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COABBOTEPMUYECKUM CUHTE3 METACTABUABHBIX
OKCHUAOB MOAUBAEHA, BOABO®PAMA 11 BAHAAUS

T. B. CBUPHJIOBA"

YBenopyccruii 2ocyoapemeennuiii yuusepcumem, np. Hezagucumocmu, 4, 220030, 2. Munck, Berapyce

ITokazaHo, 4TO B COJIBBOTEPMHUUECKUX YCIOBHUIX HMOJIUKOHJCHCAIMA OKCOKUCIOT MOIuOieHa, Boab(paMa U BaHa-
JMs OPUBOAUT K (POPMUPOBAHUIO METACTAOMIIBHBIX OKCHIHBIX (a3 (rekcaroHaabHbIX MoO, u WO,, laMemIIpHoro
kceporens V,0;) B BUJe MUKPOKPUCTAILIOB pazMepoM 2—10 MkM, IpudeM 0Opa3yIolecs: B KaueCTBE I0O0YHOTr0 Ipo-
JIyKTa THJPAThl yKa3aHHBIX OKCHJIOB B MPOIECCE POCTA YACTUI] OKCHAHOW (ha3bl MPETEPHEBAIOT MTOCTETIEHHYIO PEKpPH-
CTAJUIN3AINI0. YCTAHOBJICHO, YTO N3MEHEHHE KOHIICHTPAIMK pab0vero pacTBopa Ha PaHHUX CTAIMSAX CHHTE3a IO3BOJISIET
3¢ PEKTUBHO yNPAaBIATH 3apOABILICOOPa30BAHIEM M, B YACTHOCTH, MOJIyYaTh OKCH/IHBIC YaCTHIIBI CYOMHUKPOHHBIX pa3-
MEpOB IPU COXPAHEHHU CTPYKTYpPHOTO THIIA U rabuTyca.

Kniouegvie cnosa: MeracTaOMIbHBIE OKCHIBI; TPHOKCH MOJTMOICHA; TPHOKCH] BOJIb(paMa; OKCHI BaHAANS; COTBBO-
TEPMHUUECKUI CUHTE3.

Bnrazooaprnocme. Pabora BbInoIHEHA NP NojiepkKke benopycckoro pecrnyonukanckoro ¢ponaa (hyHaaMeHTalIbHBIX
nccnenoBanuii (rpant Ne X18P-075).

SOLVOTHERMAL SYNTHESIS OF METASTABLE MOLYBDENUM,
TUNGSTEN AND VANADIUM OXIDES

T. V. SVIRIDOVA®

*Belarusian State University, 4 Niezalieznasci Avenue, Minsk 220030, Belarus

It is shown that under the solvothermal conditions the polycondensation of molybdic, tungstic and vanadic oxo-
acids yields metastable oxide phases (h-MoO;, h-WO,, xerogel-V,0, of lamellar structure) in the form of microcrystals
2—-10 um in size, while the hydrates of these oxides formed as the by-products exhibiting conversion as the result of
recrystallization during the course of further growing. By changing the concentration of the reaction solution it is possible
to exert an effective control over the nucleation to obtain the oxide particles of the similar structure and habitus.

Keywords: metastable oxides; molybdenum trioxide; tungsten trioxide; vanadium oxide; solvothermal synthesis.

Acknowledgements. This work was supported by Belarusian Republican Foundation for Fundamental Research (grant
No. Kh18P-075).

BBenenue

MeracraOuibHbIe TOTUMOP(HBIC MOTU(PHUKAIIMN OKCHIOB MOJIMO/ICHA, BOJb(ppaMa 1 BaHAIUs, B TOM YHCIIE
reKcaroHaabHbIA TpHOKcua MonuoaeHa (7-MoOj), rekcaroHanbHbli Tpuokcuy Boabdpama (A-WO,) u craouctsie

O0pa3en HUTHUPOBAHHUMA: For citation:

CeupuyioBa TB. ConbBOTepMUUECKHI CHHTE3 METAaCTaOWIIb-
HBIX OKCHJIOB MOJHO/eHa, Bomb(pama u BaHaaus. JKypran be-
J0pyccKo2o eocydapcmeennozo yHueepcumema. Xumus. 2020;
1:32-39.

https://doi.org/10.33581/2520-257X-2020-1-32-39

Sviridova TV. Solvothermal synthesis of metastable molybde-
num, tungsten and vanadium oxides. Journal of the Belarusian
State University. Chemistry. 2020;1:32—-39. Russian.
https://doi.org/10.33581/2520-257X-2020-1-32-39

ABTOPp:

Tamvana Bukmoposna Ceéupudosa — KaHAUAAT XUMUYECKUX
HayK; IOLEHT Kadeapbl HEOPraHMIECKOH XUMHU XHMHUUECKOTO
¢baxynesreTa.

Author:

Tatyana V. Sviridova, PhD (chemistry); associate professor at
the department of inorganic chemistry, faculty of chemistry.
sviridova@bsu.by

32




OpurnHajibHble CTATHH
Original Papers

MOJU(pHUKAIIMKA OKCHJIa BaHAIHS, KOTOPBIC OBLIM MMOJIyUYEHBI U OMIMCAHbI CPAaBHUTENILHO HeaaBHO (B 1990-x rT.)
[1; 2], B mocieqHee BpeMs BBI3BIBAIOT 3HAUYUTEIBHBIA HAYUHBIH HHTEpEC [3—5], TOCKOIBKY 00JIaat0T HEKOM-
MIAKTHOM CTPYKTYPOMH, BKJIFOUAIOIIECH CYIIECTBEHHBIE MEKCIOEBBIE IPOCTPAHCTBA, B COUYETAHUU C BO3MOXK-
HOCTBIO 00pa30BaHUsl TEKCATOHAIBHBIX TYHHEJEH, Pe3yJbTaroM 4ero siBisieTcss (OpMHPOBAHHE OTKPBITOM
BBICOKOPA3BUTOM CHCTEMBbI BHYTPEHHHUX KaHaloB [6—8]. Takoe criennduueckoe 1eoIuTonoJ00H0e CTPOCHUE
yKa3aHHBIX OKCHJIOB BMECTE C HAJMYMEM y HUX BBIPAKEHHOW PEIOKC-aKTHBHOCTH JI€TaeT JaHHBIE TIOJTHMMOP-
(Bl MIepCIIEKTUBHBIMU MaTepHajiaMu JUIsl UCTIOJb30BaHUs B TeTeporeHHoM Karaimse [9; 10], cucremax Hako-
wieHus 3apsaa [ 11-13], a rakxke 111 HAHOKATICYTUPOBAHUS MAIOPA3MEPHBIX OpraHUIeCKUX MoJekyi [ 14—16].
OpHako 10 HACTOAIIETO BPEMEHH MpodiieMa CHHTE3a YKa3aHHBIX OKCHIOB OCTAETCsl HEPEUICHHOM, TOCKOIIb-
Ky TIPSIMO# c110co0 MX MOJTydeHHUs IIyTeM MEIJICHHOHN JEeTHAPaTallii COOTBETCTBYIOIINX KPHUCTAIOTHAPATOB
JTAeT BBICOKOZIe(pEKTHBIE CTPYKTYPHI, CKJIOHHBIE K CIOHTAaHHON peJlakcanuy ¢ 00pa3oBaHUEM CTaOWIBHBIX TO-
mumopdHbIX MoguduKanuii (opropombrueckux MoO,, WO, u V,0;) [17-19]. B 1o e BpeMs ocymiecTsie-
HUE CHHTE3a OKCHJIOB KaK CaMOCOOPKHU MPH MOTUKOHACHCAIINH BHICOKOAKTUBHBIX MOJIEKYJ COOTBETCTBYIOIINX
OKCOKHCJIOT OTKPBIBAET BO3MOKHOCTH HE TOJIBKO MOyUEHHs], HO U CTaOMIM3aIK 00pa3yromuXcss OKCHIHBIX
NOJTMMOP(OB B IIUPOKOM JHaNa30He TeMIIeparyp.

B Hacrosiieii pabore craBuiach 3aj1a4a pa3pabOoTKU COJIbBOTEPMHUUECKOro MeTosa cuHresa 1-MoO;, 1-WO,
1 namesusipHoro V,0; co CTPYKTypoii cioucToro keeporens (xerogel-V,0;), cnocobHoro odecneunts ddex-
TUBHOE YIIPaBJICHUE Pa3MEPHO-MOPPOIOTHICCKHMH XapaKTePUCTUKAMH 00pa3yrOIXCst OKCUIHBIX YACTHII.

MeToauka uccJaer10BaHuA

IIpu cunrese h-MoO;, h-WO; u xerogel-V,0, npexypcopamMu CIIy>KWIA COOTBETCTBYIOLINE OKCOKUCIIOTHI,
MOJIyYSHHBIE METOZ0OM HOHHOTO 0OMeHa [19-21], pacTBop kucioTel TepMocTtaruposaics mpu 100 °C u atmoc-
(hepHOM JaBlICHUH, IPUUYEM 00beM PabOYero pacTBOpa MOAACPIKUBAIICS TOCTOSTHHBIM, OO0IIast TPOIOKUATEb-
HOCTb CHHTE3a cocTansuia 240 MuH. 3a KHHETUKON (POPMUPOBAHUS OKCUTHON (Da3bl CIACIUIIN 110 CBETOPACCEs-
HHUIO MaTOYHOTO pacTBopa M m3MeHeHuto pH. Jlns ynpasieHus 3apozplnieo0pazoBaHueM pabodnii pacTBOp
MOJIBEPraJiCsl OJJHOMOMEHTHOMY Pa30aBICHHIO (B 3TOM CIy4ae CUHTE3 CTAaHOBUJICS JIBYXCTAHIHbIM).

®Da3oBbIli cOcTaB 00Pa3yIOMIMXCS OKCHIIOB OBUT OINPEIeIIeH ¢ MCIoIb30BaHueM audpakromerpa Empyrean
(u3nyuenue Cuk,)) (PANalytical, Hunepnanasl). TepmorpaBuMeTpudeckuii aHaiu3 IpoAyKTOB CUHTE3a, 110-
3BOJISIBIIIMN YCTAHOBUTDH KOJIMUECTBO CBS3aHHOM BOJIBI, TPOBOIUIICS C TIOMOIIBI) CHHXPOHHOIO TEPMHUUECKOTO
ananuzaropa STA 449 C Jupiter (Netzsch, ['epmanust) ipu ckopoctu Harpesa 10 rpaa/mud. Mopdosorus cuH-
TE3UPOBAHHBIX OKCHHBIX (pa3 UCCIICA0BANIACH C MPUMEHECHUEM CKaHHUPYIOUICH 3JICKTPOHHONH MHUKPOCKOIIUU
(anmextponnsiit Mukpockon LEO-1420, Carl Zeiss, ['epmanus).

Pe3yJ'[I)TaTI)I H UX 06cyme}me

JliurenbHOE MHKYOMpOBaHUE KOHIEHTpUpOBaHHBIX (0,5 MOJb/JI) pacTBOPOB OKCOKHCIOT MOJHUOJICHA,
BoJib(hpama u Bara st ipu 100 °C, conpoBokaarolieecs TePMOUHIYIIUPOBAHHOMN IOJIMKOHICHCAIIUCH, IIPUBO-
JUT K (POPMUPOBAHUIO OKCHIHBIX YyacTull. [Iporiecc cuHTe3a MpoTeKaeT yepes CTaanio KOJUIoH1000pa3oBaHus,
U 3a €ro X0JI0M yIoOHO CJIeIUTh 10 U3MEHEHHIO CBeTopaccesHus pabouero pactBopa. Kak BuaHo u3 puc. 1,
B ciydae 0,5 Moib/1 pacTBOpa MOTUOAEHOBOM KUCIOTHI pocT (QOPMHUPYIOLIMXCS 3apoAbIIei TBeproi (asbl,
UX arperanus v AajdbHenIas KpUCTaIUIM3allus IPOUCXOJIST OUeHb OBICTPO (03 Kakoro-Inbo HHAYKIIMOHHOTO
Nepuoia) U BaJoBoe 0Opa3zoBaHKe OKCUIHOW (a3bl HaOMomaeTcs y)Ke Ha HaualbHBIX CTaIUsIX CUHTE3a, MPH
9TOM UMEET MECTO CUMOATHOE CHIYKCHUE KHCIOTHOCTH Padodero pacTeopa.

UccnenoBanue o0pa3ylommxcss OKCHAHBIX (ha3 METOIOM PEHTICHOBCKOM NU(PaKIWU TOKa3bIBACT, YTO
B pe3y/bTare IOJMKOHJCHCALMOHHOIO CHUHTE3a BHAdale BO3HMKAET CMecCh rekcaroHajabHoro MoO, [22]
U MOHOKJIMHHOrOo guruzapara MoO, - 2H,O [23] (nocneaHuil Takke UMEET CIOUCTYI0 CTpyKTypy). C pocTom
HPOAOIDKUTENBHOCTH MHKYOUPOBaHHS HAOMI0aeTCsl HOCTENICHHOE MOBBIIIEHHE coaepxkanus #-MoO, B mpo-
JQYKTaxX CHHTE3a MPH OJHOBPEMEHHOM YBEJIMYCHUH pazMepa 4acTHll, (POPMUPYIOIIUXCS B pacTBoOpe (3a COOT-
HouleHueM cozepxxanusd £-MoO; u MoO; - 2H,O B npoxnykrax CUHT€3a MOKHO IIPOCIIEIUTbh UCXOIS U3 UH-
teHcuBHOCTEH peduiekco (210) u (020) Ha qudpakrorpaMMax, COOTBETCTBYIONIUX HAN00JIE€ HHTCHCUBHBIM
JUQPPAKIIMOHHBIM TTHUKaM JUIsS MHAMBHIYaJIbHBIX OKCUIHBIX (a3 (puc. 2)).

Kak cnenctBue, rekcaronanbHast (paza TpUOKCHAA MOIMOAEHA, HE3HAUUTENBbHO 3arps3HeHHas MoO; - 2H,0,
MOKET OBITh MOJTyYEeHa TOJBKO 32 CHET MPOBEICHHSI COJTbBOTEPMUYECKOTO CHHTE3a B TEYCHUE MPOIOIDKUTEIb-
HOT'O BPEMEHH, a pa3Mep 00pa3yIoIuxcs U 3TOM 4acTull #-MoO,, UMEIOMHUX PABUIbHYIO OTPaHKY, COCTaB-
nsiet 3—10 Mxwm (puc. 3).

OueBHIHO, YTO NOABUTH 3aPOBIILICO0pPa30BaHUE H 00€CIIEUNTh MOydeHHEe KpUCTAIIOB #-MoO, cyOMuK-
POHHBIX pa3MepOB MOXHO 3a cyeT pa30daBieHus paboyero pacTBopa (U, COOTBETCTBEHHO, CHATHS MEPECHIIIe-
HUsI) HA HAYaJIbHOM cTauu cuHTe3a. Kak BugHO U3 puc. 4, pe3yasraroM pa3daBieHus pacTBOPa, COACPIKAIIETO
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Puc. 1. I3mMeHeHue Bo BpeMeHH cBeTopaccesHus (1), crenenn npespaienus (2) u pH peakunonHo# cpenpt (3)
B IIPOIIECCe MOIMKOHICH AU MOnOieHoBo#H KucaoTs! (0,5 Moins/m) pu 100 °C

Fig. 1. Time dependence of light scattering (/), degree of conversion (2), and pH of reaction medium (3)
during polycondensation of molybdic acid (0.5 mol/L) at 100 °C
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Puc. 2. Jlnnamnka U3MEHEHHs CPEITHETO pa3Mepa JacTHI] pu3MaTnaeckoi mopdomnoruw (1),
cozmepxkarnst MoO, - 2H,0 (2) u oTHOImEHNS HHTEHCUBHOCTEH (/) OCHOBHBIX pedraekcoB (3)
B udpakTorpaMmMax OKCHAHBIX (a3, MOTyUSHHBIX COIbBOTEPMUYECKIM CHHTE30M
n3 0,5 Moib/11 pacTBOpa MoIHOAEHOBOH KncinoTh! pu 100 °C

Fig. 2. Particle medium-size dynamics (/), MoO, - 2H,O content (2),
and ratio of major peaks (/) (3) in the diffraction patterns of oxide phases
obtained from 0.5 mol/L molybic acid via solvothermal synthesis at 100 °C

OKCH/IHBIC YaCTHUIIbI, KOTOPbIE BHIPAIIMBAINCH B TeueHue 10 MUH, SBIISIETCS pe3KOE CHUIKEHUE CBETOPACCESHUS
KaK CJIE/ICTBUE JUCIICPIUPOBAHMS OKCHA.

MOXHO MPEINONIOKHUTh, 4TO dPPEKTHBHOMY AUCIEPTUPOBAHUIO CLIOCOOCTBYIOT COXPAHSIOIIASCS HA dTOH
CTaJ1H POCTa YACTUIL] HU3KAasi KOMIAKTHOCTb OKCHIHOM (Da3bl U BEICOKOE COIEpIKaHHE B €€ COCTaBe AUTHIpaTa
MoO;-2H,0, mexkciaoeBoe IpoCTPaHCTBO KOTOPOTO 3aHATO MOJIEKYJIaMHU BOJIbI, CIIOCOOHBIMHU BBICTYIIATh B Ka-
4YecTBE PacKIMHMBAIOIIEro arenta [24; 25]. JlanpHelee MHKyOUpOBaHWE NPUBOAMUT K PEKOHCTPYKIIUH OKCH/I-
HBIX YaCTHI[ B COYETAaHUH C UX pEeKpHUCTAILIH3auueil. B pesynbrate GopMUpyrOTCs MEJIKHE MOHOAMCIIEPCHBIE
qacTUIb! #-MoO; ¢ BBICOKUM YPOBHEM CTPYKTYpPHOT'O COBEPIIEHCTBA (CM. puUC. 3, 6), UMEIOLIHe TOT XKe rabu-
TYC, 4TO ¥ 9acTUIbl MoO, 10 AUCTIEpPrUpPOBAHUSL.

B conbpBOTEpPMUYECKHX YCIOBHAX MOJUKOHICHCAMOHHBIE MPOLECCH B KOHLEHTpHpoBaHHOM (0,5 MOJIB/1)
pacTtBope BOJb(PPaMOBOW KHCIOTHI MPOTEKAIOT C BBICOKOW CKOPOCTBIO, BCIEACTBUE YEro XapakTepHas A
JAHHOW OKCOKHCIIOTBI CKJIOHHOCTH K CIIOHTaHHOW MOJMKOHAEHCAIMU (KOTOpas B CTAllMOHAPHBIX YCIIOBHAX
B KOHEYHOM CUETE MPUBOAUT K 00pa30BaHUIO I'eJisl) HE CKa3bIBACTCs CYIIECTBEHHBIM 00pa3oM Ha MOP(OIOTHI
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Puc. 3. DnekTpOHHO-MUKPOCKOINYECKUE H300paXKEHUsI MUKPOKpUCTAILIOB /1-MoO,,
MOTYYEHHBIX TTOMKOHIeHCaeld MonndaeHoBoi kuciotsl (0,5 mons/i) mpu 100 °C (a)
U JIByXCTaJJUHHBIM COJbBOTEPMUYECKHM CHHTE30M (TIPOJIOIKUTENBHOCTD TTepBoii ctaauu 10 MuH,
3areM paszbasieHue 1 : 5, o0mmast pofoIKUTENIbHOCTS cHHTe3a 240 MuH) (6)

Fig. 3. SEM images of #~-MoO; microcrystals grown via polycondensation of molybdic acid (0.5 mol/L) at 100 °C (a)
and via two-step polycondensation synthesis (duration of the first step is 10 min
whereupon the reaction solution was diluted 1 : 5, the overall duration of synthesis was 240 min) ()

CreneHb CaeropaccesiHue, A
npespaieHus, % OTH. ]I pH
70 +0,3
-1,9
...... L
60
-
50
- 0,2 P @ N 1’7 —— ]
40 e -e- 2
...... o 3
30 o
- 0,1 —1,5
20 P
- " -7 .
10 i
e P | | /// ] 1,3
0 5 10#(0) 5 10 15 20 25 240
MomenT Bpewms, mun
pa3baBieHus

Puc. 4. I3mMeHeHue Bo BpeMeHH cBeTopaccesHus (), crenenu npesparieHus (2)
1 pH peaxuuonHoi cpessl (3) B X01e ABYXCTaAUHHOIO CONBBOTEPMHUYECKOro cunte3a MoO,
3a CYeT MOJMKOHICHCAUH MOTHOIeHOBOM KicaoThI (0,5 Mob/i) mpu 100 °C

Fig. 4. Time dependence of (/) light scattering, (2) degree of conversion, (3) pH
of reaction medium during the two-step solvothermal synthesis of MoO,
via polycondensation of molybdic acid (0.5 mol/L) at 100 °C

oOpasyromieiicss okcuaHol (aszpl. CombBOTEPMUYESCKHN CHHTE3 TPHOKCHIA BOJIb(Ppama, Kak U B cllydae TpH-
OKcuaa MonubaeHa, 00yCIOBIMBaET 00Pa30BaAHME XOPOLIO 3aKPUCTAITU30BaHHON OKCUAHOM (a3bl, MpeacTaB-
JSFOILEH cO00i, IO JaHHBIM PEHTIEHOBCKOM AN(PaKINU, CMECh TeKCaroHaIbHOTO TPHOKCH 1A BoJb(pama [26]
u opropombuueckoro rugpara WO, - 0,33H,0 [27]. [Tocrenennas kouBepcus WO, - 0,33H,0 B pesynbrare
PEKpUCTAIUIM3AUHE 00pa30BaBIIMXCS YACTHIL B IPOLIECCE AaTbHEHIIIEr0 COIbBOTEPMUUECKOTO CHHTE3a IPUBO-
JUT K X oboramieHuto s-WO,, KOHLEHTpaIHs KOTOPOro B IPOAYKTaX CUHTE3a 0CIe HHKYOUpPOBaHUS B Teue-
nue 240 mun npessimaeT 80 % (oleHKa cenana Mo JaHHBIM TEPMHUUECKOTO aHAIN3a B MIPEATIONIOKEHUH, YTO
BCSI CBSI3aHHAS BOJIa BXOAUT B COCTaB KpHcTauioruapara). [logydeHHbIe B 3TUX YCIOBHUSIX OKCHIHBIC YaCTHIIbI
HMMEIOT BUJI TUTACTUHYATHIX KPUCTAJUIOB CO CPEHUM pasMepoM 1 MkM (puc. 5, a).

PazbaBnenue paboyero pacTBopa mocje MpoXoXkKICHUS HaYaIbHBIX CTaJuii CHHTE3a TPUOKCHUIA BOJb(ppama,
Kak U B ciyyae MoO;, moasisieT 3apo/bliieodpa3oBanue U odecreunBaeT 3(p(HEeKTUBHOE AUCTIEPIUPOBAHUE
OKCUAHOM (ha3bl, UTO MPOSIBISICTCS B CHWKEHUH CBETOpaccestHus (puc. 6). MOXXHO MpPEeANoNoKnTh, YTO Ha-
auuue npumecu rugpara WO, - 0,33H,0 co3gaet ycinoBus A1s paclenIe s OKCUIHBIX YaCTHI] 10 JIAMETISIM,
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CHocoOCTBYIOIETO UX AUCTIEPTUPOBaHuIo [28; 29]. B pesynbrare nanbHEHIIEro pocTa OKCHIHOM (a3bl MOTYT
OBITh TOJyYEHBI IIACTHHYATHIE YACTHIIBI, COCTOSINNE MPEUMYIIECTBEHHO n3 A-WO,; U uMeromue cpeaHui
pasmep 120 uMm (puc. 5, 6).

N

4« A v

Puc. 5. DneKTpOHHO-MHKPOCKONINYECKUE H300paKeHUsI MUKPOKPUCTAIIOB /-WO,,
MOY4YEHHBIX OJIMKOHAeH el BoibdpamoBoii kuciotsl (0,5 mons/n) mpu 100 °C (a)
U JIByXCTaIMHHBIM COJIbBOTEPMHYECKUM CHHTE30M
(TpOOIKUTENBEHOCTE TIEPBOH CTaJuM 5 MUH, 3aTeM pazbasieHue 1 : 5,
o011ast IpOIOIKUTENBHOCTH cuHTe3a 240 MuH) (6)

Fig. 5. SEM images of 7~-WO, microcrystals grown via polycondensation of vanadic acid (0.5 mol/L)
at 100 °C (@) and via two-step polycondensation synthesis (duration of the first step is 5 min
whereupon the reaction solution was diluted 1 : 5, the overall duration of synthesis was 240 min) (b)

ConbBOTEpMHUYECKUIT CHHTE3 C UCTIOIb30BAHUEM PACcTBOPA BaHAIMEBON KUCIIOTHI o0ecrieunBaeT hopMHUpo-
BaHHE MPOTSHKEHHBIX YENTyHUaTonoq00HbIX YacTHI] CO CpeaHNUM pazMepoM 10 MM (puc. 7, a), 00pa3oBaHHBIX,
0 IAHHBIM PEHTIeHO(A30BOT0 aHaIN3a, CIOUCTBIM xerogel-V,0; [30; 31]. Oco6eHHOCTBIO MOTY4aeMOro OK-
CHUJIa BaHQ/IUs SIBIISICTCSI HU3KAsl arperatuBHAasl YCTOHUMBOCTh cyOUacTull, (POPMUPYIOIIMXCS HA PAHHUX CTa-
JUAX CHHTE3a, BCICACTBUEC UCTO p336aBHCHI/Ie MIPUBOJAUT K IMPAKTUYUCCKHU TTOJTHOM Acrpaganuun 321p0I[LIIHeBOI>i
OKCUHOH (a3bl (puc. 8) u ganpHelIIee JopalMBaHie PUCYTCTBYIONIMX B PACTBOPE YaCTHI] 00ECIIeYnBaeT
o0pa3oBaHue yIbTpagucIIepcHOM Gasbl xerogel-V,0; co cpenauM pazmepoM dactui 200 M (puc. 7, 6).

CreneHb A Ceeropaccesnue,
npeBpameHus, % OTH. €]I. A
- 2,0 pH
100
-2,3
-
—— ]
------ & P—
-e- 3
Yy 1,6
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MoMEHT Bpewms, mun
pa3bapieHus

Puc. 6. VI3mMeHeHue BO BpeMeHH cBeTopaccesHus (1), CTeneHu npeBparieHus (2)
u pH peakunonHo# cpensl (3) B x0z1€ ABYXCTaJUHHOTO COJIbBOTEpPMUUECKOTO ciHTe3a WO,
3a CUeT MOJMKOHACH AU Bonb(ppamoBoi Kucnotsl (0,5 mois/m) mpu 100 °C

Fig. 6. Time dependence of light scattering (1), degree of conversion (2), and pH (3)
of reaction medium during the two-step solvothermal synthesis of WO,
via polycondensation of tungstic acid (0.5 mol/L) at 100 °C
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Puc. 7. D1eKTpOHHO-MHKPOCKOIIUUYECKUE H300paXKEeHNs JlaMeIUIIpHOro xerogel-V,0;,
MTOJTY9YEeHHOTO MOJIMKOHAeH cannel BanaaueBoit kuciotsl (0,2 momns/m) mpu 100 °C (a)
U IByXCTaJIUHHBIM COJBBOTEPMHUYECKUM CHHTE30M (IIPOJOKUTENBHOCTD NepBoii cTaguu 10 MuH,
3aTeM paszbapieHue 1 : 5, 00mas mpoaoKUTEIBHOCT cuHTe3a 240 MuH) (6)

Fig. 7. SEM images of lamellar V,0, xerogel particles grown via polycondensation
of vanadic acid (0.2 mol/L) at 100 °C (@) and via two-step polycondensation synthesis
(duration of the first step is 10 min whereupon the reaction solution was diluted 1 : 5,

the overall duration of synthesis was 240 min) (b)

Crenenp CaeTopaccesiHue, A
npeBpatenus, % OTH. €. pH
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kY
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~0l-g. g --0-t=" . . N/ A—— 2.4
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/ Bpewms, mun

MomeHT
pa3baBieHus

Puc. 8. I3mMeHeHue Bo BpeMeHH cBeTopaccesHuA (/ ), cTeneHu npesparienus (2)
u pH peakunonHoii cpensl (3) B X0z1€ ABYXCTaIMIHOTO COIbBOTEpMUUECKOro cuaTe3a V,0;
3a CUeT MOJTMKOHACH AU BaHaueBoit kuciotsl (0,2 Mons/i) mpu 100 °C

Fig. 8 Time dependence of light scattering(/), degree of conversion (2),
and pH of reaction medium (3) during the two-step solvothermal synthesis of V,0; via
polycondensation of vanadic acid (0.2 mol/L) at 100 °C

3akaoueHmne

Pe3ynbprarhl BBIIOIHEHHOTO UCCIIEA0BAaHUS CBUIETENBECTBYIOT O TOM, YTO COJIbBOTEPMHUUYECKUN METO]] CHH-
T€3a TUCIEPCHBIX OKCHUIIOB C MCIIOJIB30BaHUEM B KAUECTBE MPEKYypCOpa aKTUBHBIX MOIMOKCOCOEAMHEHNH TTO-
3BOJISIET MOJIy4aTh C BHICOKUM BbIX0I0M (80 % u BbIlIe) KpUCTaIIMdeckue MeracTadbunbHble (Gassl #-MoO;,
h-WO, u namemspHoro xerogel-V,0; B BUJe 4YacTHL MyJIbTUMUKPOHHBIX pazMepoB. [Ipu 3ToMm B utore mpo-
TEKaoIeH B X0/le MHKYOMPOBAaHHS PEKPUCTAIIIM3ALNHN HAaOMI0AaeTCs KOJIMUECTBEHHAs! KOHBEPCHUS THIPATHPO-
BaHHBIX OKCHIHBIX (a3, KOTOpbIE MOTYT 00pa30BaThCcsl HAa HAaYalbHBIX CTAAMAX CHHTE3a. 32 CUET U3MEHEHUS
KOHLIEHTpauuu pabovyero pacTBopa MOXKHO OOECIEUUTh pa3lelibHOE YHpaBJICHHE 3apoJbIlIeo0pa3oBaHUEM
1 POCTOM MMEIOIIMXCSI B PACTBOPE YACTHLI, YTO MO3BOISAET d3PPEKTUBHO BIUATH HA Pa3Mepbl KPUCTATITUTOB
IIpH 00ILEM COXPAaHEHNH UX rabuTyca U BICOKOTO YPOBHSI CTPYKTYPHOTO COBEPILICHCTBA.
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