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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 lwahara 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 ofthese
ceramic materials was based on the study oftheir 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].
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Rare-earth metal orthiobates are a new class of high-temperature proton conductors with the ABOs
perovskite structure [10,11], having proton conductivity of the order of 104 Ohm-1 Sm-1 at temperatures
above 700°C and high stability in a humid and CO2 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 (Ca2+ Sr2+, Ba2+) or trivalent cations (Fe3+ Gd3+ La3+), as well as perovskite
B-sublattices with cations having high valency with a small ionic radius, such as W5+ Ce4+, Zr4+, Mn3+
Co3+ Yb3+ and Y 3+[13,14].

According to Hausgrund and Norby [11], when doping lanthanum niobate with calcium cations
(Laos9Cao0iNbO4), the proton conductivity in wet hydrogen increases sharply and is about 10-3 C/cm at
900°C, while it istwo orders of magnitude lower in the case ofundoped 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 La0.99Ca0.01NbO4 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(NOsb*sftO (VECTON, 99.99%), Ca(NOs2 (REAHIM, 99.5%), NbChb
(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 4000C 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
700-13000C 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
La0.99Ca0.01NbO4 [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 0f 4000-250 cm-1, 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 llation for supercritical synthesis 1 - a tank with alcohol, 2 - a tank with a solution of metal salts,
3 -aplunger pu - 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), La0.99Ca0.01NbO4 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 ofthe 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 ofthe monoclinic phase La0.99Ca0.01NbO4. After calcination at 1300°C, the tetragonal
phase is retained in very small quantities.
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Figure 3 - Diffraction patterns of La0.99Ca0.01NbO4 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 ofrapid diffusion of oxygen ions and protons can be associated [19].

Table 1- Characteristics of La0.99Ca0.01NbO4 after calcination at 700-1300°C

Ne Calcination temperature, 0C Coherent scattering region, nm Sbet,m2g
Tetragonal phase Monoclinic
phase
1 700 238 - 20
2 900 354 423 16
3 1100 529 27.9 4
4 1300 66.0 2715 0.2
576
1800 1600 1400 1200 1000 800 600 400

Wavenumber, [cm 1

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-1 for the low-
temperature sample correspond to carbonates (figure 4). The spectral absorption regions of Nb-O groups
in the [Nb5+ O4] 3+ tetrahedron are in the region of 600 cm- '. Oscillations in the regions of 800 and
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430 cm-1 correspond to the monoclinic phase LaossCa 0.01NbO4, which is in good agreement with the XRD
data. The intensities ofthese peaks increase with annealing temperature.

The relative density of La0.99Ca0.01NbO4 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).

Figure 5 - SEM images taken from the surface (a) and from the cleavage (b) ofthe La0.99Ca0.01NbO4 ceramic sample

Conclusions. Thus, in this work, the complex oxides LaNbO4 and La0.99Ca0.01NbO4 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 La0.99Ca0.01NbO4 sample can play a large
role in its transport characteristics.
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HAHOKPUCTANAbI "POENL1 OKCUATEPAL XXOI APbI
KPUTUKANbLW, CNMUPTTE CUHTE3AEY

AHHOTauma. TpoTOH eTKi3riwi 6ap KaTTbl 31eKTPOAUTTEPAI WMHTEHCUMBN KapacTblipy X"MbICbl GipHelle
OHAaraH Xbingap 60Mbl Xanracyfa >KaHe 67, el andbiMeH, M/ HAaii XYWenepgiH xorapbl MpaKTUKanblK
MaLbI3fblibirbiHa GalinaHbiCTbl. (a3 faTyuWri, 31eKTPOU3aTop, OTbIHHbBIL XKacylanblk MembpaHacbl X3He T.6.
MPOTOH eTKI3rilWi 31eKTPOXUMUSANLIK K¥PbINrbinapabll, KOMMOHEHT peTiHAe KeliHeH KongaHblnagsl. Kasipri
yakbITTa 6enrini NpoToH eTKI3rilTepiHiL X MbIC TeMnepaTypacbiHa 6alinaHbICTbl TEMEH, OpTalla >K3He XOorapbl
TemnepaTypasnbl MPOTOH eTKisriwTep 60AbIN XWTenear o pbip KNacTbil, NPaKkTUKanbiK KOnjaHy T prbiCbiHaH
anraHfaa, 6ipkatap apTbIKWbINbITLlI 6ap, COHbIMEH 6ipre onapabil C3TTi KOMMepLUuanaHybiHa Kegepn 601aTblH HaKTbI
Kemwiniktepi ge kesgeced™ OcbiraH 6ainaHbICTbl MaTepManTaHy rbifbIMbIHbIL HEM3N MIHAETI - (QYHKUMOHaNAb
KacmeTTepi 6ap Xala NPOTOH eTKIi3riw KacueTi 6ap HAHOKOMMNO3UTTEPAI CUHTE3eY.
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MpoTOoH eTKi3riw Kacuen 6ap anekTponutTepAi 1980 xbingapably, 6ackiHia MBaxapa aHe 6acka fa ranbimgap
3epTTeil 6actagbl. Fanbimaap cMpek Ke3geceTll KOCbIIbIC - HMO6aTTap MeH TaHTangapAbll, rbiibiMy TAprbigaH Aa,
NpakTUKanblK TAprolfaH fa Maubl3fbl KacuetTepi 6ap KOCbINbICTap TOObl eKeHiH KepceTTi. B™n kepamukanbik
mMaTepuan KacueTiH 3epTTey, 0NapAblL, ONTUKANbIK KacWeTiH, aTtan aiTkaHaa, MFOMUHECLEHTTI 3epTTeyre Herizgengi.
JNlaHTaH OpTOHMOGATbIHbIL, K¥pbINbIMALIK KacueTw 3epTTereHfe 490-geH 525°C-ka peliiHri TemnepaTtypaga
(DEePrycoHMT K¥pbiibiMbl 6ap MOHOKNMHAIK (Pa3afaH, LeenuT K¥pblibiMbl 6ap TeTparoHanbAbl (Pasara aybiCybl
barikanagsbl.

JNaHTaH opTOHMOGATHI - XKOrapbl TeMnepaTypasbl NPOTOH eTKi3riw KacmeTi 6ap ABOs NepoBCKUT K¥PblnbIMAbI
KYPgeni okcug, xorapbl Temnepatypaga 700°C npoToH eTkisriwi 10-40M-1cM-1, an biarangbl X3sHe 6aibiTbinraH CO2
opTacbiHAa TepakTbl 60/bIN Keneg™

Xannbl  opmynacel ABO3 MepoBCKUT K¥pblabiMAbl KYPgeni oOKcuatep T palblibifbiHa 6alinaHbICTbl
3NEeKTPONUTTLL, el Konainnbl matepuanbl. A NMepPOBCKWUT KaTMOHbIHA TEMEH BaNeHTTi cinTinik metangap (Nat+, K+),
eKiBaneHTTi CinTinik xepmetangap (Ca2+ Sr2+ Ba2) xaHe YwsaneHTTi (Fe3+ Gd3+ La3f) kaTuoHgap opHanacybl
MYMKiH. KepiciHle, nepoBcKnUT B KaTuoHbl W5+ Cedt, Zrdt, Mn3+, Co3t, Yh3+KaHe Y 3+ CUAKTbI LWLWKEHTal NOHAbIK
paguycbl 6ap orapbl BafeHTN KaTWOHLApPMEeH KamTamachl3 eTinedi. KenTereH nepoBCKUT K¥pbinbiMabl KYPaeni
OKCUATEpAiL, NPOTOH eTKI3riWTiK KacmeTi 6ap.

Cupek Ke3fgeceTiH MeTangap flaHTaH OpTOHMOTTapAbl CUHTe3aey YLWiH Keneafelt TYpni 34icTep KOnaHbINabI:
bankbiTnanapjaH T3 gaibiHaay, KaTTbl (hasanbl CUHTE3, 30Mb-Tefb 3Aici, cnpeii Nponusi (a3po3onbail, TePMUSATbIK
blgbipay), 6ipre TAHY XX3He MeXaHOXUMWAIbIK CUHTE3. XKorapblga aTanraH 3ficTepAil, Kenwiniri KencaTbinbl, y3ak;
yaKbIT NeH 3HeprusiHbl KaxeT eTefdi. KepiciHiie, orapbl KpUTUKabIK CMABIKTBIKTbI KOAaHa OTbIPbIM CUHTE3feY
3fra KapanaibiM >K3He >korapbl eHiMmgi 6onbin Keneg™ Aymonie eubekTepiHAe OKCUATI maTepuangbl eHAipyne
KONAaHbINATbIH XOrapbl KPUTUKa/bIK C MABLUTHLL, TEXHOOMMACK! 3epTTeNeTiH MaTepuan MOPgoNoruschl, K¥pbibiMbl
)KarblHaH napameTpnepiH esrepTin, cuHTe3 Y/JepiciH 6akblnayra >sHe cuHTe3 Y[epiciHe acep eTeTw 3pbip
napameTpAil, MenLwepi MeH MaTepuanibiK cunaTTamanapbiH 6ackapyra 60naTbiHAbITbIH aATTh.

CoHAbIKTaH, 671 X" MbICTa afnrawl peT >orapbl KpUTWKanblK opTafa M3onponaHon KatbicbiHga LaNbOas meH
Lao9ssCaooiNbO4 KYPgeni okcnpTep cuHTesgenwi anbiHabl. AnbliHraH LaNbOs meH LaossCaooiNbOs KYPgeni
okcnaTepail, KYWaipy TemnepaTypacbiHa 6aiinaHbICTbl N3NKO-XUMUANbBIK KacueTTepi 3epTTengi.

XAmMbICc HaTWXKeciHAe anblHraH LaNbOs meH LaogsCaooiNbOas k¥pampabl KYPgeni okcuatep Kasipri yakbiTTa
CyTeri 3Heprus canacbliHAa KapKblHAbl 3epTTeyre 6aiinaHbiCTbl YNIKeH cpaHbicka ne. COHAbIKTAH MPOTOH eTKI3riLl
KacueTi 6ap HAHOKOMKOMMNO3UTTeP 3i Ae Y/IKeH 3epTTeynepai Tanan eTei.

TYWin ce3sgep: >xorapbl KpUTUKanblK CRpUTTe CUHTe3dey, KYPAeni OKcuaTep, naHTaH OPTOHMO6ATI,
K¥pbINbIMAbIK cunaTTamanap.
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CVMHTE3 HAHOKPUCTANNTNMMNYECKUNX CNTOXHbBIX OKCA0B
B CBEPXKPUTUYECKUX CMUPTAX

AHHOTauMA. VIHTEHCMBHbIA MOWUCK TBEPAbIX 3MEKTPONUTOB C BbICOKOW MPOTOHHON MPOBOAUMOCTLIO
NPOLO/IXAETCA HAa MPOTSHKEHUU MOCNEAHUIA HECKONbKUX [AeCATUNeTWui, 4to 00YCNOBAEHO B MEPBYHD OYepefb
BbICOKOI MPaKTUYECKOM 3HAYMMOCTbIO AaHHbIX CUCTEM. MPOTOHHbLIE MPOBOAHUKM HaXOANT LUMPOKOe MPUMEHEHMNE B
KayecTBe KOMMOHEHTOB 3/1EKTPOXMMUYECKNX YCTPOMCTB, TaKMX KaK ra3oBble CEHCOPbI, 3/1EKTPONN3EPbI, MEMOPaHbI
TOMN/INBHBIX 3/IEMEHTOB M Ap. MHOroobpasme M3BECTHbIX B HACTOsLLEe Bpems TBEPAbIX MPOTOHHbLIX MPOBOAHUKOB
MOXEeT Knaccuguuuposatbcs MO  napameTpam paboumx TemnepaTtyp, BbIgeNss HU3KO-, CcpefHe- U
BbICOKOTEMMepaTypHble 06/acT. Kaxabll Knacc, ¢ TOUKM 3peHUs UX MPaKTUYecKoro UCrosfib3oBaHus, obnafaeT
PSAAOM AOCTOMHCTB, HO UM B TO XX€ BpeMA CreymnyeckMMn HefocTaTKamu, CAEPXMBAKLWMMU UX NpaKTUYeckKoe
BHeapeHve. B 3Toli cBA3M, MaTepuanoBeAyeckas 3ajadva - CUHTE3 HOBbIX MaTepuanoB C (YHKLMOHaNbHbIMM
CBOICTBaMM, OCTAeTCs aKTyasibHOM.

MpoToHnpoBoasawme 3nekTponnuTbl angd H + -TOT3D 6binn 06HapyXeHbl lwahara n coaBT. B Hauyane 1980-x
rofgos. OHW ykas3anuW, 4YTO HMOGATbl W TaHTanaTbl pPeAKO3eMenbHbIX METanfoB MNPeAcTaBAAT coboil rpynny
COEAUHEHNI C MHTEPECHbIMW CBOMCTBaMW KaK C Hay4HOR, TakK U C NPaKTUYeCcKOoW TOUKM 3peHuns. 3yyeHne CBOWCTB
3TUX KepammyecKMx matepuanos 6a3vMpoBasiocb Ha WCCNeA0BaHUM WX OMTUYECKUX CBOMNCTB, W, B 4YaCTHOCTM
thnyopecuyeHTHbIX. CTPYKTYpHbIe CBOMCTBA 3TON KepaMUKMK OblfX M3YUeHbl U 0Ka3anocb, YTO HMOGAT naHTaHa npwu
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Temnepatype oT 490 go 525°C npeTepneBaeT (a3oBblli nepexof (BTOPOro pofa) M3 MOHOK/IWHHOW (hasbl co
CTPYKTYpOW (PeprycoHunTa B TeTparoHanbHy0 CO CTPYKTYpOil weenuta. OpTOHMOGATLI pefKO3eMeNlbHbIX MeTai0B
SBNAIOTCA HOBbIM KNAacCOM BbICOKOTEMMepaTypHbIX MPOTOHHbLIX MPOBOAHWMKOB CO CTPYKTYpOil nepoBckmta ABO3
UMEKT MPOTOHHYK npoBoAMMOCTb nopsagka 104 Om-l Cm-l npu Temnepatypax Bbiwe 700 °C M BbICOKYHO
YyCTONYMBOCTb BO BRaXHOM K o6orauweHHo CO2 cpege. OpHako LaNbO4 o6nagaeT [oCTaTOYHO HU3KOM
NPOBOAMMOCTbIO. MOCKOMbKY Hanuune BakaHCWl KUCNOPOAa SIBASETCA OCHOBHbIM (PAKTOPOM, OTBETCTBEHHbLIM 3a
nosiBNeHMe NPOTOHHbLIX AeeKTOB, TO BeNMYMHA NPOTOHHOM NMPOBOAMMOCTM HAMpAMYO CBfi3aHa C Ae(eKTHOCTLIO
CNOXHOro okcmga. MHOrouncneHHble ycunua 6binv NPeAnpuHATHE ANA yNy4ylleHUs NpoBOAUMOCTU NyTeM OfHO-
WA MHOT03/1EMEHTHOr0 JOMMPOBaHUA KakK A-NOJPELUeTKM MEepOoBCKUTA KaTMOHaMU, VMMEIOLWMMUN 6O/ee HU3KYHO
Ba/IEHTHOCTb M 6GONbLUNIA WOHHbLIA paguyc, BKAYas ofHoBaneHTHble (Na+ K+), aByxBaneHTHble KaTuoHbl (Ca2+
Sr2y, Ba2H) wnu TpexBaneHTHble KaTuoHbl (Fe3t Gd3+ La3+), Tak M B-nofpelleTku nepoBCKMTa KaTWOHamu,
MMEHLLMX BbICOKYH BaSIEHTHOCTb C HEGOMbLIUM MOHHBLIM PagnycoMm, Takum Kak W5+ Cedt, Zrdt, Mn3+ Co3+ Yb3+tn
Y 3+ CornacHo Hausgrund u Norby, npu gonupoBaHun HuMobaTa naHTaHa KaTuoHamu Kanbums (LaossCaooiNbO4)
NPOTOHHas NPOBOAMMOCTb BO BNIaXXHOM BOAOPOAE Pe3K0 yBeMYMBaeTca U coctaBnsieT okono 10 -3 C/cm npu 900cC,
B TO BPEMS KakK B C/lyyae HeJONMPOBaHHOr0 MaTepuana NpoBOAUMOCTb Ha fBa NOPAAKa HUKe.

[ns cuHTe3a OpTOHMO6ATOB PeAKO3EMENIbHbIX MeTasfloB UCMOMb3YIOT pasMyHble MEeTOAbl: MOAy4YeHue U3
pacnnasos cone, TBEPAOMa3HbIi CUHTE3, 30/1b-Teflb MeToz, cnpen-nuponums (Tepmuueckoe
pasnoXeHve aspo3o/s pacTBOPOB), COOCAXAEHME Y MEXAHOXUMUYECKUIA CUHTE3. BONbLIMHCTBO M3 MEPeYUCeHHbIX
BbiLe METOA0B ABAAIOTCA MHOIMOCTaAWMAHBIMU, TPYAOEMKUMU N TPEOYIOT 60/bLUNX BPEMEHHbIX U 3HEPreTUYECKMX
3aTpaTt. B oT/numMe OT HWMX CHMHTE3 C MCMOMb30BaHWEM cBepxkKpuTuudeckux (niongos (CKC) xapaktepusyetcs
MPOCTOTOM U BbICOKOW NPOM3BOAMTENbHOCTLIO. B paboTe Aymonie noAgYepKMBaeTCs, UTO TEXHOJOrus
CBEPXKPUTUYECKMX (IHONL0B, NPUMEHAEMas 415 NONYYEeHUS OKCUAHbLIX MaTepuanos, AaeT BO3MOXHOCTb YNPaBsTh
MPOLLECCOM CMHTE3a NyTEM BapbMpoBaHWs paboumx napameTpoB W AaeT NOHMMaHWe TOro, Kak KaXAblii napametp,
BAMSAIIOLMIA HA NMPOLLECC CUHTE3a, NMO3BOMSET KOHTPO/MPOBATb XapaKTEPUCTMKM MaTepmana ¢ TOUKU 3peHns pasmepa,
MOPONOrun, CTPYKTYpbI.

Llenbto faHHOM paboThbl ABASETCA NOMyYeHUe NPOTOHMNPOBOAALLMX MaTepmanoB C UCNOAb30BaHWEM CMINPTOBbIX
pacTBOPOB CO/ell COOTBETCTBYIOLMX MeTann0B CO/bBOTEPMaibHbBIM METOAOM B MPOTOYHOM peakTope B
CBEPXKPUTUYECKOW cpede u3onponaHona. B xoge paboTbl OblM CUHTE3UPOBaHbI CAOXHble OKcuAbl LaNbO4 n
La09sCao QINbO4uM oxapakTepn3oBaHbl KOMNIEKCOM PU3NKO-XUMUYECKUX METO/0B.

Takum o06pa3oM, B [aHHON paboTe BrepBble MOMYyYeHbl CAOXHble okcuabl LaNbO4 u La0.99Ca0.01NbO4
CONbBOTEPMA/ILHOM METOAaM B MPOTOYHOM pPeakTope B Cpefe CBepXKPUTUYECKOro nusonponaHona. Mo gaHHbiM POA
n MK-cnekTpockonuu KonebaHWii pewweTkn, CTPyKTypa 06pasLoB npeactaBnseT coboil cMecb MOHOKAWMHHON W1
TeTparoHanbHOM (a3, COOTHOLLEHME KOTOPbIX M3MEHAETCH C POCTOM TemnepaTypbl NpokKanuBaHus. CoxpaHeHue
HAHOKPUCTaNIMYHOCTU AaXe Yy BbiCOKOTeMMNepaTypHOro o6pasuya La0.99Ca0.01NbO4 MoXKeT urpatb 60/bLLUYIO PO/b B
€ro TPaHCNOPTHbIX XapaKTepUCTUKax.

KntoueBble C0Ba: CUHTE3 B CBEPXKPUTUYECKUX CIMPTAX, C/I0XKHbIE OKCUAbl, OPTOHMOBAT NaHTaH.
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