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OBrekTnyeckas cMech LiF—NaF—KF (FLiNaK) ssBasieTcst mepcrneKTUBHOI, KaK COJIb-HO-
cuTeNb [UIS KUAKOCOJIEBbIX peakTopoB. PTopun uepus CeF; mMoxeT paccmaTpuBaThesl,
Kak umurarop ¢propuna riyronus PuF;. B pabore uccienosana remneparypHas 3aBUCH-
MOCTb YIETbHOI 3JIEKTPOIPOBOIHOCTU pacIiaBieHHOI TpoitHo# 3BTeKTNKU LiF—KF—NaF,
conepxaiieit ot 0 10 25 Moin. % dropuna uepust B uHTepBasie TeMneparyp 480—777°C.
Cwmecu FLiNaK—CeFj3, roroBuiy HeNocpeaCTBEHHO B 3KCIIEPUMEHTAIBHOIA s1ueiike, copachl-
Basi HeobxoanMoe KonmuecTBo CeF3 B pacruiaB M BbIIEpXUBas CMECH 3a[JAHHOTO COCTaBa B
TeyeHue 12 4 rpu TeMIepaTypax, NpeBbILIAIOIIMX TeMIIEPATypbl TMKBUAYCA UCCIEAYEMbIX
komro3uuuit CornpoTuBieHUE DJIEKTPOJIMTA ONpPeNeIsiiiv 1o rogorpadam umrnenaHca, Ko-
TOpble CHUMaJIU C MOMOLIbI0 uMIegancomerpa Z-1500J. Mcnonb3oBaiu ABYX2JIEKTPOI-
HYIO siueiiky ¢ Pt anekTpomaMu. AHaIM3 UMEIOIINXCS B JIUTepaType SKCIepUMEeHTATbHBIX
3HAYEeHUI 3JIEKTPONPOBOAHOCTU IBOMHBIX U TPOMHBIX (hbropuaHbIX paciuiaBoB KF—LiF;
KF—NaF; LiF—NaF—KF noka3sbiBaeT, 4TO Hallld JaHHbIE I10 3JEKTPONPOBOAHOCTU DB-
tektnueckoit cmecu LiF—NaF—KF (FLiNaK) cooTBeTcTByIOT 00IIEi TEHASHIIMN U3Me-
HEeHUsI 2JIEKTPONIPOBOIHOCTHU ¢ yBeanueHueMm koHueHtpaiuu KF B pacruiase. [Tokazano
3HAYMTEIbHOE YMEHBIIICHNE YACIbHOU 3JIEKTPOIIPOBOTHOCTHY PACIIIABIIEHHOW CUCTEMBI 1
HeOOJIbII0E YBEIMYeHNE SJHEPTUY aKTUBAIIUK 3JIEKTPOIPOBOIHOCTH C MOBBIIIIEHUEM KOH-
HeHTpauuu hropuna tepusi. TeMrepatypHbie 3aBUCUMOCTH YACIbHOM 3JIEKTPOIPOBOIHO-
CTHU pacIIaBJICHHOM CUCTEMbI ObUIM aIllpOKCUMHUPOBAHBI TOJIMHOMAaMU BTOPOTO MOPSIIKA.

O6pa3oBaHue B pacruiaBe KOMIUIEKCHOTO MOHa Cng "~ MOATBEPXKICHO CIEKTPATbHBIMU
nccnenoBaHusiMu. beum 3acukcupoBansbl criekTpbl KPC pacmiaBineHHbIx cMmeceit FLiNaK u
FLiNaK—CeFj3, conepxaiuunx 8 u 15 mon. % dropuaa uepus. [1pu yBeaMdeHUN KOHLIEH-

Tpauuun C€F3 B pacIliaBe yBCJIMYMUBACTCA KOJIUYECTBO KOMITJICKCHBIX MOHOB Cng_, 4qTo
IIPUBOOUT K POCTY MHTCHCHUBHOCTHU HaObJII01aeMbIX KojiebaTebHbIX MOJIOC.
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BBEAEHUE

Bo3MOXHOCTH 371€KTPOXMMUYECKOTO U3BJICUEHUS PEAKUMX U XUMUYECKU aKTUBHBIX Me-
TQJIJIOB U CIJIABOB M3 MX OKCHUAOB, PACTBOPEHHBIX B cUcTeMaX (DTOPUAHBIX COJieil, ObUIU
MPOJIEMOHCTPUPOBAHBI BO MHOTUX paboTax [1—4]. 3HaHue GHU3NYECKUX CBOMCTB (pTOpU/I-
HBIX 2JIEKTPOJUTOB, TAKUX KaK 2JIEKTPONPOBOAHOCTb U MJIOTHOCTh, 0OECIIEYMBAET OCHOBY
TSI TPOEKTUPOBAHUS 3JEKTPOIU3EPOB.
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B pabote [3] ObLI NpeaIoXeH MaloJeTyduii 3JeKTPOJUT Ha OCHOBE (PTOPUIOB JINTUS U
Gapusi. Ora paboTa MoJIoXKMUIa Havyalo MIMPOKOI MCCIea0BaTeNIbCKOil TporpammMe ['opHoTro
Bropo CIIIA (U.S. Bureau of Mines), HanmpaBJIeHHOI Ha pa3pabOTKy 3JEKTPOIUTUIECKOTO
crioco6a moiryaeHus1 P3M mn3 ¢pTopunHBIX pacmiaBoB. [IpoBoaminch U3MepeHUs 3JIeKTPO-
MTPOBOMHOCTU U TIJIOTHOCTY OMHAPHBIX CMecei (hTOPUIOB JIMTHS, HATPUS WU Kalus, a TaK-
ke OMHapHBIX cMeceil, comepxalmx oquH u3 3tux ¢propunos u CaF,, YF;, LaF;, CeF;,
SmF;, ThF, wnn UF,. KpoMme Toro, aHaJormuHele U3MEpPEHNUS TPOBOIUINCH Ha TPOMHBIX
cMmecax, LiF-NaF—KF, LiF-NaF—YF; unn LiF—NaF—-UF,.

BonbItoit 06beM paboT Mo U3yYeHUIO (DUBUKO-XUMHUYECKHUX CBOCTB pacIljlaBOB HAa OCHO-
Be (TOPUIOB IIEJIOUHBIX U IISJIOYHO3EeMEIBHBIX METAJIIOB ¢ JoO6aBKoi (propunoB P3M ObL1
BeirmostHeH B “AO TMPEJIMET”. B mmpokoMm guara3zoHe KOHIEHTpAlLIMii ObUIM M3Y4YeHBI
snekTponposoaHocty pacmiaBoB LiF—LaF;, LiF-NdF; [4].

B uccnaenoBanusix Ok-Pumxckoit HaunoHanbHo#t na6oparopuu (ORNL) CIIIA npen-
CTaBJIEHBI JaHHbIE 0 (PU3NYECKUX CBOICTBax 94 cMmeceil pacriiaBlieHHbIX coyieil GTopuaos,
KOTOpbIE paccCMaTPUBAIKUCH JJIST MCIIOJBb30BaHUS B KAYeCTBE BHICOKOTEMIIEPATYPHOTO XU/~
KOTO TOTJIMBA U OXJIAKIAIOIIMNX XXUIKOCTE peakTopoB [5].

OprekTrueckas cMmech 0.465LiF—0.115NaF—0.42KF (FLiNaK) B Hacrosiiee Bpemsl pac-
CMaTpHMBaeTCs KaK COJIb-HOCUTEINb TSI SKMIKOCOJIEBBIX peakKTopoB. M3BeCcTHO, UYTO (hTOpUIBI
nmantaHonnoB CeF; m NdF; moryr paccmarpuBatbest, kak umuraropsl PuF; m AmF; [6].
B nuteparype nmeercst ToJIbKO olHA paboTa, B KOTOPOM ColepKaTcsl CBeIeHUST 00 2JIEKTPO-
npoBogHocTH paciiaBa FLiNaK [4]. JlaHHEBIe 00 3JIEKTpOIIPOBOTHOCTH €r0 cMeceil co (pTo-
punamu P3M otcyrcTByioT. IloaTOMYy B HacTosIei paboTe ObLIa MOCTaB/IcHa 3amada n3Me-
putb snekTponpoBoaHocTh paciuiaBoB FLiNaK u ero cmeceii ¢ CeFs;.

OKCIIEPUMEHTAJIBHAA YACTb

Ilooeomoska u ammecmauus peaKkmueoe

OprekTuyeckas cmech LiF—NaF—KF Obuta nmpuroroBieHa U3 MHAWBUAYAIbLHBIX COJIEI:
dropuna mutus LiF (“u. n. a.”, “AO PEAXUM?”, Exarepun6Oypr, P®), dropuna Hatpus
NaF (“u. 1.a.”, OO0 “Tanoren”, [lepmb, P®D), kucnoro dbropuna kanust KF-HF (“u. 1. a.”,
“AO PEAXMM”, EkatepuHoOypr, PD).

[Toporku coneit npenBaputenbHo cymmian rpu 300°C Ha Bo3ayxe. PacueTHble Kojinye-
CTBa CoJIeil TIIATEILHO TIepEMEITMBAIA U TIOMEIIAIU B TUTEJIb C KPBIIIIKOM U3 CTEKJIOYTJIEPO-
na. Turenb onmycKajim Ha JHO BBICOKOW MPOOUPKM M3 HEpKaBEKIEe CTajv, KOTOPYIo Ha-
KpbIBaIM KpblliKoil. HUXKHIO YyacTh MpOoOMPKY MOCTENIEHHO HAarpeBaii B M€YX COMPOTUB-
JICHUSI CO CKOPOCThIO 2.5 rpan/MuH. Beigensiiomiuiicss mpu TEPMUYECKOM Pas3IoXeHUU
kucyioro ¢propuaa kanusg HF momaBisit runponus cojieit, Crioco0CTBYsSI YMEHBIIIEHUIO KUC-
JIOPOMHBIX NTprMeceld B KoHeuHOM TponykTe [7]. [Tocne npekpamenus pasnoxenus KF-HF
cMmech ObicTpo HarpeBaiu no 750°C u 1iociie BbIAEPXKKU B TeueHUe 2 4 oxJyaxnanu. [1pu
400°C 3aKpBITBII CTEKIIOYTJIEPOABIN TUTETb TIepeMelllaiv B 1ILJIF03 ApTOHOBOTO MePYaTOYHO-
ro 6okca 1 oxJIaXIaJIu 10 KOMHATHO TeMIIepaTyphl MO BaKYYMOM.

JloTmomHUTEeNbHYI0 OUUCTKY TtotydeHHOI 3BTekThueckoit cmecu LiF—NaF—KF (FLiNaK)
IPOBOIMIA METOAOM HallpaBieHHOI Kpuctayum3aunu. Bee padorsr ¢ FLiNaK nmpoBogmmm
B MEPYATOYHOM aproOHOBOM OoOKce (colepKaHue Biaru U KMcJiopoja He mpeBbiiano 1 ppm).
INomyyeHHyI0 DTOPUAHYIO KOMIO3ULIMIO aTTECTOBAIM METOIOM CUHXPOHHOTO TEPMUYECKOTO
aHanu3a (STA 449C Jupiter, NETZSCH, I'epmanusi). Temneparypa v 3HTaJIbIMS TIaBJICHUS
cmecu (460°C u 414 JIX/T COOTBETCTBEHHO) COIJIACYIOTCS CO CITPaBOYHBIMM JaHHBIMH [8].

Hns arrecraunu CeFs (99.9%, “x. u.”, CAS 7758-88-5, CHIMKRAFT Company, P®)
ncnonb3oBam MeTonbl KPC criekrpockormmu (Raman microscope spectrometer U1000, Re-
nishaw, Bexnkoopurtanust) u POA (Cuk-usnyuenue, nudpaxromerp Rigaku MiniFlex 600,
AnoHus). U3BecTHO, 4TO DTOPU LIEpUsI TP HOPMATBHBIX YCJIIOBUSIX UMEET KpUCTAJIIIUYE-
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Puc. 1. KPC cniektp (a) u PDA (6) tpucdropuna uepusi.

CKYIO pellIeTKY CUMMETPUU ng, cofiepXKalllyto 1ecTb GOPMYJIbHBIX EAUHULL B DJIEMEHTAp-
Hoit siueiike. [IpaBuiia or6opa onpezessiior 17 akTMBHBIX MOA (5A |, + 12Eg) B criektpe KPC
[9]. HexoTopble U3 HUX, MO-BUAUMOMY, UMEIOT C1a0y10 MHTEHCUBHOCTb U He 3adrKcupoBa-
Hbl [10]. B cooTBeTCTBUM € pe3ynbTaTaMu paboThl [9] B 3apeructpupoBaHHoM criekTpe CeFs

(puc. 1a) xonebaTenpHbIe TToNoCcH TpH 396, 240, 295, 314 cM~' OTHeCeHBI K KOIe6aTeTbHBIM
Monam A,,, a mostocel ripu 77, 145, 203, 225, 306, 319, 386 e~ — k Mogam E,. KoneGarenn-

HBIX IT0JIOC, OTHOCSIIIUXCS K APYTUM hazaM, a TaKXKe MoJIoC aJcopOMPOBaHHOIT BOIbI HE 00-
HapyxeHo. PDA wncrnons3yemoro peaktnBa CeF; Takke moarBepans ero onHoda3HOCTb

(puc. 16).

Cwmecu FLiNaK—CeFj3, conepsxxarue no 25 moin. % dropuaa 1iepysi, FOTOBUIIN HETTOCPE-
CTBEHHO B 3KCINIEPUMEHTAIIbHOM s1ueiike, copaceiBast Heooxonumoe Koiamyectso CeF; B pac-
TJIaB ¥ BBIIEPXKMBAsi CMECh 3alaHHOTO COCTaBa B TeueHMe 12 4 Mpu TeMrepaTypax, IMpeBbi-
LIAIOIIMX TeMIIEpaTyphl JUKBUIYCA UCCIEAYEeMbIX KOMIO3ULIMiA [11].

Memoduka uzmepernus aneKkmponpoeooHocmu pacniasa

CornpoTUBIEHUE BIIEKTPOJIUTA OMPEALISINA 110 ronorpacdamM UMIEAaHCa, KOTOPbIe CHU-
Majy ¢ moMoliplo umnenaHcomerpa Z-1500J. Mcrionb3oBanu IBYX3JEKTPOIHYIO STYEUKY C
Pt anexTpogamu.

B pacnnaB, Haxoasumuiicss B CTEKJIOYTJIEPOAHOM TUTJIE, TOTPYXaJIU JBa MapasjiebHbIX
TUIATUHOBBIX JIEKTpoaa nuameTpoM 1.2 mM. [T1yOMHa morpyXeHust 3JIeKTPOIOB B pacIijiaB
OCTaBaJIaCh IMOCTOSIHHOM B TEUEHUE BCETO OIBITA 32 CYET TOTO, UTO OHU HA BBICOTE MIPUMEP-
HO 1.5 ¢cM OT KOHIIOB OBUIY XECTKO 3aKpeIlJIeHbI B IJIaHKEe, NU3TOTOBJICHHOM 13 HUTpUIa 60-
pa. CxeMa 3KCIIEpUMEHTAJIbHOM STYEiiKM U METOAUKA MPOBEACHUS SKCIIEPUMEHTA MOJIPOOHO
ornucanbl B [12]. [1pu paboTe ¢ XUMHUUYECKU arpecCUBHBIMU (hTOPUIHBIMM pacriaBaMu B Ka-
YecTBE KOHTeITHeEpa MCITOIb30BaIM TUTETh U3 CTEKIIOYTIIEPOa, a CTEHK! KBaplieBOU STYEKHU
JIOTIOJTHUTENILHO 3alIUIIAIN HUKEIEBOM (hOobroit, B KayeCTBE cOpachIBaTesl UCTIOIb30BaN
TpyOKY U3 HEepXKaBeIolIel CTalu.

VYaenbHyI0 3JIeKTPONTPOBOAHOCTb PACCUMTHIBAIU MO (hopMyJie:

K = K/R,

1

rme K — KOHCTaHTa sTYeiiKi, cM~ ' ; R — OMHYECKOE COIPOTUBIIEHUE JIeKTpoanTa, OM.
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Taomuua 1. KoadduiireHTbl ypaBHEHNSI TEMIIEPATYPHOI 3aBUCMMOCTH YIETbHOM 3JIEKTPOIIPOBOIHOCTH
cucrembl FLiNaK—CeF;

CeF;, WUnTepsain —A, By, By, Ax, K K/%
MOJI.3% TeMHepaIT)yp, °C|Cm/cm CM/CM-rlpaz[- 102 _;gf?‘l'oﬁ Cm-cm! Hpg;;gMC’ npn/75(())°C
0 480777 4.40 1.5402 7.4 0.01 2.99 1.00
5 487-782 4.04 1.4181 7.3 0.01 2.49 0.83
10 513—780 2.99 1.0206 4.3 0.01 2.25 0.75
15 541-790 2.78 0.8775 3.1 0.01 2.054 0.69
20 586815 1.87 0.5834 1.0 0.01 1.94 0.65
25 629—820 1.71 0.5238 0.8 0.01 1.77 0.59

KoHcraHTy stueiiku ompenensuin B uHTepBasie Temneparyp 432—839°C mo 3HauyeHUsAM
ayieKTporpoBogHocTH paciuiaBa 3BTeKTUKU LiCl—KCl. DiaeKTporpoBOIHOCTh 3TOTO 31K~
TpoJiuTa usydyeHa B uHtepBasie Temreparyp 411—947°C. [13]. KanubpoBKy siueiiku 1o pac-
TJIaBy C U3BECTHOM 3JIEKTPOTIPOBOIHOCTHIO TIPOBOAMIN B TEX e YCIOBUSX, YTO U B OIBITAX
TIPpY OTIpeNeSIeHUN JIEKTPUUECKOTO COTTPOTUBIICHUS MCCIEAYEMbIX PACTUIABOB, T.€. TIPU TOM
K€ TIIyOMHE MOTPYXXEeHUsI B pacIljiaB 2JEKTPOJOB C TEM K& MEXINIEKTPOIHBIM PACCTOSTHUEM.

Memoouka pecucmpayuu cnekmpos KPC

Cnextpbl KPC pacrnnaBnennbix cMmeceit FLiNaK u FLiNaK—CeF;, conepxaiux 8 u
15 mon. % dropuna nepus, perTuCTPUPOBATIN C TOMOIIBIO ONTTOBOJIOKOHHOTO CITEKTPOMET-
pudeckoro koMmruiekca Ava-Raman (Avantes, HunepimaHabl), BKIIOYAIOMIETo B ce0sI MICTOUHUK
MOHOXPOMAaTUYECKOTIO JIa3€pHOTO U3JydeHUs MOLIHOCTLIO 50 MBT, A = 532 um (180-rpamyc-
Has cxema paccesiHus) u oxaaxnaeMmbiii CCD-nerekTop. B kauecTBe KoHTeliHepa ISl XMMU-
YeCKM arpeCCUBHBIX GTOPUAHBIX PACIIJIaBOB UCIOJIL30BaIU I'PpaUTOBbIE TUTJIU BBICOTOM 15
¥ BHyTpeHHUM auametpom 10 mM. Turens ¢ 06pa3iioM ITOMEIIaan B BBICOKOTEMIIEPATYPHYIO
OITUYECKYIO TIPUCTABKY, BHITIOJTHEHHYIO B BUJIE JIOPATIOMUHUEBOTO 0JI0OKA C BEPTUKAIBHBIM
HUXPOMOBBIM HarpeBarejieM U BEepPXHUM TOPILIEBBIM KBaplIEBBIM OKHOM ISl TIPOITYCKaHUS
MaJalolIero U paccesstHHOTO CBeTa. YCTPONWCTBO ONTUYECKOI NMPUCTaBKU MOJIPOOHO OTMCAHO
B [11]. O6Gpa3ibl HarpeBaju B MHEPTHOM aTMocdepe (Ar) o0 TeMIepaTyp, IpeBbIIaionuX
TeMIiepaTyphbl JUKBUAYyCca UccaeaoBaHHbIX KoMmno3unuii. Cnektpbl KPC pernucrtpupoBaiu B

anamnasoHe 150—900 cM ™!, BpeMst perucTpaly ogHOro crieKTpa He npepbimaio 10 c.

PE3VIJIBTATBI 1 OBCYXJIEHUE

Voeavnas anexmponposodnocmse pacnrasa FLiNaK

TemmeparypHasl 3aBUCMMOCTD YIeIbHOI aekTporpoBogHocTr paciuiaBa FLiNaK (puc. 2)
ObUla MCciienoBaHa B MHTepBajie Temiiepatyp 480—777°C. DKcriepyMeHTallbHbIC TaHHBIC
ObUIM anNpPOKCUMMUPOBaHbl MOJMHOMOM BTOpOro nopsinka K = A + Byt + th2 (Tabi. 1).
B nmutepatype ectb omHa paborta [5], B KOTOpOIi MPUBOISITCS JaHHBIE 00 YIEIbHOM 3JIEKTPO-
npoBogHocTu paciuiaBa FLiNaK. Otu manHbeie Obuin monydeHbl B OK-Pumkckoit Hanmo-
HanpHO# n1a6opatopuu (ORNL) CIIA B 1954 rony.

3HavyeHus1 yneabHOI 31eKkTpornpoBogHocTr paciuiaBa FLiNaK, monyyeHHbie HaMu B He-
CKOJIBKO pa3 IIPEBLIIIAIOT 3HAYCHMsI, COO0IIIaecMbIe B padote [5].

AHanus uMmeromuxcs B qutepatype [1, 14] skcnepuMeHTalbHBIX 3HAUYCHUN 3JIEKTPOIPO-
BOJIHOCTHU ABOMHBIX U TpoitHbIX pTopuaHbiX pacruiaBoB KF—LiF; KF—NaF; LiF—NaF—KF
MOKAa3bIBAET, YTO HAIlIM JTaHHbIE COOTBETCTBYIOT OOIIE TEHAEHIIMW MU3MEHEHUS DJIEKTPO-
MMPOBOIHOCTU ¢ yBennueHneM KoHieHTpauuu KF B pacrinase.
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Puc. 2. TemrneparypHasi 3aBUCMMOCTb YeJbHOI ajieKTporipoBogHocTu paciuiaBa FLiNaK. 7 — skcnepuMeHT; 2 —

naHHbIe [4].
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Puc. 3. TemneparypHas 3aBUCUMOCTb Y€JIbHOI1 aekTponposoaHoctu pacriapa FLiNaK—CeF3 (20 mon. %).

Yoenvnas anexmponpoeodnocms pacnaasea FLiNaK—CeF;

Ha puc. 3 npuBeneHa TUNMMYHAs TeMIepaTypHasli 3aBUCUMOCTD YIEJIbHOI 3J1eKTpOnpo-
BonHoctu it cucteMbl FLiNaK—CeFj;.

Kak BUIHO M3 3TOro pucyHka, npu 586°C HaGmiogaeTcsl U3MEHEHWe HaKJIOHAa KPUBOit
TEeMIIEpaTypHOil 3aBUCUMOCTH 3JIEKTPOIPOBOTHOCTH, KOTOPOE MOXKHO CBSI3aTh C TOSIBJICHM -
eM B pacruiaBe TBepaoii dassl CeF;. ComnacHo auTepaTypHbIM JaHHBIM [11] aTa Temnepaty-
pa COOTBETCTBYET TemIeparype JukBuayca paccmarpuaeMoil cucrtembl FLiNaK—CeF;

(20 moi1. %). B manbHeiilieM paccMaTPUBAIM TOJBKO YYaCTKM KPUBBIX TEMIIEPATYPHBIX 3a-
BUCHUMOCTEI1, COOTBETCTBYIOIIINE TOMOTEHHBIM CUCTeMaM (BbILLIE UX TEMIIEPATyp JIMKBUyCA).

Ha puc. 4 npuBeneHsl TeMIiepaTypHble 3aBUCUMOCTHU YIEIbHOI 3J1eKTPOIPOBOIHOCTU
Bcex u3yyeHHbIX cMmeceil FLiNaK—CeF;. OHM ObL1d annpoOKCUMUPOBAHBI MOJIMHOMaMU

BTOpOTro nopsinka K = A + Bt + th2 WU JIMHEHHBIMU ypaBHEeHUSIMU K = A + Bt. Koaddu-
LIMEHTHI 3TUX 3aBUCUMOCTEH MpeACcTaBIeHbI B Ta0. 1.
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Puc. 4. TemnepatypHble 3aBUCMMOCTH YeIbHOI 3nekTponposoaHocTh cucteMbl FLiNaK—CeF3 npu KoHueHTpa-
uuu ¢propuna uepust: 0 (1); 5(2); 10 (3); 15 (4); 20 (5); 25 mon. % (6).

Ha puc. 5 npuBenena nszorepma (750°C) OTHOCUTEIILHOTO M3MEHEHUST YOEAbHOMN 3JeK-
tponpoBogHoctu cuctembl FLiNaK—CeF;, conepxatueii ot 0 no 25 mon. % CeF;. BuaHo,
YTO y[eJibHAas 3JIEKTPOIPOBOIHOCTD IUIABHO CHUXKAETCI MPU YBEJIWYEHUU KOHLIEHTpALUU
¢ropua Lepust, OTKIOHSSICh OT aAAUTUBHBIX BEJIMUMH B CTOPOHY MEHbBILNX 3HaUeHU. Tak,
ipu 750°C mo6aBka 5 mon. % CeF; yMeHbIIaeT yaenpHYyIO 3JIEKTPOIIPOBOTHOCTh CUCTEMBI
Ha 17%, a no6aBka 25 moin. % CeF; coorBeTcTBeHHO Ha 41%.

B AppeHunycoBCKMX KOOpIMHATAX 3HAUYCHUSI YASIbHOM 3JIEKTPOTIPOBOIHOCTH B HEOOb-
oM uHTepBaie Temneparyp (okoyio 200°C) MOryT GbITh alIpOKCUMMUPOBAHBI JTUHEHHBIM
ypaBHeHUeM In(x) = a + b/T. 3nech K — yaenbHasl 3JIEKTPONIPOBONHOCTh, CM/cM; a u b —
KOHCTaHThl; T — abcontoTHas Temmneparypa. B atom cinyyae R(—b) = E, — sHeprusi aktupa-
LIMU BJICKTPONPOBOIHOCTU. DHEPrusl aKTUBALIMM, PACCUMTAHHAasI HEMOCPEACTBEHHO Ha OC-
HOBE BKCIEPUMEHTAJIbHBIX JAHHBIX, TIPEACTaBIsIET CO00M 3(hHeKTUBHOE 3HAUCHUE SHEPTUA
aKTHBAlIMM BCEX BO3MOXHBIX MEXaHU3MOB TepeHoca 3apsila MOHAMM COJIEBOTO pacruiaBa.
VYBenuueHUe SHEPrMU aKTUBAILIMKM YKa3bIBACT HA YIPOYHEHME CBSI3EM MEXIy YacTUIIAMU.
DHeprusi akTuBauMM 3nekTpornpoBogHocTu paciiaBoB FLiNaK—CeF; mpencrasieHa B
Tabi. 2 B 3aBUCMMOCTH OT KOHIIEHTpallMU B pacruiaBe gpropuma mepusi. MoXHO OTMETHUTh
HeOOJIbIIIO POCT IHEPTUY aKTUBALIMM C yBeJIMdeHneM KoHleHTpaunn CeFs.

CornracHO TeopeTUdecKnM pacueraM [15, 16] mpakTuyecKu 11T BCEX MPUCYTCTBYIOIINX B
CHUCTEME MOHOB, 3a UCKJIIOUEHUEM MOHOB Kaius, nodaBka CeF; B coneBoii pacnias FLiNaK
3aMeJIsieT IBMKeHUE 9TUX HOCUTeIel 3apsina.
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K/Ko

0.50 . : )
0 10 20 30

CeF;3, moi. %

Puc. 5. M3otepMa oTHOCUTENBbHOI yaenbHOI anekTpornpoBoaHocti cucteMbl FLiNaK—CeF3 npu temneparype

750°C (x( — yaenbHas anekrponposoaHocTs FLiNaK).

MHTEeHCUBHOCTD, OTH. €/1.

200 400 600 800
BostHOBOE uncio, cM ™!

a —0.015CeF;—0.85FLiNaK, 600°C
6 —0.08CeF;—0.92FLiNaK, 550°C
6 — FLiNaK, 600°C

Puc. 6. Paman-crniekTpbl pacruiaBieHHbIX hropuanbix cmeceit 0.85FLiNaK—0.15CeF3 (a), 0.92 FLiNaK—0.08CeFj5 (6),
FLiNaK (s).
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Tabauua 2. DHeprust akTUBaLMK 1eKTponposBoaHocTH paciuiaBoB FLiNaK—CeF5

CeF;, moin. % Hurepsan remneparyp, °C E4, xIx/Monb
0 588-777 15.61
5 561—763 15.84
10 581-780 16.55
15 587—790 19.73
20 586—815 20.56
25 629—820 20.61

KP cnexkmput pacnaaeoé FLiNaK—CeF;

B cnektpe KP pacruiaBnenHoit dropunHoii cuctembl FLiNaK kakue-nu6o konedatenb-
HbIE TTOJIOCHI He 3a(pUKCUPOBaHBI (pUC. 66), YTO YKa3bIBaeT HA IPEUMYIIECTBEHHO KYJTOHOB-
CKMI TUIT MEXYaCTUYHOTO B3aUMOJECUCTBUS W OTCYTCTBHME YCTOWYMBBIX KOMIUIEKCHBIX
CTPYKTYPHBIX TpyrmupoBok [17, 18]. Bo dTopumaHbIX paciiaBax, coaepxKamux Gropuma
Lepusi, OGHAPYXeHbI KoJieGaTenbHble ookl B obnactu 411 u 233 cm~! (puc. 6a, 66). B co-
OTBETCTBUM ¢ JaHHbIMU 110 criekTpaM KPC ¢GTopumHBIX pacIiuiaBoB, COAEpKAalllMX HMOHBI
penKo3eMeIbHBIX 2J1IeMeHTOB [19—23] BhIcCOKOYACTOTHAsI KOMIIOHEHTA OTHECEHA K CUMMET-
PUYHOMY BaJIeHTHOMY KOJIe0aHUIO, HU3KOUACTOTHAsI — K Je(hOpMaAIlMOHHOMY KOJIeO0aHUIO

3—
IrpynIIMpoBKY KoMIulekcHoro uoHa CeFy . Ilpu yBenmuyenuu koHueHtpauuu CeF; B pac-
IUIaBE YBEJIMYMBACTCS KOJIMUECTBO TAKMX KOMILJIEKCHBIX MOHOB, UTO MMPUBOIUT K POCTY UH-
TEHCHBHOCTU HaOJII0JaeMbIX KoJIebaTeIbHbBIX IMoJ1oc (puc. 6a, 66).

BbIBO/I bl

HMccnenoBaHa yaenabHasi BJIEKTPONPOBOMHOCTh pacmiaBieHHbIX cucteM FLiNaK u
FLiNaK—CeF; B 3aBucumoctu ot Temnepatypst u conepxanus CeF;.

IToka3aHo, yTo ymMeHbleHUe 31eKTporpoBogHocTy cucteMbl FLiNaK—CeF; nmpu ysenn-

YEHUM KOHLIeHTpauuu GhTopuna Lepusi MOXET ObITb CBSI3aHO C OOPa30BAHUEM CJIOKHBIX
KOMILIEKCHBIX TPYIIITUPOBOK IPU €ro PaCTBOPEHUU B XKUJIKOM dhasze.

3—
OOpasoBaHue B paciulaBe KOMILIEKCHOro noHa CeF; noaTBepXKAEHO CNEKTPAIbHBIMU
HCCIIETOBAHUSIMM.

P®A Boinonxen B LIKIT “CocraB BeiiectBa” MHCTUTYTa BEICOKOTEMITEPATYPHOIL 3J1eK-
tpoxumuu YpO PAH.
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ELECTROCONDUCTIVITY OF MOLTEN FLiNaK AND FLiNaK—CeF;

E. V. Nikolaeva!, A. L. Bovet!, I. D. Zakiryanova'
I Institute of High Temperature Electrochemistry, UB RAS, Yekaterinburg, Russia

The eutectic mixture LIF—NaF—KF (FLiNaK) is promising as a carrier salt for molten-salt
reactors. Cerium fluoride CeF5 can be considered as a simulant of plutonium fluoride PuFj5.
In this work, the temperature dependence of the electrical conductivity of the molten terna-
ry eutectic LiF-KF—NaF containing from 0 to 25 mol % cerium fluoride in the tempera-
ture range 480—777°C. FliNaK—CeF; mixtures containing up to 25 mol. % of cerium fluo-

ride were prepared directly in the experimental cell, dropping the required amount of CeF;

into the melt and keeping mixtures of a given composition for 12 h at temperatures exceeding
the liquidus temperatures of the studied compositions. The electrolyte resistance was deter-
mined from impedance hodographs, which were taken using the Z-1500J impedance meter.
A two-electrode cell with Pt electrodes was used. Analysis of the experimental values of the
electrical conductivity of double and triple fluoride melts KF—LiF available in the literature;
KF—NaF; LiF—NaF—KF shows that our data on the electrical conductivity of the LiF—
NaF—KF (FLiNaK) eutectic mixture are consistent with the general trend in electrical con-
ductivity with increasing KF concentration in the melt. A significant decrease in the specific
electrical conductivity of the molten system and a slight increase in the activation energy of
electrical conductivity with an increase in the concentration of cerium fluoride are shown.
The temperature dependences of the electrical conductivity of the molten system were ap-

proximated by second-order polynomials. The formation of the Ce Fg ~ complex ion in the
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melt was confirmed by spectral studies. The Raman spectra of molten FLiNaK and
FliNaK—CeF; mixtures containing 8 and 15 mol. % of cerium fluoride were recorded. With

an increase in the concentration of CeFj5 in the melt, the amount of Cng ~ complex ions in-
creases, which leads to an increase in the intensity of the observed vibrational bands.

Keywords: electrical conductivity, impedance, FLiNaK, cerium fluoride, Raman spectra
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