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®A30BI PIBHOBATH B CUCTEMI PBS-PR,S -ER S,

Y yiti pobomi nposedenuti meopemuyHull aHaniz CMPYKMypHUX 0cooIusocmell UXIOHUX Qaz Kea3inompitHoi cucme-
mu PbS—Pr.,S, — Er S .. Bajkauso 3aznadumu, wo 60HU XapaKmepusyomopCs KOH2PYeHMHUM MUNOM NIAGTEHHA T MOJNCYMb
suCnynamu 6UXIOHUMU KOMROHeHMamu euiye 3aznavenoi keasinompitinoi cucmemu. Cmpykmypa PbSi Er S, onucyemoca
OKmMaeopuuHUMY 6A2aMOoPAHHUKAMU AMOMI6 Kamionie, a 6 cmpykmypi Pr,S,, 3a paxyHnok 30inbuents paéiycy amoma Pr
6 nopignsanti 3 padiycom amoma Er, 3pocmac xoopounayitine yucio 0o 8. Takum YuHom, ompumyemovcst npusma 3 0860Ma
dodamxosumu amomamu. Ipu nepexodi 00 mepHapHux (haz cnocmepicacmo 0esKi 3MiHU 8 KOOPOUHAYIIIHOMY OMOUeHH]
amomie Pb i Pr. ¥V cmpykmypi Er,PbS, koopounayitine omouenns amomie Er 3anuwacmocs OKmaeopuuHum, aie 6 amo-
Mmie Pb cmae npuzmamuunum 3 00num dooamxosum amomom. Y cmpykmypi Pr.PbS, ymeopioembca winvha ynaxoska
amomis i AK Hacaiook gopmyemvca cymiwe amomis {0.667 La + 0.333 Pb}, wo 3aiimae npasuivHy cucmemy mouox 12a.
Taxuu momue KOOpOUHAYILIHUX Nepexodis 3a8epulyEmucsl YMEoPeHHAM MIiNbKU MepHApHUX (a3 y Keazinompitinitl cuc-
memi PbS — Pr,S; — Er,S,. Oxpim mozo, by10 ompumaro Oinvute, nixe 40 3paskis i nposedeno ix penmeenopazosuil
ananis. 32i0no 3 1020 pesyromamamu, niomeepodxicerno icnysania mepraprux ¢as Er,PbS, ma Pr,PbS, Makcumanona
memnepamypa cunmesy cmanoguna 1323 K. Cunmes 6uxionux 3paskie cucmemu npo8oOUSCs 3 BUKOPUCIIAHHAM MEepO0-
aznux peakyiti y 6aKyyMOBAHUX KEAPYEBUX AMRYIAX npu 3anuuikogomy mucky 107. Hasgnicme Hogux mepnaphux az ne
écmanosneno. Iposedeni excnepumenmanbii O0CHiONHCEHHA 6KA3VIOMb HA icHy6éanns keasibinapnux pienosazu Er PbS, —
Pr,PbS, ma docums 06 ’emnoi dsoxpasnoi oonacmi Er,S, + Pr, , . Pb, S (x = 0+0,54). 3a pesynomamamu oocnioxncents
noby008ano izomepmiunuil nepepiz Keazinompitinoi cucmemu PhS— [‘iﬂz ,— Er,S, 3a memnepamypu 770 K.

Kntouosi cnosa: xpucmaniuma cmpykmypa, KOOpOUHAayiliHe OMOYEHHs, I30mepmiunull nepepis, KeaziOiHapHa
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THE PHASE EQUILIBRIA OF THE PBS - PR .S, - ER,S, SYSTEM

In this work the theoretical analysis of structural features of initial phases of quasi-ternary system PbS—Pr.,S,— Er S is
carried out. It is important to note that they are characterized by a congruent type of melting and can use as components
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of the above pointed quasi-binary system. The crystalline structure of PbS and Er,S, is described by octahedral polyhedra
of cations, and in the structure of Pr,S,, due to the increase in the radius of the Pr atom compared to the radius of the Er
atom, the coordination number increases to 8. Thus, a prism with two additional atoms is obtained. During the transition
to ternary phases, we observe some changes in the coordination numbers of Pb and Pr atoms. In the structure of Er ,PbS,,
the coordination number of Er atoms remains octahedral, but in Pb atoms it becomes prismatic with one additional atom.
In the structure of Pr,PbS, a dense packing of atoms is formed and as a result a mixture of atoms {0.667 La + 0.333 Pb} is
formed, which occupies the site 12a. This motif of coordination transitions ends with the formation of only ternary phases
in the quasi-ternary system PbS - Pr,S, - Er,S.. In addition, more than 40 samples were synthesized and their X-ray phase
analysis was performed. According to its results, the existence of ternary phases Er,PbS, and Pr,PbS, was confirmed.
The maximum synthesis temperature was 1323 K. The synthesis of the initial samples of the system was carried out using
solid-phase reactions in vacuum quartz ampoules at a residual pressure of 10~. The presence of new ternary phases has
not been established. Experimental studies point to the existence of quasi-binary equilibria Er ,PbS, - Pr,PbS, and a suf-
ficiently bulky two-phase region Er,S, + Pr,_, . Pb, S, (x =0+ (0.54). According to the results of the study, an isothermal
section of the quasi-ternary system PbS - Pr,S, - Er,S, at a temperature of 770 K was constructed.
Key words: crystalline structure, coordinate setting, isothermal section, quasi-binary section.

[Nonryk HOBHX MEPCTIEKTUBHUX MaTepialiB3yMOB-  CYETHhCS TPUTOHAIBHOIO MPU3MOIO 3 JIBOMA JI0/AAT-
JIOEThCA HACaMIIEPE]] PO3BUTKOM TEXHOJIOTYHOro  KoBuMu aromamu. Crnonyka Pr,PbS, orpumyernscs
obmagnanns. Cepel BEIMKOI MAITPU MarepiaiiB — Bpe3ynbTari TBepAo(]a3HOTo CHHTE3y 3a TeMIiepa-
YUMaJTy YacTKy CKJIQIAfOTh XaJIbKOTeHiaH, siki mpo-  Typu 1323 K:

SIBJISTFOTH BEJIMKWH JTiara3oH (i3MYHUX XapaKTepHuc-

1323K
THK: €NIeKTPOHHUX [1-2], TepManbHux [3], onTHIHUX Pr2S3 +PbS — Pr2PbS4

[4], HamiBIpOBiTHUKOBHX [5,6], MarHiTHUX [7] 1 T.1. TK
BuBueHHST 3aKOHOMIpPHOCTEH B3a€EMOJIii KOMITO- 1600 1
HeHTiB y cuctemi PbS—Pr,S ~Er,S, € onxnm i3 era- 1389
B CHCTEMATHYHOTO JIOCIi/PKSHHS B3a€MOJIiT XaITh- 1200 , 3 4
KOTCHIIB PiIKICHO3EMEIbHUX METAJiB, CBHHIIIO 1073
. . N 800
ta enemenTiB I1IB rpynu [lepioguunoi cucremu [§]. 600 5
. . i 6
BI/IX}.I[HI.(i)aSI/I MAIOTb CBTCKTHUHUIT THII TUIaB 400 g 288
neHHs. Ix miarpamu crany 300paxkeHi Ha puc. 1-2. 369 7
Hiarpama crany cucremu Er — S He noGynoBaHa. Pb 20 40 opg 60 80 S

3 MeTOr0 OLJTBII IETATBLHOTO aHAJI3y KPUCTATIYHOT

CTPYKTYPHU HaABCACMO IPOCKII 1X CICMCHTAPHUX

. iy Puc. 1. [liarpama cTrany cucremu:
KOMIPOK, y AKHUX BKIIFOUEHO KOOpIHWHAIIITHE OTO-

Pb—S[15]: 1-L,2—L+PbS,3—L+PbS,4-L, +L,

HCHHA JUIA KaTIOHIB. 5—L+PbS, 6—PbS +p-S,7—PbS + 0-S, 8— Pb + PbS
Tepnapna ¢asza Er,PbS, yreoproetbcst Ha nepe-
pisi ES, — PbS. V crpykrypi PbS i E,S, karionn TK 25
MalOTh OKTaeJpHYHE OTOYEHHS 3 aHioHiB. Criomyka 2400 ! 2373
Er,PbS, orpumana 3a paxyHok TBepaodasHoi Ximid- 3,122:;8
HOI peakuii (CHHTE3 MPOBOIMBCS y BaKyyMOBaHHX 2000 : N
KBapILIEBHX aMITyJIax JI0 3aJIMIIKOBOro TUCKy 107 [1a): 1600 1613
1323K 130 10 15540
Er2S3 +PbS — Er2PbS4 1200] 1024 1373 6
1068 7 15

Cunre3zoBaHa (a3a Mae TaKOK OKTaeApPUIHE
HaNOBHEHHs HaBKoJo aroMiB Er, ane aromu Cyib-
(bypy YTBOPIOIOTH IPU3MATHYHE OTOYCHHS 3 OTHIM 400 3687
JI0/IaTKOBHM aTOMOM HaBKOJIO aTtoMiB Pb.

Tepnapna ¢asa Pr,PbS, yrBoproeTbes Ha mepe-
pisi Pr,S, — PbS. Buxinna ¢aza PbS omucyerscs
OKTaeqpUYHUM HamoBHeHHsM. lLle 3po3ymino
3 TUX MIpKyBaHb, 0 JJ1s1 aTroMiB Pb xapakTepHum ;: }:’ +2 B_—II’Jr+SPr 6S’—3L _+LP41:SPr3§4:‘:}-_PI;I {)}l;rzgs_’
€ KOOp/MHAIli{HE YHMCII0, MO € piBHAM 6. A OT PrS + Prssi’ 5 Prs, + Y-i”l‘Zsy 10 — B'PI'ZS,3+
KoopAuHaliiiHe oroueHHs aromis Ilpaseomnmy — PrS, 11 -o-Pr+PrS, 12 - PrS, + S,13 - Pr,S, +
y CTpykKTypi cmonyku Pr,S. spocrae no 8 i omu-  B-Pr,S,, 14 - Pr,S, + . -Pr,S,, 15 - PrS, + a-Pr,S

2730 2V3° 2~3°

800

Pr 20 40

Puc. 2. [liarpama crany cuctemu Pr —S [16]:
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Crpykrypa TepHapHOI (ha3u OMHCYETHCSI 00’ €MHO-
LIEHTPOBAHOIO €JIEMEHTAPHOK KOMIPKOIO B KyOIuHIH
cunronii. OkpimM Toro, y nosumii 12a nokainizoBaHa
cymimt aromiB Pb 1 La {0.667 Pr + 0.333 Pb}. Koopau-
HaIlifiHe YHCII0 3pOCTaE 210 9 1 OMHUCYETHCS TPUTOHAIIB-
HOIO IIPU3MOIO 3 TPHOMA JIOIATKOBIMH aTOMaMH.

Kommuiekc mpoBeneHHX eKCIepUMEHTAIbHUX
JOCIIKEHb JI03BOJIUB MOOYIYBaTH 130TepMIUHHM
nepepis KBasinorpiinoi cucremun Y,S, — La,S, —
PbS 3a Temneparypu 770 K.

V kBasinorpifinii cucremi Er,S, — Pr.S, — PbS
[17] cunrezoBano 47 3pa3kiB. Pesynbraru ¢pazoBoro
aHaJizy MpeACTaBIeHO Ha pHc. 3.7a, a i30TepMid-
HUll iepepi3 cucremu 3a temmeparypu 770 K — Ha
puc. 3.706. 3a pesynbraramu ineHTU(IKaIii 3a TeM-
nepatypu 770 K BcranoBieHo icHyBaHHS OiHapHOT
piBHOBaru Er,PbS, — Pr,PbS, (mone 8) Ta mBox-
¢asnoi obnacri Er,S, + Pr,,, . Pb S (x = 0+0,54)
(none 10).

2+2/3x

deéd

Puc. 6. Enemenrtapna xomipka Pr,PbS

4

P P

8o

Puc. 7. Enemenrapua komipka Er PbS,
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PbS

20 40 60 80

Er,S, 12 Pr,S;

Mom.% Pr,S,

Puc. 8. I30Tepmiunmii nepepis cucremu
Er,S, — Pr,S, — PbS 3a remneparypu 770 K:

1 -PbS, 2 -Er,PbS,,3-Er,S,4-PrS,
5—Pr,,,Pb S, (x=0+0,78), 6 — PbS + Er,PbS ,
7—PbS + Pr,PbS,, 8 - Er,PbS, + Pr,PbS,, 9 — Er,S, + Er,PbS ,
10-Er,S, +Pr, . Pb S, (x=0+0,78),

11-PrS +Pr, . Pb S (x=0,78), 12 -Er,S, +Pr,S,,
13 - PbS + Er,PbS, + Pr,PbS , 14 — Er,S, + Er PbS, +
Pr,PbS,, 15 -Er,S, + Pr,S, +Pr,, . Pb S (x=0,78)

2+2/3x

Tabmums 1
Kpucranorpadiuni xapakrepucruku 0OiHapHuX
Ta TepHapHux cnoiayk PbS, Pr. S, Er,S,, Er,PbS, Ta Pr,PbS,
Croayka T Ilepiogn KoMipKH, HM Jit-pa
a b c
PbS Frdm 5.9297 A - - [9]
PbS Fndm 5.934 A - - [10]
ErS, P2 /m 17.4418 A ﬁ3='9§82%§§0 10.1013 A [11]
PrS, Pnma 7.49 A 4.10 A 15.69 A [12]
Er,PbS, Cmc2, 7.863 A 28.525 A 11.995 A [13]
Pr,PbS, 133d 8.675 A - - [14]
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