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MeromoM reTeporeHHOr0 OCAKACHUS W3 BOAHBIX PACTBOPOB XJIOPHUIOB IIPU WC-
MOJIb30BAaHUU B KaUeCTBE OCAAUTENIS TUAPOKAapOoOHATa aMMOHUSA MIOJYyUYeH MOHO-
asHpIil KPUCTAILINYECKUI MTPEKYPCOP OKCHUIA JIOTEIUA IIPEANO0JI0KUTEIHHOI0
cocrasa (NH,),Lu(OH),(CO;),-nH,0. IIpeKypcop KpHUCTAJIN3yeTCA B BUAE ILIA-
CTUHYATHIX YaCTUI, pOMOMYeCKO (DOpMEI ¢ JuHelHBIMU pasMepamu B 10-15
MKM? 1 TOJIIIHON B HECKOJBKO JIeCATKOB HAHOMETPOB. ¥ CTAHOBJIEH AUaIas30H
CYIIeCTBOBaHMSA KpucTaLIndeckoro mpexypcopa (NH,),Lu(OH),(CO;),nH,0
(MonsipHOe coorHomlenue pearentos NH,HCO,/Lu®*" — B umrepBane 8-20).
IIpennosxken Mexanu3M 00pa30BaHMUA U TEPMUYECKOTO PABJIOIKEHUA KPUCTAJLIIN-
YEeCKOr0 IpeKypcopa ItacTuH4YaToi Mopdoaoruu. MeTomoM HU3KOTEMIIEPATYD-
Hoit (T =1000°C) kpucTaaIusanuu IpeKypcopa IMoJyUYeHbI caaboarioMepupo-
BaHHBIE HAHOIIOPOIIIKM OKCHJA JIIOTeIus Kyouueckoil mogudukanuu. Ilokasa-
HO, uTO yacTuirbl Lu,0; HAC/JIeayIoT IJIaCTUHYATYI0 MOP(OJIOrAI0 NCXOAHBIX Ya-
cTul, KapOOHATHOTO IIPEKYypPCopa, UTO ABJISAETCA MposaBieHueM ddderTa coxpa-
HeHusa (popmel. IlaacTuHUATHIE YACTUIILI OKCHUIA JIOTEIIUA COCTOAT M3 HEILIOT-
HOYIIAKOBAHHBIX HAHOYACTHUIL C IMHEeHHBIMU pasmepamu B = 50 um. OnpegesieHbl
JIIOMIHECIIeHTHbIe CBOMCTBA aKTHMBUPOBAHHBIX HAHOCTPYKTYP Lu,05:Eu®" mia-
CTHUHYATOH MOP(OJIOTHUH.

MeTo1010 TeTepOTEeHHOr0 0CaIKeHHs 3 BOJHUX PO3UYMHIB XJIOPULIB IPU BUKO-
PUCTaHHI B IKOCTi ocaj:KyBaua rizpokapboHaTy aMoHii0 OyJ0 Ofep:KaHO MO-
HOoa3HUI KPUCTAIIUYHNI IDPEKVPCOD OKCHUIY JIOTEIil0 HMOBIDHOTO CKJIALY
(NH,),Lu(0OH),(CO;),-nH,0. IIpekypcop KpUCTaTiZyEThCA Y BUTJIAL IIJIACTUH-
YaCTUX YACTHHOK poM6iuHoI popMu 3 JiHifiHIME posmipamu y 10—15 mrm? ra
TOBIIIMHOIO V KiJIbKa necATKiB HaHOMeTDiB. BecTaHOBIEHO MisfAima3oH icHYBaHHA
kpucramiugoro npexypcopy (NH,).Lu(OH).(CO,)..-nH,O (monsapre cuiBBigHO-
menns pearentis NH,HCO,/Lu®*" — B inTepsani 8—20). 3anpomoHoBaHO Me-
XaHIi3M YTBOPEHHS Ta TEPMIiUYHOI'O PO3KJANAHHSA KPUCTAJIUYHOIO IIPEKYPCOPY
mractuHyacTol Mopdosorii. Merogoo Hu3bKoTeMiepatrypuoi (T = 1000°C)
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KpucTaJsisarii mpeKypcopy ofep:kaHo caabdKoaraboMepOBaHU HAHOIIOPOIIIOK
OKcuAay JroTernito Kybiunoi mogudikanii. Ilokasano, mo vactuaku Lu,0; ye-
MMaJKOBYIOTH ILJIACTUHYACTY MOP(MOJIOTiI0 TOYATKOBUX YAaCTUHOK KapOOHATHO-
T'0 IPEKYPCoPY, III0 € IPoABOM edeKTy 30epexxkenHsa dopmu. IlmacTuruacti ya-
CTUHKY OKCHUIY JIIOTEIiI0 CKJIANaloThCA 3 HeIlliJIbHO VIIAKOBAHUX HAHOYACTU-
HOK 3 JiHitHMMUu posmipamu v = 50 HM. BussaueHo JitoMiHeCIIeHTHI BJIacTUBO-
CTi aKTMBOBAaHKUX HAHOCTPYKTYP Lu,0;5:Eu®* miacruruacroi mopdosorii.

The (NH,),Lu(OH),(CO;),-nH,0 monophase crystalline precursor of Lu,0O; is
obtained by precipitation of chlorides from aqueous solution using hydrocar-
bonate as a precipitant. Precursor is obtained in the form of rhombic plate-like
particles with linear dimensions of 10—15 um? and a thickness of several tens of
nanometers. Range of presence of (NH,),Lu(OH),(CO,), nH,0 crystalline pre-
cursor is a molar ratio of the NH,HCO,/Lu®*" reagents of about 8—20. We pro-
pose the mechanism of formation and thermal decomposition of the crystalline
plate-like precursor. Weakly agglomerated cubic-modification lutetium-oxide
superfine-particle powder is obtained by low-temperature crystallization of the
precursor (T =1000°C). Lu,0; particles inherit plate-like morphology of the
original particles of the carbonate precursor that is a demonstration of the
shape-memory effect. Lutetium-oxide particles are composed of not close-
packed nanostructured crystallites with linear dimensions of about 50 nm.
Luminescent properties of Eu®*-doped Lu,O; nanostructures with plate-like
morphology are investigated too.

KiaroueBbie cj0Ba: MOJIAPHOE COOTHOINIEHWE, KPUCTAIJINUYECKUN IIPEeKypcop,
HU3KOTeMIIepaTypHas Kpucraanrusanus, Lu,0;, ahderT naMmaru GopMsI.

(ITonyueno 30 Hoabps 2010 e.)

1. BBEJEHUE

B coBpemeHHOM MaTepuaiOBeleHIY OOJILITIOe BHUMAHUE YIeJIAeTCA 3a-
Iave IMOJYUYEeHUs HAHOKPUCTAJIUYECKUX MOPOIITKOB OKCHUIOB PEeIKO3e-
MeJILHLIX 9JIeMeHTOB (B ToM umcie Lu,0;) KoHTpoaupyeMoi MopdoJo-
ruu. SHAUNTEJbHBLIN WHTEPEC mpeacTaBiAaoT yacTunbl Re,O; miacTuH-
yaToi (GOpPMBI, IEPCIEKTUBHLIE AJIA MCHOJb30BAHUA B JIOMHHECIIEHT-
HOU TexXHUKe U 3JIeKTpoHuKe. [lomo6HbIE YaCTUIIBI MOTYT OBITH KOHCO-
JUIVNPOBAHBI B OTHO- U MHOTOCJIONHEIE 2D-CTPYKTYPHI IJ IOJYUYEHU T
BBICOKOILJIOTHBIX MATePUAJIOB IJIA JIIOMUHECIIEHTHBIX d3KPAaHOB BHICOKO-
ro paspelieHus, JIOMUHOGOPOB, PEHTTeHOBCKUX KPAHOB; (HhYHKIIHO-
HAJBHBIX U AUAJIEKTPUUYECKUX MMOKPBITUI; BHICOKOI(D(EKTUBHBLIX 3dJe-
MEHTOB CO CHeIlMaJbHBIMU CBOMCTBAMMU (MArHUTHBIMU, BJIEKTPUUECKU-
mu, ontTuyeckum) [1, 2].

ITosTomy momck sd@dPeKTUBHBIX CIOCO00B yIpaBieHMSa (POpMOIi ua-
CTHUII, OKCUAOB PEIKO3eMeJbHBIX AJIEMEHTOB ABJIAETCA aKTyaJbHOU 3a-
Iadell COBpeMEeHHOT'0 MaTepUaJIOBeIeHU.

IIIupoKkmMHU BOBMOYKHOCTAMU yIIPaBJIEHUSA Mopdoiorneit yacTuil 00-
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JagaeT THAPOTEPMAaJbHLIN MeTon cuHTe3a. Bmecre ¢ Tem, ¢hopMUpPOBa-
HUe IIpeKypcopa B JaHHOM ciiocobe IPOUCXOAUT B Kpalilie HepaBHOBEC-
HBIX YCJIOBUAX (IPU BBICOKMX TeMIIepaTypax M AaBJI€HUAX), IOITOMY
oOpasyiomireca CTPYKTYPLI B BHUAe IIBEeTOBUIHBIX CTPYKTYDP, HAHO-
CTepsKHel, chep, a TaKiKe YACTHUIl IJIACTHUHYATON MOPQOJIOrNU 3ava-
CTYIO KPHUCTAJNJIN3YIOTCI B MeTacTaOMJILHBIX Momumpuranuax [3, 4].
Kpome Toro, CyIiecTBEHHLIM HEJJOCTATKOM METO/Ia SBJISETCA CI0KHOCTD
TeXHUYECKOH peaimsannuy U HeoOXOIMMOCTh HMCIIOJIb30BAHUS AOPOTO-
CTOSAIIEro 000PYAOBaHMIA.

MeTong XMMHUECKOTO COOCAMKIAEHUS ABJAETCA MEePCHEeKTUBHBIM CIIO-
co00OM MIOJIyUeHUsT HAHOYACTHUIL PasJInuHoil Mopdosoruu. [laHHBIN Me-
ToxA obecreumBaeT OJHOPOIHOCTH XMMUYECKOTO COCTaBa IPOAYKTa Ha
MOJIEKYJITPHOM YPOBHE, UTO IT03BOJIAET IPUMEHATD €T0 IJIA CUHTe3a aK-
TUBUPOBAHHLIX COeINHEHNIT, B TOM YHCJe IJId JIOMUHODOPOB. Pertenue
3alauy yIIpaBJIieHUs MOPQOJIOrueil YacTUIl B MeTOle COOCAKACHUSI MO-
JKeT OBLITH peaJM30BaHO IIYTeM HAIIPABJIEHHOTO KOHTPOJIS ()a3soBOTO U
XUMUYECKOT'0 COCTAaBa IIPEeKypcopa, a Tak:ke obecrieueHusI KOHTPOJIUPY-
eMoro mepeBoja (hpasbl-IpeaIieCTBeHHNKA B (hady OKCcHIa IO JeMCTBUEeM
HU3KOTEMIEepPaTypHOH Kpucrajausanuu. IIpum 5ToOM OZHUM M3 OCHOB-
HBIX ()aKTOPOB, OHPENeAIONINX MOP(OJIOTUI0 HAHOUYACTHUIL, SBJITIOTCS
KpucTrajiorpaduueckue 0COOEHHOCTH KPUCTAIINUECKOTO IIpeKypcopa,
MIOJIyUYeHHOTO B Pe3yJbTaTe XUMHUYECKOTO ocakieHmusa. HesHauuTein-
HbIe OTKJIOHEHUSI XMMHUUECKOTo 1 (ha30BOTO COCTaBa MOTYT CIIPOBOIIHPO-
BaTh IOJIyUeHMEe YaCTHUIl HEKOHTPOJUPOBAHHOMN (POpPMBI, a TaK:Ke arpe-
raIuio YacTHUIL.

Pamee mamu Obly10 mOKasaHo [5], UTO mpM OCAKIEHUM JIIOTEIIUS U3
HUTPATHBIX PACTBOPOB AeMCTBUEM THApPOKapOoOHATa aMMOHUSA B 0CAIOK
BbIIazaeT aMop(HLIII OCHOBHOM KapOoHAT JIIOTEIUA B BUE YaCTHUIL He-
KOHTPOJUPOBAHHOMN (POPMEI co cpeguuM pasMmepom = 10—-20 um. Yupas-
JeHue GopMOH aMOP(MHBIX YACTHUIT He IPEeCTaBIIETCI BO3MOKHBIM, Ya-
CTUIILI He 00JIafaoT BhIpasKeHHO Mopdosorueii. TepMoIn3 moIydeH-
Horo mpekypcopa mpu T =800°C mpuBoAuUT K 00pasoBaHUIO0 HAHOIIO-
pomika Lu,O; co cpelHUM OMaMeTPOM MOHOKPHUCTAIINYECKUX UACTUIL
usomopduoit hopmsl oKos0 20—40 aM. OKCHUI JTIOTEIUSI KPUCTAJIUIY-
eTcs B KyOMUECKOM CHHTOHMH, 1 00pa3oBaHMe YACTUIL IIJIaCTHHUYATOMN
(hopMBI AA HETO HEXapaKTEPHO, O UeM CBUIETEILCTBYET PAl pador [6—
7]. BmecTe ¢ TeM, U3 IUTEPATYPLI U3BECTHO O IOJYUEHUU METOIOM Oca-
JKIeHuA mpexypcopoB Y,0;, MgO B Buae miacTuH HAHOMETPOBOM TOJI-
ITUHBI, PJOPMUPYEMBIX B CIEIHAJbHBLIX YCJIOBUAX ocakaeHus [8—10].
Jlamuble 0 MOJMyUYeHNN KPUCTAJINUYECKUX UYACTHUIL IIPEeKypcopa OKcuaa
JIOTEeIUS W IJIaCTUHYATHIX yacTull Lu,0; B IuTepaType OTCYTCTBYIOT.
ITosTomy 1enbi0 HaHHOI PAOOTHI GBLIIO KOHTPOJMPOBAHHOE IIOJYUEHUE
HaHOCTPYKTYp Lu,O; miaacTuHYaTO MOPGOJIOTHN METOAOM I'eTepOreH-
HOTO COOCAKIEHUS M3 BOAHBLIX PACTBOPOB U IOCJIEAYIOIIEH HU3KOTEM-
nepaTypHOU KpucTaaiusanuei.
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2. OKCIIEPUMEHTAJIBHAA YACTD

Hanokpucranmnueckue moporiku Lu,O; moaydyaamn MeTOIOM TeTepo-
FeHHOI'0 XMMUYECKOT0 OCaKIeHUA IIPU UCIIOJIb30BAHUY B KaUuecTBe 0Ca-
nuTensa ruapokapbonara ammouua NH,HCO;. PacTBop rugporkapborara
ammonus (1 M) mobasasanu B pacTBop xJaopuna jorenus (0,1 M), moay-
YeHHBIA pacTBOPeHMEeM KoMMepueckoro oxcuzpa (99,99%) B comsHoit
KucJsore. AKTuBHpOBaHue noHamu eBpomnud (5 aT.% ) oCyIecTBIAIOCH
Ipu IIOMOINM BBeJeHUWSA pacTBopa xJyopuza eBponua (0.5 M) BmecTe ¢
pacTBopoM xJopuza Jjiorernus (0,1 M) Ha cTaguu cMeIIuBaHUA PACTBO-
pos. IIpuMeHnsaacAa IPAMOI MeTO ocakaeHnsa npu TemaepaTtype 25°C co
CKOPOCTBIO IPUKaNbIBaHUA = 1 Mu/MmuH. MoJsipHOEe COOTHOIIEHNE pea-
reaToB (R) NH,HCO,;/Lu®*" noagepxusanocs B uatepsaie 8—20. ITory-
YeHHBIA 0CAJO0K IPEeKypcopa CTapuJcs B TeueHne 24 4acoB, MOABEPraJi-
cs BAaKYYMHOM (DUIbTPAIlMU, TIMATEJbLHOM IIPOMBIBKE JeMOHU3MPOBAH-
HOM BOJOM1, a 3aTeM BBICYIIHBaJCa Hpu TeMmmepatrype 25°C Ha Bo3gyxe.
Haa cuuresa Lu,O; IpeKypcop moaBepraau HU3KOTeMIIepaTypPHO Kpu-
crasutnsanuu npu remiaeparype 1000°C B reuenue 2 uacos.

Mopdosorusi IpeKypcopoB 1 MOPoIIKoB Lu,0O; ObliIa oxapaKkTepuso-
BaHA IIPW IIOMOINM CKAHUPYIOIIEr0 3JEKTPOHHOT'O MHKPOcKoma JSM-
6390 LV (JEOL, Japan) u mpocBeUNBAIOIIET0 9JIeKTPOHHOTO MUKPOCKO-
ma EM-125 (Selmi, Ukrane). UK-crieKTpb! ObLIN ITOJTyY€HBI, UCIIOJIb3Y S
NK-cnekrpodoromerp Spectrum One (Perkin Elmer) B Tabiaerkax KBr.
Huddepeunuanbuo-repmudeckuii (ITA) m TepmorpaBuMeTpUUeCKUt
(TT) aHanmms3bl IPOAYKTOB OCAKIEHUS BBLIMNOJIHEHBLI Ha AepuBaTorpade
MOM Q-1500D (Beurpus). CkopocTs HarpeBa cocTaBisana 10 rpag/mMuH,
B KAQueCTBe 3TAJIOHA MCIIOJIb30BaIN alb(pa-oKcu aTioMUHuA. PeHTreHo-
(dazoBriii ananaus (PPA) mpexypcopa M CHUHTE3UPOBAHHBIX ITOPOIIKOB
BeITTOJTHEH Ha audpakTomerpe IPOH-4 B usnyuenuu FeK, B nunTepBae
yruios 20 = 20—-50 rpaz. YaeIbHY0 HIOBEPXHOCTD IOPOIIIKOB O PeAeIsaIn
metonoM Bpymayspa—9mmerra—Tennepa (BIT). CmexTp paamooMu-
HeCIIeHIIUU perucTpupoBayica mpu momolnu mcrounuka PEMC-E (Cu-
anon, E =30ksB, U =30xkBul=50MKA).

3. PESYJIBTATHI U OBCY:KIEHHNE

XuMmuuecKui 1 (pa30BLIHA COCTAB SABJISAIOTCS (DAKTOPAMM, OIPEIeJISIOIIN-
MU MOP(OJIOTHIO YACTHIL. BIMATE HA cOCTaB IIPEKypcopa, a, CaeJ0BaTe/Ib-
HO, M U3MEHATH MOP(OJIOTHUIO YaCTUIl MOYKHO B pe3yJIbTaTe BapbUPOBaHUA
MOJISPHOTO COOTHOIIeHUs MCXOAHBIX pearenToB (R) NH,HCO,/Lu®*'. Ila-
pametrp R ompenensder pH peaknmoHHOM cMecu (opMUPOBaHUA 0OCaIKa,
TeM caMbIM 00YCJIOBJIMBAET cocTaB. IIpekypcop, 06pasyouiicsa B HHTEP-
BaJie MOJIAPHBIX KoHIeHTpanuii 8—20, ocakgaeTca B BIe ILJIACTHH POM-
6udyeckoro raduryca ¢ TnHeHHBIME pasMepamu 10—15 mxm? (puc. 1 a, 6).
HaHHBIe 5JIEKTPOHHO-MUKPOCKOIMYECKHUX WCCJIEIOBAHUI CBUIETENb-
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Puc. 1. COM-usobpakeHus YacTHUI[ IPEKypcopa OKCHIa JIIOTEIUA, IIOJyUYeH-
Horo mpu R =8-20, BpemeHu crapenus 24 4. u tremueparype 25°C.

Puc. 2. I[I9M-u3obpaskeHnsa YacTHUIl IIPeKypcopa OKCHUAa JIOTeIUs, ITOJyUYeH-
Horo mpu R =8-20, BpemeHu crapenus 24 4. u tremueparype 25°C.

CTBYIOT O TOM, UTO CBEKEOCAKICHHbIE MIKPOHHBIE YaCTHUIIBI IIPEKypcopa
COCTOAT 13 00Jiee MEJIKUX CTPYKTYPHBIX eIUHUIL C JUHEMHBIMI pasMepa-
MU B HECKOJILKO HaHOMeTpoB (puc. 2). CiegoBaTesbHO, ITOJIyUeHHBIE POM-
OuuecKme ILIACTUHBI (DPOPMUPYIOTCS BCJIEICTBHE MHOTOYPOBHEBOI arJo-
Mepalny NCXOOHBIX HAHOPA3MEPHbBIX YaCTHII,.

Ha pucynke 3 mpezncraBiieHa xapaxkTepHasa JudpakTorpaMMa oopasia
IpeKypcopa OKCHAa JIOTeInsA, IoJyUeHHOro mpu Temmoepartype 25°C u
BpeMeHU crapeHus 24 uvaca (PeHTreHOTpaMMbI IIPEKYpPCOPOB, MOJIYUEH-
mble mpu R=8, 10 u 20, ugentuunsl). [IpuBegennaa gudpakTorpaMmma
COCTOMUT 13 IPKO BBIPAXKEHHBIX UeTKIUX Pe(IeKCOB, CBUAETEIbCTBYOINX
00 00pa3oBaHUM B pe3yJbTaTe CUHTE3a KPUCTAIINYEeCKOro MOHOMa3HOTO
ocagka. Kak Oblio mokasaHo pamee (puc. 2), cBexKeocakIeHHbIe POMOHU-
yecKUe IJIACTUHBI MpPeKypcopa cOpMUPOBAHLI HA OCHOBE HAHOpAasMep-
HBIX YacTwull. BeposiTHee BCcero, MexaHn3M 00Pa30BAHUSA HOLOOHBIX MUK-
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Puc. 3. PearreHorpaMmMbl KapOOHATHOTO IIPEKypcopa OKCHAa JOTeIWs, II0-
ayuenHoro npu R=8-20.
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Puc. 4. UK-crieKTpsI TpeKypcopa OKcuaa JIOTelnuA, moJayueHHoro npu R = 8—20.

POHHBIX arperaTos CBA3aH C SIBJEHHEM aJcopOoIuu 1 geficTBus Bau gep
Baanrscosrix cuii. B pesysbTaTe oprueHTHPOBAHYE 1 POCT HAHOPA3ZMEPHBIX
CTPYKTYPHBIX €IUHUIL HIPOUCXOLUT BIAOJIb KPUCTALIOrPAPUUECKUX OCel
npexkypcopa. CHHTe3UPOBaHHLIA KPUCTALINUECKUH HPEKypcop OKcHIa
JIOTEIusA B BUAe POMOMUYECKUX ILJTACTUH HE OTHOCUTCA HU K ONHOI u3
OIMCAHHBIX CTPYKTYP OCHOBHLIX KAapOOHATHBIX COENUMHEHHI pemKo3e-
MeJbHBIX 97meMeHToB [11]. ITo mamubIM pesyabraTroB PPA, a Taxike UK
CIeKTPOCKOIuHU (CM. HUKe), HaMU OBLLIO CHeJAHO NPeAIoJIOKeHUne, UTO
HOJIYUYEHHBIA KPUCTAJJINYECKUN IIPEKYpPCOpP SBJISIETCS TBOMHOM COJIBIO
morenusa cocrasa (NH,), Lu(OH),(CO;),-nH,0.

HNK-ananus Kapb0HaTHOTO COeUHEHU MoKasaau (puc. 4), 4To KpoMme
IIOJIOC IIOTJIOMIEHUA B 00JACTH YACTOT, XapaKTEePHBIX IJs KoJiebaHuii
kapboHaTHBIX rpynn, — 1560, 1420, 1080, 840 u 740 cm ™!, oTMeuaeTcsa
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morJsomeHre B obsactu 3390 cM ', COOTBEeTCTBYIOIIee KOJEeOAHUIO XU-
MUYECKH CBA3AHHBLIX IM'MIPOKCUJIbHBIX IPYIIN. 3aMEeTHOE IIOIJIOIIeHIIe B
o6snactu gactor 3200—3500 cM ! GLLIO OTHECEHO K KOJIe6aHIAM IOBePX-
HOCTHO aJcOpOMPOBAHHBIX MOJIEKYJ BOABI. Kpome BEHIIIeIIepeUnCICH-
HBIX T'PYIII, MOXXHO OTMETHUTHL CJiabo3aMeTHOe IIOIJIOIeHre B 00JIacTu
gacroT 3608 cM ', KOTOpOe, BePOATHO, CBA3aHO ¢ moruomenuem NH, -
rpynnbel. MlcXoas 13 BRIIIECKA3aHHOr0, IPEKYPCOPY ObLI IPUINCAH CO-
cras (NH,),Lu(OH),(CO;),.,nH,0. CpenarHOoe NpeAIOJOXKEeHHE Kade-
CTBEHHO corjiacyercd ¢ TeM (haKTOM, UTO COoefuHeHme (popMupyercs B
miesiounoii obsactu pH 8—20 mpm Hammumy M30BITOUHBIX KOJIMUYECTB
ocaguTresns. B pesyibraTe, B cOCTaB IpeKypcopa MoryT Bxoauth NH, -
noHbI. O GopMUPOBaHUY IPEKYPCOPOB B BUie ABOMHLIX COJIeil CKAHIUS
B obJiacTu 60abIuX 3HaUeHUH R coobramock B [12].

YuureiBad ganabie POA u UK-uccaeqoBanuii, HaMu ObLI IPEAI0MKEH
MexauusM (OPMHUPOBAHHUA MIPEeKypcopa. BeiaeacTBue Majioro MOHHOTO
pazuyca (0,100 am), Lu®* BHauasme mogBepraercsa CUIbHOH I'UApATAIIN
¥ THAPOJIN3Y B BOJHOM PACTBODPE:

Lu(H,0),* + H,0 — [Lu(OH)(H,0), _,]*' + H,0". 1)

ITpu R=8-20 (pH=7, 8), korga xounentpanua NH," u CO,* BmI-
coKas, IPOUCXOAUT 00pasoBaHMe ABOMHON COJIM JIIOTEI[HA:

[Lu(OH)(H,0),,J*" + CO,* + NH," =
— (NH,),Lu(OH),(CO;),:-nH,0 (xpucr.) + (n—-2)H,0. (2)

JlaHHBIA MeXaHM3M HaXOJUTCA B XOPOIIIEM COIJIacUUd C MeXaHU3-
MOM, IPEIJIOKEHHBIM AJIsA IIPEKYPCOPOB KapOOHATOB CKAaHAUA, KOTO-
puIit mpuBenen B pabore [12].

TepMmuueckuii aHAJIN3 IBOMHOTO KapboHAaTa OKCHIa JIoTeIud (puc. 5)
IMO3BOJIAJI YCTAHOBUTDH CJAEAYIOIIUI MEeXaHU3M IIPOIECCa PA3JIOKEeHU:
yaajeHre KPUCTAJIU3ANNOHHON BOAbI (9Hm0s(derT mpu 135°C), pas-
JoskeHue KapoonaTa (sum0sdhdexThI 480 1 545°C) 1 HaUaJI0 KPUCTAJIN-
s3anuu okcuaa jgiorernusd (sx303dderT mpu 600°C). IlomHOCTRIO TPOITECE
dakanumBaeTrca npu 700°C, o ueM CBUAETEJILCTBYEeT TOPU3OHTAIbHBIN
xon kpuBoii TG BmioThk go 1000°C. Hanmnuue Ha KpuBoil JITA suI03)-
(dexTa HeboabIION NHTeHCHBHOCTH IIpu 330°C 00yCIOBIEHO yAAJIeHIEM
rpynnsl NH,". IToaHas moTepsa Macchl 06pasiioM cocrasisaeT 36% , u 3a-
KaHUYMBaeTCsd IIPHU TeMirepaType okoJjo 700°C.

g usyueHusa BIUSHUS TeMIEPaTypHOH o0paboTKM IIpeKypcopa Ha
mopdosoruio gactul Lu,0, noaydeHHbIH IPEeKypcop IOoABePTaIl HU3KO-
TeMIOepaTypHoOn Kpucrawausamuu mpu Temmoepatype 1000°C. Brrio
YCTAHOBJIEHO, YTO MOP(OIOrUA YACTHUI] OKCUAA JIOTENNA IIOJIYyIeHHBIX B
pesyJbTaTe TEPMOJIM3a, 3aBUCHUT OT (Da30BOI0 COCTABA HCXOTHOIO IIpe-
Kypcopa. MukpodoTorpadus (puc. 6) cCBUIeTeILCTBYET O TOM, UTO B IIPO-
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Puc. 5. [ITA-TT-kpuBas mpoliecca TePMUUYECKOTO PA3IOKEHUA KPUCTAJLIU-
YEeCKOTO IIPEKypcopa OKCHUAA JIOTEINA.

Puc. 6. IIOM-us00paKeHnss YaCTUI[ OKCHUIA JIIOTEIUA, [OJYyYeHHbIX IPU HU3-
KOTeMIIepaTypHOU Kpucrajaausanuu npexkypcopa mpu T = 1000°C.

Imecce MPOKAJNBAHUA YACTUIILI OKCHUIA JIIOTEINA HacJeqyIOT IJIacTUHYA-
TyI0 MOP(}OJIOTHIO MCXOTHOTO KPUCTALINYECKOTO mpexypcopa. Iloiy-
YeHHBIN Pe3yJIbTaT ABJIAETCS IIPOaBIeHUEM «d(pdeKTa maMaTu GOPMbI»,
paHee onucaHHOTO IJid yacTulr, Y ;05, MgO [8—10]. 9pdeKT 3aKka0uaeTcsa
B pacmajie IJIAaCTUH OKCHUIa, YHACJIeIOBABIINX HEPABHOBECHYIO (hOPMY OT
YaCTHUIL IIPEKYypPCcopa, Ha N30MeTPUUECKIe YACTHUIIBI C PA3MePOM, COOTBET-
CTBYIOIIIAM TOJIIITHE ILJIACTUHKH.

ITocne mpokanuBaunus GOPMUPYIOTCS cjaaboarioMepupoBaHHbBIE ILIA-
CTUHBLI POMOMUECKOro rabuTyca, KOTOpble MMEIOT TONIIUHY B HECKOJIBKO
IecsaTKOB HamomeTpoB. Ilo-Bugumomy, sddeKT 00bACHSIETCA TeM, YTO
YaCTHUIBI IPEKYypPCcopa, BEICTPOMBINKECA BIOJbL KpHUCTaJIorpadpuuecKux
ocell mpeKkypcopa moj geiicTBmeM cuil Bam mep BaaabcoBoro mputdaike-
HUS, BO BpeMs TEPMOJIM3a He UMEIOT BO3MOYKHOCTH ITIOKUHYThL arperaTt u
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CIIeKaIoTCs, coXpaussd ooy ¢popmy. Ha pucyHnke 6 mokasaHo, 4TO I1jIa-
cTUHUYATasi CTPyKTypa udactulr Lu,0; o6pasoBaHa HEILIOTHO YIIAKOBAH-
HBIMHI AHM30TPOIHBIMI HAHOKPUCTAINYECKUMM YACTUIIAMU C JIUHEH-
HBEIMU pasMepaMu 0KoJ0 50 HM.

Ha pucyurke 7 npeacrasiaeHb! Au(pakTOrPAMMEI IOPOIITKA OKCHIA JIIO-
TEeIns, IOJYUEHHOr0 U3 KPUCTAJIMYECKOTO IIPEeKypcopa B YCIIOBUAX 2-
YaCOBOM M30TEPMUUECKOM BhIJepKKU 1pu TeMmiepaType 1000°C.

ITonyuennas mudpaxTorpamMma IOATBEpPKAaeT o0pasoBaHUE KyOumue-
CKOIl MOIU(PUKAIINY OKCHIA JIOTeIUs. BeJlmunHa MonyIInpUHbI JUpaK-
I[MOHHBIX MMKOB 1 NX MHTEHCUBHOCTDh YKA3bIBAET HA BHICOKOE COBEPIIIEH-
CTBO KPHUCTAJLIMYECKON CTPYKTYpbl. Bemnumua OKP mias mopoInkos,
oroxk:kenHbIX mpu 1000°C, cocraBiaser = 70 uM. [eTanbHBLIN TI'paHyJIo-
METPUUYECKUM aHAIN3 IIOJYUYEHHOI'0 IIOPOIIKA OKCHUAA He BBIIIOJIHSICSH,
OIHAKO HaMU ObLIA OIPeesieHa BeJINUNHA YAeIbHOM IIOBEPXHOCTH, KOTO-
pada cocrasisger = 10,1 m?/r. IlonyueHHOe 3HAUEeHUe ABJIAETCS IOATBEP-
JKIeHNeM HaJUUYNs arJIOMepaTOB Ha OCHOBE HAHOPA3MEPHBIX KPUCTAJLIL-
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Puc. 7. PerTrenorpamMmma OKcHIa JIIOTEIUA, MOJYUYEHHOTO IIPM HUBKOTEMIIEe-
parypHoO# Kpucrasiausanuu nperypcopa (T = 1000°C).
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Puc. 8. CrexTp pagnomomunecnennuu Lu,0;:Eu®’ (5 ar.%).
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TOB.

CuexTp paguoOJIOMUHECIIEHIINN AaKTUBUPOBAHHLIX HAHOCTPYKTYP
Lu,0;:Eu®" (5 ar.% ) miaacTuHYaToH MOP(OJIOTHH, IOTYyIeHHBIX IPOKa-
JUBaHNEM KpHUCTaJJInuecKoro npexypcopa mpu T = 1000°C, mpexncras-
JeH Ha puc. 8. CneKTp IpejcTaBjeH IPYIIaMy JUHUHA B 00JaCTH IJINH
BOIH 575—725 HM, coorBercTBylomux *D,— 'F, (J = 0—4) nepexozam
noua Eu®', u coBmazaeT co CIEKTpPOM JIOMUHECIEHIHH O0BHEMHOTO
Lu,0;:Eu®" [18], uTo cBUIETEeNBCTBYET O BXOMK/AEHUN MOHOB €BPOIUSA B
pertetky Lu,05. MakcuMyM JIOMUHECIIEHIINY HaOI0AAeTCs IPU AJINHE
BoJiHBEI 611 HM. VIHTEHCHBHOCTh PaJMOJIOMUHECIEHIIMY YaCTHIL IIJa-
CTUHYATOM MOP(OJOTMH CPABHUMA C MHTEHCUBHOCTBIO «TPAJUIIMOH-
HBIX» HaHOIOPOomKoB Lu,0;:Eu®" ¢ 6;1m3Koii K cepuueckoit MopdoJro-
rueil yacTtuil [5], UYTO CBUAETEIBCTBYET O IEPCIEKTUBHOCTH UCIIOJIH30-
BAHUSA IIOJYUYEHHBIX YACTHUIL IJIs (DOPMUPOBAHUSA IIJIEHOUYHBIX JIOMUHEC-
IIEHTHBIX CTPYKTYP.

4. BBIBOAbI

OHpeI[e.HeHBI YCJIOBUA CHMHTEe3a HOMMHAJIBHO YHMCTBHIX 1 aKTUBHUPOBAHHBIX
ILIACTUHYATHIX YaCTHUI[ OKCHUAA JIOTEIUI POMONUYECKO MOP(OIOruy Me-
TOJOM I'€TEPOTE€HHOI'0 COOCAMKAEHUA U IIOCIeYIOIIell Hu3KOTeMIIePaTyp-
HOM Kpucramamsamueii. Iloxkazano, 4To 006JiacTbI0 00pa30BaHUSA MOHO-
(hasHOro KPUCTALINIECKOr0 IPEKYPCOPa OKCHUIA JIIOTEIUA IPEIII0JI0MKI-
renpHOrO cocrasa (NH,), Lu(OH),(CO;),.-nH,0 B Buge niacTur pombude-
cKoro raburyca pasmepoMm 10—15 MKM? ABIgeTcA AUANA30H MOJISIPHOTO
coorHomenud peareaToB NH,HCO,/Lu?*" = 8-20.

OmpepesieHo, YTO IJIACTHHYATAsA MOP(OJIOTUS YACTUIL SABJAETCA pe-
3yJIbTaTOM MHOT'OYPOBHEBOU arperanui U30MOP(PHLIX KPUCTAJLINIECKNX
HaHOPa3MepPHbBIX YaCTHIL CO cpegHUM guamMmerpoM 10 mm.

OmpepeieHo, YTO IPU TEPMOJIN3e KPUCTAJLIMIECKOro IpeKypcopa co-
crasa (NH,),.Lu(OH),(CO;),.-nH,0 npu T =1000°C nabaogaerca sppexT
mamMaTyu (popMbl, 3aKJIIOYAIOIIUIACA B HACIEIOBAHUY ILIACTUHYATON MOP-
(hosrorum; yacTUIIAMY OKCHUIA JIFOTEIIUA.

ITokazamo, YTO CTPYKTypa IJIacTUHYATBHIX dacTull Lu,0; odpazoBaHa
HEIIJIOTHO YIIaKOBAHHBIMHN aHU3O0TPOIIHBIMMN HAHOCTPYKTYPHBIMN 6JIORa—
MU ¢ IUHEMHBIMU pasMepamMu 0KoJo 50 HM.

Wsyuena paguoIIOMUHECIIEHIINS AKTHBUPOBAHHBIX HAHOCTPYKTYP
Lu,0;:Eu®* (5 aT.% ) mnacturuaToii Mopdosoruu.

ABTOpBI BEIpa)kawmT OJarogapHocTbh K.p.-M.H. P. II. fdBenxomy 3a
IIOMOIIb B OOCY:KIeHUU pPe3yabTaToB. [[laHHBIM MPOEKT BBLIIOJHEH HpPHU
yacTuuHoM moamep:kke HAH Yxkpauubsl B paMKax IeJIeBOM KOMILIEKC-
HOM mporpamMMbl (hyHIaMEHTaJbHBIX HcclefoBaHUll «DyHIaMeHTa b-
HbIe TPOo6JIeMbl HAHOCTPYKTYPHBIX CHCTEM, HAHOMAaTEPUAJIOB, HAHOTEX-
HoJioTUii» 1o moroBopy Ne 78/10-H ot 06.08.10.
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