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B3AVIMOLEWCTBUME OKCUAA TUTAHA C TMAPOKCUAOM HATPUA
BIrmAPOTEPMAJIbHbBIX YCJ/ZTOBUNAX

AHHOTaumA. TutaHaTbl HATpUS MOAy4Yanu € UCNONb30BaHMeM TeTpabyTokcupa TutaHa (TET), TeTpousonponokcuaa
TutaHa (TUMNT), rnapatMpoBaHHOro AMOKCMAa TUTaHa (NOYy4YeHHOro rMAPOAN30M anKoKCeUaa TMTaHa) Uan BO34YLHO Bbl-
CYLEHHOro 3ons THO2 MeToAOM FMAPOTEPManbHON 06paboTKM NpyM MOASPHOM OTHoweHun (TBT, TUMT, THO2) : NaOH,
paBHom 1 (10-80), TemnepaTtype 130-180 °C un BpemeHu 24-72 4. CBOICTBa NOMYYEHHbIX 06pa3L 0B OXapaKTepuU30oBaHbl
C MCMO0/b30BaHNEM afCcopbLUOHHOr0 MeToAa, PEHTreHOo(ha30BOro aHann3a, pacTpoOBOW 3NEKTPOHHOW MUKPOCKONUK. OLeHN-
Bau oToKaTanMTUUYeCKMe CBOMCTBA HAHOCTPYKTYPUMPOBAHHOIO TUTaHaTa B H-opme no peakuuu pasnoxeHus Pogamu-
Ha FL-BM nog geiictenem Y ®-usnyuvennsa (K = 0,03-0,05 MuH-1) 1 3neKTPOpPEONOrnyeckKme CBOMCTBA, COrNacHoO KOTOPbIM
NOMYYEHHbIN YaCTUYHO TMAPOAN3OBAHHbIA TUTAHAT HATPUA LEMOHCTPUPYeET B cocTaBe 5 % N0 HaNO/HWUTENIO 31EKTPOPEONO-
rMYECKNX AUCNepPCUiA BENNYMHY HanpsxeHus caura 50-60 Ma n nnoTHOCTM TOKOB yTeukn 1,0-1,5 MKA/cM2npu Hanpsi-
YKEHHOCTM 3neKTpuyeckoro nona E =4 kB/cm n ckopoctu casura 17,1 c-1.

KntoueBble cnoBa: TUTaHaT HaTpWs, JUOKCUA TUTaHa, 3/1eKTPOPeonornyeckme aucnepcuun, rmgporepmansHas obpa-
60TKa, Mmopdonorus, oTokatanus
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INTERACTION OF TITANIUM OXIDE WITH SODIUM HYDROXIDE AT HYDROTHERMAL
CONDITIONS

Abstract. Sodium titanates were obtained by hydrothermal treatment using titanium tetrabutoxide (TBT), titanium
tetroisopropoxide (TIPT), hydrated titanium dioxide (prepared by hydrolysis of titanium alkoxide) or air-dried Ti02 sol
with a molar ratio of TBT/TIPT/Ti02: NaOH equal to 1:10-80, at the temperature 130-180 °C and treatment time 24-72 h.
Samples were characterized by the adsorption method, X-ray phase analysis, scanning electron microscopy. The photocatalytic
properties ofnanostructured titanate in the H-form in the process of Rhodamine FL-BM photodegradation under UV-irradiation
(K = 0.03-0.05 min-1), as well as the electrorheological properties, were evaluated. Partially hydrated sodium titanates
as afiller of the electrorheological dispersion (the filler content of dispersion was 5 %) exhibited the shear stress of 50-60 Pa
and the leakage current density of 1.0-1.5 pA/cm2at an electric field strength of E = 4 kV/cm at a shear rate of 17.1 s-1.
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BBegeHue. B HacTosLee BpeMs aKTVBHO Pa3BUBAlOTCA UCCEA0BaHMWS, HarnpaBieHHbIe Ha pa3paboT-
Ky METOAO0B NMONYYEHNS U N3YYeHWNEe CBOWCTB HOBbIX HAHOCTPYKTYPUPOBAaHHbLIX MaTepuanoB Ha OCHOBE
rMApaTUPOBaHHOTO AMOKCKAA TUTaHa 1 TUTAHATOB HATPUS B BMAE HAaHOTPYOOK U POACTBEHHbIX KBa3n-
OAHOMEPHbIX CTPYKTYP ()KIyTOB, CTEPXKHEN, NEHT 1 Apyrunx mopdonorunii) [1-4]. 3To cBA3aHO C MX UCNOSb-
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30BaHWEM B Ka4eCTBE OCHOBHbIX KOMMOHEHTOB TaK Ha3blBAEMbIX «YMHbIX MaTepUanoB», MeXaHU4YecKu-
MU U PU3NKO-XUMUYECKUMMW CBOMNCTBAMU KOTOPbIX MOXHO YNpPaBfifATh C NOMOLLLbIO BHELLIHWUX BO3[ei-
CTBUIA (HanpyMep, CBETOBbLIM NOTOKOM, 3/IEKTPUYECKUM UM MarHUTHbIM nosiem) [5-6]. HacTpamBaemast
1 BbICTPas Peonornyeckas peakumnsa Ha BHeLLHWE Nons MO3BOMSET UCMO/b30BaTh UX A1 YCUNEeHNS adhdek-
TUBHOCTM NPeobpa3oBaHns 3NEKTPUYECKON 3HEPTUU B MEXAHWYECKYIO B AeMM(UPYIOLLNX YCTPOMCTBAX,
B mpoueccax MOJIMPOBKW, B KaYecTBe MeXaHU4YeCKMX CeHCOpoB. OHU e B CUY psfa YHUKabHbIX
CBOICTB fIBNAOTCA BeCbMa 3PEKTUBHLIMU (POTOKaTanm3aTopamun. Hapsagy ¢ TaKMMU BaXKHbIMU CBOIA-
CTBaMU JaHHbIX MaTepuanos, Kak CTPYKTYPHO-(ha30BbIli COCTaB, pa3Mep 4acTuL, CTPOeHWe rMapaTHo-
rMAPOKCUBHOIO MOKPOBa A48 YNYULLIEeHUS HEKOTOPbIX 3KCNyaTaUUOHHbIX XapaKTepUCTUK (CefuMeH-
TaUMOHHOWN YCTOWYMBOCTM B JUCMEPCUAX, PEOSIOTUYECKMX M (DOTOKATAIMTUYECKMX CBOWCTB), BaXKHa
aHu3oTponua mopgonorun. Tak, Hanpumep, UCNO/Mb30BaHWE TUTAHATOB HaTpus, 06NnafatolmMx aHu-
30TPOMHOK MOpGoorveid, NO3BONAAET NOMy4YaTh 3MEKTPOPEOSIOTMYECKME AUCNEPCUN, XapaKTepU3yHo-
Lmecs cTabunbHOCTLIO 3/EKTPOPEONOrMYECKOro OTKAMKa B UHTepBane Temnepatyp ot 20 go 90 °C,
YTO 0COBEHHO aKTyasbHO NMpU CO3A4aHUN 3PHEKTMBHbLIX TEPMOCTabUIbHbIX 3/1EKTPOPEOIOrMYECKNX
MaTepuanos, XapaKTepUsyoLLNXCA 3HAUNTENIbHBIMU HANPSXKEHNUAMMW CABUTa NPU HANOXEHUW 3N1EKTPU-
YeCKMX Moneid ¢ He6ONbLUMMK 3aTpaTaMmn 3/IEKTPUYECKOA MOWHOCTK [7]. Takke TpUTUMTaHaT HaTpus
NaZTi30 7 cpefm fpyrux TMTaHaToOB HaTpUs NpeAcTaBnseT HanbobLINA UHTEPEC KaK TBEPAbIA 31eKTPpO-
nuT, B cuny 6onee BbICOKOI mposoaumocTy [10, 11]. AKTyanbHO MCMONb30BaHUE TMAPaTUPOBAHHOIO
HaHOCTPYKTYPMPOBAHHOIO AMOKCUAA TUTaHa B KauyecTse (DoToKaTamM3aTopa B MPoLeccax pasfoxeHus
psfa opraHMYecKUX KOMMOHEHTOB, NPUCYTCTBYIOLWMX B CTOYHbIX BOAAX NPOMbILIIEHHbIX Npesnpus-
Tnin [4, 12-15]. PaHee nokasaHo, YTO YCNOBUA CMHTE3a 0OKa3biBalOT CYLLECTBEHHOE BAMUAHME Ha MOPJO-
NOTUK0 W CBOICTBA COeAMHEHWUI B cucTeme THO2 - NaOH - H20 [3, 16]. B aToii cBA3M MpoBeaeHue
NCCnefoBaHWil, HanpaBeHHbIX Ha YTOYHEHWE YCNOBMIA MOMYYEHUS TUTAHATOB HATPUS U HaHOCTPYK-
TYPMPOBaHHOIO AMOKCMAA TUTaHa B H-hopme npu HEBLICOKMX TeMrepaTypax CMHTe3a, obnafaroLmnx
pasHoobpasHbIMKN (YHKLMOHaNbHLIMW CBOMCTBaMW, NPeACcTaBAseTCs akTyasibHOM 3afa4eit, Yemy v no-
CBALLEHO HACTOSALLEe 1ccnefoBaHue.

JKcnepuMeHTanbHaa yacTb. lMonyyeHue coeguHeHwid TuTaHa B cucteme THO2 - NaOH - H20
NpoBOANAN C NCMOMNb30BaHMEM TeTpabyTokcmaa TutaHa (TBT) v TeTpamsonponokeuga tutada (TUMT)
OfHO- W ABYXCTafgWiHbIMKW MeTogamu. COrnacHo ABYXCTafMiiHOMY MeTOA4y, Ha MepBOW cTagum ocy-
WeCTBASAN TUMAPONNU3 CNUPTOBOrO pacTBOpa aikOKCMAa TUTaHa C MOJyyYeHWEM HaHOAWMCMEPCHOro
rMapaTMpoOBaHHOro anokeuga TutaHa. CycreH3nio BblAepXXnBanN B CTATUHECKOM COCTOSAHUW B TeUYeHMe
24 4 B 3aKPbITOM COCY/Ie NMPX KOMHATHOI TeMnepaType, (unbTpoBann, NpoMbiBany 1 cywwmnu npn 80 °C
[10 MOCTOSIHHOW Macchl. Ha BTOpOIA CTagumM NOMYYEHHbI AMOKCUA TUTaHa CMELLMBaIM NPy KOMHATHON
Temnepatype ¢ pactBopom NaOH v CTpyKTYpUpPYOLWMM KOMMOHEHTOM - NOAN3aTUNeHrnnkonem (M3r).
ABTOKNaBHYI0 06paboTKy npoBognnn B nHTepeane TemnepaTyp 130-150 °C B TeveHue 48-72 4. O6beM
MCMOMb3yeMOro CTa/lbHOro aBTOK/aBa C (PTOPOMNIAacTOBbIM BKNaAbleM coctaBnan 70 ma. Ocafok
(hMnbTPOBasM, NPOMbIBANW JENOHWN30BAHHON BoAol a0 ~ pH 7 n cywunm npu 110 °C. B KayecTBe Tu-
TaHCOZepXKallero KOMMOHeHTa NCNO/b30Bav TakXKe BbICYLLUEHHbIA Ha BO34YyXe 30/1b ANOKCUAA TUTaHa.

B ogHocTagnitHOM MeToAe MPOBOANM TMAPOTEPMAbHYI0 06paboTKy CMMPTOBLIX pacTBopoB THT,
TUOT wnm 3ons THO2n FOM NaOH/OAM HC1 npu monspHom oTHoweHun (TBT, TUMT, THO2) : NaOH
nnn HC1, pagHom 1 (10-80), B uHTepBane Temnepatyp 150-180 °C B TeyeHue 24-72 4. CornacHo nu-
TepaTypHbIM AaHHbIM, 3TO 06ecneyYnBaeT NPeMMyLLECTBEHHOE 06pa3oBaHMe TaKUX COeAMHEHUN, Kak
Na2Ti,05 NaZ2Ti30 7, H?Ti30 7. Ocagok ¢mnbTpoBan U NPOMbIBaNN AeNOHN30BaHHOR BOAOIA AN 3TU-
NOBbIM CANPTOM A0 pH 7 ¢ nocneaytoLlei cyLwKoi 4o NOCTOSHHON MacCbl aHanorMYyHo ABYXCTaguinHo-
My MeToay.

3ameHy KaTuoHa Na+B CTPYKType TUTaHaTa HaTpusi Ha H+MOH ¢ NonyyYeHnem rugpaTMpoBaHHOro
HaHOCTPYKTYPHOTO AMOKCUAA TUTaHa OCYLLECTBAANN aHanornyHo [17], nomewas BAaXHbIA NPOAYKT,
nony4yaemblii No OAHOCTAAMIAHOW TEXHONOTUK, MOC/e aBTOK/MaBHOM 06paboTKM B pacTBOP YKCYCHOIA
WA XI0POBOLOPOAHOM KMCMOT Ha 2 4 Npy NOCTOSHHOM NepeMeLLMBaHUK € NOCAeAYOLW e NPOMbIBKO
M cywkoii npogykra. Monyyexne 3015 THO2 ocyLLecTBASAN 30/b-Teflb METOAOM aHanornyHo [18].

Y fenbHas NOBEPXHOCTb 06pasLoB U3MepeHa afcopoLMOHHBIM METOAO0M C UCMO/b30BaHWEM B Kade-
CTBe aacop6TuBa - (heHoNa 13 pacTBopa B H-renTaHe. PeHTreHo(Mas30BbIi aHann3 BbIMOMHEH Ha Andpak-
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TomeTpe D8 Advance (Bruker-AXS, epmaHus) npu KOMHATHOW TemnepaTtype B fAuanasoHe Yr/oB
20 = 11-70 rpaf CO CKOPOCTbIO CKaHMpoBaHua 2 rpag/mMuH. Cogep)kaHue HaTpusi B obpasuax onpegene-
HO METOZOM 3MUCCUOHHON PoTOMETpUM NnamMeHn. Mophoniorms, cocTas 1 pasmepbl YacTuL, 06pasLoB
N3y4yeHbl C MOMOLLbIO PacTPOBOro 3NEKTPOHHOI0 MUKpockona Hitachi POM 5-4800 npu yckopstoLem
HanpskeHUn 5 kB. [N CbeMKU 3HEproAnCrnepCUOHHbIX CMEKTPOB WCMO/b30BaHbl MOPOLLKN UCC/e-
LyeMblxX 00pa3LoB. INEKTPOPEOSIOrMUecKy0 YyBCTBUTE/IbHOCTL Aucnepcuit (9PY) m3mepsanu aHano-
rMYHO [18] MO M3MEHEHMIO BA3KOCTM, KOTOPYH XapakTepu30Banu HanpsikeHWeM chsura gucnepcuu
npu 3alaHHO CKOPOCTU B YC/IO0BUAX BO3LENCTBUA BHELLHEr0 3/IEKTPUYECKOr0 NoAs HanpsXXeHHOCTLH0
ot 0 o 3,5-4,0 kB/Mm. OnbITbl npoBogunu npu Temnepatype T =20 °C B A4eike-KOHAEHCaTOPe COOCHO-
LUMIMHAPUYECKOTO THUMa C NOMOLLGI0 POTaLMOHHOI0 BUCKo3MmeTpa Rheotest 2.1 npu ¢mukcMpoBaHHOM
3HaYeHUN CKOpoCTU caBura, pasHom 17,1 c-1. KonmMyecTBo HanonHUTENa B AWUCMNEPCUAX COCTaBAANo
5 mae. %, 4TO AOCTAaTOYHO A4/ OLEHKM UX 3/1eKTPOPE0IOrMYecKoin YyBCTBUTEIbHOCTH.

OueHKy (hoToKaTaIMTUYECKON aKTUBHOCTM 06pa3LioB NPOBOAWUAN B pPeakLun pasnoxeHus Kpacu-
Tena PogamuHa FL-BM nog geiicTBuem Y ®-un3nyyeHus 6e3 feTaibHOro pacCMOTPeHUS NPOMEXYTOY-
HbIX MPOAYKTOB Aerpagaumu. cnonb3o8aH NPOMbILLNEHHBIA KpacuTeb 6e3 AONONHUTEILHOW QUUCTKM.
NCTOUHUKOM Y D-Un3nyyeHuns ABsIack pTyTHaA iaMna CBepxBbICOKOro gasneHusa APLU 250-3. icxogHas
KOHLeHTpauua Kpacutens coctasnsna 10 5SMonb/n, MacCoBOe COOTHOLLIEHME KpacuTenb: KaTanusatop = 121
POoTOKATAIUTUYECKYHO AKTUBHOCTb OLEHUBA/IW MO YMEHbLUIEHUIO KOHLEHTPaL MU KpacuTeNs BO BPEMEHN,
onpegenseMon no KoahhuLMeHTY NOrNOWEHNS B NEPUOANYECKM OTOMpPaeMbIX nMpobax mocne oTAene-
HUA KaTanm3atopa Ha hoTokonopumetpe KOK-3 npu anmHe BosiHbI 566 HM, COOTBETCTBYHOLLEA MaKCUMY-
MY MOT/IOLLEHNA KpacuTens. PacyeT KOHCTaHT CKOPOCTM BEU UCXOASA M3 NPESNONOXKEHNS, YTO KUHETH-
yeckme 3aKOHOMEPHOCTU peakLuy PasfoXeHUs KpacuTensa COOTBETCTBYIOT NepBOMY nopsaky. /3BecTHO
[JOCTaTOYHOE KOMMYECTBO 3KCMEPUMEHTa/IbHbIX AaHHbIX MO Pa3/IOKEHUI0 OPraHUYecKuX KpacuTene,
B TOM umcre PofaMunHa, B NPUCYTCTBUM AMOKCUAA TUTAHA NpK Y® 0b6yyeHUN, NOATBEPXAAIOLLUX 3TO
npegnonoxexue [19-20]. MoTepn npy npokanusaHuu (N. N. N.) oNpeensnn nyTem nporpesa o6pasLoB
[o TemnepaTypbl 1000 °C B TeyeHue 1u.

PesynbTatbl 1 nx 06cyxaeHue. B 1abn. 1 npefcrasneHsbl pe3yibTaThbl UCCNEA0BaHNSA CBONCTB 06pas-
LIOB, NPW MOMYYEHUN KOTOPbIX BAPbUPOBa/IM YCNOBUA CUHTE3A: TEMMNEPATYPY, NPOLO/IKUTENILHOCTbL aBTO-
K/1aBHOM 06pabOTKM M COOTHOLLEHME MEXAY TUTaHCOAEPXKALLMM KOMMOHEHTOM U TMAPOKCUAOM HATpUS.
CornacHo gaHHbIM Tabn. 1, yBenunyeHue konnyectsa NaOH B UCXOAHOW cucTeMe M NPOLO/MIKUTENBHOC-
TW aBTOK/IaBHOM 06paboTKM NMO3BOASET NOAYUYUTb MPOAYKT C 6onee pasBUTON YAeNbHOW MOBEPXHOCTLHO
(o6pasybl 1-3, Tabn. 1).

CnepyeT OTMEeTMTb, YTO BO BCex obpasuyax (Tabn. 1) cogepkaHue HaTpus Hmxe, Yem B NaZTid0 7,
4YTO MOXET BbITb 06YCM0B/IEHO BbICOKOW CTEMEHLIO FMApaTaLMm Noay4YeHHOro NPoAyKTa, 0 YemM CBUAe-
TeNbCTBYIOT faHHble MOTepb NpU NpokannsaHuy obpasua Ne 5, Tabn. 1, 1 NpoTekaHWeM Ha cTagum npo-
MbIBKW NPOAYyKTa BoAoin o6MeHa Na+Ha H+ OfHako Hanbonee HU3KOe COfepXKaHue HaTpus B obpasLie 4,
Tabn. 1, N0Ny4YeHHOro ABYyXCTaAUHbIM CNOCOBOM, CBSI3aHO, BEPOSITHEE BCEr0, C HEMOMHOTON NPOTeKaHus
peakunn B3avMOAelCTBUA rMAPaTUPOBAHHOIO AMOKCUAA TUTaHA C FTMAPOKCUMAOM HaTpus, MOCKOSbKY
N36bITOK NOCNe4HEr0 OblT MUHUMAbHbLIM.

B pesynbTate 04HOCTaAMIAHOIO CUHTE3a, 0COOEHHOCTLIO KOTOPOro ABASeTCA napanfiesibHoe npote-
KaHue npoLeccoB rmaponn3a TMTaHCOAepXKallero KOMNOHeHTa U B3aMOAeCTBUSA NPOAYKTOB rMapo-
Nn3a ¢ rTMAPOKCUMAOM HaTpUsl, Tak Xe Kak B ABYXCTaAWAHOM MeTofe YBennyeHue NpofoKUTENbHOCTH
rmapotepmasnbHOn 06paboTkM CNOCO6GCTBYET MOMYYEHUIO NPOAYKTa 60Mee BbICOKOW AMCMEPCHOCTM,
0 YeM CBUAETENbCTBYET POCT yAeNbHOW noBepxHocTu (06pasuybl 6-8, Tabn. 1). OgHaKo yBennyeHune
MCXOAHOr0 Ko/MyecTBa rmapoKcuaa HaTpus Tak e Kak 1 bonee BbicOKas Temnepartypa rugporepManb-
HO 06paboTKM (06pa3ubl Ne 9-11) He NO3BOMSAKT MONYUYUTb NPOAYKT C 6OMEE BbICOKMM COAEPXKAHNEM
HaTpPUA MO CpPaBHEHWUIO C ABYXCTAAUMHbLIM CUHTE30M. 3aMeHa TBT Ha 60nee peakLMOHHOCMOCOGHbIN
TUNT TakXe He NPUBOAMT K CYLECTBEHHOMY W3MEHEHWIO YAeNbHOM MOBEPXHOCTU U COAepXXaHus
HaTpus B NONYYEeHHOM MpoAyKTe. B To e BpeMs nNpu NpombiBKe 06pasua aTUNOoBbLIM CMPTOM Cojep-
XaHue HaTpus B NPOAYKTe 0Ka3blBAeTCA CaMblM BbICOKAM, MOATBEPXAaA NPeAnofIoKEHME O 3aMETHOM
BAUSHUWN MOHHOIO 06MeHa Na+Ha H+npu npoMbIBKe NpoAyKTa BoAoi (o6pasel, 14. Tabn. 1). PesynbTathl
onbiTa 15 CBUAETENLCTBYIOT O MPUHLMMNNATLHOA BOSMOXHOCTM 3aMeHbl a/IKOKCUAOB TUTaHa BbICYLLEHHbIM
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Ta6nuua 1 Ycnosust nonydeHns u pesynbTaTbl UCCNEA0BaHUSA 06pasL0B

Table 1 Production conditions and characteristic of samples

Ycnosus aBTOKNaBHOW 06paboTku

Homep o6pasua Mrio srstrunt ' Muiow Ty r o VvV MIr Na, mac.% n.n.n mac.%
) )

[BYyXCTagUHbIA CUHTE3

1 1:30 72 150 137 9,65
3 1:80 48 150 197 9,80
2 1:80 72 130 252 9,91
4 1:10 48 130 143 7,90 -
5* 118 70 130 145 11,00 20,30
OpHocTafUiAHbIA CUHTE3
6 1:30 26 150 188 7,95 15,79
7 1:30 46 150 199 9,99 18,40
8 1:30 72 150 214 7,99 10,50
9 1:80 48 150 195 7,43 -
10 1:30 24 180 208 6,32
il 1:80 24 o 180 214 6,10 -
12* 1:68 24 180 187 7,48 22,45
13* 171 48 150 159 7,84 15,50
14> 1:30 65 150 232 10,37
15* 1:29 24 150 68 6,66 -

MpumeyaHnda: *—8 KayecTBe TUTAHCOAEPIXKALLEr0o KOMMNOHEHTa ncnonb3osann TUMT; * - obpa3ubl Nocne aBToOKNa-
Ba nporpesanu 2 4 npu 250 °C; ** - o6pasel, NpOMbIBanu 3TUNOBLIM CIUPTOM; * - B Ka4eCTBe TUTAHCOAEPXKallero Kommno-
HeHTa MCNONb30BaN BbICYLIEHHbIA Ha BO3AyXe 30Mb THO2; cogepxaHne HaTpusa B o6pasuax onpeaensinu U3 faHHbIX nna-
MeHHOW oTomeTpun (1—13,15) 1 3HeproancnepcuoHHOro cnekrpa (14).

Puc. 1L P3M-usobpaxeHns obpasuos 6 (a) n 8 (b) (Homepa 06pas3LoB COOTBETCTBYIOT HOMepam Tabn. 1)

Fig. 1L SEM images of samples 6 (a) and 8 (b), respectively (sample numbers correspond to the numbers in Table 1)

3onem Ti02, ogHaKo CBOMCTBa NOYYEHHOro NpoayKTa (6051ee HU3KMe 3HaUYEHNA YAebHO NOBEPXHOCTU
N COLEepXKaHus HaTpusa) NO3BONAKOT CUMTATb UCMO/b30BAHME ANIKOKCUA0B TUTaHA B KAYECTBE UCXOAHbIX
TUTAHCOZepPXalnUX KOMMNOHEHTOB NpPeAnoYTUTE/IbHbIM NPU MOJIYYEHUU TUTAHATOB KakK OAHOCTaAWiA-
HbIM, TaK 1 ABYXCTafWNAHbIM METOAAMMW.

Moponorusa npoayKTa, nosyyYeHHOro 04HOCTaAUNHBLIM METOAOM, MpefcTaBieHa Ha puc. 1 BugHo,
4TO MOPOLLIOK arpernpoBaH, a PparMeHTbl arperatoB MMEKT COUCTYH CTPYKTYpY. Mocne fanTenbHol
06paboTKM CYCNEeH3MUN BAAKHOI0 NPOAYKTA YNbTPa3ByKOM yanoch 3ahMKCMpOBaTh, YTO arperaTbl CO-
CTOAT U3 HaHOTPY6OOK C BHEWHUM AuameTpom 10 HM ¥ anuHoi okono 100-200 HM, 4TO cornacyetcs
C MNTepaTypHbIMK AaHHbIMY [1].

3ameHa KaTuoHoB Na+ Ha H+ Ha npumepe obpasya 2 (1abn. 2) nyTem BbIAEPXKW UX B pacTBopax
KMCNOT NOKa3blBaeT BOSMOXHOCTb NOMYUYeHUs TMAPaTUPOBaHHOIO AMOKCUAA TUTaHa U3 TUTaHaTa HaTpus
C COXpaHeHMeM NepBOHaYanbHON Mopdonorun (puc. 2).
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Puc. 2. O6pasel| 2 nocne 3aMeHbl KaTnoHoB Na+Ha PC (Homep Puc. 3. PeHTreHorpammbl 06pasLios 1, 4, 5, 8 (Homepa 06pasLos

o6pasua B Tabn. 2) B Tabn. 1)
Fig. 2. Sample 2 after substitution ofthe Na+cations with H+  Fig. 3. X-ray diffraction pattern of samples 1, 4, 5, 8 (sample
(sample number corresponds to the number in Table 2) numbers correspond to the numbers in Table 1)

PeHTreHorpammbl o6pasuoB 1, 4, 5 8 (Homepa o06pa3uoB B Tabn. 1) npeacTaBneHbl Ha puc. 3.
Ha peHTreHorpammax uKcupytotTca pednekcel, npuHagnexauwme NaZTid0 7. Mx Hebonblas BbiCOTa
[l0Ka3blBaeT HeBLICOKYHO CTerneHb KPUCTa/NIMYHOCTU NoJfiyvyaeMbiX 06pa3LoB, a yLnpeHme audpakum-
OHHbIX MaKCMMYMOB - Ma/blii pa3mep HaHOKPUCTa/IMTOB (puc. 3).

MocKonbKy cofep)xaHue HaTpus B 06pasuax 3aMeTHO Huke, yeM B NaZTi30 7, To dhakTMyeckn obpas-
bl NpeacTaBnsAloT coboit Na2Ti30 7 H2Ti30 7 [12]. CMelleHMe NepBoro AMthpakLMOHHOT0 MakCMMyma
B 061acTb yrnoe 26, MmeHee 9,7 rpag ana o6pasya 4 Ha puc. 3 CBUAETENbCTBYET 06 YBE/IMUEHUN MEX-
MIOCKOCTHOIO PaccTOSHUA, YTO XapaKTepHO AN CNOUCTbIX CTPYKTYP.

Ha puc. 4 nokasaHbl 3aBUCUMOCTM HANPSHXKEHUA CABUMa T U MIOTHOCTU TOKA YTEUKU] 3/1EKTPOPE0SIo-
rmyeckmx gucnepcuii (3PM), cogepxxawmx 5 mac.% HanoNHUTENS, OT HANPSXKEHHOCTW 3NEKTPUYECKOT0
nonsa E. BMAHO, 4TO nofyyeHHble obpasybl, COCToALWME MpenmMyLiecTBEHHO 13 NaZTi30 7 n H2Ti30 7,
LEMOHCTPUPYHOT B COCTaBe 3/1EKTPOPEOIONMUECKUX AUCTIEPCUli BbICOKME DP-0TK/IMKM NPU CPaBHUTESb-
HO HEBBLICOKMX MOTHOCTAX TOKa yTeukn. BeposTHee Bcero, aTo CBA3aHO C Pa3BMTON MOBEPXHOCTbIO
N CNOWCTOI CTPYKTYpPOWA 06pasLioB.

B T1abn. 2 npuBedeHbl ycnoBus nonyvyeHusa obpasuosB TuTaHata B H+dopme nytem 3ameHbl Na+
Ha H+(o6pasubl 1, 2, 4) 1 cMHTe30M TUTaHaTta B npucyTcTBun HCL (obpasel 3, Tabn. 2). AHanm3 cocta-
Ba 00pasLLoB, MO AaHHbIM 3HEPrOAUCMEPCUOHHbIX CMEKTPOB, CBUAETENbCTBYET O MPAKTUYECKU MOJSTHOM
3ameHe Na+Ha H+

CornacHo faHHbIM (POTOKATAIMTUUYECKOrO MCCMefoBaHUs, HaMbonbLlas KOHCTaHTa pasfioXeHus
npuHagnexuT obpasuy 3, nporpetomy npu Temnepatype 500 °C. Ee 3HaueHMe cONOCTaBMMO C ()OTOKa-
Ta/IMTUYECKON aKTUBHOCTLIO U3BECTHBLIX POTOKATANIM3aTOPOB Ha OCHOBE AMOKcuAaa TuTaHa [19, 20]. Hau-
MeHbLUIas KaTaMTnyeckas akTUBHOCTb XapakTepHa Ans Ma+cofepxalimux TUTaHaToB.

Puc. 4. 3aBMCMMOCTU HanpsbkeHWs casura X (a) U NAOTHOCTM Tokaj (B SPL OT HanpsXKeHHOCTW 3/1EKTPMYECKOro nons
(Homep o6pasua cooTBeTCTBYET HOMepY B Tabn. 1)

Fig. 4. Dependences of shear stress x (a) and current densityj (b) of ERD on electric field strength (sample number corresponds
to the number in Table 1)
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Ta6nuuya 2. YCnoBus NonydyeHns U pesynbTaTbl UCC/EA0BaHNA 06pa3LioB rMApaTUPOBaHHOMO AMOKCKAA TUTaHa

Table 2. Production conditions and characteristic of hydrated titanium dioxide samples

Ycnosus aBTOKNaBHOW 06paboTku

Howep MTBVMN{]‘“'q Na, mac.% 3ameujeHune Na+

o6pasya Ty r,°c po/nocne 500 °C, MUH-1

KoHcTaHTa cKopocTu

OAHOCTaNIiHbIN CUHTE3

1:69 72 150 251 HeT Hel 0,0035/0,0277
1:69 72 150 227 11 CH3COOH 0,0007/0,0368
3x 1:30 24 180 175 HeT - -/0,0496
4 1:80 24 180 342 - CH3COOH 0,0016/0,0345

MpumeuaHune. X- cuHTe3 B npucytcTeum HCL.

3aksoveHne. TakuM 06pa3om, YCTAHOBMEHbI YCNOBMS MOMYYEHUS HAHOCTPYKTYPHbIX Na+ n H+
TWTaHaToB, 06/1a4al0WMX Pa3BUTON yaenbHOW NoBepxHOCTbi (140-250 mM2r), nyTeM rugpoTepmanb-
HOIi 06pabOTKM TUTAHCOAEPXKALLMX KOMMNOHEHTOB (rMAPaTUPOBAHHOIO AMOKCMAA TUTAHA UIN aJIKOKCU-
[l0B TUTaHa B NPUCYTCTBUW pacTBOpa rmapoKcmnaa HaTpus) B nHTepsane temnepatyp 130-180 °C. lMo-
Ka3aHo, YTO M0 XMMUYECKOMY COCTaBY MPOAYKTbI, MNOyYaeMble KaK OfHOCTaAWIHbIM, TaK U ABYXCTa-
[ANIAHBbIM METOAaMK, NPeACTaBASAIOT COO0 HAHOAUCMEPCHbI MOPOLLIOK, COCTOALLMIA NPEUMYLLECTBEHHO
N3 TpUTMTaHaTa HaTpUs C HeBOMbLUMM KO/IMYECTBOM H+TuTaHaTa. SneKTpOpPeonornyeckne OTKANKN
OUCMEPCUIA C NCNOMb30BAHNEM B KaYecTBE HaMoJIHUTENS HaTpUiicogepXalnx TMTaHaToOB AEMOHCTPU-
PYIOT BbICOKWE CABWIOBbIE XapaKTEPUCTUKN Ha (JOHE HEBLICOKMX TOKOB YTeukn. POTOKaTaIUTUYECKYIO
aKTVBHOCTb, CPaBHUMYIO C U3BECTHLIMU (hOTOKATaIM3aToOpaMm Ha OCHOBE HAHOAMCMEPCHOMO ANOKCUa
TUTaHa, NPOABAAKT NNLWb TUTaHaTbl B H+dopme.
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