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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyaJbHicTh TeMH. DOTOKATANITHYHI TPOIECH Ha HAIMBIPOBITHUKOBUX
MaTepianax MpPUBEPTAIOTh MUJIbHY yBary JOCHIIHHMKIB Yy 3B’S3KY 3 MEpPCIEKTUBAMU
3aCTOCYBaHHS Yy TEXHOJIOTISIX OYHINCHHS CTIYHUX 1 MUTHUX BOJ Ta TOBITPSHOTO
OaceliHy BiJi TOKCHYHMX OPTraHIYHMX JOMIIIOK, BiHOBIEeHHA Byrieub (1V) okcumy,
dboTomi3y BOAM [JIsl BUPILICHHS TI100aIbHUX €KOJOTIYHUX MPOOIIeM.

Haii0inbi po3noBCcroKeHUM cepell poTokaTamTHIHuX MatepianiB € Tutad (1V)
OKCH/JI 3aBJSIKA HU3I[l BIACTHBOCTEN: XIMIYHII 1HEPTHOCTI, BIICYTHOCT1 TOKCUYHOCTI,
BUCOKIN KaTadiTHUHIA aKTUBHOCTI mia aiero Y d-pumpomiHioBaHHSA. B Toif xe wac
NpakTU4HEe 3acTocyBaHHs 110, yCKIaJHEHO OOMEKEHUM CICKTPOM IOTJIMHAHHS B
yIbTpadi0aeTOBIA 007aCTI Ta HU3bKOK KBAHTOBOKO €(DEKTUBHICTIO IPOIIECY uepes
ciaOKe pO3JAUICHHS Mapu eNeKTpoH-Aipka. OIHUM 13 CrOCOOIB 3MIIIEHHS CHEKTPY
norimaanHs 110, B 007acTh BHAMMOIO BUIPOMIHIOBAHHS Ta  IIiABHIICHHS
boToKaTaTITHUHOI aKTHMBHOCTI BOaudaeThcs momyBaHHs 10, OKCHAAMH IMEPEXiTHUX
MeTamiB y KuibkocTi 1-10 mac. %, ke MOXke MPU3BECTH 0 TOSIBU CHUHEPTETUYHOTO
edexTy.

Bigomo, mo tutan (IV) okcup y BUIISAI TOPOUIKY, IO CKIAIAETHCS 3
HaHOPO3MIPHHUX YaCTOK, BIJPI3HAETHCA HAWBUINOW (POTOKATAIITUYHOIO aKTHUBHICTIO,
TOMY JOLUIBHUM CHOCOOOM IMIJIBUILIEHHS MUTOMOI MOBEPXHI Ta (POTOKATATITUYHUX
BJIACTUBOCTEH € CHHTe3 caMe HaHopo3mipHOro T10;. PazoM 3 TuM, e(peKTUBHICTH
3aCTOCYBaHHS MOPOIIKOBUX (POTOKATANI3aTOPIB y XIMIYHMX TEXHOJOTISX OOMEXeHa
HEOOX1OHICTIO JOJATKOBHUX CTAAlid BUIUJIECHHS KATAJITUYHO AKTHBHUX YaCTUHOK 3
pEaKIiifHOrO cepe/ioBHINa Ta pereHeparii KaTaai3aTopy MICasi KOXKHOTO IHKITY
OYUIIICHHS.

Takum 4rHOM, po3poOKa TEXHOJIOT1I (HOTOKATATITUYHO AKTUBHUX MaTepiajiB Ha
HOCISIX PI3HOI TMPUPOJHU, IO JO3BOJISIE CTBOPIOBATH CUHEPTreTUYHI TOKPHUBHU 13
PIBHOMIPHUM PO3TMOIJICHHSIM JIOMyBaIbHOI PEYOBUHH Y MATPHUIl OCHOBHOT'O OKCHTY
(TiO,) pi3HOT MOpPYBATOCTI 1 BHCOKOI aJre3i€r0 10 MIiAKIAAKKH 3a PaxyHOK
BapilOBaHHA  TMapaMeTpiB  Mpolecy 3  MOJAIbIIMM  3aCTOCYBaHHSIM Y
(OTOKATANITUYHUX EKOTEXHOJIOTISIX OYHUIIEHHS CTIYHUX BOJ| BIJI TEXHOTCHHHUX
€MITEHTIB, 30KpemMa (EHOIy, € aKTyaJbHOI HAYKOBO-TIPAKTHYHOIO 3aJauero, SKa
BH3HAUMJIA HAMPSIMOK JUCEPTAIIMHOI pOOOTH.

38’5130k  po0OTM 3 HAYKOBHMH IpOorpaMaMi, IUIAHAMH, TEMaMHM.
Huceprauiiiny po0GoTy BUKOHaHO Ha Kadenpi ¢izuyHoi ximii HamioHanbHOTrO
TEXHIYHOTO yHIBEpCUTETY “XapKIBCbKMM MOMITEXHIYHUM 1HCTUTYT B Mexkax
nepxorokeTHoi Temu MOH  Vkpainu ,,Po3poOka BucoxkoedexkTuBHUX (Hi3UKO-
XIMIYHUX METOJIB CTBOPEHHS HAHOCTPYKTYPHUX MartepiajiB JUIsi CHCTEM
aKyMyJIFOBaHHS  €Heprii Ta  3HENIKO/DKCHHS  TEXHOTCHHUX  3a0pyaHEHb”
(APNe0113U000437), B sikiii 3m100yBay OyJia BUKOHABLEM OKPEMHUX €TalliB.

Meta i 3apaui nochaimkenusi. Mema Oocnioxcennss — po3poOKa TEXHOJIOTIT
nokpuBiB TUTaH (V) OKCHJIOM Ha MeTalleBUX 1 HEMETAJEBUX HOCISIX Ta KOMITO3HTIB 3
MIJBUIICHOIO  (POTOKATATITUYHOIO AaKTHUBHICTIO HA IMIJCTaBl TINOTE3U  MPO
CUHEPTETUYHUH BIUTUB CTYKTYPOTBIPHUX KOMIIOHCHTIB.
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JIist MOCSATHEHHST METH TIOCTABJICH] HACTYITHI 3a/1a4i:

— CGKCIEPUMEHTAJIbHO BHU3HAYMTHU B3a€MO3B'30K yMoB cuHTe3y TuTaH (IV)
OKCHJy Ha WIAMOTHHMX 1 METaJIEBUX HOCISIX 31 CTPYKTYpHUMH TMapaMeTpaMu
0JIep>KyBaHUX MMOKPHUBIB;

— o0rpyHTYyBaTH MeTOJ cTBOpeHHsI KOMIO3UTIB T1/TinOm - MOy (M = Zn, Zr) 3
MIIBUIIEHUM piBHEM (HOTOKATATITHYHOI aKTUBHOCTI Ta €KCIIEPUMEHTAIBLHO JOBECTH
iX CHHEpreTU4H1 BIaCTUBOCTI,

— BCTAHOBUTH KOPEJIAIII0 MK CKJIAJIOM, CTPYKTYPHO-3aJIC)KHIUMH ITapaMeTpamMu
i mopodonorieto mokpusiB TiOz/mamor, Ti/TinOnm: MOy (M =2Zn, Zr) Ta ix
(hOTOKATATITUYHOIO aKTUBHICTIO y PEAKIIISIX OKMCHEHHS OpTaHIYHUX TOKCHUKAHTIB;

— OIIIHUTHU CTYIIHb (POTOKATATITUYHOT KOHBEPCIi CBITJIOBOI €HEPrii y XIMIUHY Y
npoteci GOoTOKaTaTITHYHOTO OKUCHEHHSI METHIIOBOTO KOBTOTaps4oro Ta (heHoIy;

— pO3pOOUTH TEXHOJIOTIYHY CXEMy Ta TMPOBECTH JOCIITHO-TIPOMHUCIIOBI
BUNPOOYBAHHS AKTUBHOCTI OJEpP’KaHUX MaTepianiB y peakiii (HOTOKaTaTITUYHOIO
OKHCHEHHS (peHoIy.

O6'exmom Oocniodxcenus € MPOIECH CUHTE3y MOHO- Ta 0araTOKOMIOHEHTHHX
cunepreTnaHuX okcuaiB T10y/mamot, Ti/TinOm - MOy (M = Zn, Zr) 3 nigBuieHoo
(hOoTOKATATITUYHOIO aKTUBHICTIO.

IIpeomem OocniddcenHs — 3aKOHOMIPHOCTI CHHTE3y (DOTOKaTaIizaTopiB
TiOy/mamor, Ti/TinOm: MOy (M =2Zn, Zr) nnst mpouecy OKHCHEHHS METHIIOBOTO
KOBTOTAPSTYOro Ta (heHomy.

Metoau pociaimkenHsi. [Ipy BUKOHAHHI AucCEpTalliHOI poOOTH BUKOPHUCTaHI
cydacHi (i3uuHi Ta Pi3UKO-XIMIUHI METOAU. AHaN3 MOp(}OJIOTii MOBEPXHI, CKIIaTy Ta
CTPYKTYypHU MaTepiajiiB MPOBOJIUIM METOJAOM CKAaHIBHOI €JEKTPOHHOI MIKpPOCKOII],
EHEProJIUCIEePCiiiHOT  PEHTTeHIBCHKOI CIEKTPOCKOMIi, aTOMHO-CHUJIOBOI 30HJ0BO1
Mikpockormii. ®Da30Bui CKJIaJl CHUHTE30BAHUX IMOKPUBIB BHU3HAYAIM METOJIOM
peHTreHo(da3zoBoro asHamizy. ICTMHHY WIUIBHICTH MOpYBaTHX (HOTOKATANI3aTOPIB
BCTAHOBJIIOBAIM METOJIOM PITUHHOI MIKHOMETPIi. AKTUBHICTh 3MIIIAHUX OKCHUIHUX
CUCTEM BHU3HAUaIM Yy peakiisx (OTOKATATITHYHOTO OKHUCHEHHS a300apBHUKA
METHUJIOBOTO >KOBTOTApAYOTO Ta (PEHOYy, KOHIIEHTpAIlli SKUX BU3HAYAJIW METOJAMHU
dboToKOIOpUMETPIi Ta XIMIYHOTO CIIOKMBAaHHA KHUCHIO, BiAmoBimHO. OOpoOKy
pEe3yNbTaTIB EKCIEPUMEHTIB TPOBOJWIM CTATUTCTUYHUMH, 1HTEPHOJIALIMHIMU
MeToJaMu 1 MeToioM 3 D-Bizyasizartii.

HaykoBa HOBHM3HA OTPUMAHUX Pe3yJbTATIB MOJSTAE B TOMY, 1110 BIIEpIIIE:

— BUSIBJICHO MMapaMeTpH NMpOBEAEHHS mpoueciB cuHTe3y TutaH (V) okcuay Ha
NIAMOTHHUX Ta METAJIEBMX ITIIKIAJKaX 3 BHCOKOIO ajre3i€lo, K1 SBJISIOTH COOOXO
MopyBatTi Ta JAPIOHOKPUCTANIYHI Marepiaiu 13 po3mipoM KpuctamiTiB 15-100 HM.
BcranoBneno, 1mo 3 migBUINEHHSM criBBigHOmEeHHs TUTaH (1V) okcup/mamMor B 6
pa3iB y BHUXIJHIA CycHeH3li BMICT aKTMBHOTO KOMIIOHEHTY Yy MOpYBAaToMy HOCIi
30ibImyeThes 3 2,5 1o 130 mr/cM3, a 3HaYeHHS MOPYBATOCTI 3MEHINYEThCs y 1,5
pasu;

— 3aMPOIOHOBAHO METOJIOJIOTII0 JA0MyBaHHs MOKpHUBIB Ha ocHOBI TI/TiO;, muHK
(I1) Ta uupkoniii (IV) okcuaamMu aHOJHMM OKCHIyBaHHSM cruiaBy Tutany BT1-0 ta
BCTAHOBJIEHO MEX1 BapillOBaHHS BMICTY JONAHTY Yy CKJIaJll KaTaJliTHYHO-aKTHUBHOTO
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MaTepiany, SKWUWA JI03BOJIMB OJIEpP’KaTH CHHEPTeTUYHI MaTepiajud 3a pPaxyHOK
CIIOPIAHEHOCTI OKpPEMHUX KOMIIOHEHTIB ¢oToKaramizaTopy. BwuzHaueHo, 1mio 3i
3pOCTaHHAM rycTHHH cTpymy 3 0,5 mo 1,5 A/ngm? y npomeci cuHTE3y —CKIagHHX
OKCHUJIHMX TIOKPUBIB  TIJBHINY€Tbcsl  BMIcT 1MHKY 3 0,5 mo 2,6 mac. % Ta
rupkoHiro 3 0,5 1o 2,1 mac. %;

— BU3HAUEHO BIUIUB CTPYKTYPHUX  XapaKTEpPUCTUK TMOKPUBIB Ha  iX
(dboTOKaTaTITHUHY aKTUBHICTh y PEaKIisIX OKUCHEHHS METUIIOBOTO KOBTOTApsSYOro Ta
dbenony. BcranoBrneno wHaiBumui crymiabk 75 Ta 95% (oTOKaTaTITUIHOTO
PO3KJIalaHHsI METHIIOBOTO KOBTOTapS4Oro Ta ()eHOIy, BIAMOBIAHO, /Ui KOHTAKHUX
mac cknagy TiO/mamor i3 Bmicrom turan (IV) okcumy 5,5 mr/em®, Tomi sk
noJiajbllie MiJBULICHHS KOHIIGHTpAIlll aKTUBHOTO KOMIIOHEHTY MPHU3BOIUTH 0
3HUKEHHS CTYIEHsI (pOTOKATaTITUYHOT AECTPYKIli BHACHIIOK 3aIIOBHEHHS TTOP HOCIS
tutad (IV) okcumom 3 cuMOATHUM 3MIHEHHSM ICTHHHOI IOBEPXHI KaTaji3aTopy;
BCTAHOBJICHO CTYMiHb (DOTOKATAIITHYHOI ACCTPYKIlI OpraHiYHUX TOKCHUKAHTIB IS
karanizatopiB Ti/TinOm - MxOy (M = Zn, Zr) 3 MakCUMaJIbHUM 3HaueHHSIM 95% Ta
MOKa3aHo, M0 3 MIJBUIIEHHAM KUIBKOCTI JOmyro4oi pedoBuHH 10 2,1-2,6% wMmac.
IIBUJIKICTH po3KiIagaHHs 3poctae Ha 20-50%);

— BHU3HAYEHO CHHEPTETHYHUN XapaKTep METAJTOKHCIHUX KOMIIO3HIIN CKIaxy
Ti/TinOm- MOy (M =2n, Zr) y doTokaTamiTHYHUX MEPETBOPEHHSIX 3a IX YYacTIo,
110 B 3aJIEKHOCTI BIJI CKJIaJy MaTepiajiB JO3BOJISIE MIABUIIUTHA BUIKICTh Eepediry
peakuii 10 8 pa3iB y TOPIBHAHHI 3  IHAUBIAyQIbHUMHU  OKCHUIHHMH
(dboToKaTan3aTopamu;

— 3alpONOHOBAHO (PEHOMEHOJIOTIYHY MOJIElb, fKa BiAOMBAaE B3a€MO3B 30K
CTYNEHIO (POTOKATAIITUYHOTO MEPETBOPEHHS TEXHOTC€HHUX EMITEHTIB 3 BMICTOM 1
MPUPOJIOI0 KATATITUUHUX MaTepiayliB y CKJIaJl CUHEPreTUYHUX KOHTAKTHUX Mac
Ti/TinOm - MOy (M = Zn, Zr).

IIpakTuyHe 3HA4YeHHsI OJEP:KAHMX Pe3YyJbTATIB IS Taly3i TEXHOJIOTI]
HEOPraHIYHUX PEYOBUH MOJATa€E y po3poOIl MNEepCHEeKTUBHOTO 1 E€KOHOMIYHOIO
crnoco0y OJEep)KaHHS CHUHEPreTUYHHX IMOKPUBIB 3MIMIAHMMHU OKCHJAMH Ha OCHOBI
tutad (IV) okcuny, monoBanux muHK (1) 1 mupkoniit (IV) okcumaMu 3 MoAaIbIIHNM
BUKOPUCTAHHSM y TEXHOJIOT1i OYMIIEHHSI CTIYHHUX BOJI BUPOOHMIITB BiJ (peHoiy.
Po3po0iieHi HayKOBI OCHOBH TEXHOJIOTIT ojaepykaHHs MOKpUBIB T10,/mamor (maTeHT
Vkpainu Ne 86376) ta Ti/Ti,Om- MOy (M = Zn, Zr) (nmatentn Ykpaiau Ne 90124,
90125) BukopuCTaHO IS OACPIKAHHSA JOCHIAHOI maptii (oToKaTami3aTopiB, SKi
YCHIITHO MPOUIUINA JOCIiTHO-TIpOMHUCTOB] BurpoOyBanHs B ymoBax [TAT XJI®3
“UepBonuit XiMik” (M. XapkiB) st GOTOKATATITUYHOTO OYUIIEHHS CTIYHUX BOJ BiJ
OpraHiyHUX 3a0pyAHIOBauiB. Pe3ynbTaTu AOCHITKEHb BIPOBAHKEHI B HAaBUAIBLHUN
nporiec kadenpu Pizuunoi ximii HTY “XIII” mpu BukiIamaHHI OKpEeMHUX PO3JILIIB
HABYaJIBLHOTO Kypcy “@i3uuHa ximis™.

Ocobuctuii BHecok 3100yBaya. [lonoxeHHs 1 pe3ynbTaTH JaucCepTaIliiHOI
po0OoTu oTpuMani 3100yBaueM ocobucTo. Cepell HUX: KPUTUUHHUIM aHali3 HAyKOBO-
TEXHIYHOI JIITepaTypu 3a TEMOIO JHMCEpPTalIiHOI poOOTH, OOIPYHTYBAHHS IUIAHIB 1
MporpaM €KCIIEpUMEHTIB; aHaji3 CKJIaay BHUXIJHUX PO3YMHIB Ta CHUHTE3 IMOKPHUBIB,
JOCIIJKEHHS! BIUIMBY IMapaMeTpiB CUHTE3Y HA MOP(OJIOTiI0 Ta CKJIAJ Marepiajis;
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BU3HAUEHHS (DOTOKATANITUYHUX BIACTHMBOCTEH Ta KBAHTOBUX €(PEKTUBHOCTEH
oJlep’KaHMX KOHTAaKTHMX Mac; oOpoOKa Ta y3arajJbHEHHsSI pE3yJbTaTiB 100
(hOTOKATANITUYHOI aKTMBHOCTI TOKPHMBIB, Y4YacThb Yy JIOCIIJIHO-IIPOMHUCIOBUX
BUMPOOYBAHHSIX.

Amnpobanisa pe3yabrartiB aucepranii. OCHOBHI MOJIOXKEHHS Ta pe3yJbTaTH
pobotu nomoBimamuchk Ha: VI-VIII BceykpaiHChbkux HayKoBHUX KOH(EPEHIIISIX
CTYJCHTIB, acHipaHTIB 1 MOJOJMX YYEHHUX 3 MDKHAPOIHOI YyYacTio «XiMiuHi
npobiiemMu cwrorojeHHs», (M. Jonenpk, 2012-2014 pp.); X Bceykpainchbkiii
KOH(EepeHIlii MOJIOANX BUEHUX Ta CTYJEHTIB 3 aKTyaJbHUX MHUTaHb XiMii (M. XapKiB,
2012); XX-XXI MixHapoaHiii HaykoBo-TipakTH4HIi KoH(pepeHmii «IHpopmamiliHi
TEXHOJIOT1i: HayKa, TeXHiKa, TEXHOJIOTis, OCBiTa, 370poB's» (M. Xapkis, 2012-2013
pp.); Cummo3mymi 3 MDKHapomHOKO y4acTio «CoOBpeMEHHBIE  MPOOIEMBI
HaHOKaTanmu3a (M. Yxkropon, 2012); I Mixuapoaniit koudepeniii «Texaudeckas
xumusa. Ot Teopum Kk mpakTtuke», (M. Ilepmb, Pocis, 2012); VI MixHapoHiit
HayKOBO-TEXHIUHIA KOH(]EepeHIii CTyAeHTIB, aCIipaHTIB Ta MOJOJUX BUYCHUX «XIMis
Ta cydacHl TexHouorii», (M. JuinpomerpoBchk, 2013); XIV MixHapoaHii
KoH(pepeHIli «dPi3uKa 1 TEXHOJOTiS TOHKHUX IUTIBOK Ta HaHOCHCTeM» (M. IBaHO-
O®pankiBebk, 2013); XXI  MixHapoaHiii HayKOBO-TIPAKTUYHIN  KOH]epeHiii
«Kazantun-2k0-2013. VIHHOBAaIlMOHHBIE MYyTH PEIICHUS aKTyaJlbHBIX MpoOiieM
0a30BBIX OTpaciei, SKOJIOTHH, SHEPTO- U pecypcocOepexkenus» (M. lenkino, Kpuwm,
2013); VI MixHapoaHiii HayKOBO-TeXHiuHill KoH(epeHiii «HoBiTHI eHepro- Ta
pecypco30epiratoui XiMidHI TEXHOJIOTil 0e3 ekosioriyHux mnpodiem», (M. Ogneca,
2013); Il MixnapoaHiii KOH(EpeHIi MOJOIUX BYCHHX «AKTYalbHBIC MPOOJIEMBI
TEOPUH U MPAKTHUKH DICKTPOXUMHUYECKUX mporieccoB» (M. Exrensc, Pocis, 2014); VI
BceykpaiHchkiii  HayKoBiil KOH(epeHLIi CTyIEHTIB Ta acHipaHTiB «XIMIYHI
Kapa3uHchKl unTanug — 2014y, (M. Xapkis, 2014); 111 BeceykpaiHcbKiii MiXKBY31BChKIi
HAyKOBO-TIpakTU4HIM  KOoHbepeHiii «CydacHi TEXHOJIOTii Yy TPOMHCIOBOMY
BUpoOHUITBI» (M. Cymu, 2014); XIX YkpaiHChKiil KOH(PEPEHIIii 3 HeOpraHiyHOT XiMii
3a y4acTio 3aKopJoHHKX yueHux (M. Oneca, 2014).

IMyoaikanii. OcHOBHuMII 3MiCT aucepranii BigoOpaxkeHOo y 32 HayKOBHX
myOJiKaIsax, 3 HUX: 8§ — y HayKoBUX (paxoBUX BUIAAHHIX YKpaiHW, 3 — y 1HO3EMHHX
nepioguyHuX (axoBUX BUAAHHSX, 5 MATEHTIB YKpaiHU HA KOpUCHI mojueni, 16 —y
Marepianax KoH(epeHIiu.

Ctpykrypa i o0car aucepranii. JlucepramiiiHa poOoTa CKIagaeTbes 31
BCTYNy, 5 pO3IUIIB, 3arajJbHUX BUCHOBKIB, CIIMCKY JiKepen 1H(opMalli, J0JaTKiB.
3aranpHuid 00cAr aucepTalii craHoBUTh 206 CTOpIHOK; 3 HUX 48 pHUCYHKIB IO
TekcTy; 18 pucyHkiB Ha 18 cropinkax: 22 Tabnuii nmo Tekcty, 1 Tabmuusg Ha 1
OKpeMill CTOPIHII; CHMCOK BUKOPUCTAHUX JKepen 1Hdopmanii 3 331 HaliMeHyBaHHS
Ha 39 cTopiHkax; 2 10JaTKU Ha 3 CTOpiHKaX.

OCHOBHMUH 3MICT POBOTH

Y Berymi  OOrpyHTOBAaHO — aKTyallbHICTh TEMHM JHMCEpTalliHOI  poOOTH,
chopMyIbOBAaHO METY 1 3a7a4i, BUBHAYEHO 00 €KT, MPEAMET 1 METOJIU JOCIIKEHHS,
OOTPYHTOBAHO HAYKOBY HOBU3HY Ta NMPAKTUYHY 3HAYYILICTh pOOOTH.
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Iepmmii po3min NPUCBSIYEHO KPUTUYHOMY aHali3y HayKOBO-TEXHIYHOI
iHopMmarii moa0 GOTOKATATITUYHO aKTUBHUX MaTepiaiiB, CIIOCOOIB iX CHHTE3y Ta
M1JBUINCHHS KaTATNITHYHOI aKTUBHOCTI Tif Jiero Y D-BurnpomiHiOBaHHSA. BUCBITIEHO
nepeBaru JOMOBAHMX 1 3MIIIAHMX OKCHAHMX cucTeM. [IpoanainizoBaHO cCy4acHi
METOJY OYHMILIECHHS CTIYHUX BOJ B (PeHOJly B 3alIe)KHOCTI BiJ KOHIIEHTpaIlli
TOKCUKAHTYy, T[I0Ka3aHO IepeBard (OoToKaTadITUYHOrO OvuileHHs . BusHaueHno
MexaHi3M ouniieHHs cTokiB BiJ CeHsOH min miero Y ®-punpomintoBaHHs. 3po0iieHO
BHCHOBOK TIPO JOIIIBHICTh 3aCTOCYBaHHS METOIB MPOCOUyBaHHS A (hOpMyBaHHs
MMOKPUBIB Ha IIAMOTHOMY Ta aHOJHOTO OKCHYBaHHS Ha MeTajleBoMy Hocisx. Ha
MiACTaBl aHamizy chopMyJbOBaHO METy Ta 3ajadl JOCIHDKeHb 1 MNIAXH 1X
BUPIIICHHS.

Y apyromy po3aijii HaBeJACHO XapaKTEPUCTUKY BUKOPUCTAHMX PEAKTUBIB Ta
MaTepialiB, OMHCAHO METOJWKH TMPUTOTYBaHHS PO3UMHIB 1 aHali3y OJep»KaHUX
CIOJIYK, €KCIIEPUMEHTATBHUN MOJEIbHUN (HDOTOKATATITUYHUIN PEaKkTop Ta yCTaHOBKU
JUTSL AOCITIJKEHHS CBITJIOBOT YYTJIMBOCTI CHHTE30BaHUX ITOKPHBIB.

Sx Hociii (QOTOKATANITUYHO AaKTUBHOIO IIapy BUKOPUCTOBYBAJIMU IIIAMOT,
TexHIyH1 cmaBu tutany BT1-0, mupkonito E-125, nunky [HIAM4-1. HocnimpkeHHs
MOpPQOJIOTii MOBEPXHI TMOKPUBIB MPOBOAMIA METOJAOM CKaHIBHOI €JIEKTPOHHOI
Mikpockorii (CEM) 3a 1o1moMoror MiKpocKoIiB BUCOKO1 po3aiibHOCTI “JSM 7500F
(JEOL, SInonis) ta “ZEISS EVO 40XVP” (Carl Zeiss, HimeuunHa) nipu 3011bIICHH]
1000-50000 paziB. 300pakeHHS OJCP)KYBadH IIIIXOM PpEECTpaAIii BTOPUHHUX
CJIEKTPOHIB 3a JIONIOMOTOI0 CKaHyBaHHS TIOBEpXHI eyneKTpoHHUM mydkom (SEI-
neTekTop). EneMeHTHUi Ckiaa MOKPHUBIB BU3HAYAIM METOJOM E€HEProAUCHEPCIHOI
peHtreHiBcbkoi cnekrpockomii  (EPC) mmisxoM aHamizy  XapaKTEPUCTUYHOTO
PEHTTEHIBCHKOTO CHEKTPY, sIKui peectpyBanmu Ha crmektpomeTpi INCA Penta FET-
x3“ (Oxford Instruments, BemukoOputanis). Pembed mMOBEepXHI CHHTE30BaHUX
MOKPUBIB HAa HAHOPIBHI aHAII3yBaJId 3a Pe3yJbTaTaMU aTOMHO-CHUJIOBOI MIKPOCKOIT1
(ACM), peanizoBaHoi 3a JOMOMOrorw 0OaraToyHKIIIOHAIBHOTO CKaHIBHOTO
3oH0Boro Mikpockormy NT-206 (Microtestmashine Co., Pecniybmnika bimopycs) y
KOMILJIEKC1 3 arapaTHUMH Ta MporpaMHuMHu 3aco0amu. Da3oBuil CKIIaa CHHTE30BaHUX
MOKPUBIB BU3HAUaIU 13 3actocyBaHHsM Aidpakromerpa JJPOH-3M. Konuenrpariito
azo0apBHUKa MeTWIOBOrO skoBTorapsiaoro (MJXK) y mpormeci QorokaramiTHUHOT
JECTPYKIIT KOHTPOIOBaIu ¢oroenekTpokonopumetrpom KDOK-2, cTymninb ounineHHs
BOJM BiJ (DEHOJYy BHU3HAYAIM 32 XIMIYHUM CHOKUBAHHSM KHCHIO BIJMOBIIHO [0
CTaHJApTHO1 apOITpakHOi OiXpoMaTHOI METOAWKHU. JlOCHIPKEHHS TPOBOIWINA B
naboparopii kadenpu dizuunoi ximii HTY “XIIT”.

Tperii po3aisli TPUCBSIYEHO EKCHEPUMEHTAIIBHOMY ONPALIOBAHHIO CKJIAdy
BHUX1JIHUX PO3YMHIB, CLIOCOOIB 1 YMOB CHHTE3Yy Ta PO3pOOIll TEXHOJOTTYHOTO MPOIIECY
dopmyBanHs poTokaTamiTHYHO akTUBHHUX MartepianiB T10/mamot, Ti/TinOm - MOy
M =12Zn, Zr).

BcranoBneno, 1mo oxepxkaHi METOJAaMH OJTHOCTAIMHOTO TPOCOYYBAHHS 3Pa3KH
ckimany TiOy/mmamor (puc. 1, a) MarOTh PO3BUHEHY TTOBEPXHIO, KA XapaKTEPU3YEThCS
cnekTpom mop 3 pos3mipamu 0,1-2 MMm. BusnaueHHs 3a1€KHOCTI BMICTY aKTUBHOTO
KOMIIOHEHTY Bij cmiBBigHOIIEHHS Ti10,/1aMoT y BuximHid cycnensii (puc. 1, 0)



6

J03BOJIWIIO BCTAHOBUTH, 10 HauBuiumi Bmict TiO; 3adikcoBaHO st 3pas3KiB,
oJiepKaHuX 13 cycnensii 3 criBBigHomeHHsM x (TiO,/mamor) = 0,028-0,032.

Po3paxynku 00'eMHUX TIOKa3HHKIB (DOTOKATaNI3aTOPIB CBiAYATh MPO  iX
JIOCTaTHbO BHMCOKY MOPYBATICTh, L0 JA€ MiJICTABH TMPHUITYCKATH TPHOXMOAAIbHUM
XapakTep posnoaury mop. BpaxoByroum rerepodazHuili XapakTep MOAEIbHOI
(doToKaTaNMTUYHOI peakiii OKMCHEHHA a3zo0apBHUKa MJK Ta peakiii OKHMCHEHHS
(deHoiy, T0BEACHO, 1110 3HAUEHHS CyMapHOT0 MUTOMOT0 00'eMy TIOp KaTaji3aTopy A0
2,14 cM®r Tta mopymartocti 46-66% OdiKyBaHO 3a0€3MedYaTh BMCOKMU CTYIIHb
aKTUBHOCTI KaTalli3aTopy.

wh
=1

120} Pucynoxk 1 — Bmus
CHIBBIIHOIIECHHS

90
aHaTa3/ImamMoT y

BUXIJHHUX CYCIEH3IIX Ha
Bmict TiO2 (a) Ta
Mopdororiss  moBepxHi
nokpuBiB  TiOz/mamot
(x100) i3 Bmictom TiO2
5,5 mr/em® (6)

w
=]

(=

Konuenrpanis TiO5, Mr/ems
(=)
o

0.01 0.02 0.03 0.04
x (TiOp/mamor)

a) 0)

Pesynmbratn peHTreHOo(a30BOro aHamizy MAO3BOJIMIN BCTAHOBUTH HASBHICTH
MiKiB, IO BIHOCATHCS JO IUIONIMHU TpaTKu aHaTaly. Po3mip wactuHOK TuTaH (1V)
OKcUJy, po3paxoBanuii 3a popmyroro CensikoBa-Illepepa, ckinanae 30+ 5 HM.

Onuopinni Ta Hanonopysati mokpusu 11/Ti,Om - ZNO i3 BMicToM nuHKY 0,5—
1,1 mac. % 1 po3mipom mop MeHime 15 HM GOPMYIOTHCS METOJOM AaHOJHOTO
okcuayBaHHs craBy BT1-0 y ranbBaHOCTaTUUHOMY PEXUMI 3 BOAHOIO PO3UYHHY
nudocdary kamiro 3a ryctud ctpymy j = 0,5-1 A/am?, U = 60 B. IlinsumeHHs
TYCTHHH CTpyMy 10 1,5 A/mm? 36inbIIye BMiCT IMHKY y TIOBEPXHEBOMY HIapi 10 ~ 2,6
Mac. %, a TIOBEpPXHI TMOKPUBIB Ma€ OUIbII PO3BUHEHUN  APiOHOKPUCTATIYHUIMA
xapaktep y nopiBusaai 3 TI/TiO; (puc. 2, a).

Pucynok 2 — Mopdoosnoris noBepxHi nokpuiB Ti/TinOm-ZNnO (a), Ti/TinOm-ZrOz (6, s),
chopmoBanux y qudochaTaux (a ,0) Ta cynb(aTHuX (8) po3uyuHAX
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3icraBnenHs pesyaptaTiB CEM Ta EPC gna  wmarepianiB, oAep)KaHHX
enekTponizoM 3 po3unHiB Ha ocHOBI KOH 1 K4P;0;, cBiguuth mpo aHagoTi4HUMA
XapakTep TIOBEpXHI TOKPHUBIB, IO MOXKHA MOSCHUTH TNPUOJIM3HO OJHAKOBHMHU
3HaueHHIMH pH po3unHiB (9,3 mns KOH ta 9,5 mns K4P207). Beranosneno, 1o
MOKPUBHU, C(HOPMOBaHi y JTy>KHOMY eliekTpoJiTi Ha ocHoBl KOH 3a ryctunu crpymy
1,0 A/nm?, MaloTh TIOPYBAaTy CTPYKTYPY 3 po3MipoM mop 15—50 HM Ta BMiCTOM LIUHKY
y noBepxHeBomy mapi ~1,0 mac. %, a 3actocyBaHHs po3unHiB Ha ocHOBI K4P207 3a
TUX K€ YMOB JI03BOJISIE OZCPXKYBAaTHU OUIBINI AKICHI OCaau: OJHOPITHI, PIBHOMIpPHI,
ApiOHOKPUCTATIYHI.

Hocmimxkenns Tonorpadii nokpusi Ti/TiOz ta Ti/Ti,On - ZNO meTonom ACM
(puc. 3, a, 0) moBenwH, MO MaTepiaan BIIPI3HIIOTHCS TIOOYISIPHOIO CTPYKTYPOIO Ta
3TIIa/DKCHUM PEThEPOM.

a)

Pucynok 3 — 3D-kaptu noBepxHi mokpusis Ti/TiOz (@), Ti/TinOm - ZnO (6) Ta Ti/TinOm - ZrO2 (),

onepxkanux B 1M posuuni KsP207, micias mpokaproBanHs. Bmict mmeKy 2,6 mac. %,
uupkoHiro — 2,1 mac. %, Bignosigno. O6nacts ckanyBaHHs ACM 5%5 MkM

ArnomMepatu 3epeH Oau3bki 3a (OpMOK A0 CHEpUUYHMX Ta CKIANAOThCS 3
BEJIMKOI KIJIBKOCTI 3epeH po3mipoM 10 100 HM. 3a ymMOBH TepMidHOi OOpOOKH 3a
450 °C BmponoBx 4 ron Ans BUSBICHHS CTPYKTYpPH aHaTazy pO3MipH ariioMepariB
3MeHIyThes 10 200-400 HM, MPUYIOMY CKIAIAI0ThCS 3 BEIMKOI KUTBKOCTI TOCTPUX
3epeH 13 cepeaHiMm po3mipoM 80-100 HM, a mMOBepxHsA cTa€ OiIBIT PIBHOMIPHO
PO3BUHEHOIO Ta MOPCTKyBaToro. OMIHIEI0 3 MPUYKH 3MIHEHHS Tororpadii moBepxHi €
nepexin Tutad (1V) okcuay 3 amopdHOT GopMu 10 CTPYKTYpH aHATA3Y.

BcTaHOBIIEHO, IO MiABHINEHHS I'yCTUHU cTpyMmy 3 0,5 1o 1,5 A/nm? Takox nae
MOJKJIMBICTh 301JBIIUTH BMICT HUPKOHIO y ckiami mokpuBiB Ti/TinOm- ZrO; mo
2,1 mac. %. 3icTaBiieHHs MOP(OJIOTil TAKUX MaTepiaaiB CBITYNUTH, 110 OJCPrKaHi 3a |
= 0,5-1 A/aM? noBepxHi MarOTh HEPIBHOMIPHUIA MOPYBATHI XapakKTep, y TOM 9ac, K
IIOKPHMBH, CUHTE30BaHi 3a 1,5 A/aM? MaroTh G161 PiBHOMIPHHMI XapaKTep po3HOIiITy
nop. Jlani EPC no3Bosiniv BCTAaHOBUTH, 110 MAaKCUMaJIbHUNA BMICT ITUPKOHIIO 2,1 Mac.
% mocsraeTbes 3a j = 1,5 A/nm?.

BusiieHo, 1110 mokpuBU, cOPMOBaH1 y KUCIOMY €JIeKTpoJiiTi Ha OCHOBI H2SOy,
MalTh MOPYBaTy CTPYKTYpy 3 po3mipom mnop 50-100 um (puc. 2, 6). Pesynbratu
CEM mnoxkpusiB Ti/TinOn - ZrO; micns tepmiuHoi 00poOku 3a 450°C cBiguaTh mpo
YTBOPEHHSI Ha MIOBEPXHI CIUIaBY KPUCTAJIIB PO3MIPOM JI0 2 MKM.
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3 nyxHOro po3unHiB Ha OcHOBI KiP,O7 y okcuaHMii map BKIIOYAETHCS
upKoHito Ha nopsaok meHie (0,15 mac. %), a moBepXHs BKpUTA KPUCTAIITaMU 3
po3Mmipamu 110 1 Mkm (puc. 2, B). Ciig 3ayBakuTH, 110 3CyB pH y Iy’)KHY 001acTh
OPU3BOJAUTH JI0 3MEHIICHHS BMICTY IIMPKOHIIO y TOKpUBax. Taka MOBEIIHKA
MOSICHIOETHCS KHUCIIOTHOIO MPUPOIOI0 OKCHAIB IIUPKOHII0, XIMIYHA CTIMKICTh SKUX Y
JY>)KHOMY CEpEIOBHILI 3MEHIIYeThbCs. HU3BKMIT BMICT JOMIIIOK Yy TMOKPHUBaX
MOSICHIOETHCA BEJIMKUM CTyIeHeM yuctotu crapy BT1-0.

Pesynbratu ACM (puc. 3, B) BUSIBUJIM, 110 TOBEPXHS Ma€ APIOHOKPUCTATIUHY
CTPYKTYPY 3 MaKCUMAaJIbHUM CEpeJ PO3TISTHYTUX MaTepialliB CTYIIEHEM PO3BHHEHHS.
Po3kun 3a posmipamu armomepatiB 3epeH ckiamgae 150-300 vm, a 3a BHCOTOIO
konmuBaeTrbesa Big 100 mo 500 mm. TepmooOpoOka wmaTepiaiiB NPU3BOAUTH O
3MiIHEHHS penbedy Ha TIo0yIspHHUM Ta OLIbII PIBHOMIPHUN, PO3MIpH ariioMepariB
3MeHInyoThes 70 140-200 HM, a po3mipu 3epeH 3anumaiTbes y Mexax 80—100 uwm.
Po3kug BUCTYNiB Ta BHAAUH 3a BUCOTOIO TAaKOX 3HIKYEThCA Y TMOPIBHSHHI 3
HeoOpoOsieHnM MaTepiasioM. [IpU4YMHOI0 TakUX MEpPETBOPEHb € mepexia amopdHOoi
dopmu TiO; y KpucTanidyHUN aHATa3.

3a pesynbTaTamMu JOCHIPKEHb BHU3HAYEHO KUIBKICHI CKJIaJAW PO3YHMHIB Ta
rmapaMeTpu TPOIECIB, SIKI 3a0€3MeUYIOTh OCAHKEHHS 1HJAMBIIyaIbHUX 1 JOMOBAHUX
MTOKPHUBIB 3aJaHOTO CKJIa/ly Ha IIIaMOTHI Ta METaJICB1 IT1KJIaJIKH.

Y deTBepTOMY PO3iJi HABEJACHO PE3YyJIbTAaTH EKCIEPUMEHTAIBHUX JOCIIIKEHb
(OTOKATaNITUYHOI AaKTUBHOCTI OJEpXKAaHUX MaTeplajliB y MOJAENbHIN peakuii
OKMCHEHH# a300apBHuKa MK 3a peakuiero

C14H14N3O5S + 33/20, — 14C0O, + 8042- + 2H" + 4H,0 + NH;" + N,. (1)

VY psaal nocnimkyBaHUX cHUCTeM €(EKTHBHICTh KaTali3aTOpiB 3MIHIOETHCS 13
criBBigHOIIEHHAM T102/11aMOT y TPOCOYYBAIBHOMY PO3UYHHI T4 KOHIICHTPAIIEFO

tutan (IV) okcuay y mapi karamizaropa
(puc. 4). Anani3 3aJeKHOCTEN Ja€ MiJICTaBU
CTBEP/KYBAaTH, IO HAWOUIBII JOIUIBHUM
criBBigHOIIEHHAM T102/11aMoOT 'y po34nHi
st ipocouyBanHs € x = 0,018 + 0,002, sike
3abe3neuye ajcopOIlil0 aKTUBHOTO IIapy Ha
NOBEpXHI Mop Oe3 3HWKEHHS iX 00'eMy Ta
OpPYBaTOCTI. HaiiBunmn CTYIIHb
dotonectpykiii MK 3a temneparypu 293 K
3a  mepmi 24 XB  OKHUCHEHHS  JUIst
, ¢orokaramizatopa i3 Bmictom TtuTan (IV)

Pucynok 4 — 3anexHicTb  CTyneHs 3 o
dotokaramiTuuHoi nmectpykuii MM Big oKeuny 5’50, Mr/em”  ckianae 7_2’1()%)'
C(TiOz) ma TiOx/mamor. Cyx=0,02 (5); IloJaibiue 30LIBIICHHS KOHICHTPAIii THTaH
0,04 (4); 0,06 (3); 0,08(2); 0,1 (1) r/am® (IV) oxcumy y ckmami — KaTalizatopy
PU3BOIUTH 70 3HUKEHHS (DOTOKATATITUIHOT
AKTUBHOCTI MaTepiaay BHACIIIOK MEpeKpUBaHHs IMOp HOCisA aucnepcHoro dazoro TiO;
Ta 3MEHIIICHHS TUTOMO1 TIOBEPXHI HOCIS, a BIATAK — 1 3MEHIICHHSIM TUIOIT KOHTaKTy

L%

(oTopecTpyKuil

Cryninb

Konuentpauist TiO5. M r/cM3
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iHTEepMemiaTa 3 KaTam3aTopoM. SK BIIOMO, y SKOCTI OKHCHHMKA Yy TIPOIIECi
3HEITKO/PKEHHSI TOKCUKAHTIB 3aCTOCOBYIOTh KHUCEHB MOBITPsSI a00 MEPOKCUI BOJIHIO.
JlocipKeHHsT BIUIMBY THUITy OKHMCHHWKA IMOKa3aJld, IO MiABUINCHHS KOHIEHTpAIlii
H,0; 3 0,01 o 1,6 % 006. 103BoJsiE 30UIBIINTH CTYIIHb ACCTPYKILIi OapBHUKA y 5
pasiB (puc. 5).

- . [Tonaneime migBuieHHs KoHueHTtpamii HpO;
%- 10 1m0 3,5% 00. He NPU3BOJIUTH 10 3POCTaHHS
= cryneHs poskiananHs MOK 1 panioHanbHuin
El /' o Bmict H;O, y posumni ckiaamae 1,6 % 00.
2 6f \ Pazom 3 TuUM, 3icTaBleHHS pe3yJbTaTiB,
% \ /' . OJIepKaHUX 3 BUKOPUCTAHHSIM KHUCHIO TIOBITPS
g _' BKa3ye, 1O 3actocyBaHHsi O 103BOJs€ 3a
2 2f ® piBHHIA MPOMIKOK 4Yacy poskiagata 75,10%
E MK y po3uuHi, B TOH 4ac, sIK 3a MPUCYTHOCTI
S "05 05 10 15 20 25 30 IIEPOKCUY BOIHIO OKUCHIOEThCs Juine 10,6%
Konmenrpariis H,Oz, % 00. 6apBHI/IKa.
PucyHok 5 — 3alexHICTh CTyICHs 3a pe3ynbTaTamMu JOCITIKEHb BU3HAYEHO

dorokaranitnynoi mectpykuii MXK Bim KIHETHYHI IapaMeTpu Nepediry mpolecy Ha
BMICTYy ~ NEPOKCHAY ~BOIHIO. YMOBH  (hoToKaTalizaTopax pi3HOro ckiaamy (Taom. 1).
mpoueey: Co=0,02 r/mw’; pH 7; T 298 K [TopiBHSHHSA OJEpKAHHUX PE3YIbTATIB  JUIs
peakiii (OTOKATAITUYHOTO OKHMCHEHHS 3 MPOIECOM KaTaJiTUYHOIO OKHWCHEHHS
OapBHHKIB Ha BIJIOMHX KaTajlizaTopax Ha ocHOBI 110, 3 momyBaHHSM CpiOJIOM Y
KinbkocTi 5-20%, ysiBHa eHepris akTuBaiii s sikoro ckiagae 70-90 x/[x/morb,

CBIIUUTh MNpo OuIbII epeKTUBHUM mnepedir peakiii came miag i€ YO-
BIIPOMIHIOBaHHS.

Tabmuus 1 — KineTnuHi napaMeTpH NMpoLecy OKMCHEHHSI METHIJIOBOTO )KOBTOrapsyoro Ha
3MIIIaHUX OKCUJIHUX (hOTOKaTaIizaropax

Ti/TinOm - Zn0O 3 K4P207 Ti/TinOm - ZrO23 H2SO4
Koncranra Enepris Koncranra Enepris
Temmnepatypa, K : .
LIBUIKOCTI akTuBalii Ea, HIBUIKOCTI akTuBalii Ea,
Kysen -102, xB ™ kJ[x/MoIh Kysier <102, xB72 kJ[x/MoIh
298 2,97 1,69
308 3,19 1,97
323 3,37 29,06 221 54,42
348 3,65 2,50

Y n'stomy po3aisi HaBeICHO pe3ylbTaTH EKCICPUMEHTAIBHUX JOCIITKCHb
(doTOKaTAMITUYHOI AKTHUBHOCTI MaTepialiB y mpolecax HAecTpykiii Qeromy,
moOy70Bu  (DEHOMEHOJIOTIYHOI MOJIeNi, SKa BiIOMBA€ B3a€EMO3B’SI30K YHMHHHUKIB
(OTOKATAMITHYHOTO TIPOIIECY HA CHHEPTeTUYHUX KOHTAKTHUX Macax CKJIaay
Ti/TinOm- MOy (M =2Zn, Zr), pe3ynapraTd Ja0OpaTOPHUX TECTIB Ta JOCIITHO-
MIPOMHUCIIOBUX BUIIPOOYBaHb PE3YJIBTATIB POOOTH.
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Peakuist  okucHeHHs ~ Qenony mig  giero  Y®-BUNPOMIHIOBaHHS  Ha
(dhoTokaraizaTopi nepedirae 3a piBHIHHIM

CsHs0OH + 70, — 6CO, + 3H,0. (2)

Pesynbratu BUu3HaueHHS CTymneHs (POTOKATATITHUHOI IECTPYKILi eMiTeHTa X sIK B
MOJIETIbHUX, TaK 1 TEXHOJOTIYHMX PO3UYMHAX BapiHOBaHOI KOHLIEHTpALlii, BiJ BMICTY
noranta M y ¢doTokaraiizatopi cBiguath, mo 3aiexHocti X = f (M) e HeniHitHUMI.
Bracnigok 6aratodakTOpHOCTI BCTAHOBIEHHS iX BHUIJISIAY 3 ypaxyBaHHAM (hakTopa
CHUHEpri3My Ta KUIbKICHO OOTpYHTOBaHOi JMCKpUMIHAII JIOMAHTIB € HapiKHUM
KaMEHEM CHHTE3y HOBITHIX (DOTOKATATITHYHUX MaTepiajiB. [ 0OJJOBHUMU YHHHHKAMH,
SK1 BIUIMBAIOTh Ha IIBUJIKICTH (POTOKATATITUYHUX PEakIliii, € MpUpo/Ja PEaKTaHTIB
(4p), B TOMY 4YHUCIi OKUCHHKA (Uox), Ta TX MOYATKOBI KOHIEHTpaii (¢;), mpupoaa
nomnanTa (i) 1 oro BMICT (wy) B ckaaail porokaTanizaropa, remneparypa (7) 1 TUCK
(p) peakiiiitHO1 cyMillri, MMTOMA TUIOIIA MOBEPXHI KaTajizaTopa (Sk) Ta iIHTCHCHBHICTh
onpominerns (hv). Came B pakTOpHOMY MPOCTOPI 03HAUYCHUX 3MIHHHMX Pealli3yeThCs
reTeporeHHui (poTokaTamiTHYHUI Mpoiiec, eHEeKTUBHICTh IKOTO CTOCOBHO IIJTLOBOI
peaxiiii npu HikcoBaHOMY Yaci IEPeTBOPEHHS { MOXKHA HAJATH ONEpaTOPOM

X =1, ci um, o, T, p, Sk, hv ...). (3)

[HIIi KUTBKICHI XapaKTePUCTUKU TMPOIECY, TaKi SK KOHCTAHTH IIBUAKOCTI Kr 1
aacopOmiitnoi B3aemomii K, ¢daktop cuHeprismy R Ta 1H. € MOXiAHUMH Bij
MEpeNiueHOr0 MacuBy 3MIHHUX. BIUIMB Te€OMETpUYHOTO YWHHHUKA, SKUM i
TeTEePOreHHUX IEPETBOPEHb € OJIHUM 3 HAW3HAYYIUX, BHECOK SIKOTO BiJITBOPEHO
napameTpoM Sy, MOXKHa CTaOUTI3yBaTH, OCKUIBKH OKpeMi cepii (oToKaTtamiTHIHUX
MarepiaiiB, CTBOPEHI 32 BUKOPUCTAHOIO TEXHOJIOTIEI0, € 130MOp(pHUMHU.

Sxmo 3adikcyBaTH 3HAUYEHHA OKPEMHUX YMHHHUKIB BEKTOpa (3) Ha 3a3ganeriipb
Bu3HaueHoMmy piBHI (7, p, cox, Sk, hv, 1), 32 Takux OOMEXKEHb EKCIepUMEHTAIbHI
saneskHocTi X = f(M) Ha MertanokcuaHux KOHTakTHMX Macax ckiaany (Ti/mTinOn-
nMyOy) VM e{Zn, Zr} moxna Hagatn (peHOMEHONOTIYHOI MOAeTo (oTokaTa-
JITUYHOTO OKMCHEHHS, SIKY OTPUMAaHO 332 METOJIOM HaMEHIIUX KBaJpariB, y (hopmi

X = (ag—d-Ci) “(wn)", (4)

ne X — MakCUMaJbHUH CTYIiHb (POTOKATAIITAYHOI NECTPYKIlli; MepIIuii BUpa3 B
Oy’)KKax — Tak 3BaHUU MapaMeTp maciraly, sKAW JHIHHO 3aleXuTh BiI Ci —
MOYaTKOBOT KOHIIEHTpAIIl peakTaHTiB; o 1 d - Koe(illieHTH TPOMOPLIHHOCTI; MM —
BMICT JIOMaHTa B ckiajai oTokartanizaropa; b — mapamerp dhopmu.

[TobynoBana MaremMaTrdHa MOJIeTh (POTOKATATITUIHOTO OKUCHEHHSI OpTaHIYHUX
TOKCUKAHTIB 3 ypaxyBaHHSIM YWHHHUKIB, 5Kl BIUIMBAIOTh HA IIBUJIKICTb
(doTOKaTaNITUUHUX peakIii (MPUPOIM PEaKTaHTIB Ta iX MOYATKOBI KOHIEHTpAIIii,
NPUPOAM JIONMAHTYy 1 WOro BMICTY B CKIaal (oTokaTamizaTopa) Hajajla 3MOry
31CTaBUTU EKCHEPUMEHTAIbHI 1 pPO3PaXyHKOBI 3aJIeXHOCTI (HOTOKATATITUYHOIO
MEPETBOPEHHS PO3UYHMHIB (PEHOJIY Yy BIAMOBIAHOCTI JO MPUPOAN MaTepiajiiB Ta BMICTY
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gonanty (puc. 6). Jns METaJOKCHAHMX KaTami3aTOpiB KOHIICHTpALlis JOMaHTY
CYTTEBO BIUIMBA€ Ha MpOIEC ACCTPYKIii ¢eHony mia maiero Y D-BUNIPOMIHIOBAHHS.
AHai3 BIUIMBY BMICTY IMHKY B ckiafii mokpuBiB T1/TinOn - ZnO, cuHTE30BaHUX 3
audocdaTHOrO PO3UMHY, JIO3BOJIMB BCTAHOBUTH, [0 HAWBUILY aKTHBHICTDH
BUSIBJISIIOTh KOHTAKTHI Macu 13 BmicToM Zn 2,6 mac. % JJig BChOrO Jliarma3oHy

KOHIIEHTpAIlill po3urHiIB peHoITy (puc. 6, a). 31 3SMEHILIEHHSIM BMICTY LIMHKY Y CKJIa1
90

3 3
90t
X = gof 2
= g 1
= Z A
E: 80F E_ 70F o
[ 3 2
5} L
= g
g . = 60f A
o 70 =]
=9 =
A A
= ==l
E ‘= 50p
= 60k e
5 60 )
. . i - . s s s
: 5 3 04 08 12 6 20
Bumict Zn. % mac. Buicr Zr, % mac.
a) 0)
Pucynok 6 — 3ajexHicTh CTyneHs (OTOKATATITHYHOI IECTPYKIii (EeHOIy 3 IMOYaTKOBOIO

koHuenTpamiero, r/am3: 0,02 (3); 0,04 (2); 0,08 (1) Bix Bmicty Zn (a) Ta Zr (6) y
(dhoTokaraizaropax TI/TInOm -Zn0, TI/TInOm : ZrOZ, BIAIIOBIAHO; TOYKHA — EKCIIePUMEHT,
OesnepepBHa JIiHisA — PO3paxyHOK 3r11HO (4)

3MIIIAHOTO OKCHUJHOTO KaTaji3aTopy 3HMXKYETbCA 1 MOro axkTUBHICTh. Jlid
dotokaranizatopiB Ti/TinOn- ZrO,; y BchOMy aiana3oHi KOHIIGHTpamii (eHomy
HaWBHILMK CTYIIHb (POTOKATANITUYHOI IeCTPYKIIi Ha piBHI 46-87% 3adikcoBaHO Ha
Marepiajiax 13 BmicTom pgomaHTta 2,1 mac. % (puc. 6, 0). PesynpraTu anHamizy
KIHETUYHUX 3aJICKHOCTEM JO3BOJMIM BCTAaHOBUTH, IO (DaKTOp CHUHEPTI3MY IS
IIUHKBMICHUX KOHTaKTHHMX Mac ckiagae 2,3, a misa nupkoHiBmicHux — 1,4-1,9, mo
CBITYMUTH MPO HASIBHICTH CIIOPITHEHOCTI KOMITIOHEHTIB KaTasi3aTopy (Tadm. 2).

Tabnuus 2 — Pe3ynbratu TecTyBaHHS (DOTOKATATITUYHOT aKTUBHOCTI MIOKPUBIB Y
peaxiiii OKUCHEHHS (DeHOTY

CkJ1aj1 eNeKTpoiTy Cryninb
Cxman Bwmict doro- daxTop
MTOKPHBIB H2SO4 K4P207 JIOTIAHTY, JECTPYKITii, CUHEPTU3MY
r/am® %
Ti/TinOm - ZnO — 1M 40 94,90 2,3
Ti/TinOm - Zr0; 0,5M — 10 59,00 1,9
Ti/TinOm - ZrO; — 1M 10 53,92 1,4
Ti/TiO> 0,5M — — 28,00 —
Ti/TiO> — IM — 51,11 —
Zn/Zn0O — 1M — 46 -
Zr/ZrO» 0,5M — — 24,10 —
Zr/ZrO» - IM — 18,00 —
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Pesynbratu gociimkeHb 3aKOHOMIpHOCTEH 1 ocoOmmBocTedl  (hopMmyBaHHS
nokpusiB  TiO,/mamot, Ti/Ti,O,,-Zn0O, Ti/Ti,O,-ZrO, nHa wMeraneBux Ta
HEMETaJeBUX HOCISX Jajl 3MOTY 3alpolOHYBaTH CXEMHU OJIEp)KaHHS MarepialiB
3/IaHOTO CKJIaay 1 mpu3HauyeHHs (puc. 7).

[linroToBra Hocia: SremHperHa v NaOH
1. Obpobioka ¥ posoHazs 0,3-0,4 2® afio
- NapOH, t=50°C, 20 xE; Na 20, 0 1-07 28w’
- Shilp 1=15°C, 10z,
- Fallg 1= 25"C, 3zE.
l OEpEAHEA EOTHIE r
CYCIEH#IH Ha OCHOBL : .
[poruEarKs HOCiE ;,-COE 60 22 Ofpofiza @Jﬁepmmflﬂﬂ
MHCTHIEOBAHOH BONOK Fﬂ%‘fﬁg *:':rg igi%i"; T3
mopH 7. $=25"C o0
[TpocosyEaHEA HOCIA ELP— I M, SO~ -Guﬁ"{;
=25C InQ -4 pBme® | ORCHOVESHHA CIOMAEIE THTAHY Grlgwatain
‘l J=LiABMm, U=60F
BHCyUTyEAHRL
t=100°C, 100 vom
¢ k. k.
ToxpHER Stinmrard oEcHTED Sytinmrard oEcHTED
DOy MDEPHEH MDEPHEH
0y 2l o, By
[larent Yrpainu Me 36376 j
[Taterr Yepainm Me 90124 TTaterr ¥ rpaitm Me 90125
a) 0)

Pucynok 7 — Biok-cxemu cuHTe3y HOKpHBIB ckiamy TiOz/mmamor (a) Ta 3MIlIaHHX OKCHIHHX
IOKpUBIB (0)

3anpornoOHOBAaHO MPUHITUIIOBY TEXHOJIOTTYHY CXEMY OYHIIEHHS CTIYHUX BOJ Bif
dbenony (puc. 8).

10~<><)—>

0 - ;

Pucynok 8 — [IpuHiumnoBa cxema MmijJoTHOI yCTaHOBKH 3HEMIKO/DKEHHS (PEHOITY Y CTIYHHUX
BOJaX BUPOOHHUNTB: 1 — BIALIEHTPOBUI HAcoc; 2 — KOMIpecop; 3 — BUTpAaToOMip; 4 — peakTop 3
doroenemMeHTOM i Jlamnor0; 5 — mpoOoBinOipHUK. TexHonoriuni motoku: 10 — 3a0pyaHeH1 CTiuH1
BOJM TianpueMcTBa; 11 — ctucHeHe noBiTps; 12 — ountieHi cTiuni Boau; 13 — BUX1aHI Ta3u
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ExoHOMIYHI MOKa3HUKH, PO3paX0OBaHi 3a pe3yJbTaTaMu JIOCIITHO-IPOMUCIOBHX
BUNMPOOYBaHb 3aMpPOIIOHOBAHOI TEXHOJIOTII OYHIIEHHS CTIYHUX BOJA BiJl (EHOTy
obcsrom 120 T/pik cBiguaTh, 10 ii BOPOBAIHKEHHS J03BOJISIE€ 3aMOOIITH CKUIAAHHIO
deHomy 31 CTIYHMMHU BOJAMH Yy HABKOJIMIIHE CEPEIOBHINE 3 PO3PAXyHKOBUM
nepiogoM OKyIMHOCTI 3 poku. ITopiBHSHO 3 BiJIOMOIO NMPOMHUCIOBOIO TEXHOJOTIEI0
OUMIEHHS  (EHONBMICHUX  CTIYHMX  BOJ  MapO-TIOBITPSIHUM  METOJIOM,
doToKaTamiTUUHE OKWUCHEHHS Ha KaTali3aTopax 3alpolOHOBAaHOTO CKIATy €
€HEepro30epirarodyrM i 3a TEXHIKO-€KOHOMIYHUMHU TOKAa3HUKAMU €KOHOMIYHO OLTBII
e(eKTUBHUM, OCKIUILKH HE MOTpeOye BUKOPWUCTAHHS ITIBUIICHUX TEMIIEpaTyp Ta
THCKIB.

Y nonmaTkax HaBeNEHO akTH BHUIPOOyBaHb pO3POOJIEHUX MaTepiaiiB i
TEeXHOJOri Ha XapkiBcbkoMy JakodapboBomy 3aBoai «UYepBOHMI  XIMIK»i
BIIPOBaKEHB Ha Kadeapi ¢izuunoi ximii HTY “XIII™.

BUCHOBKHA

VY nucepTtauiiiHiii poOOTI BUPINIEHO HAYKOBO-NPAKTHYHY 3a/layy 3 pO3pOOKH
TexHoJjorii mokpuBiB TuTaH (1V) okCcuAOM Ha MeTalleBUX 1 HEMETAJIIEBUX HOCISX Ta
KOMIIO3UTIB 3 MIJIBUIICHOI (POTOKATATITUYHOI AKTUBHICTIO Ha MiJCTaBl TIMOTE3U
PO CHHEPTreTUYHHI BIUIUB CTPYKTYPOTBIPHUX KOMIIOHEHTIB 1 B33a€MO3B’SI3KY
(yHKIIOHATBHUX BIACTUBOCTEHM MaTepiajiB Ta IX CTPYKTYPHUX XapaKTEPUCTHUK.

1. ExcriepuMeHTalbHO BH3HAUCHO B3a€MO3B'SI30K yMOB cuHTe3y THTaH (IV)
OKCHJy Ha METaJIeBUX 1 KEpaMiuHMX HOCISIX 31 CTPYKTYpHUMH TMapaMeTpaMu
OJIEp’)KYBaHUX TIOKPHBIB. BCTaHOBJIEHO ONTHUMaNbHI MapamMeTpu MPOBEICHHS
nporieciB cuHTe3y THTaH (IV) Okcuay Ha MIAMOTHOMY HOCII, IO J03BOJISIOTH
OJIEp)KYBaTH PIBHOMIPHI 3a CKJIaJOM Ta PO3MOAUIOM IO IMOBEPXHI MOKPUTTS 3
BHCOKHMMHM TOKa3HUKAMH TMOPYyBaToCTI (46—66%) Ta cymMapHOTO MUTOMOTO 00‘eMy
nop (0,88-2,14 cm®/r). JloBeneHo, mo nepebir mpouecy aHOJHOTO OKCHAYBaHHS 3a
ryctuHu ctpymy 1,5 A/nm? ta manpysi 60 B 103Bomsie o1epsKyBaTH OKCH/HI TOKPUBH
ckiany TiI/TiO2 Ta 3mimrani OKCUIHI MOKPUBH 13 fAormyBaHHsaM ZnO, ZrO;.

2. O6rpyntyBano mMeron ctBopeHHs KOMIo3HTiB Ti/Ti,Om- MxOy (M = Zn, Zr)
METOZIOM AaHOJHOTO OKcuayBaHHA cmiaBy BT1-0 3 enekTponiTiB Ha OCHOBI
cynbdaTHOi KUCIOTU Ta AudocdaTy Kaiiro, MO JO03BOJSIE OACPKYBATH MOKPUBHU 13
BMicToM ITMHKY 0,5-2,6 mac. % ta nwmpkonito 0,5-2,1 mac. % 1 po3mipom mip 110
100 M. ExcriepuMeHTanbHO BH3HAYEHO, IO MaTepiaii MPOSBISIIOTH Yy 2—4 pasu
BUIIly B TIOPIBHSHHI 3 1HJIMBIAyaTbHUMHU OKCHUJAMU (DOTOKATATITHYHY aKTUBHICTH 3a
paxyHOK (hakTopy CHHEpPrusMmy, mo ckianae 1,9-2.3 y nporeci QoToKaTamiTHYHOTO
OKHCHEHHS BOJHUX PO3YMHIB a300apBHUKA METHIIOBOTO KOBTOTapsiaoro ta (heHomy.

3. HomeaeHo, mo CTpyKTypHI mapameTpu 1 Mop(dojoris MOBEpXHI MOKPHUBIB
TiOy/mamor, Ti/TinOm- MOy (M =2Zn, Zr) xopemorwTs 3  (POTOKATATITHIHOO
AKTUBHICTIO y MOJEJbHIM peakiii OKUCHEHHS METUJIOBOTO 3>KOBTOTapsyoro, a
HaWBUIIMKA CTYMIHb (POTOAECTPYKLII BHUABISAIOTH TOKPUBU 3 MOpaMU PO3MIpOM
30-50 um.
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4. BcraHOBJEHO, MO KBaHTOBa €(QEKTHBHICTH MpoIecy (POTOKATATITUIHOTO
OKHCHEeHHs1 Ha Kartamizaropax ckimamy T10./mamor, Ti/TinOm- MxOy (M =2Zn, Zr)
csrae 13; 11,8 ta 10,7%, BIANOBIIHO, 110 IEPEBUIIYE TTOKA3HUKH JIJIT TIPOMKCIIOBOTO
nopomkoBoro gotokaranizaTopy Degussa P25 y aHanoriyHux peaxiisx.

5. Po3poGieHo ¢eHOMEeHOJoTIuHy MOJCib, SKa BiJIOMBAa€E B3a€EMO3B’SI30K
CTYNEHIO (POTOKATATITUYHOTO TMEPETBOPEHHS TEXHOTCHHUX EMITEHTIB 3 BMICTOM 1
OPUPOAOI0 KATAIITUYHUX MaTepialiB y CKJIaJll CHHEPreTUYHUX KOHTAKTHUX Mac
Ti/TihOm- MOy (M=2Zn, Zr), mo pgae 3MOry NpPOTHO3YBaHHS MOXIIMBOCTI
3acTOoCyBaHHA (POTOKaTamizaTopiB 3 HEOOXIHOK CYKYITHICTIO BJIACTHBOCTEH,
BMICTOM JIOTIAHTIB Y €KOTEXHOJIOT1AX.

6. Ha migctaBi BHM3HAue€HMX KIHETUYHMX Ta TEXHOJIOTIYHUX TapaMeTpiB
PO3pO0JICHO TEXHOJOTIYHI CXEMH BUTOTOBJICHHS KOHTAKTHHUX Mac Ha HOCISX Pi3HOI
OpPUPOIM Ta TEXHOJOTI] 3HEIIKOKEHHS (DEHONBMICHUX CTIYHMX BOJ ILISXOM
(OTOKATAMITUYHOTO OKHCHEHHSI KUCHEM MOBITpA Mif Aieto Y D-BUnpoMiHiOBaHHs. 3a
pe3yibTaTaMu  JIOCHIIHO-TIPOMUCIIOBUX ~ BHUMPOOYBaHb  TEXHOJIOTI  OYMIICHHS
(hEHONMBMICHUX CTIYHUX BOJ TepiogudHoi 1ii BrpogoBk 120 ni6 Ha XapKiBCBKOMY
nakodap6oBomy 3aBoiai “UepBoHMIA XIMIK~ BCTAHOBJIECHO MiJIBUIICHHS CTYIICHS
nectpykiii ¢penony 3 83 10 99%, a 3a XCK —3 70 1o 95%.

7. Pe3ynbTatd NOCHIPKEHb BIPOBa/KEH1 y mpomuciioBicth Ha [IAT XJID3
“UepBoHuil XIMIK” Ta y HaBYaJIbHUH Tipotiec kadeapu ¢izuunoi ximii HTY “XTII”.

CIIMCOK ONYBJIKOBAHUX MPAIlb 3A TEMOIO JIUCEPTAIIIT
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5. beikanoBa B.B. ®otTokaramuzaTophl Ha OCHOBE OKCHJAA LMPKOHHS IS
OYUCTKHU opra"ocojepxkamux  crouHbix Boj / B.B. brikanosa, H.J[. Caxnenko,
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M.B. Maii6a, B.B. I'epacumona, M.B. Bens, H.J[. Caxuenko // HanorexHonoruu:
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61.

3006ysauem 6uzHaueHi 3AKOHOMIDHOCMI 00EPIHCAHHA 3MIUAHUX OKCUOHUX
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OKCcHIaMH U1l OUUCTKH cTouHBIX Boxa / B.B. beikanosa, H.J[. Caxaenko, M.B. Benp,
M.B. Maii6a, JI.C. AHzgpomryk // DKOJOTHS W IPOMBIIIJIEHHOCTb. — XapbKOB:
I'TI «YkpHTII «2Qneprocramby, 2014. — Ne 3. — C. 38 —41.

3006ysauem 0ocniodiceHo homoxkamanimuyry aKmueHiCmeb 3MIUAHUX OKCUOHUX
noxpueie na ocrnosi mumat (1) okcudy 6 ouuwenni cmiuHux 600
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(doTOKaTANITUYHO AKTHUBHOTO MaTepialy Ha KepaMiuHOMY [OpyBaTOMy HOCIT /
Caxuenko M./1., Bens M.B., bukanosa B.B.; 3asBHUK Ta BIIaCHHK MAaTEHTY
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3asBHUK Ta BiacHUK mateHty HTY "XIII". — Ne u 201315177; 3asBn. 24.12.2013;
omy0u. 12.05.2014. Brom. Ne 9.

3006ysauem uHa1eHO ONMUMATLHUL CKIAO HOMOKAMALIMUYHO20 Wap) .

14. Tlar. 90125 Vkpaima, MIIK C25D 11/00. Cnoci6 dopmyBaHHS
dorokaTanmiTHYHO aKTUBHUX IUTBOK ZrO,/TiO; Ha crutaBax tTurany / Caxaenko M. /1.,
Bens M.B., bukanoBa B.B.; 3asBHuk Ta BiacHuk mnarenty HTY "XIII". — Ne u
201315178; 3asBa. 24.12.2013; ony6u1. 12.05.2014. Bros. Ne 9.

3006ysauem 0OIPYHMOBAHO BUKOPUCMAHHS MMOOY AHOOHO20 OKUCHEHHS Mmda
2a1b8AHOCMAMUYHO20 PENCUMY.

15. Iat. 90318 VYxkpaina, MIIK C25D 11/00. Cmoci® ¢opmyBaHHS IUTIBOK
TihnOn-SNOy Ha crutaBax Turany / Caxmenko M.JI., Bems M.B., Maiiba M.B.,
bukanoBa B.B., fApomok T.II.; 3asBHuK Ta BiacHuk narenty HTY "XIII". — Ne u
201313086; 3asaBm. 11.11.2013; omy6u. 26.05.2014. Bros. Ne 10.

3006y8auem 6uzHaAUeHO ONMUMANbHE CNIBBIOHOWIEHHS KOMHOHEHMI8 V CKIAOi
gpomoxkamanizamopy.

16. ITat. 95918 Vkpaina, MIIK C25D 11/00. Enextpoiit st ¢popMyBaHHS
SNOx-BMicHUX (PYHKI[IOHATBHUX MOKPUTTIB HA BEHTUJILHUX MeTaax /
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19. beikanoBa B.B. Bo3moxxnoctu npumenenusi nupkonuit (IV) nmokcunma B
¢dorokarasmze / B.B. brixkanoBa, II.A. Ko3y6, B.M. bynaBun, C.HU. Ko3zy0 /
[HdopmaliiitHi TEXHOJOrIi: Hayka, TEXHIKa, TEXHOJIOTis, OCBITa, 30poB's: XX
MixHapoiHa HayKoBO-TIpakTuuHa KoHpepeHis, 15—-17 tpaBus 2012 p.: Te3u gom. —
Xapkis, 2012. — Y. II. — C. 245.

3006ysauem suzHaueno pomoxamanimuyna axmugHicmo yupxouit (1\V) oxcuoy
Y MOOenbHill peakyii OKUCHEHHs a300ap8HUKA MEMUTI08020 HCOBMO2APAUO20.

20. beikanoBa B.B. Hanodotokaranuzatopsl Ha ocHoBe wuupkonuit (IV)
anokcuna / B.B. Beikanosa, I1.A. Ko3y0, B.I1. bynasun / CoBpemeHHbIe npoOIeMbl
HaHoKaTanu3a: CUMIO3UYM C MEXAYHApOIHbIM yyacTueM, 2428 centsiops 2012 r.:
TE3UCHI I0KJI. — Yxkropon, 2012. — C. 136.

3006ysauem cunmeszosaro nokpusu yupkoriu (1V) oxcuoom.
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21. breikanoBa B.B. ®oTokartanuTHueckasgs OYMCTKAa CTOYHBIX BOJ OT
oprannueckux npumeceir / B.B. brikanosa, II.A. Kozy6, B.W. bymaBun /
Texunueckas xumus. Ot Teopun k npaktuke: I MexnyHnaponnas koH(pepeHIus,
15-19 okTts0ps 2012 r.: Tezucs! goki. — Ilepms, 2012. — C. 48 — 51.

30006ysauem eusnaueno gomoxamanimuuny axmusnicmo mumar (IV) oxcuoy
npU OKUCHEHHI Memun08020 H#0o8mozapsaie2o nio 0ieto Y D-enunpominio8aHHs.

22. brikanosa B.B. [lonyuenue (oTokaTadIUTHUECKd aKTUBHBIX MaTepUajioB Ha
ocHoBe tuTaH (IV) oxcuna / B.B. brikanoBa, H./[. Caxnenko, B.B. I'epacumona /
XimiuHi npobnemu cworogeHHsi: Choma BceykpaiHchbka HaykoBa KoH(pepeHIis
CTYZCHTIB, aCIiPaHTIB 1 MOJOJUX YYEHHUX 3 MIXKHAPOJHOIO yuacTio, 11 — 14 6epesns
2013 p.: Te3u pom. — Honeusk: 2013. — C. 111.

3000y6auem 6uzHaueHo ¢homoxkamanimuury aKmuGHiCMb KOHMAKMHUX MAC
cknady TiOywamom.

23. beikanoBa B.B. Cunte3 meHok Ha  ocHoBe THTaH (IV) OKCI/II[a/
B.B. beikanora, H./[. Caxaenxo, M.B. Benp / Ximis Ta cyqaCHl TexHoJorii: VI
MixHapo/iHa HAyKOBO-TEXHIYHA KOH(bepeHum CTYJICHTIB, acCIipaHTIB Ta MOJIOJMUX
BUeHUX, 2426 kBiTHs 2013 p.: Te3u gomn. — Jninponerposcrk, 2013. — T. 1. — C. 226
—2217.

3006ysauem sionpayvosano napamempu curnmesy nokpusie TiOxlwamom.

24. Bykanova V.V. Synthesis of Zirconium (IV) Oxide Thin Films on Various
Substrates / V.V. Bykanova, N.D. Sakhnenko, N.N. Proskurin, M.V. Ved / ®i3uka i
TEXHOJIOT1s] TOHKHUX IUTIBOK Ta HaHocucteM: XIV Mixnaponna koHdepeniis, 20-25
tpaBHs 2013 p.: Te3u non. — [Bano-®pankoBcek, 2013. — C. 102.

3006ysauem 6uzHayeHO 6NIUE Mamepiany HOCisi Ha Mopgonozito ma ckiao
nokpueie na ocnosi yuprouit (1V) oxcuoy.

25. beikanoBa B.B. HccnenoBanue (poTOKaTaqIuTUUECKUX CBOWCTB HOKpLITI/Iﬁ
tutal (IV) okcunom / B.B. beikanosa, H.JI. Caxuenko / Inpopmartiiiti TeXHOIOTI:
HayKa, TEXHIKa, TEXHOJOrisA, OcBiTa, 370poB's: XXI MikHapoaHa HAyKOBO-
npaktuyHa kKoHpepenuid, 29-31 tpasus 2013 p.: Te3u gon. — Xapkis, 2013. — Y. II. —
C. 251.

3000y8auem 86cmaHo81eHO i NPOAHANIZ08AHO POMOKAMANIMUYHI GILACMUBOCHII
nokpueie TiOluamom.

26. breikanoBa B.B. KarammzaTtoppl Ha ocHOBe d-MeTalsiIOB JIs1 OYHUCTKH
CTOYHBIX BOJA M HEWTpanu3aluuu Tra3oBbiX BbIOpocoB / B.B. beikaHoBa,
H.A. Caxnenxko, M.B. Beas, M.A. TI'mymkxoBa / Kazantumn-2Oxo0-2012.
NHHOBallMOHHBIE TIyTH pEHICHUS AaKTyalbHBIX MpoOsieM O0a30BBIX OTpaciei,
9KOJIOTUH, »HHEpro- u pecypcocoOepexxkenus: XXI MexayHapoaHas Hay4dHO-
npaktuyeckast kondepenuus, 3—7 urons 2012 r.: Tesucsl noki. — [lenkuno, 2013. —
C. 136 — 140.

3006y6auem 6uzHaueHo napamempu cuHmesy MUumaH- ma YUPKOHIUOKCUOHUX
NOKPUBLB OJ151 OOCAIONCEHHS IX POMOKAMANIMUUHUX GIACMUBOCTELL.

27. beikanoBa B.B. ®opMupoBaHME METAUIOKCUAHBIX TOKPBITUH C
(hoToKaTANUTHYECKOH AKTUBHOCTBIO HA CiulaBax TturaHa / B.B. beikanosa, H.JI.
Caxuenko, M.B. Benp / HoBiTHi enepro- ta pecyp0036ep1ramq1 XIMIYH1 TE€XHOJIOTIi
0e3 ekosyoriyHux npoodsem: VI MixHapogHa HayKOBO-TE€XHIYHA KOH(pepeHiis, 9-13
oepesns, 2013 p.: Te3u momn. — Opeca, 2013.—T. 1. — C. 35 — 36.

3006y6auem 3anponoHoO8aHoO i ONPAYLOBAHO CKAAOU PO3UUHIE mMa napamempu
cuHme3y NOKpUie Cniagie Mumany 3 pomokamaiimuyHUMuU 61acmusoCmamu.
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28. bukanosa B.B. JlocmimkeHHs nporeciB GopMyBaHHS 3MIIIAHUX Sn-BMICHUX
OKCHJIHUX TIOKPUTTIB Ha BEHTWIbHHX METalax Yy MIKPOAYTOBOMY peXuMmi /
B.B. buxanosa, B.B. I'epacumosa, M.[l. Caxuenko, M.B. Bens / XimiuHi npobiaemu
cporofeHHs: Bockma BeeykpaiHcbka HayKoBa KOH(bepeHum CTYIEHTIB, acIipaHTIB i
MOJIOJUX YYEHHUX 3 MDKHApOIHOI0 yuacTio, 17-20 Oepesns 2014 p.: Te3u mom. —
Honenupk, 2014. — C. 112.

3000ysauem 3anponoHo8aHo CcKAA0 I GIONPAYLOBAHO eNeKmpoimu  OJisl
0CA0HCEHHS SMILUAHUX OKCUOHUX NOKDPUBISB.

29. beikanoBa B.B. Dnektpoxumudeckuil CcHHTE3 (POTOKATATUTHUECKUX
MaTepuagoB Ha ocHOBe cmemaHHbix okcunoB Ti02 - MxOy / B.B. brikanosa,
M.B. Maiiba, M.B. Beap, H.JZI. Caxnenko / AkTyaiabHble TpOOJEMbl TEOPUU U
MNPAaKTHUKU AJICKTpOXUMHYECKUX TmporeccoB: Il MexaynapoaHas koHdepeHIus
MOJIOJBIX YUYeHbIX, 21-24 anpenst 2014 r.: Te3uckl nokia. — DHrense, 2014, — T. 1. —
C. 251 - 256.

3000ysauem 6cmano8ieHO 0COOAUBOCMI mMaA napamempu cuHme3y NOKPUBIE
TiO; - MOy,

30. bukanoBa B.B. [Jlocmimkenus mpouecy ¢opmyBanHs SnOz-BMICHHX IIapiB
Ha  BEHTWIBHHUX  MeTalax B  MikpoayrosoMmy pexumi/ B.B. bukaHosa,
B.B. I'epacumoBa, M./[. Caxnenko, M.B. Maiiba / XimiuH1 Kapa3MHCbKI YATaHHSI—
2014: VI Bceykpaincbka HaykoBa KOH(EpEHIlS CTYJIEHTIB Ta acmipaHTiB, 22—24
kBiTHs 2014 p.: Te3u non. Xapkis, 2014. — C. 229 — 230.

3006ysauem 6uzHaueHo GOMOKAMANIMUUHY AKMUBHICMb 3MIUAHUX OKCUOHUX
NOKpUBI8 Y (HOmoKamanimuuHOMy OKUCHEHHI MEMUI0B020 HCOBMO2APAU020.

31. bukanoBa B.B. MeranokcuHi CHCTEMH 13 BMICTOM IIEpeXigHUX Ta
pPO3CITHUX ~ eJIeMEHTIB g oxopoHu AoBkuLisa / B.B. bukanora, M.JI. CaxHeHko,
M.B. Beng, T.I1. SIpomrok / Cy4acH1 T€XHOJIOT1i Y IPOMHUCIOBOMY BI/IpO6HI/ILITB1 III
Bceykpaincbka MiKBY31BChbKa HAYKOBO-TIpaKTUYHA KOH(pepeHilis, 22—25 kBiTHs 2014
p.: Te3u goim. — Cymu, 2014. — Y. 2. — C. 125 — 126.

3000ysauem npoananizo8amo - GomoKamanimuuHi  81ACMUBOCMI  NOKPUBIE
TiO; - MOy (M = Zn, Zr) y peaxyisnix 3HEWKOOIHCEHHAM OP2AHIYHUX MOKCUKAHMIG.

32. beikanoBa B.B. Tutan- u mupkoHHiicoaepkamue (poToKkaTaan3aTopsl s
ounctkn ctouHbiXx Boja / B.B. breikanoma, H.J[. Caxmenko, M.B. Bemp / XIX
VYkpaincbka KoHGEpeHIis 3 HEOPraHIYHOI XiMil 33 Y4acTIO 3aKOPJIOHHUX YYEHUX, 7—
11 Bepecns 2014 p.: Te3u non. — Oneca, 2014. — C. 117.

3006ysauem euznaueno 6NAUE CKAAOY MaA MOPON02ii NoepxHi NOKPUBIE
TiO; - MOy (M = Zn, Zr) na nepebic pomorxamanimuunoeo OKUCHeHHs! heHOTLY.

AHOTAII

buxkanosa B.B. ®@oTokarajiTH4YHi MOKPUBU 3MIlIAHMMHM OKCHIAMH HA
ocHoBi TuTaH (V) okcuay st ekorexHodsorii. Ha mpaBax pykonucy.

Auceprarisi Ha 3100yTTS HAYKOBOTO CTYNCHS KAaHIWIATa TEXHIYHUX HayK 3a
CHCHI&J’IBHICTIO 05.17.01 — TtexHoioris HeopraquHHx pEHOBHH. — Hauionansuuit
TEeXHIYHUHN YHIBEpCUTET ““XapKiBCHKHUI MO TEXHITYHHMA lHCTI/ITYT Xapkis, 2015 p.

Jlucepraiifo MPHUCBSYCHO YAOCKOHAICHHIO TEXHONOTI  (OTOKATaNTITHIHIX
MOKPHBIB 3MIIIAHUMH OKCHIAMH HA OCHOBI THTaH (IV) OKCHIY JUIS OJCpKaHHS
MaTepialliB 3 CHHEPreTHIHMM S(EKTOM ISl OYMINCHHS CTiYHHX BOJ BiJ| OPTraHiYHUX
TOKCHUKaHTIB. EKClIepMEHTaIbHO BCTAHOBJIEHO ONTHUMAaJIbHI MapaMeTpH MPOBEACHHS
nporieciB  cuHTe3y TtutaH (IV) okcuay Ha IIAMOTHOMY HOCIH, IO JO3BOJISIOTH
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OJICp)KYBaTH PIBHOMIPHI 3a CKJAJ0M Ta PO3MOAUIOM IO TOBEPXHI IMOKPUTTS 3
BHCOKMMH TTOKa3HUKaMu TopyBaTocTi (46—66%) Ta cymMapHUM MHTOMHUM OO0‘€EMOM
nop (0,88-2,14 CMS/F) BU3HAYCHO, 110 AHOJIHE OKCHIYBaHHA 3a TYCTHHH CTPyMy
1,5 A/I(M Ta Hanpysi 60 B nossoisie oxepxysaru okcuaHi nokpusy ckiaay Ti/TiO;
Ta  3MilllaHi OKCHAHI MOKpuBH 13 jomyBaHHsM ZnO, ZrO;3 BMICTOM LHUHKY
0,5-2,6 mac. % Ta LII/IpKOHIIO 0,5-2,1 mac. % Ta posmipoMm mop g0 100 HM.
ExcriepiMeHTaIbHI JOCTIDKCHHS JOBEIH, IO MaTepiadd HPOSBISIOTh y 2—4 pasu
BUIY (POTOKATANITUYHY aKTUBHICTh Yy MOPIBHAHHI 3 1HAUBITYAIbHUMHU OKCHUJIAMU 32
paxyHOK BHSBJIICHHS (aTKOpy CHHEprusmy, 1o ckimamae 1,9-2,3 y mporeci
(hOTOKATAMITUIHOTO OKUCHEHHS BOJHHMX PO3YHHIB a306apBHHKa METHIIOBOTO
JKOBTOrapsi4oro ta (exony. Ha miacTasi BUSHaYCHHUX KiHETHYHMX Ta TCXHOIOTIYHUX
napamerpis po3po6neHo HpI/IHI_[I/IHOBl CXeMH BUTOTOBJICHHS KOHTAaKTHUX Mac Ha
HOCISIX Pi3HOI IPHPOAM Ta TEXHOJOTI 3HCIIKOKCHHS (PEHONBMICHHX CTIYHHX BOJ
HUIAXOM  (POTOKATATITUYHOTO OKHWCHEHHS KHCHEM TOBITpA Mg jJieto  YO-
BUIIPOMIHIOBaHHSI.

Kniouogi cnosa: TexHomnoris, GpoToKaTaliTUYHE OKUCHEHHS, KaTali3aTOpH, TUTaH
(IV) okcun, 3milIaHi OKCH/IH, KaTaliTHYHA aKTUBHICTh, CHHEPTETHYHI TIOKPUBH.

brikanoBa B.B. @orokarajurnyeckre NOKPbITUA CMEIIAHHBIMHM OKCUIAMM
Ha ocHoBe TuTaH (IV) okcuaa 1Jist IkoTexHoJ0oruid. Ha mpaBax pykomnucu.

Huccepranys Ha COUCKaHUE YUEHOUM CTENEHU KaHAuAaTa TEXHUYECKUX HAyK IO
crnennabHoCcTH 05.17.01 — TeXHONOTHS HEOpraHUYECKUX BelecTB. — HanmoHnanbHbII
TEXHUYECKUN YHUBEPCUTET "XapbKOBCKUN NOJMTEXHUYECKAA MHCTUTYT', XapbKOB,
2015.

Huccepranus MOCBSIIICHA YCOBEPUICHCTBOBAHUIO TE€XHOJIOTUU
(hOTOKATATUTUYECKUX TOKPHITUNA CMEIIAaHHBIMU OKcHJaMu Ha ocHoBe Tutad (IV)
OKCHJA JUIsSI TIOJIYYeHHsS] MaTEepHalOB C CHHEPreTHYecKuM 3(PGEeKTOM Il OYUCTKU
CTOYHBIX BOJI OT OPraHUYECKUX TOKCHUKAHTOB. Ha OCHOBaHMU aHalin3a B3aMMOCBSI3H
ycioBuit cuHTe3a TuTaH (IV) okcnia Ha MEeTaTMYECKUX M KEPAMUUECKUX HOCUTEIISAX
CO CTPYKTYPHbIMH  TMapaMe€TpaMH  IOJYyYaeMbIX MOKPBITUHA  yCTAHOBJIEHBI
ONTUMAaJIbHBIC TTapaMeTphl npoieccoB HaHeceHus: TuTaH (IV) okcuaa Ha MIAMOTHBIM
HOCHUTEJIb, MO3BOJISIIOIIME MOy4aTh PABHOMEPHBIE 110 COCTABY U PACTIPE/ICTICHUEM 110
ITOBEPXHOCTH TIOKPBITHSI C BBICOKMMH IIOKa3aTeNIIMH TOPUCTOCTH (46-66%) u
CcyMMapHOro yzaembHoro o6mema mnop (0,88-2,14 cm/r).  OmpenmeneHo, 4YTO
IPOBENCHHE AHOMHOTO OKCHAMPOBAHUS NpY IUIOTHOCTH Toka 1,5 A/nm? wu
HarnpsbkeHuun 60 B mo3BossieT momy4yaTh OKCHIHBIE MOKPbITUS cocTtaBa T1/TiOy u
CMEIIaHHbIE OKCUIHBIE MOKpbITHUA C¢ gonupoBaHueMm Zn0O, ZrO; u coaepkaHHeEM
nuaka 0,5-2,6 macc. % u uupkonus 0,5-2,1 macc. % u pazmepom nop Ao 100 Hm.
DKCIepUMEHTaIbHBIE MCCIEIOBAHMS TMOKa3aJIk, YTO 3a CYET MPOsBICHHS (akTopa
CUHEpru3Ma, KoTopblid paBeH 1,9-2,3 marepuansl mposBIAOT B 2-4 pa3a Oonee
BBICOKYIO 10 CPAaBHEHUIO C WHJWBHIYaJIbHBIMH OKCHUJAMHU (POTOKATATIUTUYECKYIO
aKTUBHOCTb B IIpoliecce (POTOKATATUTUYECKOTO OKUCIICHHS BOJHBIX PACTBOPOB
a30KpacuTessi METHJIIOBOTO OPAHXKEBOTO W (DEHOJA. UTO MPEBBIIACT MOKA3aTeIN s
MIPOMBITIIUICHHOTO TOPOITKOBOTO (hoTokaTanu3aropa Degussa P25 B anamormdnbix
peakIusax. OKCIEepUMEHTAJIbHBIE WCCIEAOBaHUS IOKa3ald, YTO CTPYKTYpPHBIC
napametpbl U Mopdosorus nokpeituii TiOz/mamor, Ti/TinOm - MxOy (M = Zn, Zr)
KOpPEIUpYIOT ¢ (OTOKATAIUTHYECKON aKTUBHOCTBIO B MOJCIBHOM peakiuu
OKHCJICHUS] METUJIOBOT'O OPaH)KEBOT'0, @ HAWBBICIIYIO CTENEHb (POTOKATATUTUYECKOM
JECTPYKIIMH TIPOSIBISIIOT TOKphITUS € pazmepoM mop 30-50 am. Ha ocHoBanumu
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pacueTHBIX JAHHBIX YCTAHOBJIEHO, 4YTO KBaHTOBas 3((EeKTUBHOCTH Ipolecca
(bOTOKATATUTHYECKOTO OKHCIEHHWS Ha Karaimu3aTopax coctaBa [10,/mamor,
Ti/TinOm- MOy (M =2Zn, Zr) nocturaer 13; 11,8 u 10,7%, COOTBETCTBEHHO, YTO
MPEBBIIIACT TMOKa3aTeau JIsi MPOMBIIIJICHHOTO MOPOIIKOBOTO (hoTokaTamuzaropa
Degussa P25 B aHajlormuHbIX peakuusx. Ha OCHOBaHMM yCTaHOBJICHHBIX
KWHETHYECKUX 3aKOHOMEPHOCTEH M TEXHOJIOTMYECKHX IapaMeTpoB pa3pabdoTaHbI
NPUHIUIHATBHBIE CXEMBI H3TOTOBJICHUS! KOHTAKTHBIX MacC Ha HOCHUTENSAX Pa3IUIHON
IPUPOABI U TEXHOJIOTUH 00E€3BpPEeKMBaHUS (PEHOJICOAEPIKALTUX CTOUHBIX BOJ IyTEM
(OTOKATATUTHYECKOTO OKUCJICHUSI KHCIOPOJOM BO3lyXa MoJ JeiictBueM Y-
u3nydeHus. [IpoMblIlIsIeHHbIE UCTIBITAHUS TEXHOJOTUU OYUCTKH (DEHOJICOIEPIKaIIIX
CTOYHBIX BOJ B PEaKTOpe MEPUOJUYECKOro AeicTBus B TeueHue 120 cyTok Ha
XapbKOBCKOM JIAKOKPAacOYHOM 3aBojie “KpacHblii XMMUK™ TMO3BOJWIA YCTAHOBHTH
MOBBILICHUE CTETICHU JecTpyKuuu geromna ot 83 1o 99%, a mo XIIK — ¢ 70 mo 95%.
PazpaGoTtannas 1o pe3yiabTaraM HccieoBaHUS (HEHOMEHOJOTHYecKass MOJIENb
MO3BOJIWJIA YCTAHOBUTH B3aUMOCBSI3b CTENEHU (POTOKATAIUTUYECKOTO MpPEBpAIlCHUs
TEXHOTEHHBIX IMUTEHTOB C COJICPKaHUEM M MPUPOAOH KaTAIUTHUIECKUX MAaTEepPHAaJiOB
B cocTaBe KOHTakTHBIX Macc Ti/TinOm - MxOy (M = Zn, Zr).

Kniouesvie  cnosa:  texHomorusi,  (OTOKATAIUTHUYECKOE  OKHCIICHHE,
kaTanu3atopsl, TuTaH (IV) okcuj, cMelaHHbIe OKCUJIbI, KATAIUTHUYCKAsI aKTHBHOCTS,
CHHEPTEeTUYCCKUE TIOKPBITHSI.

Bykanova V.V. Photocatalytic Coatings Mixed Oxides Based on Titanium
(1) Oxide for Ecotehnology. Manuscript.

Thesis for granting the Degree of Candidate of Technical sciences in specialty
05.17.01 — Technology of Inorganic Substances. — National Technical University
"Kharkiv Polytechnic Institute”, Kharkiv, 2015.

Dissertation is devoted to the improvement of the technology of photocatalytic
coatings on the basis of mixed oxides of titanium (IV) oxide to produce materials
with synergistic effect for wastewater treatment of organic toxicants. Based on the
analysis of the relationship of the synthesis conditions, titanium (V) oxide to metal
and ceramic media with structural parameters of the coatings obtained optimum
parameters of the process of synthesis of titanium (IV) oxide fireclay carrier,
allowing to obtain a uniform composition and distribution over the surface of
coatings with high porosity (46-66%) and the total pore volume resistivity (0,88-2,14
cm?/g); it is determined that the process flow of anodic oxidation at a current density
of 1,5 A/dm? and a voltage of 60 V allows to obtain oxide covers the composition of
Ti/TiO, and mixed oxide coatings doped ZnO, ZrO, and zinc content of 0,5-2,6 wt. %
and zirconium 0,5-2,1 wt. %. and a pore size of 100 nm. Experimental studies have
shown that the materials exhibit enhanced photocatalytic activity compared to the
individual oxides in 2-4 times due to the existence of a synergistic effect on the level
of 1,9-2,3 during the photocatalytic oxidation of aqueous solutions of methyl orange
azo dye and phenol. which is higher than for industrial powder photocatalyst Degussa
P25 in similar reactions. Based on the determination of kinetic parameters and
process concepts are developed mass production of contact in a variety of nature and
technology fenolvmisnih disposal of wastewater by photocatalytic oxidation by
atmospheric oxygen under the influence of UV radiation.

Key words: technology, fotocatalytic oxidation, catalysts, titanium (IV) oxide,
mixed oxides. catalytic activity, synergistic coatings.
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[Tinmucano no apyky 07.09.2015 p. ®opmar 60x84/16.
[Tamip odcernuit. I'apnitypa Times ET. [Ipyk pizorpadiunuii.
YMmoBH. apyk. apk. 0,9. Haknag 100 npum. 3amosnerns Ne 0907.5-15.
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3anuc Ne 24800000000106167 Big 08.01.2009 p.
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