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Jlanunrox H.B. KataniTnuna akTuBHICTH okcuiiB depymy Ta Tutany (IV) B
OYMIIICHH] BOJIM IT1/1 BIUIMBOM T1IpoTeH nepokcuay — KpamidikariiiHa HaykoBa mparis
Ha TMpaBax PyKOIMHCY.

Juceprarttiss Ha 3100yTTS CTyneHs1 qokTopa ¢inocodii B ramysi 3HaHb 10 —
[Ipuponnnui Hayku 3a cnemianpHicTIO 102 — Ximigs. — [lpukapnarcbkuii
HalioHaNnbHUH yHiBepcuTeT iMeHi Bacuns Credannka, MiHICTEpCTBO OCBITH 1 HAYKH
VYkpainu, [Bano-dpankisebk, 2025.

JuceprariiiiHa po6oTa mpucBsiue€Ha JOCIHPKEHHIO KaTaIITUYHUX BIIACTUBOCTEN
okcuaiB ®epymy Ta Turany (IV) mig BIJIMBOM TiAPOTE€H MEPOKCUAY. Y POOOTI
JOCIIIKEHO CTPYKTYPHO-MOPGOJIOTIYHI Ta KaTaJITUYHI BJIACTUBOCTI T€TEPOTr€HHUX
®enron-nogionux kartamizatopiB (FesxMnyOs, Fe;03) Ta dotokaramizaTopis
(TIOz(PZS), TiOz(pymn), TiOZ(aHaTa3+pyTHn), TIOz/AQ', (TI,Fe)Oz) B
MPUCYTHOCTI/BIACYTHOCTI TIAPOT€H MepoKcuay. Po3poOneHo ekcnpec-MeToau
aHaii3y MIBUAKOCTI (HOTOKATATITUYHOI Jerpajaiii OapBHUKIB 3a JOMNOMOTOIO
cMapThoHy Ta UGPOBOro JHOKCMETpY. ExcriepuMeHTanbHO BU3HAYEHO KOHCTAHTH
HIBUJKOCTI peaKiii po3KJiaay OpraHIYHUX 3a0pyJHeHb. JlOCHiI)KEHO BIUIUB PI3HUX
napameTpiB (KOHIIGHTpallisl KaTamizaTtopa, KoHueHtpaiis HyO;, enekrpomardiTHHA
HarpiB, Y®- Ta BUJIMME BUIIPOMIHIOBAHHSI) HA MIBUJKICTD 1 SIKICTh OYHUIIIEHHS BOJIU.
BuzHnaueHo onTrMalibHI yMOBH (DOTOKATaIITUYHOIL AeTpajallii OpraHiyHuX OapBHUKIB
Ha (orokaramizaropax TiO2(P25), pyrunsniit Mmomudikaiii TiO,, xoBromy TiOp,
TiO,/Agl Ta (Ti,Fe)Os.

Y nepwiomy po3dini mpenctaBicHUN JITEpaTypHUH OIS, IO OMHCYE

3aCTOCYBaHHS MPOIIECIB MOTJIMOICHOT0 OKHUCHEHHS ISl KATaTITUYHOTO OYHIICHHS
BoAu. OnucaHo OCHOBHI MexaHi3Mu akTuBaiii H»O; B IpHCYTHOCTI reTeporeHHuX
DeHTOH-TIOAIOHNX KaTali3aTopiB, SKI TEHEPYIOTh BHCOKOAKTHBHI TiIPOKCHIIbHI
paauKany, o crnpuse epeKTUBHOMY PYWHYBAHHIO OpPTraHIuYHUX 3a0py/IHEHb. 3HaYHa
yBara mpuausieThess okcupaM tutany (IV), sk akTuBHUM (QoToKaramizaTopam,
€(EeKTUBHICTh SIKHX MO’KHA 3HAYHO MOCHUJIMTH 3a PAaXyHOK J0JIaBaHHS HEBEIMKOI

kuibkocTi HyO». Ilepokcua BoaHIO Ji€, SK aKLENTOp €JNEeKTpoHIB. B pesynbrari



B3aemozii H>O; ta TiO; yTBOPIOIOTHCS BUCOKOAKTUBHI TIPOKCUIBHI paJnuKalu, 110
CIPUSAIOTh €(QEKTUBHOMY pO3KJIaNy OpraHiyHMX OapBHHKIB. JleTaqbHO OMUCaHO
IIPOTOYHI PEaKTOpH, 5Kl 3a0€3MeUyIoTh BUCOKY €(PEKTHBHICTh OUHWIIEHHS BOJM Ta
MOXJIUBICTh ~MacHITaOyBaHHS PO3POOJEHOI TEXHOJOTii JUIsi MPOMHCIIOBOTO
3acTocyBaHHA. [IpOTOUHI peakTOpH MPOSIBISIOTh BUCOKY MPOAYKTUBHICTD OUUIICHHS
BOJIM 3aBJISIKM O€3MEepEepBHOCTI MpoIleCcy Ta €(PEeKTUBHOMY BUKOPUCTaHHI PEareHTIB 1
KartajizatopiB. Takox AETaTbHO OMUCAHO CHPOOU CTBOPEHHSI MIKpO(OTOpPEaKTOpiB
nepioANYHOl il ISl BUMIPIOBaHHS IIBUAKOCTI (POTOKATATITUYHUX pPEakIii y
peanpbHOMY 4Yaci. MikpodoTopeakTopu MatOTh JEK1JIbKa BAXKJIMBHUX TIEPEBar TaKuX, K
HEBeNMKa J103a (oToKaTalizaTopa, BUCOKA CBITJIONPOHUKHICTh Ta PIBHOMIPHUN
PO3IO/ILI CBITJIA [0 BChOMY 00’ €M1 peakTopa.

Y dpyzomy po3dini onucaHo METOAM CHUHTE3Y Ta MIATOTOBKU T'E€TEPOTCHHUX

@deHTOH-IOAIOHNX KaTanmi3zaTopiB. JlerampHO omHcaHo (i3UKO-XIMIYHI METOAU
aHaii3y OKCHUJHUX MarepiaiiB, Taki gk X-MPOMEHEBUW U(PpaKIIHHUN aHaII3,
CKaHyloua eJIEKTpOHHa Mikpockoris, [U- Ta mecOayepiBchbka CIEKTPOCKOTis, aHai3
ATOMOI TIOBEPXHI METOJIOM ajcopOiii/aecopOriii a30Ty 1 ONTHUKO-eMiciiiHa
CIICKTPOCKOIis 3 IHAYKTHBHO-3B's3aHOol0 Imiasmoio  (ICP-OES). Kpim Toro,
MPEICTABICHO METOIU AOCHIHKeHb KATATITHYHUX BJIACTHBOCTEH TIe€TEPOreHHUX
@DEeHTOH-MIOAIOHNX  KaTali3aTopiB  Ta  (POTOKATANITUYHUX  BJIACTHBOCTEH
TUTAHOKCUJIHUX MaTepianiB. OcoOnMBY yBary MpPUILIIEHO OIKCY PO3pOOJIEHUX
EKCIIPec-MEeTO/IIB peecTpallii KIHETUKU (POTOKATATITUYHUX PEAKIl B PpeKUMI
pealbHOTO 4Yacy 3a JOMOMOrol cMapThoHy Ta MHQPPOBOTO JTIOKCMETPY.
doTOKATATITUYHI  BJACTUBOCTI TUTAHOKCHUJIHUX  MaTepialiB  BHU3HAYCHO B
MikpodoTopeakTopi mepiogudHoi 1ii. JOCTOBIpHICTH AOCTIIKEHHS €(PEeKTUBHOCTI
nerpanariii 6apeaukiB Konro yepsonoro, Merminopanxy ta Direct Red 23 mposeneno
METOJIOM CITIEeKTpPOo(oTOMETPIi.

Y mpemuvomy po3dini nuceprailii ONMcaHoO CUHTE3 HAHOYACTUHOK CcKJany Fes.

xMn,O4, (me x = 0,0; 0,02; 0,05; 0,1; 0,15; 0,2; 0,25) MeToAOM CITIBOCAKCHHS.

CTpyKTypHUIl aHalli3 OTPUMAHUX KaTai3aTopiB MPOBEACHO 3 BUKOPUCTAHHSIM

MeToAiB  X-TIpoMeHeBOro  AudpakiifiHOro  aHalizy Ta  MecOayepiBChKOi



CHEKTPOCKOMii. J[eTanbHO ONMMCaHO KaTaTiTHYHI BIACTUBOCTI OTPUMAHMX 3pa3KiB i
yac OKHMCHEHHs OKCHUTETPALMKIIIHY Ta iHakTuBallii Oakrepiii Escherichia coli. Ha
OCHOBI OTPHUMaHUX pEe3yJIbTaTiB, BCTAHOBICHO B3a€EMO3B’SI30K MDK pO3MipaMu
KPHUCTAJIITIB Ta KaTaJITUYHOIO aKTUBHICTIO CHHTE30BaHUX KaTalizatopiB. HaiiBuiry
KaTANITHYHY aKTUBHICTb MPOSBUB 3pa3ok Fes gsMNg 0504, 3 po3MipoM yacTUHOK 18 HM,
sakui moBHICTIO poskianae 3 mr/m OTI[ 3a 60 xB B mpucytHocTi 20 MM H;0..
[Tokazano, mo e(eKTUBHICTh BUAAJICHHS AaHTUOIOTMKA OKCUTETPALMKIIIHY 3HAYHO
HiABUIIYEThCSI B TIPHUCYTHOCTI €JIIEKTPOMArHITHOTO TOJISA 32 PaxyHOK JIOKaJIbHOTO
HarpiBy HaHOMETPOBUX YACTHHOK MArHETUTY, WIIO0 TMPUCKOPIOE MEPEHECEHHs
€JICKTPOHIB Ha MIOBEPXH1 KaTali3aTopa Ta CIpusie yTBOPEHHIO pajukaiiB. Hampukiniii
pO3/Ty HaBEACHO pE3yJIbTaTH TOKCHUKOJIOTIYHOTO aHaji3y OYHIIEHOI BOJM Ha
paukoroaiOHuX opranizmax Daphnia magna sik OioinaukaTopax. 30UIbIICHHS BMICTY
ionis MNn?* y MarHeTuTi, IpU3BOMUTE 0 MiJBUILEHHS €(PEKTUBHOCTI CHHTE30BAHHX

KaTaxi3aTopiB Ta JI0 3HWKEHHS TOKCUYHOCTI OYHUIIIEHOT BOJIH.

Y uemegepmomy po3dini nucepTailii ONUCAHO 3aKOHOMIPHOCTI PO3KIIATy

TiIpOreH NEepOKCUAY Ha TEeMAaTUTOBOMY KaTali3aTopl y MPOTOYHOMY PEXHMI.
Po3po6ieHo MeTonuKy TpPHUTOTYBaHHS TpaHyJl TeMaTUTy [JIsl HAlOBHEHHS
IPOTOYHOTO PEAKTOpa 3 HEPYXOMUM IIapoM. MeToJ nossrae y npecyBaHHi HOPOILIKY
reMaTUuTy y BUIUIAAI TaOJETOK, HACTYMHOMY CHikaHHI npu temneparypi 900 °C
npoTsrom 6 roauH, noApiOHEeHHI Ha (pakuii rpanyn 3 po3Mipamu Big 0,2 10 2 mm, 1
ciikadHi mpu Temneparypi 1150 °C nporsarom 6 roaus. JlochipKeHO CTPYKTYpPHO-
MOPQOJIOTIUHI BIACTUBOCTI TEMaTUTOBOIO KaTaji3aropa, BAKOPUCTABIIY TaKli METOAU
gk  X-mpoMmeHeBuil gudpakmiiauii  aHami3, [Y-crmekTpockomis Ta CKaHyoua
eJIeKTpOHHA Mikpockomisi. EexkTuBHICTh T€MaTUTOBOTO KaTai3aTopa MOKa3aHO Ha
npukiaal mporecy poskiany HyO,. ITlokazano, mo HepyxoMuil map TpaHys
reMaTUTOBOTO KaTamizaTtopa giametpoM 0,2—2 MM pO3KJIaJae CTalxy KUTbKICTh (2
MMOJIb) T1JIPOTEH MEPOKCHUTY HE3aJIEIKHO B1JT OT0 MOYaTKOBO1 KOoHIeHTpaIlii. [Ipoiec
poskiany HoO; onmucyeTbCcsi KIHETHYHOIO MOJIEIUIIO PEAKI[ll MEpIIOro MOPSAKY 3

1

koHcTaHTol0 mmBUAKOCTI 0,0167 xB™". EkcmepuMeHTanbHO BU3HAYEHO EHEPTIIO

aKTHUBaIlli mpouecy, sika nopiBHIOE 28,8 kJ[/Moab. CTaOUIBHICTH KaTadi3aTtopa



MIATBEPIKEHO METOJOM OINTHUKO-EMICIHHOI CTIEKTPOCKOITT 3 1HIyKTHBHO-3B'I3aHOIO
mwia3moro (ICP-OES).

Y n’amomy po3dini nuceptarlii onMcaHO BIUIMB T1APOTeH TMEPOKCHIY Ha

¢doTokaTamiTHYH1 BIACTUBOCTI OKCUAIB TUTany (IV) y mpoliecax ouniieHHs: BOAU BiJl
opraHiunux OapBHUKIB. [IpencraBieHoO po3poOJeHI EKCIpec-MEeTOAU aHali3y
MIBUIKOCTI (DOTOKATATITUYHOI JAeTrpajaliii OapBHUKIB 3a JOIIOMOTOI0 cMapThOHY Ta
mokcmeTpy. OnTuMizoBaHo Tporec (HOTOKATATITHIHOTO po3kiIany OapsHuka DR23
nuiaxoM 3MiHM KoHmeHTpauii HoO; Ta P25-TiO;. Omnucano QorokaramiTuyHy
akTuBHICTh T102, OTPUMAHOTO HU3BKOTEMIEPATYPHUM METOJOM Ta METOAOM
o0epHEeHUX MIIIel, i Yyac po3kiiany 6apBHUKIB KoHro uepBoHOTO, MeTmnopanxy ta
Direct Red 23 B mpucyrnocti H,O,. Bcranosneno, mo momaBanHs HyOp, sk
aKIenTopa  CJEKTPOHIB, [0 pEakliiiHOl CyMilll MiABUILYE  aKTUBHICTD
doToKaTami3aTOPIB  3aBIASKH  JIOJATKOBUM TIAPOKCWIBHUM  pajuKaiaM, 110
YTBOPIOIOTBCS 32  BIJHOBHUM MexaHi3MoM. [lpexacraBieHo  QorokaranmiyHi
BJIACTUBOCTI KOBTOTO JIOKCUy TUTaHy, sIKUW CKIaJaeThcs 3 ABOX (a3: aHaTazy (46
%) ta pytuiy (54 %). IlinTBepmxeHo, mo nonaBanus B cucremy H»oO, mokpaiiye
(oTOaKTUBHICTH KOBTOTr0 Ti102, 3aBASKM YTBOPEHHIO JOJATKOBHUX TIlIPOKCHIIBHHX
panukaiiB. Onrcano GoToOKaTATITHYHY aKTUBHICTh HaHoreTepocTpykTyp TiO2/Agl
i Jaiero BuguMoro ta Y ®-punpomiHioBaHHA. 3a epekTuBHICTIO (hoTomerpaaaiii
O0apBHUKIB KOHro 4epBoHOTro Ta MeTnnopaHxy A0CTIIKyBaHl 3pa3Ku pO3TAIIOBAHO
B HacTynmHoMy mopsiaky: TiO2/20Agl < TiO2/30Agl < TiO2/40Agl. Tlokazano, 1110
MpOLIECH JAECTPYKLIi OapBHHUKIB ONHUCYIOThCS KIHETUYHOK MOJEIUII0 MEpIIOro
nopsAnKy 1 ais HalaktuBHimoro 3paska Ti02/40Agl koHCTaHTH MIBUAKOCTI
nerpajanii 6apBHUKIB i BrummBoM Y ®-onpominenns nopisHoTs 0,410 xB ! (s
Konro uepsonoro) ta 0,369 xs! (s Merunopanxy). [loka3zaHo BIJIMB TigporeH
nepokcuay Ha (GOTOKATANTUYHY AaKTUBHICTH pPyTWibHOTO Ti02, OTpUMaHOTO
TEPMOJITHYHUM PO3KJIAJJOM TUTAHOBOTO aKBaKOMIUIEKCHOTO MPEKypcopy, MiJ dac
doroaerpanarii Konro YEPBOHOTO. OnTumanbHUMU napameTpaMu
doTokatamtrunoi AecTpykiii Korro uepsonoro € 1,5 r/a ¢porokaranizatopa pyTUiIy

1 5 MM Hy0,, saxi 3a0e3nedyroTh MOBHUN po3kiaa OapBHUKA, 3 KOHCTAHTOIO



mwBHAKOCTI peakuii 2,196 xpl. Hanpukinmi posminy omucano (oTokaramiTH4Hi
BiaactuBocTi cepii Fe-momoBanmx TiO, B HPHCYTHOCTI TiPOreH IEPOKCHIY.
Busisneno, 1o HaliBuIly edexTuBHICTH Jerpaganii KoHro uepBoHOro
npojeMoHCcTpyBaB 3pa3zok 2%Fe-TiO; (98,1%), a koHCTaHTa MIBHJIKOCTI JTECTPYKIIii
GapsHuka cranosuna 0,043 xs 1. [To3UTHBHMI BIUIUB HEBEIUKOI KOHLEHTpawii (2%
Mmac.) ioHiB Fe(lll), mosicHIOEThCS €PEeKTUBHUM PO3IIICHHSIM (DOTOreHEpPOBAHUX
CNeKTPOHIB 1 dipok. HaiiBuine 3Ha4eHHS KOHCTAHTH IIBUAKOCTI (oTomerpamartii
Konro uepsonoro cranosuio 0,081 xs™* B mpucyrnocti 20 MM H,0, ta 2Fe-TiO, (1,5
r/m).

Kniwuosi cnosa: xaranizarop, ¢oTokaTamizaTop, riIpoTreH MEPOKCH]I,
OapBHUK, aHTHOIOTHK, OYHUIIEHHS BOJU, peakTop, KOHro uepBOHMII, MarHeTwT,
reMaTuT, JIOKCH]I TUTaHy, MecOayepiBCbKa CHEKTPOCKOMis, X-IMPOMEHEBUI aHaI3,

€JIEKTPOHHA MiKpockortis, [Y-criekTpockortis.

ABSTRACT

Danyliuk N.V. Catalytic activity of Iron and Titanium (V) oxides in water
purification under the influence of hydrogen peroxide. — Qualification scientific work
on the rights of manuscript.

Dissertation for the degree of Doctor of Philosophy in the field of knowledge 10
— Natural Sciences on the specialty 102 — Chemistry. Vasyl Stefanyk Precarpathian
National University, Ministry of Education and Science of Ukraine, lvano-Frankivsk,
2025.

The dissertation is devoted to the study of the catalytic properties of Iron and
Titanium (IV) oxides under the influence of hydrogen peroxide. The structural,
morphological and catalytic properties of heterogeneous Fenton-like catalysts (Fes.
xMn,O4, Fe,0O3) and photocatalysts (TiO2(P25), TiOz(utite), T1O02(anatase+rutite), T102/AgI,
(Ti,Fe)O,) were investigated in the presence/absence of hydrogen peroxide. Rapid
methods for analysing the rate of photocatalytic degradation of dyes using a
smartphone and a digital luxmeter have been developed. The reaction rate constants

for the decomposition of organic contaminants were determined through experimental

6



means. The present study investigates the effect of various parameters (catalyst
concentration, H,O, concentration, electromagnetic heating, UV and visible light) on
the speed and quality of water purification. The optimum conditions for the
photocatalytic degradation of organic dyes on TiO,(P25), rutile TiO, modification,
yellow TiO,, TiO,/Agl, and (Ti,Fe)O, photocatalysts were determined.

The first section presents a literature review describing the use of advanced

oxidation processes for catalytic water treatment. The fundamental mechanisms of
H.O, activation in the presence of heterogeneous Fenton-like catalysts generating
highly active hydroxyl radicals are described, which contributes to the effective
destruction of organic pollutants. Significant attention is paid to titanium (V) oxides
as active photocatalysts, the efficiency of which can be significantly enhanced by
adding a small amount of H,O,. Hydrogen peroxide acts as an electron acceptor. As a
result of the interaction between H,O, and TiO,, highly active hydroxyl radicals are
formed, which contribute to the effective decomposition of organic dyes. The
dissertation describes in detail the flow-through reactors that provide high efficiency
of water treatment and the possibility of scaling up the developed technology for
industrial applications. Flow-through reactors offer high water treatment performance
due to the continuous process and efficient use of reagents and catalysts. There is also
a detailed description of attempts to create batch microphotoreactors for measuring the
rate of photocatalytic reactions in real time. Micro-photoreactors have several
important advantages, such as a low photocatalyst dosage, high light transmittance and
uniform light distribution throughout the reactor volume.

The second section describes the methods of synthesis and preparation of

heterogeneous Fenton-like catalysts. The physico-chemical methods for the analysis of
oxide materials are described in detail: X-ray diffraction analysis, scanning electron
microscopy, infrared spectroscopy and Maossbauer spectroscopy, nitrogen
adsorption/desorption specific surface area analysis and inductively coupled plasma
optical emission spectroscopy (ICP-OES). Moreover, the following methods are
presented for the study of the catalytic properties of heterogeneous Fenton-like

catalysts and the photocatalytic properties of titanium oxide materials. Particular

7



attention is paid to the description of the developed express methods for recording the
Kinetics of photocatalytic reactions in real time using a smartphone and a luxmeter.
The photocatalytic properties of titanium oxide materials were determined in a batch
microphotoreactor. The reliability of the study of the degradation efficiency of Congo
red, Methylorange and Direct Red 23 dyes was verified by spectrophotometry.

The third chapter of the thesis describes the synthesis of nanoparticles of Fes.
«Mn,O4 composition (where x = 0,0; 0,02; 0,05; 0,1; 0,15; 0,2; 0,25) by the co-

precipitation method. The structural analysis of the catalysts obtained was carried out

using X-ray diffraction analysis and Mossbauer spectroscopy. The catalytic properties
of the obtained samples during oxidation of oxytetracycline and inactivation of
Escherichia coli bacteria are described in detail. Based on the results obtained, the
relationship between the size of crystallites and the catalytic activity of the synthesised
catalysts was established. The highest catalytic activity was exhibited by the
Fe2.95Mng 0504 sample with a particle size of 18 nm, which completely decomposed 3
mg/L OTC in 60 min in the presence of 20 mM H,0O,. It has been shown that the
efficiency of removing the antibiotic oxytetracycline is significantly increased in the
presence of an electromagnetic field due to the local heating of nanometre-sized
magnetite particles, which accelerates the transfer of electrons on the catalyst surface
and promotes the formation of radicals. The effect of Mn(ll) ions on the catalytic
activity of magnetite in the presence of hydrogen peroxide is demonstrated. At the
conclusion of the chapter, the results of a toxicological analysis of the treated water on
the crustacean Daphnia magna as a bioindicator are presented. Increasing the content
of Mn?* ions in magnetite leads to an increase in the efficiency of synthesised catalysts
and a decrease in the toxicity of purified water.

The fourth chapter of the thesis provides a detailed description of the

decomposition of hydrogen peroxide on a hematite catalyst in the flow mode. A
method for preparing hematite granules for use in a fixed bed flow reactor has been
developed. The method involves pressing hematite powder into tablets, then sintering
at 900 °C for 6 hours, grinding it into granule fractions with sizes ranging from 0.2 to

2 mm, and sintering at 1150 °C for 6 hours. The structural and morphological

8



properties of the hematite catalyst were investigated using a range of analytical
methods, including X-ray diffraction analysis, infrared spectroscopy and scanning
electron microscopy. The effectiveness of the hematite catalyst is demonstrated by the
example of the H,O, decomposition process. The findings demonstrate that a fixed
layer of hematite catalyst granules with a diameter of 0.2-2 mm decomposes a constant
amount (2 mmol) of hydrogen peroxide regardless of its initial concentration. The
process of H,O, decomposition is described by a first-order kinetic reaction model with
a rate constant of 0.0167 min?. The activation energy of the process was
experimentally determined to be 28.8 kJ/mol. The validity of the hypothesis concerning
the stability of the catalyst was confirmed by means of inductively coupled plasma
optical emission spectroscopy (ICP-OES).

The fifth chapter of the thesis provides a detailed discussion of the impact of

hydrogen peroxide on the photocatalytic properties of titanium(I\V) oxides in the
processes of water purification from organic dyes. The developed express methods for
analysing the rate of photocatalytic degradation of dyes using a smartphone and a
luxmeter. The process of photocatalytic decomposition of DR23 dye was optimised by
altering the concentrations of H,O, and P25-TiO,. The photocatalytic activity of TiO,
obtained by the low temperature and reverse micelle methods during the decomposition
of Congo red, Methyl orange, and Direct Red 23 dyes in the presence of H,0, is
described. It has been found that the addition of H,O, as an electron acceptor to the
reaction mixture increases the activity of photocatalysts due to additional hydroxyl
radicals formed by the reductive mechanism. The photocatalytic properties of yellow
titanium dioxide consisting of two phases, anatase (46%) and rutile (54%), are
presented. It has been confirmed that the addition of H,O; to the system improves the
photoactivity of yellow TiO, due to the formation of additional hydroxyl radicals. The
photocatalytic activity of TiO,/Agl nanostructures under both visible and UV radiation
Is described in this study. According to the efficiency of photodegradation of Congo
red and Methyl orange dyes, the samples under study are arranged in the following
order: TiO2/20Agl < TiO2/30Agl < TiO2/40Agl. It is shown that the dye degradation

processes are described by a first order kinetic model and for the most active
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Ti0,/40Agl sample, the dye degradation rate constants under UV irradiation are 0.410
min? (for Congo red) and 0.369 min?® (for Methyl orange). The present study
investigates the influence of hydrogen peroxide on the photocatalytic activity of rutile
TiO,, which is obtained by thermolytic decomposition of a titanium aquacomplex
precursor, during the photodegradation of Congo red. The optimal conditions for the
photocatalytic degradation of Congo red are as follows: a concentration of 1.5 g/L of
rutile photocatalyst and 5 mM H,0,, which ensure complete decomposition of the dye
with a reaction rate constant of 2.196 min. In conclusion, the photocatalytic properties
of a series of Fe-doped TiO; in the presence of hydrogen peroxide are described. It was
found that the highest degradation efficiency of Congo red was demonstrated by the
2%Fe-TiO, sample (98.1%), and the dye degradation rate constant was 0.043 min.
The positive effect of a small concentration (2% wt%) of Fe(l11) ions is explained by
the effective separation of photogenerated electrons and holes. The highest value of the
photodegradation rate constant of Congo red was 0.081 min-* in the presence of 20 mM
H,0, and 2Fe-TiO, (1.5 g/L).

Keywords: catalyst, photocatalyst, hydrogen peroxide, dye, antibiotic, water
purification, reactor, Congo red, magnetite, hematite, titanium dioxide, Mdssbauer

spectroscopy, X-ray analysis, electron microscopy, infrared spectroscopy.
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