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Ha ocHOBaHUM 3KCHIEPUMEHTAIBHBIX JaHHBIX, MOJYYSHHBIX HAMU W IPYTUMU MCCIIenoBa-
TeJSIMU, IPEUMYIIeCTBEHHO coTpyaHuKamu Haiiero Muctutyra (MBTD YpO PAH),
00CYXIeHbI 3aKOHOMEPHOCTH U3MEHEHMUST COCTaBa HACHIIIIEHHBIX ITAPOB U JIETYYEeCTH KOM-
TMOHEHTOB PACIUIABJIEHHBIX CMECei TeTPaxJIOPUIOB ypaHa Y HEKOTOPBIX APYTUX METAJLJIOB
(ThCly, HfCly, ZrCly, TiCly) ¢ xJiopuiaMu 1IEJI0YHBIX METAJIOB B 3aBUCUMOCTU OT TE€M-
nepaTypbl, KOHIIEHTPAIlUM ¥ KATUOHHOTO COCTaBa pacriaBoB. OTMEUEHO, YTO pacTBOpe-
Hune UCly, Takke, KaK ¥ IPYyTUX TETPAXJIOPUAOB B PACIUIABICHHBIX XJIOPHUIAX IIEJTOUYHBIX
METaJUIOB, COMPOBOXIAETCSI KOMILJIEKCOOOpa3oBaHUEM, MPOSIBISIIOIIMMCS B PE3KOM TTO-
HVDKEHUHM JIETYYECTH XJIOpHUAa COOTBETCTBYIOIIETO YEThIPEXBAJICHTHOIO MeTajlla U €ro
colepskaHusl B HACHIIIEHHBIX Mapax. [IpoyHOCTh 00pa3yeMbIX B pacilaBax KOMITJIEKCHBIX
XJIOPUAHBIX AaHUOHOB MHOTOBAJIEHTHBIX METAJUIOB CYIIECTBEHHO BO3pACTaeT MPU YMEHb-
IIEHWU UX KOHIIEHTPpaIlnK, 3aMeHe colu-pactBoputest B psmy oT LiCl k CsCl u temmniepa-
Typhl. B pesynsrate — Benuuunsl getydyectu UCly, ThCly, HfCly, ZrCly, TiCly u cocras
MapoB HaJ UX paCTBOPpaMU B MOHHBIX paclljlaBax BapbUPYIOTCS B OY€Hb LIMPOKKUX Mpe/e-
nax. [1py 3TOM 3HAYMTETBHO GoJiee JIETKOJIETYyYe B MHINBUIYaAIbHOM COCTOSTHUU TeTpa-
xJlopuipl radpHus, LUpKOHUS U TUTaHa (ocobeHHOo TiCly) UMEIOT, Kak MOKa3bIBalOT 9KC-
MepUMEHTaIbHbIE TaHHbIE, U 00Jiee BHICOKHE JIETYYeCTH U COIAEPXKaHUsl B HACBILIEHHBIX
mapax HaJl paCTBOpaMu B pacCIUIaBJICHHBIX XJIOpUAaX IIEJTOUYHBIX METAJLIOB.

Knaroueewie crosa: icnapenue, netyyectb, pacruiasbl, UCl,, XJIOpUIBI METAIIOB
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BBEAEHUE

[Tpu opraHu3alMK MPOLECCOB TOJYUYCHUS METAJIMYECKOro YpaHa BbICOKOTEMIIEpaTyp-
HBIMM METOJIAMM U pereHepaliu oTpaboTaBIIIETO SIIEPHOTO TOTUIMBA Ha €r0 OCHOBE HEOOXO0-
MO 3HATh JIETYYECTH KOMIIOHEHTOB HACBIIIIEHHBIX TTapOB PACITIaBIIEHHBIX COJIEBBIX CMECEi,
colmepKallnX COeTUHEHMS ypaHa, B YACTHOCTH, €T0 TeTPaxJIOPUI, IIOCKOIBKY C JIETYIECThIO
CBSI3aHBI BO3MOXHBIE MOTEPU IIEHHBIX KOMIIOHEHTOB U 3arpsi3HeHHUe MPOW3BOACTBEHHOTO
00opynoBaHUsT BpeIHBIMU TIPUMeECSIMU. JIeTydecTb XxapakKTepu3yeT Nepexoa TOro UjIu MHOTO
KOMITOHEHTa pacIlIaBJeHHbIX cMecell B TapoByio a3y B Buje Bcex MPUCYILIUX €My ra3000-
pasHbix coenuHeHuit (Hanpumep, UCl,, MUCI; B ciyyae TeTpaxjiopuja ypaHa) U sIBISIETCS
Ba>KHBIM ITapaMeTPOM BbICOKOTEMITepaTypHBIX MpolieccoB. Hapsiay ¢ mpakTuyeckoii 3Hauu-
MOCTBIO U3YYEHUE JIETyUeCTell JaeT IeHHYI0 MHDOPMAIIUIO OTHOCUTEIbHO B3aUMOICCTBUSI
COJIEBBIX KOMITOHEHTOB KaK B >KUJIKOW, TaK U B IapoBoii daze.
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Puc. 1. Mi30TepMbl JIETYy4eCTH XJTOPUIOB LIETOYHBIX METAJUIOB M3 pacmiabieHHbIx cmeceit: / — UCIy—LIiCl, 2 —
UCly—CsCl, 3 — UCly—NaCl, 4 — UCI4—RbCl, 5 — UCI4—KCl, 6, 7— UCly—(NaCI-KCl, 1 : 1), rie 6 — fNac1 ¥
7_fKC|’ npu 1073 K.

PaHee HamMu MeTOIOM TIOTOKA BIIEpBbIe ObLIa M3MEpeHa JIETYy4eCTh KOMIIOHEHTOB pac-
mnasieHHbIx cmeceit UCl,—CsClu UCl,—LiCl [1], UCl,—(NaCI-KCl, 1: 1) [2], UCI,—KCl
u UCl,—NaCl [3], a takxxe UCl,—RbCI [4] B 1iMpoKUX MHTEpBaIax TEMIIEPATyp U KOHLEH-
Tpaiuii. MccnenoBaHus nokasajiu, 4TO JIETY4eCTb TETPaXJopuia ypaHa U COCTaB HACHIILIEH-
HBIX TIAPOB CYIIECTBEHHO 3aBUCSIT OT TeMIIepaTyphl, KOHIIEHTPALIMU U KATUOHHOTO COCTaBa
pacrnnaBa. Huxxe Takue 3aBucumoctu 0ynyT paccMoTpeHsl 111 paciuiaBoB UCL,—MCl (M =
= Cs—Li) B conocTaBjieHUU ¢ HalICHHBIMU paHee (MPEUMYIIECTBEHHO COTPYIHUKAMU Ha-
mero MHCcTUTYTA) IUIsT pacIilaBIEHHBIX CMECei XJIOPUAOB IIEJOYHBIX METAJIOB C APYTUMU
terpaxjopuaamu (ThCl,, HfCly, ZrCly, TiCly) [5—11].

OBCYXIEHMUE ITOJIYUEHHBIX PE3YJILTATOB

Hamu 6bU1 06Hapy>KeH aHOMAJIbHBIA XapaKTep N3MEHEHN JIETYYECTH XJIOPUIOB BCeX 11e-
JIOYHBIX METAUIOB ( fyic;) © KOHLEHTpalMeil B UX paciuiaBieHHbIX cmecsix ¢ UCl, [1—4]

(puc. 1). BHayane neryuyecTtb fycp, KaK 3TO U CIAEA0BAJIO Obl OXXUAATb, YMEHbBIIAETCS C [TIOHU-
keHreM KoHueHTpauuu MCI. OgHako 3aTeM OHa HauMHAeT MOCTENIEHHO BO3PacTaTh BIUIOTh
0 BEJIMYMH, MPEBHIIAIOIIMX JIETy4eCTh MHAUBUAYaIbHOTO pacmiaBsa MCI. Ilpu noHmxe-
HUM KOHIIEHTPALMY XJIOPUIIA IIEJIOYHOTO METAJIJT B PACIIJIaBJICHHBIX CMECSIX 10 HYJIS €ro Jie-
TY4eCTb TaKXe JTOJKHA CTPEMUThCS K Hyt0. ClienoBaTebHO, U30TEPMbI JIETYYECTH XJIOPU-
JIOB IEJIOYHBIX METAJIJIOB B 3aBUCUMOCTHU OT KOHIIEHTPAILIMM B MX PACIIJIABJICHHBIX CMECSIX C
TETPaxXJIOPUAOM ypaHa JOJIKHBI IPOXOIUTh Yepe3 MaKCMMYM, a TOTOM HAYMHATH CHUXKAThCS.
Takue 3aBUCUMOCTH, ¢ MaKcuMyMoM Jietydectu MCl B6au3su 50 moit. %, MBI, IeiiCTBUTENIBHO,
Habmonanu skenepuMeHTanbHo s pacmiaBoB UCl—CsCl u UCI,—LiCl [1]. OcHoBHO
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Puc. 2. M30TepMBbl JIETy4eCTH TETpaxXJIOpKUAa ypaHa u3 pacriasieHHbIx cMmeceii: 1 — UCly—LiCl, 2 — UCly—NaCl,

3 — UCly—(NaCl-KCl, 1: 1), 4 — UCl4—KCl, 5 — UCl4—RbCl, 6 — UCI4—CsCl nipu 1073 K.

MIPUYNHOM TOSIBIIEHUSI aHOMaJIbHO BBICOKMX 3HAYEHU fyc; SBJSIETCS TPEUMYIIIECTBEHHOE
UCIapeHue XJIOPUaa 1IEJ0YHOro MeTajljla B COCTaBe ero KOMIUIEKCHBIX coennHeHuit ¢ UCl,
[1—4, 12].

ComracHO HaIllUM M JIUTepaTypHBIM TaHHBIM [1—4, 13—21], B mapax Han pacrulaBIeHHBI-
mu cmecsimu UCl,—MCI npeobnanaior moHomepHble (MCl u UCl,) u numepnsie (M,Cl,)
MOJIEKYJTbI XJIOPUIOB IIEJIOYHBIX METAJUIOB M YpaHa, a TaKKe KOMIUIEKCHBIE MOJICKYJTBI TUTIA
MUCI;s. TakuM 06pa3om, JIETYYECTU XJIOPUIOB LIETOUYHBIX METAJJIOB Y ypaHa, OTBEYAIOLLI1E
HX UCITApEHUIO B COCTaBe BCeX Ta3000pa3HbIX COSNUHEHWI, OyIyT paBHHI [2, 4]:

Sma = Puci + 2Pucl, + Pauci, (nH

Jual, = Puuci, R, (2
rae f— JieTydecTh, a P — mapiuaibHOe JaBJIeHUE COOTBETCTBYIONINX KOMITOHEHTA I MOJIe-
KYJISIpHBIX (hOPM YaCTHII ITapa.

IMonoxeHne MUHUMYMa Ha MOJUTEPMAX JETYUECTH fy ¢y IOCTEIIEHHO CMEIAeTCs B CTO-
pPOHY 6oJiee HU3KUX KOHIIEHTPAIIVI TeTpaxJIoOpuaa ypaHa B €ro pacIljlaBIeHHBIX CMECSX C
XJIOpUIaMM ILIEJIOYHBIX METAJUIOB ITpu 3ameHe nociienHux B psay or CsCl k LiCl (puc. 1).
OueBHUIHO, YTO OTHOCUTENBbHBIN BKJIaL napoodpaszHoro komiuiekca MUCIs B o611yto JieTy-
YeCTh XJIOPUIIA IIEJTOUHOTO MeTajlJla BO3pacTaeT B TOM e HampasieHur. Hanbomapimii oH y
XJIOpUIA JIUTHUS, JIETY4eCTh KOTOPOTO HaJl pacTBOpaMU OKa3bIBAeTCs BBINIE JIETYYECTH M-
croii pacnaBiaeHHoU coiau (LiCl) yxke mpu Bcex KOHIEHTpALMSIX pacilylaBIeHHBIX cMeceit
UCI,—LiCl B unrepBase 100—50 mon. % LiCl (puc. 1).

H3MeHeHUe JIeTydeCcTH TeTpaxJiopuaa ypaHa ¢ KOHILICHTpalMeld U3 ero pacIliaBIICHHBIX
cMeceil ¢ XJTopuaaMu pa3IMIHbIX IIEJIOYHBIX METAJUIOB ITOKa3aHO Ha pUc. 2 B BUIE U30TEPM,
B KauecTBe npuMepa, npu 1073 K. C yseanuenuem conepxanust UCl, B pa3HbIX CMECSIX U30-
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TEPMBI €0 JIETYYECTH MOCTENEHHO covkaroTes v ripu 100 Moj1. % AOKHBI MPUNATHA B OOHY
TOUYKY, COOTBETCTBYIONIYIO JIETYUYe€CTU pacijiaBa UHAMBUIYAJIbHOTO Tepaxjopuiaa ypaHa:

~1.1- 10° Ma (g fyc), = 5.04) npu 1073 K [13].

ITpu nonnxenuu conepxanust UCl, B paciuiaBleHHBIX CMECSIX €I0 JIETYYECTh ObICTPO Ma-
JlaeT — 3HAYMTENIbHO OBICTpee, YeM YMEHBIIAeTCsl €r0 MOJIbHO-IOJIeBasi KOHIEHTpalus B
KMIKUX CMECSX, U TeM ObICTpee, YeM KpyIHee IIeJOUYHOM KaTMOoH. Tak, Hampumep, mpu
CHIXKEHUY KOHIEHTpaluu Terpaxjopuaa ¢ 50 g0 2 Mon. % ero JeTyd4ecTb YMEHbIIACTCS
npuMepHo B 330—260 pa3 y pacrmaBieHHbix cmeceit UCL—LiCl u B 180000—20000 pa3 y
pacmiasieHHbIx cMmeceit UCl,—CsCl npu 973—1173 K (nipu 0osiee HU3KUX TeMIepaTypax —
Oojiee OBICTPO) [1]. DTH sKCHIepUMeHTaIbHBIE (PaKTHl MOXHO OOBSICHUTH TEM, YTO B pac-
TUIABJICHHBIX CMECSIX C XJIOPUIAMM IIEJIOYHBIX METAJIOB TETPAXJIOPUI ypaHa BBICTYIAET B
KauyecTBe KOMILJIEKCOOOpa3oBaTeisi, IpU4eM B CMecsX ¢ 60Jiee KPYITHBIMU IIEJIOYHBIMU Ka-
THOHAMM W TIpU GoJiee HU3KUX TeMIlepaTypax 4YeThIpeXBaJICHTHBIN ypaH obOpasyeT Gosee
MpoyHble KOMIUTEKCHI. [Ipu ymeHbieHus KoHueHtpanuun UCl, ot 50 no 5—2 mon. %
B pacriaBax MPOMCXOIUT TOCIe0BaTebHasl PEOpTraHn3alifs ero KOMIUIEKCHBIX aHUOHOB:

U3Cl]2; - U2C1120_ - UClé_ - UClg_ [22] ¢ 3amelieHneM MOJIMMEPHBIX TPYIIITMPOBOK, CO-
JEePKAIIMX MOCTUKOBBIE CBA3YM METAJI—TAJIOTeH, HA U30JUPOBAHHBIE MOHOMEDHEBIE C GOJIb-
meif mpoyHocThio cBs3eit U—Cl. DT1o puBOOUT K Bce OOJIbIIEMY ITOHMKEHUIO JETYIeCTH
TeTpaxjopuaa (puc. 2), yaep>kuBaeMoMy B pacIllaBe B COCTaBe 3THX KOMITJIEKCOB.

VKpynHeHe KaTHOHOB B psny oT Lit k Cs™ cHuxaeTr ux KoHTprionsipusyioliee Bo3ieii-
CTBME Ha aHMOHBI XJI0pa, BXOASIIINE B COCTaB XJIOPOKOMILIEKCHBIX IpyrnupoBok U(1V), ko-
TOpBIC MIPU 3TOM YITPOUHSIOTCS. DTO TMPUBOIUT MTPU MPOYNX PABHBIX YCIOBUSIX (TeMIIepaTy-
pa, KoHUeHTpauus) K noHnxeHuto B 3700—340 u B 7—5 pas neryuectu UCIl, u3 ero pa3das-
JIeHHBIX (2 MoJ1. %) Wy, COOTBETCTBEHHO, KOHILIEHTPUPOBaHHBIX (50 MoJI. %) pacTBOpPOB B
pacIuIaBJIEHHbBIX XJIOpUAaXx 11eJIouHbIX MeTaiuioB nipu 973—1173 K [1—4]. T1pu 3Tom nipu 60-
Jlee HU3KUX TeMmrneparypax jetydectb UCI, moHuxkaercst ObicTpee. 3aBUCUMOCTS g Jfua, ot
00OpaTHBIX BeJIMYMH 3(DOEKTUBHBIX MOHHBIX paalyCOB IIEJIOUHBIX KATUOHOB [23], KakK ObLI0
YCTAHOBJIEHO paHee HaMM [2—4], MpakKTUYEeCKU JMHEWHAass. DTO OTKPhIBAET BO3MOXHOCTD
OLICHVBATb JIETYYECTh TETPAXJIOpUIA ypaHa U3 ellle He MCCIIeIOBAHHBIX €T0 PACTBOPOB, B TOM
YUCJie M B PACIUIABJIEHHBIX CMECSX XJIOPUIIOB IIEJI0YHBIX MeTa/u1oB. B 3TOoM ciydae addek-
TUBHBIN MOHHBII pamnyc OTHOBAJIEHTHBIX KATUOHOB pacCYUTBHIBaeTCs Mo dopmyie [6, 24]:

Y = 3N, - r,
IJie 7; — PAIMYC i-TOTO IEJOYHOT0 KaTHOHa, a N; — MOJIbHAs 1107151 €70 XJI0pU/a.

B3auMogneiicTBue (KOMIUIeKCooOpa3oBaHUe) TETpaxJIopuaa ypaHa ¢ XJOpuaaMu 1Ieaou-
HBIX METAJJIOB CYIIECTBEHHO CKa3bIBAETCSI M HA COCTaBe HACHIIIIEHHBIX MTapOB HaJ pacIljlaB-
JeHHBIMU cMmecsiMU (puc. 3). CocTaB ITapoB Ha 3TOM PUCYHKE pacCUMTaH HaMU U3 SKCIEpU-
MEHTaJIbHBIX TaHHBIX 110 UX XUMUUYECKOMY COCTaBY B TIPEATIOJIOXEHU M TIPUCYTCTBUS B ITapax
TOIBKO MOHOMepPHBIX MosieKysl UCl, u MCI [1—4].

Bce m3otepMbl Ha puc. 3 TIpY MOBBIIIEHUN KOHIICHTPAIIUK TETPaxJIOpUIA CTPEMSITCSI K
onHoit Touke: 100% (pacmiaB)—100% (map), B TOM 4KCie ¥ MOKa3aHHas TyHKTUPOM THUITO-
TeTu4yeckasi U30TepMa CMeceil ¢ OMMHAKOBBIMU KOHLIEHTPAIUSIMU XUIKOM 1 MapoBoii ¢a3s.
Ilpu nneanbHOM B3aUMOIEUCTBUM KOMIIOHEHTOB paciuiaBieHHbIX cmeceit UCl,—MCI co-
nepxanue UCl, B mapax HaJ HUMU, KaK 3TO ObUIO pacCyUTaHO HaMU paHee [1—4], 61u3Ko K
100%, Tak KaK pacruiaB MHIMBUAyaJIbHOTO TeTpaxjiopua ypaHa umeeT B 300—1500 pa3 601b-
IIee JaBjeHNUe HACKIIIeHHBIX NapoB, yeM pacmiaBbl ynucTeix CsCl, RbCl, KCl1, NaCl win
LiClI [12, 13, 16, 17]. B peanbHOCTH Xe BCE UCCIIEAOBaHHbIE HAMM pacIlJIaBJIEHHbIE CMECH
3HAYUTEIBbHO OTKJIOHSIOTCS OT UEabHOTO MOBECHUSI — TeM B OOJIbIIICIA CTeTIeH!, YeM HU-
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Puc. 3. Usmenenue konuentpauuu UCly B HACBIIEHHBIX Napax ero pactBopos B pacruiasineHHbIX LiCl (7), NaCl (2),
NaCl-KCl, 1 : 1 (3), KCI (4), RbCl (5) u CsCl (6) npu 1100 K; 7 — n3orepma ¢ 0OIMHAKOBBIMU KOHLIEHTPALIUSIMU
JKMIIKOI M TTapoBoii das.

ke TeMmneparypa, kKoHueHtpauus UCl, B pacTBOpax M KpyIHee 11eJ0YHOI KaTuoH (puc. 3).
BzanmoneiicTBrie KOMITOHEHTOB PaCIUIaBICHHBIX CMeCe YCUIMBAETCSI B TOM K€ HaIlpaBJie-
HUM, KaK 3TO yxXe 0OCyXaanoch Bblllie. B pe3ynbrare — paBHOBecHasl mapoBasi ¢dasza Haf
cmecsimu UCl, ¢ CsCl, RbCl, KCl u NaCl-KCI (1 : 1), conepxawmumu ripu 1073 K He 6oitee
38, 32,27 n 23 mon. % UCl,, COOTBETCTBEHHO, CTAHOBSITCS OEHEE 110 JIETKOJIETy4eMy TeTpa-
XJIOpUY ypaHa, ueM xujakas (puc. 3). [Tpu noBbIILIEHUM TeMITepaTypbl YKa3aHHbBIE qUara3o-
HBI KOHLICHTpauuii cyxaiorcs [1—4]. PaccmaTpuBaeMblie paciuiaBieHHBIE CMECH TIPH TN~
TETBbHOU HEU30TEPMUUECKON BBIIEPXKKE OYIyT 0OOraIaThCs JErKoAeTyYuM KOMIIOHEHTOM
(UCl,), a 6ojee KOHLIEHTPUPOBAHHBIE CMECU, HA00OPOT, OOEAHSTHCS UM. Y pacIUlaBiieH-
HBIX cMecell ¢ HauMeHbIIMM B3aumoneiictBueM komnoHeHToB (UCl,—NaCl u UCl,—LiCl)
paccMarprBaeMasi 00J1acTb KOHILIEHTPALMH OTCYTCTBYET: TPU BCEX COCTaBaXx XXuakas ¢daza
obenqHsIeTCs, a ee mapbl oboraiatorcs JerkoneryyuM KomrnoHeHToM (UCl,). HailineHHble
3aKOHOMECPHOCTH OYCHDb Ba>XHHBI C l'lpaKTVl‘ieCKOﬁ TOYKHU 3pCHUSI.

HMHTepecHO comocTaBUTh COCTaBbl HAaChILIEHHBIX NapoB Han pacruiaBamu UClL—MCl

C HaliIGCHHBIMU 3KCIIEPUMEHTAIBHO HaJl PACIJIABJIEHHBIMU CMECSMU XJIOPUIOB IIEJIOYHBIX
3JIEMEHTOB C TeTPaxJIOpUIaMU TOPUsI, TapHUST, HIUPKOHUS U TUTaHa [1—11].

Hekoropsle coiictBa nnnusunyansHsix UCl,, ThCl,, HfCl,, ZrCl, u TiCl, npuBeneHsI
B Tabm. 1.

ITo cpaBHEHUIO C TETPAXJIOPUIAOM YpaHa XJIOPUI TOpUst — OoJjiee TYTOIJIaBKOE M MEHee Jie-
Tyyee BeulecTBo. Hanmpotus, octanbHble TeTpaxiopuasl (ocodeHHo TiCly) — 3HaYUTENbHO
GoJiee JIETKOIJIaBKME M JIETKOJIETY4Yre, YTO, MPEUMYIIECTBEHHO, U MpeaonpeaeseT conee
BBICOKME MX JISTYYECTH B HACKHIIIIEHHBIX ITapax HaJl pacTBOpaMU B pacIljlaBJIeHHBIX XJIOPUIAX
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Ta6muua 1. Temnepatypsl I1aBieHust, Kuneuus (npu P, = 1.013 - 10°Ta=1 aTM) U mapaMeTpbl KpU-
TH4YeCcKO TOUKU (T, Pyp) IUISI HEKOTOPBIX TETPAXJIOPHAOB

Xotopun T, K T K Tips K Pyp, Ta (arnm)
ucl, 863 [25] 1065.8 [25] 1661 [27] 1.04- 107 (102.3) [27]
ThCl, 1043 [25] 1205.5 [25] - -

HfCl, 705 [26] 587+ [26] 723 [25] 5.42-10°(53.7) [25]
ZrCl, 710 [26] 607* [26] 778 [25] 5.97 - 10 (58.9) [25]
TiCl, 249 [25] 408.9 [25] 638 [25] 4.63-10° (45.7) [25]

* Temmneparypsl cyonumanuun HfCly u ZrCly pu 1 at™.

Ta6muua 2. JleTyyecTb TETPaxJOPUIOB ypaHa, Topusi, radpHusi u TutaHa (B [1a) B HaCBILLIEHHBIX TTapax
ux pacTBopoB B pacriaBieHHoM RbCl, a Takxe Haza pacrnaBamu yncTtbix UCl, 1 ThCly mpu 1073 K

[MCl,], | UCIl,—RbCl | ThCl,—RbCl | HfCl;—RbCl | TiCl,—RbCl ucl, ThCl,
MoJL. % [4] [5] [6] [10] [13] [28]
5 1.3-107! 2.2-107! 8.9 2.3-10%
1.1-10° 1.8-10%
25 8.0 9.6 2.3-10° 1.1-10°

LIEJIOYHBIX MeTaUIoB [6—11]. DTo ciemyeT, B YaCTHOCTU, U3 COMOCTABJIEHUS JIETydeCTei
Pa3HBIX TETPAXJIOPUAOB B ITapax UX pacTBOPOB B paciuiaBieHHoM RbCl, npuBeaeHHbIX, B Ka-
YecTBe IIpruMepa, B Tab. 2.

JlaHHBIe TOM K€ Ta0JI. 2 TOKa3bIBaIOT, UYTO 3HAYMTEIbHO MEHEee JIETy4Iurii (IT0 CPaBHEHUIO C
UCl,) MHAMBUAYaIbHBII TeTpaxJOpUA TOPUST OKa3bIBAETCs 1aKe HECKOIBKO OoJiee JeTy4uM
B HACBIIIEHHBIX TTapax HaJ pacIlJIaBJIeHHBIMU CMECSIMU C LIEJIOUHBIMU XJIOpUIaMU. DTO, Ha
TepPBBI B3I, HECOOTBETCTBME MOXKHO TOHSITh, €CJIM YI4eCTh, YTO M3-3a “aKTUHWUIHOTO”
cxatus paauyc katnoHa U(IV) menbiie, yem y Th(IV) (0.089 u 0.094 HM, COOTBETCTBEHHO
[23]). [ToaToMy B cpene pacruiaBieHHBIX XJOpUAOB LiesouHbix MetauioB UCl, obGnanaer
GoJbllieil KOMIUIEKCOOOpa3yloleil ClocOOHOCThIO, a KO3GhGUIIMEHThl aKTUBHOCTH TeTpa-
XJIOpUIa ypaHa 3HAYMTENIbHO HUKE, YeM y TeTpaxyiopuaa tTopusi. Hanpumep, B paz6aBiieH-
HBIX pacTBopax TeTpaxjiopuaoB (2—4 moin. %) B pacruaBieHHoM KCl ux koadhdumeHThI
akrtuBHOCTH 1ipyu 1073 K paBHBIL: Yy¢), = 2.9 - 1075 u Ythel, = 4.0 - 107, a B pacriaBieHOM

RbCl —9.1-10°u 1.3 - 10~*, cootBeTcTBEeHHO [5, 29].

OTMeTHUM, YTO IJISI TETPaxXJIOPUIOB TapHUSI, IMPKOHUSI M TUTAHA KOB3(MDUILIMEHTHI aKTUB-
HOCTH TIPY COOTBETCTBYIOIINX YCIOBHUSAX PACCUMTATh HE MPENCTABISIETCS BO3MOXHBIM, TO-
CKOJIBKY 3TH BellleCTBa MMEIOT NOBOJLHO HU3KWE 3HAYEHUST KPUTUYECKOU TeMIlepaTypbl
(tabn. 1), a pacruiaBel uHauBUAyanbHbix HfCly, ZrCly u TiCly npu TemnepaTypax BblLIe
KPUTHUUYECKOM He CYIIeCTBYIOT. [I03TOMY MpM BHICOKMX TeMITepaTypax Mbl UMeeM JeJI0, hakK-
TUYECKU, HE C paCIlJIaBJIeHHBIMU CMECSIMM, a C PACTBOPaMU B pacIljlaBax XJIOPUAOB IIeJI0Y-
HBIX METAJIJIOB Ta3000pa3HbIX TETPAXJIOPUIOB, YACPXKMBAEMbIX B MIOHHOM XKUIIKOU cpene 3a
CYET KOMILUIEKCOOOpa30BaHUsI B COCTaBe aHMOHHBIX TPYITITMPOBOK MPENUMYIIIECTBEHHOTO CO-

craa: HCI, ™, ZrCIZ™ u TiCly™ [9, 30—34].
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Puc. 4. smenenne konueHTpauun ThCly B HachIIEHHBIX Mapax ero pactBopos B pacriasieHHbIX LiCl (1), NaCl (2),

KCl (3), RbCl (4) u CsCl (5) ipu 1100 K; 6 — nzoTepma ¢ OnMHAKOBBIMU KOHIIEHTPALIMSIMU KUAKOW 1 TapoBoit das.

bin3kue BeTMUMHBI JIETYYEeCTel TeTpaxJIoprI0B ypaHa U TOpUsS B Iapax Haj UX paclijiaB-
JIECHHBIMHM CMECSIMM C XJIOPMIAMHU IIEJIOUHBIX MeTaIoB [1—5], B kotopeix U(IV) u Th(IV)

. 2- 2-
00pa3yloT KOMIUIEKCHbIE aHMOHHBIE TPYIIITMPOBKY ofnHaKoBoro tuna: Me;Cly,, Me,Clj,,

MeClé_ u MeClg_ [22, 31], mpUBOOUT U K OJIM3KOMY COCTaBY HAChIILIEHHBIX ITapoB (puc. 3 u 4).

Y namHoro 6oiee neryyero HfCl, oTHocuTenbHOE coiepKaHue TeTpaxJopuaa B HacChI-
IIEHHBIX TTapax HaJl pacIijlaBJIeHHBIMU CMeCSIMU (PacTBOPaMU) C XJIOPUAAMU IIETOUYHBIX Me-
TaJUIOB 3HAYMTeNbHO BhIlIe (puc. 5) mo cpaBHeHuto ¢ UCl, u ThCly (puc. 3, 4). Terpaxio-
puna radpHUs McapsieTcs 3HAYUTENbHO B OOJIbIIEN CTENEH!, YEM IEJTOYHbIE XJTOPUIBI U3 €T0
pactBopoB B paciuiaBiieHHbIX RbCl, KCI, NaCl u, oco6enno, B LiCl, 3a eTMHCTBEHHBIM YC-
kimoueHneM pactBopoB B CsCl, conepxamux meHee 15 mon. % HfCl,, n3 KoTopbix TeTpa-
xyopuj raHUS yIeTydnuBaeTcs ciiabee xyjopuaa ue3us [6].

OOGuIMpHBIe U3MEPEHUS AaBIeHUs] HAChILIEHHbIX MapoB Haf pacTBopamu ZrCl, B pacria-
BaX XJIOPUIOB IIEJTOYHBIX METAJUIOB ObLIN TIpoBeaeHbl PIeHTacoM ¢ COTPYIHUKAMM CTaTU-
yecKUM MeToaoM [8, 9]. OmHako cocTaB ITapoB MU He ObLI UCCIIETOBaH, IIOCKOJILKY alpro-
pY TIPENNoJIarajioch, YTo B IMapax HaXOIUTCS TOJBKO TeTpaxjaopua HupkKoHus. CrienaaibHO
MpOBEICHHBIE HAMU MCCIIENOBaHMUs [7] moKa3aau, YTO CoAepKaHUSI TETPAXJIOPUAOB IIMPKO-
HUS 1 TadHUS (CM. pUC. 5) B mapax UX paCTBOPOB B PA3IMYHBIX IIEJOYHBIX XJIOPUIAX OUYCHD
OGJIM3KU. DTO HE YIUBUTEIBHO, TAK KaK XOPOIIIO U3BECTHO, YTO MHOTHE CBOIMCTBA U TTOBEIC-
HUE 3TUX 2JeMEHTOB- “OJIM3HEIIOB” B COCTaBe Pa3JIMYHBIX COCAMHEHUI TakKe OYeHb OI13-
K4, Tak Kak pazmepbl katuoHoB Hf(IV) u Zr(IV) noutu naentuunst: 0.071 1 0.072 um [23].
HMHTepecHO, OOHAKO, B CBSI3U C 3TUM OTMETHUTh, UTO Oojee JeTyduil (IMMpubIU3UTEILHO B
1.5 pa3a, no cpaBHeHU1O ¢ ZrCly) MHIMBULYAJIBbHBIN TeTpaxjopul radHus B cpelie paciliaB-
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Puc. 5. Msmenenne konuentpaunu HfCly B HachieHHBIX Tapax ero pacTBopos B pacriaBieHHbIx NaCl (/), KCI (2),

RbCI (3) u CsCl (4) ipu 1100 K; 6 — n3otepma ¢ OTMHAKOBBIMY KOHIIEHTPALIMSIMK XHUIKOM 1 MapoBoii ¢as.

JIEHHBIX XJIOPUIOB LIEJOYHBIX METAJUIOB cTaHOBUTC B 1.1—1.2 pasa meHee naetyuum [7, 26].
Takxe Kak B pacCCMOTPEHHOM BhIlLIe ciyvae ¢ peBepcoM Jeryuecteit UCl, u ThCl, 310, OYe-
BUIHO, SIBJISICTCS CIECACTBUEM HEMHOIO OOJIbIIEll MPOYHOCTH B pacIuIaBaX KOMILIEKCHBIX

aHUOHOB HfCléf 10 CPABHEHMUIO C ZrCléf.

INap Han pacTBOpaMu B pacruiaBI€HHBIX XJIOpUAAX IIEJ0YHBIX METAJLJIOB CAMOTO JIerKoJie-
Ty4ero TeTpaxJiopuaa U3 pacCMaTprMBaeMbIX — TETPaXJIOpHIa TUTAHA, COCTOUT MPAKTUUECKU
HAaIleJIO TOJIBKO U3 eT0 MOoJIeKys [8—11].

Haiinennsle B HacToseil u apyrux padotax [1—11] TemnepaTypHbie, KOHIIEHTPAIIMOH-
HbIC Y KOMIIO3UILIMOHHbBIE 3aBUCHUMOCTH COCTaBa HACHIILIEHHBIX ITAPOB U JIETy4yeCTeil KOMIIO-
HEHTOB PAaCTBOPOB TETPAXJIOPUIOB YpaHa, TOpHSI, TaHUS, TUPKOHMS U TUTAHA MOTYT OBIThH
HCTIOIb30BaHbI B KAYECTBE CITIPABOYHOTO MaTepuasia Py OpraHU3alluy Pa3TnIHbIX TUPOME-
TAJUTYPTUYECKUX U TTMPOXUMMUYECKUX (HAIpUMeEp, SJICKTPOJUTUUECKUX) MPOLIECCOB, 6a3u-
DYIOIIMXCS Ha COJIEBBIX pacruiaBax.

B wactHOCTH, MMeIOITIMECsST JTaHHbBIE 110 JABJICHUIO W COCTAaBY HACKHIIIEHHBIX apoB [9—11]
CBUIETENBCTBYIOT O TOM, YTO pacTtBopbl TiCl, B pacriiaBiieHHbIX LIEJTOYHbIX XJIOPUAAX MPAK-
TUYECKU HEJIb3Sl MCIOJIb30BaTh B KAYECTBE 2JIEKTPOJUTOB B OTKPBITHIX MW T€PMETUUHBIX
HEM30TEPMUYECKUX 2JIEKTPOJM3Epax ¢ MHEPTHOU aTMoc(depoii n3-3a BHICOKOI JIETy4eCTHU
TeTpaxjiopuzaa, OOJIBIIMX €ro MOTePb U U3MEHEHHSI COCTaBa 3JIEKTPOJIMTA 3a CUET UCTIapEHUSI.
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HanpotuB, Hanboee TepMUUYECKN CTOMKME U3 PACCMOTPEHHBIX B HaCTOsIIIEH padoTe —
pactBopbl UCIl, u ThCl, B pacriaBax XJIOpUIOB 1IEJIOYHBIX META/UIOB [ 1—5] MOTyT ycrieiHO
MPUMEHSIThCS KaK 3JIEKTPOJIUTHI B sTYEHKaX TOTO K€ TUTAa C MUHUMAJIbHBIMU TTOTEPSIMU 1I€H -
HBIX KOMITOHEHTOB.

Pacteopel HfCl, u ZrCl, B kauecTBe 3JEKTPOJMTOB B OTKPBITBIX 3JIEKTPOJIU3Epax C
WHEPTHOI aTMocdepoii 1ieiecoo6pa3HO MCITOJIb30BaTh TOJIBKO MPU OTPaHUYEHHBIX YCJIOBU-
X (HEBBICOKME TEMIIEPATYPhl M KOHLIEHTPALUM, KPYITHBIN 11IEJI0YHOM KATUOH COJIU-PAaCTBO-
purens) [6—9]. Takue Hanbosiee MOAXOMSIINE TSI TPAKTUIECKOTO UCTIOIb30BaHMS YCIOBUS
nono0dparb MOXHO, TTOCKOJIbKY JIETYYEeCTHM M COCTaBbl HACBIIIEHHBIX MMapOB HaJll JaHHBIMU
pacTBOpaMM, TAKKE KaK U B IPYTUX COJIEBBIX CUCTEMAaX, MEHSIIOTCS B OU€Hb LIIMPOKUX TIpeesiax.

SAKJIIOYEHUE

OOCyXIeHbl 3aKOHOMEPHOCTH W3MEHEHHSI COCTaBa HACBILIEHHBIX MapoOB U JIETYYeCTH
KOMIIOHEHTOB PacCIlIaBJIEHHBIX CMECeil TETPaxJIOpUIOB ypaHa U HEKOTOPBIX APYTMX MeTal-
soB (ThCly, HfCly, ZrCly,, TiCl,) ¢ x10puaamMu eJI0YHbIX METAJUIOB B 3aBUCUMOCTU OT TEM-
repaTypbl, KOHLEHTPALIMM U KATHOHHOTO COCTaBa pacIlJIaBJIEHHOM COJIEBOI Cpenbl.

YeTbIpeXBaJICHTHBINM YpaH, KaK U MHOTHE IPYrHe XUMUYECKHe JIEMEHTHI C BHICOKOI Ba-
JICHTHOCTBIO, B pAacCIUIaBJIEHHBIX XJIOpHUAAX IIEJIOYHBIX METAJIJIOB BBHICTYNAeT B KadyeCTBE
MOIITHOTO KOMITJIEKCOOOpa3oBaTelisi, TTO3TOMY €ro pacTBOPEHUE COIMPOBOXIACTCS CYIIe-
CTBEHHBIMU TIepETPYIITMPOBKAMU CBsI3eil YaCcTHIIl, TIPUBOASIIINX K 00pa30BaHUIO TTPOYHBIX
KOMIUIEKCHBIX aHMOHOB. KoMIieKcooOpa3oBaHUe MPOSIBIISIETCS] B PE3KOM MOHVKEHU U 1aB-
JICHVsI HAaCBIIIEHHBIX TTapOB KOMITOHEHTOB pacIIaBJIeHHBIX cMeceil, B pe3yibTaTe Yyero He
TOJIBKO TETPAXJIOPUJL YpaHa, HO M Takue JieTyuue coenrHeHus, kak ThCly, HfCl,, ZrCl, u
TiCl, yoepxuBaloTcsl B paciUlaBax Aaxe Mpu BbICOKUX TemrieparypaX. [IpoyHOCTbp KOM-
TJTIEKCHBIX aHMOHOB BO3pacTaeT MpHW MOHWKEHUU TeMIIepaTyphbl, KOHIIECHTPAIIMA COOTBET-
CTBYIOIIETO TETPAXJIOPUIA W KOHTPIIOJISPUIYIOIIETO BO3MECUCTBUS 1IEJIOYHBIX KAaTUOHOB B
psany ot Lit x Cs* Ha aHMOHBI xJ10pa, BXOMSIINE B COCTAB XJIOPOKOMIUIEKCHBIX TPYIITHPO-
BOK. CHUKEHME JIETYUYeCTH TETpaxJopuaa MPpUBOIUT K YMEHBIIICHUIO €ro COAepKaHUs B Ha-
CBHIIIIEHHBIX TIapax Haj pacruiaBaMu. [1py 3TOM 3HAYMTENBHO GoJiee JIeTKOJIETyUYre B MHIM-
BULYaJIbHOM cocTOsiHMU, N0 cpaBHeHUto ¢ UCl, u ThCl,, Terpaxyopuasl radHusi, LUPKO-
Husg 1 tuTaHa (ocodeHHo TiCly) uMmeroT 6oJiee BBICOKME JIETYYECTH U CONEPXKAHUSI B
HACBIIIEHHBIX Mapax HaJl paCTBOPAMM B paCIIaBJICHHBIX XJIOPHUIAX IIECTOYHBIX METAJLJIOB.

CITMCOK JIMTEPATYPhHI

1. CmupnHoB M.B., Kynskos B.41., Camones A.b., Komapos B.E., [Tocoxun 10.B., Abonnukun B.K. Jle-
TY4€CTU KOMIIOHEHTOB HaChILIEHHbIX NTapoB paciuiaBieHHbIx cMeceil UCl—CsClu UCl,—LiCl // Pa-
nuoxumus. 1979. 21. Ne 1. C. 18-21.

2. Salyulev A.B., Kudyakov V.Ya., Moskalenko N.I. Volatilities of the components of the saturated va-
pors of UCIy solutions in a molten equimolar NaCl—KCI mixture // Russ. Metallurgy. 2021. Ne 8.
P. 992-997.

3. CamoneB A.b., KynsikoB B.41., Mockanenko H. M. JleTyyecT KOMIOHEHTOB HACHIILIEHHBIX TTApOB
pacruiaBneHHbIX cMmeceit UCl,—KClu UCl4—NaCl // Pacnnaser. 2021. Ne 5. C. 533—-542.

4. CamoneB A.B., Kynskos B.S1., Mockanenko H.W. JleTydyecT KOMITOHEHTOB HaCHIIIEHHBIX ITAPOB
pacmiasiieHHbIX cMeceil UCl,—RbCl // Pacrinasel. 2022. Ne 4. C. 338—349.

5. Smirnov M.V., Kudyakov V.Ya. The saturation vapor pressure and decomposition potential of
ThCly solutions in molten alkali chlorides // Electrochim. Acta. 1984.29. Ne 1. P. 63—68.

6. Smirnov M.V., Salyulev A.B., Kudyakov V.Ya. Thermodynamic properties and decomposition po-
tential of HfCl, solutions in molten alkali chlorides and their mixtures // Electrochim. Acta. 1984.
29. Ne 8. P. 1087—1100.



O COCTABE HACBIHIEHHBLIX TTAPOB U JIETYUYECTU TETPAXJIOPUOB YPAHA 199

10.

14.

15.
16.

17.

18.

19.

20.

21.

22.
23.
24.
25.
26.

27.

28.

29.

30.

. CamoneB A.b., KynsikoB B.f1., CmupHoB M.B., Mockanenko H.W. Pa3zneneHue radbHust u uup-

KOHUSI B pacTBOpaxX MX TETPAXJOPUIOB B pacIUIaBJIICHHBIX XJIOPUOAX IIEJIOYHBIX METauIoB //
Kypn. npuxit. xumuu. 1984. 57. Ne 8. C. 1847—1850.

. Flengas S.N., Pint P. Potential chloride electrolytes for recovering the metals Ti, Zr and Hf by fused

salt electrolysis // Canad. Metallurg. Quart. 1969. 8. Ne 2. P. 151—156.

. Flengas S.N., Block-Bolten A. Solubilities of reactive gases in molten salts. In: Advances in Molten

Salt Chemistry / Ed. Braunstein J., Mamantov Gleb, Smith G.P. / N.Y.: Plenum Press, 1973. 2.
P.27-81.

CmupHoB M.B., Makcumos B.C., XaitmeHoB A.I1. BzanMmoneiicTBre ra3000pa3HOro TeTpaxJIopu-
Jla TUTAHa C paciulaBJeHHBIMU XJIOPUAAMHU LIEJTOUYHBIX MeTAJIJIOB // 2KypH. HeopraH. XuMuu. 1966.
11. Ne 8. C. 1765—1771.

. Camones A.b., Kynsakos B.A. P—T-mnarpammel cuctem CsCl—-Cs,TiClg u RbCI-Rb,TiClg //

Pacrraser. 1991. Ne 4. C. 95-98.

. lyrypoB C.M. Tepmuueckasi yCTOHYMBOCTb HEOPraHMYECKMX accOLIMaTOB B razoBoil da3ze.

Huc. ... n-pa xuM. HayK. Cankr-IlerepOypr, 2018.

. Katz J.J., Rabinowitch E. The chemistry of uranium: The element, its binary and related com-

pounds. Part 1. N.Y., London: McGraw-Hill Book Company, Inc. 1951.

Brown D. The halides of the lanthanides and actinides. London, N.Y., Sydney, Tokyo, Mexico:
John Wiley and Sons Ltd. 1968.

CyBopoB A.B. TepmonnHamuyeckast XuMust mapoodpasHoro coctossHus. JI.: Xumus. 1970.

Roine A. HSC Chemistry 7.0 Thermochemical Database. Finland: Outokumpu Research Oy.
2009.

MuponoB B.J1., Bypsiies B.I1. /laBineHue HachIlIEHHOTO TTapa MHAWBUAYAJIbHBIX XJIOPUIOB U UX
OMHapHBIX cMeceil // Ycrexyu TepMOIMHAMUKI PacIljlaBOB: MaTtepuaibl Bcecoo3zHoro ceMmuHapa.
KpacHonap: KpacHonap. nonutexH. uH-1, 1976. C. 25—84.

Singh Z., Prasad R., Venugopal V., Sood D.D. The vaporization thermodynamics of uranium tet-
rachloride // J. Chem. Thermodynamics. 1978. 10. P. 129—124.

Hosukos I''U., lNaBpiouenkoB ®.I. KoMIieKcHbIe rajoreHuabl B apax Mpyu BEICOKUX TeMIlepa-
Typax // Yenexu xumuu. 1967. 36. Ne 3. C. 399—413.

Binnewies M., Schifer H. Gasférmige Halogenidkomplexe und ihre Stabilitit // Z. Anorg. Allg.
Chem. 1974. 407. Ne 3. P. 327—344.

Arthers S.A., Beattie [.R. The vibrational spectra of some tetrachlorides in rare gas matrices with
particular reference to the molecular shapes of ThCI4 and UCI, // J. Chem. Soc., Dalton Trans.
1984. Ne 23. P. 819—826.

Li B., Dai S., Jiang D. First principles dynamic simulations of UCI,—NaCl (n = 3, 4) molten salts //
ACS Appl. Energy Mater. 2019. 2. Ne 3. P. 2122—2128.

Shannon R.D. Revised effective ionic radii and systematic studies of interatomic distances in ha-
lides and chalcogenides // Acta Crystallogr. 1976. A32. P. 751-767.

CMupHOB M.B. DiieKkTpoaHble MOTeHIMAIbI B pacruiaBiIeHHbIX Xaopuaax. M.: Hayka, 1973.

Mopauesckuii A.I'., CiragkoB U.b. ®u3nko-xuMnyecKre CBOMCTBA MOJEKYISIPHBIX HEOPTraHU-
YEeCKMX COCNMHEHUN (3KCIepuMeHTaJIbHbIE TaHHbIe U MeToAbl pacyeTra): CripaBouyHuk. CII16.:
Xumwst, 1996.

Lleka U.A., KapabieBa K.®. Xumus rapuust. Kues: HaykoBa nymka, 1972.

Yaws C.L. Thermophysical properties of chemicals and hydrocarbons. Norwich: William Andrew,
2008.

Fischer W., Gewehr R., Wingchen H. Uber thermische Eigenschaften von Halogeniden. 12. Uber
eine neue Anordnung zur Dampfdruckmessung und iiber die Schmelzpunkte und Séttigungsdrucke
von Skandium-, Thorium- und Hafniumhalogeniden // Z. Anorg. Allg. Chem. 1939. 242. Ne 2.
P. 161-187.

CmupHoB M.B., Kyngkos B.fl., KomapoB B.E., CamioneB A.b. PaBHOBeCHBII 3J1eKTPOTHBIN
U(IV)—U u okucautenbHo-BocctaHoButeabHbIM U(IV)—U(11I) moreHMansl B cpene pacruiaB-
JIEHHBIX XJIOPUIOB IIEJOUYHBIX MeTaUIOB // Dnektpoxumus. 1979. 15. Ne 2. C. 269—-272.

Camones A.B., 3akupbsssHosa 1. /1., BoBkotpy6 3.I". UcciaenoBaHue IIpOILyKTOB B3aMOICACTBUS
ZrCly u HfCl, ¢ xsiopuaamMu 111eJI0YHBIX METAJLIOB U € IIeHTaxJlopuaoM dhochopa METOAOM CIIEK-
tpockoruu KP // Pacrutassl. 2012. Ne 5. C. 53—61.



200 CAJIIOJIEB, KYIAKOB

31. Photiadis G.M., Papatheodorou G.N. Co-ordination of thorium(IV) in molten alkali-metal chlo-
rides and the structure of liquid and glassy thorium(IV) chloride // J. Chem. Soc., Dalton Trans.
1999. Ne 20. P. 3541—3548.

32. Kipouros G.J., Flint J.H., Sadoway D.R. Raman spectroscopic investigation of alkali-metal hexa-
chloro compounds of refractory metals // Inorg. Chem. 1985. 24. Ne 23. P. 3881—3884.

33. Brooker M.H., Papatheodorou G.N. Vibrational spectroscopy of molten salts and related glasses
and vapors. In: Advances in Molten Salt Chemistry / Ed. Mamantov G. / Amsterdam, Oxford, N.Y.
et al.: Elsevier. 1983. 5. P. 26—184.

34. Photiadis G.M., Papatheodorou G.N. Vibrational modes and structure of liquid and gaseous zir-
conium tetrachloride and of molten ZrCly—CsCI mixtures // J. Chem. Soc., Dalton Trans. 1998.
Ne 6. P. 981-990.

ON THE COMPOSITION OF SATURATED VAPORS AND VOLATILITY
OF TETRACHLORIDES OF URANIUM AND SOME OTHER METALS
(ThCly, HICly, ZrCly, TiCly) FROM THEIR MOLTEN MIXTURES
WITH ALKALI METAL CHLORIDES

A. B. Salyulev!, V. Ya. Kudyakov!
! Institute of High-Temperature Electrochemistry, Ural Branch of the RAS, Yekaterinburg, Russia

Based on our experimental data and those obtained by researchers, mainly employees of our
Institute (IHTE UB RAS), the regularities of changes in the composition of saturated vapors
and the volatility of components of molten mixtures of tetrachlorides of uranium and some
other metals (ThCl,, HfCly, ZrCl, TiCl,) with alkali metal chlorides depending on the
temperature, concentration and cationic composition of melts are discussed. It is noted that
the dissolution of UCly, as well as other tetrachlorides in molten alkali metal chlorides is ac-
companied by complexation, manifested in a sharp decrease in the volatility of the corre-
sponding tetravalent metal chloride and its content in saturated vapors. The strength of the
complex chloride anions of polyvalent metals formed in melts increases significantly with a
decrease in their concentration, replacement of the solvent salt in the series from LiCl to Cs-
ClI and temperature. As a result, the volatility values of UCly, ThCl,, HfCly, ZrCly, TiCly
and the composition of vapors above their solutions in ionic melts vary greatly. At the same
time, according to the experimental data hafnium, zirconium and titanium tetrachlorides
(especially TiCly), which are much more volatile in the individual state, have higher volatili-
ty and content in saturated vapors over solutions in molten alkali metal chlorides.

Keywords: evaporation, volatility, melts, UCly, metal chlorides
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