIaBJIeHUS
MCXOOHBIX KOMIIOHEHTOB, BIITA ocyiecTBisin B
BBICOKOTEMIIEPATyPHOM aHaiu3aTope (yCTaHOB-
Ka Mapku BITA-8). O6pasus! gas BATA rorosu-
JIM B BUJE TIPECCOBAHHBIX LITANMKOB AMAMETPOM
5.7-1073-6-103 m u BbICOTO¥ OKOIO 5-10*m. B Ka-
YyecTBe STAJOHHOTO 06pasiia MCIIOMb30BaIN IITa-
MK 13 MOIMOIeHa.

P®A nopomkoo6pa3Hbix 00pa3iioB MPOBOAIIN
Ha penrreHogudpakromerpe JPOH-2 B Cuk -us-
nydeHuu ¢ Ni-GuabTpom.

MCA ocyiecTBasiv ¢ MIOMOIIbI0 MUKPOCKO-
na MIMM-8 Ha nipegBapuUTeIbHO IIPUTOTOBIEHHBIX
nudax, monmMpoBaHHbIX ractoii 'ON. TpaBuTenem
cyxkuia cmech 11 HNO, n 3 %-Hoit H,O, B cooTHO-
nreHuu 2:1, Bpems TpaBieHus — 10—15 cexkyHz,.
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Puc. 1. Inarpamma COCTOSIHUSI CCTEMBbI
Sm,Te,—GeTe
[Fig.1. Diagram of the system Sm,Te,~GeTe]
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MMKpOTBEPIOCTh CIIABOB M3MepSUIM Ha MUK-
porBepmomepe I[IMT-3 ¢ Harpy3koii 0.15 H.

[TOTHOCTB CIUIABOB OIpenesiiv MMKHOMEeTPHU-
YeCKM, HaTIOJTHUTEeJIEM CITY>KVJT TOTYOJI.

PE3VJIBTATDBI 1 UX OBCY>XXIEHUNE

[To pesynabTaTaM, IOJIydUeHHbIM MeTomaMu ¢u-
3UKO-XMMMUYECKOTO aHas13a, TOCTPpOeHa Juarpam-
Ma coctostHust paspesa Sm,Te,.—GeTe, KOTOPBbIii sIB-
JISIeTCS KBa3MOVHAPHBIM CeUeHMeM TPOITHOI cuc-
Tembl Ge—Te—-Sm.

[1s1 vicciiemoBaHMst ObIIV CMHTE3UPOBAHbI IBOTI-
Hble coenyHenus: Sm,Te, u GeTe u3 snemeHTOB
BBICOKO# CTeleHM YMCTOThI CJIEAYIOIINX MapoK:
repmaHuii — B-4, remnyp - B-3, camapuit — CM-
1. BakyymupoBaHHbIe KBapleBble aMITyJbl C UC-
XOJTHBIMM BellleCTBaMM HarpeBajyu CO CKOPOCThIO
50 K/min mo 1300 K, BeigepskuBaiy B pacIljiaBaeH-
HOM cocTosiHuM 1.5-2 yaca, IToc/ie 4Yero oxX/aaskaasin
MeJlJIeHHO J0 KOMHATHOJ TeMrepaTypbl.

CnynaBbl ¢ cocTaBaMu B MHTepBanae 40-
100 mol % Sm,Te, oxkuranu B Tedenue 500 yacos
ripu 1000 K. CrinaBel ¢ cocTaBamy B MHTepBasie 60—
100 mol % GeTe oTkuraau B 3aBUCUMOCTHU OT CO-
crasa npu 700-800 K B reuenue 240-300 yacos.
OTosxkeHHbIe CIIJIaBbl UCC/IeIOBAIN KIaCCUUeCKU-
MY MeTomamMu pU3NKO-XUMMUYecKoro aHaamsa. 06-
pasibl cucTeMbl, 6oratbie GeTe, TpeICTaBIISIOT CO-
6071 KOMITaKTHbIE CJINTKY BJIeCTSIIIe-Ceporo IBeTa,
a criasbl, 6orateie Sm,Te,, crleK 4epHOro IiBeTa.

PaccMoTpum auarpamMmy COCTOSIHMI CUCTEMBbI
Sm,Te,~GeTe. Paspes Sm,Te,~GeTe siBiisieTcst KBa-
3MOMHaPHBIM CeUeHMEeM TPOIiHO cucTeMbl Ge—Te—
Sm (puc. 1). [Ipy COOTHOIIEHUM UCXOOHBIX TEJLTYPU -
moB 1:1 (50 mol %) u TemmepaTtype 1100 K 110 11€-
PUTEKTUYECKOI peakiyy x + Sm,Te, — GeSm,Te,
o6pa3syeTcs TpoiiHoe coenuHenue GeSm,Te,.

JIukBupayc cucrembr Sm,Te,.—~GeTe cocrout us
Tpex BeTBe, OTBevalolux iasieHnio Sm,Te,,
GeSm,Te,  o.-TBepABIX PACTBOPOB HAa OCHOBE
GeTe.

PentrendasoBblii aHaau3 (puc. 2) 3aKpuUcTal-
JIM30BAHHBIX 00pa31[0B IOKAa3aJI, YTO HAOOp peH-
TTeHOBCKMX OTpPakeHMI COOTBETCTBYeT (pazam
Sm,Te,, GeSm,Te, u a:-TBepabIX pacTBOPOB Ha OC-
HoBe GeTe.

Hns onpenenenust pactsopumoctu Sm,Te, B
GeTe mpoBeneH AOMOJIHUTENIbHBIV OTXKUT CIJIABOB
1,3, 5mol % Sm,Te, mpu 920 K( Bpems orskura —
340 yvacos). ITocie oT>kura mo JaHHbIM XMMMWYECKO-
ro aHa/IM3a OrpesieieHa pacTBOpuMocTh Sm,Te, B
GeTe, koTopas cocraBuia 2 mol %.

C mpakTMUeCcKoil TOUKU 3peHUsl ToIydeHHOe
COeIMHEHME MOXET ObITh IEPCIIEKTYBHBIM TEPMO-
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3MIEKTPUUECKUM MaTepuaaoM I U3TOTOBIEHUS
TTOJIOKUTENIbHOJ BETBY TEPMOIJTIEMEHTA.

TBepablie pacTBOpbl HA ocHOBe GeTe mmeroT
KyOMYecKyIo penieTKy. 3HaueHus TapaMeTpoB pe-
HIEeTKU UCCIIeTyeMbIX TBEPIbIX PACTBOPOB HA OCHO-
Be GeTe mo cpaBHEHMIO C TTapaMeTpPaMy penieTKU
GeTe He3HaunTeNbHO BhIlIe. [TapamMeTp pelleTKU
GeTe a=6.01E, a mapameTp pelieTK UCCIeRyeMbIX
TBepIbIX PacTBOPOB Ha ocHOBe GeTe a = 6.08E.

3AK/IIOYEHUME

Takum obpasom, moctpoeHa (asoBas gua-
rpamma Sm,Te.—GeTe. YcTaHOB/IEHO, UTO paspes
Sm,Te,~GeTe saBaseTCs KBa3MHAPHBIM CEUEHMEM
TpoiiHoI cucreMbl Ge-Te—-Sm. B cucreme 1ipu co-
OTHOIIIEHUY UCXOAHBIX TesurypumoB 1:1 (50 mol %)
006pa3yeTcs MHKOHTPYSHTHO IJIaBSINeecs] TpoitHoe
coenmuenmue cocraBa GeSm,Te,. Ha octose GeTe 00-
pasyeTcsl y3Kasi 0671aCTh TBEPIOTO PacTBOPA.

KOH®JIUKT MHTEPECOB

ABTODBI IeKIapUPYIOT OTCYTCTBUE SIBHBIX U T10-
TeHIIMaIbHbIX KOH(GIMKTOB MHTEPECOB, CBSI3aHHBIX
C mybGIMKaIyei HacTOSIIEei CTaTh.
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PHASE EQUILIBRIUM IN SYSTEM Sm,Te,-GeTe
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Abstract
Objective. GeTe and some alloys on its basis are prospective materials. There are information
on the influence of rare earth chalcogenides on thermoelectrically properties of germanium
telluride in literature.Synthesis of new complicated triple alloys from the fields of solid solutions
on the base of initial semiconductive compounds allows me to recommend the obtained materials
for usage in different possible fields of science and technics.
Purpose. The aim of this work is an investigation of phase equibilibrium interaction in Sm,Te ~
GeTe system with phase diagram construction, definition of homogenosity fields and new
semiconductive phases.
Methods and methodology. The section of Sm,Te,~GeTe was studied by methods of physical-
chemical analysis: differential-thermal (DTA), high temperature differential-thermal (HTDT),
X-ray phase, microstructural analysis (MSA), as well as measurement of density and micro
hardness. DTA was performed with pyrometer HTP-75. HTDT was performed with HTDT-8m
(T .. > 1500x2000 K) by analogical method. X-ray phase analysis was performed by powder
method with X-ray diffractometer DRON-2 (CuK -radiation with Ni-filter). MSA was performed
with microscope MIM-8. Micro hardness of alloys was measured with micro- hardness tester
PMP-3. Density of alloys was determined by pycnometer test.
Results. Based on data of physical-chemical analysis the diagram of state of Sm, Te,~GeTe system
has been constructed. The cutting is a guasibinary section of a triple system Ge-Te-Sm. At the
ratio of initial tellurides 1:1 (50 mol %) and the temperature 1100 K according to peritectic
reaction m+Sm,Te,—~GeSm, Te, the triple complex GeSm, Te, is formed. The liquidus of Sm,Te ~
GeTe system consists of three branches, which are responsible for fusion (melting) of Sm,Te,,
GeSm,Te, and o-solid solutions based on GeTe. X-ray phase analysis of crystallized samples
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showed, that collection of X-ray reflections corresponds to the phases Sm,Te, — GeTe , GeSm,Te,
and y- solid solutions based on GeTe. In order to determine the dissolution of Sm,Te, in GeTe
there has been carried out additional burning of alloys 1,3,5 mol % Sm,Te, at 920K (time of
annealing - 340 hours). After annealing , according to the data of chemical analysis, the
dissolution of Sm,Te, in GeTe was 2 mol %.

From practical point of view the obtained compound can be a perspective thermoelectrical
material for making a positive branch of thermoelement.

Conclusions. Thus, the phase diagram Sm,Te, — GeTe has been constructed. It has been
established, that the cutting Sm,Te, — GeTe is a quasibinary section of a triple system Ge ~Te- Sm.
In the system, at the ratio of initial tellurides 1:1 (50 mol %) an incongruently melting triple
compound of in GeSm,Te, composition is formed. On the base of GeTe a narrow field of solid
solution is formed.

Keywords: phase diagram, eutectic, microhardness, quasi binary sections, semiconductor,

(®asosble paBHOBecua B cucteme Sm,Te,-GeTe

thermogram.
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