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Xiilasa: Fiziki-kimyoavi analiz metodlar ila: Differensial-termiki (NTR-73), rentgen-faza (DRON-3, CuKa
stalari, Ni filtri), mikroqurulus (MIM-7), mikroborkliyin 6l¢iilmasi (PMT-3) vo sixliq toyini vasitasilo

SnS —Bi253 —PbS iiclii sistem Gyronilmisdir. Miioyyon olunmusdur ki, ti¢ dordlii sulfid P bSnBi6S11,
PbSnBi,S; vo P sznBiZS6 birlosmalori konqruent arims xiisusiyyotine malikdir. P bSIiBi4Sg birlosma

825K temperaturda konqruent olaraq ariyir. PbSnBi,S; birlosmosi iso ortorombik sinqoniyaya (heksagonal
aspektdo) aiddir, gofos parametrlori a=19.67; ¢=7.9-a borabordir. Rentgen qurululs analizinin naticalori

gostormisdir ki, dordlii birlosmo olan Pb,SnBi,S, rombik sinqoniyada kristallasir, qofos parametrlori:
a=15.61; b=7.78; c=4.25, simmetriya qrupu Pbmm. Dordii birlosma szSnBi2S6 1000K temperaturda
kongruent oriyir. PbSnBi S|, fazasimn difraktogramlari rombik sinqoniyada kristallasir vo qofas parametrlori

a=11.17; b=4.11; c=11.53 kimi prognozlasdirilmisdir. Dérdlii birlosmo PbSnBi S, 880K temperaturda
kongruent ariyir va asas xlisusiyyatlorindan biri doyisen torkibli faza olmasidir.

Fiziki-kimyavi analiz metodlar1 ila SnS — Bi 2S3 - PbS kvazi-liglii sistemdo kimyavi qarsiligh tosirin
xarakteri miiayyan edilmigdir. Miiayyan olunmusdur ki, onlardan onu kvazibinar kasiklordir

PbS — Bi,S, —SnS birlosmads ayri-ayri fazalarin ilkin kristallasmasi ii¢iin on ii¢ saho mdvcuddur. Sistem
daxilindo PDS —BizS3 —SnS kvaziiiglii sistemi on genig saholor o— vo p— SnS vo Pb,SnBIL,S; birlosmo

fazalarina aiddir.

Acgar sozlor: kvaziglii sistem, politerm kasik, dordlii birlosma, faza tarazligi,

Giris optoelektronikada genis totbiq imkanlart vo
Miiasir dovrde daha effektiv materiallarin  spesifik  fiziki-kimyovi  xiisusiyyatlori  ilo
axtarigt istigamotindo siirotlo inkisaf edon  baglidir [1-4].

mithiim sahalordon biride gl vo dordlu V2VIs  qrupu  yarimkegiricilor  unikal
yarimkegiricilorin yaradilmasidir. Son illordo  xiisusiyyotlori vo totbiq perspektivlorino goro
SnS; kimi layli struktur yarimkegiricilorin = todqiqatcilarin diggetini calb edir. SbaS3 iso
todqiqino maraq oshomiyyatli dorocodo artmigdir.  mikrodalga, kegid vo optik elektron qurgularda
Bu maraq onlarin layli yarimkegiricilorin  totbiq baximindan maraqlidir. SbaSes va SbzS;3
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birlogsmolori ortorombik kristal strukturda layl
yarimkegiricilordir. Bismut, qalay vo qurgusun
sulfidlori  fotohossas  xiisusiyyotloro malik
perspektiv yarimkegirici birlogmolordir [5-13].
Bu sobobdon  SnS—Bi,S; —PbS

sistemindo  qarsilighh  toesirlor vo  faza
tarazliglarinin Oyronilmosi hom elmi, hom do
praktiki baximdan boyiik ohamiyyst kosb edir.
Kvaziiclii sistemin yan toroflori isin miiolliflori
torofindon otrafli todqiq edilmisdir [14-21].

Isin magsadi

SnS —Bi,S; —PbS  sistemindo kimyovi

qarsiligh tasirlorin dyronilmasi olmusdur.
Metodlar

Todgiqat ii¢iin orintiler ikili sulfidlordon PbS ,

Bi,S; vo SnS daha olverisli miihito ,kvars

ampullarda 950-1000K temperaturda sintez
edilmisdir. Sintez baslica sortlori niimunolorin
termodisossiasiyasi sobabindon kiikiird itkisinin
garsisinin ~ alinasi  moqgsadilo  se¢ilmisdir.
Orintilorin termiki emal middoti, verilmis
sortlords tarazliin aldo olunmasini tomin etmok
ti¢iin, faza  torkibi vo  nlimunslorin
mikroqurulsunun noezarati ilo tocriibi olaraq

tclii

miioyyon edilmisdir. Proses 550-600K-da
torkibin kézormo miiddoti 240 saat toskil
etmisdir.

Kozormis orintilor DTA, RFA, MQA

metodlar1  ils, homg¢inin  mikrobarkliyin
Olgiilmosi vo sixligin toyini vasitosilo tadqiq
edilmisdir. DTA NTR-73 pirometrindo  Pt—
Pt/Rh termociitlor istifade olunmagqla hoyata
kecirilmisdir. 0,1Pa-ya qodor kogiriilmiis,
Stepanov kvars qablarinda istilik vo soyuma
oyrilori geyds alinmisdir.. Niimunoslorin imumi
kiitlasi 1 q olmusdur.

Etalon olaraq kozordilmis AlOs istifado
edilmigdir. Rentgen difraksiya analizi DRON 3
difraktometrinds (CuKa stialanmasi, Ni filtri, 20
= 1000), mikroqurulus analizi iso MIM 7
mikroskopunda aparilmisdir.

Mikroborklik PMT 3 mikroskopu vasitosilo
Olclilmiigdiir. Orintinin  sixlig1  piknometrik
iisulla miioyyon olunmus vo doldurucu kimi
toluol (C7Hzg) istifado edilmisdir.

Naticalor vo miizakira
Fiziki-kimyovi analiz metodlar1 ilo oldo edilon
SnS — Bi,S; — PbS kvaziiclii sistemin todqiq

olunan kosiklorinds kimyavi qarsiligh tesirin
xarakteri miioyyon edilmisdir. Aydin olmusdur

ki, bu kesiklorden 10-u - PbS —Pb,SnBi,S, ,
SnS — Pb,SnBi,S, , PbBi,S, — Pb,SnBi,S
, Pb,SnBi,S, — PbSnBi, S,
SnS—-PbSnBi,S, |, PbBi,S,—SnBi,S,
PbBi,S, — PbSnBi,S, , PbBi,S, — PbSnS, |
PbBi,S,; —SnBi,S, Bi,S, — PbSnBi S,
kvazibinar kosiklordir.

Kvaziiglii SnS — Bi,S; — PbS sistemdo ii¢

5

konqruent orimo gdstoricisi olan Pb,SnBi,S

(1000 K), PbSnBi,S; (950 K) vo PbSnBiS,,

(820 K) birlosmo omolo golir. Bu birlogsmolor
rombik sinqoniyaya aid olan kristal struktura
malikdir vo elementar qofosin parametrlori
uygun olaraq a=15.61, b=7.78, c=4.25; a=21.77,
b=7.51, c=4.21; a=11.17, b=4.11, c=11.53.
borabordir (cadval ).

Cadval . SnS — Bi 2 S 3 PbS kvaziiiclii sisteminin bir sira fiziki-kimyovi xiisusiyytlori

Qafas parametrlori, A . . .
Birlosmoa v, A3 Orimd Sixliq, ¢/sm? Mikrobarklik,
a b c temperaturu, K mPa
Pb,SnBi,S, | 1561 | 7,78 | 4,25 | 51835 1000 4,0 1950
PbSnBi,S; | 21,77 | 7,51 | 421 | 687,88 950 5,0 1520
PbSnBi, S|, | 11,17 | 411 | 11,53 | 531,56 820 4,0 1650
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Todgigatlarimizin vo adabiyyatdan oldo edilon
molum molumatlarin osasinda

SnS — Bi, S, — PbS

triangulyasiya aparilmisdir.
Verilmis kvaziii¢lii sistemi on ikinci doracali
tugli sistemo bolmak miimkiindiir.

Pb,SnBi,S, — PbS — PbSnS,
PbSnS, — PbS — Pb,SnBi, S,
Pb,SnBi,S, —SnS — PbSnBi,S,
PbSnBi,S; — SnS —SnBi, S,
PbBi,S, — PbS — Pb,SnBi,S,
PbBi,S, — Pb,SnBi,S, — PbSnBi,S,
PbBi,S, — PbSnBi,S, — PbSnBiS. |
PbSnBiS,, — PbSnBi, S, — SnBi,S,
PbBi,S, — Bi,S, — PbSnBi.S,,
PbSnBi S, — Bi,S, — SnBi,S, .

Ilkin fazalarin kristallasma saholorindo iigli
geyri-variant  noqtolorin,  sorhodlorin  vao
izotermalarin, eloca do ikincili ayrilma xatlorinin
koordinatlarinin  doqiq miiayyanlasdirilmasi

ticlin qeyri-kvazibinar kosiklor aragdirilmigdir.
Kasik

PbBi,S, —(SnS), ,5(Bi,S;),5s(€) (Sokil 1).

Sistem trianqulyasiyasina osason

PbS - Bi,S, —SnS | kesik PbBi,S,(e) iki

tcli  sistemi  {igiin

2
9

2
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asili tclii sistemi kasir naticada
PbBi,S, - Bi,S, — PbSnBi,S,, vo
Bi, S3 — PbSnB iéS“ —SnB izS 4 birlogmoalori

osasinda onun diaqrami iki hissadon ibaratdir.
Kosiyin likvidus xotti ilkin ayrilmanin g

kosison budagindan ibaratdir: PDBL,S,

PbSnBigS,, vo o-sort hall (asas kimi istifado

olunur). 0-33 mol.% e konsentrasiyasi
intervalinda kasik hissasi asil1 ii¢lii sistemi kasir

Bi,S, — PbBi,S, — PbSnBiS,, .ikincili iiclii
sistemin torkibino daxil olan PbBI,S, — BL, S,

yan toroflori P bBi6S10 inkongruent orimo
omoalo golon kompleks

Bi2S3 —PbBi4S7 —PbSI’lBi6S11 birlosmoadon

ibaratdir.

Sokil 1-don goriindiiyii kimi, 25 mol.% e vo
751 K temperaturda qeyri-variant reaksiya bas
Verir:

M + Bi,S3 © PbBigSi9 + PbSnBigS:4
0-33 mol.% e konsentrasiyas1 intervalindaki
orintilor ti¢fazalidir vo onlar birlikds kris-
tallasmani 651 K temperaturda bas veran Eo ticlii
evtektika noqtasinde tamamlayirlar:

M < Bi,S3 + PbBigS1g + PbSnBigSi4

651 K-da (E9)
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Sakil 1. PbBi4S7—(SnS)o,15(Bizss)o,ss (e1) kasiyi

ikinci P bBi4S7 —€ asih
Bi,S, — PbSnBi S, — SnBi,S,

Kosiyin hissosi

licbucag1

kasir. Sistemin likvidusu bu hissads ilkin kris-

tallasmanin  PbSnBi,S,, , PbSnBiS,, v
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Bi,S; budaglaridan ibarst olmusdur ki, on-

larda 60 mol.% e;-do kasisir vo bundan sonra on-
larin birgos kristallagsmasi baslayir.
Bu torkib tigbucaginin biitiin {i¢ torofi evtektik
tipli diagramlara malikdir. Orintilorin kris-
tallagmasi Ej liglii evtektika noqtesindo (681 K)
asagidaki reaksiya naticosindo tamamlanir:

M & Bi,S3 + PbSnBigS,; + SnBi,S,

651 K-do (E1o0)

Beloliklo, kosik  PbBi,S, —e
sistemin qeyri-kvazibinar kosiyidir
PbS - Bi,S,—SnS . Komponentlor osasinda

hallolma miisahido olunmur.
Kasik

kvaziticlii

(SnS)y 43(BiyS3)y 57(€,) = (PDS) 70 (SnS) 5 (€5)

(Sokil 2). Orintilorin  kristallasma xarakterini
daha doqiq izlomok iigiin bu ciir miirokkob
sistemlori hissoloro bolorok nozordon kegirok.
Ikinci deracali iiclii sistemi e>—es kosik hissasi

SnBi2S4 —SnS—PbSI’lBi4S8 kasir vo onun ¢
( SnBi,S,—PbSnBi,S,
SnBi,S,—SnS , PbSnBi,S, —SnS ) yalniz
evtektik tarazliqg mévcuddur. Buna gors, ikincili
sistemdo SnBi,S, —SnS — PbSnBi,S; bir odad

icli evtektik noqto (E7) movcuddur, burada
asagidaki reaksiya lizro bas verir:

torofi  arasinda

M & SnBi,S, + SnS + PbSnBi,Sg 714K~

do (E7)
20-53 mol.% (PbS)0,7O (SnS)0.30 konsentra-
siya intervalinda olan ikinci deracali tiglii sis-

temi PbSnBi, S, — SnS — Pb,SnBi,S kosik
hissasi kasir. Bu ikinci daracali sistemda evtek-
tik ¢cevrilma bas vermasi sobabindon, arintilorin
son kristallasmas1 731 K-dos E4i¢lii geyri-invar-

iant evtektik ndqtosinds bas verir.
M < PbBi,S, + BSnS + Pb,SnBi,S¢ 731K-

do (Es)
Oxsar torkibo malik olan komponentlorin
qarsilighh  tosiri  ikincili  sistemdo  do

PbSnS, —SnS — Pb,SnBi,S, méveud olan

biitiin toroflorinds yalniz evtektik ¢evrilmo bas
verir. Biitlin arintilor solidus xattlorinin altinda
ic fazanin qarisigindan ibarotdir:
M < PbSnS, + pSnS + Pb,SnBi,Sg
K-do (E1)
Mikroqurulusun todqiqi gostordi ki, biitlin
arintilor ligfazali mexaniki qarisiqlar olub, 20, 53

va 73 mol.% (PbS)0.7O(SnS)0.30 yalan bu

torkibli orintilor istisna olmaqla, bu arintilorin
torkibi  e>—e¢ kosiyinin  sabit  kosiklorlo

PbSnBi,S; —SnS Pb,SnBi, S,
SnS — PbSnS, kesisma ndqtolorine uygun golir.

681

N
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(SNS)oaz(BizSz Josz{e2) >0 A0 a0 F=Tu ] (PbS)o.rol SNS)o soles)

e2—€¢  kosiyinin, asii  ligbucagi  keson

PbS — PbSnS, — Pb,SnBi, S,
likvidus xotti ilkin kristallasma Pb,SnBi,S, vo
PbS iki budagindan ibaratdir ki, bu budaglar

hissasinin

Pl ®h —

Sakil 2. (SHS)0,43(Bi2S3)o,57 (62) - (PbS)o,m(SllS)o,so (66) kssiyi

30

miioyyon bir ndqtodon baslayaraq kristallasir vo
bu kosismo 79 mol% es vo 751 K
temperaturundan baslayir. Bu {cli evtetik
sistemo aid olan orintilor 621 K temperaturda
asagidaki sxem iizra barkiyir:
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M < PbS + PbSnS, + Pb,SnBi,S,
da (E2)
Beloliklo, miioyyon edilmisdir ki, e>—es kosiyi
714, 792, 681 vo 621 K temperaturlarda
izotermik tifliqi xatlor geyri-kvazibinar evtektik
cevrilmoalordir.
Natica

1. Diferensial termik, rentgenfaz analizlori,
mikrostruktur todqiqatlari, homg¢inin
mikrobarklik vo sixliq dlgmalori tsullart ils

kvasitigli  PbS — Bi,S, —SnS  sistemin faza

tarazliqlart dyronilmisdir.
2. Kongruent orimo ilo oridilon dordli

birlosmolorin  PbSnBiS,, , PbSnBi,S, va
Pb,SnBi,S,
edilmigdir.

621K-

omolo  golmosi miioyyon
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PHASE EQUILIBRIA OF THE SYSTEM PbS — Bi> S3-SnS
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Abstract: The ternary system SnS —Bi253 — PbS was studied by means of physical-chemical analysis

methods: differential-thermal (NTR-73), X-ray phase (DRON-3, CuKa rays, Ni filter), microstructure (MIM-
7), microhardness measurement (PMT-3) and density determination. It was determined that the three quater-

nary sulfides PbSnBiS,,, PbSnBi, Sy vo Pb,SnBi,S, and their compounds have congruent melting prop-

erties. The compound PbSnBi 4S g melts congruently at a temperature of 825K. The compound PbSnBi 4 S 8
belongs to the orthorhombic syngony (in hexagonal aspect), the lattice parameters are a=19.67; ¢c=7.9. The
results of X-ray structural analysis showed that the quaternary compound Pb,SnBi,S, crystallizes in the
rhombic syngony, lattice parameters: a=15.61; b=7.78; ¢=4.25, symmetry group Pbmm. The quaternary com-
pound P bz SnBi 5 S ¢ melts congruently at a temperature of 1000K. The diffractograms of the PbSnBi 6 S 11
phase crystallize in the thombic syngony and the lattice parameters were predicted as a=11.17; b=4.11;
c=11.53. The quaternary compound PbSnBi S, melts congruently at a temperature of 880K and one of its
main features is that it is a phase with variable composition.

The nature of the chemical interaction in the quasi-ternary system SnS — Bi,S, — PbS was determined by phys-

icochemical analysis methods. It was determined that ten of them are quasi-binary sections
There are thirteen areas for the initial crystallization of individual phases in the compound

PbS — Bi,S, —SnS . The widest areas of the quasi-ternary system PbS — Bi, S, —SnS within the system
belong to the o— and — SnS and P bzsnBizSé compound phases.

Keywords: quasi-ternary system, polythermal cut, quadruple combination, phase equilibrium.

®A30BBIE PABHOBECHUSI CUCTEMBI PbS — Bi; S3-SnS
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Pesrome: Tpoiinas cucrema SnS - Bi,S; — PbS Obuna usydena ¢ mMOMOMIBIO METOMOB (DPU3MKO-XMMHYECKOTO

anammza: auddepennmanbao-repmudeckoro (HTP-73), penrrenodaszosoro (JJPOH-3, CuKo-myuwm, Ni-
¢bubTp), MUKpOcTpyKTypHOTO (MUM-7), m3mepenns mukporsepAoct (IIMT-3) u onpenenenns mIoTHOCTH.

BBLIO yCTaHOBIIEHO, YTO TPH 4eTBepTHUHBIX cynbduna PbSnBi S, , PbSnBi,S; vo Pb,SnBi,S, n nx coenu-
HEHHs 00J1a/IAI0T KOHTPYIHTHBIMU CBoHcTBamu 1asienus. Coequnenne PbSnBi,S; nnasutcs KOHrpysHTHO

npu Temnepatype 825 K. Coenunenne PbSnBi, S, otHocuTes k opTopoMOudeckoit CHHIOHMU (B TeKcaro-
HaJBLHOM acCIIeKTe), TapaMeTphl pereTky a=19,67; ¢=7,9. Pe3yapTaThl peHTTEHOCTPYKTYPHOTO aHAlIi3a IMOKa-
3anu, uTo ueTBepTHUHOE coenunenne Pb,SnBi, S kpucrannusyercs B poMOMUYECKOH CHHTOHUH, TAPAMETPHI
pemetku: a=15,61; b=7,78; c=4,25, rpynmna cumMerpun Pbmm. UeTBepTuiuHOE COeMMHEHNE TUTABUTCS KOH-
rpy3uaTHO ipu Temmeparype 1000 K. Tudpakrorpammer haspl, KpHCTALTU3YIOMIEHCS B POMOMYECKOI CHHTO-
HUM, U TapaMeTpsl pelieTky ObUIH mpeackazanbl kak a=11,17; b=4,11; c=11,53. UeTBepTU4UHOE COCTUHEHHUE
TUTABUTCSI KOHTPYSHTHO Tpu Temrieparype 880 K, n onHol U3 ero riaBHBIX 0COOCHHOCTEH SIBIISIETCS TO, YTO
3T0 (a3a ¢ IepeMEHHBIM COCTABOM.

[Ipupona XUMHUYIECKOTO B3aUMOJICHCTBYS B KBa3UTPOWHOM cHCTeMe ObliIa ompeaeseHa MeToqaMu (PH3HKO-XH-
MHUYECKOTO aHajK3a. bbIJI0 YCTaHOBIICHO, UTO IECATh W3 HUX ABJISIOTCS KBa3UOMHAPHBIMU CEUCHUSIMHU.
Wmeercss TpuHaguate obnacTedl [UId HadyaIbHOW KPUCTAJUIM3ALMM OTHENbHBIX (a3 B COEIMHEHUH

PbS —Bi2S3 —SnS . Hanbonsume o6nactn KBasuTpoitHoi cuctembl  SnS — Bi,S; — PbS Buytpu cu-

cremsl npuHagiexar a- u B- SnS dasam u  Pb,SnBi,S, cocrasubiv pasam.

KaioueBble ciioBa: KBa3UTpOitHAs cHcTeMa, IMOJUTEPMHYECKUIN pa3pe3, YeTBepHas KoMmOuHanus, (azoBoe
paBHOBeECHE.
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  M + B   i 2   S 3 ↔ P b B   i 6   S 10 + P b S n B   i 6   S 11


  M ↔ B   i 2   S 3 + P b B   i 6   S 10 + P b S n B   i 6   S 11


  M ↔ B   i 2   S 3 + P b S n B   i 6   S 11 + S n B   i 2   S 4


  M ↔ S n B   i 2   S 4 + S n S + P b S n B   i 4   S 8


  M ↔ P b B   i 2   S 4 + 𝛽 S n S + P   b 2 S n B   i 2   S 6


  M ↔ P b S n   S 2 + 𝛽 S n S + P   b 2 S n B   i 2   S 6


  M ↔ P b S + P b S n   S 2 + P   b 2 S n B   i 2   S 6

