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Pedepar:

1. lana nucepTanis CKIaIa€ThCs 3 ABOX HATIPSAMIB JOCIiIKEHb: MePUINH PUCBIYEHUN AOCTIIKEHHIO
¢doTokaranmiTUYHOi cucTeMU Ha OCHOBI Komnoszuty NH2-MIL-125 /TiO2 3 Ti-MOF; npyruii - oCliIpKeHHIO
dorokaraniTuyHoi cuctemu M88A@TA-X Ha ocHOBi Fe-MOF, siky a60 MmoaudikyBanu nyouIbHOIO KUCI0TO0, 260

IIPO’KaploBajv. B po6oTi AeTanbHO AOCHIIKyeTbCs (Pi3MKO-XiMiuHa CTpyKTypa KomnosutiB NH2-MIL-125 /TiO2 Ta ix

(POTOKATAJIITUYHA aKTUBHICTb Y PO3KJIaaHH] iHCEeKTULIMAY iMiTaKIONpUAy y Bogi. TakoX OeTasbHO NOCHiIKY€EThCS
¢disuko-ximMiuHa cTpykTypa MaTepiamniB cepii M8SA@TA-X, ix ¢poTo-PeHTOH 31aTHICTh IO BifHOMEHHIO [0
PO3KJIaJlaHHs repbiluay aTpasuHy Ta ix NOTeHLilHi 3acTocyBaHHs. JlociimpKkeHo poToKaTaniTU4Ha aKTUBHICTb
komno3utiB NH2-MIL-125 /TiO2, cuHTe30BaHUX IIPU Pi3HUX CHiBBigHOMmEHHsX f03yBaHb TiO2 i TPOT
(monepennnka NH2-MIL-125). Pe3ynbpTaTy NOKa3yoTh, o BCi komnosutu NH2-MIL-125 /TiO2 neMOHCTPYIOTh

Kpalli KaTaJiTUYHi BIaCTUBOCTI MOPiBHSIHO 3 ynctTuM NH2-MIL-125. KpiM TOoro BusBI€HO, 1110 MaTepia,



cuHTe30BaHui i3 cniBBigHomeHHaM TiO2 /TPOT sk 1:1 (NH2-MIL-125 /TiO2-100%), mpoieMOHCTPYBaB HAal6iIbLIy
KaTaJliTH4YHy aKTUBHICTb (BupaneHHs 100% imigakmonpuay 3a 90 xBuinuH). [Tpu 36inblieHHi CIiBBiIHOIIEHHS
TiO2/TPOT 3 0.35:1 no 1:1 kaTanmiTuyHa aKTUBHICTh 3pocTae. OfHaK Mojasnbliie 30i/bIIeHHS CIiBBiTHOMIEHHS

TiO2 /TPOT (3i 1:1 go 2:1) He TPU3BOAUTH 10 MOAAJIBIIOTO 301/IbIIEHHS KaTaliTUYHOI aKTUBHOCTI. ToMy 51K
pernpe3eHTaTMBHUI MaTepian 115 xapakrepusauii 6ys0 oopano NH2-MIL-125 /TiO2-100%. PesynbpTaTtu
XapakTepuaallii MeToilaMu peHTreHiBcbkoro ¢azoBoro aHainizy (POA), inppauepBoHoi ciektpockorii (I4) Ta
TepMorpasiMeTpudHoro aHanisy (TT'A) nokasasny, mo TiO2 ycnimHo BOy#oByeTbesl B KoMmrnosuT NH2-MIL-125 /TiO2
IiJ Yyac 11oro CMHTEe3y i He MOPYIIYIOTh OyIOBY Ta XiMiyHy cTpyKTypy NH2-MIL-125. Pe3ynbTaTi CKaHy040i
esieKTpoHHOi Mikpockoriii (CEM) npopemMoHcTpyBany, o TiO2 piBHOMIPHO po3MoAiiSeThCs Ha TIOBEPXHI
komnosuty NH2-MIL-125 /TiO2, mo noseriye KOHTaKT MK KaTasli3aTOpoM i 3a6pyAHIOBaYEM IIif, yac
(doTrokarayiTuuHoro npouecy. Kpim toro, pesynbraru yabTpadioneT-BuAUMOi 41uy3HOI BiONBHOI CIEKTPOCKOITii
(UV-Vis DRS)nokasyoTs, 0 1pHUHA 3a60pOHEHOI 30H1 Komno3uty NH2-MIL-125 /TiO2 cranoButs 2,58 €B, mo
HIK4e, HiX y 3pa3kiB NH2-MIL-125 (2,68 eB) i TiO2 (3,36 eB). Lle cBimuuTsb m1po Te, mo NH2-MIL-125 /TiO2 mae
VPN CIIEKTPaJIbHUH [1ialla30H 4yTJIMBOCTI, 110 CIPUATAME 6ibll €(PeKTUBHOIO (POTOKATAIITUYHOTO
PO3KJIaIaHHS 3a0pPYIHUKIB Y BOOHUX PO3YMHAX. Y OucepTalii po3IIsgacTbCs BIJIMB Pi3HUX METOLIB MOIM(PiKyBaHHS
Fe-MOF (MIL-88A, nmo3HaueHui sk M88A) Bkitoyaioun cTafii mposkapioBaHHs Ta MOAMDIKyBaHHS OyOUIbHOIO
KUCJIOTOIO Ilepe, poxkapioBaHHsIM Ha GoTo-OeHTOHIBChKI KaTaliTUYHI BJIACTUBOCTI KaTanizaTopa M8SA@TA-X.
Pesynbratu nokasany, mo M88A@TA-2, mogudikoBaHu yOUIBHOIO KMCJIOTOMO i npoxkapenuit npu 200 °C,
IIPOJEMOHCTPYBaB Halikpauy poTo-OeHTOH aKTUBHICTh, focsarHyBin 100% po3kiagaHHs aTpa3suHy npoTsarom 30
xBwINH. KoHcTaHTa mBUKocTi peakuii craHosuina 0,164 xBo'!, mo B 32,8 i 5,5 paziB nepeBUlyBajo IOKa3HUKY JJ1s1
M88A (0,005 xB0') i M8SA@TA (0,030 xBo') BinnosinHo. M8SA@TA-3 i M8SA@TA-4, 110 CUHTE30BaHi NPU BUIIUX
TeMIIepaTypax, IPOJAEMOHCTPYBaJIM 3HAYHO 3HIDKEHY ab0 MOBHICTIO iHAKTMBOBAHY aKTUBHICTb. KpiM TOTO,
KaTaJliTH4Ha akTUBHICTb M88A-2 (CHHTE30BaHOTO ULISIXOM ITpoxkapioBaHHsl M88A npu 200 °C 6e3 mogudikariii TA)
Maibke He 36iblInacs NOpiBHSIHO 3 yucTuM M88A.. L1i pe3ysbTraTy NiATBEPAKYIOTS, 110 OJHOYACHE
MoaupiKyBaHHS NyOUIBHOIO KMCJIOTOIO Ta IpOKaploBaHHs npu remneparypi 200 °C e BupillalbHUMU 1714
IiIBUIIEHHS KaTamiT4YHOi akTuBHOCTI Fe-MOF (M88A). OxpiM ouLiHKM WBUAKOCTI poTo-OEHTOHOBOTO
PO3KJIaJjaHHS Pi3HUX MaTepiasiB TAaKOXK OILiHEHO MBUAKICTh po3kiananHsa H202 min yac poto-PeHTOHOBOI peakiiii.
PesynbTaTu okasany, o Npy po3KJIaJaHHI Takoi X KibKOCTi aTpa3uny M8SA@TA-2 notpebyBaB Ha YBEPTb MEHIIIE
H202, nixk M88A, mo BKasye Ha Te, 0 epeKTUBHICTb BUKopucTanHs H202 M88A@TA-2 6ysia B 4oTHMpH pasu
BUIIOI0, YuM M88A. Jly1s1 mocinKeHHsT MeXaHi3My, 110 JIEKUTb B OCHOBI GoTo-PeHTOHChKOI akTBHOCTI M8SA@TA-
2, mopgouJioris Ta ¢pasoBa CTPYKTypa CUHTE30BAHOT0O MaTepiany 0yiu oxapakrepusoBaHi 3a CEM, TpaHcMmiciiiHoi
esleKTpoHHoi Mikpockomii (TEM) ta anasnizy nutomoi nosepxHi bpynayep-Emmer-Tennep (BET). Pesyabratu
NIOKa3yIoThb, o M88A@TA-2 mae 6isblll IOPUCTY CTPYKTYPY MOPiBHSAHO 3 Hemoau@dikoBaHuM M88A. Kpim Toro, iioro
IJI0111a TTIOBEPXHi, 1110 CTAHOBUTH 44 M2 /T, 3HaYHO NepeBullye oy nosepxHi M88A (13 m2 /1). Binbue Toro,
pe3yabTaTy xapakrepusauii meTonamu POA, peHTreHiBcbkoi poroenekTpoHHoi criekrpockonii (POEC), TT'A Ta 14
IEMOHCTPYIOTh, 0 M8SA@TA-2 Mae BUCOKO Ae(EKTHY CTPYKTYpy. CTpyKTypa 30H M8SA@TA-2 mociimkeHa 3a
noniomororo UV-Vis DRS ta POEC meToni. Pe3ysipTaTi IOKa3yIoTh, 10 3aBIsSKY fedeKTaMm, sIKi BIJIMBAIOTh Ha
CTPYKTYPY 30H, €Heprisl 3a60poHeH0i 30H1 M8SA@TA-2 (2,70 eB) e Buoro, Hixk y M88A (2,94 eB), mo 3a6esneyye

Kpale 1OoTJINHAHHA 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 minn!, 32.8 and 5.5 times that of M88A (0.005
mina!) and M88A@TA (0.030 minn?), respectively. M8SA@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 M88A@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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