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Th-Sb-Se Ug¢ll sistemi Sh,Ses-Th,Ses kasiyi Uzra tadqiq edilmis va onun hal diagram
qurulmusdur. Miiayyyan edilmisdir Ki, Sh,Se3-Th,Se; sistemi Th-Sh-Se lg¢ll sisteminin kvazi-
binar kasiyidir. Sistemda ThSbSe; tarkibli bir inkongruent ariyan birlasma va Sh,Se; asasinda
5 mol %-2 godor bark mohlul sahasi askar edilmisdir. Birlogsmanin rombik singoniyada
kristallasdigi va qafas parametrlorinin: a=12,31; b=20,38; c=4,048 A oldugu tayin edilmisdir.

(SbySes)1x(ThySes)x (x = 0,0; 0,005, 0,02) torkibli) nimunalarinin elektrofiziki

xassalori 300-800K intervalinda tadqiq edilmis vo nimunalarin “n” tip yarimkegirici xassaya
malik oldugu askar edilmisdir.

Acar sozlar: inkonqruent, evtektika, faza diaqrami, bork mahlul.

VP grup elementlori vo nadir torpaq metallarinin xalkogenidlori vo on-
larin osasinda alinan termoelektrik vo optiki xassolori materiallar mikro-
elektronika cun tatbigi shomiyyatlidir [1-3]. Belo materiallarin sintez sorai-
tinin optimallasdirilmast metodlarinin islonmoasi U¢lin  uygun sistemlords
fazatarazliginin todqiqi vacib sortlordondir.

Th-Sb-Se tclu sistemindos fiziki-kimyavi garsiligl tasiri 6yronmoak ¢iin
Sb,Ses- Th,Se; kasiyi tadqgiq edilmisdir. Orintilar ligaturdan va bazi hallarda
elementlordon sintez edilmoklo hazirlanmigdir.

Sistemin arintilori 900-1150K temperaturda 6-8 saat middotinds [4,5]
gOstarilmis metodla sintez edilmisdir.

orintilordo homogenlogsmoays nail olmaqg Uglin sintezdon sonra onlar
solidus temperaturundan 50-100K asag1 temperaturda 350 saat arzindo dom-
lonmoys ugradilmisdir. Tarazliq halinin yaranmasina mikroqurulus analizi
vasitasilo nozarst edilmisdir. Sistemin orintilori otaq temperaturunda suya,
havaya Uzvi holledicilora (aseton, toluol, benzol) qarsi1 davamli olub duru
mineral tursular (HNO3, HCI, H,SO,) onlari pargalayir.

DTA-nin naticalarinin (cadval 1) analizi géstordi ki, geyds alinmis bitiin
termiki effektlor donandirlor. DTA naticalorino asason Sh,Ses-Th,Ses siste-
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minda ThShSej tarkibli birlosmanin mévcud oldugu muayyanlogsmisdir . MQA
-nin naticalori gostardi ki, sistemin 0+3 va 50,0 mol% Tb,Se; torkibli nimu-
nolor bir fazali, digorlori iso ikifazali olub, mexaniki garisigdan ibaratdir.
Sb,Ses- Th,Ses sistemi arintilarinin mikroboarkliyinin dl¢tilmasi gostordi ki,
onlarda ¢ qrup giymatlor alinmigdir: 1565+1620 MPa qiymatlori Sh,Ses
osasinda o -bark mohlullar sahasino, 2120 MPa TbSbSe; birlagsmasing,
320MPa iso Th,Ses birlosmasine mivafiqdir.

orintilordo RFA aparilmigdir. RFA naticalori Sh,Ses- Th,Ses kasiyinin
muxtalif arintilorinin faza torkibini tayin etmoys imkan vermisdir. Sokil la-da
30,50, 70,2 mol% Th,Ses tarkibli nimunalarin va ilkin komponentlorin strix-
diagramlart verilmisdir.

Rentgenografik todgiqatin hartorofli analizi Sb,Ses- Th,Ses kasiyindo
ThSbSes torkibli birlosmoa amala goldiyini goOstorir. Strixdiagramlardan go-
rinduyd kimi 50 mol% Th,Se; torkibli niimunanin difraksiya xatlori Sh,Ses-
Th,Sejs sistemin baslangic komponentlorinin difraksiya xatlorindan forglonir.
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Sak. 1. SbaSes - Th,Se; sisteminin strixdiaqra- Sak. 2. SbaSes - sisteminin hal diaqrami
mi. 1- SbaSes; 2-30; 3-50; 4-70% Th,Ses; 5-
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Alman naticalora asasan ThSbSes birlogsmasinin kristal gofos parametr-
lori toyin edilmisdir. Miioyyan edilmisdir ki, birlosma rombik sinqoniyada
kristallagir, qofas parametrlori: a=12,3; b=20,387; c=4,048 A elementar gofas
hocmi iso V=1263,72A%,

Bir-birini tosdigloyan DTA, MQA, sixlig va mikrobarkliyin tayini
naticalaring asaslanaraq Sh,Ses- Th,Se; sisteminin hal diagrami qurulmusdur
(sokil 10). Sb,Ses- Th,Ses sisteminin hal diagrami kvazibinar olub evtektik
tiplidir, sistemds komponentlorin 1:1 nisbotindo peritektik reaksiya ils
ThSbSes torkibli birlogsma amals galir:

M + Th,Ses <> a- Th SbSe; (1015 K)

Tb -Sb-Ses birlogsmasi ilo Sh,Se; asasindaki a-bark mahlul arasinda 35
mol% Th,Se; tarkibds 800K-ds ariyan evtektika kristallasir.

Belaliklo, Sh,Ses;- Th,Se; sisteminin hal diagrami qurulmus, orada
inkongruent oriyan Tb -Sb-Ses torkibli birlosmoanin vo Sb,Se; ssasinda 5
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mol% Th,Ses bark mohlul sahasinin amals galdiyi mioyyan edilmisdir.

NUmunolarin elektro-fiziki xassalorini todqgiq etmoak Ugiin onlar yenidon
sintez edilmis vo termiki islomadon sonra xtsusi formaya salinaraq kompensasiya
metodu il tadgiq edilmisdir [5].

Sokil 3(a)-da (Sb2Ses)1x(Th2Ses)x bark moahlul nlimunalarinin xdsusi
elektrik keciriciliyinin temperatur asiliigi gostorilmisdir. GoOrinduyd Kimi
lgo~f (10/T,K) ayrilori yarimkegirici tabiotlidir. Elektrikkecirmanin tempe-
raturdan asililiq grafikindan istifado edorok moxsusi sahadan Sb, Ses va onun
asasindaki 1,0 va 3,0 mol.% Th,Sejs torkibli nimunalar tigiin gadagan olunmus
zolagin eni hesablanmisdir. AE ¢-nin giymoti Sb,Ses birlogsmasi Uglin nisbaton
boylk oldugu halda (1,22eV) torkibdan asili olaraq bark mohlul arintilorinda
azalir vo 2 mol% Th,Sejs torkibli nimuns Gglin AEt=0,98 eV giymatina malik
olur. Belo azalma bark mohlul arintilorindaki Kimyavi olagenin vo kristal
gofasin parametrlorinin doyismasi ila alagslondirila bilar.

Elektrikkecirmoanin temperaturdan asili olaraq artmasi ~T<600K tem-
peratur intervalinda nisboton az, sonra ¢ox doyisir. o~f (T) asililiq grafikini iki
hissaya bolmak olar: ~T < 600K asqar kegiricilik sahasi, ~T > 600K maxsusi
keciricilik xassasi. Moxsusi kegciricilik Sb,Se; birlogsmasindos ~660K tempe-
raturdan basladigi halda 0,1 va 0,3 mol.% Th,Sej torkibli nimunalards uygun
olaraq 620,610K temperaturlardan baslayir. Gorundiyd kimi Sb,Se; birlos-
moasindo Th,Ses-nin miqdar1 artdigca moxsusi kegiriciliya kecid temperaturu
asag1 temperaturlara dogru stiriisiir.

300-850K temperatur intervalinda Sb,Ses birlosmasi vo onun asasinda
alinan bark mohlul nimunalorinin termo e.h.q. amsalinin temperatur asililig
sokil 3(b)-do verilmisdir. Gorlndiyl kimi, termo-e.h.q. amsalinin temperatur-
dan asili olaraq doyismasi murokkob xarakter dasiyir.
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Sak. 3. Sb2Ses birlosmasi va (Sb2Se3)1x(Th,Ses)x bark mohlul arintilorinin xiisusi elek-
trikkegiriciliyinin (a) vo termo- ehq omsalinin (b) temperatur asilihigi. 1- SbaSes;
2- (Sb2Se3)0,995(Th,Se3)0,005; 3- (Sb2Se3)0,98(Th,Se3)o,02.

Termo-e.h.g. vo Holl amsalinin isarasine asason mioayyan edilmisdir ki,

hom Sb,Se; birlogsmasi, hom do onun asasinda alinmig bark mohlullar “n” tip
keciriciliya malikdirlor. Sh,Ses osasinda alinmis niimiinalor enerji ceviri-
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cilorinin hazirlanmasinda termoelementin moanfi qolu kimi istifads edils bilar.
Codval 1
Sbh,Ses- Th,Ses kasiyi nimunalarinin termiki qizma effektlari,
mikrobarkliyi va sixhig

Torkib, mol% Termiki qizma Mikroboarklik, MPa Slxhqg,
Sb,56, | Th,Ses effektlori S, 56, ThSbSes Th,5e, | 4/em
p=0,2H p=0,2H p=0,2H
100 - 863 1560 - B 5,84
99,5 0,5 850,860 1568 s s 5,84
98 2 830,860 1585 B B 5,84
97 3 820,860 1615 s s 5,85
95 5 800,860 1612 - - 5,38
90 10 800,845 1615 B B 5,90
80 20 800,840 1615 s s 5,91
70 30 800,820 Blculm. Blculm. Blcilm. 5,95
65 35 800 Evtek Evtek Evtek 6,04
60 40 800,845,1070 dlculm. dlculm. Blcilm. 6,12
50 50 1015,1400 - 2320 s 6,16
40 60 1015,1510 - 2320 B 6,21
30 70 1015,1650 - 2321 Blcilm 6,38
20 80 1015,1650 - Blcilm. 3260 6,46
10 90 1015,1860 - s 3260 6,48
B 100 2103 - B 3260 7.4
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®U3NKO-XUMHNYECKOE UCCJIEJJOBAHUE Th-Sb-Se
CHCTEMBI IO PA3PE3Y Sh,Ses- Th,Se;

®.M.CAJBII'OB, 3.A.UCMANJIOB, K.T.ITAHBAPOBA
PE3IOME

Beuta uccnenoBana tpoitHas cuctema Th-Sb-Se mo ceuenun Sh2Se3-Th2Se3 u mo-
CTpoeHa ero auarpamMma coctosaust. Onpenenero, uro paspes Sb2Se3-Th2Se3 ssistercst kBa-
3MOWHApHBIM CEYeHHEeM TpOWHOW cucTeMbl Tb-Sh-Se. B cucreme oOHapyXeHO OIHO
ncongruently rassimeecst coenunenne TbSbSe3 u TBepapiii pacTBop Ha ocHoBe Sh2Se3 mpo-
TSDKEHHOCTH do 5 Mon% Th2Se3. YcraHoBJIeHO, YTO COSAMHEHHE KPUCTAIUTH3YETCSI B pOMOU-
YeCKOM CMHTOHMH ¢ TlapaMeTpaMu pemerku: a=12,31; b=20,38; c=4,048 A.

OnexTpodusnyueckue cBolcTBa 00pa3noB TBepAbIx pacTBopoB (Sh2Se3)1-x(Th2Se3)
(rme x = 0,0; 0,005; 0,02) 6puM W3Mepensl B uHTEpBaie Temnepatyp 300-800K u ycranoBe-
HBI MOJIYIPOBOAHUKOBBIE CBOMCTBA UX € "N" THUI MPOBOJUMOCTH.
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KiroueBble ¢JI0BAa: HHKOHI'YP3HT, 3BTEKTHKA, THarpaMMa COCTOSIHUS, TBEPbII PacTBOD.

PHYSICO-CHEMICAL STUDY OF Tb-Sb-Se SYSTEM
IN THE SECTION Sbh2Se3-Th2Se3

F.M.SADIGOV, Z.1.ISMAYILOV, G.T.GANBAROVA
SUMMARY

Th-Sb-Se triple system was investigated by Sb,Se;-Tb,Se; cross-section and its
diagram has been established. It was determined that the Th-Sh-Se system is a Sh,Ses-Th,Se;
quasi-binar cross-section triple system. Diamond, and lattice parameters of the combination
crystallize in the orthorhombic syngony: a = 12.31, b = 20.38, ¢ = 4.048 A. Electrophysical
properties of the samples of (Sb,Se3) 1-x (Th,Se3) x (x = 0.15; with 0.2 content) solid solu-
tions have been studied at 300-800 K and “n” type semiconductor propopties have been found.

Key words: Incongruent, eutectics, phaze diagram, solid solution.
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