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Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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SYNTHESIS OF NANOCRYSTALLINE COMPLEX OXIDES
IN SUPERCRITICAL ALCOHOLS

Abstract. An intensive search for solid electrolytes with high proton conductivity is being continued over the
past few decades, which is primarily due to the high practical significance of these systems. Proton conductors are
widely used as components of electrochemical devices such as gas sensors, electrolyzers, fuel cell membranes, etc.
The variety of currently known solid proton conductors can be classified by operating temperature parameters, with
the allocation of low, medium and high temperature regions. Each class, from the point of view of its practical use,
has a number of advantages, but at the same time, specific disadvantages that hinder practical implementation. In this
regard, the material science goal - the synthesis of new materials with functional properties, remains relevant.

For the first time, complex oxides — lanthanum niobates — were synthesized using alcohol solutions of salts of
the corresponding metals by the solvothermal method in a flow reactor in a supercritical isopropanol medium. This
method allows one to obtain single-phase lanthanum orthioniobate oxides, the phase composition, structure and
morphology of which is characterized by X-ray phase analysis (XRD), Raman spectroscopy (Raman spectroscopy),
scanning and transmission electron microscopy (SEM and TEM).

Key words: synthesis in supercritical alcohols, complex oxides, lanthanum orthoniobate.

Proton-conducting electrolytes for H - SOFC were discovered by Iwahara et al. [1,2] in the early
1980s. They indicated that niobates and tantalates of rare earth metal are a group of compounds with
interesting properties, both from scientific and practical point of view. The study of the properties of these
ceramic materials was based on the study of their optical and, in particular, fluorescent properties [3-4].

The structural properties of this ceramic were studied in [5,6]; It turned out that lanthanum niobate at
490 to 525°C undergoes a phase transition (of the second kind) from a monoclinic phase with a
fergusonite structure to a tetragonal one with scheelite structure. This phase transition is accompanied by a
large thermal expansion, and in turn, it was determined that the high-temperature phase has a higher
proton conductivity.

A number of works were devoted to the search for doping cations capable of stabilizing the high-
temperature phase. It was shown that in the case of introduction of cations into the lanthanum sublattice,
the transition temperature changes only slightly, whereas in the case of substitution of niobium into the
sublattices, it changes appreciably (up to room temperature in the case of doping with antimony or
vanadium) [7, 8].

The introduction of lanthanides with a smaller ionic radius into the lanthanum position does not affect
significantly the phase transition temperature, but strongly changes the optical and electrical properties of
rare-earth niobates, in particular, enhances the luminescent properties [9].

— f —
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Rare-earth metal orthiobates are a new class of high-temperature proton conductors with the ABO3
perovskite structure [10,11], having proton conductivity of the order of 10* Ohm™ Sm™ at temperatures
above 700°C and high stability in a humid and CO; enriched environment. However, LaNbO4 has a rather
low conductivity [12].

Since the presence of oxygen vacancies is the main factor responsible for the appearance of proton
defects, the value of proton conductivity is directly related to the defectiveness of the complex oxide.
Numerous efforts have been made to improve conductivity by single- or multi-element doping of
perovskite sublattices with cations having a lower valency and a larger ionic radius, including monovalent
(Na', K"), divalent cations (Ca**, Sr**, Ba®") or trivalent cations (Fe’', Gd**, La’"), as well as perovskite
B-sublattices with cations having high valency with a small ionic radius, such as W**, Ce*', Zr*" , Mn*",
Co*, Yb*, and Y*'[13,14].

According to Hausgrund and Norby [11], when doping lanthanum niobate with calcium cations
(Lao9oCaooiNbOy), the proton conductivity in wet hydrogen increases sharply and is about 10* C/cm at
900°C, while it is two orders of magnitude lower in the case of undoped material

Various methods are used to synthesize rare-earth metal orthioiobates: the preparation from salts
melts [15, 16], solid-phase synthesis [11,15,16,17], the sol-gel method [18,19,20], spray pyrolysis
(thermal decomposition of aerosol solutions) [12], coprecipitation [21] and mechanochemical synthesis
[21,22]. Most of the above methods are multi-stage, time-consuming and require large time and energy
spending. In contrast, synthesis using supercritical fluids (SCS) is characterized by simplicity and high
productivity.

Aymonie [23] emphasizes that the supercritical fluid technology used to produce oxide materials
makes it possible to control the synthesis process by varying the operating parameters and provides an
understanding of how each parameter, affecting the synthesis process, allows controlling the material
characteristics in terms of size , morphology, structure.

The aim of this work is to obtain proton-conducting materials using alcohol solutions of salts of the
corresponding metals by the solvothermal method in a flow reactor in a supercritical isopropanol medium.
During the study, the complex oxides LaNbO4 and Lag99Cag.0i1NbO4 were synthesized and characterized
by a complex of physicochemical methods.

Experimental part. Samples of complex oxides were synthesized by solvothermal synthesis using
supercritical isopropanol in a flow-type reactor; installation scheme is shown in figure 1. Samples of
lanthanum niobates were synthesized using alcohol solutions of salts of the corresponding metals. The
precursors used were La(NOs3);*6H,O (VECTON, 99.99%), Ca(NOs), (REAHIM, 99.5%), NbCls
(LLC NPP Methim, 99.90%). Precursor solutions were prepared by dissolving in isopropanol . The
resulting mixture was injected into the mixer with a syringe pump at a rate of 5 ml/min. A preheated
alcohol was injected continuously with a plunger pump in the same mixer at a rate of 9 ml/min. The
synthesis was carried out at 400°C and 120-130 atm. After exiting the reactor and depressurizing the
product was cooled in a heat exchanger and collected in a storage tank. The decantation method was used
to separate the solid product from the mother liquor. The resulting precipitates were dried and calcined at
700-1300°C for 4 hours.

To obtain a dense ceramic based on a sample doped with calcium, the compressed tablet was calcined
in air for 4 hours at 1300°C. Its density was estimated using data on its weight and geometric dimensions.

The phase composition of the samples was studied using a BrukerAdvance D8 diffractometer with
CuKa radiation. Diffraction patterns were obtained by scanning in the angle range 15 - 90 (20) with a
scan step of 0.05 (20). The obtained phases were identified using an ICDD X-ray file cabinet. The
coherent scattering region (CSR) was determined by the diffraction reflection (004) for the tetragonal
Lag.99Cao01NbO4 [PDF 50-0919] and (-121) for the monoclinic [PDF 22- 1125] phases.

IR spectra of the samples were recorded on IR Fourier spectrometer Cary 660 FTIR spectrometer
(Agilent Technologies) and PIKE Technologies Gladi ATR in the range of 4000-250 cm™, with a scanning
step of 32. Electron microscopic studies were performed on a JSM-6460 LV scanning electron microscope
(JEOL, Japan).
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Figure 1 - Laboratory installation for supercritical synthesis 1 - a tank with alcohol, 2 - a tank with a solution of metal salts,
3 - a plunger pump, 4 - a syringe pump, 5 - a reactor, 5a - a flow heater for alcohol, 6 - a mixer, 7 - a furnace,
8 - a heat exchanger, 9 - back pressure valve, 10 - storage tank

Results and discussion. According to the X-ray diffraction pattern (figure 2a), after supercritical
synthesis, the initial lanthanum orthoniobate and the calcium doped sample are X-ray amorphous
materials. After calcination at 700°C in both samples, lanthanum orthoniobate is formed in two phase
modifications: low-temperature monoclinic [01-083-1911] and high-temperature tetragonal [00-050-0919]
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Figure 2 - X-ray diffraction patterns of lanthanum orthoniobate samples a) after SCA and b) after calcination at 700°C

According to the XRD data (figure 2b), Lag.99Cao.0i1NbO4 is a mixture of two phases — monoclinic
and tetragonal, whose peaks are broadened, indicating that the sample obtained during the synthesis is an
ultrafine material with a primary particle size of the nanometer range. With an increase of the calcination
temperature (figure 3), the crystallization of both phases increases, and the phase ratio changes in the
direction of increase of the monoclinic phase Lag99Cao01NbOs. After calcination at 1300°C, the tetragonal
phase is retained in very small quantities.
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Figure 3 - Diffraction patterns of Lao.o9Cao.01NbOa4 after calcination at 900—1300°C

As follows from the data in Table. 1, the domains of both phases remain in the nano-region even at
high calcination temperatures. It should be noted that the size of the monoclinic phase domains decreases
with an increase in the calcination temperature, which may be related to the specific dynamics of the
transformation process of the tetragonal phase into the monoclinic one, which does not proceed to the end
even at 1300°C. In this case, a decrease in the specific surface with increasing annealing temperature
indicates an increase in the average particle size of the sample and, therefore, an increase in the density of
domain walls with which the channel of rapid diffusion of oxygen ions and protons can be associated [19].

Table 1 - Characteristics of Lao.99Cao.01NbOs after calcination at 700-1300°C

Ne Calcination temperature, °C Coherent scattering region, nm ST, m%/g
Tetragonal phase Monoclinic
phase
1 700 23.8 - 20
2 900 354 42.3 16
3 1100 52.9 27.9 4
4 1300 66.0 27.5 0.2
576
La, Ca, NbO,
430
3 618
z
g  |1300°C
=
1100°C
900°C

T T T T T T 1
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Wavenumber, [cm ]

Figure 4 - IR spectra of lanthanum orthoniobates after calcination at 900—1300°C

According to IR spectroscopy, the absorption bands in the range of 1500-1400 cm™ for the low-
temperature sample correspond to carbonates (figure 4). The spectral absorption regions of Nb-O groups
in the [Nb>" Q4] * tetrahedron are in the region of 600 cm™ '. Oscillations in the regions of 800 and

— Q —
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430 cm™ correspond to the monoclinic phase Lago9Ca .01NbO4, which is in good agreement with the XRD
data. The intensities of these peaks increase with annealing temperature.

The relative density of Lago9CagoiNbO,4 tablet calcined at 1300°C for 4 hours was ~ 90%, which
indicates good sinter ability of the materials obtained by this method due to their disorder. Indeed, for
samples obtained by the method of high-temperature solid-phase synthesis, such a density is achieved only
at higher temperatures of ~ 1500°C [15-17]. The fine-grained structure of ceramics with the grain size
1-5 microns also should be noted (figure 5).

- Z5kU

Figure 5 - SEM images taken from the surface (a) and from the cleavage (b) of the Lao.99Cao.01NbO4 ceramic sample

Conclusions. Thus, in this work, the complex oxides LaNbO4 and Lag 99Cag01NbO4 were obtained by
solvothermal methods in a flow reactor in a supercritical isopropanol environment for the first time.
According to XRD and IR spectroscopy of lattice vibrations, the structure of the samples is a mixture of
monoclinic and tetragonal phases, the ratio of which varies with increasing calcination temperature.
Preservation of nanocrystallinity even in the high-temperature Lag9oCao.01NbO4 sample can play a large
role in its transport characteristics.

Thanks. This work was financially supported by M.Kh. Dulati Taraz State University, Taraz,
Kazakhstan. Research work was carried out on the basis of the scientific laboratory of Chemistry and
Chemical Technology Departmen, TarSU, the Department of Physical Chemistry of the Novosibirsk State
University and the Laboratory of Deep Oxidation Catalysts of G.K. Boreskov institute of catalysis SB
RAS, Novosibirsk, Russia.
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HAHOKPUCTAJIABI KYPJAEJI OKCUATEPII ’KOF'APBI
KPUTHUKAJIBIK CIMPTTE CUHTE3JIEY

AnHoranus. [IpoToH eTkisrimn 0ap KaTTBl 3JCKTPOJUTTEPIi WHTECHCHBTI KapacThIPy >XYMBICHI OipHerie
OHJIaFaH JKbUIZAap OOMBI JkalFacyia »oHe Oy, €H alIbIMeH, MyHIal J>KyHeJepIiH >KOFapbl NPaKTHKAIBIK
MaHBI3AbUIBIFBIHA OaiiaHbBICTEL. ['a3 HaT4MIi, 3JIEKTPONN3aTOp, OTHIHHBIH JKacylIaNbIK MeMOpaHackl *kaHe T.0.
MPOTOH OTKI3TIMI ANEKTPOXUMUSUTBIK KYPBUIFBUIAPABIH KOMITOHEHTI peTiHAe KeHIHeH KojimaHbUiamsl. Kasipri
yakbITTa OENTil MPOTOH OTKI3TILITEPiHIH XKYMbBIC TeMIlepaTypachblHa OailIaHbICTHI TOMEH, OPTAllla JKOHE JKOFaphl
TEMIIEpaTypaibl MPOTOH OTKI3TiluTep OOJNBIN JKiKTenenl. OpOip KIACTBIH MPAKTUKANBIK KOJJIAaHY TYPFBICBIHAH
anranza, Gipkatap apThIKIIbUIBIFBI O0ap, COHBIMEH Oipre oyap/IblH COTTI KOMMEPUHMsUIaHYbIHA Keepri 00JaThiH HAKTHI
KeMmiIitikrepi ne kesgeceni. OckifaH OaiijlaHBICTBI MaTepUalTaHy FBUIBIMBIHBIH HETi3ri MIHIETI — (YHKIHMOHAIbI
KacueTTepi Oap skaHa MPOTOH OTKI3TIII KACUET] 0ap HAHOKOMITO3UTTEP i CHHTE3ICY.
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IIpoTon eTki3rimt Kacueti 6ap saekTpoaurrepai 1980 xpuimapabie 6ackiHma MBaxapa xoHe 0acka 1a FajbMaap
3eprTeil Oactanpl. FanpiMaap cupek Ke3neceTiH KOCBUIBIC — HHOOAaTTap MEH TaHTaJJapAblH FBUIBIMH TYPFBIIAH 14,
NPaKTHKAJIBIK TYPFBIIAH Ja MaHbI3Jbl Kacuerrepi Oap KochuibicTap TOOBI €KeHIH KepceTTi. bysl kepamuKaibIK
Marepuall KaCHETiH 3epTTey, OJIap/blH ONTHKAJIBIK KACHETIH, aTan alTKaH/a, JIOMUHECIIEHTTI 3epTTeyre Heri3aemu.
JlanTaH OPTOHMOOATHIHBIH KYPBUIBIMABIK KacueTiH 3eprrerenne 490-men 525°C-ka neifinri TemmepaTypasa
(beprycoHUT KypbUIBIMBI 0ap MOHOKIMHIAIK (a3amaH, LICSTUT KYPBUIBIMBI Oap TeTparoHajblbl (a3ara aybICybl
OaliKajiabl.

JlanTaH opTOHNOOATHI — )KOFaphl TEMITEPATypaIbl MPOTOH OTKI3rinI Kacueti 0ap ABO3 epOBCKUT KYpPBIIBIMIIBI
KYpZENi OKCHI, K0Faphl Temmeparypaaa 700°C nporon erkisrimi 10~*Om'em™!, an surranme sxoue Gaiibrreuran CO;
OpTaChIHIA TYPAKTHI OOJBIT KeJe .

Kanmer  popmynacel ABO; TEpOBCKUT KYpPBUIBIMABI KYpAENi OKCHUITEDP TYPaKTBUIBIFBIHA OaiiIaHBICTBI
SIIEKTPOJIMTTIH €H KOJIAHIBl MaTepHaibl. A MEPOBCKUT KaTHOHBIHA TOMEH BalieHTTi cinTimik meranmap (Na“, KY),
eKiBaeHTTi cinTinik sxepmeranmap (Ca?’, Sr**, Ba?") xone ymsanenrti (Fe**, Gd*", La*") kxatnonmap opnanacyst
myMmkin. Kepicinme, neposckur B katnonst W', Ce*', Zr*', Mn®", Co**, Yb** xone Y** cuAKTBI KilIKeHTAll HOHIBIK
pamuychl Gap >KOrapbl BaJCHTTI KaTHMOHIAAPMEH KaMTaMachl3 eriieai. KenTereH mepoBCKHT KypbUIBIMABI KYpAENi
OKCHATEP/iH IPOTOH OTKI3TiLITIK KacueTi oap.

Cupek Ke3[ieceTiH MeTalap JJAaHTaH OPTOHHOTTAP.IbI CHHTE3/CY YIIIH KeleCifiel Typil oficTep KO IaHbUIA b
OaNKpITIANApIaH TY3 MaiibIHaY, KaTThl (ha3alibl CHHTE3, 30JIb-T€Nb 9ici, CIpel MUPOIH3i (a39PO30IIBIiH TEPMHUSIIBIK
BIIBIPAY), Oipre TYHY *oHE MEXaHOXUMUSIIBIK cuHTe3. JKorapblia atayFaH 9iCTEpAiH KOIIIiri KeIlcaTbulbl, y3aK
YaKBbIT TICH DHEPIusiHbl KaxeT eredi. KepiciHiue, »KOFapbl KPUTHKAIBIK CYHBIKTHIKTBI KOJIJaHa OTBIPBIIT CHHTE3ICY
omici KapamailbIM XOHE JKOFaphl eHiMIiI OONBIT Kenmemi. Aymonie eHOEKTepiHJe OKCHATI MaTepHajIbl eHAIpy.e
KOJIIaHBUIATBIH YKOFapbl KPUTHUKAJIBIK CYHBIKTBHIK TEXHOJIOTHACH! 3ePTTENETIH MaTepral MOP(OIOTrUsChl, KYPbUIBIMEI
JKarblHaH TIapaMeTpiepiH ©3repTill, CUHTe3 YIepiCiH OakbulayFa JXOHE CHHTE3 YJepiciHe ocep ereTiH opOip
nmapaMeTpAiH MeJIIepi MeH MaTepHuaJIIbIK CHITaTTaMaIapblH 0acKapyFa OONaThIHIBIFBIH AiTTHI.

CoHpbIKTaH, OYJI )KYMBICTA aJFalll PeT >KOFapbl KPUTUKAJBIK OpTala M30IpolaHon KaTelckiHIa LaNbOs meH
Lag99CagoiNbO4 kypmem okcuarep cuHTe3feniHin ambiHibl. Asbiaran LaNbOs men LaggoCagoNbOs xypaemni
OKCHUATEPJiH KYHAIpY TemneparypacbiHa 0ainaHbICThl (PU3UKO-XUMHUSUIBIK KACHETTEP] 3epTTeI .

Kymeic Hotmxkecinne anbiaran LaNbOs men LaggoCag o NbO4 Kypamasl Kyp/esli OKCHIATEp Ka3ipri yakbITTa
CyTeTi SHeprus canachlH/a KapKbIHIIbI 3epTTeyre OalnaHbICTHl YIKeH cypaHbicKa ne. COHABIKTaH NMPOTOH ©TKI3rimI
KacueTi 6ap HAHOKOMKOMIIO3HUTTEP 9li JIe YAKSH 3epTTEyIIepIi Tajar eTeIi.

Tyiiin ce3gep: >XOFapbl KPUTHKAIBIK CIPUTTE CHUHTE3JEY, KYpHelli OKCHATEp, JIaHTaH OpTOHHOOATHI,
KYPBUIBIMJIBIK CUIIATTaMaliap.

JI.T. AnteinéexoBal, B.K. Macainumosa!, FO.H. Becnaiko?,
K.P. Banees?, T.A.Kpurep?, B.A. Cagbikos?3
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CHUHTE3 HAHOKPUCTAJIVIMYECKHUX CJIOXKHbBIX OKCHUIOB
B CBEPXKPUTHYECKHUX CIIUPTAX

AHHOTAUMA. VHTEHCUBHBIA MOUCK TBEPABIX JJIEKTPOJIUTOB C BBICOKOM NPOTOHHON MNPOBOAMMOCTBIO
MPOJIOKAETCSl HA MNPOTSHKEHUM IIOCIETHUN HECKONBKHX AECSITWIETHH, 4YTO OOYCIIOBICHO B IIEPBYIO OUYEpEnb
BBICOKOH MPaKTU4ECKON 3HAYMMOCTBIO JaHHBIX cHcTeM. [IpOTOHHBIC TPOBOJHUKK HAXOIAT HIMPOKOE MPUMEHEHHE B
KauecTBE KOMIIOHEHTOB ICKTPOXUMHUYECKUX YCTPOHCTB, TAKUX KAK ra30Bble CEHCOPBI, 3JIEKTPOIN3EPHI, MEMOpPaHbI
TOIVIMBHBIX 3JIEMEHTOB U JP. MHOF006p8.3l/Ie M3BCCTHBIX B HACTOAIICC BPpEMA TBEPAbIX MNPOTOHHLIX MPOBOJHUKOB
MOXET KJIaCCU(HULIMPOBAThCA 10 IapamerpaM pabdo4Mx TeMIeparyp, BbIAEIsSS HHM3KO-, CpeaHe- ¢
BBICOKOTEMIIepaTypHble obsacti. Kax/plii Kiacc, ¢ TOYKH 3pEHUS] MX MPAKTHYECKOTO HCIIONb30BaHMs, 00Jajgaer
pSIOM JIOCTOMHCTB, HO U B TO € BpeMs clenn(UUecCKMMH HEJ0CTaTKaMH, CAEPXKHMBAIOIIMMH HX IPaKTHYEeCKOe
BHeJpeHne. B 3Toll cBs3M, MaTepuanoBequecKas 3a/aya — CHHTE3 HOBBIX MaTepualioB ¢ (PyHKIMOHAIBHBIMU
CBOMCTBaMH, OCTAETCA aKTyalbHOIL.

IIporormpoBogsmue 31ekTponutbl Lt H + -TOTD Opum oOHapykeHBl Iwahara n coaBT. B Hauame 1980-x
rogoB. OHM yKa3zaiu, 4TO HHMOOATHl M TAHTAJIATHl PEIKO3EMENBbHBIX METAIOB INPEACTABISAIOT COOOH TIpyIny
COEIMHEHUH ¢ MHTEPECHBIMU CBOMCTBAMU KaK ¢ HAYYHOM, TaK U C MPAKTUUYECKON TOUKH 3peHus. M3yueHne cBOWCTB
9TUX KepaMHYECKMX MAaTepHajoB 0a3sHMpOBAIIOCH HA HCCIECIOBAHMM MX ONTHYECKUX CBOMCTB, M, B YaCTHOCTH
(ryopecuenTHBIX. CTPYKTypHBIE CBOWCTBA 3TONH KepaMUKU OBLIM M3Y4EHBI H OKa3aJ0Ch, 9YTO HUOOAT JIaHTaHA MpU
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temrneparype ot 490 no 525°C mperepneBaeT (azoBblit mepexon (BTOPOro poja) M3 MOHOKIMHHOHW (asel co
CTPYKTYpO# (heprycoHHTa B TETPArOHAIBHYIO CO CTPYKTypoi mieenuta. OpTOHHOOATHI PeIKO3EMENIbHBIX METAIIOB
SIBIIIFOTCSL HOBBIM KJIACCOM BBICOKOTEMIIEPATYPHBIX MPOTOHHBIX MPOBOIHUKOB CO CTPYKTYypoil mepoBckuta ABOs3,
UMEIOT MPOTOHHYIO TMpPoBoAUMOcTh Topsaka 10* Om' Cm' mpu Temmeparypax Bbime 700 °C M BBICOKYIO
YCTOWYHMBOCTh BO BIIaXKHOM M obOorameHHoit CO, cpeme. Onnako LaNbOs oOnamaer nOCTaTOYHO HU3KOU
NIPOBOANMOCTHIO. [IOCKOJIBKY HajMuMe BaKaHCHH KHCIIOPOAA SIBIISICTCS OCHOBHBIM (DaKTOPOM, OTBETCTBEHHBIM 32
MOSIBJICHHE TPOTOHHBIX AEe()EKTOB, TO BEIMYMHA MPOTOHHON NMPOBOJMUMOCTH HANpsMYIO CBsi3aHa C Ae()EKTHOCTBHIO
CJIOKHOTO OKcuaa. MHOTOUYMCIEHHBIE yCWINS ObUIM MPEANPHUHSTHI ISl YIIYUIICHUS! TPOBOAUMOCTH ITyTEM OJHO-
W MHOTO2JIEMEHTHOTO JOIHMPOBAaHHS KaK A-TIOIPEILETKH IEPOBCKUTA KAaTHOHAMH, MMEIOLIMMH 0oJiee HHU3KYIO
BAJICHTHOCTh W OONBIIMM HOHHBIM pamuyc, BKIodas oxHoBanentHsle (Na', K'), mByxpanenturie xatnonsl (Ca’,
Sr?, Ba*") mmm TpexsanenTHble kaTnoHwl (Fe’', Gd**, La’"), Takx m B-mompemeTkn mepoBCKHTa KaTHOHAMH,
MMEIOIINX BBICOKYIO BAJIEHTHOCTH ¢ HEGOIBIIMM HOHHBIM paamycom, TakuM kak W3, Ce*', Zr*", Mn**, Co®", Yb*' n
Y3*. Cormacro Hausgrund u Norby, npu monmpoBannm Humo6Gara jnanTaHa KaTuoHamu Kaibmus (LagooCagoNbOs)
IPOTOHHAS POBOJMMOCTE BO BIAXKHOM BOJOPOJIE PE3KO YBENIMUIMBAETCS U cocTaBiseT okono 10 3 C/em mpu 900°C,
B TO BpEMs KaK B CJlIydac HCJONMMPOBAHHOI'O MaT€purajia MpoOBOAMMOCTL Ha JiBa MOPsAJAKa HUXKEC.

Jnst cuHTE3a OpPTOHMOOATOB PEAKO3EMENbHBIX METaUIOB HCIIOJIB3YIOT pa3IMuyHble METOABI: MOJy4YeHHE W3
paciuiaBoB  coseif,  TBepaodasHbIii  CHHTE3,  30Jb-I€JIb  METOJ,  CIpEeH-nmuposu3  (TepMUYecKoe
PpasJio’KEeHUE a3pO30JIsi pACTBOPOB), COOCAKACHUE M MEXaHOXUMHUYECKUH CHHTE3. BONBIIMHCTBO M3 MepeYrciIeHHbIX
BBIIIIE METOJIOB SIBJISAIOTCSI MHOTOCTAJINHHBIMU, TPYIOEMKUMH U TPEOYIOT OOJBIIMX BPEMEHHBIX M YHEPreTHYECKUX
3arpar. B oTiamume OT HHMX CHHTE3 C HCIoib3oBaHHeM cBepxkputhueckux ¢monnoB (CKC) xapakrepusyercs
MPOCTOTOH W BBICOKOW IPOW3BOAUTENHHOCTRIO. B  pabore Aymonie mOZYepKHBAeTCs, YTO TEXHOJOTHS
CBEPXKPUTHYECKUX (ITIOHIIOB, MPUMEHAEMas JUIsl TIOJYYCHUS OKCHIHBIX MaTepHaloB, 1aeT BO3MOXKHOCTh YIIPABIISATh
IPOLIECCOM CHHTE3a ITyTeM BapbHpOBaHHSA pabO4YMX MapaMeTpoB M JaeT NOHMMaHHE TOTO, KaK KaKIbIH Imapamerp,
BIIMSIONIMI HA IPOLIECC CHHTE3a, II03BOJISIET KOHTPOJIUPOBATh XapaKTEPUCTUKH MaTepyaia ¢ TOYKH 3pEeHHs pa3Mepa,
MOP(OJIOTHH, CTPYKTYPBI.

I_ICJ'II)IO ZlaHHOpI pa60Tl)l ABJIACTCA MOJYYCHHUE IMTPOTOHIIPOBOAAIINX MAaTEPUATIOB C UCIIOJIB30BAHUEM CIIUPTOBBLIX
pacTBOpPOB COJIEH COOTBETCTBYIOIIMX METAIJIOB COJIBBOTEPMAIBHBIM METOJAOM B IPOTOYHOM pEaKTope B
CBEPXKPHUTUYECKOH cpele M30mpormaHoyia. B xome paboThl ObUIM CHHTE3UPOBAHBI CI0XHBIC OKCHIbl LaNbOs u
Lag.99Cao.01NbO4 1 0XapakTepru30BaHbl KOMIIEKCOM (PU3MKO-XUMHUYECKUX METOIOB.

Takum o0Opa3om, B JaHHOH paboTe BHEpBBIE MOJMy4eHb! cloxHble Okcuabl LaNbOs m LaggoCagoiNbOs
COJIbBOTEPMAIEHOM METO/aM B IIPOTOYHOM PEaKTOpe B CPEie CBEPXKPUTHUECKOTO n3onponanona. I1o nanaeiM POA
n HMK-criekTpockonmun Kone0aHWi pemeTKH, CTPYKTypa OOpasloB MpeICTaBIseT CO0O0H CMeCh MOHOKIMHHOW M
TETparoHaJbHOU (ha3, COOTHOLIEHHE KOTOPBIX H3MEHSETCs C POCTOM TeMIlepaTypsl NpokanuBaHus. CoxpaHeHHE
HAaHOKPHUCTAJUTMYHOCTH [ake Y BBICOKOTeMITepaTypHOro odpasua LagosCagoiNbOs MoxkeT urparb OONBIIYIO pOlb B
€r0 TPAHCIIOPTHBIX XaPAKTEPUCTUKAX.

KiroueBble cj10Ba: CHHTE3 B CBEPXKPUTHUYECKHUX CIMPTAX, CJIOXKHBIE OKCHIBI, OPTOHHOOAT JIAHTaH.
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