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Kupum (IOKTOPJIUK THCCEPTAIUSICH AHHOTAIUSICH)

Juccepranmuss MaB3yCHHUHT J0J13ap0/urd Ba 3apypusTu. byryHru KyHna
CAHOATHU JKAJaJl PUBOXKJIAHTHUPHUIIAA, HKOJOTUK MYaMMOJIADHHM Xajl JTHUILJA,
pako0aTOapI01Il Ba KOJIOTHK TO3a MaxCyJOTJIApHU MILTA0 YUKApUIIAa 3aMOHABUN
TEXHOJIOTHSJIApHU KyJutamr Tobopa pgoi3ap0 Macaiara aiinaHu® OopMoKia.
Keliuarun yH Hnun gaBoMula HAHOTEXHOJIOTHSIAP OPKAJIM MHHOBALMOH EHMAIIYB
acocusia WKTHCOAMM PHUBOXIIAHUII MYXUM XHUCOOIaHHO, ymlOy TeXHOJOTHsIIap
acocwma caHoarnga 3apyp OYyiaraH MaxcysoTiap HWIUIA0 YUKApuIl Huaura 35
dousHN Tamkui STaau. byHnail >kapa€Hiapaa HaHOTEXHOJOTHSJIAPHU KyJUTall
OpKalu HAHOYIYaMIId MaTepuaulapHU SIPaTUIl, YIApHUHT (U3HK-KUMEBUN
XOCCAJTapuHU sSHajga SAXIIMIAINl MyXUM HIMHAKA-aMaldvid axaMuaT KacO STajau.
HaHoTy3unuuum MatepuaiiapHu OJIMIIAA 30J1b-T€Jb XKapa€Hu KyJUlal 3ca IKOpU
TO3aJIMK Japa)kacura i3ra OYynraH, TOMOIEeH IIapouTiapja, MacT Xapopariapja
TypJii KUMEBUHM »KapaCHJIap YTKAa3UIIHUM XamJa Karop Vy3rapyBYaH BaJICHTIIU
METaJJI OKCUUIAPUHU PEAKIHUOH CHUCTEMara KUPUTUIIHU TabMUHIAWIU. FoBakiu
MaTepUaJIapHU OJIMII Ba YJapHU KyJulaml aTtpod-MyxXuT Mmyxodazacu OusiaH
OOFNMMK OYyJraH Typiau MyaMMOJApHM Xaj JTHUIJIA SXIIWJIaHTaH Xoccara jra
OynraH SHTM TypAard MaTepuaUlapHU ApaTUIl UMKOHUATIAPUHU ouagu. by,
allHUKCa, CaHOAT MUKECH]Ia OKaBa CYBIApHU 3aMOHABH ycyJuiapna, KymiadaH,
FOBAKJIM HAHOTY3WIMIUIM MaTepHAJUIApHU KYyJJIaraH XoJJa To3ajaliia sIKKOJ
HaMOEH OVIMOK/IA.

MamnakatuMu3ga  CaHOATHMHI  TYpJAM  cOXajapura  3aMOHAaBH
TEXHOJIOTHSUIADHU KUPUTHIL, MOJEpPHU3AIMS KWIMII Ba YyJap acocuaa sHIU
TypJlard MaxcCyJIOTJIApHM HIIa0 YMKApHUILIra acOC/IaHraH CaHoaT KOpXOHalapu
WIra TyIIMPWIMOKAA. byHmal KopxoHajmapra CyBHHM Tauépiamiia Ba OKaBa
CYBJIApMHU TO3ajJaliga TYpJW MIAKIAard ajcopOIMOH MaTepuaiap KeHT
KYJUIAaHWJIAIH.

CyHrru uumiapia HaHOTEXHOJOTHsUIapJaH (oifiasaHran xoJjia >KaxoHJa
TUTaH JHOKCUIM acCOCHJIa HAHOYJIYaMJIM FOBAaKIM KYKYHCUMOH Ba MOHOJIUAT
MaTepHajiap OJIMIITa KaTTa 3bTHO00p OepuiaMokaa. TuTan TUOKCUIN 3appadaiapu
VIIMaMUHUHT KUYPAWUIINA XHUCOOWTa COJUINTHPMA FO3aCHHUHT OPTHUIIU CHPT
103acujia pyu OepaauraH peakuusiap COHMHUHT omuinmura oiud kemanu. bynman
TalIKapu, yJiap YITYaMUHUHT KHCKa OpalMKAa TAKCUMJIAHUIIM TUTaH JTHUOKCUIU
CUPT IO3aCHHUHI peakuusIapu coxacuraya Oyiaran MacodaHu KHCKapTHPHUO,
(oToreHepalMsUIaHral 3aps] TallyBUMJIap KYYHMIIMHUHT camapaiy axpajulIura
cabab o6ynanu. Keliunru yH Wuiapaa CUHHTE3 KUJIMHTaH HAaHOYIUYaMIId 3appadaliap
Ba KJIACTEPJIAPHUHT KYN KUpPpajd XOcCcalapu yJapHU OPraHUK OMpPUKMaTapHUHT
doTookcHITAaHUIT KapaCHHa KYJUIAHWIUII WMKOHUATHHM Oepanu. bupok, Oy
kabu cucrteManapiaH oOKwWiIoOHa Qoimananuin ¢akaTruHa yiIapHU TU3UMITU
TaIKUKOTIapu €paaMuja amaira OIIUPWIMIIK MyMKUH. by 3 wuuwra
HaHO3appadaJapHUHT XOCWJI OYIuIH, MOp(oJIoTusicH, TY3WIWIIN Ba XOJATHHHU,
cyOcTpaTiap copOIusick Ba HaHO3appauajgap ro3acuja KEeTaauraH peakiusiap
MaxCyJOTJIApUHUHT XYCYCUSITIIADUHH, PEAKIUSI MEXaHU3MJIapU Ba KUHETUKACUHU
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yprauumnu Kampad onagu. HaHOTy3unmunuim cucteMajaapHUHT (PU3UK-KUMEBHIA
TaJKUKOTH Ba TaXJIWIM €paMKia YIapHU MaKCaJJId CUHTE3 KUJIUII KapaCHUHUHT
onauHAaH Oenruna® oONMHTaH Xycycusitiapu Yypranuwiaau. HanorexHomorus
coxacuja 30Jb-Tellb JKapaéHU OpKaJlu OepwiraH (QyHKIMOHAIMKKA dra OYJiraH
a7copOeHT-POTOKATAIMK MaTepuauiapHu Talépnam ydyH (oHganaHuIl SHTH
aBJIOJl FOBAKIM MaTepUAJUIAPUHU CUHTE3 KWJIUII YCYJJIAPUHHU PUBOXKIAHTHPHUII
yUyH KEHI UMKOHUSTIAPHU SIPATa]IH.

V36exucron Pecry6mukacu ITpesupenturmar 2009 j#unm  11-mapriaaru
[1K-1071-con «KumE canoatu KOpxoHajapy KypWIMIIUHHU KaJAJUTAIITHPUII Ba
SHTU TypJarn KuME MaxcCyloTJIapH HWIUIa0 YUKApHIIHU Y3MAIITUPUIL Oyinda
qyopa-Taadupnap mactypw», Basuprmap Maxkamacuaunar 2013 imn 27-maiinaru
142-conmn «2013-2017 jimmnapaa V36ekucron PecryGnukacuua aTtpod-MyXHT
Myxodazacu Oyiinua XapakaTiap AACTypu TYFPUCHAA»TH KapopH Xamaa MasKyp
daonugarra TEruuUIM OOIIKA MEbEPUN-XYKYKUN Xy#doKaTiapaa OenrujiaHra
BazudasapHu amajira OIIWpHUIIra Yoy AuccepTanus TaJAKUKOTH MYyailsiH
Japakaja Xu3MaT KUjIaau.

TaakuKOTHUHT pecrmy0/juKa (paH Ba TEXHOJIOTUSJIAPU PUBOKIAHMUIIHU-
HUHI AaCOCHIl YCTYBOp WHyHAJIUNLIApPUTa OOFIMKJIMIA. Maskyp TaJKUKOT
pecnyOnuka ¢aH Ba TexHosorusuiap puBoxiaHuimuHuHr V1. «Kumé texnonorus-
Japy Ba HAHOTEXHOJIOTHSIIAPY» YCTYBOP WYHAIUIINUTAa MyBO(DUK OakapuiraH.

JlucceprauMsIHUHI MaB3yCHM OyiM4Ya XOPWKHUHM MJIMMUA-TAAKHKOT/IAp
mapxu. HaHOTy3munuin foBakiau afcopOIMOH-KAaTAIUTHK CUCTEManap, yJapHU
aTpo(-MyXUT MyXaHJIUCIUTH Ba CAHOAT YHKUHAM CYBJIAPHU aICOPOLIMOH TO3aJall
coxaculia Kyjulalmra WYHUITUPWITAH WIMHM HW3JIaHUILIAD >KAXOHHUHI €TaK4d
WIMHIA MapKa3Jiapy Ba OJIMH TabJIMM MyaccacalapH, xxymiagad, Kyoto University,
Tokyo Institute of technology (Slmonms), Darmstadt Technical University,
Fraunhofer Photocatalysis Alliance (I'epmanus), University of Surrey, Brunel
University (Byrokx Bpuranus), University of Cincinnaty, California Institute of
Technology (AKII), Institute of New Catalytic Materials Science (Xwutoii),
University of Torino (Uranus), Dputmanap kumécu uactuTyTH (Poccus), Kues
Mummit  yausepcutetd (Ykpamna), Cupt kumécu wuHCTHUTYTH (YKpauwHa),
V36exucron Munii yausepcuterraa (Y36eKHCTOH) 0M6 GOPHIMOKIA.

Tutan AMOKCUAM acocuia HAHOTY3WJIUIILIA FOBAKIM MaTeprasliap OJIMIITHUHT
(U3UK-KUMEBUI XyCycHSTIapura OHWJ >KaxOoHJa oJaud OopwiraH TagKUKOTIap
HaTWXacuja KaTop, >KyMJjaJaH, KyWuJard WIMHA HaTUXKanap OJIMHTaH: 30J1b-Tellb
YCYJAM FOBAaKJIM MOHOJUT MaTepuaulapHU CHHTE3 KWIWIIHUHT SHT caMapaiu
ycymutapuaan Ooupu cudaruaa wnuiad gwkuiaran (Kyoto University, Snonwus);
CyBHM BOJOpPOJ Ba KHCIOpOJAra Tmapyajall Y4YyH OKCHHUTpHUAJApD Ba
OKCUCYJIb(PUAJIap acoCHIa KYPUHHUIL COXACH HYpJIApW Y4yH (poTOKaTamuzaropiiap
OJIMIIHUHT SHTU ycyiapu spatuiarad (University of Tokyo, Slnonus); 301b-renb
ycynu €paMuia FOBAaKJIApHU MIAKIIAHTUPYBUM MOJJIAjap Ba PEAKIMOH MYXHT
cudaruga cupt Gaona MojIaiap Ba MOHIM CYIOKIMKIapAaH ¢oiiganaHnubd Maxcyc
xoccamu TiO, ¢oTokaTanu3aTopiIapy CHUHTE3WHH amajra OIIUPHUIN  y4yH
HAHOTEXHOJIOTHK Ba KUMEBUH skapaCHnmap wunutad ywukwiran (University of
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Cincinnati, AKII); nepapxuk me30- Ba MakporoBakiu N-TyTraH TUTaH JUOKCH[
MaTepHallJlapy SipaTWIraH Ba yJIapHU KYpUHYBYaH HypJap coxacuaa GoToKaTaIuK
KYJUTAaHWIMIITUHA TaKOMHJUTAIITUPHIN yeysutiapu uiuiad yukuaran (Institute of new
Catalytic Materials Science, Xutoil); annonnap (N, C Ba S) €ku kaTuoHmap OuiaH
nonupnanran  TiO, My  dorokaranuzaropiapy  QOTOACCUCTUPIOBYU  CHPT
peakuusiapuuHr GoToHUK camapamopiaurn ommupmiaran (University of Torino,
Wtanus); 3051b-reib jxapaéHu épaaMuia FOBAKIU KPEMHE3EM Ba MOJUMEP-TUOPHU/
MaTepuayiapyd HMILIa0 YUKWIraH, YJIapHUHT TEPMOJMHAMHK, COPOLIMOH, KaTaJuK
Xoccajlapy aHHMKJIaHraH Xamjaa (QyHKIMOHAJUIAIUTaH TOJUMEp KOMIIO3UTIIAp
acocua MOH-aJIMAIIMHYBUM HaHOMaTepHamiap spatuiaras (Y36ekucton Mummmit
VHHBEPCHTETH, ¥Y30€KHCTOH).

Jlynénaa HaHOTY3WIMIIUIM FOBAaKJIM MaTepHalap OJMII Ba yJapHUHT (DU3MK-
KUMEBUN XYCYCUATIAPUHHU TAJAKUK KWIHMII OyilM4a KaTop, *KyMJaJaH, Kyluaaru
yCTYBOp WYHaJIUIUIApAa TAAKUKOTIAp 0JUO OOpPHIMOKJIA: FOBAKIM MaTepuaiap
xocusl Oynummaa daszanap axpalvild MeXaHU3MIAPUHU TaKOMUJUIAIITUPHIIL,
KYpUHHII coxacuaa (aoi Oyiran HaHOYI4aMin rerepoctpykrypanu TiO, acocuna
AXIIMJIAHTaH Xoccanapra ara 0yirad orokaTanu3aTopiiap OJUil; OMMOAaNn Me30-
MaKpOFOBAK/IM TY3WJIMIITa 3ra OyiraH orokaTanu3aTopiliapHU Xamja COpOLHOH
*apaCHiapaa KyJIJIaHWIaurad HaHOMAaTepUaUTapHU SIHTU aBJIOJIMHU SPATHIIL.

MyaMMOHHMHT YPraHwrawjivk jaapaskacu: byryHru KyHIa HaHOKUME Ba
HaHOTY3WIHIL coXacu Oyitnda onub OopuaaéTran WIMHAK-TaIKUKOT UIUTAPU Kaaall
puBoxkianu0 kenmokna. b.J[. KaOynoB Ba yHUHT TypyxXyd TOMOHHUJAH 30Jib-T€JIb
xapaCHu €paamuia FOBAaKIM KPEMHE3EM Ba MOJUMEP-THOpUI MaTepHualIapHU
omum ycynu unuiad yukwirad. C.I1. PammaoBa pax0apiauruaa 301b-reib yCyiau
Oyiinya CYyIOKJIHK XpoMarorpaduscu ydyH XHTO3aH-KPEMHE3EM COpOEHTIapu
apatwirad. X.M. Ax0apoB Ba yHUHI KaMOacH TOMOHHUJAH 30J1b-T€llb YCYJIU
épaamuza  MOJIMMEpP-KpEMHE3eM  XOCWJI  OVIMIIMHUHT  TE€PMOJUHAMHK
napamerpiapu Taakuk kKuiauHrad. X.T. IlapunoB Ba 3.Y. Kamupoanap Typau
MeTajiap OwinaH OOMWTWATAaH THUTAH JUOKCHUIM Xamjaa ¢haosulalTHpUITaH
yriaepoanu (pyHKIMOHAI MaTepUauiap OJMILTaH UIYHUHI/IEK YJIapHUHT COpOLIMOH
xamaa (OTOKATAIMK XoccaJlapu Taxjawn KuiauHrad. A.M.HacumoB Ba
D.AOnypaxMaHOBIap TOMOHMJAH  30Jb-T€Ib  YCYJIM  OpKaJM  KUMEBUH
CEHCOPJIAPHUHT CEJIEKTUBIIUTUHU OIIUPUII nynnapu aHUKJIAHTaH.
I'.Y.PaxmatkapueB Ba A.A.ArzamxojpkaeBiap UEOJUT, MOHTMOPHJJIOHUT KaOu
FOBAKJIM MaTepuauiapjara OyF Ba raszjap aJAcOpOIUACHUHUHT (yHIaMEHTAI
TEPMOJIMHAMUK XYCYCUSTIAPUHM Ba aJCOPOIUS MEXaHU3MHUHU Takau( Kuiraxiap.
M.I''MyxamenreB Ba YHUHI WIMHA Typyxu ab30Japu (PyHKIMOHAJIAIITaH
noJIMMEpJap acocuaa SHIM aBloJl MOH-aJIMAIIMHYBYM MaTepHaJUIapHU CAHOAT
OKaBa CyBJIApMHM KailTa UIILIAll )KapaéHura TaJl0uK KUJIraH.

KypunyBuan Ba ynbpTpabuHadma coxaiapuaa KyJUTAaHWIAAUTaH UCTUKOOIIIH
(doTokaTanuzaTopiap sipaTHII ycTUAard Oup Kartop xoprxk onumiiapu K.Domen,
A.Kudo, T.lhara, M.Ando, R.Asahi napHUHT WIMHE HU3TaHUIUIAPHA KYEIT HypIapH
TabCUPHUIIA XaM TYpJH coxajlapia, LIy >KymiagaH, (POTOINIEKTpOKMMEBUN Ba
IKOAHATIHUTHK jkapaériapna 110, acocuaard KyKyHJIap Ba IONKa IUIEHKaIapuIaH
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(oliganaHuil MyMKUHIMTHHA KypcaTtu6d yrrannap. CYHITH Huuiapaa JonvpiaHral
TiO, acocumarn WIMHUI TaJKMKOT HIUIApUTa aJoXuia YbTHOOP KapaTUIMOKIA,
xymnanan, H. Irie, Y. Watanabe, H. Kisch, G. Hasegawa, K. Nakanishi map
TOMOHHUJIaH Oy Oopajia Oup KaTop amanaui ummiap amanra ommuprirad. N. Serpone,
G. Wei, C. Zhang, G.-S. Shao, M. Hojamberdiev, A. Gurlo, R. Riedel xabu
onuMiap aHWOH €ku  kathomynap tyrtraH  [10,,Dyx UWKKMHYM ~ aBJoj
doTokaranuzaTopiapuaa aacopOLMOH FOTUJIUII COXACHMHM MACT YHEPrUsUIM coxara
CIJDKHILM OpPKaIM F03a Karjamja OOpaauraH pefoKC peakisuIapuHUHT (HOTOHUK
(aomuru omuMIMHN acociaad GepuIras.

Mamnakatumusaa onub 60pwiran TaaKUKOTIapAa Oepuiiran Maxcyc (hu3mk-
KUMEBUN XYCYCHSITIIH HAHOTY3WIWIUTH MaTepHaIap OJMITHWUHT UMKOHUSATIApU
kypcatwirad. HWkku-azanm  wHaHOymuamum  amcopOeHT/oTokaramuzaTopiap
CUCTEMACHJa «TY3WIHII-X0CCa» OOFIUKINTHHU YypraHum (u3uk KuMmE Ba
HAHOKMMEHUHT MyXHUM J10J13ap0 Macayanapuiad 0yiaub wiMuif-amanuii axaMusitra
ara XucoOJyiaHau.

Jucceprauuss MAaB3yCHHUHI JUCCepTANMS 0axapuiIaéTran oJMi
TabJAUM MYACCACACMHMHI WIMMA-TAAKUKOT HILIAPH OWJIAH OOFJIHMKJIMIHU.
Jluccepranyst TajgKMKOTH Y30eKHCTOH MMIUIMH YHHBEPCHTETH Ba TOIIKEHT
maxpuaard TypuH TOJMTEXHUKA YHUBEPCUTCTUHUHT WIMHN-TaJIKUKOT HWIUIAPU
pesxxacuuar E®-7-05 «N-BuHMIOMpUKMAnap CHHTE3H YYyH HAHOTY3UIMILUIA
KaTalu3aTopiap IMaKIIaHUIIMHUAT uIMuil acocmapuy» (2012-2013 iiit.); ED7-002
«TokcMK OpraHMK MOMJATAPHUHT  (POTOACCTPYKIHACH YUYH METAJIOKCHT
HAaHOKOMIIO3HUTIIAP aCOCHa HAHOTY3WJIMIIUIM FOBAKIM (POTOKATATH3ATOPIAPHUHT
MoJekysap ausaitam» (2014-2015 iit.) Ba Snonust MnM-danaun kymiad KyBBaTialil
KAMUSATHHUHT  «MaTepHanIyHOCIUKIa WCTUKOOUTM TabiuM Ba  (aHHUHT
MHTETrpalUsICh XaJlKapo MapKasw» maB3ycujaru rinodan pactypu (2010-2011 it
aMaJiii JJjouxanap goupacuaa OakapuiraH.

TaagKUKOTHHMHT MAKCaH TUTAH TUOKCUIN aCOCHIa HAHOTY3UIIUIIUIA FOBAKIIN
MaTepuasiap XOCuJI OYVIIUIIM Ba XOCCATapUHUHT (PU3UK-KUMEBUM XyCYCUSITIIADUHU
aHUKJIaIIad noopar.

TaakukoT Bazudanapu:

SHTM TypAaru FOBAKJIM MaTepuauiap MakcaJjid CHHTE3W Ba yiap
MOIU(DUKATUSICHHUHT UCTUKOOJIITN WY IUIApUHM MIIMHI acoCIall,

mesoryswnnumn 110, Ba TuTraH auokcuad-cuimkarenb — (Ti0,-Si0,)
MaTpHIAJIapA 30JIb-T€]Ib CHHTE3MHH TEMIUTAT cHdaThaa HOWOHOTEH CUPT (Haoi
Mo Ia- MOMATHICHIHKOIb ([T217) uimatuiaran xosma amanra omupuil Ba 110,
FOBAKJIN Ty3WJIHIIY TTapaMmerpiapura [191° TemmiaTHHUHT TabnuaTi, MUKIOPH Xam/ia
Xapopat TabCUPJIAPUHU TAJIKUK KUJIHIIL;

daonnmamrad yriepos F3aCMHH TUTaH AMOKCHUAM OWJIaH 30Jb-Telb yCyluia
caMapalii KoIulaml Wysumapuau ypranuin Ba Xocwi Oyiaran TiO,/C KOMIO3UTH
TekcTypan TaBcuiaapu Xxamaa T10, HUHT KOIUIAHMIN Japakacd, XOJaTH Ba
KPUCTAJIT TY3WIHILIAPUHA aHUKJIAIT,

Mmakpo-me3oroBakiun  110,-Si0,  cucremanapu  mopdosorusicd  Ba
JTUCTICPCUSCUHU  YpraHulll, [OacTia0ku TUTaH TMpeKypcopiapu TaOWaTHHUHT
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MoHOIUT T10,-Si0, roMoreHMrura, MaKporoBakiap Xocui Oyimimra Ba (aszanap
XpaJuIll TEHJACHIUACUTA TAbCUP MEXaHU3MIIAPUHU aHUKJIAILL

uikopuii-ep Metayuiapu tytran ATiO; (A = Mg, Ca, Sr, Ba Ba) uepapxuk
FOBAKJIA MEPOBCKUT MOHOJMTIAPU XOCUJ OYIUIIIMHUHT KyJiail WYIJIapuHU SpaTHILL
Ba FOBaKJIap YIIYaMUHUHT TOP OPATMKAArd TAKCUMIIAHUIIMHU HA30paT KUJIUILL;

aMMUaK Ta3MHUHT OKMMHUJA TEPMHK WIUIOB OepHIll Myiau OWiaH a30T TyTraH
TiO, MOHONWTIIAP OJHUII Ba YHUHT aCOCHJArd MyKaMMall IIaK/UIaHTaH FOBAKIIU Ba
OMKPUCTAJUTMK TY3WJIUIITra 3ra OYIraH reTepoTy3WIHNIIUIA MaTepraiiap spaTHILL

SApAaTWITaH HAaHOTY3WIWILIM MaTepuauiapHiu Yb Ba KypuHHII coXalapu
HypJlapy UIITHUPOKUAA TOKCHUK OPraHUK MOJJAJIAPHUHT MOJIeNl CUCTeMajapu
agcopOmmsicu Ba QOTOIErpalallusiCHHN SHAJa TAaKOMUJUIAIITaH HyJUIapuHu Uiuiad
YU KHIIL.

TagKMKOTHUHT 00beKTH THUTAaH AWOKCHUAW Ba YHHUHT YIJIEpOJ Xamja
CUWJIMKareib OWJIaH KOMIO3UTJIAapu, a30T TyTraH roBakiu MoHoiuT TiO, Ba y
acocuard TeTEepOTY3WIMIUIM HaHOMAaTepuaiap, WIIKOPUH-ep MeTalliapu
TUTaHATIapu, 0ab3u SHIOKPUH HGIOCIAHTUPYBUM OMpUKMaiap Ba OYEKmapiaH
noopar.

TagKMKOTHUHT NpeAMeTH HAHOTY3WIMIUIM FOBAKIM TUTAH JUOKCUIU
acocuia yriaepo/i, CHIMKareib, a30T Ba UIIKOpUi-ep MeTaiiapu OuilaH KOMIIO3UT
MaTepHaiap XucooOJaHaIu.

Tagkukor ycy/uiapu. Wimjga MHUKPOCKONUS, CHEKTPOCKONHUS, TEPMUK,
(pOTOKATAIUTHUK, PEHTIE€HOCTPYKTYpPaBHil, aacopOuus Ba XpoMaTorpaduk TaxJIui
KaOu KOMIUIEKC (PU3UK-KUMEBUN TAIKUKOT yCYyJUIapy KYUTaHWITaH.

TagKUKOTHUHT MJIMHUI STHTUJIMIH Kyiuaaruiapaad noopar:

30J1b-T€JIb TEXHOJIOTHUACH OpKaJu FOBAKIM TUTaH IHOKCHIH, YIJIEpOJ Ba
CWIMKAarelb acocuja HAHOTY3WIMIUIA MaTepuajyiap OJMII YCyJdd HOU1ad
YUKUJITaH,

WIK 00p HIIKOpUi-ep MeTaul noHiaapunu roBakiu TiO, ra ummnpernanusiad
MOHOJIUT TIEPOBCKUTIAPHUHT MAKCAJJIM CHUHTE3W amajra ONIMpUIIraH Ba a3oT
OwiaH TOomUpIIall OPKAJIW OJIMHTaH OKCUHUTPUIIAP EplaMuia KYpUHYBYAaH coxXaja
OpraHuK 3apapiu Mojfanap GoToaerpaaalusacy acoCIaHTaH;

Oup OOCKUYIIM 30JIb-T€JIb TEXHOJIOTUSICH EpIaMH/Ia OJTMHTaH TUTAH TMOKCHUTH,
yraepoJ Xamja CUJIMKareidb acocuuard ajacopOeHTiap OwinaH (EeHOd Ba YHUHT
XOCWJIAJIAPUHHU ¥3ap0 TabCUPJIAIIUIIT MEXaHU3MHU UCOOTIIAHTaH;

afcopOLMOH-(POTOKATAIMK PEAKIUSUIADHUHT MEXaHU3MUra, >KapaHHUHT
TepPMOJMHAMMKACH Ba  KUHETUKACH, OpPraHUK  3apapiud MO JAaJapHUHT
dboToaexkoMIIo3uIMsAcCUIark  ajcopOeHT/oToKaTanu3aTopjap TaOuatu xamja
FOBAKIWIMK 3P(HEKTH TAbCUPU aHUKJIAHTaH.

TagKUKOTHUHT aMaJIMii HATHXKAJIApH KyHuaruiapaad noopar:

30J1b-TeNb KapaCHu Oyinya TUTaH AUOKCHUAM AacoCHla HaHOTY3WIHIILIN
FOBAKJIM MaTepHUaljlap CUHTE3MHUHT KyJlail yCyJuTapy UIutad YMKUJITaH,

UIIKOPHUI-€p MeTaI HWOHJIApU HINTUPOKUIA MOHOJUT TIEPOBCKUTIAP
OJIUIITHUHT KyJIall yCYJIU aHWKJIAHTaH,

aTpo(-MyXUT HaMyHaJIApUHU TOKCUK OpraHUK OMpUKMaIapJaH ajcopOInoH-
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Ba (OTOKATAIMTHUK TO3aJaIl WYIJIapW aHWKJIAHTAH [IyHWHTNEK, Typiau aTpod-
MYXHUT 00bEKTIapura (0OKaBa Ba MYMMJIIMK CyBJap, OMoMaxcyJsoTiaap Ba Oolikamap)
KYJUIAHWJITaH;

IOKOpY MHKJOpJaru (eHoJI Ba YHUHI XOCHJIAJApUHHU aXXPATHIL Ba aHUKJIAII
y4yH MOHOJIUT IIAKIJard MakpO-Me30FOBAKIM aJcOpOeHT/(poToKaTaiu3aTopiap
APATUIITAH.

TagkMKOT HATHKAJAPUHUHI MIHOHYIMJIMIH OWp OOCKUYIM 30Jb-Telb
CUHTE3W acoCHJa OJIMHTaH TaXpuba HaTWKaJapu pEeHTreHorpadus, >HEprus
JUCTIEPCUB PEHTICH HypJlapyu YCYJIH, EPUTUIYBYM DBJIEKTPOH MHKPOCKOIIHUS,
TPAHCMHUCCHOH AJIEKTPOH MUKPOCKONUS, ONTUK MUKpockonus, ¥Yb-, UK-, Macc- Ba
PEHTIeHO(POTORIEKTPOH CIEKTPOCKOIHUS, TEPMOTPABUMETPHsI, a30T Ba CHUMOO
azcopOuscu Kabu TaJKUKOT yCyJIIapy )KaMJIaHMacu OWIaH acoCiIaHa Iu.

TagKMKOT HATWKAJTAPUHUHI WIMHMHA Ba aMajMi axamMMsTH. TaaKuKOT
HATWKAIAPUHUHT UMUK aXaMusITH OUp OOCKUWIM 30Jb-Tellb >KapaéHu Oyiinua
TUTaH JIMOKCUJIM aCOCHJIa HAHOTY3WJIUIIUIA FOBAKJIM Matepuaiap (epoBCKUTIAp,
OKCUHUTPHUJIAP) CUHTE3WHUHI acOCapu HNUIad YMKWINILK, FOBAKIAp XOCHII
OYUIIM MEXaHU3MJIApU KEJIITUPUJIMIIHN Ba a30T TYTraH roBakid MOHOJHUT T10, Ba
YHUHT acocujia reTepoTy3WINIIUIN MaTepruasuiap OJIMIIIaH Hoopar.

TagkuKOT HaATWKATAPUHUHT amanuii axamusatd 110, acocuaa sXINUIaHTaH
TEKCTypaJIl XyCycusiTiapra sra OViraH FOBAaKJIM MOHOJMUT TEPOBCKUTIAPHU
CUHTE3 KWIHII, OKaBa CyBJlap TapkuOuaaru (eHos Ba YHUHT XOCUJIajuapu OyJraH
TOKCUK OpTraHUK OWpUKMaJapHU aJcOpOIMOH Ba (POTOKATAIUTUK yCyJap OuiiaH
aHUKJIall YCYJUIAPUHU SPATUII XaMJla Typiid aTpod MyXHUT 0OBbEKTIIapu (OKaBa Ba
WYUMIIMK CYyBJIApW, TYNPOK, XaBO Ba OolIKajgap) TaxJIMIuAa SHIH MakKpo-
ME30FOBAKJIM CUCTEMAIAPHU UIILIA0 YUKHIITA XU3MaT KUJIa]Iu.

TagKuKOT HATHKAJAPUHUHT KOPUA KuaumHumu. CaHoaT TapMOKJIapUHU
MOJEPHU3ALMS  KWIMII ~ JKapa€HWAa  KyJUIaHWIaAUTraH  HaHOTY3WIHIILIN
MaTepHraiiap oM Oyinda taknudiap acocuma:

METAJUIOKCUIIM ~ HaHOMAaTepuauiap  OJIMII  >kKapaHU Ba  YJapHUHT
KyJulaHwmi  ycyjulapy Bena yHuBepcutetn «KumEBHM CeHcopilap y4yH
KOMIIO3UT MaTepuasiap» MaB3yCUIard WIMHUN Joiuxacuja 30Jib-T€Jlb KapacHu
OpKaJIM FOBAKJIM METAJUIOKCH]I HaHOMAaTepUaUIapWHU oJuiaa (oigaianuirad
(Bena ynuepcutetununr 2016 #un 12-anpengaru mabiymoTHoMacu). Miia®
YUKWJITaH yCyJ 3apapiid razjap apajaliMacHuHHU TE3KOp TaxXJWJ KUJIUII BAKTUHU
ce3wIapiiv Japaxana KaMauTUPUIITa XU3MaT KUITaH;

UIIKOpHii-ep MeTajul MOHJapuHH FoBakind T10,ra MMIperHauusiiall opKajiu
XOCHJI OYJraH MepoOBCKUT MOHOJIUTIAp Ba 30JIb-T€lb YCYJIUJa FOBAKJIM THUTaH
JTUOKCUIN-CHJIMKAreJIb ~MOHOJUTIApUHU WNUIad uwkuil ycyuiapu Kuoto
YHUBEPCUTETH «MeTaI/KOTHIIIMA CHCTEMachaa HaHo3appavyaJapHUHT in-Situ
IAKJUJIAHUIIA Ba MOHOJIUT TUJPUPJIAHTAH CHJIMKAreib acOCHUJArd KaTaIUTHK
peaknmsuiapaa KyJUTaHUIUII MaB3yCHUIard WiIMUHN Jonnxacuaa (oiiaaaHuirad
(Kuoro ynusepcutetununr 2016 v 14-anpengaru mabiymorHomacu). Kam Bakr
capdab opraHuk OMpUKMATAPHU FOKOPH camapalid XpoMaTorpauk axpauiuHu
TabMHHJIATaH.
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TagKuKOT HATHKAJAPUHUHT anpodanusicu. Jluccepraiuss WIIMHUHT
HaTwkamapu Typiau Xankapo Ba Pecnybmuka wimuit amkymanmapunpa: «NSTI
Nanotech Conference and Trade Show» xankapo amxymanuga (bocron, AKIII,
2008), «Nanostructured and Functional Polymer-based Materials and
Nanocomposites» IV xankapo amkymanuma (Pum, Wramus, 2008), «AHanuTHKa
Cubupu n Hanenero Bocroka» VIII 6yrynpoccust amxymanuna (Tomck, Poccus,
2008), «The Japanese Sol-Gel Society Meeting» xankapo amxymanuga (KuoTo,
Snonus, 2009), «XV International Sol-Gel conference» xamkapo amxkymanuga
(ITopro ne T'amunac, bpaswmms, 2009), «XXII Fall Meeting of The Ceramic
Society of Japan» xankapo amkymanuma (Marmysama, Snonms, 2009), «West
Japan Chemistry Meeting» kumé amxymannna (Martiysiama, Anonus, 2009), «lll
International Congress on Ceramics ICC3» Xankapo konrpeccuma (Ocaka,
Snonus, 2010), «XVII International Sol-Gel conference» xankapo amxymanuma
(Manpun, Wcnanus, 2013), «305b-reib CUHHTE3 U UCCIEIOBAHNE HEOPTaHUYECKUX
COCIMHEHUM, (DYHKIIMOHAIBHBIX THOPUIHBIX MAaTEPUATIOB U JUCHEPCHBIX CHUCTEM
«Sol-gel-2014» MXJ] npaBnatnapuHuHr 3 xankapo amkymanuga (Cysmpais,
Poccus, 2014), «XVIII International Sol-Gel conference» xankapo amxymanuaa
(Kuoro, SInonms, 2015) Ba Pecnybnmka wimuii amxymannapuaa (2008-2015)
MyXOKaMma KUJIMHTaH.

TaagkuKOT HATHXKAJIAPUHUHT IBJOH KUJIMHMIIM. J[Mccepranus MaB3ycH
6yiinua >kamp 38 Ta WIMHI MIIM YOI STHITaH, UTyNapjaH, Y30eKHCTOH
PecriyOmmmkacu Onuii aTTecTalus KOMUCCHACHHUHT JTOKTOPJIMK JUCCEPTAMSIIAPU
acoCHl WIIMHMI HaTHKaJapUHH YOI ATHIL TaBCHsI STWITaH WIMHKA Hampnapaa 14 ta
MaKoJia, )KymiaJiad, 2 Tacu peciyOnrka Ba 12 Tacu XOpHKUW >KypHaJUIapaa Hamip
ATHUIITaH.

JluccepTaMSIHUHT TY3WIMIIM Ba Xa:kMHM. J[pccepranus TapkuOW KHPHIII,
ontuta 000, Xyrnoca, QoinanaHuiran amxaOuérimap pyWxaTd Ba WJIOBaJIapAaH
noopar. /luccepraumstHuHT XakmMu 191 GeTHM TalIKWI 3TraH.

JIUCCEPTAIIMSTHUHT ACOCHUM MA3ZMYHHA

Kupum kucMuga yTkazuirad TaAKUKOTIAPHUHT AOJ3apOJIMIy Ba 3apypaTH
acocCllaHraH, TaJAKUKOTHUHI Makcaaud Ba Baszudayiapu, oOBEKT Ba MIpeaMETIapH
TaBCU(IIaHTaH, pecnyOarKa (paH Ba TEXHOJOTUSIAPU PUBOKIAHUIIMHUHT YCTYBOP
UYVHAIMIUIADUTA MOCJIWTA KYpCaTWITraH, TAaAKUKOTHUHI WIMUKA SIHTWIATA Ba
amasuil HaTuxKanapu 0a€H KUJIMHTaH, OJJMHTaH HATHKAJIAPHUHT WIMHUHN Ba aMasIuii
axamMusaTH ounu0 OepwiiraH, TAJAKUKOT HATWIKAJIAPUHU aMalu€rra KOpUN KHJIMIIL,
HalIp OTWITaH WIUIAp Ba JUCCEpTalUs TY3WIUIIM Oyin4Ya MabIiyMOTIap
KEJITUPUJIITAH.

HucceprauustHuar «FoBakyM 30/1b-rejib MaTepuaslJiap OJUHHMINM Ba
YJAAPpHUHT (PU3UK-KUMEBHH Xoccajapu» j1e0 HOMJIaHTaH OMpuHYM 00012 30J1b-
refib JkapaHU OpKalM Maxcyc #yHantupuiaran roBakiau 110, acocumaru
HAHOTY3WIHMLLIM  (OTOKaTaIU3aTOpiap CUHTE3MHUHI  HAHOTEXHOJOTHMK  Ba
Marepuaiap KUMECH JKapa€HJIApU XAKUJAard YMyMHW MabiIyMOTJIAp, CYBHH
IOKOpYM cudaTiv KalTa uOUIall >Kapa€HIapUHU  PUBOKJIAHTUPHIL  YUYYH
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HaHoTy3wmnmu 110, Karamu3atopiap KEHI KAMpPOBIW  KYJJIAHUJIHIIA
KEJTUPUIITaH.

HucceprauustHUHT « TUTaAaH JHOKCHAN ACOCHIATH MATEepHALIApP 30/1b-TeJIb
CHHTE3H MeTOAMKACH Ba TaKpubda TexXHMKACH» Je0 HOMJIAHTaH WKKUHYU
000uja FOBAaKJIIM TUTAaH JAUOKCHAM acoCHla HAHOTY3WIUIUIA MaTepuaiap
Tal€pam ycynH, yJIapHUHT (QU3NK-KUMEBHM, ancopOIHMOH Ba (oToKaTaIuk
xoccanapu Keatupuirad. byHna, acocaH Kyluaaru MyxuMm sKuxartjapra ybTHOOD
KapaTWiTaH: a) TeMIUlaTAaH (QoianaHraH XoJijla FOBAKIMKHUHT YiI9aMu Ba
MaK/UTAHUIIIAHA TapTUOTa conmir, 0) MaTepHAIAPHUHT COJIMIITHPMA 103acH Ba
KPUCTAJUIMTMHUA OIIUPHUII Ba YJIApHU KYJUIalll OpPKAIM IOKOPH Japaxaaaru
dboToKaTAMK >KapaHIApHU TAAKUK KWJIHII, B) METaJUIMac dJEMEHTIAp OuiaH
MoauduKanusulanran FoBakid 110, MOHOJWTIAPH Ba KyKYHJIAPUHU TYpPJIU
coxaJiapjia, *KymJiaJiaH KYpUHyBYaH HYp TabCUPHIA OKABA CYBJIAPHU KalTa UIILIAIT
Ba Je3UH(EKINS KWINII YYyH UIIATUII YCyJUlapura OaruIIaHraH.

HuccepranussHuHr «FoBaKk/jiM THTAH JMOKCHIM Ba YHHUHT HOMeETAJLI
HAHOKOMIIO3UTJ/IADUHUHI  30JIb-TeJIb CHHTE3W XamMaa (PU3HK-KUMEBHUU
XyCyCHATJIApW» €0 HOMJIAHTaH Yy4YMHYU O000H;a Kyjiail mapouTia 30J1b-Tellb
yCYJIU OpKaJId KPUCTAJUIMK HOOPTaHMK OKCHJ HaHO3appadaliapyd OJUIIIa
OOIITAaHFUY 30JITA OPTaHUK MOJIEKYJIAJApHU KYIIUIITHU YIApHUHT (GU3HK-KUMEBUN
Ba (OTOKATAIUTUK Xoccajapura Tabcupu Yypranwirad. TiO, 3omnura aiipum
HOOpPTraHWK Ba OPraHUK MOJAIAPHUHT KYIIWIUIIN MaTepUaUIapHUHT TEPMHUK
CTaOWJUIMTMHYU OIIMpaaAX Ba Iy UWyn OwuiaH yHUHT Kpuctain Qazamaru
Vrunuiapuau uHruoupnaigu. Opranuk nomumep — 11O wuar TiO, 30mmra
KYIIWIKIIYM YHUHT HaHO3appadallapy Xoccajaapura, Iy >KyMJiiajgaH, Me30Ty3WINIIN
Ba Mopdomnorusicu kabu XycycusiTiapura Tabcup Kujagu. CuHTE3 xkapa€Hu yu
O0ockuuman wuoOopar: 1) nmactnabku HOOpraHukK Mojnanap (mpekypcopiiap)
rUAPOIM3UIA Tajaad ATHIIAIUTaH KOMIIOHEHTIApPHU MOC PaBUIIIA KYIIHIIL, 2) XOHA
XapopaTuaa TeMIUIaT UINTHUPOKUJA Tellb XOCHJI KWJIMII Ba KYpPUTHUIN, 3) apajiarl
CYIOKJIMK SKCTPAKIUSACH OPKAIHM TEMIUIATHU a)KpaTUO OJIUIIIL.

TYnuK maxianrad MakpOFOBAKIIM Ba OMKPUCTAIUIMK TY3WJIUIILIA a30T OUJlaH
MOIU(PUKALUSIIAHTAaH TUTAH JUOKCUAMHUHT MOHOJUT MaTepUaUIApUHU Tar€piar
*KapaCHu UNUIad yuKWirad. YOy WKKH OOCKWWIM jkapaéH: 1) xemar areHt Ba
MUHEpal Ty3laH (oiilaJaHrad Xojja TUTaH aJKOKCHIMJIAH 30Jb-TeNlb JKapaéHu
épnamuna TiO, FOBaKJIM MOHOJUTHUHM Tal€piaml Ba 2) aMMHAK Ta3d OKUMUJA
700°C xapoparna 2 coat MoOaiiHuna TiO, FOBaKJIM MOHOJUTUTA TEPMUK HIILIOB
OepuliHM V3 Wyura ojagud. AMMHAK Ta3MHUHI CEKMH OKHUMHAA a30T OujaH
Mo uUKAIMsUIAaHTaHAaH CYHT OWKpucTaw (aHata3 Ba pytwi) Tyswnunuim 110,
XOCHJT OVJIUIIM aHUKJIaHTaH.

TiO, kpuctamun namkapacuaa a3or AeHEKTIApUHUHT OYJIUINN YHHHT aHATa3
dazacuman pytwn ¢aszacura y3rapunigia HYyKJIEallMoH Mapkasiap BasudacuHu
Oakapamu, Xarro KyWd Xapoparna xam pyTui (daszacu maigo OYIuImMHH
ocoHyamrtupaad. A3or Ounman mMoaudukanusuianran TiO, MOHOIWUTH AacTiIaOKu
TiO, roBakiIM MOHOJMTHATAa HHCOATAaH OKOPM HWHTCHCHBIN AU(PPAKIIHMOH
yykkuiapra sra (l-pacmra kapanr). by aca 2 coat naBomuaa 700°C na ammuak
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rasu BOCHTAacuaa TepMuK unuioB Oepumn TiO, KpHUCTAIMK aHaTa3 Ba PYyTUI
3appavaNlapUHUHT YCHUIIUTa TabCHP KWIUIIUAAH nanonat Oepaau. XycycaH, TiO;
pytui kpuctamn yimuamu 700°C xapopatna a3ot 6unaH MoauduKalysUIaHTaHIaH
KEHHH KaTTalamiamq.

CkaHupioBuM HJEKTpOH MuKpockonuk (COM) TagkuKoTiap OpKaliu
nactiaadku FoBakiu TiO,; MOHOJIUTH MUKPOMETp Ym4aMuza y3ayKCHU3 JTaBOMHUIIH
MOpdoJIOTUSIHA Ba CHJUTUK fo3aHH (2 ¢, € -pacMiapra KapaHr) HaMOEH KHUIIAJIH.
A3oT OmiaH Momu(pUKAIUACHIAaH KeHWH XaM SIXIIM IMAK/UIAaHTaH MaKpOFOBAKIIH
CTpYKTypa cakyiaHu0® komamu (2 g, T -pacmiiapra Kapanr). TabKUAjam KepakKH,
a3or Ownan Moaudukanusiaanrad 110, FOBakiIM MOHOJMTH aHaTa3 - PYTHI
dazamap yTUImM Ba KpUCTaUIap YCWIM cababmu maramramand (2 r—pacmra
KapaHr).

HurencuBiuk (a. 0.)

20/mapaxa

1-pacm. A3oT O6mitan Mo UKaIUsIIAIIaH
(1) onnuu Ba (2) xeitunaru TiO, FoBakiu
MOHOJIUT HaMyHaJlapu PEHTTEHOTY3UIIHUIII
T dpaKIUsICH.

2-pacm. TiO; FOBaKIIM MOHOJUTHHUHT
nactiaOKy Ba a30T OWiIaH MoauQuKa-
nusiIaHral ymymuii (a, 6) xamma COM (c, e
Ba ]I, T) CypaTjapH.

Cumobnu mopomeTpusi €praMuja ViauaHraH JacTiiadku Ba a3oT OujaH
Moaudukanusuianran  Ti0O, FOBaKkiM MOHOJHTIAPH MAaKPOFOBAK  YIdamiiv
TaKCUMJIAHWUIIIA ~Xap WKKana foBakiau MoHomutiaap 1.5-3.0um arpoduna
MaKpOFOBaKjap YTYaMUHUHT TOP OpaJIUFUIa TAaKCUMJIIAHUIIUTA 3ra 0Yin0, uKkana
TiO, FoBakIM MOHOJHUTIAP JUAMETpJIapH OUp-OUpHUAaH aesapiau dapk KAIManau
Ba COM HaTwkajlapura Moc Keiaiu.

Pentren ¢otosnexkrpon cnekrpockonusi (POC) 6yitnua N1s HUHT crieKTpu
3960B na KeHr auamna3oHid YYKKUCH aTOMUK [N OpajuK XOJIATUHU HaMOEH
staan Ba Oy Ti—N OOFIaHMIIHUHT MaBXY/UIMTUHUA Kypcaraau Ba 110,
MaHXXapacuaa a30THUHT KUCIOPOJ aTOMU YPHHUHHM drajuiaraHuHu omngupaau. 401
7B 1a KU4MK 9YKKH MOJIeKyJsip-xeMmocopOnusanrad y-N, ra rerunumm 6ymuo, O-
Ti-N Gormammmuna anmomnn N°  GuwiadH y3apo OormaHamgi. A30T OHIaH
MouduKanusIaHralaal KeiuH T1 KaTHOHWHUHT BAJICHT XOJaTH KUCKApHO, Ti**
BajeHT xomaruman Tiot Ba Ti%' ra Kajap KaMawumm HaTwxkacuga 11 2psp
OOFJIaHUIIl DHEPTUSICH KYHHUPOK JHEPTHsUIM X0JiaT TOMOHTa cupkuiian. PDOC
HaTWKaJlapura acocaH azor Ouian Moaudukanusuianrad TiO, FOBaKIM MOHOJIUTH
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TapKUOWJaru a3oT, KUCIOPOJ Ba TUTaH Moc pasumiaa 1.79; 68.90 Ba 29.31% Hu
TaLIKWI ATajIH.

Azotr Omnan Moaudukanusianrad TiO, FOBaKJIM MOHOJUTH aOCOpPOIIMOH
yerapacu ~420uMm arpoduaa OYnub, Yb - KYpuHHUII CHEKTPUHUHT KYPHUHMII
coxacura Moc kenaau, Oy 3ca a3zoT OunaH monuduxanusnanrad TiO, roBakiu
MOHOJIUTU KYpUHYBYM Hypnaa ¢aon OYnaummau Owigupaau. Kypunum coxana
HYpHUHT roTwmi cababu TiO, mamxkapacujga a3oT aTOMJIAPUHUHT OPAIHUK EKU
aJMaIIMHTaH XoJlaTAa >KoWnamummanp. Jlactmadku Makpo-Me30FOBAKIM THUTaH
JUOKCUIMHUHT TabKUKJIAHTAaH COXACMHU oOnTuMall sHeprusicu 3.143Bra TeHr
Oynca, aszor Owman wmonudukanusmanrad TiO, FOBaKIM MOHOJMTHHHUHT
XUCOOJaHTaH TabKUKJIAHTaH COXACHMHHM ONTHUMAall 3Heprusicd 2.953B ra TeHrnmuru
AHUKJIAHTH.

Ym0y O00GHMHT acocuil KucMiapugaH OHpU THUTAaH JTUOKCUAM OuiaH
korutanran yriepon (TiO,/C)  mukpocdepanapunu Tai€piamiga UKKA yCyi
Kymtanunau. bupunum ycyn Mast carbon éxu Darco G-60 (Mast Carbon Ltd.,
Awurmust) yriepon MUKpocheprk 3appadanapud tutan usonpornokcumu (Ti(OPr'),)
TUAPOJIM3U OpPKAAM Komulam xucoOmamamu. Mxkunum ycynma sca  Ti(OPr'),
spUTMacu OWJIaH YIJIEPOAHUHT TabCUPJIATYBUAAH KEHWH TUTaH H30MPOMOKCUIU
ruapoansu coaup 6ynanu. lllyaunraek, Degussa P25 mapkanu TUTaH TMOKCHUIUHU
nojuMep OoroBUMIIap EpaamMuaa yriiepo rozacura oofnamn opkaim xam Ti0,/C
KOMITO3HT 3appadaiapy XOCHUI KAJTUHTaH.

COM TankukoTinapu €paamMua 30Jb-T€lIb KAPAEHU OpKaIU YIIepOL
Mukpochepacu to3acuHu TiO, OwnaH KOIUIAHWIN Japa)kacd Ba >KOWJIAILIYBU
Vpranwiau (3-pacmra kapanr). Hatwxkanap yriepon ro3a koruiamacu TiO, nan
TalTKWJI TONTAHJIUTHHHA, KOIUIAMAaHWHT MYPTIWTH Ba TOMOTEH JMAaCJIMTHHU
ownnupanu. bynmail Korama yriepos MUKpochepacd CUPTUHUHT TalllKd KaTTa
KUCMUHU Kampab oiraH, JeKuH adpum kKucmiapu TiO, OunaH >XKyJa HOIKa
KOIJIAaHTaH.

S0

3-pacm. [lactimaOku yriiepo.1 mpeKypcopH (4aria) Ba KUCIOTAIH KaTaau3aTop UIITHPOKH 1A
3omb-Tenb yeynuaa 7 % TiO, Ounan KomiaHra yriaepos 3appacu (YHraa).

VYrnepon 3appauanapuHuHr Ti10O, OWIaH KOIJIAaHUIIUIAH KEHHUH COJUIITHPMA
1032 KaTTaIUTH  Ce3WlapiM  KUCKapaau. Ym0y KHUCKapuIl TOJIUMEpP —
nomuBuHmianerar  (IIBA) Bocutacupa TiO, Ba yriepon  3appajnapu
FOBAKJIADUHUHT TYCUJIMIIN HaTWKacuaa coaup Oymumm MyMkuH (1-xaaBanira
Kapanr). [IBA TepMuKk KapOOHWIIAIITUPWIITAHJIAH KEWMWH XaM YTJEepoj acocuia
MaBxyz OVianu Ba yHUHT CHUPT to3acu Kuckapamu. llynmaii O6ynca-ma, yriepon
14



ACOCHMHUHI FOBAK KUCMHMHU Korularan kapOonusuianrad [IBA Hu WyKoTUI OpKaIu
TiO,/C 103a cUpTH AXIIKIAHAIN.
l—skanBan
TiO, /C Ba yriiepoa acCOCHHUHT YMYMHii COTUIITHPMA CHPT 103aCH Ba
FOBAKJIAP ypTaya JMuaMeTpu

Hamyna Couanmrupma cupt | Ymymuii ropakiap | Foakaap ypraua
ro3acu (m%/r) xaxmu (em/r) auamMeTpu (HM)

Mast carbon 737+ 14 0.63 3.4
yriiepoa cgepajap

20% TiO,/ Mast 457+ 9 0.54 3.8

Darco G-60 1000 + 14 0.67 2.7
yrJepoau

20 % TiO,/ Darco 655 + 10 0.46 2.8

3omp-renb  ycynmupa TiO, OwunaH KOIUIaHTaH YriaepoJ MHUKpocdepanapu
perrren Tysumum Ttaxyguad (PTT) matmkacupa yriaepon rosacuaa Ti(OPr'),
ruposn3u opkanu Tai€pnanrad Ti0,/C nudpaxusicu nactiadbku TiO, HamyHacu
OwiaH yXmanumrd Ba acocaH aHara3 ¢aszanu TiO, naH ubopaT SKaHJIUTUHU
kypcataau. TiO,/C nudpakuuscugard 4ykKKuiaap JacTiaOKUCUra HHUCOaTaH KEeHTr
0ynu0, yriaepos acociau FoBak cTpykTypanapaarud Ti0, KpucTalapuHUHT YCHUILIN
YIapHUHT YIYaMUHU YEKJIalIM Ba YIIIEPOJHUHT CUPT fo3acuja makmianrad 110,
KPHUCTAJUIapH yIVIEPOJ TAbCUPUAA Y3UHHUHI YCHUII JapakKaCMHU derapanangu (4-
pacmra Kapanr). Ti(OPr'), rugponmsy HaTwKacHaa YIJIEPOJ XalKachaa XOCHII
oynran TiO, kpuCTaJ1 YIIYaMUHHA aHUKJIAII YYYH CIIEKTPaJl YA3UKJIAp KEHralnum
opkanu 20 - 25.27° naru uykkupan (oiiganaHu® YHUHT KpHCTaLIapu yirdamu 7.6

HM SKaHJIMTH aHUKJIaHIH.

HurencuBiauk (a. 0.)

f
Abcopoums

e e p———————————————————

40 50 80 0 300 350 400 450 500 550
20/mapaxa Tyakun y3ynanru (HM)

4- pacwm. (1) Ti(OPr')s rupponusuman xocun 6y- 5-pacm. Ti(OPr'); rugponusu éppamuna
ran gactnabku TiO; Ba (2) Ti(OPr'), ruaponusu TiO, 6wian Kortanrad Mast carbon

opkanmu TiO, Ounan Kortanran Mast carbon yraepon chepanapuauHr Yb-K-JIK cnexkrpu
yriepo] cepanapuHUHT AudpakTorpaMmmanapu

TiO, Owman kormanran Mast carbon  yraepon — cdepalapuHHUHT
ynbTpabuHadma-kypunyBuan-guddysnon karapum (Yb-K-JIK) cnekrpunan
TiO,/C xommo3uTu aOCOpPOIMOH coXacHHUHT (376HM aTpoduma) KOWUIAIIyBU
anata3 (azanu TiO, coxacura HucOaTad 11HM ra CHIDKHUIINA aHUKJTaHIU (5-pacmra
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kapanr). by »aca TiO,/C HnHamynacupma anataz ¢azamu TiO, OymummHU
TacOAUKJIaN .

HucceprauustHUHT «F0BaK/IM TUTAH JMOKCHIM-CHJIMKATeJIb 3appadyajiapu
BAa MOHOJUTJIAPUHUHT 30Jb-TeJb YCYJMAQ OJUHUIIN» €0 HOMIIAHTaH
TypTiHYK O00mma TiO, acocumard MarepuallapHU caMapaJopJIUTMHU  sHaJA
OIIUPUII MaKcaauja 30Jib-TeIb Kapa€HU OpKaJu HEPApXUK MaKpO-ME30FOBAKIIU
TYy3WJHUIIra sra OYJraH marpuuaigap OJMII Ba YHHUHT XOCCaJapyUHHU YPraHWIIl
HaTWKajmapu Kenrtupwirad. Tapkubowma 5 man 18 macc.% raga TiO, tyrran
MUKPOMETp VyJIdaMuJard y3idyKCu3 MOpP(OJIOTHUSIN MaKpOFOBAaKIW THUTaH
JTUOKCHIM-CHIIUKAreidb CHUCTEMalapu TETPAdTOKCUCWIAH Ba TYPT XWJI THTaH
npeKypcopiapu (TUTaH OYTOKCHAM Ba M3OMPOMOKCHUIN XamJla TUTaH XJIOPHI Ba
TUTaH cynbdar) xamaa MoJekymsip Maccacu yprada 20000 ra tenr Oynran
nomuayTuiaeHrukon (I1900) umrupokuaa spatunau. Typau TUTaH peKypcopliapu
oynran 6apua cucremanapra [I3" HUHT KymmnumM ¢a3aBuil aKpalIMIlHU r03ara
KeNTUpUO, HOOPraHWK  KOMIIOHEHTJIAPHUHT  30JIb-T€lb  YTUIIW  OpKaJU
UHIAYKIUSJIAHTaH (a3aBuil aXxpaluiid XucoOura MaKpOFOBaKiau Mopdosorus
xocun OViaau.

Tapkubumpa Smacc% TiO, TyTraH TUTaH JUOKCHJIM-CUIUKATCTHUHT
oupranukaa reiab xocus Kuauiu (TS-IP), nkku-6ockuunu rugponus (TS-2SH) Ba
umrnperdanusuiam  (TS-imp) #ymmapu Ownan  onuHran HamyHanapu COM
Vypranwigu. Hatmwkanap y3mykcu3 MakpOFOBaKIM HOOPTAHHWK TY3WIWIIUIN YXIIAIl
MOPQOJIOTHSIIap MABXKYIJIUTUHU KypcaTaau (6-pacMra KapaHr).

6- pacm. Turtan nuoxkcuau- CI/IJ'II/IKaFeJ'IL HaMyHanapH CI/IpT 103acuHUHT COM MO(I)OJIOFI/I}ICI/IZ
(@) TS-imp, (6) TS-IP Ba (c) TS-2SH.

OHeprus aucnepcuB peHtred (3/1P) Hypnapu acocuaaru TaIkKUKOTIIAp Typiau
ycyiuiapa Tai€piaHrad TUTaH TUOKCHIU-CUIMKAreiia 11 HUHT TAaKCUMIIAHUIITUHH
kypcatn6, TS-IP Ba TS-2SH ycynnapupga ojivHraH HamyHajlapAa MHKPOMETP
ya4amMugard TUTaH KOJAMKIAPUHU HAaMOEH KWIIH. by 3ca cuimkarenp xankacuaa
TATAH aTroMJjapu arperamusra ydpad MukpoH Yymuamiaun TiO, HH Xocui
KWITAaHJIUTMHU Onnupaau (7-pacMra Kapasr).

Turan AMOKCHIU-CUIIMKAreNb FOBAKIM CHCTEMajapyd XOCHJI Oyiuinura
TUTAHHUHT TYpJIM TpeKypcopiapu Tabuatu, OOILIaHFUY KOMIIOHEHTJIApHU
TapKuOW, NTYHUHTIEK HOOPTAHHMK XaJKa Ba MAKpPOFOBAKJIAp Y3BUI OOFIUK OViraH
MaKpOFOBaKJIM MOP(OJOTUSAHA IIAKJUIAHTUPHUII Y4yH XapopaT TabCHpJapu
YpraHuiiau.
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7- pacm. (@) TS-imp, (b) TS-IP Ba (c) TS-2SH namynanapu yuayn DJIP épnamuna xocui 6yaran
UKKH-YI9aMiad T1 KYPUHHIIIH.

Oxopuna Kailnq STUATaHUAECK, MAaKpOFOBAaKJIAp YIYaMUHU HaMmyHajap
Talépalll MApOUTIAPUHU Y3rapTUPHUII OPKAIM HA30paT KUJIMII MyMKUH. BUpok
ONTUMAJI MAPT-IIAPOUTIIAP, XYCyCaH PEaKIMs XapopaTh XaTTOKU TUTaH JUOKCUIU
MUKJIOpH Oup Xxun Oyiran TakaupAa xaM Kymianuiarad Ti mpekypcopriapura
Ooormuk xoyma y3rapamam. Tosza cunmkarenb (S-1), tutan xmopumu (TS-Cl) Ba
cynbpatu (TS-SO4) wumTupoxkuaa OJMHTaH HaMyHaJapHUHT MAaKpPOFOBAK
ymuamuay HazopaT Kuaui yayH 50°C xapopart 103uM 6YIica, TUTaH alKOKCHIAPH
— Tutan Oyrokcunu (TS-B) Ba wuzonponokcuaum (TS-ALJA) umTupokuna
oNMHaaMral HaMyHanap yayH 30°C xapopaT MabKyJl TonuiIrad. Bynmaii (papkausr
cababuny ypranum yuyH 30 Ba 50°C xapopatTiapaaru refib XOCUI OYIIUII BaKTH
aHuKJIaHau (2-)xanBanra Kapanr). Typau cucteManap y4yH Tellb XOCHUJ OYiuIn
BakTnapu (ty) myHm xypcaramuku, 15-Cl man Tamkapu Oapua HaMyHalap
opacuzard ty Bakraa apk KaTTa sMac.

2-KaaBa
TYpPT X1J THTAH NPEKYPCOPJIAPH IPUTMAIAPH YUYH I'ejib XO0CHJ OYJInII BaKTJIapH
(MHH.)

Hamyna 30°C 50°C

S- 310* 120

TS-AIIA 340 109

TS-B 385 112
TS-CI 67* 29

TS-SO4 305* 117

* yyKMa TYHMIHUIIMHUHT OOLIUIAaHUII BaKTH

dazanap axpanuin TeHAeHIuscu HykTau Hazapuman TS-Cl Ba TS-SO4
HamyHanapu xocwin Oyiummaa TiCly Ba Ti(SOy), JapHUHT TabCHpPU Kam, OUPOK
TS-B Ba TS-ALIA nHamyHamapu y4yyH TUTaH QJIKOKCHUUIapu (ha3aBUl a>KpasMIil
TEHJICHIUSCH XATTO XENaTioBYM areHT-anetunanetod (AIlA) OunmaH KoMIUIEKC
Xocun Oynranma xaMm KeckuH kamasau. Cuimkarenb Xainkacura Ti OMpuKuInmaa
[03ara KeIyBYM pPEaKIus TE3JIMTHHUHT Te3JallyBU €KW HMHAYKTUB d(dQexTn
dazaBuil axxpaJuill TEHIASHIMACUHUHT Kamauuimra acoc Oymamu. Cuiamkarenib
xankacura T1 >xoinanryBu nonumep - [191° Ba cunukarens 103acu opacugaru y3apo
TabCUPHU UHAYKTHB 3G deKT épaaMuna MHruObupiaamu MyMkuH. YyHku ty naru
KUYMK Y3rapuin Xam Ti1 ankokcuaw Kymmuimu tydaiinu kysatwiaan. FOxkopu
mukaopaard TiO, TyTraH TUTaH JIUOKCHUIU-CUIIMKArellb HaMyHaJIApUHU OJIHII
opkanu Ti arperanusuiairyBy ro3ara Kejaaiau.
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Tabkuuianm 103UMKH, TUTaH JUOKCUAMHUHT MuKAopu 7.5 (8 @, C - pacmra
kapanr) Ba 11.2 macc% (8 0, 1 - pacmra KapaHr) OyJIraH TUTaH AJIKOKCHIJIApU
cuctemacuaa 30 °C xapopatna ¥3apo OofiiaHran Ty3winniap Ky3atuiaau Ba 50°C
xapopataa 3ca (aszaBuii axpamuin kyzatwimanau. TICl, Ba Ti(SOg4), Ty3mapu
TUTaH TPEeKypcopiiapu cudaTuaa UIUIaTHWIraHga MaKporoBakiu Mopdoiorusiap
50°C xapopatria aHUKJIAHIM Ba HAMyHalapJa TUTaH TUOKCUJIMHUHT MUKIOpH /.5
(8 e, r- pacmra kapanr), 14.7 (8 ¢ - pacmra kKapanr) Ba 18.2 macc% (8 k - pacmra
KapaHT) HU TalIKWI STAU. THUTaH alKOKCHANapu co CHUJIMKAareib 30JI-Telb
cUcTeMacura Kymuiaranjaa ¢asajgap axpaiullld KeCKUH MacalMily Ky3aTWiau, Oy
sca MaKpOFOBAaKJIap XOCHJ OYIHUIIM YyYyH 30JIb-Tellb JKapaHHHM MacT Xapopatnia
amaira OIIMPUIIHU Tanabd Kuinaau. TuTaH Tysnapu KyJUlaHWiaTaHga ¢asanapra
@KpaluIll TEeHIEHIUSICH co( cunmkareiara HucbataH Kynm (apk KHIMacIUru
aHUKJIaH/IH.

AN

i 5 um |

28kV  2kx 5 Bum 8799 = 07- et KV 2kx 5. 0rm 9962 07~ 10madde
S v

S pm 32258 Sum
20kV.  2kx 5.0sm 8224 09 - Cu——— 20kV. - 2kx 5.00m 8116  0F- Semmew— EOLYDY RO S0EE. " A T

8-pacm. TuTaH AUOKCHIM-CHIMKAresl HamyHanapu ro3acuauar COM mopdosnorusicu: (a, 6) TS-
acac, (c, n) TS-B, (e, d) TS-Cl u (r, x) TS-SO4. Kyputuiran MOHOJIUT HAMYHACUHUHT
(boTOKYpUHHMIIHK (a) pACMHH WYKH KHCMHUIA KEITHPUIITAH.

TuTtaH JOUOKCUIM-CUIMKAreab HAMYHAJAPUHUHI FOBAKCUMOH TY3WJIMIIN
napaMmeTpiapu S-1 CHIMKarenmaH COMUIITUPMA CUPT F03aCH Ba ME30FOBAK XaXMU
KATTAJIMTUHU  KypcaTaJu, MHUKPOFOBAaKJIApHUHI XaxMu 3ca Ti Kymumiarasjga
Kamasu (3-xkaaBajira KapaHr).

3-aaBaJ
600°C xapopaTia KM3IHPHJITaH THTAH JHOKCHIH-CHIMKATe/Ib HAMYHAIAPHHHUHT

TEKCTYPAJIH apaMeTpJiapu
Hamyna TiO, muxkaopu, SgeT Vmesos Dp1 Smicros V micros
macc%0o M/t em/r HM M/t em/r
S-l - 471 0.30 2.5 255 0.14
TS-ALTA 7.75 712 0.44 2.5 102 0.05
TS-B 7.64 815 0.56 2.7 40 0.02
TS-CI 7.49 693 0.45 2.6 120 0.06
TS-SO4 7.84 630 0.42 2.6 89 0.05

Typiu ThTaH npeKypcopiiapyuiad OJvMHraH HamyHanap IV typ msorepma Ba
H2 rucrepesnc xankacuau HamoéH KuimO, 0.4-0.6 HuCOMI OocuMmma ce3mnapiv
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OynmMaraH a3oT KOHJEHCAIMICH Ky3aTwiiau. by asca rinoOymsap €ku 3appanapapo
XkurciamyB Tydainu makiaHaguran «ink bottle» typuaarn romakmap ro3ara
kenmuman  Omnaupanu. 600°C  xapopatna KU3IUPWITAaH TUTAH JUOKCUIUA —
CWIMKAareslb  MOHOJHUTIAPUHUHT  TEKCTypalld  Xoccallapd yHHHT  IOKOPH
conmiTapMa 1o3acu (815m%/r), roBaxiap xaxmu (0,42-0,56cMm°/r) Ba TOp FOBaKIap
YIYaMUHUHT TaKCUMIaHUIH (2.5-2.7HM) OusiaH TaBcudIaHaIu.

Hucceprauusitnuar  «Amkopuii-ep Meraiap OuiaH  OOMUTHIITaH
HepapXuK FOBAKJIM HAHOKPHUCTA/UIM TUTAH JUOKCHIAUHU CHHTE3W BAa YHHHT
¢pusuk-kuMEéBMii Xoccasapu» 1e60 HomiaHTaH OemuH4YM O0o0MIa KYpUHUII
coxacuna (haon OyiaraH, HITKOPHUI e€p MeTaJIap Ba a30T OMIaH OOWUTHIITAH FOKOPH
camapaim reTepocTpykrypamm TiO; ¢doTokaTanm3aTopiap sSpaTUIl Ba yJIapHU
aTpod-MyxXuT HUDIOCTAHTUPYBUWIAPHHA TapyajaHUIIUAQ Ba OpPraHUK OYEK
Pomamua B (Rh B) wMosjekynacMHMHT  KypuHYBYaH HypJilap  OCTHJA
doTonapyamaHUIIUAA KYJUIAHUIIN KEITUPUIITaH.

Wepapxuk FOoBakM HAHOKPHUCTALIM WINKOPUN €p MeTaulapyd TUTaHATJIapU
(CaTiOs, SrTiO; BaTiO; Ba MgTi,Os/MgTiO3) umikopuit ep MeTaul HOHJIAPH
OwraHn  ojnAuHAAaH  Ta€prnaHran  MmakporoBakiu — T10;  MOHOJMUTHUHU
UMITpETHALIMSIIAI Ba KU3UPHUIIL OPKAJIH OJIMHTaH.

Hazopar kuiuHyBYM FOBakiuKka dra Oynran T10, MOHOJUTH HeHTpa
MYXUTJa 30Jb-T€lIb JKapa€HW OpKaJdd TUTAH aAJKOKCUJIMHUHT  PEaKIHMOH
(GaoUTMTHHU KaMaWTHPYBYM XEJATIOBUM areHT - JTwianeroamneraT (DAA)
WINTUPOKKUIA OJWHIW. XeJaTIaHTaH THTAaH aJKOKCUIWHU sHaga (HaoJUIMTHHU
kamaiitupuml yuyn NHyCl unmmatmnran. Xocun Oynran xyn TiO, xankacunaa
KOJJWK XE€JaTJIOBYM areHT XHucoOura MexaHuk Oekapop OYanbd, KypHUTHIL
naBoMua Oynakiapra OYamHuO keraau. TiO, xankacuaaH XeNaTIOBYM areHTHU
gyukapum xya rexan C,HsOH/H,O apanam sputyBumiap cucTeMacura KHPUTHO,
DAA HUHT CyBJa TMAPOJIU3HUAAH allETOCUPKA KHUCIIOTacu, cyHrpa aueton Ba CO,
ra nekapoonmmiadaau. bynga C,HsOH/H,O HucbOaTn kamMalTHpuigu, HaTHXKaaa
DAA ruapommsu cexun 6opud, TiO, MoHONMMTH OYNakiIapra aXXpaaTuIIuHUHT OJITU
OJIMH/TH.

0 0 I'mapoams 0O O Aexapionaanum 0
o ANy T AN, = J_reort
Cxema. TiO; MOHOIUTH
O

)]\ Tuapoans TapKI/I6I/IFa Kap60HaTnap

(i-2) +2H + HO ——»  oNH + Cozf

H, A KAPUTHIAILIHA OpKaJu
Ca(Sr,Ba)TiOz xocun O¥min
(i) A»+cO, —> ACO,}{ MEXAHU3MHU.

(i)  ACO,+Tio,— ATO,+C0,}

oy epna, A—Ca, Sr,Ba

Nkku mapamien peakuusuiap - DAA xenaT MOJJAHUHI MapyajaHUIIA Ba
MoueBHHA ruAponu3u Tydaian CO,HUHT XOocwil OYynumM Ky3aTwind. DAA HUHT
THIPOJU3M Ba JIEKAapOOHWIAHUIIM CXEMaJa KeNTUpWIraH. Ymoly peaxkius
UMITPETHALIMSIIIOBYM CYIOKJIMK TapKUOMAAru CyB TabCUpUAA TUTAH JUOKCUAU
xankacu wuuga coaup OVnaau. MoueBumHa xam 60°C nga ymOy spuTMana
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rugponusra yupal, sputmMa pH wurm 6 gan 8 raua ommpaau. Keitnaru
peakmusnapaa (cxemanaru (i1) Ba (i11) peakuusiap) UIMKOPUNA €p METal HOHJIapH
(A2+) xocwn Oynran CO, 6unan peakiusra kupuim6, ACOz; xocun Kuiaau Ba
tokopu xapoparna ACO; Ba TiO, HUHT KaTTHK ¢a3ajid peakuuscu OpKald
nepoBckUT ATIO3; HE XOCHIT KHJIaIH.

WMrperHanusiioBuu CyIOKIUKIard MOYEBMHA TAbCUPU YPraHUITaH Ba YHUHT
2M KOHIICHTpaIMsICHIa FOKOpH TO3alduK Ba Kpuctaumkaard ATiOz omuHuUImM
kupcatunrad. COM natmwxkanapura xypa, Ca, Sr Ba Ba 6mnan ummnperaupianran
TiO, MOHONMHUTH Y3ITyKCH3 MHUKPOMETp Yymyamiam Mopdosorusra sra OYyimo,
oonutanruy TiO, HUHT TY3WIHMIIMTa YXIIANUIUTA aHUKIAHTaH. MakporoBakKiIu
TY3WINII KU3AUPHUIIIAH KeHHUH XaM CaKJIaHUO KoJaau. AMMO YJIapHUHT (pakTal
CUPT TY3WINIIN KU3IMPHILIAH OJ/IMH Ba KEHMHH Typiu XyCycusTiaapra sra oymaau.
Taii€pnanran HamMyHaJIap CUPTH HHCOATaH CWUIMK OYInMO, KpUCTaUIaHWIIIAH
KECHUH MOHOJUTIAP MAKpOFOBaKJIapu Yyia4aMH Y3rapMaclaH YJIApPHUHI CHUPTHU
MEPOBCKUT KPUCTAJUTAHUIIN Ba WUPUKIIAIITUIIHN XUCOOUTa OUp TEKUC OYamaiiau.

800°C nma xu3aupUiITaH MOHOJIUT HAMyHAJIapy aTOM AMHUCCHUOH CKaHUPJIOBYU
ANEKTPOH MHKpockon (AD-COM) TacBUpiapy MakporoBaK —XajKajapuja
KaTTaJlallraH MepOBCKUT KpuctayumTiapHu Hamo€H kKuiaau. CaTiOz Ba BaTiO;
MaKpOFOBAaKIM Ty3wiumuaa kpuctawiap ymuyamu SrTiO; Ownan kKuécnmaranaa
karra 6yiano, SrTiO3; keHrpok JudpakiMoH YYKKHUra sra SKaHJIWru KypuHaau (9-
pacmra Kapasr).

) ‘ - 200:nm
9-pacm. 800 °C nma kuzmupuiran () CaTiOs, (b) SrTiO3 Ba (¢) BaTiO3 mononutiapu AD- COM
cypariapu.

Typnu xapopataa kuzaupuwiran CaTiO3 MOHOJUTUHUHT a30T afCOpPOLUOH-
necop6imon m3otepMainapu (10-pacmra kapanr) [V Tungaru ructepesuc XaaKaid
n3oTepMa xucoOnaHuO, HaMyHalapia WepapXuK FOBAKIUKHUA KypcaTyBUH
ME30FOBaKJIapAaru €K MaKpOFOBAaK TY3WJUIIMAATK KUYMK MAaKpOFOBAKJIApAaru
KanWwUIsip KOHJEHCAUMSHM HaMOWMII 3Taau. MasKyp Me30foBakjap Ba KHYHUK
MakKporoBakjap MHKpPOH yiadamiuu MakporoBakiaum CaTiO; xankamapaaru
KPUCTAJUIMTIAPHUHT OpAJIMK OYVIUIMKJIapura MoC KellaIu.

IOkopu xapopariapa NEpPOBCKAT KPUCTAUIAPUHHUHI YCHUIIM MaBXKYy.l
MUKpOFOBAKJIap Ba KHYMK ME30FOBaKJIap WYKOMUIIN Ty(daian FoBakiap YIuaMUHA
omuiura om0 kermaaum Ba PTT Xamma MUKPOCKOMHS HATWXKalapu Owuiad
yirynnamran. SrTiO; Ba BaTiO; MoHONIWTIApu y4yH Iy KaOu wu30TepMasap
aHukyanrad (11-pacmra kapasr).

Mg Ounan umnpersHupianrad TiO, MOHOJIUTH XaM Y3JIyKCH3 MHUKPOMETP
Ynuamim MOpGOJIOTUSIHU HAMOEH KWIHO, YpTada [uaMeTpu ~1 M Ba FOBAKIIUIIUTH
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~41-55% Oynran TOp OpaNWKIAard  MaKpOFOBaKjap yia4amMu — Oyihnua
TaKCUMJIaHUIITa 5ra. TepMHK HIUIOB OCpUIIN XapOpPAaTUHU Y3rapTHPHUII OPKAIH
yIAPHUHT YITYaMUHHA Y3rapTUPUIIT MYMKHHIUTH aHUKJIAHIH.

~
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—o— 200°C
—a&— 500 °C
—&— 300°C
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HucGuit Gocnn, P/P, Huc6wuii 6ocin, P/P,
10-pacm. Typnu xapopatiapa KA3IHPHITaH 11-pacm. 800°C na ku3aupwiran SrTiOz u
CaTiO3 MOHOMMTUHHUHT a30T Oyiinua BaTiO3; MoHONMUTIApHHUHAT a30T Oyiinya
aJcopOIus-aecopOIus n3oTepMaIapu ajcopOIus-aecopOrs n3oTepMaiapu

MakporoBakiau  rereporysmwmmnuid  TiOp,-SrTiO;  Ba  a3zor  OwnaH
momubukanusuianran  110,-SrTiO; MOHOMUTIIAPH CTPOHIIMA HWOHJIApU TYTraH
sputMaaa aactiadku TiO, MOHOJIUTHHY UMIIPETHALIUSIIAII Ba KEPAKIA Xapopatia
aMMHaK Tra3u OKUMHUAA KU3IUPUO OJTMH/IH.

200 aMm
. L & T
12-pacm. 800 °C ku3aupuiran MakporoBakiy rereporysunuuin TiOp-SrTiOz MoHOIMTHHNHD
(a) TOM Ba (6) OV TOM 6unan BCI/I cypatnapu

Typnu xapopariapaa KU3IUPUIITaH TiO,-SrTiO; HaMyHacu
mudpakTorpamMmmanapu myHu kypcarauku, 600°C raya Ku3gupuiaral HaMyHallap
dakat TiO, anara3 dazamu kpucramiapugan noopar. Ku3aupum xapopatu 700
nan 1000°C raua omupunrangaa SrTiOz ra Terunm yyKKuiaap aHUK Ba HUCOaTaH
uHTeHCUBPOK OYnuO, SrTiO; kpucTammapuHUHT YCUIIMHM KypcaTau. bynman
TiO, wumar kucman SrTiO; ra admaHumM — Ky3aTwiau. As3oT  OuiaH
MoAU(MUKAIIUSAIIANIIAH OJIMHTA Ba KEWHMHTH XojaTiapja WKKA (pa3aHUHT
kpuctayap ymuamuauHr y3rapuimm (101) Ba (110) uykkunapaan doiinananuo
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aHWKJIaHTaHAa, anara3 Ba SITIO3 kpucraiutapu Vyidamiapu a3orT OwuiaH
Moau(pUKalUsUIaHTaH1aH KeinH Moc pasumiaa 9.08 gan 8.69um rauva Ba 11.18 nan
10.02uM rava kamaiuIm Ky3aTHIraH.

TpancMUCCHOH 3IEKTPOH MHUKPOCKOMUK TaakukoTiap (TOM) opkamu 800°C
na Kusaupuirad rerepory3mwmnuid T10,-SrTiO; nanokpuctamuiapu yiadamu 15-20
HM OVnumm anukigaHaud. FOkopu YyTkasyBuanau TOM Ba OelruiaHraH COXaHu
anektpoH mudpakuusicu (BCI]) narwxkanapu épnamuaa 0,28 Ba 0,35uM ymuamiu
HaMyHa KPUCTAJUT TTAaHXAPACHUHUHT UKKHU XWJI Yerapacyd MaBXyIJIUTH TOTHIITH, MOC
paBuia St TiO; auHr (110) kuppacu Ba kpuctawmuk 110, anaras dazacuauar (101)
KUppacura TeruluIM SKaHJIUTUHA KypcaTaau (12-pacMra KapaHr).

CumMo0s TTIOpOMETPHS YCYIUIa aHWKJIAHTaH MAaKPOFOBAKIAPHUHT Yirdamiap
Oyitmua takcummanumaad onuHraH 110,-SrTiO3 MOHOTUTHHUHT YpTaya FOBaKIIap
Ymmgamu 1,7um atpoduna 6ynub, N-monmpnanran TiO,-SrTiO; monomut 1,3um
Ja FOBaKjap TakCUMJIAHUIMHM Kypcatau. BOT ynuammapu opkainu TONWITaH
roBakiap mnapamerpiapu N-ponupianran T110,-SrTiO; reTepoTy3WIHITMHAHT
comumrEpMa cupT 1o3acu (27,8M%/r) mactnabku TiO,-SrTiO; HamyHacura
(19,3M°/r) HucOaTaH IOKOpPY KUMMaTra sra SKaHJIUTMHU KypcaTau (4-xaaBaira
kapanr). by osca cunTe3 xapaéumma Ti10,-SrTiO; cuprtura amcopOupiaHran
aMMHaK MyXHM YpHWH TYTHIIH Ba KPHUCTAUT 3appajiapyd YCHUIMWHUA YCKJIAIIWHA
omwngupanu. [ynmai kuamO, N-momupnanran TiO,-SrTiO; HEHT coONMMIITHPMA
cupt 103acu (Sger) TiO,-SrTiO; ra HucOatan omramu, Oy sca PTT Taxmwmm
HaTWXKaJIapu OUJIaH MOC KeJIaIu.

4-xxanBad
CuHTe3 KWJINHTaH HaMyHaTapHUHT N, aicopouusicu TaBcu(Iapu, TAKHKIAHTAH
coxa kenrymru Ba N/Ti moaiap HucoaTu

Hamyna SeeT, Vo, Eq, 3B N/Ti,
m2/r e/ aroM %
TiO,-SrTiO; 19.3 0.078 3.18 -
N-momupaanran TiO,-SrTiO; 27.8 0.064 2.76 0.39
N-gomupmanran  Ti0,-SrTiO; w#uar POC-cnektpuma NI1S  wuHTEHCHB

¢dorosnexkrpon uykku 3965B ma TIiN ¢daszacumarn B-N ra TerwmiM SKaHIATH
anuknanau. 395B Ba 403B opanmurunma xkam umHTeHCHMB N1s uykkmmapu Ti—O
naHXapacu UYUaru a30T aTOMJIIAPUHUHT MaBXYITUTHHY KYpcaTaju.
Vb-kypunum abcopoumon cnektpugaa N-monupianran T10,-SrTiOz; yuyH
TiO,-SrTiO; ra HucOaran abcopOIMoH cuipkuin  Kysatwirad. T110,-SrTiO;
HaMyHaCHHUHT abcopOinon yerapacu 390umaa ky3atunu6, N-qonupnanran TiO,-
SrTiO; mamynacu yuyH 450HM coxacuaa Oynumm ymOy HamyHaHuHT Yb-
KYPUHUII CIIEKTPUHUHT KYPUHUII coXacuaa (paoyuiMruHu KypcaTaiu.
HucceprammstHuAT  «TUTAaH JOHOKCHAM  aCOCHAATH  HAHOTY3WIMILIH
MaTepHaLIAPHUHT ajacopounoH xoccajgapu Ba (doTOKaATATUTHK
OKCHIJIAHUIIIA JKOJOTMK KY/UIAHWJIMIIM» 7e0 HOMJIAaHTaH OJTHHYU OoOuma
0ab3u OpraHuK 3apapiau HQIOCTAHTUPYBUMIAPHUHT OUp maitna OopyBUH
aacopOmusicu Ba (HOTOJUTUK MAPYAIAHWUINN OJIMHTAH HaMyHalapja YpraHwiau.
Slpatunran cuctemaiap (eHON Ba YHUHT Xocuianapu, poaamuH b (RhB) kabwu
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MablIyM OpraHuk uduocianTupyBumwiapan napyanaiian. T10,/C kommo3sutuaa
aZICOPOIIMSTHUHT XapakTepiu Oenrwiapu (EHOJd Ba YHHHI KUCKA 3aHXXKUPIH
XOCUJIaJapu MUCOJHIA, YIAPHUHT KOHUEHTpAIMsUIApUHUA Ha30paT KWJTaH XOJiaa
VpraHwIraH.

Tapkubuma 5 Ta sTokcunar 3seHocu O0yiaran HonuinpenomTokcuaaT (NPSEO)
Ba ypraua 10 Ta sTokcuiar 3BeHocu Tytrad 1,4-oxtuidenomtokcunar (TX-100)
JIAPHUHT aJCcOpPOLMACH Ba (POTOKATATMTUK TapyajaHWmy ypranuiarad. TiO,/C
KOMITO3UTH Ia YIIOy TaHJIaHTaH OMPUKMAaJapHUHT aacopOIUscUTa KOHIICHTpAITHs,
xapopat Ba pH kabu oMUUTapHUHT TabcUpH OaTadCUT TAIKUK KHJIMHTaH.

®enon Ba NPSEO Hunr 4Ta amcopOeHT HaMyHaapuaard MOHOKATIAMITH
aacopOmusicu ypranwiran (S-xagaBanra Kapanr). MeHON Ba YHUHT XOCHJIAJIapu
V9yH MOHOKAaTJIamiap XOocwi Oymumu dapkuHd  (aosuiamrad  yriepo.
MUKpoc(hepaTapuHUHT CUPT KUMECH HYKTau Ha3apuJaH TYITYHTHPUII MyMKUH.

5-xaaBan
AcopOeHT HAMYHAJIAPMHHUHI COJIUIITHPMA 103acH, ¢enosa Ba NPSEO
MOHOKaTIaman agcopbumsicu (25°C)

Hamyna SgET, dDeHoJ dDenou NP5EO
mM2r | MOHOKATIAMJIH Maccaan MOHOKATJIAMJIU
CUFUMH, pMO.JIb/M2 FOTHJIMIIIH, CHFUMH, Mr/m?
macc. %
Mast Carbon yriiepon | 747 3.13 217 0.262
MHUKpochepaiapu
Dargo G-60 1000 2.06 19.4 0.335
TiO,/Mast 457 3.11 13.4 0.475
MHUKpochepaiapu
TiO,/Dargo G-60 655 2.82 17.4 0.475

®deHoa  aICcOpOIMSACMHUHT KHHETUKACH WKKM Xuil yriaepon Ba T10,/C
KOMITO3HUTIIApUAa YpraHWITaH Ba CHUPT (DAOJUTAHWINIMHUHT TYpPJW Japaxkaiapu
Tydaiinu peHoTHUHT KopH anacopOuusicu Mast Carbon yriepon mukpocdepacu
Ba Kommo3uTura Kaparanga Dargo G-60 yraepox Mmukpocdepacu Ba yHHHT
acocujaru KOMIIO3UTAa I0Kopu Oynuim Ky3atwirad (13-pacMmra kapaHr).

deHONMT Ba YHUHT XOCWIAJAPUHUHT  VpraHuja€TraH HaMyHajapaaru
aacopOmnusicu OViinya KUHETUK KUMMATiapu OWPUHYM TapTHOIM WHTETrpal
TEHTJIaMara MyBO(UK KelaJd Ba YJIAPHUHT OONUIAHFUY aJCOPOLMSICH TE3JHK
xoucrantanapu [A] = [A]o €™ Tenrmamacura xypa xmcoGmanran (6-KamBaira
KapaHrT). AHUKJIaHTaH HaTuxanapra ounoas, Mast Carbon yrinepon mukpocdepacu
acocumaru azacopOentiapra HucOaran Darco G-60 acocumaru anacopOeHTIIapa
dbenon amcopOIMsACH TE3MWK KOHCTaHTAJlapyu IOKOPW OHKAHJUTH TOINWJITaH Ba
TiO,/Mast mukpochepanapura umcbatan TiO,/Darco G-60 kommo3uTiIapuaa
dbenon Ba NPSEO napHuHr sipum simain BakTiapu Moc pasuiiaa 35 Ba 24% kam
SKaHJIMIM aHuKjIaHraH. @eHon Ba yHUHT xocwiaanapuauar Mast Carbon yriepon
mukpocdepacu Ba Darco G-60 acocumaru aacopOeHTiIapaa aacopOLusIcu KUHETHK
napameTpJapuHUHT OyHAal KarTa GapKIaHUIIN, YIAPHUHT COJIUIITHPMA F03ajlapH
Ba FOBaKJap YyIdaMy TaKCUMIIAHWIIHJATH KECKUH (papkiap XucoOura SKaHIUTH

KYpCaTWITaH.
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13-pacm. @eHOTHUHT CYBIH
sputMmanad (pH =7 ) ancopOeHT

| » HaMyHaJIapura aJcopOIUsICHHUHT
_ BaKTIra OOFJIUKJINTH:

{ e " s e — Darco G — 60; m — TiO,/Darco
\

|

-p

a 2 G - 60; A — Mast Carbon yriepon
. mukpochepaiapu; ¢ - TiO,/Mast
i Microspheres.

AicopOupanran MHKI0p ([MOIb)

20 40 60 80
BAKT (MHH)

6-KaaBaJI
AncopOent HamyHasnapuaa penosa Ba NPSEQO angcopOounsiciHUHT OMpUHYM
TApPTUOJIM Te3JTUK KOHCTAHTACH Ba SIPUM SIIAII BAKTH (25°C)

K (c?) Spum simam BakTu (MHH)
Hamyna dbenon NP5EO dbenon NP5EO

Mast Carbon yraepon | 4 19,104 | 251x10° 77.5 460.2
MHUKpochepasapu

TiO,/Mast 132x10* | 217x10° 87.5 532.2
MUKpochepasapu

Darco G-60 7.80 x 10™ 1.08 x 10™ 14.8 106.8
TiO,/Darco G-60 3.87 x 10* 9.12x 10™ 29.8 126.6

Yy WIIHUHT acocWil MakcajjapuiaH Oupu 3apapiv Mojdaiap OyiaraH
(eHon Ba aNKWI(PEHOJIITOKCUIAT TYTraH HU(MIOCIaHTUPYBUMIAPHU (DOTOIUTHUK
napuatanumuaa 110, acocwgard KOMIIO3UTIAPHUHUHT  caMapaJopiuTrvHU
aHukjamgad uoopar. deHon Ba anKUI()EHOIITOKCHIATIAPHUHT  (POTOIUTUK
napuajgaHumuaa dputMa pH, amcopOeHT Typu Ba MHKIOPH XamJa SpHUraH
KHCIIOPOJI MUKIOPY KaOM OMUJUTAPHUHT TAbCUPH TAIKUK KHJIMHTAH.

ANKUI(PEHOIITOKCUTIATIAPHUHAT (DOTOMUTHK TMapyYaTaHUIIUAA PEAKIIUSHUHT
OolUTaHFUY OOCKUWIApHUIa UHTEPMEIUATIap XOCUI OYIUIIN Ky3aTHUINO, peaKiius
oxupuaa (OTOKATAIUTUK TMapyajaHUIIra ydpauau. YIJIapHUHT (OTOKATAIUTHUK
napyajaHUIIN JaBOMHUJA CYBIM MYXUTAa UHTEPMEIUATIAPHU OJMO Taluiaml yuyH
TiO, 3appavyanapuHUHT arperamuscd MyXuM Tabcup Kypcataad. TiO,/C
KOMITO3UTHUJIATH aIcCOPOEHT (PeHOI Ba ankuiI()EHOIITOKCHIATIAPHUHT (POTOIUTUK
napyajaHuIINAa KyIIuM4a MaxCyJOTJIapHU ajcopOupiiaiiii Ba YJIApHUHT
KOHIICHTPALMSUTAPUHA TIacT fAapaxkana yuoiad Typamu. TiOo/C KoMIIO3uTHHH TO3a
TiO, Ownan cojumTHpwiIranaa, (GeHos Ba  alKWI()EHOJITOKCHIIATIAP
(doTOKaTAMUTUK MapYaJaHUIINUAA OPAIMK OMpHUKMAaliap XOCHJ OVIHMIINHU KYpHUII
MyMKUH (14-pacmra KapaHr).

VYb- Ba wxkopu camapanu cyrkiuk xpomartorpadusicu (FOCCX) ycymnapu
HaTwkagapu NPS5EO Ba Ou-MaxcysioTJIapHUHT KOJIUK Mukgopiaapu TiO,/C
doTokaTanM3aTOPUHU HYPJIAHTUPHIN OpKalW KamairaH. TabKuamam Kepakkw,
NP5EO Hu onu0 Tanuiam 3TOKCHJIAT 3aHXKUPH Y3YHJIMIUra OOFJIMK 5Mac, s’bHU
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KHCKa 3aHKUPJIHM 3TOKCHUJIATIAP XYW Y3YH 3aH)KHPJIU 3TOKCHJIATIAp Kabw Oup
XWJI Te3JIMKAa ynKapunaau (15-pacmra Kapasr).

% 0 N |
lg ‘
E X o'" ‘
)5 \‘. | : J
., f
A i L\ SN
0 50 100 200 250 300 350 ¢ 2 4 s s
Bakt, Mun Baxr, s
14-pacm. Honundenomrokcmtarauar 1000 ppm 15-pacm. HonungeHomsToKCHIIaTHUHT
sputmacuauHT A -TiO; Degussa P25 Ba e- TiO,/C TiO,/C Mast yriiepoaiu KOMITO3UTH
Mast yrnepoanu koMmno3uTuaa GoToKaTaIuTHK umrupokuaa Yb-nypranummugan (90
Nap4aJIaHALIN. MUH) KeiuHru sputMacuHuHr OOCX
TaxXJIWIH

Anara3 ¢azanmu roBaxim 110, MOHOJNUTH, a30T OWIaH MOAU(DUKAIUSIIAHTaH
aHara3 Ba pyTua (azamu roBakiau 110, MOHOJIMTH Xam/ia aHaTa3 Ba PyTUIT (a3aiu
P25-TiO, napuuHr (oTOKaTAIMTUK (AOJUIUTH KYpUHYBYAH Hypiap TabCUpHIA
Pomamun b (RhB) opranuk OYEKHMHT (DOTOIMTHUK MapyajaHUIIM HATHKACHIA
yprauuwnau (16-pacmra kapanr). Hatmwkanapra kypa, RhB HUHT (oToKaTaaIuTHK
NapyajJlaHuIIM ~ PeaKkiusl JABOMUIUIMTUHUHT OpPTUIIA Owinan omubd Oopau.
@DOTONUTUK MapYaJaHUII PEAKIHUICH MeXaHW3MHUra OWMHOaH, XOCWJI Oyianura
katuon-pagukan (RhB™®) O, Ba hv  Tascupuma H,O, CO, Ba MuHepan
KHCJIOTajapraya napuyaianaau. by »xapaéH opanuk maxcynoT cudartuna Ponamun
xocun 6y 6unan 6opamu: RhB™ + O, — Ponamun — MaxcysoTiap.

1.0- ]

0.8+ 16-pacm. RhB cyBnm >puUTMAacHHUHT

Vprauwirad HaMyHajapia KypUHHIL

N 0.6 HypJapu Tabcupuaa GoToaerpagaluscu:

8 (0) — N-momupmanran TiO; (0) — P25-

0.4+ TiOy; (0) — To3a roBakiu TiO, MOHONIUTH
0.2+
0.0+

0O 20 40 60 80 100 120

VB HypnaHHII BaKTH, MHH
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RhB  KOHILEHTpalLMACHHUHT KaMallMId yHUHT CYBIM JPUTMACHHH
paHrcusiaHuIM OVilnua aHWKJIaHWO, OpaliuK MaxcCyloTiIap XOCWi OYiuinu Ba
(GOTONMUTUK MapyalaHUIIN YyKyp TaJKUK KHJIMHMaran. AHarta3z Ba pyTui ¢azaiu
N-monupianrad ropakin 110, MOHOJIMTH MINTHPOKHUIA KYPUHYBUAH COXa HYpJIapH
tabcupuna 120mua nmaBomuga 50% RhB mnapuanmanumra yuparan, Oy dca
OMKpUCTAJUIMK TUTaH JAHUOKCUJWHUHT aHHWK IIAK/UIAHTaH  MaKpOFOBAKIIH
TY3WIUIIAHU Onnnupanu. Anata3 ¢aszamu roBakim 110, MOHONIMTH XaMja aHaTas3
Ba pytua ¢azanu P25-TiO, nmap kypuHyBuUaH coxa HypJjapu Tabcupuaa 120MuH
naBoMu1a Moc pasuiia 16 Ba 25% RhB doronuTuk nmapyanaHumm KypcaTuiras.
Oxopuna kentupwiraH HaMyHajap UWYMaa aHara3 Ba pyTwin  (azamm  N-
nonupianrad roBakid |10, MOHOJNIUTH KYpUHHIN Hypiiapu Tabcupuaa 120 muH
naBomua RhB napuananummaa 1okopu GaoUTMKHI HAMOEH KUJITH.

Taxymun Hatwkanapu WyHU Kypcataauku, TiO, KpuUcCTaml NMaHXapacuaaru
KHACJIOPOJ aTOMU a30T aToMjapu OwWwiaH ajaMaluMHuO, a30T aTOMIIAPUHHUHT
MaBxyuru T10; (O2p) BasieHT coxacu yctuaad (N2p) TaKMKJIaHTaH COXaCHHHHT
rajularal JapaxacuHu xocwi Kuiagu. lllynwHr yuyH N2p sApumyTkasrudja
BaJICHT coXa OWiiaH YTKa3yBUYaH coxXa ypracuaa KajaaM cudaTuia XapakaT KuiIaau
Ba KYpuUHYBUaH Hyp Tabcupuaa N2p TakUKIaHTaH COXaJaH YTKazyBYaH COXa
TOMOH 3JIEKTPOHJIAp KY3FaIUIIMHU OCOHJIAIITUPA/IH.

XVYJIOCA

«Turan pauOKCHMAM acocuaa HAHOTY3WIMILIM FOBAaKIM  MaTepHalIap
OJIMIUHUHT  (U3UK-KUMEBUU  XyCYCHUATIApW»  MaB3yCHUJArd  JOKTOPIMK
nucceprauusicu OVinuya onu0 OopwiraH TaJKUKOT/Iap HaTWXKacuia Kywuaaru
XyJiocajiap TaKIuM THIIIN:

1. TutaH anNKOKCUUIADUHUHT 30Jb-T€b peakuusuiapu €EpJamMuaa XoHa
XapopaTha ME30FOBAKIM TUTaH JHOKCHINA Ba YHUHI aCOCUIArH XapaKTEPUCTHK
FOBAaKJIMKHM Ba OWMKPHUCTAIUIMK TY3WIMIIHMA cakjaraH Xojja a3oT OuiaH
MoaupUKalMsUIaHral FoBakin T10, MOHOJIUT MaTepUaUIapHU SPUTMA MYXUTHUHU
HazopaT KWIraH XOJJa OJUIA TOJUITWICHIVIMKOJ TEMIUIATUHA FOBAaK XOCHII
KWJIYBUYM cUdaTha KYIlaml TaBCUs STHUIIAIN.

2. ®aomnanran kymup cuptura Ti10, Komuaml OpKajlud camapagop Ba
AXIIWIAHTaH Tekcrypa XycycusaTin Ti0O,/C KOMIO3WTIApUHM OJUII MAaKCaara
MyBopuKIHp. T10,/C KOMITO3UTIAPUHUHT aJICOPOLIMOH CUFUMHU aHUKJAHTaH Ba
(deHosnap ancopOuuscHaa yriaepoaiu acociap COJUIITUPMA F03aJapHi KaMalnIIH
Ba YJapHM CHHTE3 KWIMLI YCY/UIapu HaMmyHanap QaojulaliraH CUPTUHU
TabMuHIamM  Kypcatwiaad. TiO,/C  KOMIO3WTIApUHUHT 1032  KarjamJap
KAJIMHJIUTH YTIEPOIIN aicopOeHTIap afcopOLUUOH Xoccanapura Tabeupu Ba Ti0;
HUHT YIJIEPOJIM acociapAaru aare3usiCu SKaHIuru KypcaTuiaim.
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3. Forak xocun xunmyBum cudatvia MONMMATUICHTIIMKOIHU KYJIIall OpKaJu
TETPAITWIIOPTOCUJIMKAT Ba  TUTaH  TETPa-A-OyTOKCHIWHUHT  THUAPOIUTHK
KoHeHcanusacuaa HaHoroBakiH Ti0,-Si0O; KOMIIO3UTIApH OJIAIN yCYIUIApPH HIILIa0
yuKAIagu. Me30-MakpoFrOoBaK/IM TUTAaH JAHUOKCHAM-CUIIMKAreib MOHOJIUTIapU
Mopdororusacu ypraHuwiaid Ba MakpOFOBaKJIap XOCWI Oynuiuia Typid TUTaH
MIPEKypCOpJIapy TabCUPHU Xamja TUIUK HEPAPXUK OWMOAT FOBAKIW TY3WIWITHU
TaBcu(IOBUN (Dazanap axpaTnuITd UMKOHUATIAPH TATKUK KAJTHHATH.

4. Ink Oopa uepapxuK TYy3WJIUIUIA, IOKOpU FOBakiuM Ba lum atpoduna
FOBaKJAQPHUHT TOP TAKCUMJIAHUIIM OuilaH TaBCU(IIaHYBYH, HIIKOPUA ep
metauiapu Tyrrad ATiO3 IEpOBCKUT MOHOJIMTH MIILTA0 Ynkuiaau. Karra yiauamim
MaKpOFOBAKJIAPHUHT MaBXYJUTMTH OJIMHTAaH MaTepuauiap OpKalu CYIOKJIHK Ba
ra3JapHAAT  OKWMHMHH  CE3WIAPIM  Japaxada SXIIWIAd — KYpCaTHIIaJIH.
MaxporoBakiau TiO,-SrTiOz Ba azot Ounan moaudukaiusiaanrad TiO, - SrTiO;
TeTePOTY3WIHNIILIA MOHOJUTIAP CTPOHIMN HWOHJIApU OViIraH CyBIM >SpUTMAalIap
Oowran roBakiau Ti0O, MOHOJWUTHHUA HWMIIPETHANMSIA0 aMMHAaK Ta3WHUHT CEKUH
OKMMH OCTHIa HATpHyIam opkaiu onmuHamu. 110, - SrTiOz rerepory3mwmmm 15 -
20HM Y14amiid HaHOKpUCTaUIapAaH Ba yprada ~1.7um ymyamaaru MakporoBakiap
TaKCUMJIAHUIIIUAH NOOpAT KAHIUTU aHUKJIaHA]IH.

5. Azotr OmiraH MoauduKkanusianral rerepory3mwuinnin Ti0,-SrTiO3z acocan
aHataz (azamm TiO, Ba MEepoBCKUT KpucTauT ¢aszamu SrTiO; maH TaImKw
TOINTaHJINTH Ba XY MAKJUIaHTaH 8 - 10HM yin4yamMiaym HaHOKpUCTAJUIApJaH Xamaa
ypraua ymyamu ~1.3uM TOp OpaiMKIard MAaKpOFOBAaKJap TaKCUMIJIAHUIINJIAH
MOOpaTINIK aHUKJIaHaTu. A30T OujaH MoaudUKalUsIaHTaH HaMyHa abcopOius
yerapaCUHUHT 450HM ra CWJDKUIIA YHUHT SHEPreTUK COXACUHHUHI ONTHUMAJ
sHepruscu 2.769B raya kamanumm Ttydaitmu  pyid  Oepagu. TiO,-SrTiO;
dotokatanutuk ¢aouru Pogamun b opranuk OVEFMHUHT CyBJIM 3pUTMaIapUHU
120 MuH paBOMHIAa KYpUHYBYAH HypJiap TabCHpUIIA caMapaliyd MNapyalaHUIIN
aHUKJIaHAU

6. Horundenomrokcunatr (NPSEO) ancopbOruscuna dbenon agcopOruscura
HucOatan pH Tabcupu KaMiuru KypcaTWIIW. YHUHI MoJieKyJjaiapu (eHosra
Kaparaija aHya KaM KHUCJIOTAJMKHM HAMOEH KWITAHJIUTH YYyH OSTOKCUJIAT
3aHKUPUJATH TyTaJJIaHTaH TUAPOKCHII TYPYXJIApHUHT JEMPOTOHIAHUIIIA HUCOATaH
nact gapaxaga comup Oymamu. AxacopOeHt ro3acu Ba NPSEO wmonexynanapu
opacujard y3apo OOFIaHMIIJIAPHUHT XOCWJI OYJIMIIM WUTapuiuil 3PQeKTIapuHu
kamaitupaau. Oenoun agcopoiusacu OUpUHUU TAPTUOIU peakiusara MaHcyo 6ynuo,
NPS5EO ancopOuusicura HucOaTaH 10KOPH Te3IUKIa OOpai.

7. Cunte3 kummHTan Ti0,/C xommnosutiapu TiO, kaTanu3aropura HuUcOATaH
pH wuar Oapua ypranwiran KuiMatiapuaa (EHOMHUHT  (OTOJIUTHUK
napyaJaHdIINga [OKOpH camapafopiuk HamoéH kuiaamau. Ti0, Ba TiO,/C
KOMITO3UTJIAPUHUHT (HEHOJ TMapYalaHUIIUAAr KAaTATUTUK (DAOJUIUTH HIIKOPUI
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myxutaa (pH=9,0) rokopu Oymagu. Hmkopuit myxutna ¢eHOIAT-aHUOHTIApU
OwiaH THTaH JAWOKCUJAWHWHT MaH(GUW 3apsylaHraH  03acd  OpacHaru
ANIEKTPOCTATUK WTAPWJIMII XucoOWTra KHUCIOTadM Ba HEWTpal MyXUTiIapra
Kaparaaa (eHoJ MOJEKYJIACUHMHI caMapaid (OTOJUTUK MapyalaHUIId pYyu
oepamu.  TiO, Ba  TiO/C  cucremamapu  NPSEO  monekynanapu
doTonerpananusacuna OUp XU CENEKTHBIMKHA HAMOEH KWIHO, STOKCHIAT
3aHKUPU KaHYAJIMK y3yH OYyIica IIyHYa OCOH MapyallaHuIIra yupamii Ky3aTUIau.
AnxundenomTokcuiariaap (HOTOKATAIUTUK MapyalaHUIIUIAH XOCHJI OYnaaurax
Oup KaTop MaxcyynoTiap (oToKaTaliu3aTop/afcopOEHT KOMIIO3UTHUHHMHI FO3acUra
a7IcCOpOUPIIAaHUIITN XpoMaTOrpapuK TaAKUKOTIIAp OPKAIM KYpCcaTHIIa Iu.

8. 3omp-renp JkapaCHH OpKaJIM FOBAKIM METAUIOKCHI HaHOMAaTepuasiap
OJIMII Ba ylap €pAaMuaa TOKCHK MOJJAJAPHUHT CYBIM 3PUTMAIAPUHU
3apapCU3NIaHTUPHIN OYiirua WIUiad YMKWIraH ycyiuiap BeHa yHUBEpCUTETUHHHT
(DuszukaBuit kum€ kadeapacu; Actpus) «KumEBuil ceHcopiap yuyH KOMIIO3UT
Marepuaiapy Ba Kwuorto yHuBepcuretuHuHr (Kumé dakynbretn; Snonus)
«MeTam/KoTulIMa CHCTEMAacuJla HaHO3appadallapHUHT 1n-Situ MIAK/UTAHUIIN Ba
MOHOJIUT THUJAPUPJIAHTAH CWIMKAarelb acoCHUJard KaTaJIUTUK peakuusiapaa
KYJUIAHWINIIN» MaB3yJId XaJIKapo WIMHUN JIOMUXallapyuaa KyJUIAaHWJITaH.
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BBE/IEHUE (anHOTALMS TOKTOPCKOW JUCCEPTAIMHI)

AKTYaJlbHOCTh M BOCTPe0OOBAHHOCTHL TeMbl auccepranuu. Ha
CErOJHAIIHUN JICHb IIPUMEHEHHE COBPEMEHHBIX TEXHOJOTHMA B YCKOPEHHE
pa3BUTHE MPOMBIIIJIEHHOCTH, PELIEHUE SKOJIOTMYECKHX IpoOseM, MPOU3BOJCTBO
KOHKYPEHTOCIIOCOOHBIX M SKOJIOITMYECKH YHCTBIX BEIIECTB IIPEBpAIIACTCA B
aKkTyalpHyl0 ImpoOineMmy. B mocneanue necaTuneTdss NPUMEHEHUE METO/IOB
HAaHOTEXHOJOTMM W HMHHOBALIMI B Pa3BUTHUM SKOHOMHUKHU SIBISETCS aKTyaJlbHON
mpoOJEMOl M Ha OCHOBE 3THX TEXHOJIOTMM €XEroJHblil POCT MNpPOU3BOJICTBA
HEOOXOAMMBIX TPOAYKTOB coctaBisier 35%. B srtom acnekre co3naHue
HaHOPA3MEPHBIX MAaTE€pPUATIOB C NPUMEHEHUEM HAHOTEXHOJIOTHH, YJIYYIIEHUE WX
(U3UKO-XUMUYECKUX CBOMCTB MMEET Ba)XKHOE HAYYHO-NPAKTUYECKOE 3HAUYCHUE.
Oco0eHHO OOJIBIIOE 3HAYEHUE ISl MOJYYEHUs HAHOCTPYKTYPHBIX MaTEpHAIIOB
MMEET 30J1b-T€JIb MPOLIECC, T.K. OH OTKPBIBAET HOBBIE IEPCIEKTUBBI JJIs OTYYEHUS
MaTEpPUAIIOB C BBICOKOM YHMCTOTOM W TOMOIE€HHOCTBIO, II03BOJIIET INPOBOAMTH
pa3IMYHbIE XUMUYECKHE MPOLIECCHI IIPX HU3KOM TEMIIEPATYPE U IPU 3TOM BBOJIUTH
B PEAKIIMOHHYIO CUCTEMY OKCHJbI Pa3JIMYHBIX NIEPEXOJHBIX METAIIOB. Iloyduenue
INOPUCTBIX MAaTE€PUAIOB U HUX NMPUMEHEHHE JAIOT BO3MOYKHOCTH CO3JAHMUS HOBBIX
BUJOB MAaTE€pUalOB C YIYYIIEHHBIMH CBOMCTBAaMM M pELICHUS MpoOiieM,
CBA3aHHBIX C OXPAHOW OKPY>KArOLIEN Cpellbl. JTO SIPKO BBIPAXKAECTCS IPU OYUCTKE
CTOYHBIX BOJl C MIPUMEHEHUEM HAHOCTPYKTYPHBIX MATEPHAJIOB B MPOMBILIIEHHOM
o0beMe.

B  PecnyOnuke BBOJATCA  HOBBbIE  MPOMBILUIEHHBIE  IPEANPUATHSA,
UCIIOJIb3YIOIIME  COBPEMEHHBIE  TEXHOJIOTMH, MPOBOJUTCA  MOJEPHHU3ALUSA
MPOMU3BOJACTBA  psAJa  HOBBIX  MPOAYKTOB  JUIA  pPa3iIM4YHbIX  oOjacTei
MPOMBINIUIEHHOCTH. Ha  3TuxX  mpeanpusTHsSX  IUPOKO  UCHOJIb3YHOTCS
aJICOPOLIMOHHBIE MAaTEPHUAJIBI 111 BOAOMOATOTOBKH U OYMCTKU CTOYHBIX BOJ.

B nocienHue roasl YBEIWYWICS HWHTEPEC K INOJYYEHHIO W HM3YYECHMIO
HAHOPA3MEPHBIX MTOPUCTHIX NOPOIIKOB U MOHOJIMTOB HA OCHOBE JUOKCHA TUTAHA.
DTO CBSI3aHO C TEM, YTO MPU YMEHBIIEHUN PAa3MEPOB YACTHUL] BO3PACTAET YACIIbHAS
NOBEPXHOCTh AUOKCUAA TUTaHA, YTO MO3BOJISIET KOJIMYECTBEHHO MOBBICUTH YHCIIO
peaklmii, NPOUCXOIAIMX Ha €ro NoBepXHOCTH. Kpome Toro, 3a cueT yMEeHbIIEHUS
pa3MepOB YaCTHUI[ COKPALIAETCS PACCTOSIHUE JO 30HBI MOBEPXHOCTHOW PEaKIUH,
YTO  OpUBOAUT K  Oosiee  3PEPEeKTUBHOMY  pa3lClICHUI0  IepeHoca
dboTOreHepUPOBAHHBIX HOCUTENEH 3apsiga. MHOTOIPaHHOCTh CBOMCTB KJIACTEPHBIX
M HaHOPAa3MEpPHBIX YacTHUI], CHUHTE3UPOBAHHBIX B TMOCJIEAHEE JECATUIIECTHUE,
MO3BOJISIET  MCIOJIb30BaTh HMX B  Ipolecce IIyOOKOoro  (OTOOKHUCIEHUS
OopraHu4eckux coearHeHuil. OgHaKo, yCHeHoe NPUMEHEHHE MOJ00HBIX CUCTEM
BO3MOYHO JIMIIb B CIy4ae MX CUCTEMATHYECKOTO HMCCIEIOBAaHUSA, BKIIOYAIOIIETO
(U3UKO-XMMUYECKU aHanu3 ocoOeHHocTell (opMupoBaHusi, MOpQOIOTrHUH,
CTPYKTYpPhl U COCTOSIHUSI HAHOYACTHI], OCOOEHHOCTeH copOuuu cyOcTpatoB U
IIPOJIYKTOB PEAKIMH HAa HMX IOBEPXHOCTH, WU3YYEHUsS KUHETUKH U MEXAHU3MOB
peakunii. PU3MKO-XUMHYECKUE UCCIIEI0BAHNS U AHAJIN3 HAHOCTPYKTYPUPOBAHHBIX
CUCTEM IO3BOJIAIOT MPOBOJINUTh MX HANPABJICHHBIA CHUHTE3 C 3apaHee 3aJaHHBIMH
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cBoiictBamu. [IpumMeHeHHEe HAHOTEXHOJNOTWMH MJii CHUHTE3a aACOpPOLMOHHO-
(doTOKaTATUTUYECKUX MATEPUAIOB C 33JJaHHON (PYHKIIMOHAIIBHOCTHIO C TOMOIIIBIO
30JIb-T€Ib MPOIECCa OTKPHIBAET IIMPOKHUE BO3MOXKHOCTU [UJISi pa3pabOTKu
CIIOCOOOB CMHTE3a HOBOT'O TTOKOJICHUS MOAOOHBIX MaTEPUATIOB.

JlaHHOE IHCCEPTAMOHHOE UCCIIEIOBAHUE B ONIPEACIICHHOM CTEIIEHU CITYKHUT
BBITIOJIHEHUIO 33J1ay, YTBEP>KIAEHHON moctaHoBieHueM I[lpesunenta PecrmyOnuku
V36ekuctan [1I1-1071 ot 11 mapta 2009 rona «O nporpamMmme Mep Mo YCKOPEHUIO
CTPOUTENHCTBA W OCBOEHUIO TMPOU3BOJACTBA HOBBIX BHUJOB XHUMHUYECKOU
npoayKium» U noctanoBiaeHus Nel42 Kabunera MunnctpoB ot 27 mast 2013 roma
«O Ilporpamme pAeiCTBMH MO OXpaHE OKpyXKawllel cpeapl PecnyOnuku
V30ekuctan Ha 2013-2017 roxmp», a Takke BAPYTMX HOPMATHUBHO-IIPABOBBIX
JOKyMEHTaX, IPUHATHIX B JAHHOU cdepe.

CooTBeTcTBHE HCCJIEIOBAHUS ¢ NPHOPUTETHHIMH HANPaABJICHUAMH
Pa3BUTHS HAYKH M TEXHOJOTHH pecimy0JnKu J[aHHOE HCCIIeI0BAHUE BBITTOJIHEHO
B COOTBETCTBUM MNPHOPUTETHOTO HAIPABICHUS Pa3BUTUS HAYKU U TEXHOJIOTHIA
pecnyonuku V. «Xumudeckue TEXHOJIOTHU U HAHOTEXHOJIOTUM.

0030p 3apy0eKHBIX HAYYHBIX HCCJEJIOBAHUI MO TeMe AUCCEPTAIHMN.
Hayunble wuccnenoBaHus, HaIlpaBICHHbIE 110 Pa3BUTUI0 HAHOCTPYKTYPHBIX
MOPUCTBHIX aJCOPOIIMOHHO-KATATMTUYECKUX CHUCTEM M UX MPUMEHEHUIO B TaKUX
o0NacTsAX Kak OXpaHa OKpyKaromed cpeabl, aacopOIMOHHAs  OYHCTKA
MIPOMBIIUICHHBIX CTOKOB OCYIIECTBIISIIOTCS B BEAYIIMX HAYYHBIX LIEHTPAX U
BBICIITUX 00pa30BaTENbHBIX YUPESKIACHUAX MHpa, B ToM uucie, Kyoto University,
Tokyo Institute of technology (SImonms), Darmstadt Technical University,
Fraunhofer Photocatalysis Alliance (I'epmanmst), University of Surrey, Brunel
University (Bemuxoopuranus), University of Cincinnaty, California Institute of
Technology (CIIIA), Institute of New Catalytic Materials Science (Kwuraii),
University of Torino (Uranus), MacTuTyT Xumun pactBopoB (Poccust), Kueckwuit
HanuonanwHeiii  yHuBepcuteT, WHCTUTYT xXuMuu moBepxHocTed (Ykpauna),
HannonansHeiil yauBepcuteT Y30ekuctana (Y30eKucTaH).

B pesynbrare ucciieioBaHuid, MPOBEACHHBIX B MUPE MO (PUBUKO-XUMUYECKUM
OCOOEHHOCTSIM TIOJyYEHUS] HAHOCTPYKTYPHBIX MOPUCTHIX MaTE€pPUAIOB Ha OCHOBE
JTMOKCHUJIa TUTAHA TIOJIYYEeHBI PSAJT HAYYHBIX PE3yJIbTaTOB, B TOM YHCIIE: pa3padoTaH
30J1b-T€Ib METOJ] KaK HauOoJiee MHOTOOOCHIAONIUN METOJ] CHHTE3a MOPHUCTHIX
MOHOJUTHBIX MatepuanoB (Kyoto University, SInonus); co3naHbl HOBbIE METOIBI
Ha OCHOBE OKCHHUTPHUJIOB U OKCUCYJIH(PHUJIOB MO MOJYYCHUIO (POTOKATATU3ATOPOB
JUIs 00JIaCTH BUJAMMOTO CBETa I Pa3joKEHUs BOJABI Ha KHUCJIOPOA U BOJIOPOJ
(University of Tokyo, SImonus); pa3paboTaHbl HOBBIE HAHOTEXHOJIOTHUYSCKHE M
XUMHUYECKHE  METOABl  IOJY4YeHHsS  CICHHMalbHO  pa3padoraHHbix 10,
¢dboTOKaTANIN3aTOPOB C MCIOJB30BAHUEM 30JIb-T€bh METOJOB C IPUMEHEHHEM
MMOBEPXHOCTHO-AKTUBHBIX BEIIECTB B KAa4eCTBE MOPOOOPA3YIONMIUX areHTOB WIIN
WOHHBIX PpACTBOpPHUTEJCH B KauecTBe peakmuoHHOH cpeabl (University of
Cincinnati, CIIIA); pa3pa®oTaHbl MaTepuaibl Ha OCHOBE N-TO0MUPOBAHHOIO
JAOKCUJa TUTAHA C HMEPAPXUYECKOM ME30- U MAKpPOIIOPUCTOW CTPYKTYpOU H
YCOBEPIIICHCTBEHHBIE METOABl WX (POTOKATATIUTUYECKOTO TPUMEHEHUS JUIs
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BuauMor obnactu ceta (Institute of New Catalytic Materials Science, Kuraii);
noBbIlIeHa poToHnYecKas 3PHEKTUBHOCTH (DOTOACCUCTUPYIOMBIX MOBEPXHOCTHBIX
peakiueii porokatanuzaropamu T10,,M, nonupoanusiMu anuonamu (N, C u S)
i katuonamu (University of Torino, Mtanus); ¢ moMoIIbio 30J1b-TejIb IMpolecca
MOJIYYE€HBI MOPUCTHIM KPEMHE3EM U MOJUMEP-TUOPHUAHBIE MaTepUalbl, BbISBICHBI
UX TEPMOJIMHAMUYECKHE, COPOIMOHHBIC, KATATUTHYECKHUE CBOMCTBA, a TaKXKe
HAy4YHO OOOCHOBAHO CO3/laHHE€ HMOHOOMEHHBIX HAHOMATEpPUAJIOB HA OCHOBE
(YHKIIMOHAJIBHBIX TOJUMEPHBIX Kommo3uToB (HammonanpHBI  yHHBEpCUTET
VY30ekncrana, Y30€KHCTaH).

B Mupe 1o nosry4eHuro MOpUCThIX MATEPUATIOB U UCCIEAOBAHUIO UX (PU3UKO-
XUMUYECKUX OCOOCHHOCTEW MO psALy NPUOPUTETHBIX HAIPaBICHUN HPOBOIATCS
WCCJICIOBaHMs, B TOM YHCJE: YCOBEPIICHCTBOBAHHWE MEXaHU3MOB (Da30BbIX
pazneneHudi  npu  oOpa3OBaHMM  IMOPHUCTBIX  MAaTEpUaAoOB;  MOJYyYEHHE
(doToKaTANIU3aTOPOB C YJIYYIICHHHIMA CBOMCTBAMHU HAa OCHOBE HAHOPA3MEPHOIO
retepocTpykTypHOro T10, aKTUBHBIX B BUIUMOMN OOJIACTH CBETA; CO3JJaHUE HOBBIX
NOKOJIEHUI HaHOMaTepualoB, a TaKkKe OUMOJANbHBIX ME30-MaKpPOIOPHUCTHIX
(oToKaTanM3aTOPOB, MPUMEHSIOIIUXCS B COPOLIMOHHBIX MPOIIECCAX.

Crenenb u3y4YeHHOCTHM mpodJembl. B Hacrosimmee Bpems OypHO
pPa3BUBAIOTCSI HAyYHO-UCCIENOBATENbCKUE pPAOOTHI, MPOBOAMMBIE B 00JACTH
HAaHOXUMHUHM U HaHOCTPYKTYypbl. b.J[x. KaOynoB ¢ corpyaHukamu paspaboranu
METO/bl MOJYYEHUs MOPUCTHIX KPEMHE3EMHBIX Telied M MOJIMMEP-KPEMHE3EMHBIX
TMOpUJIHBIX MaTEpHAIOB C HCIOJb30BaHWEM 30Jb-Tenb npouecca. C.IIIL
PammgoBoil M e€ rpynmnod MNOJyYeHbl XWTO3aH-KPEMHE3E€MHBIE COPOEHTHI IS
BBICOKOA(()EKTUBHOM KUAKOCTHOM XpOMAaTorpauu Mo 30JIb-T€b TEXHOJOTHH.
X.N. AxGapoB C COTpyAHUKAMH HCCIEIOBAIM TEPMOJMHAMHUYECKHE IMapameTpbl
00pa30BaHMsI CUCTEM MOJUMEP-KPEMHE3EM, MOJIYYEHHBIX 30JIb-T€JIb METOJOM.
X.T. Hapunos u 3.U. KagupoBa HEZaBHO TMOJYYWIH IKOPYHKIIMOHAI-
coJiepaKallfe MaTeprassl HA OCHOBE CUCTEM METaJUI-MMIIPETHUPOBAHHBIA JTUOKCH
TUTaHA M AaKTUBUPOBAHHOIO  YIJIEpOJa, M3ydalTcs HX aacopOuus u
dboTokaranmuTuueckue cBorictBa. A.M. HacumoB m O. AOmypaxMaHOB H3y4arOT
OyTH TOBBIIMICHHUS] CEJIEKTUBHOCTH XUMHYECKHX CEHCOpPOB IOJYYEHHBIX C
UCIIOJIb30BAaHUEM 30Jb-Te€lb MeroAa. DyHaameHTanbHbIE TEPMOJAMHAMUYECKUE
napaMeTpbl aacopOLMM M MEXaHU3Mbl aJCOpOLMU ra3oB U MapoOB MOPHUCTHIMU
MarepuatamMu-1eoJuTaMy, MOHTMOPWIUIOHUTaAMU U JIp. ObUId uccieaoBansl Y.
PaxmatkapueBsiM 1 A.A. ArzamxomkaeBbiM. HoBoe mokosieHHME MOH-OOMEHHBIX
a7IcCOpOCHTOB, aKTUBUPOBAHHBIX (YHKIIMOHAI-COJIEPKAITUMU MOJMMEpPaMHu ObLIN
WCIIOJIb30BaHbl Il  MNPOMBIIUIEHHONM  00pa®oTku  crouHblx Bog  M.I.
MyxaMenueBbIM U €ro COTPYIHUKAMH.

CucremMaTuyeckue  II€JICHANPABICHHBIE  UCCJIEAOBAHMS 1O  PA3BUTHUIO
MEePCIEKTUBHBIX (OTOKATAMM3ATOPOB, paboTaronux B Y® u BUAMMONA 00J1acTIX
CBeTa, MNpUOOpeNr 3HAYUTENIbHBIM MHTEpPEeC BCIEACTBUE HX MPUMEHEHHUS B
Pa3TUYHBIX 00JIACTAX, TAKUX KaK (POTO-IIEKTPOXUMUIECKUE MPOIIECCHI, TPOOTIEMBI
OKpYXarolleld cpefpl BCIEICTBHE BO3ACHCTBUS  COJHEYHOIO  M3JIy4YEHUS,
UCIIOJIb30BAHUE TMOPOIIKOB M TOHKHUX IUIGHOK Ha ocHoBe 110, B KauyecTBe
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dorokaramm3atopoB  (K.Domen, A.Kudo, T.lhara, M.Ando, R.Asahi).
B mnocnennee Bpemsi mommpoBaHHBI 110, TPUBICK 3HAYUTEIILHOC BHUMAaHHE
(H.lIrie, Y.Watanabe, H.Kisch, G.Hasegawa, K. Nakanishi). IToka3aHo, 4To BTopoe
nokojeaue Ti0,,Dy GdoTokaTaan3aTopoB, JONHUPOBAHHBIX AHHOHAMH HJIH
KaTHOHAMU, XapaKTePU3YETCs CMEIICHUEM T0JI0C MOTJIOMIEHUS B CTOPOHY HU3KHUX
sHepruii (Oojee JIMHHBIX BOJH), ycuiuBas (GOTOHHYIO A(OPEKTUBHOCTD
(GoTOKaTAIU3UPOBAHHONW  TMOBEPXHOCTH MPU  MPOBEIACHUH  OKHUCIUTEIHHO-
BoccTaHoBUTENbHBIX peakiuii  (N.Serpone, G.Wei, C.Zhang, G.-S.Shao, M.
Hojamberdiev, A. Gurlo, R. Riedel).

[IpoBenennsie wuccnenoBaHuss B PecmyOnmke mokasaid BO3MOXKHOCTH
MOJTYYCHUSI HAHOCTPYKTYPHBIX MAaTEPHAIIOB C 3aJJaHHBIMH CIIEITUATBHBIME (PU3HKO-
XUMUYECKUMU OCOOCHHOCTSIMU. V3ydeHne 3aBUCUMOCTH «CTPYKTYpa-CBONCTBO» B
AByX(ha3HbIX HAHOPAa3MEPHBIX CHCTEMax ajacopOeHT/(OTOKaTaIn3aTop SBISETCS
BaKHEHIIEH 3amauell PuU3nyeckod XMMHUM M HAHOXMMHH, OTKPBIBAIOIIEH HOBBIC
MEPCHEKTUBBI UX MPAKTUUECKOTO MPUMEHEHHUS.

CBsi3b TeMBbI JHCCEPTAIMM C HAYYHO-HUCCJIEI0BATEIbCKMMH padoTamMu
BbICIIET0 00pPAa30BaTEJLHOIO Y4YpesKAeHHs, Ile BbINOJHEHA JUcCepTalus.
JluccepTallMOHHOE HCCIIEIOBAaHUE BBIMOJIHEHO B paMKax IUJlaHA HAay4YHO-
UCCIIeI0BATENLCKUX paboT MpoekToB HanmoHaibHOTO yHUBEpCUTETA Y30€KHUCTaHa
1 TypHHCKOTO NOJUTEXHUYECKOTO yHUBEepcuTeTa B I. TamkenTe 1o Teme ED-7-05
«Hayunbie OCHOBBI (hOPMHPOBAHUS HAHOCTPYKTYPHBIX KaTalW3aTOPOB  JUIS
cuHTe3a  N-BHHHMIOBBIX  coemuHeHmit»  (2012-2013  rr.) wu  Ed-7-002
«MounekyisipHbId  IW3alH  KOMIIO3WLIHMHM  TOPUCTBIX  HAHOCTPYKTYPHBIX
¢oToKkaTanM3aTOPOB HA  OCHOBE  METAUIOOKCHUIHBIX  KOMIIO3UTOB  JUIS
(GoTOAECTPYKIIMKM TOKCHYHBIX OpraHudeckux coemuHeHui» (2014-2015 rr.) u
riobanbpHo# nporpamMmel (2010-2011 rr.) OOGrmiecTBa MoIICPKKH HayKH SITIOHUU 110
teme «llepciekTBbl 00pa3oBaHusi B MATEPUAIOBEJACHUM W MHUPOBOM IIEHTP
WUHTETpaIK HAYKW

Heabo ucciaeaoBaHWsl  SBISCTCS  BBIABICHUS — (DU3UKO-XUMHYECKUX
0COOEHHOCTEHW 00pa30BaHMUs M CBOWCTB HAHOCTPYKTYPHBIX MOPUCTHIX MATEPUAJIOB
Ha OCHOBE JTMOKCH/IA TUTAHA.

3agaum nccje10BaHuA:

Hay4yHO€ OOOCHOBAHME IICJICHANIPABICHHOTO CHHTE3a HOBBIX TMOPHUCTHIX
MaTepHaOB U MEPCIEKTUBHBIX MyTEeH UX MOIU(PHUKAIINH;

MCCJIEIOBAaHKUE 30JIb-T€NIb CHHTE3a ME30CTPYKTYPHBIX THOKCHUATHTAHOBBIX U
kpeMHe3eM-TUTaHOBbIX  (T10,-SIO,) MaTpuil ¢ HCHOJB30BaHUEM HEHMOHHBIX
MOBEPXHOCTHO-AaKTUBHBIX BellecTB W mnoiudTuiaeHrukoias (II010) B kauectBe
TEMIUTAHTOB, HM3yY€HWE BIUSHUS TPUPOJIBI M KOJUYECTBA IMOPOOOPa3yrOIINX
areHToB, 3pekTa TepMOOOPAOOTKH HA CTPYKTYPHBIEC MapaMeTpbl mopuctoro T10,;

BBISIBJICHUE HauOosiee ynoOHOTO 30Jb-Telb MeToaa mokpbiTHs 110,
MMOBEPXHOCTU aKTUBUPOBAHHOTO YTJIs, OTPECIICHUE BIUSHUS 30J1b-T€Ih TOKPHITUN
Ha COCTOSTHUS €T0 KPUCTAJUTMYECKOU (ha3bl, CTENICHb OKPHITHUS OKCUAOM THUTaHA U
TeKCTypHbIe mapaMeTpbl T10,/C KOMITO3UTOB;
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uccienoBanne  Mopdoioruu u - aucnepcHocth  110,-Si0,  makpo-
ME30TIOPUCTON CHCTEMBI, BBISBICHHE MeXaHHW3Ma OOpa3oBaHUE MaKpOmop H
TEH/ICHIIUN pa3ieNeHus] a3 pa3InIHBIX MCXOTHBIX THTAHOBBIX MPEKYPCOPOB Ha
rOMOT€HHOCTh oOpasyromuxcs T10,-SiO, MOHOIUTOB;

CO3MaHUsA  HEOOXOIUMOTO  yclnoBHS  (OPMHUPOBAHUS  TEPOBCKUTHBIX
MoHosuToB ATIO; ¢ uWepapXu4eckoil MOPUCTOW CTPYKTYPOH, COJCpKalux
menouHo3emenbubie Metamuiel (Mg, Ca, Sr u Ba) u xoHTposb GopMupoBaHus B
HUX Y3KOT'O pacrpeesieHus op 1Mo pa3mMepam;

TepMOOOpabOTKOM TOJX BO3JECHCTBUEM YMEPEHHOTO TOTOKa aMMHaKa
CO3/JIaHHMe  a30T-JIONUPOBAaHHBIX oOpasmoB T1I0, W Ha WX  OCHOBE
reTepOCTPYKTYPUPOBAHHBIX MATEPHAIIOB C XOPOILIO pPa3BUTOM MOPUCTON U
OMKPUCTATIINIECKON CTPYKTYpPOH;

pa3paboTKa yCOBEPIICHCTBOBAHHBIX METOJIOB HCCIIEIOBAHHS aJCOpOIUU U
(doTOpa3n0oKEHUS MOJCIBHBIX CUCTEM TOKCUYHBIX OPraHUYECKUX 3arpsi3HUTENCH B
IPUCYTCTBUU IOJYYEHHBIX HAaHOCTPYKTYPHBIX MaTepuajoB noj aeiictsuemM Y® u
BUMMOTO 00JTyYeHHE.

O0beKkTamMM HCCJIeJOBAHUS SIBJISIIOTCS AUOKCHU] TUTAHA U €r0 KOMIIO3HUILIMHU C
YIIIEPOJIOM M CHITUKAreJieM, MOHOJIUTHBINA MopUcThid 110, U reTepoCcTpyKTYpHI Ha
€ro OCHOBE C JOMMPOBAHHBIM a30TOM, TUTAHATHI LIEJIOYHO-3€MEIbHBIX METAJLIOB,
HEKOTOPbIE IKO3ATPSA3HUTEIN U KPACUTEIH.

IIpenmeTroM muccael0BaHMAA  SBISIIOTCS  TIOPUCTBIE  HAHOCTPYKTYpPHBIC
MaTepuaibl Ha OCHOBE TMOKCHIA TUTaHA C yYaCTHEM CHIIMKAres, yriaepoja, a3oTa
Y IIEeTI0YHO-3eMENIbHBIX METAJIJIOB.

Metoabl mucciaenoBanusi. B paboTe WCMONB30BaH KOMIUIEKC (PHU3UKO-
XUMHUYECKUX METOJIOB MCCIICOBAHMS: MUKPOCKOIIUYECKUE, CIICKTPOCKOTTMYECKHE,
TepMHUUYeCKre, (POTOKATATUTHUECKHE W PEHTTCHOCTPYKTYPHBIM aHANU3, a30THAs U
PTYTHasi HOPOMETPHSI, COPOLIMOHHBIE U XpOMaTOrpapuuecKue METOIbI.

HayuyHasi HOBH3HA MCCJIeI0BAHUS 3aKJIIOUAETCS B CIETYIOIIEM:

pa3paboTaHbl METO/IbI MOJIYUYEHHUSI MOPUCTHIX HAHOCTPYKTYPHBIX MaTe€pHaJIOB
Ha OCHOBE JUOKCHJA TUTaHA U YIJIEpOoJa, a TAK)Ke CHIIMKAress ¢ MOMOIIBIO 30J1b-
reiib TEXHOJIOTHY;

BIICPBBIC MIPOBE/ICH LICJICHANPABIICHHBIH CHUHTE3 MOPUCTHIX MEPOBCKUTOB T10;
MOHOJIUTHBIX HMMIPErHUPOBAHUEM HX LICJIOYHO3EMEIbHBIMU METaJJIaMH U
nmokazaHa (HOTOAECTPYKIMA SKOTOKCMHOB B BUANMOW 00JacTH H3Iy4eHHUS
OKCHHHUTPHUAAMH MOJTYICHHBIMH JTOTMHUPOBAHUEM a30TOM;

YCTaHOBJIEH MEXaHW3M B3aUMOJEHCTBUS (DEHOJIOB M WX MPOU3BOJIHBIX C
ajcopOeHTaMl Ha OCHOBE AMOKCHIA TUTaHa, YIJIEpoJa, a TakKe CUJIMKares,
MOJTyYEHHBIX TI0 OJTHOCTAIMHHON 30J1b-TeJIh TEXHOJIOTHUH,

BBISIBJICHO BIIMSHUSI MOPUCTOCTH M MPUPOIBI aAcopOeHT/(hoToKaTanu3aTopa
HAa MEXaHW3M, KHUHETHMKY U TEpPMOAMHAMHKY IIpolecca aJcOpOLUOHHO
(oTOKaTaTUTUYECKON peakluy pa3iaKeHUs] OPraHUYECKU BPEIHBIX BEUIECTB.

IIpakTuyeckue pe3yabTaThl MCCIEI0BAHUS 3aKITIOUAIOTCS CIACAYIOUIIM:
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pa3zpaboTaHbl  ONArompusITHbIE  YCIOBHMS ~ CHHTE3a  HAHOCTPYKTYPHBIX
NOPUCTBIX MaTEPUAlIOB HAa OCHOBE JHWOKCHAA TUTAaHa C MOMOILIBIO 30JIb-TE€JIb
npoliecca;

pa3paboTaHbl OJaronpusiTHbIE YCIOBUS CIOCO0a MOJYYEHHS] MOHOJIUTHBIX
NIEPOBCKUTOB B MIPUCYTCTBHUHU IIEIIOYHO3EMEIBHBIX METAIIOB;

BBISIBJICHBI TYTH aJCOPOIMOHHO-(DOTOKATATUTUYECKON OYHUCTKH OOBEKTOB
OKPYXKAIOLIEH Cpelbl OT TOKCHUYHBIX OPraHUYECKHX COCIMHEHUH, a TakKke
MIPUMEHEHBI NIPU aHAIHU3E PA3TMYHBIX 0OBEKTOB OKpYKaroLIEH cpelibl (CTOUHbIE U
MUTHEBBIE BOJbI, OMONIPOIYKTHI U JIP.);

CO3/IaHbl ME30-MaKpOMOPHUCTBIE CHUCTEMBI aJaCcOpOEHT/(PoTOKaTaIM3aTOp Ha
OCHOBE MOPHUCTOTO TUOKCHAA THTaHA, UCIMOJIb3yeMble B MOHOJIUTHOU dopMme s
oTIpe/ieNiCHUs U pa3/iesieHus (DeHOIbHBIX COSTMHEHUI C BBICOKOW TOUHOCTHIO.

JlocToBepHOCTH MOJIy4YEeHHBbIX pe3yabTaTOB HCCJIeI0BAHMI
NOATBEPKAAETCA TEM, YTO COCTaB, CTPYKTypa H© CBOWCTBA IMOPHUCTHIX
HAaHOCTPYKTYPHBIX MATEPHAIOB, CAHTE3UPOBAHHBIX 30JIb-T€JIb METOJOM, JTOKA3aHbI
PEHTTEHOCTPYKTYPHBIM U DHEPTOJUCIEPCHOHHBIM  PEHTIE€HOCTPYKTYPHBIM
aHAJIM30M, CKaHUPYIOIIEH M TPAHCMUCCUOHHOW JJIEKTPOHHOM MMKPOCKOIIMEN;
a3oTHOM U pryTHOM mopometpueit; MK-, AMP- u VY®-cnektpockonuei;
COpOIIMOHHBIMU U XpOMATOTpaGUIECKUMU METOIaMH.

Hay4ynasi U mnpakTH4YecKas 3HAYUMOCTb Pe3yJIbTATOB HCCJIe0BAHMS.
Hayynasg 3HaUMMOCTBH PE3yJbTATOB HMCCIEAOBAHUS 3aKJIIOYAETCS B: BBIABICHUU
3aKOHOMEpPHOCTEN (OPMUPOBAHMS HAHOCTPYKTYPHBIX MOPUCTBIX MaTEPUATIOB
(IepOBCKUTOB, OKCMHUTPHUIOB) Ha OCHOBE JHMOKCH/A THUTaHA C IOMOIIBIO 30JIb-
rejib Mpouecca W MEXaHW3MOB 0Opa3oBaHMs TOp, a TaKke (POPMUPOBAHUU
MOHOJIUTHBIX a30T-T0NMUPOBaHHBIX 110, U TeTEPOCTPYKTYp HA €TO OCHOBE.

[IpakTueckass LEHHOCTh PabOThl 3aKIIOYAETCA B Pa3pabOTKe MOJTYyYEHHUS
MOPUCTBIX MOHOJIUTHBIX IEPOBCKUTOB Ha oOcHOBe T10, ¢ yIydIIeHHBIMU
TEKCTYPHBIMH XapaKTepUCTUKAMH, pa3paboTka a71cOpOLIMOHHO-
(boTOKATAIUTUYECKOW OYUCTKH CTOYHBIX BOJ| OT OPraHUYECKUX (EHOJIbHBIX
COCIMHEHHI, a TaKK€ NPUMEHEHUE HOBBIX ME30-MaKPOIIOPHUCTBIX CHUCTEM IS
aHaJlu3a U OIIEHKU COCTOSIHMSI Ppa3IMYHBIX OOBEKTOB OKpYKAIOIIEH Cpelibl
(cTouHbIE BOJIBI, MUTHEBAS BOJA, IOYBA, BO3JIYX H 1Ip.).

BHeapenue pe3yabTaToB HccaenoBaHuil. Ha ocHOBe TmpemioxeHul 110
MOJIYYEHUIO HAHOCTPYKTYPHBIX MAaTe€pUaloB MPUMEHSAEMBIX B  Ipolecce
MOJIEPHU3ALMU OTPACIIEW MPOMBIIIIIEHHOCTH:

MPOLECC TOJYYEHUSI METAJUIOOKCUIAHBIX HAHOMATEPUAJIOB M METOABI €ro
MIPOBE/ICHMS UCIIOJIH30BAHbI B HAYYHOM IpOoeKTe BeHCKOro yHuBepcuTeTa 1o treMe
«KoMmo3uTHeie mMaTepuanbl sl MOJYYEHUS XUMHUYECKHUX CEHCOPOB» 30JIb-TEIIb
npoueccoM (cnpaBka Benckoro ynuBepcutrera oT 12 anpens 2016 rona).
Pa3paboTanHbIif METOJT MTO3BOJSIET COKPATUTh BPEMs aHANIM3a CMECEH TOKCUYHBIX
ra3os;

CIOCOOBI TIOYYCHUSI THUTAH JUOKCHI-CHIMKATeIbHBIX MOHOJIUTOB IO 30J1b-
rejib METOJy W TIEPOBCKUTHBIE MOHOJIMTOB, OOPa3yroOIIMEcs MPH HMIIPETHAIUN
MOHOB WIEJIOYHO-3€MENIbHBIX METAJJIOB, HCIOJIb30BaHbl B HAYYHOM IIPOEKTE
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yauBepcuteta Knoto mo teme «In-situ gopmMupoBaHme HaHOYACTHUI] B CHCTEME
METa/U/CIJIaB M HMX NPUMEHEHHE B KATAIUTUYECKHX PEAKIHUSAX Ha OCHOBE
MOHOJIUTAa THAPUPOBAHHOTO CHIJIMKarels» (cnpaBka yHuBepcuteta Kuoro ot
14 ampens 2016 rona). PaspaGoranHbiii mMeTon oOecrnednBaeT BBICOKOIPGEK-
TUBHOE XpoMaTorpaduyeckoe pa3eieHlue OPraHnueCKuX COeAMHEHUH.

AnpoGauusi pe3yabTaTOB HccaeqoBaHusi. [lonmydeHHbIe pe3ynbTaThl
JIOJIOKEHBI U OOCYXKIIEHBI Ha pa3nyHbIX MexayHapoaHbix U PecmyOnukaHCKux
Hay4yHbix koH(pepenmusx: NSTI Nanotech Conference and Trade Show (Boctos,
CIIIA, 2008); IV International Symposium on Nanostructured and Functional
Polymer-based Materials and Nanocomposites (Pum, Hramms, 2008); VIII
Hayunoit xondepeniuu «Ananutudeckass xumusa Cubupu u Jlansaero Boctoka»
(Tomck, Poccus, 2008); The Japanese Sol-Gel Society Meeting (Kuoto, SAnonus,
2009); XV International Sol-Gel conference (ITopto ae Nanmunac, bpazwmus, 2009);
XXII Fall Meeting of The Ceramic Society of Japan (Marcysma, Slmonus, 2009);
West Japan Chemistry Meeting (Marcysma, Snonwus, 2009); 11l Mexaynapoaaom
Kepamuueckom xonrpecce ICC3 (Ocaka, Smonwus, 2010); XVII International Sol-
Gel conference (Maapua, Mcnanus, 2013), |1l MexayHapoaHoit koH(pepeHIHH
ctpadn CHI' «3o0ib-reip CHHTE3 M HCCIIEIOBAHHE HEOPTaHUYECKUX COCIUHEHUH,
(YHKIIMOHATBHBIX THOPUIHBIX MaTEpPHUaAIoB U aucnepcHbIX cuctem «Sol-gel-2014»
(Cy3nmanb, Poccus, 2014); The XVIII International Sol-Gel Conference
(Kuoro, Anonus, 2015) u psge PecnyOnukanckux HaydHbIX kKoHpepenuuit (2008-
2016 rr.).

Ony0JMKOBAHHOCTH pe3yJibTAaTOB HccjegoBanus. [lo TemMe auccepraunu
onmyOnrKoBaHbl Bcero 38 HayuyHbIX paboT. M3 Hux 12 Hay4yHBIX cTaTeil, B TOM
yucie 2 B pecnyOnukaHckux U 10 B 3apyOekHBIX KypHallax PEKOMEHO0BaHHBIX
Bricmieit arrectanmonHoi komuccued PecyOnuku Y30ekuctan jyisi myOauKauu
OCHOBHBIX HaYUYHBIX PE3yJIbTATOB JOKTOPCKUX AUCCEPTALUU.

Crpykrypa un o0bem auccepranmun. CTpykTypa JHCCEPTAIMU COCTOUT M3
BBEJCHUS, YETHIPEX IJIaB, 3aKJIIOUEHUS, CHUCOK HCIOJIb30BAaHHOM JIUTEPATYPHI,
npwioxkeHuit. O6beM quccepTaruu cocrasiser 191 ctpanwir.

OCHOBHOE COJEPXAHUE JUCCEPTALIUUA

Bo BBeneHuMum OOOCHOBBIBACTCS AaKTyaJlbHOCTh M BOCTPEOOBAHHOCTH
MIPOBEJICHHOTO0 MCCIECAOBAHUS, LEIb U 3aa4d UCCIEHOBAHUS, XAPAKTEPU3YIOTCS
OOBEKT W TMPEeaMEeT, IOKa3aHO COOTBETCTBUE WCCIICIOBAHUS MPUOPUTETHBIM
HaIPaBJICHUSIM PAa3BUTHSI HAYKU U TEXHOJOTHM peCIyOINKH, U3JIaratoTcs HaydHas
HOBHM3HA M MPAKTUYECKHUE PE3YJIbTaThl MCCIIECAOBAHUS, PACKPBIBAIOTCS Hay4yHas U
MPAKTUYECKAs] 3HAYUMOCTH IIOJYYEHHBIX PE3yJIbTAaTOB, BHEIPECHUE B IPAKTUKY
PE3yIbTaTOB MCCIICIOBAHUS, CBEJICHHUS 10 OMMYOJIMKOBAHHBIM pab0TaM U CTPYKTYpe
JIACCEPTALIAH.

B mnepBoit rnaBe pguccepranuu «IlosiyyeHue MOPHUCTBIX 30J1b-Tejb
MaTepuajJIoB U MX (PU3HKO-XMMHUYECKHE CBOWCTBA» OINKCAHBl PE3YJIbTATHI IO

37



30J1b-T€JIb CHHTE3Y U M3YUEHUIO0 HAHOCTPYKTYPHBIX (DOTOKATATN3aTOPOB HA OCHOBE
TiO,, mnpeaHa3sHAYCHHBIX IS PAa3BUTHS  BBICOKOI(P(PEKTUBHBIX IMPOIIECCOB
00paboOTKM BOJABI, & TaKKE HOBbIE HAHOTEXHOJIOTMH M MaTEpHalIbl, XUMHUYECKHUE
IPOIICYPHI MO CHHTE3Y (POTOKATATU3aTOPOB Ha OCHOBE 110, ¢ HCIOJIBL30BaHHEM
30J1b-T€JIb METOJIOB U OCHOBHBIEC MOJIOKEHUS W TPOOJIEMBbl, MPEACTaBICHHbIC B
JTUCCEPTALINH.

Bo Bropoit rnmaBe gucceprauuu «MeTomgosiorusi  30J1b-TeJIb CHHTE3a
MATEpHUAJIOB HA OCHOBE JHOKCHIA THUTAHA U IKCIEPUMEHTAIbHASI TEXHHKA)
OIMMCaHBI METOJBI MOMyYSHHsI TIOPUCTOTO TUTAHA M HAHOCTPYKTYPHBIX MaTEPUAIIOB
HAa €r0 OCHOBE, WX (U3UKO-XUMHUYECKHE CBOMCTBA, JaHHBIC TIO OIPEIEICHUIO
amcopOru 1 (POTOKATATUTUYECKOW AKTUBHOCTH HOBBIX TOMYYEHHBIX CHCTEM. B
IIEJIOM, PACCMOTPEHBI CIICIYIONINE BaKHBIC aCTIEKThI METOIMK: a) KOHTPOJIb pa3Mepa
MIOp ¥ TIOPUCTOCTH C MCTIOJIb30BaHUEM ITOBEPXHOCTHO-aKTUBHBIX BEIIECTB B KAYECTBE
OopoOOpa3yIOIIMXCS areHToB; ©O) YBEJIMYEHUE BBICOKOM (POTOKATATUTUYECKON
AKTUBHOCTH 3a CYET YBEJIWYEHUS IUIOMAAN TOBEPXHOCTH W KPUCTALITMYHOCTH
MaTepuasioB, B) TNpuUMeHeHHe mopucthix TiO, MOHOJMTOB U  MOPOIIKOB
JIOTIMPOBAaHHBIMU HEMETAIAaMH JIJIsl OYUCTKH U 00€33apakKMBaHUs BOJABI U CTOYHBIX
BO/I TI0J] BO3/ICHICTBUEM OOJTy4EHUS! BUIUMBIM CBETOM.

B tperbeit rnaBe «304b-reJib CHHTE3 H  (U3NKO-XMMHUYECKHE
XapPaKTePUCTUKN MOPUCTOr0 [JMOKCHIA THUTAHA M €r0 HeMeTALUIbLHBIX
HAHOKOMIIO3UTOB» TIPUBEICHBI PE3yNbTaThl HM3YYCHHS BIUSHUS JT00ABICHUS
OpTraHUYECKUX BEIIECTB B HEOPTAHMYECKHI 30JIb IyTEM 30JIb-TE€JIb MpoIlecca Ha
(U3UKO-XUMHUYECKHE CBOMCTBA M (DOTOKATATUTHICCKYI0 aKTUBHOCTH HAHOYACTHI]
KPUCTAJUTMYECKUX HEOPTaHWYECKUX OKCHIOB. M3BecTHO, uTO mo0aBiieHHE
HEKOTOPBIX OpPraHUYECKHX WM HEOPraHWYeCKHX coeauHeHui B 30ib 110,
MPUBOJNT K YBEIWUYCHUIO TEPMOCTAOMILHOCTH OOpa3yrolero MaTepraia Ha ero
OCHOBEe M HHruOHMpyeT ¢a3oBbiii mepexomoB aByx ¢a3 Ti0,. JlobasiecHue
OpPraHUYeCKOTo MoJUMepa —OIMITUICHTIIUKOIA B 3016 110, BIMAIO Ha CBOHCTBA
€ro HAHOYACTHI], B YAaCTHOCTH Ha ME3OMOPHUCTYIO0 CTPYKTYpy U MOP(HOIOTHIO.
MeTtoarka CHHTE3a B OCHOBHOM COCTOMT M3 3-X cramuii: 1) mpenrwaponus
HEOPTraHWYECKOTO TMPEeKypcopa; 2) reneoOpa3oBaHUE M CYIIKa B MPHUCYTCTBHH
TEMILJIaTa TPU KOMHATHOW TeMIiieparype; 3) yAalleHHe TeMIulaTa 3KCTpakiuen
CMEIIaHHBIM PACTBOPHUTEIICM.

Pa3paboran ymoOHBII MeTonm moiydeHUss N-TOMUpPOBaHHBIX MOHOJUTHBIX
TUTAHOBBIX MATEPHATIOB C (POPMUPOBAHHOU ME30MOPUCTON U OUKPUCTATUIMYECKON
CTPYKTYPOH IBYCTYIICHUATHIM IporieccoM: 1) IMONMydeHUE MOPUCTOTO MOHOJIUTA
TiO, 30mb-Teb TPOIECCOM ATKOKCHIA THTaHA B MSITKHX YCIOBHSX C
UCIIOJb30BAaHUEM  XCIIATUPYIOLIETO arcHTa W MHHEpalbHON  conn;  2)
KaJbIUHUPOBAHUE TIOPUCTOrO MOHOJIHUTHOTO T10,, MOJy4EHHOrO MPH YMEPECHHOM
oToKe TazooOpasHoro ammuaka npu 700°C B TedeHwe 2-X vacoB. Ilpu sTOM
MOXHO OOHApyXHTh, YTO OWKpHCTAUIMYECKAs CTPYKTypa (aHaTazHas U
pyTWiIbHas) 00pa30BBIBANIACH TTOCIIC JOMMMPOBAHUS a30TOM.

Jledbexr asora B kpuctammueckod perretkd TiO,.MOXeT NPUBOAUTH K
0o0pa30BaHUIO IIEHTPOB HYKJICAIIMW NJIsl aHaTa3-pyTWIBHOW TpaH(OpMaIlUU, YTO
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OpUBOAUT K OOpa30BaHUIO pyTWIa Jaxe IMpH HU3KUX Temreparypax. N-
nomupoBanHbii  TIO, MOHOAMT TPOSBIAET JUGPAKIMOHHBIC ITUKHA OOJIbIICH
WHTEHCUBHOCTU TIO CPAaBHEHUIO C HMCXOJIHBIM MOPUCTBIM MOHOMUTHBIM TiO; (cMm.
puc.1). OueBuano, uto Ttepmoobpaborka mpu 700°C B TedeHwe 2-X 4YacoB
razoo0pa3HpIM aMMHAKOM MOXET BIHATh Ha poct dyactur TiO, B
KpUCTAINIMYECKUX (pa3ax aHaTaza M pyTwia. B uyacTHocTH, pa3zMepbl KPUCTAILIIOB
PyTHIIa YBETUUUBAIIKCH ITOCIIE AonupoBanus azotom mpu 700°C.

MuxkpodoTorpapuu CKaHUPYIOIIETO 3JIEKTPOHHOTO MuKpockomuu (COM)
(cm. puc. 2a, e) ucxogroro mopuctoro Morosmta TiO,, KATBPIUHUPOBAHHOTO TPH
600°C, meMOHCTPUPYIOT €ro MOPGOJIOrHIO B MHKPOMETPOBOM HANla30HE U
ITAJKyI0 TOBEpXHOCTh. [locie momupoBaHUS a30TOM HMCXOJHOTO MOPHUCTOTO
moHomuta TiO, ammonommzom mpu 700°C B TedeHme 2-X YACOB XOPOIIO
BBIpQKEHHAS! MUKPOTIOPHCTAasi CTPYKTYpa BCe €IIe COXpaHseTcs (CM. puc. 2 I, T).
Tem He MeHee MHKPOCTPYKTypa MOBEPXHOCTEW MCXOAHOTrO M N-IONHPOBAHHBIX
MOPUCTBIX MOHOJHUTOB BCE K€ HE3HauuTeNbHO paznuuaercs. [loBepxHocth N-
aonupoBaHHOTO TopucToro MoHoiuta TiO, craHOBUTCS HEPOBHOM H3-3a (pa3oBOrO
nepexo/ia aHaTa3-pyTHII U pOCTa KPUCTAILJIOB.
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Puc.1. PEeHTreHOCTpyKTypHBII aHaIHU3 Puc.2. O6muii Bup (3, b) 1 MukpodoTorpadumn
nopucroro morosuta TiOy: (1) mo u (2) mocie COM ucxoaHoro (c, €) u N-1onupoBaHHOTO
JIOTIUPOBAHMS a30TOM. (m, T) mopucroro monosura TiO,.

Pacnpenenenne Makpomnop no pazMepamu y ucxoaHoro u N-1onmpoBaHHOTO
nopuctoro MoHoJUuTOB Ti0,, U3MepeHHOe PTYTHONH MOPOMETpPHUEH, MOKa3ajio, 4To
00a MOPUCTHIX MOHOJIUTA UMEIOT y3KO€ paclpeelIeHHbIX MaKpOIop M0 pa3Mepam
B obOnactu 1.5-3.0uM U mpu 3TOM IUAMETPbl MAaKpONOp OOOUX MOHOJHUTOB HE
OYEHb CUJILHO OTJIMYAKOTCS, YTO coryiacyercs ¢ pedynbratamMmu COM.

Cnektp peHtrenodotodnekTponHor  cruekrtpockonuu (POC) N 1s
XapaKTepu3yeTcsl HaJIMYMEeM IHUPOKOro mnuka mnpu 3963B mis aroma N B
MEXHUHTEPBAJIBLHOM COCTOSIHUM M 3TO, B OCHOBHOM, OOYCJIOBJIIEHO HAJIUYHUEM CBSI3U
Ti-N wu3-3a TOro, 4To aromMbl a30Ta 3aMEIIAIOT AaTOMbl KHCJIOpOJa B
kpuctaundeckoit pemerke TiO,. HeOombmmoit nuk mpu 4013B MoxeT ObITH
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Oﬁ;’CHOBJIeH MOJIEKYJISIpHO-COpOMpoBaHHBIM Y-N, U ero accouuamueii ¢ aHHUOHOM
N™. Tlocne nonmupoBaHUsI a30TOM BaJIEGHTHOE COCTOSIHUE KaTMOHA TUTaHA
YMEHBIIAeTCS M SHEprusi cBs3u 112p3/2 cmemraercs B Oojiee HU3KYIO 00JIACTh
SHeprum, Koraa BamentHoe cocrtosuue Ti'* ymensmaercs mo Ti** m Ti%* . Ha
OCHOBE pe3yJIbTaTOB aHanu3a crnekTpoB POC coxpepkanue a3ora, KUCIOpoAa U
tutana B N-gomnupoBaHHOM MoOHOJMUTHOM ropuctoMm TiO, cocrasiser 1,79; 68,90
u 29,31 macc.% COOTBETCTBEHHO.

Abcop6ironHas oosacth N-A0mupoBaHHOTO MOpUCTOro MoHoMTa Ti0, Kak
Obl10 HaiineHo, paBHa 420HM, 4YTO COOTBETCTBYET BUAUMOUN oOmactu Y®-
BUJIUMOTO CIIEKTpa, YTO YKa3blBaeT Ha TO, 4TO N-ZONMHPOBAHHBIN MOPUCTHINA
MoHoIuT TIO, ABIg€TCS aKTUBHBIM B BUAMMOI oOiacty. [loriomenre B BUIUMOM
o0yacTu 00yCIIOBICHO BKIIFOYCHHEM aTOMOB a30Ta, KOTOPHIE MOTYT HaXOJHWTHCS B
TpEIIMHAX WM 3aMEIIEHHBIX yYacTKaX BHYTPH KpUCTAILIMUeCKOH pemretku TiO,.
PaccuntanHas onTuManbHas SHEPrus 3anpenieHHoW 30HBI N-TOMUPOBAHHOIO
nopucroro mMonoiuta TiO, coctraBiser 2,955B, Torma kak 3Ta BelIWYMHA IS
HCXOJHOTO MaKpO-M€E30IOPUCTOr0 TUTaHa paBHa 3,143B.

B ocHOBHOIf YacTH 3TOM IjIaBbl M3j1aracTcs, uro moaydenue yactui TiO,/C u
WCITOJIB30BaHUE JIBA METOMAA JIJIS TOYYCHHS YTIAEPOTHBIX MUKPOC(hEp, TOKPBITHIX
YaCTUIIAMH JUOKCHJA TUTaHa. [IepBhIil METO/ BKIIIOYAET 30JIb-TEJb MPOLIECC YEPE3
ruaponu3 wm3onporuntutana [Ti(OPr),] nns mokpeitus cdepuyecKkux YacTHIl
yraepona Mast carbon wim Darco G-60 (Mast Carbon Ltd., Arrmums). Bropoi
METO/I 3aKJIFOYAETCS B THAPOIN3E U30MPONOKCH/Ia TUTAHA MTOCJE TOTO KaK yriepos
HaxOAWICS B KOHTaKTE C €ro pactBOpoM. [[pyroil moaxoj BKIIOUAET HAHECEHHE
KOMMEpYECKH JOCTYMHOTo auokcuaa tutana (Degussa P25) Ha moBepXHOCTH
yTIepo/ia, UCTOJIb3ysl MOJUMEPHOE CBs3yromiee i dPGEKTUBHOTO CBS3bIBAHUS
gactui TiO; Ha YIJIEPOJHOW IMOJUIOKKE, YTO B KOHCYHOM CUETE NMPHBOIUT K
obpasoBanwuro gactuil TiO,/C.

s omnpenenenus mojoxeHus dactui 110, U CTENCHW MOKPBITHS WMH
Mukpochep yriepoga Mast Obur  npumeHeH wmetronq COM.  PesynbTaTh
HCCIEAOBaHUN TMOATBEPAWIM TOKPBITHE MMOBEPXHOCTU YIIEPOJHON MOIO0KKH
gactumamu  TiO; (cM. puc.3). OnHako, TOKPBITHE BBIMISAIUT XPYIMKAM |
HEOAHOPOJHBIM, OYEBHUIHO, M3-3a MOKPHITUS B OCHOBHOM BHEIIIHEW MOBEPXHOCTH
MUKpOchep yriaepoaa U KpoMe TOro HEKOTOpbIe 00JaCTH MOBEPXHOCTH TMOKPBITHI
O4YE€HBb TOHKHUM ci1oeM dactuil Ti0,.

oo ) e Wom !
Puc. 3. Mcxoansiit Mukpochepudeckuii yriaepoa (ciesa) u Mmukpochepuueckuii Mast carbon,
nokpbIThie 7 Macc% TiO; (crpaBa) myTeM KHCIOTHOTO 30J1b-Tellb METO/IA.
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[Tpu mokpeiTin dactunamu TiO, MPOUCXOTUT 3HAYHUTEIHPHOE YMEHBIICHHUE
IUIOLIAAN TOBEPXHOCTH YTIEPOJHON MOMIOKKUA (cM. Tabi. 1), 4TO BO3MOXKHO
SBIISICTCS. PE3yIbTaTOM OJIOKaabl Mop 4actuiiamu kak TiO;, Tak ¥ MOJUMEPOM -
nonuBuHuianerata (IIBA). ITocie kapoouuzanuu [IBA Bce ele octaeTcs B mopax
YTIAEPOHOMN MOJIONKKHA U COOTBETCTBEHHO YMEHBIIAET IUIONIA (b €€ MOBEPXHOCTH.
Opnako, oniaab noBepXHOCTH cUcTeMbl T10,/C MOKeT ObITh yiydllleHa MyTeM
aKTUBAIIMM TIOClie cropaHuu kapooHupoBaHHoro I[IBA, Omokupyromiero mopbl
YIJIEPOJHOMN TOIIOKKH.

Pentrenoctpykrypubiii  ananu3z (PCA) wmukpochep yrirepoma Mast,
HOKpBITEIX T10; 301b-Te€Ib METOAOM (CM. PUC. 4), MOKa3bIBAaeT, YTO OHHU KaK H B
TiO,/C xommosure, momyderHoro rugpomuzoMm Ti(OPr'),, uMeroT amamormusbie
TUQPPAKITMOHHBIC THKH, XapakTepHble st T10,, 00pa30BaHHOTO MPH OTCYTCTBHH
YIASPOAHON TOJJIOKKHA UM OH MACHTU(PUIIMPOBAH Kak aHaTa3zHas ¢aza JUOKCHIA
tutaHa. [Tuku Ha nudpakrorpamme Ti0O,/C HamMHOrO mIUpe, YeM ISl UCXOAHOIO
TiO,. Poct kpuctamuioB TiO, BHYTpHM TMOPHUCTOW CTPYKTYpPBI YIJICPOIHOU
MOJUIOKKM OTPaHMYMBACT HMX pasMepbl W Jaxke Kpuctamisl 110, KOTOpbIe
dbopMHpYIOTCS Ha BHEIIHEW TMOBEPXHOCTU YIrjepoJa M XapaKTepU3YIOTCs
OTpaHMYCHHEM UX pPOCTa Ha YIJIEPOJHOM ToBepXHOCTH. Vcmonb3oBanue
YUIMPEHHON JIMHUM JUlsl onpesieieHus pasmepos dactull T10,, obpasyromuxcs B
pesynsrare rugponusa Ti(OPr'),, mpu 20 - 27° nano BenMuuHy KpUCTALIOB 7.6HM.

Tadauua 1
CymmapHasi Ij1om@aib NOBEPXHOCTH U CPeIHUI TMaMeTp Mop AJis
Ti10,/C 1 HCXOAHBIX YIJIEPOTHBIX MOAI0KEK

Oopa3sen ILnomans CymmapHbIi Cpeannii 1namerp
NOBEPXHOCTH, M’/r | o6bem nop, cm/r nop, HM
MukpocdepuuecKuii 737+ 14 0.63 3.4
yrJjepoa Mast
20% TiO,/ Mast 457+ 9 0.54 3.8
Yraepoa Darco G-60 1000 + 14 0.67 2.7
20 % TiO,/ Darco 655 + 10 0.46 2.8
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HurencuBHOCTD (a. €.)

40 50 60 ) 300 350 400 450 500 550
208/rpaayc Jl.inHA BOJTHBI (HM)

Puc.4. Tudpakrorpammer ucxognoro (1) TiO,  Puc.5. YO — suaumoii - JIO cnektp TiO,/C,
u (2) muxpocdep yraepoaa Mast, MOKpBITBIX ~ MOTYYEHHOTO MOKPBITHEM MUKpocdep

TiO, myrem rumposmsa Ti(OPr'), yriepoaa Mast alKoOKCHIHBIM METOIOM.
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CrexTpsl ynbTpaduoIeTOBOTO-BUANMOTO-Tu(Pdy3noHHOTO oTpakeHus (Y d-
Bugumon-JI0)  yraepoaneix chep Mast  mokpeiThix  TiO;, MOKa3bIBAIOT
abcopOLMOHHYI0 00JacTh B mpenenax 376HM, KOTopas cMelieHa Ha l1HM 1o
cpaBHeHUIO ¢ UCXOAHBIM T10; (cM. puc.5). ITo moATBEpKAAET HATMYME aHATA3HON
da3sr TiO, B xomno3ute TiO,/C.

B uerBeproil rnaBe «30/1b-rejib METO/ MOJy4YeHHS MOPHUCTBIX JUOKCHAA
TUTAHA-CUJIMKATeJeBbIX 4YACTHUI W MOHOJHMTOB» B ILENSAX JaJbHEUIIEro
noBbIIeHUS 3 PexkTuBHOCTH MaTepuaioB Ha ocHoBe Ti0,, 305b-Tenb MpoIlecc
ObLI HWCHOJIB30BaH JJsl TOJYYCHHS HEpapXUuecKoil MaKpOo-Me30MOpUCTON
cTpyKTypHsl B Matpulie TiO,. MakponopHcTbie Telu ¢ HepephIBHOM Mopdooruei
B MHUKPOMETPOBOM JIMAIla30HE OBUIM MPHUTOTOBJICHBI B CUCTEME TUOKCH] TUTaHA-
CUJIMKarelb, cojepxanieit ot 5 g0 18Macc% auokcuaa TUTaHa, ¢ UCIOJIb30BAHUEM
TETPA’TOKCUCHIIAHA M YETHIPEX BHJIOB MpeKypcopoB Ti, JBa alKoKcHIa TUTaHA
(6yrokcua u uzornponokcu Tutana, 1BT u TIPT-ALIA, cooTBETCTBEHHO), XJIOPHU/T
tutana (TICly;) u cyasdar tutana (Ti(SO,),) ¢ yuactuem momumepa I13I0 co
cpennet MonekyisipHoit maccor 20000. Bo Bcex cucremMax ¢ pa3HbIMU
npexkypcopamu  Ti  pgoGaBnenue I[I9I° wuugynupoBano paszaenenue ¢a3z u
Makpornopuctast Mmopdosorus GopMUpoBaliach U3-3a MPOMEKYTOUYHON CTPYKTYPHI
paznesneHus a3 1o 301b-Telib IePeXoay HEOPraHUYECKUX KOMIIOHEHTOB.

COM wucciieioBaHUEM MTOKA3aHO, YTO cojiepxkanme Smacc% AUOKCHIa TUTaHA
CUCTEMBbl JUOKCHU]I THUTaHA-CUJIMKAreidb, IOJYYCHHBIE IyTEM COBMECTHOTO
rencoOpazoBanust  (TS-IP), aByxcrymendatbim  ruapomusom (TS-2SH)
umnpernanueit (TS-imp) UMer0T 0MHAKOBYIO MOP(OJIOTHIO, T¢ HEOPraHWYECKas
CETKa U MaKpOIOPbl HEMPEPBIBHO CBS3aHBI (CM. pHUC.6).

Puc.6. Mop(ponrml HBerHOCTI/I o6a3u013 JUOKCHU]I TH
(@) TS-imp, (6) TS-IP, (c) TS-2SH

DHEProJMCIepCHOHHBIM  pPeHTreHOCTPYKTYpHBIM  (DJIP)  mccienoBannem
0OHapy’KEHO, YTO JUOKCHUJ] TUTAH-CUJIMKAreJeBbie 00pasiibl, moydeHHsie 1S-1P u
TS-2SH meronmamu, MMEIOT HEOMHOPOAHBIE OCTAaTKW Ti MHUKPOHHBIX Pa3MEpOB.
DTo yka3piBaeT Ha oOOpa3oBaHHWE MHUKpopasMepHbIX uactuil 110, 3a cuer
arperaiuy aTOMOB TUTaHa B CHJIMKArejeBoi ceTke (cM. puc.7).

JIMoKcHIT ~ TUTaHa-CUJMKAreleBble TOPUCTBIE CHUCTEMBI TOJYYEHBI C
MCIIOJIb30BaHUEM PA3UYHBIX MPEKYPCOPOB THUTAHA U PETYIMPOBAHHEM HCXOJIHBIX
COCTaBOB KOMIIOHEHTOB, a TaKXe TeMIIepaTyphl TeJ00pa3oBaHus U MPH STOM OHH
XapaKTEepU3yIOTCS  MOXOXKEeW  MakpomopucTto Mopdosjorueid ©u  BBICOKUM
CBSI3bIBAHMEM MaKpOIIOp B HEOPTaHUUECKOM CETKe.
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Puc.7. IByxmMepHO

e nzobpaxenue Ti mo D/IP s moydeHHBIX 00pa3nos: (a) TS-mp,
(6) TS-IP u (c) TS-2SH

Kak orMmeuanoch BblllEe, pa3Mep MaKpONOp MOXKHO KOHTPOIUPOBATH
YCIOBUSMHM HX TIOJYyYEHHUs, HO TMPU 3TOM ONTUMAJIbHBIE YCIIOBUS, HalpUMeEp,
TeMIlepaTypa peakii U3MEHSIOTCS B 3aBUCUMOCTH OT MPHUPOBI UCIOJIb3YyEMOIO
npekypcopa TI IpH OJHOM W TOM JK€ COJCpXKAHWU JMOKCHAAa TUTaHa. Tak,
HeobOXxoauMa onTuMaibHas Temieparypa 50 °C s KOHTPOJIS pazMepa MakpoIop
s oOpasnoB yuctoro cuiukarens (S-1), B mpucyrcrBum xmopuaa (TS-Cl) u
cynbara (TS-SO4) turana, B TO BpeMs Kak Ii OOpasroB, IMONMYYCHHBIX B
NPUCYTCTBUU AJIKOKCUAOB, Oytokcuma (TS-B) u wumsompomokcuma (TS-ALLA)
THTaHa COEPIKAIIMX XeIaTHbIH areHT, oHa paBHa 30 °C. JIJist BRIACHEHUsI IPUYHHBI
TaKoro pasjinyus MPOBEACHO M3MEPEHHE BpeMeHH reieoOpa3zoBanus npu 30 u 50
°C (cM. Tabn.2). IlpuBeneHs! NaHHBIC IO BpeMeHU reieoOpasoBaHus (fg) mist
pa3aMyYHBIX CHUCTEM I[IOKa3blBAalOT, 4YTO HE HAOJIOJAeTCss  KaKoro-inbo
CYILIECTBEHHOTO pa3Iiuus JUIs t; n3ydeHHbIX 00pa3nos, kpome TS-Cl.

Taoauna 2
Bpems reseo0pa3zoBaHus 1Jisi PACTBOPOB CHCTEM € YeThIPbMS Pa3JINnYHbIMH
NMPEeKypPCOPaMH TUTAHA (MHH.)

Oodpasen 30°C 50°C
S-1 310* 120
TS-ALIA 340 109
TS-B 385 112
TS-ClI 67* 29
TS-SO4 305* 117

* BpEMs Havalla OCAXKIACHUA

C Toukwu 3penus TeHaeHnuu K pasaencuuro Gas TiCly u Ti(SOy), B TS-Cl u TS-
SO4 uMeroT He3HAuYMTENbHBIN APQEKT, HO aTKOKCUAbl TUTaHa B 1S-B u TS-ALIA
PE3KO YMEHBINAIOT TEHACHIINIO K pa3ieNieHuro (pa3 gaxe Koraa oopasyeTcs KOMITIEKC
C XeNaTUpPYIOUIMM areHtoM — aunerwnaneToHoM (ALIA). MoxHo mosaratk, 4TO
YCKOpEHHE BPEeMEHH PEaKINy W /WM UHIYKTUBHOTO d(QeKTa BBEACHUEM TUTaHA B
CeTKy KpEeMHEe3eMa, O4YEBUIHO, OOYCIIOBIEHO YMEHBIIIEHHEM TEHACHIIUN K
pazmenennio ¢a3. B maHHOM cinydae TUTaH B CETKE KpEMHE3eMa BO3MOXKHO
UHruoupyer B3aumojeiicteue mMexnay 1191 u moBepXHOCThIO KpeMHE3eMa 3a CYeT
UHIYKIMOHHOTO 3(@deKTa T.€. JUIIL HEe3HAYUTEIbHOE M3MEHeHue t; HaOmoxanoch
npu 100aBIEHUM alKooKcuaa TurtaHa. [lomyueHune oOpas3loB AMOKCHIA TUTaHAa-
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KpeMHe3eMa ¢ BBICOKHM comepkanreM 110, gamo mone3Hyo HH(OPMAITHIO:
arperanus T1 Bo3pacTaeT IpH BBICOKUX coaepxkanusix T10,.

Heo0x0auMo 0TMETHTh, YTO B3aUMOIIPOHHUKAIOIIASI CTPYKTYpa Ha0JII01aeTCs
I cucTeM ankokcua tutaHa npu 30°C mpu copepikaHuM JUOKCHIA TUTaHA 7.5
(cm. puc.8 a, ¢) u 11.2 macc.% (cMm. puc.8 6, 1) u He HaOIrOMAaeTCs paszaencHus (a3
npu 50 °C. IIpu ucnonws3zoBanuu TICl,u Ti(SO,), B kKauecTBe NpeKypCcOpOB TUTaHA
Mopdosiorus Makporop Haomonanace npu S0°C. CoxeprkaHue JUOKCHIA TUTaHA
cocraBisuio 7.5 (cm. puc. 8 e, ), 14.7 (cm. puc. 8 §) u 18,2 macc.% (cm. puc. 8 k).
[Tpu noGaBICHUH AJIKOOKCHIOB TUTaHA B 30J1b-T€JIb CHCTEMY YHCTOIO CHIJIUKATCIIs
TeHACHIMA K (a30BOMY pa3/IeJCHUIO PEe3KO YMEHbIIalach, T.€. HEOOX0aAUMa ObLIa
HU3KOTEMIIEpAaTypHas 30JIb-TeJIb Peakius Jisi oOpa3oBaHus Makporop. Korma
UCTIOJB30BANIMCh CONM THUTaHA TEHACHIMS K (Pa3oBOMY paslelieHUuI0 He
M3MEHSJIACh 3HAYMTEIHHO IO CPABHEHUIO C YHCTHIM CHJIHKATCIIEM.
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Puc. 8. Mopdosorus moBepxHOCTH 00pa3IoB JUOKCH] TUTaHa-CUIIMKarens: (a, 0) TS-acac,(c, x)
TS-B, (e, ¢) TS-Cl u (r,x) TS-SO4. ®OTOCHMMOK BBICYIIICHHOTO MOHOJIMTA [TOKa3aH BHYTPH ().

[TapaMeTpbl MOPUCTON CTPYKTYphl 0OOpa3IOB JMOKCHJ TUTaHA-KPEMHE3EM
UMEIOT 3HAYMUTEIHHO OOJIBIINE 3HAYCHUS IUIOMAIN YICIHbHOW TOBEPXHOCTH W
o0beMa Me301op MO CpaBHEHHIO ¢ S-1, Torna Kkak 00beM MUKPOIIOP YMEHbBIIAICS
pY BBEJCHUU THTaHa (cM. Ta0.3).

Bce oOpasipl ¢ pa3iudHBIME TPEKypcopaMy THTaHa TposBisum |V Tun
M30TEpM U TIosIBIICHHE H2 recTepe3ncHOl NeT/IM ¢ He3HAYUTEIILHOW KOHICHCAIHeH
npu otHocutenbHOM aaBicHuu 0.4-0.6, UTO CBHACTEILCTBYET O Hamuuuu «ink
bottley Ttuna mop, GopMUPOBABIIMXCS TPU YIUIOTHEHUHM TJIOOYJISPHOW WU
YACTUYHOM TeNb CTPYKTYp. TE€KCTYypHBIE CBOMCTBA MOHOJIUTOB JUOKCHUJ THUTAaHA-
KpeMHe3eM, KambluHupoBaHHbIX mnpu 600°C, xapakTepusyroTcsi BBICOKUMU
3HAYCHISIMU YIEIBHOI MToBepxHOCTH (815M%/T), 06beMoM mop (0.42 — 0.56 cm*/r)
U Y3KHM paclpeielieHHeM TMOop IO pa3MepaM, Haxomdmmmcs B oOnactu 2.5 —
2. 7M.
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Ta6auna 3
TekcTypHble IapaMeTpbl 00pa3L0B ANOKCH/I TUTAHA - KPeMHe3eM,
KaJLUMHAPOBAaHHLIX npu 600°C

Oo0Opa3en Conep:xanue Sget VMe3OH0p, Dp, SMP[KpO, VMP[KpO,
TiO,, mace.% | m2r cm/r Hm mM2/T cm/r
S-l - 471 0.30 2.5 255 0.14
TS-ALIA 7.75 712 0.44 2.5 102 0.05
TS-B 7.64 815 0.56 2.7 40 0.02
TS-ClI 7.49 693 0.45 2.6 120 0.06
TS-SO4 7.84 630 0.42 2.6 89 0.05

B maron rmaBe «llosyuyeHuss M (PU3MKO-XMMHYECKHE CBOMCTBa
HepapXu4ecKl MNOPHUCTOr0 JAMOKCHIA TUTAHA [ONHUPOBAHHOIO IIEJI0YHO-
3eMeJIbHBIMH MeTAJIaMID) MIPUBeIeHa Pa3pab0TKa BHICOKOAKTUBHOTO B BUAUMOM
obyiacT cBeTa reTepocTpyKTypHOTO T10,, TOMUPOBAHHOTO INEIOYHO-3€MEITHLHBIMU
MeTaJJIaMH M a30TOM, M WX HCIOJb30BaHUE Ui JIECTPYKIIUU 3arpsi3HUTEICH,
HNPUCYTCTBYIOIMX B BOJAHBIX CHCTEMaX; (POTOPA3IOKEHHSI MOJIEKYJT OPraHUYECKOTO
kpacutens Pogamun B (Rh B) o Bo3eiicTBrieM BUIMMOTO CBETA.

Wepapxuueckre TMOPUCThIE HAHOKPUCTAJUIMUECKUE THUTAHATHI IEJI0YHO-
semenbHbIx MeTaioB (CaTiOs, SrTiO; BaTiO; m MgTi,Os/MgTiO3) Obutn
MOJIYYeHBbl MMIPETHUPOBAHUEM COOTBETCTBYIOIIMX HOHOB IEJIO0YHO-3EMENTbHBIX
METAJUIOB B MPEIBAPUTEIBHO (OPMHUPOBAHHBIH MAaKPOMOPUCTHIH MOHOMUT T10; ¢
MOCIICAYIONUM KaJIbIIHHUPOBAHHEM.

TiO, MOHOJHT ¢ KOHTPOJIMPYEMOU MOPUCTOCTHIO MOJIYYCH B HEUTpabHOU
cpele 307b-Teb MPOILECCOM C HCMOJb30BAaHUEM XEIaTUPYIOLIEro areHTra -
strianeroanerata (DAA), KOTOPBIH KOOPAWHUPYETCS K aJIKOKCHJy THTAaHA,
YMEHbINIasi €ro peaklUOHHYI0 aKTHUBHOCTh. Takke ObUIa HCIIOJIb30BaHA
muHepanbHass conb NH,Cl anms  nmanpHelinero yMmeHbIIEHUS PEaKTHBHOCTH
XeJaTUPOBAHHOTO aJIKOKCHIa TuTaHa. [loyueHHble BiaaxkHbie 00pasiisl 110, ObLiH
MEXaHUYECKH HEYCTONYMBBI M3-32 HAIMYUS OCTABIIETOCS XEJaTUPYIOIIETO areHTa
U pa3pylIaINCh Ha KYCOYKU TIOCJI€ BBICYIIMBAHUS. Y alIEHUE XEJIaTUPYIOUIEro
areHTta u3 ceTkd 110, MPOBOAMUIOCH MOMEIICHUEM MOKPBIX I'eliell B CMEIIaHHBIH
pactBoputesnib C,HsOH/H,O u mpu stoM DAA rHApONM30BaiCS BOAOH [0
alleTOYKCYCHOM KHCIJIOTBI, KOTOpas TYT ke JiekapOoHu3oBanack 1o aretona u CO..
Cootnomenne C,HsOH/H,O B mporiecce yMeHbIIANOCh MOCTEINEHHO , TaK Kak
rugponn3  OAA  mpoTeKan  MEQJIEHHO, YTO  YCHEIIHO  MPeIoTBpaniajio
pacTpecKUBaHHE.

[Ipun sTOM mpoTeKanw JBe MapaienbHble peakuuu ¢ BbyaeneHuem CO,:
paznoxenue JAA U ruAposn3 MOYeBUHBIL. [IpoTekanne BhIIeyKa3aHHBIX PEaKIIHiA
rUApoNIN3a U JekapOoHu3auun DAA MpeacTaBIeHO Ha HUKEIIPUBEIECHHON cxeMe.
DT peakIiy MPOTEKAIOT BHYTPH CETKH AUOKCHA TUTaHA MTPH KOHTAKTE C BOJOH B
MMIIPETHUPOBAHHOM pacTBOpe. MoueBMHA Take IMOJBEpPraeTCsa THUIIPOJIU3Y B
UMIPErHUPOBaHHOM pacTBope mpu 60 °C, kak BUIHO U3 cXeMbl (I-2), yBennuuBast
npu 3toM pH ot 6 mo 8. B crneayrommx peakiusax (peakuuu (i) u (iil)) HOHBI
IIETOUHO-3eMeNbHbIX MeTamioB (A”") pearmpyror ¢ obGpasyrommmcs CO, ¢
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obpazoBannem ACO; u vepe3 tunuunyo peakiuo ACO; ¢ TiO, B TBepmoit daze
IIPH MOBBIIEHHBIX TeMiepaTypax popmupyrorcs ATiOs.

N3yyeHo BiMsHHE MOYEBHMHBI B MMIPETHUPOBAHHOM PAcCTBOpPE M TOKA3aHO,
yro npu ee 2M KoHueHTpanuu oOpazoBeiBauch ATIO3 ¢ 0ojiee BBICOKOM
YUCTOTOM W KPHCTALTMYHOCTBIO. Pesympratet COM  mokasamm, uro Ti0;
MOHOJIUTHI, UMIIperHupoBannbie Ca, Sr u Ba uMmeroT HenpeprBHYIO MOPGOIOTHIO
MUKPOMETPOBOTO pa3Mepa, KOTOpas HACHTUYHA CO CTPYKTYpOHM HCXOTHOTO
monommta 110, Makporopucras CTpyKTypa COXpaHSeTcs Jaxke Tocie
KanbuHApOoBanusa. OnHako, (pakTambHas MOBEPXHOCTh CTPYKTYPHI TPOSBISIET
pa3nuuHbIe 0OCOOCHHOCTH [T 00Pa3LoB JI0 U MOcye KadbUuHIUpoBaHus. [loBepXHOCTH
MOJITOTOBJICHHBIX 00pa3lloB OTHOCUTENHHO Tnaakas. Ilocie kpucrammuzanmu
pa3Mepbl Makporop MOHOJIMUTOB HE W3MEHSIOTCS, OIHAKO, WX IOBEPXHOCTH
CTaHOBUTCS HEPOBHOW M3-3a KPUCTAIUIM3AINA U YKPYITHEHUS IEPOBCKUTOB.

0O O I'napoans 0O 0 Jlexapoonm3anus o) ?
;  — — +CO
Cxema. [Ipennonaraemslit
)O]\ I'napoans MEXaHU3M 06pa3013aH1/1;1
(i-2) +2H +HHO ——»  oNH! + 0021‘ Ca(Sr,Ba)TiO3 BHE/IPCHHEM

2 . kapOOHATOB B MOHOIMTEL TiO;

(i)  A2+CO, —> ACO,}

(i) ACO, + TiO, —» ATIO, + cozf
rie, A-Ca, Sr,Ba

B aromHO - osmuccumonnas COM (AD-COM) MOHOIHMTHBIX OOpa3IoB,
KanpuHUpOoBaHHBIX Tpu 800°C, 00HAPYKMBAIOTCS KPUCTALIBI TEPOBCKUTOB,
pacTymux B MaKpoHopHucToi cTpykType. Pasmepsl kpuctamioB CaTiO; u BaTiO;
B MaKpOIOPUCTOH CTPYKType OOJIBIIE MO CPaBHEHHUIO ¢ TaKOBBIMU Ut SITiO3, uTo
MoATBeEpkaeTca Oosiee MUPOKUMHU TUPPAKITMOHHBIMH MMUKAMH, XapaKTePHBIX IS

SrTiO; (em. puc. 9).

AP S
A

Puc.9 . AD-COM nuzobpaxenust MoronutoB (&) CaTiOs, (6) SrTiOz u (¢) BaTiOs3,
KaJTbIIUHUPOBAaHHBIX Tipu 800°C.

N3otepmbl anacopOumm-aecopoumnu aszora (cm. puc. 10) mmd MOHOJIMTOB
CaTiO3, xanbIIMHUPOBAHHBIX MPH PA3JIMUHBIX TEMIIEPATypaX MOXHO OTHECTH K
m3orepmam |V Tuna c ructepe3ucHod Tmeried, oOyCIOBICHHON KamMJUIAPHON
KOHJCHCAlME B ME30TMOpax WM MajblX MAaKpormopax B MaKpOIOPUCTON
CTPYKType, Ha HYTO YKa3blBaeT HepxXapuyecKkas TMOPUCTOCTh 00pasioB. OTH
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ME30IIOPBI U MAJTbIE MAKPOTIOPBI COOTBETCTBYIOT IMTyCTOTAM B TIPOMEKYTKAX MEXKITY
kpuctamiamu CaTiOz MUKpPOHHOTO pa3Mepa B MaKpOTIOPUCTOM CTPYKTYPE.

PoCT mepoBCKUTHBIX KPHUCTAJUIOB MPH BBICOKUX TEMIIEpPAaTypax MPUBOIUT K
YBEIIMYCHUIO PAa3MEPOB IMOP C MCUYC3HOBCHHEM IOYTH BCEX MHUKPOIIOP M MAaJbIX
Me30I0p, 4TOo coriacyercs ¢ naHHbiMd PCA M MuUKpOCKoOnuu. AHAIOTUYHbBIE
n30TepMbl st MoHoIUTOB SITIO; u BaTiOs npeacrasiens Ha puc. 11.

TiO, MOHOJIMT, WMIPETHUPOBaHHBIH M(Q, TakkKe HMEIOT HEMPEPHIBHYIO
MOpP(}OTOTHIO MHKPOMETPOBOTO pa3Mepa, COXPaHSET Y3KOE pacipeneieHHe
MakKpoIop o pa3Mepy IMpHU CpeaHEM auaMeTrpe ~ 1um, MpudYeM ero MOpPHCTOCTh
(~41-55%) MoXeT OBITh KOHTPOJMPOBAaHA M3MEHEHHUEM TEMIICPATyphl TEILIOBOM
00paboTKH.

MaxkpomnopucTble  reTepOoCTpyKTypHbIe ~ MOHOAUTBHI  110,-SITiO; u
gornupoBaHHble a30ToM  [10,-SrTiO; ObUIM  MOJYYEHBI HMMIIPETHUPOBAHHEM
MaKpOHOPHUCThIX MOHOJIMTOB 110, B BOJHBIC PACTBOPBI, COJCPXKAIIUX HOHBI
CTPOHIIUSA, C TOCICAYIOIUM KaJbIIMHUPOBAHUEM TIPH YMEPEHHOM IOTOKE
ra3o00pa3HOro aMMHuaKa mpHu COOTBETCTBYIOIINX TeMIIepaTypax.

: T T T i T T T :15 T T T T T T T T
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= 40 —0— ZOOaC ~ e— SITiO,

' —4— 600°C 'w | —a—BaTiO,
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0 0.2 0.4 0.6 0.8 1 0 02 04 06 08 !
OrHocHTeILHOS JlaBlicnue, PP,
OtHocuTe RO TaRtenne, PPy - 0
Puc.10. U3otepmsbl ancopbuuu-aecopOunu Puc.11. M3otepmsbl aacopbuuu-aecopOuuu
azora MmonosuToM CaTiO3, KaTbIUHUPOBAH- azora MoHosmTamu SrTiO3; u BaTiOs,
HOTO IIPY Pa3JIMYHBIX TEMIIepaTypax KaJbIIMHUPOBaHHBIX Ipu 800°C

Hudpakrorpammer  06pa3ioB  Ti0,-SrTiO3,  KaJdbIIMHUPOBAHHBIX TPU
pasMUYHBIX TEMIepaTypax, TOKa3ald, 4YTO OHH COCTOAT TOJBKO U3
KpUCTAIUTMUECKON aHarasHod ¢aser T10, g0 600°C. Tlpu yBenuveHUH
Temreparypsl KaibimHupoBanus ot 700 g0 1000°C audpakiMOHHBIC IHKH,
xapaktepHbie SrTiOz, CTaHOBATCS YETKMMH M 00jee HWHTCHCHBHBIMH, YTO
yKa3piBaeT Ha pocT kpuctamioB SrTiOs;. Pesynprarel mokassiBaroT, uto T10;
yacTuyHO mpespainaetcs B SITiO;. M3aMeHeHrne pa3MepoB KPUCTAILUIOB T 000UX
¢a3 10 u Tmocie MOMUPOBAHHS a30TOM HCMOB3YS NU(PPAKITMOHHBIC OTPAKCHUS
(101) u (110) muKoOB MOKa3bIBACT, YTO pa3Mephbl KpUCTALIOB aHataza U SrTiO;
YMEHBIIIAITCA Tociie aonupoBaHusi azotom oT 9.08 10 8.69 u ot 11.18 no 10.02
HM, COOTBETCTBEHHO.
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MerogoM  TpPaHCMHCCUOHHOW  3JEKTPOHHOM  mukpockonuu  (TOM)
rerepocTpykTypHOro Ti10,-SrTiOs, kanpuuaupoBanHoro npu 800°C, oOHapyKeHbI
MIPEKPACHBIE HAHOKPUCTAILIBI ¢ pasmepoM 15-20HM. Beicokopazpemennas TOM
M300paKeHUsI C DJIEKTPOHHOM AM(PAKIMK Ha OTAeNbHbIX yuacTkax (D10VY)
YKa3bIBa€eT JiBa pa3HbIX Kpas pewmeTku npu 0,28 u 0,35HM, 4TO XOPOIIO COraacyercs
¢ (110) rpanu SrTiO; u (101) rpanm kpuctawMueckoi anatasHou ¢assl TiO,,
COOTBETCTBEHHO (cM. puc.12).

200 am

Puc.12. U3o0paxenuss TOM (2) u BP TOM ¢ 310V (6) MakpormopucToro rerepoCcTpyKTypHOTO
moHouuTa Ti0,-SrTiO3, kanbuuaupoBanHoro npu 800°C.

Pacnipenenenrie makpornop mo pasmepam, ONPEIEICHHOE METOJOM PTYTHOM
MOPOMETPHH, TI0Ka3aJ10, YTO MOoaydeHHbIH MOHOIMT T10,-SrTiO; umeer cpenuuii
pasmep mop okojo 1,7um, torma kak N-momupoBanHblid T10,-SrTiO3; MOHOIMT
MPOSIBJISIET OMMoOIanbHOE pacmhpeneneHue mnop. [lapamerpsl mop, MoJydeHHbIE C
ucronb3oBanueM  u3Mmepenut  bBOT,  BesBuimu, 49rto  N-monmupoBaHHBIN
rerepocTpykTypHbiii TIO,-SrTiO; 06agaeT OTHOCHTEIBHO BBICOKOW ILIOIIAIBIO
YAEIBbHOU MOBEPXHOCTHU 27,8M%r 10 CPaBHEHHUIO C BEJIUYUHOMU 19.3M%/r st
yucroro oopasia Ti0,-SrTiO;z (cMm. Tad. 4).

D10 00YCJIOBIEHO TEM, YTO aMMHAK, aJCOPOMPOBAHHBIA HA TMOBEPXHOCTHU
TiO,-SrTiO3, urpaer BakHYIO pOJIb MO OTPAHUYCHHUIO POCTa KPUCTALTHYCCKUX
YacTUIl B TMpollecce HUX CHUHTe3a. Takum oOpa3oM, IUIOHIAAL YEJIbHOU
noBepxHOCTH (Sger) a30oT jgomupoBaHHOTO T10,-SrTiO; yBenuumBaeTcs IO
CPaBHCHHIO c TiO,-SrTiOg, 4yTO COBIIAAET c pe3yJibTaTaMu
PEHTTCHOCTPYKTYPHOTO aHaIN3a.

B  P®C-crekrpe  N-mommpoanHoro  TiO,-SrTiO;  oOHapyxkuBaeTcs
uateHcuBHbIA N1S dorosnexkrponnsiii nmuk npu 396,5 5B, oTHocsmuiics k -N
dase TiN. Taxxe mpucyrcTBYOT ciabo wHTeHCcHBHBIE N1S muku mexay 398 u
4005B, KoTOpBIE MOATBEPKAAIOT HATMYNE TPOMEKYTOUYHBIX aTOMOB a30Ta BHYTpHU
pemerku Ti— O,
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Tao6auua 4
XapakTepucTuku agacopouuu N,, IMprHA 3anpemeHHO 30Hbl U MOJIbHOE
cooTHomeHnue N/Ti B CHHTe3HpPOBAHHBIX 00pa3nax

Oopazen SgET, Vo, Ey 2B N/Ti,
M2/t e/ arom %
TiO,-SrTiO; 19.3 0.078 3.18 -
N-monmupoBanubIii TiO,- 27.8 0.064 2.76 0.39
SrTiO;

B abcopbmmonnom crektpe B Y® Buaumoil o0nacTu  HaOMIOmaeTCS
abcopOmonnoe cmeimienne s N-momwpoBanHoro ob6pasma T10,-SrTiO; mo
cpaBHEHHIO ¢ 4uCTBIM 00pasmoM Ti10,-SrTiO;. AOGcopOiuoHHBI Kpaii oOpasiia
Ti0,-SrTiOz Habmomaercs npu 390uM, Toraa Kak st N-IoMUpoBaHHOIO 0Opasia
TiO,-SrTiO; on nposBiasics B obmacty 450HM, COOTBETCBTYIOUICH BHIUMOM
obnactu B Y O-BUAMMOM CIIEKTpE.

B mectoil riaBe «IkonpuMeHeHHE HAHOCTPYKTYPHBIX MaTepHAJIOB Ha
OCHOBE JMOKCHIA THTaHAa: aJcopOuusi U (POTOKATATUTHYECKAS] OKHMCJIEHUSD)
PacCMOTPEHBI  OAHOBPEMEHHO  MPOTEKAIOIIME  TPOIECCHl  aacopOnuu
doTOpasznoKeHUs HEKOTOPHIX OpTraHWYecKWX 3arps3HuTenei. [lomyueHHBIC
CHUCTEMBbl MOTYT pas3jaratb 3HAYUTCIBHBIA KPYr OOBIYHBIX OPTaHUYCCKUX
3arpsisHUTENIel, Hanmpumep, (EHOJN W ero mnpou3BoaHble, pomamuH B (RhB) u
apyrue. XapakTepHble Npu3Haku ajacopOrmuu Ha T10,/C kommosuTtax ObLIH
M3y4yeHbl Ha TmpuMepe aicopOuuu @eHonma W €ro KOPOTKO — IEMOYHBIX
IIPOU3BOIHBIX MPY BAPbUPOBAHUU UX KOHIICHTPAIIUU.

UccnenoBana  amgcopOuus U dboTOKaTAMUTUYECKOE  Pa3JIOKEHUE
HoHmwiIdeHomTokcmnara, (NPSEO) wumeronux B CBOEM COCTaBe B CPEIHEM D
3BeHbeB OTokcwiata u 1,4-okTriadeHomdtokcmiata (TX-100), B cpemHem
uMmeromue B cBoeM cocraBe 10 3BeHbeB 3Tokcwiara. [logpoOHO uccienoBaHo
BIIMSIHUE Ha a7copOIuio BhIOpaHHBIX coenuHeHui Ha T10,/C KOMITO3UTax Takux
rmapamMeTpoOB KakK KOHIICHTpaIus, Temmneparypa u pH.

[IpuBenensl manHble IO MOHOCHOWHOW azncopOrmu denoma u NPSEO na 4
pa3MYHbBIX 00pa3iax ancopOeHToB (cM. Tabi. 5). Pasmuums MOHOCIOS MOYHO
OOBSCHUTH C TOYKH 3PCHHS XUMHUHU IOBEPXHOCTH aKTHBHUPOBAHHBIX MHKpochep
yriepoja st aacopoiuu (peHosa u ero Nporu3BOIHBIX.

Taoauma 5
IL1omaas MOBEPXHOCTH M MOHOCI0ITHOM aacopOuun pernona u NPSEO nHa
oOpasnax ajgcopoeHToB npu 298 K

Oobpa3sen SgeT, deHo., denou, NP5EOQO,
M/t UMOJTB/M° macc. % mr/m’
Yriaepoanbix mukpocdep | 737 3.13 21.7 0.262
Mast Carbon
Dargo G-60 1000 2.06 19.4 0.335
Ti0O,/Mast mukpocdep 457 3.11 13.4 0.475
Ti0,/Dargo G-60 655 2.82 17.4 0.475
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N3yuena kuHeTnka ajacopOumu ¢eHona Ha AByX yriepomubix u 110,/C
KOMIIO3UTHBIX aJICOPOSHTaX M TMOJTYYCHHBIE Pe3yJbTaThl YETKO YKAa3bIBAIOT, YTO
BBICOKas ajicopOrust ¢deHona mnpoucxoauT Ha Mukpocdepax Dargo G-60 mo
CPaBHEHHIO ¢ ajacopOIer Ha Mukpochepax Mast Carbon u ux koMmmo3uTax u3-3a
pa3HO CTENEeHU aKTUBAIIUH MIOBEPXHOCTH (CM. puc. 13).

Kunernyeckue naHHBIC MO ancopOImu (eHoJia N3yUYeHHBIMH aJIcOpPOSHTaMU
COOTBETCTBYIOT HWHTETPAIBHOMY YpaBHEHHUIO TIEpPBOTO TMopsiaka. KOHCTaHTHI
HaYaJbHBIX CcKkopocTed aacopOuuu ¢enona u  NPSEO  paccumransr ¢
ucronp3oBanneM ypasaerus [A]=[A]oe™ (cm. Tabur. 6). PesyibraThl MOKasbIBAIOT,
YTO KOHCTaHTa cKopoctu aacopoumu denona Ha Darco G-60 amcopbenTte BhIIe,
gyem Ha Mast Carbon aacopOente, a Bpems monypacnanga ¢enona u NPSEO B
npucytctBuu TiO,/Mast Carbon mmkpocdep u TiO,/Darco G-60 xkommo3uToB
Hwke Ha 35 u 20%, cooTBeTCTBEHHO. Takoe CpaBHUTEILHO OOJIBIIOE Pa3JInyuue
KAHETUYECKUX TIapaMeTpoB ancopOmmu ¢eHojlla W ero TMPOU3BOAHBIX Ha
mukpochepax Mast Carbon u Dargo G-60 oOycnoBiieH MX BBICOKOH YICIbHOM
HOBEPXHOCTBIO U Y3KUM PAcIIpe/iesIeHUE MOp [0 pa3Mepam.

280 = - — S

® ® ® ®
zw0{ _ ® ’ 3 Puc. 13. 3aBucumocts agcopOuuu
H | | (eHOoIIa U3 BOJIHBIX PACBOPOB OT
E 150 {® a BPEMEHH ISl 00pa3IoB aJICOPOCHTOB:
g La . = = 1 . e — Darco G — 60; m — TiOy/Darco G —
2 106 . . R » = 60; A — Yraepoausiit MUKpochep
% . * Mast ; ¢ - TiO,/Mast mukpocaep.
z: 50 AA: -

0 & T T T
0 20 40 6P 80 100 120
BpeMs (MHH)

Tadauna 6
KoHcTaHTa cCKOpOCTH NMEPBOro MOPSAIAKA U BpeMs Mmojypacnajaa aJjsi
agcopounu ¢enosa u NPSEO npu 298 K Ha n3ydeHHBIX aicOpOeHTaX

Oo6pasen k (¢ Bpewmst noaypacnaga (MuH)
henou NP5EO henon NP5EO
YraepoiupIx 1.49 x 10 251 x10° 77.5 460.2
mukpocdep Mast carbon
TiO,/Mast muxpocdep 1.32x 10 2.17 x 107 87.5 532.2
Darco G-60 7.80 x 10™ 1.08 x 10™ 14.8 106.8
TiO,/Darco G-60 3.87 x 10™ 9.12 x 10 29.8 126.6

OpHoil W3 TJIaBHBIX IeNield JaHHOW paboThl OBLIO MPOAEMOHCTPUPOBATH
3¢ (PEeKTUBHOCT, KOMIIO3UTOB Ha OCHOBe T10, B (POTOPA3NOKEHUH MOJEIBHBIX
3arps3HuTeNed - QgeHona W aTKWI(PEHOJITOKCHIATOB, T.€. IEJIEBBIX BPEIHBIX
BewecTB. MccaenoBano BinusiHue Takux GaxktopoB kak pH pactBopa, KOIMYeCTBO U
THUII a7ICOPOEHTa U HATMYUE PACTBOPEHHOTO KUCIOpOAa Ha UX (OTOPA3IIOKEHHE.
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Puc. 14. ®otokatanmuruueckoe pasinoxenue 1000  Puc. 15. BOXX pacTtBopoB HOHUIIDEHO-

PpPM pacTBOpa HOHWI(PEHOIITOKCHUIATOB B sTokcmiIatoB mociie (90 mun) Y-
npucyrcTBun: A-TiO, Degussa P25 u e- TiO,/C o6yuenus B npucyrctBun T10,/C Mast
Mast Carbon xommno3sura Carbon xommo3ura
OGHapyxeHo, 4TO dboTopaznoxeHue anKUI()EHOIITOKCUIIATOB

COTIPOBOXK/IAETCSI OOpa30BaHWMEM HWHTEpPMEaHWaTa Ha paHHUX CTAaIUAX PEAKIUH,
KOTOPBIi B KOHEYHOM CUETE IMOABEpPraeTcs (HOTOKATATUTHICCKOMY Pa3JIOKEHUIO.
Arperamuss  wactur 110, B xome  (OTOKATATMTUYECKOTO  PA3IOKCHHS
ANKUI(GEHOATOKCUIIATOB  OKa3bIBACT CYIICCTBEHHOE BIMSHHE Ha yJaJcHUC
UHTepMeauaTa u3 BojxHoW (a3el. AjpcopbeHtr B TiO,/C kxommo3ute MOXKET
azcopOupoBaTh OOpa3yroIIUecss TMMOOOYHBIE MPOAYKTH (OTOPAZIOKEHUS U
MOJIJIEP>)KUBATh UX KOHIIEHTPAIMIO B pACTBOpPE Ha HU3KOM ypoBHe. [IpenmyiiectBo
kommno3uta T10,/C 1o CpaBHEHHIO C HCIOJIL30BaHHEM TOJILKO omHoro Ti0O,
HATJIAJTHO TIPOSIBIISIETCA TPU  (POTOKATATUTUYECKOM pa3iokKeHUU ¢eHola u
aNKuI(GEHOIITOKCUIATOB (CM. puc.14).

Pesynbratet YO u BBICOKOI(PPEKTUBHON KUIKOCTHOM XpomaTtorpaduu
(BOXKX) moxazamm, uyto ocraroudble kosmuectBa NPS5EO u Ou-mipoaykTOB
yMeHbmamuch Tnocie oomydeHust T10,/C  dorokaranmzatopa. HeobOxomaumo
oTMeTHTh, uTO yaameHne NPSEQO He 3aBHCHT OT IIMHBI 3TOKCHIJIATHOH IIETTOYKH,
T.€. KOPOTKOIIEMIOYHBIE ITOKCHJIATHI YIAISIOTCS C TaKOW KE€ CKOPOCTHIO Kak M
JUTMHHOLIETIOYHbIE (CM. puc.15).

doTokaTaIUTHYECKast aKTUBHOCTh YUCTOTO MopucToro MoHoiuTa Ti0, B Buje
aHaTasza, N-IOMHPOBAHHOIO MOPUCTOro MoHoiHMTa T10,, comepKallero aHaras u
PYTHII, a Takxke KoMMepueckoro oopasia P25-TiO,, comeprkaliero aHatas u pyTHII,
OLIEHUBAJIACh 10 (POTOPA3NOKEHUIO OpraHnyeckoro kpacuteis Pomamuna b (RhB)
10JT BO3JICUCTBHEM BUIUMOTO cBeTa (cM. puc. 16). Pe3ynbpTaThl MOKa3bIBAIOT, YTO
dorokaramuTHyeckoe pasnoxkeHrne RhB  yBeawuuBanioch ¢ BO3pacTaHHEM
MPOJIOJDKATETLHOCTH peakiuu. CorjlacHO MeXaHW3Ma peakiuu (HOTOPa3I0KEHUS
obpasyromuiica katnon-paaukan (RhB'®) 8 npucyrcreuu O, u hv pasnaraercs Ha
H,0, CO, u muHepanbHbIe KHCIOTHI Yepe3 oOpa3oBanue Rhodamine B kauecTBe
POMEKYTOYHOTO MpoayKTa: Rh B™ + 0, — Pomamun — [IponyxKThL.
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YMmenblieHne KoHIeHTpauu RhB omeHnBamoch 1Mo OOECIIBEUMBAHHIO €TO
BOJHOTO pacTBOpa 0€3 IeTaJbHOTO M3y4YeHHUs oOpa3oBaHUS M (DOTOPA3ITOKEHUS
MPOMEXYTOYHBIX MpoaykToB. Okono 50% RhB moaBepraioch pas3ioxeHHIO B
npucyTCTBUH N-JIONMMPOBAaHHOTO MOpPHCTOro MoHoiuTa 110, cocTosIero us3
aHaraza W pyTuia, B TeyeHwe 120MuH. moja AEMCTBMEM BHUIMMOTO CBETA, YTO
yKa3blBa€T HAa BIHUSHUE OUKPUCTAIUIMYECKOTO JUOKCHIAa THTaHa C SIPKO
BBIPQKEHHOW MAaKpOMOPHUCTON CTpyKTypou. UUCTBIN mopucThiii MoHOIUT T10,,
cojepxamuii anataz, u 110, P25 Be3biBatoT Qotopasnokenne RhB mox
NIEUCTBUEM BHUAMMOTO cBeTa B TedyeHue 120muH. Ha 16 m 25% COOTBETCTBEHHO.
Cpenu 3tux o6pas3inoB N-monupoBaHHbIN MOPUCTBIH MOHOIHUT T10,, comeprkaiuii
aHaTa3 M PYTHJ, HPOSBWJI BBICOKYIO aKTHBHOCTh B (hoTopasznokenuun RhB mon
JIEUCTBUEM BUIUMOTO cBeTa B TeucHue 120MuH.

PesynbTaThl aHanM3a MOJATBEPXKIAIOT, YTO AaTOMbl KHCJIOpOAA BHYTPHU
KpUcCTaJTM4Yeckord pemetkn 110, 3aMelIeHbl aTOMaMH a30Ta, INPUCYTCTBHE
KOTOpBIX 0Opa3yeT 3aHMMaceMblii ypoBeHb 3ampemieHHoir 30HBI (N 2p) Han
BasieHTHOU 30HOUM TiO, (O 2p). IMostomy N 2p neicTByeT Kak Imar MeExIy
BAJICHTHOM 30HOM M 30HOW MPOBOAMMOCTH MOJYINPOBOJHUKA, OOJerdaromui
BO30y)KJIeHHE OJEKTPOHOB u3 N2p TOJOCHI 3ampelieHHONW 30HbBI B 30HY
IIPOBOJIUMOCTH MPU 0OJTYYSHUH BUIUMBIM CBETOM.

3AK/IIOYEHUE

Ha ocHoBe mpoBEAEHHBIX HUCCIEAOBAHUMN IO JOKTOPCKOM AUCCEpPTAlUM Ha
TeMy «DH3UKO — XMMHUYECKHE XapaKTCPUCTUKH TONYYCHUS HAHOCTPYKTYPHBIX
MTOPHUCTHIX MAaTEPUAJIOB HA OCHOBE JUOKCHA TUTaHA» IMPECTABICHBI CICAYIOIINE
BBIBO/IBI:

1. PekoMeHIOBaH METOJ TMOJY4YEHUS ME30MOPUCTOTO JHOKCHIAa THUTaHa M
MaTepuajioB Ha €r0 OCHOBE 30JIb-T€Ib PEAKIUSIMH W3 AJTKOKCHUIOB THUTaHA B
NPUCYTCTBHHM PA3JIMYHBIX TEMIUIATOB KOHTPOJUPYS TPHUPOABI CpEeIbl, TpH
KOMHATHOW TeMmIreparype W Ha €ero ocHoBe mopucroro MoHomuta 110,
JOTIUPOBAHHOI'O A30TOM, C COXPAaHCHUEM €ro MOPHCTOCTH U OMKPHUCTAIINYCCKON
CTPYKTYPhl U PEKOMEHJOBAHO HCIOJIH30BAHUE TMOJUITHIICHIJIMKOS B KauyecTBE
mopooOpa3oBaTeneii.

2. [Tokazana 3(hPeKTUBHOCTh U TEKCTYpaIbHBIE XapaKTEPUCTUKA KOMIIO3UTOB
TiO,/C, monyuenHsix HaHeceHuem 110, Ha MMOBEPXHOCTh AKTHBHPOBAHHOTO
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yraepona. OmnpeneneHa ancopONMOHHAS E€MKOCTh TIOMYYEHHBIX KOMITIO3UTOB
TiO,/C u mokazaHo, 4TOo MpH aacopOIuK (EHOJIOB YIVIEPOIHBIC IOIIOKKH
YMEHBIIAIOT CBOIO Y/ICNIbHYIO MOBEPXHOCTh, METObI UX MOJYyYEHUS 00ECIICUUBAIOT
AKTUBHYIO TOBEPXHOCTh. BBIABICHO BIMSHHUE TOJIIMHBI MMOBEPXHOCTHOTO CIOS
kommo3uta T10,/C Ha ero aacopOLMOHHBIC CBOMCTBa, a Takxke aaresuto 110, Ha
MOJITIOXKKY.

3. Pa3paboTtanbl METO/IbI HOJYUYCHHS HAHOMOPHCTHIX KOMIO3UTOB SiO,-TiO,
TUAPOJIM30M U KOHJICHCAIIUCH TETPadTUIOPTOCHIMKATA W TeTpa-n-0yTOKCHaa
TATaHA B MPUCYTCTBUHU TOJMATUIICHTIIUKOJS B KaueCTBE MOPOOOPA30BATENS WIIN
CTPYKTypHpyomero areHta. McciemoBanbl BO3MOXHOCTH MOPQOJIOTHUSI THTaH-
KPEMHE3E€MHBIX MOHOJHUTOB C MAakKpO- W ME30MOPUCTON CTPYKTYpOW WM BIUSHUE
pPa3IMYHBIX TPEKYpCOPOB THTaHAa Ha OOpa30BaHHWE MAaKpPOTOP M BO3MOXKHOCTH
¢dazoBoro paszdeieHusi, KOTOPHIE XapaKTEPHU3YIOTCS HAIMYUEM ME30Iop W
TUIMUYHON HepXaprUiIecKOi OMMOIaIbHON OPUCTON CTPYKTYPOH.

4. BriepBoie BbIsBICH J(PGEKTUBHBIA METO[ (OPMHUPOBAHUS TMOPHUCTHIX
MOHOJIMTOB  mepoBckuta ATIO;, comepkaliero HMOHBI  MICTOYHO3EMENIbHBIX
METAJJIOB, C MEPApXUUECKON CTPYKTYpOM U XapaKTEPU3YIOMIMXCS BBICOKOU
MIOPUCTOCTHIO U Y3KUM paclipesiesieHHeM mop auamerpoMm okosio 1um. ITokazaHo,
YTO Hajgu4ue OOJIBIIMX MAKpOMOp CIIOHTAHHO YBEJIUYUBAET MAaCCOMEPEHOC
KHUJKOCTEH U ra3oB 4epe3 MOoJydeHHble Marepualibl. [loaydeHbl MakpOmOpUCThIC
TiO,-SITiO; u azor-mommpoBanubie T10,-SITiO3 MOHONMHUTHBIE TETEPOCTPYKTYPHI
UMIIPETHUPOBAHUEM TOPHCTBIX MOHOJUTOB 110, B CTpOHIMICOACPKAITUMH
BOAHBIMHA  pPAacTBOpaMH C  TIOCICAYIOMHUM  KaJbI[MHUPOBAHUEM, a TaKKe
HUTPUPOBAHUEM IIOJ JCWCTBUEM YMEPEHHOTO IOTOKAa Tra3000pa3HOTO aMMHaKa.
[Tokazano, uyto TiO,-SrTiO; reTepoCTpyKTypa COCTOMT M3 HAHOKPHUCTAIUIOB C
pasmepom 15-20HM m oOmamaeT y3KMM paclpeaesieHuEeM MaKpOIop CO CPEIHUM
pazmepoM okosio 1,7um.

5. OnpenencHo, 4to azoT-gonupoBaHHbid T10,-SrTiIO; COCTOMT B OCHOBHOM
u3 aHatasHoW ¢a3el TIO, M MEpPOBCKUTHOW KpUCTaIMYeckoi asel SrTiOs,
XapaKTEPU3YIOMICHCS XOPOIIO Pa3BUTHIMU HAHOKPHUCTAIaMU ¢ pazmepoM §-10HM
U y3KUM pacrpejieliecHueM Makpornop ¢ pazmepom ~1,3um. Ilokazano, yto mocie
JOTIMPOBAHUS a30TOM CMeEIIeHHE aOCOpPOIMOHHOTO Kpas Ha 450HM 00yCIOBJICHO
YMEHBIICHUEM YHEPTUM ONTUYECKOW HIMPUHBI SHEPreTUYECKOW 30HbI Ha 2,763B.
BrisBneHa (oTokaTamuTHUecKas aKTHBHOCTH a30T-A0NMUPOBaHHBIX T10,-SrTiO;
TeTePOCTPYKTYP; OHU A(P(HEKTUBHO pasiaraloT BOJHBIC PACTBOPHI MOICIBHOTO
oprannyeckoro kpacureias Rhodamine B mox Bo3aelcTBHEM BHAMMOIO CBETa B
teueHue 120muH.

6. [lokazano, uyto s3ddexr pH Ha angcopOuui0 HOHUIPEHOIITOKCUIATA
(NP5EO) muHMManeH no cpaBHeHUIO ¢ ancopoOuueit gpenona. Monekynsr NPSEO
MPOSIBJISIIOT  3HAYUTETLHO MEHBIIYI0 KHUCIOTHOCTh, 4YeM (EHOT U TMO3TOMY
JNEMPOTOHU3ALMS  KOHUEBOM THAPOKCHIBHOM TPYIIbl 3TOKCHJIATHOM LENHU
MIPOTEKAET B 3HAYUTEIBLHO MEHBIIEH CTENEHU. BOJIbIIOE YMCIIO B3aMMOJEHUCTBUM,
BO3MOXHBIX MEXIy TIOBEPXHOCTBhIO ajcopOeHta u Mosekyidamu NPSEO
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yMmeHbInaeT 3¢ (exTsl oTTankuBanus. AncopOruu (heHona NpoTeKaeT Kak peakius
MIEPBOTO MOPsIKA U €€ CKOPOCTh HAMHOTO BhIIIe, yeM B cirydae NPSEO.

7. Monyuensr  kommo3uTel  T110,/C, mnposisioniue 0o0jee  BBICOKYIO
s heKTUBHOCTL Mpu GoTopasiiokeHnn ¢Genona, yeM T10, mpu BceX HU3YYEHHBIX
snHaueHusx pH. Haiigeno, uro xaranurtuyeckas aktuBHOCTH 110, u TiO,/C npu
pasioxeHun (EHOJIOB BbIcOKas B menodHoi cpeae (pH=9,0). Ilokazano, uto
AJIEKTPOCTATUYECKOE OTTAJTKHWBAHUE MEXTY (DEHONAT-aHHOHAMH U OTPHIIATEIHHO
3apsSOKEHHONW TMOBEPXHOCTHIO THUTaHA MPU MICTOYHBIX YCIOBHUSX YBEIHMUMBAET
CKOPOCTh (POTOPA3NIOKEHUS MOJIEKYN (PEHOIa M0 CPAaBHEHUU C €€ MPOBEICHUEM B
KucIol U HewTpambHOU cpemax. 110, u TiO,/C xapakTepu3yroTcs OAMHAKOBOW
CEJIGKTUBHOCTBIO OTHOCUTENbHO (oTopasnoxkenus moiekyn NPSEO; mpu stom
YeM JJIMHHEE STOKCHJIATHBIC IIeMH, TEeM MPEANOYTHTEIbHEE HUX PAa3JI0KECHHUE.
Xpomarorpadpu4eckuM METOJAOM TOKa3aHO, YTO NpHU (HOTOKATATUTHIECKOM
Pa3JOXKEHUN  ANKWI(PEHOIITOKCHUIATOB  00pa3yeTcsi HECKOJBKO TIPOYKTOB,
KOTOpbIE  OCTAalOTCS  aACOPOMPOBAHHBIMHM  HA  IOBEPXHOCTH  KOMIIO3UTA
dboTokaTanu3aTOp/aICOPOCHT.

8. Pa3paboTraHHble  MyTH  NOJYYEHUS  MOPUCTHIX  METAJUIOKCUAHBIX
HaHOMAaTEepHUAJIOB IO 30Jb-T€Jb MPOLECCY U HMX MPUMEHEHHE IS YTUIN3aLuu
TOKCHUYHBIX BEIIECTB M3 BOJHBIX PACTBOPOB OBUIM HMCHOJIb30BaHbl B HAyUYHBIX
npoektax Benckoro YHuBepcurera no teme «KoMnosuImoHHble MaTepralibl A
xumudeckux ceHcopoB» (Kadenmpa ¢dusmueckoit xumuum; ABCTpusd) U
Yuupepcutrera Kuoto nmo teme «In-situ dbopMupoBaHre HaHOYACTHUIIBI CHCTEME
METaJJI/CIUIABOB M HMX MPHUMEHEHHE B KATAIUTUYECKUX PEAKIUAX Ha OCHOBE
MOHOJIMTHOTO THIPUPOBAHHOTO CHITHKATeI s (XuMU4IecKuil paxynpTeT; SnoHms).
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INTRODUCTION (abstract of doctoral dissertation)

The urgency and relevance of the theme of dissertation. In present
application of modern technology in rapid development of industry, ecological
problems solving, production of completion ability and ecological pure compounds
are becoming an actial problems. In last decades using of methods of
nanotechnology and innovations in development of economics is actual problem
and on the base of their using yearly growth of production of necessary products
has consisted 35%. In this aspect preparation of nanosized materials with using of
nanotechnology, increasing their physico-chemical properties are important
scientific-practical value. Sol-gel process has a great importance for obtaining of
the nanostructured materials. The process has already opened new perspectives in
affording materials with high purity and homogeneity and allowed to synthesize at
low temperatures and to incorporate different transition metal oxides. Preparation
of porous materials and their using has allowed to formation new types of
materials with improved properties and solution of problem dealing with
environmental issues. This has been clearly displayed at wastewater treatment with
using of nanostructured materials in industrial scale.

The new industrial enterprises have been introduced in our country by using
of modern technologies, modernization and production of some new products for
different fields of industry. On these enterprises the adsorption materials are wide
used for water treatment and purification technology.

A research interest in obtaining and studying of nanoscale porous powders
and monoliths on the basis of titanium dioxide has been significantly increased for
the last decades. This is due to the fact that the specific surface area of titanium
dioxide increases at particle size attenuation, allowing to quantitatively increasing
the number of reaction sites on the surface. Besides, the distance to the surface
reaction sites can be reduced at the expense of particle size decrease, leading to
more effective separation and transfer of photo-generated charge carriers. The
versatility of the properties of clusters and nanoparticles synthesized in the last
decade has allowed using them in the processes of deep oxidation of organic
compounds, including eco-pollutants. However, the successful application of such
systems is possible only in case of their systematic investigation, including
physical and chemical analysis of the features of formation, morphology, structure,
and properties of the nanoparticles, the sorption characteristics of substrates and
products of the reaction on the surface of the synthesized nanoparticles, kinetics
and mechanisms of the chemical reactions. The physico-chemical investigation and
analysis of the nanostructured systems allow to direct their synthesis with
predetermined properties. The use of nanotechnology for the preparation of
adsorption/photocatalytic materials with given functionality using sol-gel process
offers great opportunities for the development of synthesis methods of a new
generation of porous materials.

This dissertation work is oriented on the realization of resolutions of President
of Republic of Uzbekistan PP-1071 from March 11, 2009 and the decision Ne142
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of the Cabinet of Ministers from May 27, 2013 «About Program of Actions by
Protection of Environment of the Republic of Uzbekistan during 2013-2017 years»
and also provided by others normative-law documents.

Relevant research priority areas of science and developing
technology of the republic. This work has been carried out according to the
priority directions of the development of science and technology of the Republic of
Uzbekistan under the Program VII. «Chemical Technology and Nanotechnology».

A review of international research on the topic of dissertation. Research
on the development of nanostructured porous adsorption-photocatalytic systems
and their application in the field of environmental technology and adsorption
purification of wastewater have been active carried out in world research centers,
including Kyoto University, Tokyo Institute of Technology (Japan), Darmstadt
Technical University, Fraunhofer Photocatalysis Alliance (Germany), University
of Surrey, Brunel University (UK), University of Cincinnati, California Institute of
Technology (USA), Institute of New Catalytic Materials Science (China),
University of Torino (Italy), Institute of Solution Chemistry, Russian Academy of
Sciences (Russia), Institute of Surface Chemistry, Ukrainian National Academy
(Ukraine), National University of Uzbekistan.

The following results were obtained in the world by physic-chemical
investigations of the preparation of nanostructured porous materials on the bases of
dioxide titania: the sol-gel method accompanied by a spinodal decomposition has
been developed as one of the most promising synthesis way of porous monolithic
materials (Kyoto University, Japan); novel synthetic and modifying methods of
visible light-driven photocatalysts based on oxynitride and oxysulfides were
developed to decompose pure water into hydrogen and oxygen (University of
Tokyo, Japan); novel nanotechnological and materials chemistry procedures for the
synthesis of tailor-designed TiO, photocatalysts via sol-gel methods modified with
surfactants as pore templating materials and/or ionic liquids as a reaction media
were explored (University of Cincinnati, USA); hierarchically mesoporous-
macroporous N-doped titania materials were fabricated by the thermal treatment of
spontaneously formed hierarchical mesoporous-macroporous titania with urea as a
nitrogen source in order to extend their photocatalytic applications from ultraviolet
to visible-light region (Institute of New Catalytic Materials Science, China); TiO,.
«M, photocatalysts doped with either anions (N, C, and S mostly) or cations have
shown an enhanced photonic efficiency of photo-assisted surface reactions
(University of Torino, Italy); porous silica and polymer-hybrid materials have been
obtained by sol-gel process, their thermodinamical, sorption, catalytic properties
have been depermined and also formation of ion-exchange nanomaterials on the
base of functionalized polymer composites were scientifically based (National
University of Uzbekistan).

Preparation of porous materials and investigation of their physic-chemical
characteristics are carried out by following priority directions: improvement of
phase separation mechanisms in the formation of porous materials; fabrication of
photocatalysts with improved properties on the base of nanosized heterostructured
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Ti0O,, which is active in visible light; formation of new generation of nanomaterials
and aslo bimodal meso-macroporous photocatalysts for using in sorption
processes.

Degree of study of the problem. In present, the rapid development of
research works in the field of nanochemistry and nanostructure are carried out.
B.D. Kabulov and his group developed the preparation of porous silica gel and
polymer-silica hybrid materials by sol-gel process in Uzbekistan. The chitosan-
silica sorbents for liquid chromatography were obtained by sol-gel method under
the guidance of S. Sh. Rashidova. Kh.l. Akbarov and his team investigated the
thermodynamic parameters of polymer-silica formation by sol-gel method.
Recently, the preparation of metal-impregnated titania and activated carbon-based
environmentally functional materials and their adsorption and photocatalytic
properties were studied by Kh.T. Sharipov and Z.Ch. Kadirova. A.M. Nasimov and
E. Abdurahmonov are studied the ways of increasing selectivity of chemical
sensors by using sol-gel method. The fundamental thermodynamic characteristics
of adsorption and the mechanisms of adsorption of gases and vapors in the porous
materials — zeolites, montmorillonites, etc. have been investigated by G.U.
Rahmatkariev and A.A. Agzamkhodjaev. New generation ion-exchange adsorbent
materials based on functionalized polymers have been applied to wastewater
treatment in industrial zone by M.G. Mukhamediev and his research group.

The research for the development of perspective visible-light photocatalysts
has reached a significant interest because of their application in different areas,
such as clean energy, photoelectrochemical process and environmental needs under
solar irradiation, and several groups have reported visible-light-active TiO,-based
powders and thin films (K. Domen, A. Kudo, T. lhara, M. Ando, R. Asahi, etc.).
Subsequently, nitrogen doped TiO, has attracted considerable attention (H. Irie, Y.
Watanabe, H. Kisch, G. Hasegawa, K. Nakanishi). The second-generation TiO,.D,
photocatalysts doped with either anions (N, C, and S mostly) or cations have
recently been demonstrated to have their absorption edge red-shifted to lower
energies (longer wavelengths), thus enhancing photonic efficiency of photo-
assisted surface redox reactions (N. Serpone, G. Wei, C. Zhang, G.-S. Shao, M.
Hojamberdiev, A. Gurlo, R. Riedel, etc.).

The carried research in our country shows the opportunities of nanostructured
materials that can be produced with given specific physic-chemical properties. A
study on the «structure-property» dependence in two-phase systems nanosized
adsorbent/photocatalyst is an important issue in materials chemistry and physics
and opens up prospects for their practical application in the future.

Connection of the theme of dissertation with the scientific- research
works of higher educational institution, which is the dissertation conducted
in: The doctoral dissertation has been reflected in following projects of
National University of Uzbekistan and Turin Polytechnic University in
Tashkent: F-7-05 «Scientific bases of nanostructured catalysts formation for the
synthesis of N-vinyl compoundsy (2012-2013) and F-7-002 «Molecular design of
porous nanostructured photocatalysts on the base of metalloxide nanocomposites
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for the photodestruction of toxic organic compoundsy» (2014-2015); Global COE
Program «International Center for Integrated Research and Advanced Education in
Materials Science» administrated by the Japan Society for the Promotion of
Science (2010-2011).

Purpose of research work is the development of the formation of
nanostructured tailor-designed porous titania based materials and investigation of
their physico-chemical characteristics.

The tasks of the research work:

to predict purposeful synthesis of novel porous materials and perspective
ways of their modification;

to investigate sol-gel synthesis of mesostructured titania and titania-silica
(Ti0,-Si0,) matrix using nonionic surfactants of polyethylene glycol (PEG)
polymers as templates, determination of the influence of nature and quantity of
pore forming agents, effect of heat treatments to the pore structure parameters of

to find a reliable sol-gel coating with TiO, onto the surface of activated
carbon, determination of the effect of sol-gel coatings on the location, crystal phase
and the degree of TiO, coating and textural parameters of the TiO,/C composite;

to study the morphology and dispersion control of titania-silica monolith with
macro-mesopore system, the effects of the initial titanium precursors difference on
homogeneity of the resultant titania-silica monoliths, macropore formation and on
phase separation tendency;

to develop the versatile way for the fabrication of perovskite monoliths ATiOs
containing alkaline-earths (A = Mg, Ca, Sr and Ba) with hierarchical pore
structures, to control the formation of porous alkaline-earth metal titanates with
narrow pore size distributions;

to fabricate nitrogen-doped TiO, and its heterostructured monoliths with well-
defined porous structure and bicrystalline framework using sol-gel reaction
accompanied by a phase separation followed annealing under a modest flow of
ammonia gas;

to explore the adsorption and photodegradation of the model toxic organic
pollutants with the presence of obtained nanostructured materials under UV and
visible light irradiation.

The object of the research work is titania and its composites with carbon
and silica gel, alkaline earth metal titanates, nitrogen-doped monolithic porous
TiO, and its heterostructures, some endocrine-disrupting compounds and organic
dyes.

The subject of the research work is porous nanostructured titania-based
materials and their combinations with carbon, silica, nitrogen, and alkaline earth
metals.

Methods of research work. Complex physico — chemical methods of
investigation, such as microscopy, spectroscopy, thermal, photocatalytic and X-ray
diffraction, nitrogen and mercury porosimetry, adsorption and chromatographic
methods were used.
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Scientific novelty of the research work consists of:

porous nanostructured materials based on titanium dioxide, and carbon and
silica were obtained by sol-gel process and the optimal conditions of the process
were developed;

goal-directed synthesis of porous monolithic perovskites by impregnation of
alkaline-earth metal ions into the preformed porous TiO, was carried out for the
first time and by doping with nitrogen, their application in visible light induced
photodegradation of organic pollutants has been extended,;

the mechanisms and the interaction nature of phenols and their derivatives
on the adsorbents based on titanium dioxide, carbon, and silica obtained by one-
step sol-gel technology have been established;

the chemical mechanisms, thermodynamics and kinetics characteristics of
adsorption-photocatalytic reactions, the effect of porosity, and the nature of the
adsorbent/photocatalyst for photodecomposition of organic pollutants were
determined.

Practical results of the work are:

facile synthesis of nanostructured porous materials based on titanium dioxide
by one-pot sol-gel process was developed.

facile way of monolithic perovskite preparation with the presence of alkaline-
earth metal ions was proposed.

the methods of adsorption and photocatalytic purification of the
environmental objects from organic compounds were developed, and their
physico-chemical characteristics were evaluated. Their approbation and test
analysis of different environmental objects (waste and drinking water, bio-
products, etc.) have been carried out.

the meso-macroporous adsorbent/photocatalysts based on porous titania in
monolithic form for the determination and separation of phenolic compounds with
high precision were synthesized.

The reliability of the results. The composition, structure, and properties of
the synthesized porous nanostructured materials obtained by sol-gel process have
been approved by X-ray and energy dispersive X-ray analysis, scanning and
transmission electron microscopy, nitrogen and mercury porosimetry, FTIR, NMR
and UV-vis spectroscopy, adsorption and chromatographic methods.

Theoretical and practical significance of the study. The scientific
significance of the doctoral dissertation is to identify the regularities of the
formation of nanostructured porous materials (perovskites, oxynitrides) on the
basis of titanium dioxide by sol-gel process; the determination of the mechanisms
of porous materials synthesis. The obtained research results for the formation of
monolithic nitrogen-doped TiO, and heterostructures can lay a foundation for
creating new nanostructured materials with improved performance characteristics.

The practical value of the doctoral dissertation is to develop a facile way of
the preparation of porous perovskite monoliths on the basis of TiO, with improved
textural properties. The methods of adsorption and photocatalytic wastewater
treatment of organic phenolic compounds and the application of new meso-
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macroporous systems to analyze and to evaluate the conditions of various
environmental objects (waste and drinking water, soil, air and others) were
developed.

Implementation of the research results. On the basis of
recommendations on the preparation of nanostructured materials used in the
process of modernization of the industry:

the preparation procedure of metalloxide based nanomaterials and
methods of their application have been used in the scientific project of
Vienna University by theme «Composite materials for chemical sensing»
(Confirmation from 12.04.2016). Developed method has allowed decreasing
time of analysis of toxic gases mixtures.

preparation approach of titania-silica and perovskite monoliths forming
by impregnation with alkaline-earth metals have been used in research
project of Kyoto University with the title: «In-situ formation of metal/alloy
nanoparticles and their application to catalytic reactions supported on monolithic
hydride silica» (Confirmation from 14.04.2016). Developed method provides
high effective chromatographic separation of organic compounds.

Approbation of the research results. The obtained results have been
reported and discussed at different international and domestic scientific
conferences: NSTI Nanotech Conference and Trade Show (Boston, USA, 2008), IV
International Symposium on Nanostructured and Functional Polymer-based
Materials and Nanocomposites (Rome, Italy, 2008), VIII Scientific Conference on
Analytics of Siberia and the Far East (Tomsk, Russia, 2008), The Japanese Sol-Gel
Society Meeting (Kyoto, Japan, 2009), XIV International Sol-Gel conference
(Porto de Galinhas, Brazil, 2009), XXII Fall Meeting of The Ceramic Society of
Japan (Matsuyama, Japan, 2009), West Japan Chemistry Meeting (Matsuyama,
Japan, 2009), Il International Congress on Ceramics ICC3 (Osaka, Japan, 2010),
The XVII International Sol-Gel Conference (Madrid, Spain, 2013), Il
International Conference of CIS countries «Sol-Gel Synthesis and Investigation of
Inorganic Compounds, Functional Hybrid Materials and Disperse Systems» «Sol-
Gel-2014» (Suzdal, Russia, 2014), The XVIII International Sol-Gel
Conference (Kyoto, Japan, 2015) and other domestic scientific conferences
(2008-2015).

Publication of the research results. A total of 38 scientific papers were
published by topic of dissertation. By recommendation of Supreme attestation
commission of the Republic of Uzbekistan for publication of basic scientific
results of doctoral dissertations 12 research articlies, 2 local and 10 international
journals articles have been published.

The structure and volume of the doctoral dissertation: The doctoral
dissertation has been written in total 191 pages of computer text and it consists of
introduction, 6 chapters, conclusions, bibliographical list and supporting
information.
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THE MAIN CONTENTS OF THE DISSERTATION

In the introduction, the actuality, aim and tasks of investigation are
grounded; the degree of problem-studying, objects, subjects and methods of
investigation, base states are carried out on the defend, scientific and practical
importance, scientific novelty of the obtained results and their realization,
approbation, and publication are presented.

The first chapter of the dissertation titled «Preparation of porous sol-gel
materials and their physico-chemical properties»a general background and
challenges of this study has been described. In particular, nanostructured TiO,
photocatalysts have been extensively researched for the development of highly
efficient water treatment processes. In this dissertation, new nanotechnological and
nanomaterials chemistry procedures for the synthesis of tailor-designed TiO,-based
photocatalysts via sol-gel methods modified with surfactants as pore templating
materials were explored.

In the second chapter called «Methodology of sol-gel synthesis of
materials on the base of titania and expremental technique», the synthetic
protocol for fabricating porous titania and its nanostructured materials, their
physical-chemical, adsorption and photocatalytic measurements are presented. In
general, we address the following crucial aspects: (i) controlled pore size and
porosity by employing surfactants as pore directing agents; (ii) high photocatalytic
activity by enhancing the specific surface area and materials crystallinity; (iii)
versatile applications of nonmetal-doped porous TiO, monoliths and powders for
the treatment and disinfection of water and wastewater under visible light
irradiation.

The third chapter of the dissertation titled «Sol-gel synthesis and physico-
chemical characterization of porous titania and its nonmetal nanocomposites»
the effect of adding organic molecules in inorganic sol on the physicochemical
properties and photocatalytic activity of crystalline inorganic oxide nanoparticles
prepared via a simple sol-gel route at mild conditions was studied. It has been
reported that the addition of certain inorganic or organic materials into the TiO, sol
would enhance the thermal stability of resulting TiO,-based materials and thus,
inhibits its crystal phase transformation. The addition of organic polymer -
polyethylene glycol as particle growth inhibitors and pore directing agents into a
stable TiO, sol affected the properties of TiO, nanoparticles, particularly on their
mesoporous structure and morphology. The synthesis procedure basically consists
of three major steps: (i) prehydrolysis of the inorganic precursor in which a proper
adding sequence of the components is desired; (ii) gelation and drying in the
presence of template at room temperature; and (iii) removal of template by a mixed
solvent extraction.

We demonstrate the facile preparation of N-doped titania monolithic materials
with well-defined macroporous structure and bicrystalline framework by a simple
two-step process: (i) preparation of TiO, porous monolith by a sol-gel process of
titanium alkoxide in a mild condition utilizing a chelating agent and mineral salt,

and (ii) annealing of TiO, porous monolith obtained under a modest flow of
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ammonia gas at 700°C for 2 h. It can be seen that a bicrystalline structure (anatase
and rutile) forms after nitrogen doping at 700°C for 2 h under a modest flow of
ammonia gas.

Nitrogen defects within the TiO, lattice may act as nucleation sites for the
anatase-to-rutile transformation, facilitating the formation of rutile even at low
temperatures. As shown in Fig. 1, the N-doped TiO, monolith has diffraction peaks
with higher intensity, compared to pure TiO, porous monolith, evidencing that heat
treatment at 700°C for 2 h under ammonia gas could also affect the particle growth
of anatase and rutile TiO, crystallites. Particularly, the crystal size of rutile TiO,
increases after nitrogen doping at 700°C.
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Fig.2. Overview (a,b) and SEM
micrographs of pure (c,e) and N-doped (d,f)
TiO, porous monoliths.

Fig.1. XRD patterns of TiO, porous monoliths
before and after nitrogen doping

The scanning electron microscopy (SEM) images of pure TiO, porous
monolith calcined at 600°C show bicontinuous morphology in a micrometer range
and a smooth surface (see Fig. 2c, e). After nitrogen doping of pure TiO, porous
monolith by ammonolysis at 700°C for 2 h, the well-defined macroporous structure
is still retained (see Fig. 3 d, f). Nevertheless, the microstructures of the fractured
surfaces of pure and N-doped TiO, porous monoliths seem slightly different. That
IS, the surface of N-doped TiO, porous monolith becomes rougher because of the
anatase-to-rutile phase transformation and crystal growth.

The macropore size distributions of pure and N-doped TiO, porous monoliths
measured by mercury porosimeter showed that both porous monoliths have narrow
macropore size distributions in the range of 1.5-3.0um, and the macropore
diameters of both TiO, monoliths are not so different, which is consistent with the
SEM results.

The X-ray photoelectron spectroscopy (XPS) spectra of the N 1s exhibited a
broad peak at 396eV for atomic SN interstitial state, which is generally attributed
to the presence of the Ti-N bond, whereby the N atoms replace the oxygen atoms
in the TiO, lattice. A small peak at 401eV may be due to the molecularly-
chemisorbed y-N,, and it is associated with the anionic N~ in the O-Ti-N linkages.
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After nitrogen doping (when the N atom replaces the O atom out of the lattice), the
valence state of the Ti cation can be reduced. The binding energy of the Ti 2ps;,
shifts to lower energy when the valence state of Ti*" is reduced to Ti*" and Ti%".
Based on the XPS results, the nitrogen, oxygen, and titanium content in the N-
doped TiO, porous monolith is estimated to be 1.79, 68.90, and 29.31wt.%,
respectively.

The absorption edge of the N-doped TiO, porous monolith is found to be at ca.
420nm, which corresponds to the visible region of UV-vis spectrum, indicating that
the N-doped TiO, porous monolith is visible light active. That is, the light absorbance
to the visible region is extended due to the incorporation of nitrogen atoms that can
occupy either interstitial or substitutional sites within the TiO, lattice. The calculated
optical band gap energy of the N-doped TiO, porous monolith is 2.95eV, whereas the
optical band gap energy of pure macro-mesoporous bare titania is 3.14eV.

One of the aims of this work discussed in this Chapter was the preparation
and characterization of TiO,/C particles. Two methods were used for the
preparation of titania coated carbon particles, TiO,/C. The first utilized the sol-gel
chemistry, through the hydrolysis of titanium isopropoxide (Ti(OPr'),) for the
coating of Darco G-60 and Mast carbon spherical microparticles (Mast Carbon
Ltd., UK). Another method employs the hydrolysis of titanium isopropoxide to
take place after carbon is in contact with the Ti(OPr'), solution. Another technique
involved the coating of a commercially available titanium dioxide, Degussa P25,
onto the carbon surface using a polymer binder, to effectively ‘glue’ the TiO,
particles onto the carbon support, to subsequently form the TiO,/C composite.

In order to examine the location and the degree of TiO, coating onto the
surface of Mast carbon microspheres via sol-gel process scanning electron
microscopy (SEM) analysis was employed. The SEM images show the coating on
the surface of the carbon support (see Fig. 3), which is confirmed as comprising of
titanium and oxygen, indicating that the coating is TiO,. However, the coating
seems fragile and non-homogeneous, the coating appears to cover most of the outer
surface of the carbon microsphere. Nevertheless, a very thin coating of TiO, can be
clearly seen in some parts.

S00pm

Fig. 3. Air-modified precursor (left) and 7 wt% TiO,-coated Mast carbon microspheres produced
using the acid-catalyzed sol-gel method (right)
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Table 1 shows a significant reduction in the specific surface area of the
carbon supports used by the coating. This reduction is likely to be the result of pore
blockage by both the TiO, particles and the polymer -polyvinyl acetate (PVA). The
PVA after carbonization is still present in the pores of the carbon support and
causes a reduction in the specific surface area. However, the specific surface area
of the TiO,/C could be improved by an activation post-treatment to burn-out the
carbonized PVA blocking the pores of the carbon support.

Table 1
Total specific surface area and average pore diameter of the prepared
TiO,/C and carbon supports

Sample Surface area | Total pore volume | Average pore

(m?/g) (cm*/g) diameter (nm)
Mast carbon spheres 737+ 14 0.63 3.4
20 wt% TiO,/Mast 457+ 9 0.54 3.8
Darco G-60 1000+ 14 0.67 2.7
20 wt% TiO,/Dargo 655 + 10 0.46 2.8

The X-Ray diffraction (XRD) profile shows that TiO, in the TiO,/C prepared
by the hydrolysis of Ti(OPr'), has a similar XRD pattern to TiO, formed using the
method in the absence of the carbon support, and the diffraction peaks are
identified as mostly anatase TiO, (see Fig. 4). The diffraction peaks in the XRD
pattern for the TiO,/C are much wider than those for TiO,. The growth of TiO,
crystals within the porous structure of the carbon support will limit their size and
even the crystals of TiO, which form on the outer surface of the carbon may have
their growth limited by the carbon support. Using the peak broadening, the
crystallite size for the TiO, prepared from the hydrolysis of Ti(OPr'),, using the
same peak at 28 - 25.27°, is found to be 7.6nm.
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Fig. 4. XRD patterns of (1) TiO, formed from Fig. 5. UV-Vis-DR spectra for TiO,/C
the hydrolysis of Ti(OPr'), and (2) Mast carbon  prepared by coating the Mast carbon spheres
spheres coated with TiO, by hydrolysis of using the alkoxide method.
Ti(OPr'),
In the Ultraviolet-visible-diffuse reflectance (UV-Vis-DR) spectra, the
position of the absorption edge of the TiO,/C system was determined, showing
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absorption at 376nm, which has a blue shift of 11 nm from the value of anatase
TiO, (see Fig. 5). Therefore, it can be said that the TiO,/Darco G-60 system
indicates that the TiO, is of anatase structure.

The fourth chapter of the dissertation titled «Sol-gel preparation of porous
titania-silica particles and monolithsy in order to further enhance the
performance of TiO,-based materials, an advanced sol-gel process was introduced
for the fabrication of a hierarchical macro-mesoporous structure within the TiO,
matrix. Macroporous gels with bicontinuous morphology in micrometer range
were prepared in a titania-silica system containing 5 to 18mass% titania using
tetraethoxysilane and four kinds of Ti precursors, two titanium alkoxides (TBT and
TIPT-acac), titanium chloride (TiCl;) and titanium sulfate (Ti(SO,),), in the
coexistence of poly(ethylene glycol) (PEG) with an average molecular weight of
20000. In all the systems with different Ti precursors, the addition of PEG induced
the phase separation, and the macroporous morphology was formed when the
transitional structure of the phase separation was frozen-in by a sol-gel transition
of inorganic components.

The SEM images of silica-titania samples (with 5wt% titania) prepared with
co-gelation (TS-IP), two-step hydrolysis (TS-2SH) and impregnation (TS-imp)
show similar morphology, where the inorganic skeleton and macropores are
arranged bicontinuously (see Fig.6).

ig. . SEM iag of fractured aof titani-sili samples:
(@) TS-imp, (b) TS-IP and (c) TS-2SH.

OMPC

The energy dispersive X-ray (EDX) mapping images of the fractured surfaces
of titania-silica samples prepared by TS-IP and TS-2SH approach exhibit
micrometer-scale large spots of Ti. That is, the Ti atoms tend to aggregate and form
the TiO,-rich islands with the micrometer size in the silica network (see Fig.7).

Here, the starting composition was adjusted for the preparation of the titania-
silica porous systems with using different kinds of Ti precursors as well as gelation
temperature was changed in order to obtain similar macroporous morphology with
high connectivity in the macroporous and inorganic skeleton.

As shown above, we can control the macropore size by changing the
preparation conditions; however the optimum conditions, particularly the reaction
temperature, vary depending on the Ti precursors used, even the titania content is
the same.
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Fig. 7. Two-dimensional Ti maps by EDX for (a) TS-imp, (b) TS-IP and (c) TS-2SH
That is, the reaction temperature of 50°C is necessary to control macropore
size for silica (S-1), with the presence of titanium chloride (TS-CI) and sulphate
(TS-SO4), whereas the reaction temperature of 30°C is preferable for titanium
buthoxide (TS-B) and isopropoxide (TS-acac) containing chelating agent. To
consider the reason for this difference, we have measured the gelation time at 30
and 50°C (see Table 2) and found that there is no significant difference in t; among
the samples except for TS-CI, which gels ca. 1/3 and 1/5 time compared with other
samples at 50°C and 30°C, respectively.
Table 2
Gelation time of titania-silica solution for the system with four different
Ti precursors (unit: min)

Sample 30°C 50°C
S-1 310* 120
TS-acac 340 109
TS-B 385 112
TS-CI 67* 29
TS-SO4 305* 117

*starting time of precipitation

From the view point of phase separation tendency, TiCl, and Ti(SO,), in TS-
Cl and TS-SO4 have a small effect but titanium alkoxides in TS-B and TS-acac
largely decrease the phase separation tendency even when the acetyl acetone (acac)
complex is formed. It has been considered that the acceleration of the reaction rate
and/or inductive effect by the incorporation of Ti in the silica network will be the
origin of the decrease in phase separation tendency. In the present case, Ti in the
silica network possibly inhibits the interaction between PEG and silica surface by
inductive effect because only a small change in t; was observed by the addition of
Ti alkoxide. The preparation of titania-silica with high TiO, content will give us
useful information because the aggregation of Ti is enhanced at high TiO, content.

Here, it should be noted that the interconnected structure was observed for the
titanium alkoxide system at 30°C with titania contents of 7.5 (see Fig. 8 a, ¢) and
11.2 wt% (see Fig. 8 b, d), and no phase separation was observed at 50°C. When
TiCl, and Ti(SO4), were used as titanium precursors, the macroporous
morphologies were obtained at 50°C. The contents of titania were 7.5 (Fig. 8 e, g),
14.7 (see Fig. 8 f) and 18.2 wt% (see Fig. 8 h). When titanium alkoxides were
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added into pure silica sol-gel system, the phase separation tendency was largely
decreased so that a low temperature reaction was necessary for the formation of
macropores. When titanium salts were used, on the other hand, the phase
separation tendency was not changed much from pure silica system.
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Fig. 8. SEM images of the fractured surfaces of titania-silica: (a,b) TS-acac, (c,d) TS-B,
(e,f) TS-CI, and (g,h) TS-SO4. The inset shows the digital photograph of the dried monolith.

Parameters of pore structures of the titania-silica samples have larger specific
surface area and mesopore volume than S-1, whereas the micropore volume
decreases by the incorporation of Ti (see Table 3).

All the samples with different Ti precursors exhibit type IV isotherm and the
appearance of H2 hysteresis loops with a small condensation step at relative
pressure 0.4-0.6 indicates the presence of «ink bottle»-type pores expected to occur
from the compaction of a globular or particulate gel structure. The textural
properties of titania-silica monoliths calcined at 600°C included high specific
surface area up to 815m?/g and pore volume 0.42-0.56cm®/g, and narrow pore size
distribution ranging from 2.5 to 2.7 nm.

Table 3
Textural parameters of titania-silica calcined at 600°C

Sample TiOZ content, SBET Vmeso, Dp1 Smicro’ Vmicro,
Wt% m?/g cm’/g nm m?/g cm’/g

SiO, - 471 0.30 2.5 255 0.14
TIPT-acac 7.75 712 0.44 2.5 102 0.05
TBT 7.64 815 0.56 2.7 40 0.02
TiCl, 7.49 693 0.45 2.6 120 0.06
Ti(SOy), 7.84 630 0.42 2.6 89 0.05

The fifth chapter of the dissertation titled «Facile preparation of
hierarchically porous alkaline-earth metals doped titania» we demonstrate the
development of highly efficient visible light-active alkaline earth metals and
nitrogen codoped TiO, photocatalysts with heterostructures and their applications
in environmental remediation, particularly in removing water contaminants,
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photodegradation of organic molecules (Rhodamine Blue) under visible light
irradiation.

Hierarchically porous nanocrystalline alkaline earth metals titanates (CaTiOs,
SrTiOs, BaTiO3, and MgTi,0s/MgTiOs) ceramics were fabricated by impregnating
corresponding alkaline earth metal ions into the preformed macroporous TiO,
monoliths in a solution containing urea, followed by calcination.

It was found that the TiO, monoliths with well-controlled porosity can be
prepared in a nearly neutral condition by sol-gel method utilizing a chelating
agent-ethylacetoacetate (EtAcAc) which coordinates to titanium alkoxide to reduce
the reactivity. In addition, a mineral salt, NH,4Cl was used in the present study to
further reduce the reactivity of chelated titanium alkoxide. Since the as-prepared
TiO, wet gels are mechanically weak because of the remaining chelating agent, the
gels break into pieces after drying. The removal of a chelating agent from the TiO,
network was carried out by immersing the wet gels in EtOH/H,O mixed solvents,
where EtAcAc was hydrolyzed to acetoacetic acid with water. The generated
acetoacetic acid immediately decarbonizes into acetone and CO,. The EtOH/H,0O
ratio in the solvent exchange process was reduced in a stepwise manner so that the
hydrolysis of EtAcAc was allowed to take place slowly, which successfully
prevents cracking.

In the present study, two parallel reactions generating CO, take place in the
impregnation solutions: (i) decomposition of EtAcAc and (ii) hydrolysis of urea.
Scheme 1 (i-1) represents the above-mentioned hydrolysis and decarbonation of
EtACAc.

Hydrolysis 0 0 Decarbonation

0 0 0
1) MOEt H¢ MOH )J\ +002T

0

Hydrolysis
(-2) )K +HO —— NH, + cozf Scheme. Possible formation
HN N, ! mechanisms of Ca(Sr,Ba)TiOs
via carbonates embedded in
(i) A +c0, = ACO,{ the TiO, monoliths.

(i) ACO,+Tio,—» ATIO,+CO,}
where, A-Ca, Sr, Ba

This reaction proceeds inside the titania networks when contacted with water
in the impregnation solution. Urea also undergoes hydrolysis in the impregnation
solution at 60°C, as shown in Scheme 1 (i-2), with increasing the pH from
approximately 6 to 8. In the following reactions (Scheme 1 (ii) and (iii)), alkaline-
earth ions (A*") react with generated CO, to form ACOj;, and the formation of
perovskite ATiO; through the typical solid-state reaction of ACO; and TiO, is
promoted at elevated temperatures.

It can be confirmed that the 2M concentration of urea in the impregnation
solution results in the ATiO; monoliths with higher purity and crystallinity. A
further increase in the concentration of urea (up to 4M) leads to an increase of the
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peaks related to impurities. The SEM images of the TiO, monoliths impregnated
with Ca, Sr and Ba show bicontinuous morphology with a micrometer range,
which is identical to the structure of original TiO, monoliths. The macroporous
structure is retained even after calcination. However, the fractured surfaces of the
skeletons show different features between the samples before and after calcination.
We found that the surfaces of the as-prepared samples are relatively smooth. After
crystallization, the macropore sizes of these monoliths are remained unchanged.
However, their surfaces became rougher because of the perovskite crystallization and
coarsening.

The magnified Field-emission SEM (FE-SEM) images of the monoliths
calcined at 800°C show that the perovskite crystallites were grown in the
macropore skeletons. The crystallite sizes for CaTiO; and BaTiOs; in the
macropore skeletons are larger compared to those in the SrTiO3; monolith. This is
consistent with the broader diffraction peaks of SrTiO; (see Fig. 9).

- 200:.nm
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Fig. 9. FE-SEM images of (a) CaTiOg, (b) SrTiO3 and (c) BaTiO3 monoliths calcined at 800°C

The N, adsorption-desorption isotherms of the CaTiO3; monoliths calcined at
different temperatures exhibit type-IV isotherms with a single hysteresis loop due
to the capillary condensation in mesopores or small macropores in the macropore
skeletons, indicating the hierarchical porosity in the samples. These mesopores and
small macropores correspond to the interstices in-between the CaTiO; crystallites
in the micron-sized macropore skeletons (see Fig. 10).

The growth of the perovskite crystallites at elevated temperatures leads to an
enlargement of mesopore size with eliminating almost all micropores and small
mesopores, which is consistent with the XRD and SEM results. Similar isotherms
for SrTiO; and BaTiO3; monoliths can be seen in Fig. 11.

TiO, monolith impregnated with Mg also shows bicontinuous morphology
with a micrometer range and retained their narrow macropore size distribution at
the diameter of ~lum and the porosity (~41-55%) which can be controlled by
changing the heat-treatment temperature.

Macroporous TiO,-SrTiO; and nitrogen-doped TiO,-SrTiO; heterostructured
monoliths were obtained by the impregnation of the as-prepared macroporous TiO,
monolith in the strontium-containing aqueous solution followed by calcination
under a modest flow of ammonia gas at desired temperatures.
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the CaTiO3; monoliths calcined the SrTiO3 and BaTiO3 monoliths calcined at
at different temperatures. 800°C.

The XRD patterns of the TiO,-SrTiO;z heterostructure calcined at different
temperatures show that the sample calcined at 600°C contains only anatase-TiO,.
Upon increasing the calcination temperature from 700 to 1000°C, the diffraction
peaks assignable to SrTiO; become sharper and intense, indicating the growth of
SrTiO; crystallites. The XRD results indicate that TiO, was successfully and
partially converted into SrTiO3. The change of the crystallite size for the anatase-
TiO, and SrTiO; perovskite phases using the (101) and (110) diffraction peaks
shows that the crystallite sizes of anatase and SrTiO;decrease with nitrogen doping
from 9.08 to 8.69nm and 11.18 to 10.02nm, respectively.

The transmission electron microscopy (TEM) image shows that the TiO,-
SrTiO; heterostructure calcined at 800°C is composed of fine nanocrystals with the
size of 15-20nm. The HRTEM image and selected area electron diffraction
(SAED) pattern (inset) indicate that two different lattice fringes of 0.28 nm and
0.35 nm in the observed area agree well with the (110) plane of SrTiO3; and the
(101) plane of anatase TiO,, respectively (see Fig.12).

Ry

-SrTiO3

A

Fig.12. TEM (a) and HRTEM (b) images and SAED pattern (inset) of macroporous TiO,
heterostructured monolith calcined at 800°C.
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The macropore-size distribution measured by the mercury pressure porometry
method shows that the as-synthesized TiO,-SrTiO; monolith has a mean pore-size
of ca. 1.7um, whereas the N-doped TiO,-SrTiO3; monolith reveals a bimodal pore-
size distribution of 1.3um. The porosity parameters obtained by using the BET
measurements reveal that the nitrogen-doped TiO,-SrTiO; heterostructure material
has a relatively high specific surface area with the value of 27.8 m?/g compared to
that 19.3m%/g of the undoped TiO,-SrTiO;sample (see Table 4).

Table 4
The N, adsorption characteristics, band gap values and N/Ti molar ratio of
the synthesized samples

Sample SgET, Vo, Ey eV N/Ti,
m?/g cm®/g at %

Ti1O,-SrTiO, 19.3 0.078 3.18 -
N-doped TiO,-SrTiO; 27.8 0.064 2.76 0.39

This difference can be attributed to the fact that ammonia adsorbed on the
surface of TiO,-SrTiO3, played an important role to restrain the growth of the
crystal particles during the synthesis process. Thus, the specific surface area Sget of
nitrogen-doped TiO,-SrTiOz increased compared to that of TiO,-SrTiOs, which is
consistent with the XRD result.

The XPS spectra of the N-doped TiO,-SrTiO; heterostructure show the
intensive N 1s photoelectron peak at 396.5eV which is assigned to the p-N phase of
TiN. The smailler N 1s peaks between 398eV and 400eV are also found. These
spectral features can be assigned to the presence of interstitial N atoms in the Ti-O
lattice.

In the UV-Vis absorption spectra, an absorbance shift for the N-doped TiO,-
SrTiO; sample can be observed compared with nitrogen-free TiO,-SrTiOs. The
absorption edge of the TiO,-SrTiO;sample is found to be at ca. 390nm and that of
the N-doped TiO,-SrTiOzat ca. 450nm corresponding to the visible region of the
UV-Vis spectrum.

The six chapter of the dissertation titled «Enviromental applications of
titania based nanostructured materials: adsorption and photocatalytic
oxidation» mainly focuses on the simultaneous adsorption/photodegradation of
organic pollutants. The obtained systems degrade a variety of common organic
pollutants such as phenol and its derivatives, methylene blue (MB), Rhodamine B
(RhB) and others. The adsorption performance of the TiO,/C composites was
studied in the adsorption of phenol and some short-chain derivatives under varying
concentration of the selected pollutants.

The adsorption and photocatalytic decomposition of the selected nonylphenol
ethoxylate, a nonylphenol ethoxylate with an average of five ethoxylate units
(NP5EO) and also 1,4-octylphenol ethoxylate with an average of 10 ethoxylate
units (TX-100) were studied. The effects of adsorption of the selected pollutants on
the TiO,/C composites were investigated in detail under varying conditions of
temperature and pH as well the concentration of the pollutants.

73



Table 5
Specific surface area and monolayer coverage of phenol and NP5EO
at 25°C for the adsorbents

Sample Sger | Phenol monolayer | Phenol mass |[NP5EO monolayer
(m?/g) | capacity (umol/m?) | uptake (Yowt) | capacity (mg/m?)

Mast carbon 737 3.13 21.7 0.262
microspheres

Dargo G-60 1000 2.06 19.4 0.335

TiO,/Mast carbon | 457 3.11 13.4 0.475
microspheres

TiO,/Dargo G-60 655 2.82 17.4 0.475

The monolayer coverage in the adsorption of phenol and NP5EO on the four
different adsorbents at 25°C is studied (see Table 5). The differences in the
monolayer coverage can be explained in terms of the surface chemistry for the
adsorption of phenol and its derivatives by activated Mast carbon spheres. The
kinetics of adsorption of phenol was studied on the two carbon adsorbents and the
two prepared TiO,/C composites. The high performance of Darco G-60 compared to
Mast carbon microspheres was evident. This is a very clear indication of the degree
of activation that these two adsorbents (i.e. Darco G-60 is activated to a much higher
degree than the Mast carbon microspheres) result in a much rapid uptake of phenol
(see Fig.13).
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The Kinetic data from the adsorption of phenol by all four adsorbents
corresponded to the integrated equation of first order and the initial rate constants
were calculated with using of Equation [A]=[A],e™ (see Table 6).

The initial rate constants and half-lives for the Darco G-60 based adsorbents
are better than the Mast Carbon based adsorbent. Indeed the half-life for Darco G-
60 is less than 35 and 20% of the half-life for phenol and NP5EO adsorption on
Mast carbon spheres, respectively. The reason for the large difference in the rate of
adsorption is caused by high surface area and the narrow pore size distribution of
Darco G-60 and Mast Carbon.
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Table 6

The initial first-order rate constants and half-lives for the adsorption of
phenol and NP5EO at 25°C for four adsorbents

Sample Half-Life (min)
phenol NP5EO phenol NP5EO
Mast carbon 1.49 x 10™ 2.51x10° 77.5 460.2
TiO,/Mast carbon | 1.32x 10" 2.17 x 10 87.5 532.2
Darco G-60 7.80x 10" 1.08 x 10™ 14.8 106.8
TiO,/Darco G-60 3.87 x 10™ 9.12 x 10 29.8 126.6

One of the main aims of this work was to demonstrate the effectiveness of
the TiO,-based composites in the photodegradation of the model pollutant phenol
and the target pollutant alkylphenol ethoxylates. The impacts of some factors, such
as solution pH, amount and type of adsorbents and dissolved oxygen on the
photodegradation of phenol and alkylphenol ethoxylates were investigated.

The photodegradation of alkylphenol ethoxylates indicates that a by-
product/intermediate was formed in the early stages of the reaction and then itself
was photocatalytically degraded. The aggregation of TiO, in the photocatalytic
degradation of alkylphenol ethoxylates will significantly affect the performance in
large scale removal of these compounds from aqueous solution. The TiO,/C
composite can adsorb and degrade by-products and limit the concentration of these
intermediates in the solution to a low level. The performance of the TiO,/C
composite in comparison with TiO, alone mirrors the relative performance
observed for photocatalytic degradation of phenol and alkylphenol ethoxylates (see
Fig. 14).
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Fig.14. Photocatalytic degradation of a 1000 ppm  Fig.15. HPLC of NP5EO solution with UV-
NP5EO solution by (A) TiO, Degussa P25 and irradiated TiO,/Mast carbon microsphere
(@) the TiOy/Mast carbon microsphere composite composite at - 90 min

The result of UV and high performance liquid chromatography (HPLC)

analysis indicated that the concentration of nonylphenol ethoxylates was decreased
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after irradiation in the presence of the TiO,/Mast composite. Seemingly, the
removal of the NPEOs is independent of ethoxylate chain length, i.e. shorter chain
ethoxylates are removed at a similar rate to that of the longer chain ethoxylates
(see Fig.15).

The photocatalytic activity of pure TiO, porous monolith with only anatase
phase, N-doped TiO, porous monolith with anatase and rutile phases, and P25-
TiO, with anatase and rutile was evaluated by the photodegradation of Rhodamine
B (RhB) under visible light (see Fig. 16). The results showed that the RhB
photodegradation over the samples increases with increasing the photodegradation
reaction time under visible light. According to the photodegradation reaction
mechanisms, the cationic (RhB"*) dye radical formed in the presence of O, and hv
Is degraded to carbon dioxide, water and mineral acids via Rhodamine as an
intermediate: RhB™ + O, — Rhodamine — Products.
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A decrease in the RhB concentration was evaluated by the decolorization of
RhB aqueous solution without studying the formation and photodegradation of
intermediates in detail. About 50% of RhB was degraded by the N-doped TiO,
porous monolith with anatase and rutile within 120min under visible light, clearly
indicating the effect of bicrystalline titania with well-defined macroporous
framework. In contrast, pure TiO, porous monolith with anatase phase and TiO,-
P25 showed 16% and 25% of RhB photodegradation under visible light for
120min, respectively. Among the samples, the N-doped TiO, porous monolith with
mixed-phase of anatase and rutile shows the highest RhB photodegradation under
visible light for 120min.

It is believed that oxygen lattice sites within the TiO, crystal are substituted
by nitrogen atoms. The presence of these nitrogen atoms forms an occupied
midgap (N 2p) level above the TiO, (O 2p) valence band. The N 2p band therefore
acts as a step between the valence and the conduction band of the semiconductor,
facilitating the excitation of electrons from the N 2p midgap band to the
conduction band upon irradiation with visible light.
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CONCLUSION

On the basis of the research on a doctoral thesis on «Physico-chemical aspects
of the preparation of nanostructured titania based porous materials» provided the
following conclusions:

1. Mesoporous titania and materials obtained on the bases of porous titania
were produced by the sol-gel reaction of titanium alkoxide in the presence of
various amounts of polyethylene glycol templates at room temperature under
careful control of the pH of solution. The nitridation of sol-gel TiO, under a
modest flow of ammonia gas resulted in the formation of nitrogen-doped TiO,
porous monolith with the retained hierarchical porosity and bicrystalline
structure.

2. A reliable sol-gel coating of the surface of activated carbon with TiO, and
textural parameters of the TiO,/C composites were evaluated. The adsorption
capacity of the TiO,/C composite was determined, and the results were attributed
to the fact that the activated carbon adsorbent makes up the vast majority in
specific surface area of the TiO,/C composite and the preparation method produced
a surface for favorable adsorption for phenols. The thickness of the TiO,/C coating
layer affected the adsorption properties of the initial carbon adsorbent as well as
the adherence of the TiO, on it.

3. The preparation of nanoporous SiO,—TiO, via the sol-gel approach which
involves the hydrolysis and condensation of tetraethyl orthosilicate and titanium
tetra-n-butoxide in the presence of polyethylene glycol as the pore-forming or
structure-directing agent was developed. The morphology and dispersion control of
the titania-silica monolith with macro-meso pore system, the effect of the initial
titanium precursor on homogeneity of the resultant titania-silica monoliths,
macropore formation, and phase separation tendency were investigated. The
titania-silica monolith possesses mesopores and exhibits a typical hierarchically
arranged bimodal porous structure.

4. For the first time, a simple and versatile route for the fabrication of
perovskite ATiO; monoliths containing alkaline-earths (A = Ca, Sr, and Ba) with
hierarchical pore structures having high porosity with narrow pore size distribution
centered at the diameter of ~ 1um was developed. The presence of large
macropores substantially improves the mass transport of liquids and gases through
the fabricated materials. Macroporous TiO,-SrTiO; and nitrogen - doped TiO,—
SrTiO; heterostructured monoliths were obtained by producing and impregnating
porous TiO, monolith in a strontium-containing aqueous solution with following
calcination and nitridation of the prepared heterostructure under a modest flow of
ammonia gas at 780°C for 2h. The TiO,-SrTiO3 heterostructure is composed of
fine nanocrystals with the size of 15-20 nm and possesses a narrow macropore size
distribution with mean size of ~ 1.7 um.

5. The N-doped TiO,-SrTiO3 heterostructure mainly consists of anatase-TiO,
and perovskite-type SrTiOzand is characterized by fine nanocrystals with the size
of 8-10nm and a narrow macropore size distribution with mean size of ~1.3um. A
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red-shift of the absorption edge to 450nm was found after N-doping, resulting in
the decrease of the optical band gap energy to 2.76eV. The photocatalytic activity
of the N- doped TiO,-SrTiO; heterostructure showed that the model organic dye
Rhodamine B in aqueous solution was efficiently degraded under visible light
within 120 min.

6. It was found that the effect of pH on the adsorption of NP5EO was
minimum in comparison with the adsorption of phenol. A large reduction in the
adsorption of NP5EO at high pH was not observed, whereas a large reduction was
observed for phenol adsorption. The NP5EO molecules are less acidic than phenol
molecules; therefore, any deprotonation of the hydroxyl end group on the
ethoxylate chain will occur in much smaller extent, and a large number of
Interactions possibly between the adsorbent surface and NP5EO molecules will
dampen any repulsion effect. According to the kinetics study results, the
adsorption rate of phenol was found to be first order and its rate was higher than
the rate of NP5EQ adsorption.

7. The TiO,/C composite was found to out-perform during the
photodegradation of phenol then native TiO, at all pH values. It was found that the
photocatalytic activity of the TiO, and TiO,/C composites for the degradation of
phenol was found to be the most favourable in alkaline conditions (pH=9), which
was two times higher than at pH=7. The electrostatic repulsion between the
phenolate anions and the negatively charged titania surface (due to deprotonated
hydroxyl groups) under basic conditions would be as expected due to the increased
rate of photodegradation of phenol molecules in comparison with acidic and
neutral mediums. Both the TiO, and TiO,/C systems showed the same selectivity
in the photodegradation of NPSEO molecules, i.e. the longer ethoxylate chains
were degraded preferentially. The photodegradation of TX-100 indicated that a by-
product/intermediate was formed in the early stages of the reaction and then it was
photocatalytically degraded. Upon the completion of the photocatalytic reaction,
the SiO, and TiO, nanoparticles aggregated. The results from chromatographic
analysis showed that several products of photocatalytic degradation were formed
and remained adsorbed on the photocatalyst/adsorbent surfaces.

8. The developed preparation procedure of porous metalloxide
nanomaterials by sol-gel process and their application in utilization of
agueous solution of toxic compounds were used in the following scientific
projects: «Composite materials for chemical sensing» University of Vienna
(Department of Physical Chemistry; Austria); «In-situ formation of metal/alloy
nanoparticles and their application to catalytic reactions supported on monolithic
hydride silica» Kyoto University (Department of Chemistry; Japan).
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