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Pedepar:

1. laHa gucepTanis CKIafa€eThCs 3 ABOX HANPSIMIB LOCHIIKEHD: MEPIINN MPUCBIYEHUN JOCTIIPKEHHIO
doTokaTasiTUYHOI cucTeMu Ha ocHOBi komriozuty NH2-MIL-125 /TiO2 3 Ti-MOF; gpyruit - ocsifskeHHIo
dorokaraniTnyHoi cuctemu M88A@TA-X Ha ocHoBi Fe-MOF, siky a60 MogudikyBanu IyoUIbHOIO KUCJIOTOI0, 260
IIpoXkapioBaju. B po6oTi neTanbHO AOCTiIKYeTbCS Pi3nKO-XiMidHA CTPYKTypa Komno3uTis NH2-MIL-125 /TiO2 ta ix
doTokaTtayiTUYHa aKTUBHICTb Y PO3KJIaJaHH] iHCeKTUIMAY iMiTaKIonpuay y Bozi. TakoX JeTajbHO NOCiIKY€EThCS
¢disuko-ximMiuHa cTpykTypa Marepianis cepii M8SA@TA-X, ix poTo-OeHTOH 31aTHICTh IO BiJHOLIEHHIO [0

PO3KJIagaHHs repbiliuay aTpasuHy Ta iX MOTEHLINMHI 3acTocyBaHHS. JlocimkeHo GOoTOKaTaliTUYHa aKTUBHICTD



komno3utiB NH2-MIL-125 /TiO2, cuHTe30BaHUX IIPU Pi3HUX CHiBBigHOMmEHHX N03yBaHb TiO2 i TPOT
(monepennuka NH2-MIL-125). PesysnbTaTu n0KasyioTs, mo Bei komno3utu NH2-MIL-125 /TiO2 neMOHCTpyIOTh
Kpallli KaTaJliTU4YHi B1acTUBOCTI MOPiBHSIHO 3 ynuctTuM NH2-MIL-125. KpiM Toro BusiBi€HO, 1110 MaTepia,
cuHTe30BaHui i3 cniBBigHomeHHaM TiO2 /TPOT sk 1:1 (NH2-MIL-125 /TiO2-100%), mpoJieMOHCTPYBaB HANUOibLTy
KaTaJiTU4YHy aKTUBHICTb (BuganeHHs 100% imigaxnonpuay 3a 90 xBunuH). [Ipu 36iblIeHHI CIiBBiTHOLIEHHS
TiO2/TPOT 3 0.35:1 no 1:1 karaniTM4HA aKTUBHICTb 3pocTae. OHaK Nojasblie 30i7bIIeHHS CIIiBBiIHOIEHHS
TiO2/TPOT (3i 1:1 go 2:1) He TPU3BOUTH [0 MOJAJIBIIOrO 30i/IbIIEHHS KaTaliTUYHOI aKTUBHOCTI. ToMy 51K
perpe3eHTaTUBHUI MaTepian 1j1s xapakrepusatii 6ysno oopano NH2-MIL-125 /TiO2-100%. Pesynbratu
XapakTepuaallii MeToiamu peHTreHiBcbkoro ¢azosoro aHasnizy (POA), inppauepBoHoi ciektpockorii (Y1) Ta
TepMmorpasimeTpuyHoro ananisy (TT'A) nokazany, mo TiO2 ycnimHo B6ygoByeTbcs B Komnozut NH2-MIL-125 /TiO2
miJ] yac #oro CUHTE3y i He MOPylyIOTh OYAOBY Ta XiMiuHy cTpyKTypy NH2-MIL-125. Pe3ynbTaTi CKaHyo4oi
esiekTpoHHoi Mikpockorii (CEM) nponemoHcTpyBany, mo TiO2 piBHOMIpHO po3MoAiiseTbCsl Ha MOBEPXHI
komnosuty NH2-MIL-125 /TiO2, mo noseriye KOHTaKT MK KaTajli3aTOpoM i 3a6pyAHIOBaYEM IIif] yac
¢doTrokarayiTuyHoro npotecy. Kpim toro, pesysnbraty yabTpadioneT-BuAUMOi A1udy3HOiI BiONBHOI CIIEKTPOCKOIIii
(UV-Vis DRS)nokasyoTs, 0 UPUHA 3a60pOoHeHOi 30HU Komno3uty NH2-MIL-125 /TiO2 ctanoButs 2,58 €B, mo
HUK4e, HiX y 3pa3kiB NH2-MIL-125 (2,68 eB) i TiO2 (3,36 eB). Lle cBimuuTs m1po Te, mo NH2-MIL-125 /TiO2 mae
MIMPIINI CIIEKTPaJIbHUH [1ialla30H 4yTJIUBOCTI, 110 CIPUITAME 6ibll €(PeKTUBHOIO POTOKATAIITUYHOTO
PO3KJIaJIaHHS 3a0pPYyJHUKIB Y BOOHUX PO3UMHAX. Y JucepTallii po3IIsaeTbCsl BIJIMB Pi3HUX METOZiB MOIM(PiKyBaHHS
Fe-MOF (MIL-88A, noznayenui sk M88A) BKi104al04uM CTafii Npo>kaproBaHHs Ta MOAUQIKYBaHHS 1yOUJIbHOIO
KUCJIOTOIO Ilepe], pokapioBaHHsAM Ha GoTo-OeHTOHIBChKI KaTaliTU4HI BJIaCTUBOCTI KaTasnizaTopa M8SA@TA-X.
PesynbraTtu nokasany, mo M88A@TA-2, MogudikoBaHui yOUIbHOIO KMUCJIOTOMO i npoxkapenuit npu 200 °C,
IIPOJEMOHCTPYBaB Halikpauy poTo-OeHTOH aKTUBHICTb, focarHyBimu 100% po3kilafaHHs aTpasuHy npoTsirom 30
xBuwiIMH. KoHcTaHTa mBUKocTi peakuii craHosuia 0,164 xBo', mo B 32,8 i 5,5 paziB nepeBUlyBajo IOKa3HUKY JJIs1
MS88A (0,005 xBo') i M88A@TA (0,030 xB0?) BinnosigHo. M8SA@TA-3 i M8SA@TA-4, 1110 CUHTE30BaHi IpYU BULIUX
TeMIIepaTypax, IPOJAEMOHCTPYBaJIM 3HAaYHO 3HIDKEHY ab0 MOBHICTIO iHAKTMBOBAHY aKTUBHICTb. KpiM ToOTO,
KaTaJiTU4YHa aKTUBHICTb M88A-2 (cMHTe30BaHOro 1IISIXOM IpokapioBaHHgd M88A nipu 200 °C 6e3 monudikatii TA)
Maike He 36iy1b1muiacs NopiBHAHO 3 yucTuM M88A.. Lli pe3ysnbraTty NiATBEpAXKYIOTS, 1110 OlHOYaCHe
MoaupiKyBaHHS NyOUJIBHOIO KHUCJIOTOIO Ta NpoyKapioBaHHs npu remneparypi 200 °C e BupillalbHUMU 715
IigBUIIEHHS KaTamiTUYHOi akTuBHOCTI Fe-MOF (M88A). OxpiM ouLiHKM WBUAKOCTI poTo-OEeHTOHOBOTO
PO3KJIaJJaHHS Pi3HUX MaTepiasiB TAaKOXK OLiHEHO MBUAKICTH po3kananHs H202 min yac dpoto-PeHToHOBOI peakiiii.
PesynbTaTu nokasanu, o Npy po3KJIaJaHHi Takoi X KisbKocTi aTpa3uny M8SA@TA-2 notpebyBaB Ha YBEPTh MEHIIIE
H202, nixx M88A, mo BKasye Ha Te, 10 e(peKTUBHICTb BUkopucTtanHs H202 M88A@TA-2 Gysia B 4oTHUpH pasu
BUIIOI0, YuM M88A. Jly1s1 mocinskeHHs MeXaHi3My, 110 JIEKUTb B OCHOBI (oTO-OeHTOHCHKOI akTBHOCTI M8SA@TA-
2, mopouJioris Ta ¢pasoBa CTPYKTypa CUHTE30BaHOT0 MaTepiany 6yiu oxapakrepusoBaHi 3a CEM, TpaHcMmiciiiHoi
esleKTpoHHoi Mikpockormii (TEM) ta aHanizy nutomoi nosepxHi bpynayep-Emmer-Tennep (BET). Pesyabratu
II0Ka3yI0Thb, 0 M88A@TA-2 mae 6isblll IOPUCTY CTPYKTYPY MOPiBHSAHO 3 HemoaudikoBaHuM M88A. Kpim Toro, iioro
IJI01IA TTIOBEPXHi, 0 CTAHOBUTH 44 M2 /T, 3HaYHO INepeBullye iouyy nosepxHi M88A (13 m2 /1). Binbue Toro,
pes3yabTaT xapakrepusauii meTonamu POA, peHTreHiBcbkoi poroesnekTpoHHoi criekrpockornii (POEC), TT'A ta 4
I€MOHCTPYIOTh, 0 M8SA@TA-2 Mae BUCOKO Ae(EKTHY CTPYKTYpy. CTpyKTypa 30H M8SA@TA-2 mociimkeHa 3a
noniomoroio UV-Vis DRS ta POEC meToziB. Pe3ysipTaTi IOKa3yIoTh, 10 3aBIsSKK nedeKTaMm, sKi BIJIMBAIOTh Ha
CTPYKTYpPY 30H, eHeprisl 3a60poHeHoi 30HM M8SA@TA-2 (2,70 eB) e Buioo, Hixk y M88A (2,94 eB), o 3a6e3mneuye
Kpallle OIJIMHAHHS CBiTJIa.

2. This dissertation is divided into two main parts: the first is the study of a Ti-MOF-based NH2-MIL-125 /TiO2
composite photocatalytic system; the second is the study of an M88A@TA-X photo-Fenton catalytic system based
on Fe-MOF modified with tannic acid and calcined. In the first part, the physicochemical structure of the NH2-
MIL-125 /TiO2 composites and their photocatalytic degradation performance of the insecticide imidacloprid in
water are studied in detail. In the second part, the physicochemical structure of the M88A@TA-X series of
materials, their photo-Fenton degradation performance of the herbicide atrazine, and their potential applications



are studied in detail. This work investigates the photocatalytic activity of NH2-MIL-125 /TiO2 composites
synthesized at different dosage ratios of TiO2 and TPOT (the precursor of NH2-MIL-125). The results show that all
NH2-MIL-125/TiO2 composites exhibit superior catalytic performance compared to pure NH2-MIL-125.
Furthermore, we found that the material synthesized with a TiO2 /TPOT ratio of 1:1 (NH2-MIL-125 /TiO2-100%)
exhibited optimal catalytic activity (removing 100% of imidacloprid in 90 minutes). Increasing the TiO2 /TPOT ratio
from 0.35:1 to 1:1 showed an improvement in catalytic activity. However, further increasing the TiO2 /TPOT ratio
(from 1:1 to 2:1) did not lead to a further increase in catalytic activity. Therefore, this study used NH2-MIL-
125/Ti02-100% as a representative material for characterization. X-ray diffraction spectroscopy (XRD), Infrared
absorption spectrum (FTIR), and Thermogravimetric analysis (TGA) characterization demonstrated that TiO2
successfully incorporated into the NH2-MIL-125 /TiO2 composite during its preparation, and that its incorporation
did not disrupt the basic lattice and chemical structure of NH2-MIL-125. Scanning electron microscopy (SEM)
results demonstrated that the TiO2 in the NH2-MIL-125/TiO2 composite was uniformly dispersed on the surface,
facilitating contact between the catalyst and the pollutant during the reaction. Furthermore, Ultraviolet-Visible
Diffuse Reflectance Spectroscopy (UV-Vis DRS) results indicate that the band gap energy of NH2-MIL-125/TiO2 is
2.58 eV, lower than that of NH2-MIL-125 (2.68 eV) and TiO2 (3.36 eV). This suggests that NH2-MIL-125/TiO2 has a
wider spectral response range, thus favoring photocatalytic reactions. For a photo-Fenton catalyst (M88A@TA-X)
prepared by modifying Fe-MOF (MIL-88A, denoted as M88A), this paper discusses the effects of different
modification methods (including calcination temperature and whether tannic acid modification was used before
calcination) on the photo-Fenton catalytic performance of the catalyst. Results showed that M88A@TA-2, modified
with tannic acid and calcined at 200 °C, exhibited the best photo-Fenton activity, achieving 100% atrazine
degradation within 30 minutes. Its reaction rate constant was 0.164 mino!, 32.8 and 5.5 times that of M88A (0.005
mino') and M88A@TA (0.030 minn?), respectively. M8S8A@TA-3 and M88A@TA-4, synthesized at higher temperatures,
exhibited significantly reduced or completely inactivated activities. Furthermore, the catalytic activity of M88A-2
(synthesized by calcining MIL-88A at 200 °C without TA modification) showed almost no increase compared with
that of pure MIL-88A. These findings confirm that tannic acid modification and calcination at 200°C are crucial for
enhancing the catalytic activity of MIL-88A. In addition to evaluating the photo-Fenton degradation rates of
various materials, we also assessed their H202 consumption rates during the photo-Fenton reaction. Results show
that M88A@TA-2 exhibits approximately fourfold higher H202 utilization efficiency than M88A, which holds great
promise for its future practical applications. To investigate the mechanism underlying the excellent photo-Fenton
activity of M8SA@TA-2, the morphology and phase structure of the prepared material were characterized using
SEM, Transmission electron microscopy (TEM), and Brunauer-Emmett-Teller surface area analysis (BET) methods.
Results indicate that M8SA@TA-2 exhibits a loose and porous structure compared to unmodified M88A.
Furthermore, its surface area, at 44 m2 /g, is significantly higher than that of M88A (13 m2 /g). Furthermore, XRD,
XPS, TGA, and FTIR characterizations demonstrate that M88A@TA-2 possesses a rich defect structure. The band
structure of the prepared material was investigated using UV-Vis DRS and X-ray photoelectron spectroscopy (XPS)
valence band spectroscopy. Results show that, thanks to defects regulating the band structure, the band gap
energy of M8SA@TA-2 (2.70 eV) is higher than that of M88A (2.94 eV), resulting in superior light absorption.
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