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The formation of solid solutions in the NaF-KF-AIF; system has been studied by X-ray diffraction on
samples obtained experimentally. For the first time the formation of solid solutions based on structure
of chiolite with the composition (Nas. K J)ALF,, 0 <x < 0,4) has been established. The change of a
crystal lattice of chiolite occurs in the range: (a) — from 7,010 (3) to 7,050 (3) 4, (c) from 10,365 (10) A to
10,400 (10) A. The sodium potassium substitution occurs at only a 2-fold sodium position by an amount
~ 40 % established by refinement of the crystal structure. The limit dissolution of chiolite in less than

5 % (wt.) KF. The solid solution is stable in the range from the melting temperature to the room.
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Cucrema NaF-KF-AlF;: TBepabie pacTBoOpbI

HA OCHOBE CTPYKTYPbI XHOJIHUTA

A.C. Camoiino?, FO.H. 3aiineBa®,

I1.C. Ayounun®, O.E. Iluxkcuna?,

C.I. Pyxknuxon?, U.C. SIkumon?, C./I. Kupuxk*

“ Cubupckuii pedepanvhulil yHugepcumem

Poccus, 660049, Kpacnosapck, np. Ceooo0nuwil, 79

® Unemumym xumuu u xumuyecxoi mexnonoeuu CO PAH
QUL «Kpacnospckuil nayunsii yenmp CO PAH»
Poccus, 660036, Kpacnoapck, Axademeopoook, 50/24

Memooom pernmeeHO8CKOU Oupparkyuu HaA KCNEPUMEHMANIbHO NOIYUEHHbIX 00pA3Yax U3YYeHo
obpaszosanue meepovix pacmeopos 6 cyocorudycnou odracmu cucmemvt NaF-KF-AIF;. Bnepesvie
YCMaHo81eHo 06pazosanue meeposblx pacmeopos Ha OCHOGe CMPYKMYypbl Xuoauma ¢ cocmaeom (Nags.,
K )ALF,, 0<x<0,4). H3menenue napamempos Kpucmaiiuieckoll peuemku Xuoauma ocyujecmeisemcst
6 ouanazomne om 7,010(3) 0o 7,050(3) A uom 10,365(10) 0o 10,400(10) A. Ymounenuem kpucmannuyeckoil
CMPYKMypbl YCMAHOBLEHO, YMO 3ameujene Hampus Ha Kalul npoucxooum moabKo 6 2-Kpamuou
nosuyuu nampus Ha eeauyury ~ 40 %. Ipedenvroe pacmeopenue 6 xuoaume He npesviiaem 5 % (wac.)

KF. Teepovlii pacmeop ycmouyug 6 Ouanazone om memnepamypsl niaeieHus 00 KOMHAMHOU.

Kurouesviecnosa: cucmema NaF-KF-AIF;, NasALF,,, meepovie pacmeopbt, nOpOUKO8AsPEHMEEHOBCKAS

oughpaxyus.

Beenenue

W3BecTHO, YTO AJISI ANEKTPOJIMTHYECKOTO MPOU3BOACTBA ATIOMUHMS HCHOIB3YIOT KPHOIHUT-
TJINHO3EMHBIE PACIIaBbl. DTO 0OCTOSATENBCTBO OOBSICHACT HAYUHBIH U IIPAKTUYECKUI HHTEPEC K CH-
creme NaF-AlF;-KF, koropast B 3HaUMTEIbHONW MEpE OMUCHIBACT MOBEACHHUE MHOIOKOMIIOHECHTHBIX
¢ropunHeix pacmiaBos [1]. K HacTosieMy MOMEHTY YCTaHOBJICHBI MHOTHE 3aKOHOMEPHOCTH (hTO-
puaHbIX cucteM. B nBoiinoi cucreme NaF-AlF; u3BecTHBI TpU MHINBUAYaJIbHBIE KPUCTAIIIINYECKUE
¢daser Na;AlF,, NasALF,,, NaAlF, [2]. Kpuonut Na;AlF, ¢ TemmepaTypoil KOHTPY?HTHOTO TLIaBIIC-
Hust 1011,6 °C umeet aBe nonumopdHbie Moaudukanuu (temneparypa nepexozaa 542 °C) [1]. Xuonut
Na;AlLF,, naKOHTpYsHTHO TutaBuTes ipu 737-739 °C. Terpadropantomunar Hatpus NaAlF, ssisercs
MeTacTaOUJIBHBIM TP HOPMAJIBHBIX ycioBusX. Paza MoxeT ObITh mosyueHa 3akankoit ot 700 °C. B
nutepsaie 400-700 °C pasznaraercs Ha NasALF,, u TpudTopnn amomunus [3-5].

B cucreme KF-AlF; ycTtaHoBiIeHO HeCKoabKO coenuHenuii [6]. @aza K;AlF; KOHrpysHTHO ria-
BuTCs 1pu Temreparype 995 °C. DTo coennHeHne UMEeT HECKOJIBKO MOTUMOP(HBIX MOJU(PHKALININ C
temneparypamu nepexozaa 132, 153, 306 °C [7]. ®aza KAIF, ¢ remneparypoii KOHI'pySHTHOTO I1JIaB-
neHus npu 574 °C MoxkeT OBITh MoNy4eHa 3 HHAUBHAYaTbHBIX KoMmoHeHTOB KF n AlF; [8]. Coemu-
Henus K,AlFs u KALF1; [9] nepBoHauanbHO ObLIM BBIJEICHBI B pe3yJibTaTe TUAPOTEPMAILHOIO CHH-

Te3a U3 pacTBOPOB (PTOPHCTOBOOPOTHON KUCIOTHI TPH CPABHUTEIIBHO HU3KNX TEMIIEpaTypax.
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Cuctema NaF-KF umeeT mpocToil 3BTEKTHYECKHH THI C KOOPAWHATAMU TOYKH 3BTCKTHUKH:
T =721 °C u 40 % (moi.) NaF [1].

JlanHble 110 cyOCOJINIyCHOM 4acTH BHYTPEHHEH 00J1aCTH CHCTEMbI HEMHOTOYHUCIIEHHBI. B padoTe
[10] mpuBomsiTCs cBenmeHus o TuaporepmaibHoM cuHTe3e (a3el K,NaALF), u ee crpykrype. Ilo3z-
Hee (haza ObliIa 1MoJTy4YeHa BRICOKOTEMIIEPATy PHBIM CHHTE30M M3 paciljiaBa, Takxke Obliia 0OHapyKeHa
HU3KOTEMIIepaTypHasi MOAM(UKALIMS U yCTaHOBIEHA ero cTpykrypa [11]. OcoGeHHOCTRIO CTPOCHUS
06enx MoaudUKauil SBISIFOTCS BOJIHOOOpa3HbIe ceTKH 13 okTasapoB ALF,, Mex 1y KoTopbIMH pac-
M0JIaraloTCsl KaTHOHBL. V3MeHeHne B3aMHOTO PACIIOJIOKEHNST KaTHOHOB 00yCIaBINBaIOT (ha30BbIi
HEePEexo.

Bunapusrit paspes Na;AlF-K;AlF Tpoiinoii cucrembl NaF-KF-AlF; pa3aeneH Ha nBe moacucTe-
mbl 2ibnacoiauToM K,NaAlF, ¢ temneparypoit masnenus 954 °C [12]. Dtumu xe aBTopamu oOHa-
PY’KEHO CyIIECTBOBAHUE MPOTSHKEHHBIX 00JacTel TBEPABIX PaCTBOPOB. B 4acTHOCTH, yCTaHOBIICHO,
YTO IPU KOMHATHOM Temneparype Habitonaetcs aByxdasnas cmech NasAlF, u K,NaAlF,. Boiie su-
Huu noaumopdHoro npespamieHus kpuoauta (542 °C) cymecTBYIOT TBEpAble PACTBOPHI HA OCHOBE
K,NaAlF, u xybuueckoii BeicokoTemneparyproii popmbl Na;AlF,. Ilo mMepe cmenienus cocraBa B
cropony K,NaAlF, temneparypa nonumopdnoro nepexona camkaercs g0 340 °C BOnu3n cocraBa
K,NaAlF,.

Cucrema NaF-KF-AlF; 6pima nccnenoana Jlanenukom ¢ coaBropamu [13] MeTogamu TepMude-
CKOro aHalu3a. B pe3ysibraTe ObUIM pacCUMTaHbl KOOPAMHATHI TPOWHBIX 3BTEKTHYECKHX TOoueK El:
36,3 % (mom.) NaF, 62,7 % (mon.) KF, 1,0 % (mon.) AlFs; 711,2 °C u E,: 51,9 % (moi.) NaF, 27,4 % (mour.)
KF 20,7 % (moin.) AlF5; 734,5 °C.

B menom, onmcaHust AuarpamMm COCTOSIHUS COCPEIOTOUYEHBI HA TIOCTPOCHUH JTUHUHN JTHUKBHLY-
ca M yCTaHOBJIecHHMHU (a3, Bo3HUKaromux B cucteme [1]. CybOconuaycHas 00gacTh 00CyxaaeMoi
CHCTEMBI U3y4eHa HelocTaTouHo. CylIecTBOBAHHME TBEPABIX PACTBOPOB MPAKTUYECKH HE OIHUCAHO
3a UCKJIFOYEHHEM JIaHHBIX 110 OuHapHoMY paspesy Na;AlF-K;AlF, [12]. Mexny Tem TBepble pac-
TBOPBI BO (DTOPHIHBIX COJIEBBIX CHCTeMaX — TUIIHUHOE siBeHne. Kpome paspesa Na;AlF-K;AlF, ¢
y4acCTHEM KPHOJUTA MOKHO YIIOMSHYTh cucTeMmbl: Na;AlF-CaF,, u Na;AlF-LiAlF,. B pa6ore [14]
onucaHa y3Kas o0JacTh TBEPABIX pacTBOpoB Ha ocHoBe B-Na,AlFs mpu Temneparype 3BTEKTHKH
B cucteme Na;AlF;-CaF,. B cucreme Na;AlF-LiAlF; oOHapysxeHO CyIIecTBOBaAaHUE MIHUPOKHUX 00-
JacTell TBepABIX pacTBOPOB Ha ocHoBe Kak Na;AlF, Tak u Li;AlF; n ux TemMnepaTypHbIX MOIH(H-
kamuit [15].

[To pe3ynpraraM aHaNH3a JTUTEPATYPbl MOXKHO KOHCTATHPOBATH, YTO MCCIIEAOBAHMS CyOCOIH-
nycuoii ooactu cucrembl NaF-KF-AlF; npoBoguiuck ¢pparmeHTapHo, 6e3 HaIIeKalIeH aeTannsa-
nuu. B mureparype oTCyTCTBYIOT JaHHBIE O CYIIECTBOBAHUH TBEPABIX PACTBOPOB HAa OCHOBE XHOJIUTA
U, KaK CJIEICTBUE, HET JAaHHBIX MO MX KPHUCTAIIINYECKON CTPYKType. TBepabie pacTBOPHI HA OCHOBE
9JIBIIACOIIMTA TTOJTY YHJIIH JIMIIB OITMCATENbHBIN XapakTep. Bmecte ¢ TeM neTanbHbIe CBeAEeHUs 110 Cy0-
COJIMIYCHOW 00JIaCTH UMEIOT 3HAYCHHUE JIsl PELICHUsI IIPUKJIAJHBIX BOIIPOCOB. B yacTHOCTH, aHHbIE
110 cocTaBy (a3 BaskHBI /111 0OECIeYeHus] peHTTeHOrpahuIecKOro aHaln3a coCTaBa MIEKTPOIUTA B
TEXHOJIOTHYECKOM KOHTPOJIE AJIEKTPOIUTHIECKOT'0 TPOU3BOICTBa antoMunus [16]. Llenb HacTosIeTO
HCCIIE/IOBAHUS COCTOSJIa B PACIIMPEHUH CBEACHUH 10 00pa30BaHMIO TBEPIBIX PACTBOPOB B CHCTE-
me NaF-KF-AlF;. UccnenoBanue Ob110 ¢hOKYCHPOBAHO HA XapaKTePU3aLUU TBEPABIX PACTBOPOB Ha

OCHOBC XHOJIMNTA, HA OLUCHKE I'PaHUL] obnacrei TBEPAbIX PACTBOPOB, HA OIIPCACIICHUN KPUCTAJIJIIOXU-
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MHYECKHX AETalell CTPOCHMUS TBEPBIX PacTBOPOB. VccienoBanne BBINOJIHEHO HA 00pa3uax, moiy-
YEHHBIX U3 UCXOAHBIX (HTOPHIOB B JIAGOPATOPHBIX YCIOBHSX. AHAIN3 KPHCTAJUIUNYECKON CTPYKTYPBI
IPOBEJICH METOJIOM TOJIHOMPO(MHUIBHOIO aHaJIM3a Ha MHOTO(a3HbIX MOJUKPUCTAIUIMYECKUX 00pa3-

max.

JKcHepuMeHTAIbHAS YacTh

Cunre3 odpa3noB. (s cuHTe3a 00pas3ioB ObLIM KCIIOAB30BaHbI peakTuBbl Na;AlF,, AlF;,
KF kBanudukanun xu. Ilepen cnHTE30M Bce MCXOAHBIE PEaKTHBBI MPOKAJIMBAIM MPH TEMIEpaTy-
pe 400 °C ne menee 1 u. Crexuomerpuyeckue HaBecku Na;AlFg, AlF;, KF neperupanu B ararto-
BOM CTyTIKE, HTOMELIAJINCH B 3aKPHITOM IIJIATHHOBOM THTJIE B peryiupyemyto PYidom maxTHyo medb
IPU COOTBETCTBYIOIIMX TeMIlepaTypax u Bbiaep:kuBaiu 30-50 MuH 10 pacruiaBieHus. M3mepenne
temneparypsl nposoauiochk Pt-Pt(Rh10 %) tepmonapoii. Kpucranau3zamus paciyiaBoB MpoBOAMIIACH
BBLJIMBAHUEM pacCIlJIaBa U3 THIJISI B MACCUBHYIO METAJNIMYECKY 0 H3JIOKHUILY (KPUCTAIIN3ALUS B U3-
noxHHIE). Macca moirydeHHBIX 00pa3IoB cocTasiisiia okouo 3 1. [Tocie mosHoro oxaxeHust oopa-
31l M3BJIEKaJIH, IEPETUPAJIN B araToBO crynke. Ha Bcex atanax npoBoauiin Tu(ppakToMETPHUECK Uit
KOHTPOJIb MOJTYUYSHHBIX MaTeprasoB. Jlanee ais 10CTHKEHNST pABHOBECHOT'O COCTOSIHUS KaXkIbIH 00-
pasetr ObLT TepMHUECKH 00padboTan npu Temmnepatype 540 °C B Teuenue 20 muH. Ha puc. 1 nzodpaxen
TPEYTOJIBHUK COCTABOB C OTMEUEHHBIMH HAa HEM HCCIIEyeMbIMU cepusiMu 00pasioB. Odiactu nccie-
JoBaHuit st cepuit 1 u 2 Obuin orpannyenst 20 % (moi.) KF. Cepust 1 xapakrepusyeTcs IOCTOSTHHBIM
conepxanuem AlF;.

PentrenoBckas judpakuus (P®A). Tloporikossie 1upaKkIIMOHHBIE JAHHBIE TTOJIYYEHBI C UC-
nonbs3oBanneM CuK, mairydenns na nudpakromerpe X Pert PRO ¢ nerexropom PIXcel (PANalytical),

CHAOXXEHHBIM rpaguTOBEIM MOHOXpoMaTopoM. OOpa3sel] pacTUpali B araToBOW CTYIKE U MOATOTaB-

Puc. 1. TpeyroipHHK COCTaBOB C OTMEUEHHBIMHU cocTaBaMu (1) 1 (2) cepuii CHHTE3UPOBAHHBIX 00Pa3I0B
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JIMBAJIM METOJIOM IPsIMON HaOMBKHU KiOBeThl. ChEMKH IPOBOJMIM MPH KOMHATHON TeMIiepaType B
nuanas3ose ot 5 10 80° mo mkaie 20, marom 0,026°, At — 50 c.

PentrenoBckas ¢uiyopecuenTHasi cnektpockonusi (P®C). DrnemMeHTHBIH cOCTaB CHHTE3U-
POBaHHBIX 00pPAa3I0B KOHTPOIHPOBAJICS HA PEHTTCHOBCKOM (DIIYOPECIICHTHOM CIIEKTpoMeTpe AXios
Advanced (PANalytical). O6pa3en roToBmIn IpeccoBaHueM, ¢ ucnoib3oanuem H;BO; B kauecTBe
TTOJITTIOKKH.

PentrenocTpykrypusbiii anaimn3. Kpucraminiyeckue CTPyKTYpPbl YTOYHSUIH 110 TTOPOLIKOBBIM
IU(GPaKIIHOHHBIM JaHHBIM METOJOM MOITHONPOMUIBHOrO aHaidu3a (MeToJ PUTBeIbIa) ¢ MOMOIIBIO
nporpammbl FulProf [17] B pesxume MHOTO(Ma3HOTO 00pa3ia. YTOUHECHHUIO MTOABEPraiCh KOOPAHMHATHI
ATOMOB U 3aIIOJTHSAEMOCTh aTOMHBIX IMMO3UIUN. TerIoBbIe TapaMeTPhl aTOMOB YTOYHSUIHCH B H30TPOII-

HOM PHOJIMIKEHUH.

Pe3yabraTrsl u 00CyKIeHUSs

Amnanus (azoBoro coctaBa 00pa3mos cepuii (1) u (2), MOTyYeHHBIX 3aKaJIMBAHUEM pacIliaBa, Io-
Ka3aj, 9YTO OCHOBHOH (a3oii siBisercst NasAl;Fy,. B cepuu (1) oOpasisr ¢ conepkanuem KF 10 5 %
(mac.) cocrosar u3 cmecu a3 NaAlF,, Na;ALF,,, AlF; u K,NaALF,. C yBennuenuneM copep:kaHus Ka-
nus paza NaAlF, ucuesaet. B oOpasuax Bosn3u cocraBa K,NaAl;F,, nabiaronaercs ogHa 9ta pasza, HO B
BBICOKO- M HU3KOTEMIIepaTypHEIX hopmax. CMEIIeHHE 110 COCTaBy 00pa3IoB ¢ yBEIIMYCHHEM KOHIICH-
tpaiuu KF B cepun (2) conpoBoxaaercsi yMeHbleHHeM KoHIeHTpauu NasAl;F),, u Bo3pactanuem
Na;AlF. OcHoBHas kanuiicogepkamas gasa — K,NaAl;F,,. [Ipu yBenmuennn KF mosBisiercs daza

K,NaAlF;. Habnmronaemoe u3meHeHue 0ananca (a3 MOYKHO OMUCATh CICAYIONUMHU YPABHCHUSIMH:
2NasAlF,, + 2KF — K,NaAlF, + 3Na,AlF, )
u ipu 60bieM n30bITke KF
Nas;ALF,,+ 4KF — 2K,NaAlF, + Na;AlF;. )

Ecnu mpoBecTH cpaBHEHHE PEHTTEHOTPaMM IOJIYYEHHBIX 00pas3loB, TO JUISl JUHHA XHUOJIUTA
NasALF,, o0Hapy) uBaeTcs H3MECHSIOMIMICA CABUT (pUC. 2), KOTOPBIA HHTEPIPETHPYETCS KaK H3Me-
HEeHHE 1apaMeTPOB PEUIETKH BHYTPH cepun 00pa3uoB. M3 UMEIOIMXCsl TaHHBIX MOYKHO 3aKJIIOYUTh,
YTO XHUOJIUT U3MEHSIET TapaMeTphl peIIeTKH NpH n3MeHeHuu coaepkanus KF B o6pasue.

Jloru4HO MpennosIoKUTh, YTO HaOI0AaeMblil 3Q(EKT ecTh CIeACTBHE 00pa30BaHUs TBEPAOTO
pacTBOpa MpH 3aMEIICHUH HAaTPUs Ha KaJIMK B CTPYKType xuonuta. Dddekr nzomoppHoro 3amere-
HUSl HATPUsI HA KAJIMH C TOYKU 3PEHUs] U3MEHEHMsI TU(PPaKIMOHHON KapTUHBI BbIPAYKAETCS B JIBYX
TUTIaX U3MEHEHN . Bo-1iepBhIX, B cABUTE TU(PPAKIMOHHBIX JTUHHIH, BHI3BAHHOM H3MEHEHHEM ITapamMe-
TPOB PELIETKH M3-32 BHEJPEHHUs Oosiee 00beMHOro KaTHoHa. Bo-BTOpBIX, B N3MEHEHUH OTHOCUTEIb-
HOW MHTEHCHUBHOCTH AM(PAKIUOHHBIX JINHUH, ABJISIOMIEICS CIEACTBUEM Pa3MEIIEHHUS B CTPYKTYpe
LEHTPOB ¢ OoJee BBICOKOI paccenBatoliieii criocodHocTho. Eciin nepBbiii 3 GeKT Mo3BoJseT HaIeKHO
3adukcupoBarh (HaKT U30MOPHHOTO 3aMEIIECHHS, TO BTOPOH — BBISICHUTH CTPYKTYPHBIC JICTaJIN 3a-
MELICHHUS, T. €. ONPENENIUTh MO3UIUN U KOJHYECTBO 3aMEIICHUs. B KOHEYHOM cueTe T JiBa THIa
WN3MEHEHUH OJKHEI OBITh CBA3aHBI MEKy COOOH.

YTOoYHEHHE KPUCTAIUITMUECKOI CTPYKTYpPbl TBEPAOTr0 pacTBOpa MPOBOIMIOCH HA MHOrO(a3HbIX

obpasnax ¢ comgepkanueM kaius 10 20 % (Mac.). YTOUHSUIHCH Bce IPOCTPAHCTBEHHBIE KOOPAMHATHI U

— 169 —



Aleksander S. Samoilo, Yulia N. Zaitseva... System NaF-KF-AIF3: Solid Solutions Based on the Chiolite Structure

! X ! X
17 17,4 30,50 31

Puc. 2. Unmoctpanusi caBura peHTreHAn(PPAaKIUOHHBIX JHHUH XHOJUTA Uisi 00pa3loB BTOPOW CEpHH IO
OTHOIICHUIO NookeHu i nuHui atangoHa (ICDD PDF2 Ne(01-74-755)

K03()PHUIIMEHTHI 3aMIOJTHEHU ST ATOMHBIX MMO3HUITHI KaToHOB [17]. Criocob cuHTe3a 00pa3ioB, a HUMECHHO
KPUCTAJITM3ALHS U3 paciljiaBa, II03BOJISICT 00OCHOBAHHO MPE/IIOIOKHUTH, YTO TIO3UIH aTOMOB B aHU-
OHHOM M KATHMOHHOM TOJpelIeTKaX 3aloHEeHbI OJHOCThIO, TIOCKOJIBKY OTCYTCTBOBaIH JU(Qy3HU0H-
HBIE 3aTPyIHEHUS TPH (OPMHUPOBAHUN UCXOIHBIX YACTHIL. ATOMBI AJIFOMUHUS HE TIEPEXOST B HHBIC
NO3UIUHU CTPYKTYPbI, & KATHOHBI HATPUS MJIN KaJIHsI — B TIO3UIMH AJTIOMHHHUSL.

Kpucrannnuaeckas CTpyKTypa XHOJIUTA IPEACTaBIeHa Ha puc. 3a, 6 [18]. B cTpykType MOKHO
BBIICTTUTH J1BA BHUJIA, YEPEAYIOIHECS CO CABUTOM CioeB. [IepBBIil THII ClIOSI IpeaCTaBIsSET KBAApaT-
HYI0 CeTKY U3 okTa’poB [AlF], cBsi3aHHBIX 10 BepminHaM. Paccrosuus Al-F nexar B y3xoM mHTEp-
Basie 1,78-1,82 A. B cepenuue KBajapaToB HAXOAATCA MOHBI HATPUs. OKTA’Aphl B y3/1aX CETKM U Ha
CTOPOHAX OTIMYAIOTCS OPUEHTAIIMEH M KOJIMYECTBOM IOAEICHHBIX C cocesiMu BepiinH. [Ipudem B
ceTKe nMeeTcs ABa Tuma oktadapoB [AlF,F,,] u [AIF,F,,]. banxkaiiiee okpysxenue Hatpus B hopme
KBa/IpaTHOM MPU3MBbI 00pa30BaHO HOHAMH (TOPA CBOOOJHBIX BEPIIMH OKTadIPOB HAa CTOPOHAX CETKH.
Bocems paccrosuuii Na(1)-F pasnbi 2,583 A [18]. Bropoii ciioif npeacTapiseT KBajpaTHYIO CETKY U3
KaTHOHOB HATpPUs, KOTOPbIE (PUKCUPYIOTCS B INIOCKOCTH 3JIEKTPOCTATHYECKUMU CHlaMu. bimkaitee
paccTostaue Na(2)-Na(2) B ceTke paBHO 3,527 A, 4To HECKONBKO KOpOUE PACCTOSHHS MEKIY KaTHO-
Hamu cocennux cioes Na(1)-Na(2) (3,603 A). BokpyT kaI0ro HaTpHs KaTHOHHOH CETKM MOKHO BbI-
JIIIUTh UCKQXXEHHOE OKTadIpHuecKoe OKpyxKeHue u3 Gropos, oOpazoBaHHOE CBOOOIHBIMHU BEPILH-
HaMu okTadpoB [AlF]. B sxBaTOpHaNbHON ITOCKOCTH HCKaKEHHOT'0 OKTasIpa pacctosaus Na(2)-F
coctapistoT 2,268-2,290 A, a B Bepmunax — 2,626 A. Cerka oktasnpos [AlF,] mpeacrasiset coboit

Ooiee MNPOYHYIO MOJICKYJISAPHYIO KOHCTPYKIHUIO, TAK KaK €€ 3JICMCHTBI COCIUHCHbBI KOBAJICHTHBIMU
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oy

a 0 B

Puc. 3. Kpucrammndeckas cTpyKTypa XHONHTA: a — o0muil BUm; 6 — CTpyKTypa aHHOHHO-KaTHOHHOTO CJIOS |
KaTHOHHOTO CJIOEB; B — KPUCTAJIIMYECKasi CTPYKTypa ¢a3sl TBepaoro pacTBopa Nay Ky ;sALF,, (opaHxkeBbIM
I[BETOM BBI/ICJICHBI TO3UIIUH, B KOTOPHIX IIPOUCXOANUT YACTUYHOE 3aMEIICHNE HATPHS Ha KaJluii)

cBsi3iMu. OnpeeseHHYI0 IaCTUYHOCTh CETKE MPHUJIaeT MOBOPOT OKTA3IPOB B CJIOE, UTO MOXKET 00e-
CIIEYUTh HEKOTOPOE pacTsukeHne U cxkatre. CIoi HOHOB HATPHS MOAYNHEH CTPEMIICHHUIO K «TUIOTHOM
YKJIaIKe» 1 MUHHMHU3ALNHU 3JEKTPOCTATHIECKON SHEPI HH.

HecmoTpst Ha KaKyIUIyIOCS JIETKOCTh 3aMELICHHS HATPHUS Ha KaJuil B KATHOHHOM CJIO€ CTPYK-
Typbl PaCCTOSIHHSA 0 aTOMOB Onmkaiimero okpyxenus (d(Na(2)-F)=2,268 A) nenator sToT mpouecc
MaJoBepOATHBIM. [IpocTpaHCTBEeHHBIE OTpaHUYEHNU S AJIs 3aMEIIEHUS BO BTOPOW KATHOHHOMN MO3UITUU
npakTuueck orcyTeTByIoT (d(Na-F)=2,583 A). YTounenue KpucTaandeckoit CTpyKTyphbl, BKII0Uast
3aI0JHsAEMOCTh KaTHOHHBIX TTO3UIIHI, COINIACYIOTCS ¢ YKa3aHHBIM OKHJaHHEM: 00pa3oBaHKe TBEp-
JBIX PACTBOPOB IPOMCXOJUT MpPH 3aMEUICHUH B KATHOHHOW IO3WIMH aHHOHHO-KaTHOHHOTO CIIOSI.
[IpenenbHBIN cOCTaB TBEPAOTo pacTBOpa cooTBeTcTBYET hopmyie KNa,Al:F ,, conepxanue kanus u
KF B xnonure coorBeTcTBeHHO paBHoO &,18 u 12,15 % (Mac.).

Ha puc. 36 npeacraBieHa KpucTasIn4ecKkast CTPYKTypa TBEPAOro pacTBopa OZHOIO M3 00pas3-
1oB 2-ii cepuu. B Tabu. | nmpuBeneHbl KOOPAWHATH KPUCTAJUINYECKOH CTPYKTYPBI XHOJIUTA 3TOTO
oOpasma. IlpoBeneHHOE yTOYHEHHE MOKA3bIBAET, YTO B TBEPAOM PACTBOPE XMOJIUTA COIACPKUTCS
~4,2 % (mac.) KF. [Tonyuennble Me>KaTOMHBIE PACCTOSIHUS SIBJISIOTCS TapaHTHEH KOPPEKTHOTO yTOU-
HeHHUs (YTOYHEHUE IPOU3BEICHO 0e3 HapyIICHUs KPUCTAINYECKO CTPYKTYpbl). HesHaunrenbHble
M3MEHEHUsI aTOMHBIX KOOPJIMHAT CBSI3aHbl C HEOOIBITNM U3MEHEHHEM OPUEHTALMU OKTa’pOB, BbI-
3BaHHBIM pa3MELICHHEM B KaTHOHHBIX MO3UIHAX Oosee KpynmHbIX yacTuil. O KayecTBe yTOUHEHHsI
CTPYKTYPbI MOJKHO CyIUTh 10 COOTBETCTBHIO AKCIIEPUMEHTAIILHON M pACCUNTAHHOM PEHTT€HOT paMM,
NPUBEACHHBIX Ha pUC. 4. YTOYHEHHUE [TPOU3BE/ICHO JUJIs 1By X(ha3HOU CHCTEMbI. AHAJIOTHYHbIE pacye-
THI BBITTOJTHEHBI /ISl BCEX 00pa3IoB.

AHaJIOrn4YHble BHIYUCICHUS ObLIN BBIIIOJIHEHBI JUIsl BCEX CHHTE3MPOBAaHHBIX 00pa3uos. [Tomy-
YEHHBIE JaHHBIE TI03BOJIMIIM IOCTPOUTH TPEH TAPAMETPOB (4 U €) PEIICTKH XHOJIUTA OT KOHIIEHTPa-
uuu Kanus B xuonute (puc. 5). Ha rpadukax umeercs: siBHbIN JIMHEHHBIN XapaKkTep 3aBUCUMOCTH,

KOTOpHﬁ MOJXHO HMCIIOJIb30BAaTh AJId OLUCHKHW KOHIICHTpallunu KF, HUCXOAd U3 MapaMeTpa pCHICTKU (a)
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Puc. 4. MuttocTpanusi COOTBETCTBUS SKCIICPUMEHTAIBHOM (4EPHBIC TOUKH) M PACCUUTAHHOI (4epHAast JINHHUS)
PEHTICHHHOTPAaMM, M HX Pa3HOCTb (KpacHas JIMHHS), JAOCTHUTAaeMble B XOJ€ YTOYHECHHUS KPUCTAJIIMYCCKHX
cTpykTyp a3 obpasua. R,,=9,8 %, R,=7,8 %, R.,,=7,4 %. Paapl IITPUXOB B HUKHEH 4aCTH PEHTTE€HOI' PAMMBI
yKa3bIBaIOT I1OJI0KCHHE JIMHUI COOTBETCTBYOINX (a3

Tabnuna 1. KoopanHaThl KPUCTANIMYECKOH CTPYKTYPBI XHOIUTA 01HOT0 U3 00pa3uoB cepu (1) Nay 45K :sALF ),
a=7,0479(2)A, c=10,3732(3)A, V=515,27(3) A?, S.G. P4/mnc

a) OTHOCUTEJIbHBIE KOOPAUHATHI AaTOMOB

Atom Wyck. Occ. x/a y/b z/c B
All 2a 2 0 0 0 1,2(2)
Al2 4c 4 0 Vs 0 1,2(2)
Nal 2b 1,31(3) 0 0 s 1,9(2)
K1 2b 0,69(3) 0 0 2 1,9(2)
Na2 8g 8 0,2759(4) 0,7759(4) Va 2,2(2)
F1 4e 4 0 0 0,1693(5) 2,42
F2 8h 8 0,0620(6) 0,2489(5) 0 1,2(2)
F3 16i 16 0,1774(3) 0,5361(4) 0,1202(2) 1,4(2)
6) OTaenbHBIE MEXAaTOMHBIE PACCTOSHHUS
All-F1 1,756(5) Al2-F3 1,784(2)
All-F2! 1,808(4) Al2-F2¥ 1,823(4)
Al2-F3 1,784(2) Na2-Na2"i 3,543(4)
Nal-Na2i 3,606(2) Nal-F3vii 2,606(2)
Na2-Flit 2,641(3) Na2-F3 2,270(3)
Na2-F3" 2,299(3)

1)y, X, z; (ii) 0,5-y, 0,5-x; (iii) -y, 14X, z; (iv) 0,5-x, 0,5+y, 0,5-z; (V) -x, 1-y, z; (vi) 0,5-x, -0,5+y, 0,5+z; (vii) 1-y, X, z.
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Puc. 5. CBsi3p mapaMeTpoB peIeTKH XHOoNnTa (a u ¢) oT koHueHTpanuu KF B cTpykType xuonuta

CrnemyeT MpUHHUMATH B pacyeT TO, YTO HAa TOYHOCTH ompeneneHus konueHTpanuu KF Morio noBnusaTe
HCKa)kKeHHE, BBI3BAHHOE HEOOIBINON TEKCTYpoil B 0Opasie anekrponuta. Konnenrpanust KF Boramc-

JIeHa, UCX0/s U3 hopMyJibl TBepaoro pacTBopa xuonura: Nas K, ALF ,:

x - Mw(KF)-100

C(KF) = .
Mw(Na, K_ALF,)

Jlnamna3oH M3MEHEHHUs Napamerpa peleTKd U U30MOP(PHOro 3aMelleH s Kalus UMeeT Ipeae
(puc. 5), koTopslit coctaBisiet npudausutensHo S % KF (unu 40 % B nmosuumu Na(l)). [Ipenensable
3HAYEHM I TOCTUTAIOTCS MOCIIe TOMOTreHu3upyomiero orxura npu 540 °C. M3MeHeHHe TeMIepaTypsl
OT)KMTa MOJKET MOBIIMATH Ha COJIEPXKAHME KaJUsl, OHAKO 3TO HE OKa3bIBACT BIMSHUS Ha JINHEHHYIO
3aBHCUMOCTb MapaMeTpa PEIIeTKH OT KOHIIEHTPALIUH.

[TapameTp pemieTku (¢) yObIBaeT ¢ yBeIMUYEHHEM KOHIIEHTPALNH KNS, TAK KaK pa3BepThHIBAaHUE
OKTa3pOB B CTPYKTYpe NPUBOAUT K COIMIKEHHIO CIIOCB.

Taxum oOpasom, npu mobasnernu B cucremy NaF-AlF; ¢pTopuaa xanus xuonut oOpasyer He-
OO0JIBLIYI0 00JIACTH TBEPIBIX PACTBOPOB, CTAOMJIBHBIX B JMANa30HE TemiepaTryp (OT KOMHATHOH 10
II7IaBJICHHS]). 3aMEIleHNe HATPHsl HA KaJIWi IPOMCXOJUT B OJHOHM M3 JIBYX KPHUCTAIIOTPAhUIECKUX
no3uiuit HaTpust. O0beM 3aMenIeH s cocTaBseT npuMepHo 40 %, 4TO COOTBETCTBYET MPEACIbHOMY
pactBoOpy, conepxamemy ~ 5 % KF. JlanpHelinee yBeanueHre KOHISHTPAUN (TOpUIa KaJns MpH-
BOJIUT K MOSIBJICHHUIO APYTHX Kanuiicomepxkamux ¢as cucrembl K,NaAlF,, u K,NaAlFg, 4To yka3ssi-
BaeT Ha OrpaHUYEHHUE 00JIACTH TBEPABIX pacTBOPOB. [10-BHaANMOMY, TBEp/bIE PACTBOPHI C OOJIBIIEH B
KOHLIEHTpAIMel CO3/1al0T HAIIPSIKEHU ST KPUCTAINIMYECKON peleTKe, 4TO 00yCiIaBinBaeT OoJee BbICOo-

KYI0 SHTAJIBIIUIO UX 06paBOBaHI/I${.

Paboma evinonnena npu gpunancosoit noooepricxe PYCAI HTI].
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