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AHOTALIS

Kymyszosa A. C. ®orokarajgiTHyHa aKTHBHICTh HAHOKOMITO3UTIB Ha OCHOBI 1102 10
aHTUO10TUKIB Y BOAHUX 00’ekTax. — KBamidikamiiiHa HayKkoBa mparisi Ha IpaBax pyKOIMHCY.

JHucepTartiis Ha 3100yTTSI HAYKOBOT'O CTyIeHs JokTopa (dinocodii 3a cnemianbHicTio 161
«XiMI4YHI TEXHOJOTli Ta 1HXeHepis». — HailloHanbHUN TEXHIYHUN YHIBEPCUTET YKpaiHu

«KwuiBcbkuit nosmirexHiyauil iHcTuTyT iMeH1 [ropst Cikopceskoro», MOH VYkpainu, Kuis, 2022.

HuceprarmiitHa po0OoTa TPHUCBAYEHA OJICPKAHHIO HAHOKOMIIO3UTIB HA OCHOBI
tutany (IV) okcuay, JOMOBAHOTO OKCHAAMH piakicHO3eMenbHUX MeTanmis (Sm3*, Erd*, Pré*,
Nd®*") ta/abo cranymy (IV) okcuaoM, JOCHIIKEHHIO iX (i3MKO-XIMiYHHMX BJIACTHBOCTEH i
edbexkTuBHOCTI Yy  (oTOKaTamMITHYHIA  jgerpagaiii 1  MiHepamizamii  aHTUOIOTHKIB
UIpodIOKCalUHY 1 Cylb(haMeToKCca30Iy Mij AI€0 MTYYHOTO COHSYHOTO CBITIA.

B po6oti posrmsiHyTO BIuiMB mapamertpiB (PH, Temmeparypa, THN pO3YMHHMKA, THUII
IPEKypcopy) Pi3HUX METOIIB CHHTE3y (30JIb-Tejb, TiApOTepMaabHUNM, KOMOIHOBAaHUN 30JIb-
reNb-TiIPOTEPMATbHUN, CONBBOTEPMATIbHUM) Ha (OTOKATATITUYHY AKTHUBHICTH IOPOIIKIB
tutany (IV) oxcumy. Jocmimkenns 3paskiB tutany (V) okcuay, CHHTE30BaHHX pPI3HUMHU
METOJIaMH, CBi4aTh, 1[0 BUKOPUCTaHI METOAM J03BOJISIOTH OTPUMYBATH HAHOCTPYKTYPHUU
TiO,, a HaiiBumy e()EeKTUBHICTh y (DOTOKATAMITHYHIN faerpamarii numnpodiokcaruay B Y-
cBiTii (365 HM) BUSBIISIE 3pa30K, CHHTE30BAaHUU TiIPOTEPMAIBHUM METOJOM CHHTE3Y 3
tutany (V) izonpomnokcuay 3a Hu3bkoi remmeparypu (110 °C) i3 BAKOpUCTaHHIM pO3YNHHHUKA
2-iponianona. Opepkanuid 3pa3ok Bupansie 99,5 % mumpodriokcanmuny 3a 120 xBuimuH
HpoLleCy, XapaKTEpH3yeThCs BHUCOKOIO TMTOMOIO ToBepxHeo (315 M2%r) i BHCOKOIO
MOPYBATICTIO.

BcranoBiieHo, mo mpu AONMyBaHHI KOMepiiiHOTo ¢orokaramizatopa P25 TiO; Tta
CHHTE30BAHOTO  TiZpoTepMaibHUM  MeTogoMm  tutany (IV)  okcumy — okcumamwu

pinkicHozemensHux MetaniB (SmS*, Er¥*, Pr¥*, Nd*") rigporepmanbHuM METOOM HaWBHIILY



(GoTOKaTANITUYHY aKTHBHICTh BHSBHIMN 3pa3ku ckiany T102-Smy0s3. Haitdinbin egexTuBHUM
y (hoToKaTamTHUHINA Aerpaaaiii HUIpo(IOKCalUHY Y IITYYHOMY COHSIMHOMY CBITJI € 3pa30K
cunte3oBanoro T10,, qomoBanoro Sm;0s (1 mac.% Sm), sxuit Buganse 94 % antubioTHKa 3a
30 xB, a y MiHepamizaiii nunpodIOKcaluHy — 3pa30K KOMepIiitHOTo ¢oToKaTaaizaTopa
P25 TiO,, momosanoro Sm03 (1 mac.% Sm), sikuii Minepaiizye 86,5 % aHTHO10THKA 3a 6 TO/I.
O6uaBa (orokaTanizaTopu MPOJEMOHCTPYBAINA Kpallll pe3yibTaTH 3a KOMEPLIHHUN 3pa3ok
P25 TiO,. Tlpoaykru ¢HOTOKATAIITUYHOrO TPOIECY 13 3acTocyBaHHAM 3pas3kiB 110y,
nonoBanux camapito (III) okcumoM, He MPOAEMOHCTPYBajduM TOKCUYHICTH IIOAO OakTepiid
E. coli na Binminy Big koMepiiiiHOTro 3paszka P25 TiOy, sikuii mposiBUB TOKCUYHICTB Yepe3 6 1o
npoIiecy.

VY ¢dorokaraniTuuHiil Aerpanamii 1 MiHepamizaiii aHTHUOIOTHUKA CyJIb(haMeTOKCa30y
HaWKpaIly aKTHBHICTh POSIBUB KoMepIliiHuii 3pa3ok P25 TiO,, sxwuii 3a 1 rox Buganus 75 %
aHTUO10TMKA, a 3a 3 Trox J03BOJUMB jocartd 88 % MiHepamizamii. Sk TPOIYKTH
(dbOoTOKATaTITUYHOTO MPOIECY, TaK 1 BUXIAHUNA MOJEIBLHUN PO3YUH CyIb(aMETOKCa30Jy He
BUSIBIJIM TOKCHYHOCTI 1ogo Oakrtepit E. coli, mo moxe CBIiTYMTH TpO BXKE PO3BHHYTY
PE3UCTEHTHICTD J0 OO aHTHOI0THKY OakTepismu E. coli.

JlocmpKeHHST ONTUYHUX BiacTUBOCTe THTaHy (IV) OKcuay, JDOMOBAaHOTO OKCHIAMHU
PIIKICHO3EMEJIBHIX METAJIIB, IMiITBEPKYE 3MEHIIICHHS IMIUPUHUA 3a00POHEHOT 30HH 3pa3KiB HA
ocHOBI komepiiitnoro P25 TiO, (Eq = 3,33 eB) nHa 0,06-0,09 eB, mo crpusie 3pocTanHIo
dboToKaTamiTUYHOI aKTUBHOCTI. [IpW 1bOMY 3pa30K CHHTE30BAaHOTO TiIPOTepMaTbHUM
MeroaoM T102 Ta 10moBaHi 3pa3Ku Ha HOro OCHOBI MalOTh MEHIIY €HEPrit0 3a00POHEHOI 30HU
(3,27 eB), sika He 3MIHIOETHCS TIPH JIOITYBaHHI.

PenrenodazoBuii 1 peHTreHOCTPYKTYpHHI aHami3 3pas3kiB umctoro 1102 1 TiOy,
nomoBaHoro SmMy03, MoKasas, 10 OJIep>KaHi MaTepialid € HAHOKpHUCTaTiYHUMU. Da30BUIA CKIIa]
3pa3kiB Ha ocHOBI P25 TiO, npencTaBiieHnid CyMIIIIIIIO aHaTa3y i pyTHITY 3 BEJIMKHUM PO3MIpOM
kpuctaiiTiB (15-23 M), 3pa3ku Ha ocHoBI HT TiO; ckitagaroThest 3 CyMillli aHaTasy i OpykiTy

3 MajJuM pO3MIpoM KpHUCTadiTIB (4-7 HM). 3acobamMu CKaHYIOUYOl1 €JIEKTPOHHOI MIKPOCKOIIi



OyJIO BCTAHOBJICHO, IO JIOMyBaHHS PIIKICHO3EMEIbHUMHU MeTajlaMu He 3MiHIO€ MOP(]OJIOTiIo
TiO,. Ilpm upoMy pe3yabTaTd CHEProAUCIEPCIHHOTO PEHTTEHIBICAKOTO MAamyBaHHS 1
PEHTIeHIBCHKOI1 (DOTOCIEKTPOHHOT CIIEKTPOCKOITIT MATBEPIKYIOTh YTBOPEHHS 1mapy Smy0Os3 Ha
noBepxHi T102. MeTogoM HHU3BKOTEMIIEpaTYpPHOI afcopOIii-n1ecopOIii a30Ty BCTaHOBJICHO,
10 3pa3Kyd Ha OCHOBI cuHTe30BaHoro turany (IV) okcuay maroTh OUIbIY MUTOMY IUIOHLY
nosepxHi (202-220 M?/T), Hixk 3pa3Ku Ha OCHOBI KoMepiiiHoro 3paska P25 TiO, (57-61 M%)
1, IK HACJI1I0K, Kpalli afcopOIiiHi BIaCTUBOCTI.

dorokatamizaropu ckiamxy T102-SnO, onxepikaHi 13 BHKOPUCTAHHIM IPEKYypCOPY
SnClyx2H,0 i yac cunTe3y, MarOTh HAWBHIIY e(DEKTUBHICTD Y (OTOKATATITUYHIN Jerpanarii
aHTHO10THKAa LUIPOQIIOKCAIMHY B yibTpadioseToBoMy CBITII. JlomyBaHHS KOMEPLIMHOIO
3paska ¢orokatamizaropa P25 TiO; cranymy (IV) okcugom a6o camapiro (IV) okcumom abo
o0oMa OKCHJaMU OJHOYACHO HE MPHU3BOJUTH JI0 3pOCTaHHS €(EKTUBHOCTI MiHepasizarii
aHTUO10THKA UIPOQIIOKCAIIMHY TI1JT 1€ MTYYHOTO BUAMMOTO cBiT/ia. HaBnaku, qomyBaHHS
curre3oBanoro turany (IV) okcumy camapiio (IV) okcumom ab6o Cranymy (IV) okcumom Ta
camapiro (IV) okcuIoM OJHOYACHO MPHU3BOAUTH J0 3pOCTaHHS €(hEKTHBHOCTI MiHEpati3arii
UIPOQIOKCAIIMHY, OCOOJIMBO Y BUMMOMY Jliania3oHi cBiTIa. BcTaHOBIEHO, 1110 €(heKTUBHICTH
MiHepaizalii unpodIIokcanuy (HoToKaTaaizaTopoM Ha OCHOBI cuHTe30BaHOrO T102, sKuii
mictuth 1 Mac.% Sm, y BuguMomy CBITii BuIlla Ha 5 % TMOPIBHAHO 3 KOMEPIIIHUM 3pa3koM
EVONIK AEROXIDE TiO; P25.

PenrenodasoBuii i peHTT€HOCTPYKTYPHHUI aHaii3 3pa3kiB 4ucToro i momosanoro Ti0;
MOKa3aB, 110 BCl OJIEp’KaHI Marepiaiu € HaHOKpUcTaTiyHUMHU. Da30BUil CKIaj JOMOBAHUX
3pa3kiB Ha ocHOBI P25 TiO, mpeacraBieHuii cymimmmo aHaTasy, PyTHWIy 1 KacHTEPHUTY 3
BEJIMKUM po3MipoM kpuctamitiB tutany (IV) okcumy (17-27 HM) 1 qyKe MaJIuM po3MipoM
KPUCTAJIITIB Kacuteputy — 2 HM. JlomoBani 3pa3ku Ha ocHOBI HT TiO; ckimagaroThest 3 cyMinri
aHaTa3zy, OpyKiTy 1 KACHTEPHUTY 3 MAJIUM OJHOPIIHUM PO3MIPOM KPUCTATITIB (4-7 HM).

HoBusna pobotu mosnsrae B HacTynmHOMY. Brepiie eKCcriepuMeHTalbHO JTOBEICHO, 10

BUKOPHUCTAHHS TIAPOTEPMATIBHOIO METOAY Cepell 30Jb-Tejlb, KOMOIHOBAHOI'O 30J1b-T€lb-



TAPOTEPMAIIBHOTO, COJIBBOTEPMAIBHOTO METO/IB CHUHTE3Y HO3BOJISIE OTPUMATH HANWOLIbII
¢orokaranituyHo akTUBHUM TUTaHy (IV) okcua. ['iapoTepManbHUM METOJAOM CHHTE30BAaHO
HOBITHI HAHOKOMITO3UTHI (oTokaranizatopu ckiaany TiO2-Smy0s, TiO2-EryOs, TiO2-Nd20s,
Ti02-Pr;03, TiO2-Smy03/Sn0O,, cepen skux HaHOKOMIO3UTH Ha ocHOBI TiO2 Tta SmyOs
MIPOIEMOHCTPYBAJIM HAMBUIY (DOTOKATATITUUHY aKTUBHICTH 10 HUMPODIOKCAIINHY.

BcranoBneno, mo HaiiBuma QoTokartamiTHyHa AakKTUBHICTh Y (DOTOKaTamITHUYHIN
nerpagamii 1 MiHepamizaiii aHTHOIOTHKIB IUIpodIoKCaluHy 1 Cylb(ameTokca3ory
nputamanHa (Qortokartanizaropy TiOz, gomoBanomy 1mac.% Sm, mo o00yMOBIEHO
OJTHOYACHUM TOKPAIICHHSM CTPYKTYPHHUX Ta ONTUYHUX XapaKTEPUCTHK, a came 30UTbIICHHAM
MUTOMOI TUIOLII MOBEPXHI 1 MOPYBATOCTI Ta 3MEHILIEHHSM IIUPUHU 3a00pOHEHOT 30HH.

[Tokazano, 110 npu BUKOpUCTaHHI HAHOKOMIIO3UTIB T102-SM20O3y doTokartamiTuaHOMY
IPOIIEC] OUHUIIEH] BOJIH1 PO3UYMHU TICTsl PO3KIaAaHHs aHTUO10TUKIB HE BUSBIISIFOTH TOKCUYHOT
il oo Oaktepii E. coli.

[TpoBeeHe MOPIBHSAHHS BIACTHBOCTEH HAHOKOMITO3UTIB Ha OCHOBI T102, CHHTE30BaHUX
PI3HUMH METOJaMHU, JIO3BOJIUJIO BCTAHOBHUTH, IO HAWUOLIBII (POTOKATATITUYHO AaKTHUBHI
MaTepialidi MOXKHA OJIEp>KaTv TiAPOTEepMaIbHUM METOJOM cuHTe3y. [IpakTuuHi pe3ynbTraTtu
pOOOTH 3aXUINEHO MATEHTOM YKpaiHU Ha KOPUCHY MOJIEIb.

BcTanoBineHo ymMoBH OoTpuMaHHS €()eKTUBHOIO HAHOKOMIIO3UTHOTO (pOoTOKaTaIi3aTopa
Ha ocHOBI THTaHy (IV) okcuay, momoBaHoro camapiro (III) okcumom, TiapoTepMaIbHUM
METOJIOM CHUHTE3Y, SIKl JIO3BOJIMIN PO3POOUTH TapaMeTpH HOro ofepkaHHs. 3a po3poOIeHUMHU
napamMeTpaMH 3alpoTIOHOBAHO MPHUHIIMIIOBY CXEMY IMPOIECY OJEPKaHHS HAHOKOMIIO3UTY
TiOz-szOg.

Hoseneno, mo dotokaranmizatopu Ha ocHOBI TiO2, CHHTE30BaHI TiIpOTepMaILHUM
MeTooM, eeKTHBHI y TIpoliecax BUAAICHHs Ta MiHepami3ailii antubioTuki. [lokazano, 1o
oJIeprKaHi TakuM MeToI0M (poTokatarnizaropu ckinany T102-SmyO3 MoKHA PEKOMEHTyBaTH JIJIS
BUKOPHUCTAHHS B TEXHOJIOTISIX OYUIICHHS (hapMalleBTUYHUX Ta MICBKUX CTIYHHX BOJI, @ TAKOX

y MIATOTOBIIl TUTHOI BOJH.



Kmiouosi cnosa: rereporeHHmii ¢oTokaramnis, ¢orokatamizatop, tutany (IV) okxcun,
PIAKICHO3EMEJIbHI ~ METaJId, IUTYyYHE COHSYHE CBITJIO, TOKCHUYHICTh, MiHepasizaiis,
aHTUO10TUKH, HUIPOIOKCALUH, CYJIb(haMeTOKCa30ll.
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ANNOTATION

Kutuzova A. S. Photocatalytic activity of TiO,-based nanocomposites to antibiotics in
water bodies. — Qualification scientific work with the manuscript copyright.

The thesis for a Doctor of Philosophy degree in speciality 161 «Chemical technologies
and engineering». — National Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic

Institute™, Ministry of Education and Science of Ukraine, Kyiv, 2022,

The thesis is devoted to the obtaining of nanocomposites based on titanium (IV) oxide
doped with oxides of rare earth metals (Sm3*, Er¥*, Pr¥*, Nd®**) and/or tin (1V) oxide, the study
of their physicochemical properties and efficiency in the photocatalytic degradation and
mineralization of antibiotics ciprofloxacin and sulfamethoxazole under artificial sunlight.

The paper considers the effect of parameters (pH, temperature, solvent type, precursor
type) of various synthesis methods (sol-gel, hydrothermal, combined sol-gel-hydrothermal,
solvothermal) on the photocatalytic activity of titanium (IVV) oxide powders. Studies of
titanium (1) oxide samples synthesized by various methods show that the methods used allow
obtaining of nanostructured TiO,, and the highest efficiency in the photocatalytic degradation
of ciprofloxacin in UV light (365 nm) is revealed by the sample synthesized via hydrothermal
method from titanium (IV) isopropoxide at a low temperature (110 °C) using 2-propanol as a
solvent. The obtained sample removes 99,5 % of ciprofloxacin in 120 minutes of the process,
is characterized by a high specific surface area (315 m?/g) and high porosity.

It was established that after doping commercial P25 TiO; photocatalyst and titanium (V)
oxide synthesized by hydrothermal method with oxides of rare earth metals (Sm**, Er¥*, Pré*,
Nd®*") via hydrothermal method, samples of TiO»-Sm,Oz composition show the highest
photocatalytic activity. The most effective in the photocatalytic degradation of ciprofloxacin in
artificial sunlight is the sample of synthesized TiO, doped with Sm;03; (1 wt.% Sm), which

removes 94 % of the antibiotic in 30 min, and in the mineralization of ciprofloxacin —a sample
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of the commercial photocatalyst P25 TiO; doped with Sm,03 (1 wt .% Sm), which mineralizes
86,5 % of the antibiotic in 6 hours. Both photocatalysts demonstrated better results than the
commercial P25 TiO, sample. The products of the photocatalytic process with TiO, samples
doped with samarium (I11) oxide did not show toxicity towards bacteria E. coli, in contrast to
the commercial P25 TiO;, sample, which demonstrated toxicity after 6 h of the process.

In the photocatalytic degradation and mineralization of the antibiotic sulfamethoxazole,
commercial sample P25 TiO, showed the best activity, removed 75 % of the antibiotic in 1 h,
and allowed reaching of 88 % mineralization in 3 hours. Both the products of the photocatalytic
process and the initial model solution of sulfamethoxazole did not show toxicity against E. coli,
which may indicate that antibacterial resistance had been already developed by E. coli.

The study of optical properties of titanium (IV) oxide doped with oxides of rare earth
metals confirms a decrease in the band gap of samples based on commercial P25
TiO, (Eq = 3,33 eV) by 0,06-0,09 eV, which contributes to the increase in photocatalytic
activity. At the same time, TiO, sample synthesized by hydrothermal method and doped
samples based on it have a smaller band gap (3,27 eV), which does not change after doping.

X-ray powder diffraction analysis of pure TiO, and TiO doped with Sm,0O3 showed that
the obtained materials were nanocrystalline. Phase composition of the samples based on P25
TiO; is represented by a mixture of anatase and rutile with a large crystallite size (15-23 nm),
while samples based on HT TiO; consist of a mixture of anatase and brookite with a small
crystallite size (4-7 nm). Using scanning electron microscopy, it was established that doping
with rare earth metals does not change the morphology of TiO,. At the same time, the results
of energy dispersive X-ray mapping and X-ray photoelectron spectroscopy confirm the
formation of Sm,O3 layer on TiO; surface. The method of low-temperature adsorption-
desorption of nitrogen made it possible to establish that samples based on synthesized
titanium (1) oxide had higher specific surface area (202-220 m?/g) than the samples based on

commercial sample P25 TiO, (57-61 m?/g) and, as a result, better adsorption properties.
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Photocatalysts of TiO,-SnO, composition, obtained from SnCl;x2H,0 precursor during
synthesis, had the highest efficiency in the photocatalytic degradation of antibiotic
ciprofloxacin under ultraviolet light. Doping of a commercial P25 TiO, photocatalyst with
tin (V) oxide or samarium (IV) oxide or both oxides at the same time did not lead to an increase
in the efficiency of mineralization of ciprofloxacin under artificial visible light. On the
contrary, doping of the synthesized titanium (IV) oxide with samarium (IV) oxide or tin (1V)
oxide and samarium (IV) oxide simultaneously lead to the increase in the efficiency of
mineralization of ciprofloxacin, especially in visible light range. It was established that the
efficiency of mineralization of ciprofloxacin by a photocatalyst based on the synthesized TiO;
with 1 wt.% Sm is 5 % higher in visible light compared to the commercial sample of EVONIK
AEROXIDE TiO;, P25.

X-ray powder diffraction analysis of pure and doped TiO, showed that all the obtained
materials were nanocrystalline. Phase composition of doped samples based on P25 TiO, was
represented by a mixture of anatase, rutile and cassiterite with a large crystallite size of
titanium (1V) oxide (17-27 nm) and a very small crystallite size of cassiterite — 2 nm. Doped
samples based on HT TiO, consisted of a mixture of anatase, brookite, and cassiterite with a
small, uniform crystallite size (4-7 nm).

The scientific novelty of the work is as follows. For the first time, it was experimentally
proven that the use of hydrothermal method among sol-gel, combined sol-gel-hydrothermal,
and solvothermal synthesis methods allowed obtaining of the most photocatalytically active
titanium (1V) oxide. The latest nanocomposite photocatalysts of the composition TiO2-Sm,0s,
T102-Er03, TiO2-Nd203, TiO2-Pra0s, TiO2-Sm203/SnO, were synthesized by hydrothermal
method, among which nanocomposites based on TiO, and Sm,O3; demonstrated the highest
photocatalytic activity towards ciprofloxacin.

It was established that the highest photocatalytic activity in the photocatalytic
degradation and mineralization of the antibiotics ciprofloxacin and sulfamethoxazole was

inherent to the TiO, photocatalysts doped with 1 wt.% Sm, which is due to the simultaneous
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improvement of structural and optical characteristics, namely, an increase in the specific
surface area and porosity and a decrease in the band gap.

It was shown that when TiO,-Sm,0O3; nanocomposites were used in the photocatalytic
process, purified agueous solutions after the decomposition of antibiotics did not show any
toxic effect on E. coli.

A comparison of the properties of TiO,-based nanocomposites synthesized by various
methods made it possible to establish that the most photocatalytically active materials can be
obtained using hydrothermal synthesis method. Practical results of the work are protected by a
Ukrainian utility model patent.

The conditions for obtaining an effective nanocomposite photocatalyst based on
titanium (1V) oxide doped with samarium (111) oxide by hydrothermal synthesis method were
established, which allowed development of its production parameters. Based on the developed
parameters, a schematic diagram of TiO,-Sm;0Os; nanocomposite production process was
proposed.

Photocatalysts based on TiO,, synthesized by hydrothermal method, have been proven
to be effective in the removal and mineralization of antibiotics. It is shown that TiO2-Sm,O3
photocatalysts obtained by this method can be recommended for use in pharmaceutical and
municipal wastewater treatment technologies, as well as in the preparation of drinking water.

Key words: heterogeneous photocatalysis, photocatalyst, titanium (IV) oxide, rare earth
metals, artificial sunlight, toxicity, mineralization, antibiotics, ciprofloxacin,

sulfamethoxazole.
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311 — 30Ha POBIAHOCTI,

[IEM — npocBiuytoua eneKTpoHHa MiKPOCKOITIS;
P3M — pigkicHO3eMeNbHHI MeTal;

P®A — pentrenodayopeclieHTHUHN aHai3;

P®EC — penrtreniBcbka (HOTOSIEKTPOHHA CIIEKTPOCKOITiS;
CAD — critiki 10 aHTHO10THUKIB OaKTEPii;

CAT — cTiiiki 10 aHTUO10TUKIB I'€HU,

CEM - ckanytoua eJeKTpOHHA MIKPOCKOITIS;

COCB - craHIis OYHIEHHS CTIYHUX BOJI,

TI'A — TepMorpaBIMETpUYHUNA aHAITI3;

YO — ynprpadioneToBui;

AOPs — iporpecuBHi niporiecu okuciacHHs (advanced oxidation processes) ;

CIP — nunipodokcaiuH,

€ — EJIIEKTPOH,

h* — mipka;

PTFE — momiterpadTopeTuseH;

SMX — cynshameTokcasod.
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BCTYII

OO0rpyHTyBaHHS BUOOPY TeMH JAOCJIIKEHHSA

3a0pyaAHEHHS NPUPOJTHUX BOJI aHTUOI0TUKAMU CTA€ BEIMYE3HOIO MPOOJIEMOIO HE TUIBKU
OXOPOHHM JIOBKLJUIS, ajie ¥ OXOpPOHHU 370pOB'sa. PO3BUTOK pEe3UCTEHTHOCTI 10 aHTUOIOTHUKIB, a
TAKOXX TOSIBU CTIMKUX JI0 aHTUOIOTHKIB OakTepii Ta CTIMKMX 10 aHTUOIOTHUKIB TE€HIB
PU3BOJIUTH JI0 3pOCTAHHS CMEPTHOCTI HACEJICHHS, aJ[’Ke 1ICHYI0Ul aHTUO10TUKHU BXKE HE 3/1aTHI
JIKyBaTU MOIIKMpEH1 OakTepiayibHl 1H(EKIIHI 3axBoproBaHHsA. HekopekTHe 3acTocyBaHHS Ta
yTHITI3al1l1s1 aHTUO10THKIB, a TAKOK Hee(PEKTUBHE OUUILICHHS CTIYHUX BOJ Ha (papMarieBTUHUHUX
HiNPUEMCTBAX Ta Ha MICBKUX CTAHINSX OYMIICHHS CTIYHUX BOJ| IPH3BOIAUTH JIO BUSBICHHS
aHTUO10TUKIB HE TUTbKU B MOBEPXHEBUX 1 MA3EMHUX BOJIaX, ajie 1 y MUTHIN BOJI.

Cepen ycix aHTHOIOTHKIB UHMIpOdIOKCcAlMH 1 CyJb(pamMeTrokca3on € OJHUMHU 3
HalyacTille BUKOPUCTOBYBAHUX y MEAMIMHI 1 BerepuHapii. Uepe3 CBOIO CTIMKICTH A0
Ol0opo3KiIagaHHs, BUCOKY MOOIIBHICTh, 010aKYMYJISTUBHICTh 1 TOKCUYHICTH Il aHTHO1OTHKH
3yCTpIYalOThCS HaWyacTilme 1 y AYKE€ BHCOKHUX KOHIIEHTpAIlIIX y CTIYHUX, TOBEPXHEBHX,
MiJ36MHUX BOJaX, a TAKOXK Yy MUTHIN Bo/i. BHCcOKa TOKCHYHICTh IIMX aHTHO10TUKIB 7O BOJIHHUX
oprani3miB (1iano0akTepiii, MPICHOBOJAHUX BOAOPOCTEH, TOIIO) CTAHOBUTH 3arpo3y IIJIAM
€KOCHCTEeMaM, a CIPUSHHS PO3BUTKY PE3UCTCHTHOCTI OaKTepiil 0 IUX aHTHO10THKIB BUKIIUKAE
nedIuT BapiaHTIB JIIKYBaHHS Y MEIUIIMHI 1, IK HACIIIOK, MPU3BOIUTH J0 TJI00ATBHOT KpHU3U
OXOPOHU 370pPOB’Sl.

[ereporennmii ¢orokaramiza Ha ocHoBi TtutaHy (IV) okcumy, sSKWil HaJICKUTH IO
MIPOTPECUBHUX METOiB OKUCHEHHSI, € OJTHUM 3 HaWOUIBII EPCIICKTUBHUX MIISAXIB OUNIICHHS
BOJ Bi/JI aHTUOIOTHKIB 3 TOYKU 30pYy €(EKTHBHOCTI Ta eHeproedeKTHUBHOCTI mporecy. Taki
O0OMEKEeHHSI TPOMHUCIIOBOTO BUKOpUCTaHHS 1107 K MIBUAKY PEKOMOIHAIIF0 ()OTOTEeHEPOBAHUX
HOCIIB 3apsAny 1 HU3bKY €(EKTUBHICTh y BUIUMOMY CBITJII MOXKHA MOJOJATH MOIU(]IKaIi€ro
TiO; cramymy (IV) okcuaoM 1 OKCHIAMU — PIAKICHO3EMENbHUX  MeTaiiB.  Takui
doTokaTamiTHYHUIN MpoIleC 3aTHUI mepediraTi Mpu BUKOPHUCTAHHI «3€JIEHOTO» Ta CTIHKOTO

JDKEpeJia CBITJIa — COHAYHOI0 BUPOMiHIOBaHHA. Came ToMy CTBOpPEHHs (POTOKATaIi3aTOPiB HA
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ocHoBi THTaHy (IV) oOkcuay, OMOBAaHMX OKCHUAAMH PIAKICHO3EMEIbHUX METaliB 1
cranymy (IV) okcumom, siki pOTOAKTHBHI ITiJT II€I0 COHSIYHOTO CBITJIA, € BKPail aKTyaJbHUM i
MEPCHEKTUBHUM JUIsl BHUpPILIEHHS NpoOsiieMH 3a0pyJHEHHS NPUPOJHUX Ta CTIYHUX BOJ
aHTUO10TUKAMU.

3B’8130K po0OTH 3 HAYKOBUMHM IPOrpaMaMH, IJIAHAMH, TEMaAMHU

HucepratiiiHy po0OOTy BHKOHAaHO Ha Kadeapl TEXHOJOrlT HEOpraHiuHMX pPEYOBHUH,
BOJIOOYHMILEHHS Ta 3arajbHOI XIMIYHOI TexHoJor1i HallloHanbHOro TEXHIYHOTO YHIBEPCUTETY
Vkpainn «KuiBcbkuil momiTeXHiYHUNA 1HCTUTYT 1MmeHl Irops CikopcbKoro» y pamkax
Jep’)KaBHUX HAyKOBO-AOCHIAHMX TeM MiHictepcTBa OCBITH 1 Hayku Ykpainu Ne 2307 n
«HoBITHI HAHOUCIIEPCHI OKCHIHI Ta KOMITO3UTHI aJICOPOEHTH 1 KaTaji3aTOpHU €KOJIOT1YHOTO
npusHaueHHs»  (2020-2022 p.p.,  Ne mepxkpeectparii  0120U102127), Ne 2003 nn
«Komno3uIiiiiHi HAaHOCTPYKTYpOBaHI Marepiaiu 3 peryjboBaHUMHU (PI3UKO-XIMIYHUMHU
BiractuBocTsiMu»  (2017-2019 p.p., Ne mepkpeectpamii  0117U000262), mikHApOAHOTO
YKpaTHChKO-O1IOPYCHKOTO HAYKOBOTO MPOEKTy «l eTeporeHHi MeTaloOKCHIHI KaTalli3aTopu
JUIS. OYMILICHHSI CTIYHUX BOJ BiA opraHigyHux crnoiyk» (2017-2018 pp., Ne nepskpeecrtpairii
0118U004596), nepxoOromkernoi Temu MOH VYkpainu mans mMonoaux BueHHX «CTBOpEHHS
CEJICKTUBHO PEaKI[IMHUX METaJIYHUX Ta KOMIIO3WTHHUX HaHOMAaTepiajiB 3 BUKOPHCTAHHSIM
CKOJIOTIYHUX 10HHHUX PiguH HOBOro mokoiHHsay (2021 p., Ne nepxxpeectpartii 0121U100409),
IHIUBIyaqbHOTO  TpaHTy  mporpamu  Erasmus+  «®oTokaTajaiTHuyHAa  aKTUBHICTH
HaHOKOMITO3UTIiB Ha ocHOBi TiOz m0 munpodmokcanuny» (2019-2020 pp., YHiBepcuteT
Jlimepiky, Jlimepik, Ipnannis), iHauBigxyaneHoro rpanTy mporpamu DAAD «3actocyBaHHS
dorokaTanizatopiB Ha ocHOBI TiO2, TOTIOBAaHUX OKCHIaMHU PiAKICHO3EMEIbHUX MeTatiB (Sm,
Pr, Nd, Er) Ta/abo cramymy (IV) okcumom, y BumanenHi antubiotukiB» (2021-2022 pp.,

[acTutyT Karamizy im. Jlsitonina, Poctok, Himeuunna).
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Mera i 3aBIaHHSA T0CTIIKEHHS

Mertoro po6oTu OyB CHMHTE3 HOBITHHOTO €(PEKTHBHOTO (hoTOKaTagizaTopa Ha OCHOBI
tutany (VI) okcuay, I0OMOBAaHOTO OKCHAAMHU PifKicCHO3eMelbHUX MeTanis Sm3*, Pr3*, Nd¥*,
Er¥* ta/abo cramymy (VI) okcumoMm, Ta JOCHiKeHHs iX (DOTOKATATITHYHOI aKTMBHOCTI JI0
HUIPO(IIOKCALMHY Ta CyJIb(haMeTOKCca30Iy MiJ AI€I0 IITYYHOIO COHSYHOTO CBITIA.

JUist nocsirHEHHS 3a1aH01 MeTH OYJIM MOCTaBJIEH] TaKi 3aBAaHHS:
o NPOBECTU aHaJi3 Ta y3arajibHUTH CYyYacHI JITepaTypHi JaHl 3 MUTaHb MPOOJIEMATUKH
3a0pyHEHHS TPUPOJIHUX BOJ AHTUOIOTMKAMHU, METOJIB OUYHUIIEHHS BOJU BiJ aHTHUO10THKIB,
O0OMEXEHb TPOMHUCIOBOTO 3aCTOCYBaHHS (OTOKATATITHYHMX MpoIleciB Ha OcCHOBI 110y,
BJOCKOHAJICHHS Ta MOKPAIICHHS (POTOKATAIITHIHOI akTUBHOCTI T102;
° curresyBatu tutany (V) okcua, MoaudikoBaHHMH OKCHIAMHU PiAKICHO3EMEIbHUX
metanis (Sm*, Er¥*, Pr3*, Nd**) ta/a6o cranymy (IV) okcumom ta unctuii Tutany (1V) oxcun
JUTSL TIOPIBHSIHHS 1 JAOCTIAWTH BIUTUB NapameTpiB (PH, TemnepaTtypa, TUN pO3YMHHHMKA, THII
PEKypCcopy) Pi3HUX METOJIIB CUHTE3Y (30J1b-T€JIb, T1IpOTEPMaTbHIMI, COTLBOTEPMAIIbHHI) Ha
¢dboTOKaTATITUUHY aKTUBHICTh MaTEPiaIiB;
o 3aiicHuTH  Xapaktepusaiito tutany (IV) okcuay, Moan(ikoBaHOTO OKCHIaMHU
pinkicHozemensHux Metanis (Sm®, Er¥*, Pr¥*, Nd®") Ta/a6o cranymy (IV) okcumom, Ta
yrctoro tTutany (IV) okcuay ais BUB4eHHs ix pa3oBoro ckiaamy, Mopdosorii, XiMii HOBEpXHI,
CTPYKTYPHO-aJCOPOIIIHUX Ta ONITHYHUX XaPAKTCPUCTHK;
° JTOCTIINTH aKTHBHICTh MarepialliB y (OTOKATaNITHYHIN Aerpanamii 1 MiHepami3arii
aHTUO10TUKY IUIIPOQIIOKCAIIMHY i JI€I0 MTYYHOTO COHAYHOTO CBITIA;
o BUBUMUTHU AaKTUBHICTh MaTepiaiiB y (OTOKATANMITHUHIA Aerpagarmii i1 MiHepasmizarii
aHTUO10TUKY CYJIb(PaMETOKCA30y i/l JI€I0 MTYYHOTO COHSYHOTO CBITIA;
° BH3HAYUTH TOKCHYHICTH MPOAYKTIB (POTOKATATITHYHOI Aerpajallii aHTHOI0THUKIB 11010
oaxrepiii E. Coli;
o BCTAHOBUTH THI 1 CKJIaJ HAMOUIBIT €(EeKTUBHOTO 1 YHIBEpCaTbHOTO (OTOKaTaIizaTopa

Ha ocHOBI TuTany (IV) okcuny.
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06 ’exm docnioxcenns — Tutany (IV) okcupa Ta 1oro KOMIO3UTH 3 PIAKICHO3EMEIbHUMU
MeTasiamu 1 ctanymy (1V) okcuaom; poTokaTamiTHUHI MPOIECH 3a X yYaCTIO.

IIpeomem OocniddicenHss — yMOBU CUHTE3Y, MOP(OJIOTis, CTPYKTYPHI XapaKTEPUCTUKH,
ONTHYHI XapaKTCPHUCTUKH, (POTOKATATITHIHA AaKTHBHICTb, EKOTOKCHYHICTH THUTaHy (IV)
OKCHJTy Ta HOTO KOMITO3HUTIB 3 piKo3eMeIbHUMU MeTaiaMu 1 ctanyMy (V) okcumom.

MeToau H0C/IiIKEHHS

KinpkicHuii ckiaa 3pa3kiB BU3HAYaIM 3a JOMOMOTOI0 PEHTTeHOMIyOpeCIeHTHOTO
anami3zy Ha Malvern Panalytical Epsilon 1. ®a3oBuii cknan i po3Mip KpUCTaNITIB aHa13yBallu
Ha OCHOBI pe3yJbTaTiB aHalli3y METOJOM NOpOIIKOBOI IU(pakilii HA PEHTT€HIBCHKOMY
mudpakrometpi PANalytical Empyrean 3 Cu Ka-BunpomintoBannsm (45 kB, 40 MA) meTogom
PitBenbaa 3a JOMOMOrow mporpamMHoro 3a0esmnedeHHs. J{ocimiKeHHsT XIMIYHOTO CKIJIany
MOBEPXHI TMPOBOJWIN METOJIOM PEHTITCHIBCHKOI (DOTOCIIEKTPOHHOT CHEKTPOCKOMIi Ha
yibTpaBucokoBakyymHomy crnekrpomerpi VG ESCALAB 220 iXL 3 MOHOXpOMaTUYHUM
anongoMm Al K,. OnTuyHi BIACTUBOCTI JOCTIHKYBAIH 3a OJEPKAaHUMHU CIIEKTPaMHU BiIOUTTS
yIbTPadioNeTOBOr0 Ta BUIMMOIO CBITJIa 3a Jomomoroio crekrpodoromerpa Lambda 365
UV/Vis (PerkinElmer) y miamazoni nmosxun xBuiab 190-1100 aM B pekumi Audy3HOTO
BiIOUTTSA. EJEKTPOHHO-MIKPOCKOMIYHI JOCTIUKEHHS MPOBOAWIM Ha aBTOEMICIHHOMY
ckanyouomy enektpoHHomy Mikpockormni MERLIN® VP Compact, Co. Zeiss, ocHaiieHOMY
JETEKTOPOM  €HEProJIUCIIePCIHHOTO peHTreHiBchkoro BumnpominioBanHS XFlash  6/30,
Co. Bruker ta Ha aBToemiciiinomy mikpockomi JEOL 2100F mpu 200 kB i mikpockomi Zeiss
TEM 902. TemneparypHy CcTaOlIbHICTh MaTepialliB BU3HAYAIH TEPMOTPABIMETPUIHUM
anamizom Ha nipuctpoi NETZSCH STA 449 FS5 Jupiter. [lopyBaTy cTpyKTypy Ta aacopOIiiiHi
BJIACTUBOCTI MaTepiajiB JOCTIKYBAIN METOAOM HU3bKOTEMIIEPATYPHOI aicopOItii-gecopomii
a30Ty 3a JIOMOMOTOI0 aHami3aTopa IUIONII MOBEPXHI Ta po3Mipy mop Micromeritics
3Flex 113030 a6o NOVAtouch (Quantachrome Instruments). Ilutomi rmomi MmOBEpXHi
BHU3HAYalM 3a Jomomoroto metony bpynayepa-Emmera-Temnepa. BusnaueHHs KiHIEBOi

KOHIIGHTpAI[ll MOJEJIbHUX PO3YMHIB TMOJIOTAHTIB 3A1MCHIOBAIU CHEKTPO(POTOMETPUUHUM
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METOJIOM Ta METOJIOM BHCOKOE(EKTUBHOI piIMHHOI Xxpomarorpadii. BusHaueHHs BMiCTy
3arajbHOTO OPTaHIYHOTO BYTJCII0O B PO3YMHAX IMOJTIOTAHTIB BHKOHYBAIU 3a JOTIOMOTOIO
anamizaropa multi N/C 3100 TOC/TNb (Analytik Jena). AHaii3 TOKCHYHOCTI MOJCIIBHUX
PO3YMHIB TIOJFOTAHTIB MPOBOAMIIM 13 BUKOpHCTaHHSM mTamiB Oakrepiit E.coli K12. O6pobky
pEe3yJbTATIB EKCIIEPUMEHTAIIBHUX JOCHIDKEHb 3A1MCHIOBAIM 3a JIONOMOTOI Mporpam
Microsoft Excel 16,0 ta Origin 2022.

HaykoBa HOBH3HA OTPMMAHUX Pe3yJbTATiB

Brnepie excriepuMeHTanbHO JOBEACHO, 10 BUKOPUCTAHHS TiAPOTEPMAIEHOTO METOTY
cepell 30J1b-Tellb, KOMOIHOBAHOTO 30JIb-T€Ib-TiIPOTEPMATBLHOTO, COJIBBOTEPMATILHOTO METO/TIB
CUHTE3y J03BOJIIE OTPUMATH HaWOLIbII (OTOKaTAIITUUYHO akTUBHUN TuTaHy (IV) oxcun.
INaporepManbHUM METOJIOM CUHTE30BAaHO HOBITHI HAHOKOMITO3UTHI (HOTOKATAII3aTOPH
CKJany TiOz-Sm203, TiOz-EFzOs, TiOz-NdzOg, TiOz-PFzOg, TiOz—Sm203/Sn02, cepen SIKux
HaHOKOMMO3UTH Ha ocHOBI TiO2 Ta SM2O3 nmpoaeMoOHCTpYBaIM HAUBUILY (POTOKATATITUYHY
AKTUBHICTb 10 UMPODIOKCAIINHY .

Bcranomneno, mo HaiBuma (orokaTamiTHYHA AaKTHBHICTH Yy (OTOKATATITUUYHIN
nerpajgamii 1 MiHepamizaiii aHTHOIOTHKIB IUINPOQIOKCAMHY 1 CyJb(paMeToKcazolmy
nputamanHa (Qortokartanizaropy TiOz, gomoBanomy 1wmac.% Sm, mo o0O0yMOBIEHO
OJIHOYACHHUM MOKPAIIECHHSIM CTPYKTYPHHUX Ta ONTUYHUX XapaKTEPUCTUK, a came 30UIbIICHHIM
ITUTOMOT TUTOIII MTOBEPXHI 1 MOPYBATOCTI Ta 3MEHILICHHSIM MTUPUHU 3a00POHEHOT 30HMU.

[Toka3zaHo, 110 mpu BUKoprucTaHHi HaHOKOMITO3UTIB Ti102-Smy03y dhoToKaTamiTHIHOMY
MPOIICCi OYMINECH] BOAHI PO3YNHU ITICIIS PO3KIIAIaHH aHTHOIOTUKIB HE BUSBIISIOTh TOKCUIHOT
aii oo Oaktepiii E. coli.

IIpakTnyHe 3HaYeHHS OTPUMAHMX Pe3yJbTaTIiB

[TpoBeneHe MOPIBHSAHHS BIACTUBOCTSH HAHOKOMIIO3HUTIB Ha OCHOBI 107, CHHTE30BaHHUX
PI3HUMH METOJaMH, JIO3BOJMJIO BCTAHOBHTH, IO HAHOLIBII (POTOKATATITHIHO AaKTHUBHI
MaTepiaim MOXHa OJEP)KaTH TiAPOTEPMATbHUM METOJAOM CHUHTE3y. [IpakTwuHi pe3ynbTratu

pOOOTH 3aXUILEHO MATEHTOM YKpaiHU Ha KOPUCHY MOJIEIb.
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BcranoBneHo ymMmoBH OTpUMaHHS €(pEKTUBHOTO HAaHOKOMITO3UTHOTO (pOTOKaTai3aTopa
Ha ocHoBi TuTany (IV) okcuay, pomoBaHoro camapito (III) okcumom, riapoTepMaIbHUM
METOJIOM CUHTE3Y, SIKI JO3BOJMIN pO3pOOUTH TapaMeTpu HOro oJep:kaHHs. 3a po3po0ICeHUMHU
napaMeTpaMH 3alpoMOHOBAHO NPHHIIMIIOBY CXEMY TMPOLECy OJep:KaHHS HAaHOKOMITO3UTY
TiOz-Sm203.

Hoseneno, o ¢otokaranizatopu Ha ocHOBI TiOz, CHHTE30BaHI TiIpOTepMaIbHUM
METOJIOM, €(pEeKTHUBHI y Mpolecax BUAAJIECHHS Ta MiHepai3alli aHTuoiotukis. [lokazano, 1o
oJiepKaHi TakKUM MeTo0M (poTokaTaizaropu ckiaamy T102-SmyO3 MoKHA PEKOMEHTyBaTH JIJIs
BUKOPHUCTAHHS B TEXHOJIOTISIX OUYMINCHHS (apMarleBTUYHNX T4 MiCBKUX CTIYHUX BOJ, a TAKOK
y MiArOTOBII MUTHOT Boau. HasiBHI BiAMOBIAHI akTH BIipoBakeHHs (JlogaTok A).

Oco0ucTnii BHECOK 3100yBaya

besnocepennbo aBTOpOM 3aiiicHEHO: 1) niTepaTypHU MONIYK Ta aHATI3 JITepaTypHUX
JaHMX 32 TEMOIO TMCEepPTallii; 2) BiAMpabOBaHO Ta BCTAHOBIECHO ONTUMAIbHI YMOBU CHHTE3Y
¢dorokatamizatopis  Tturany (IV)  okcumy,  turtany (IV)  okcuamy, — JOMOBaHOIO
pinkicHO3eMenbHUMH MeTanamu, Ta Tutany (IV) okcuay, nmomoanoro cranym (IV) oxcumom
riiporepmMaibHUM MeTOaOM 3 mpekypcopy tutany (IV) i3ompomokcuay; 3) migidopaHo
MOJCNIbHI TIONIOTAHTH Ta BIANPAIbOBAHO MapaMeTPH EKCIEPUMEHTAIBHUX JIOCIIKEHD
(oTOKATAIITHYHOI aKTUBHOCTI 4ucTOro Ta gomoaHoro turany (IV) okcuay; 4) BU3Ha4eHO
KOHIICHTpAIlll MOJCIBHUX PO3YHMHIB IOJIOTAHTIB CIEKTPOPOTOMETPHYHHUM METOJ0M Ta
METOJOM BHCOKOC()EKTHUBHOI pPiAUHHOI Xpomarorpadii; 5) BU3HAYEHO BMICT 3arajbHOTO
OpPraHi4HOTO BYTJEHIO B PO3YMHAX TOJIOTAHTIB, ©6) OJlep)KaHO CHEKTPU  BIIOUTTS
yIbTpadioaeTOBOro Ta BUIUMOTO CBITIA 3pa3KiB; 7) MPOBEACHO TEPMOTPABIMETPHUUHUM aHATI3
Ta eKCMIEPUMEHTH U (epeHIliifHOI CKaHyou0i KaJopuMeTpii. HaykoBi po6otu onmy0ikoBaHi y
criBaBTopcTBi 3 Jlonmosoro T. A., Jennifer Strunk, James J. Leahy, Witold Kwapinski Ta is.
CmiBaBTOpaMH HAyKOBUX Tpallb € HAYKOBUW KEPIBHUK Ta HAYKOBIN, CIUIBHO 3 SKHUMH

MPOBEJICHI TOCTIKCHHS. Y HAayKOBUX MpaIlixX, OMyOIiKOBAaHUX y CITIBABTOPCTBI, IUCEPTAHTY
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HaJIEXUTh (DAKTUYHMUI MaTepian 1 OCHOBHUU TBOpUMid JopoOok. [locTaHOBKa METH 1 3aBAaHb
Ta 0OTOBOPEHHS PE3yJIbTaTIB MPOBECHI PA30M 3 HAYKOBUM KEPIBHUKOM.

Anpodanisi pe3yJbTaTiB AUcepTALIl

Pesynbpratn nmocnmimkeHb AHMcCEpTallii MPEeACTaBISUINCh Ta OOrOBOPIOBAIHMCH Ha
TPUHAILATH MI>KHAPOJHUX HAYKOBO-NIPAKTMYHUX KOH(epeHwisx, B Tomy umcni: 77, 8, 101,
11" International Conference «Nanomaterials: Application & Properties» (NAP 2017, NAP
2018, NAP 2020, NAP 2021), International Research and Practice Conference:
Nanotechnology and Nanomaterials (NANO-2020, NANO-2021), Torio.

HasBHi aktu BripoBakens (JJOJJATOK A).

Hyo6aikamii

3a Temoro aucepTarlii onmy0JiKOBaHO 25 HAYKOBHX Mpallb, y TOMY YHCIL: / cTaTel y
HayKOBUX (paxoBUX BUAAHHAX, (3 HUX 6 cTaTed IUTYIOTHCS HAYKOMETPUYHOIO 0a3010 JaHUX
SCOPUS, 2 crarTi Bxoasath 10 niepetiiky BAK, 6 crareit mUTyIOThCS HAyKOMETPHUYHOO 023010
nannx GOOGLE Scholar), 1 natenT Ykpainu Ha KOpUCHY MOJIeNb, 4 MaTepialid MI>XHAPOTHUX
KoH(pepeHIlii, a Takox 13 1ormoBiiei Ha MIKHAPOHUX KOH(BEPEHIIIAX.

Crpykrypa Ta o0csr auceprauii

Huceprarniiina po0oTa BuKIajeHa Ha 172 cTopiHKax MAaIIMHOMUCHOTO TEKCTY,
CKJIQZAE€ThCS 3 BCTYITY, MIECTH PO3JLIIB, 3arajJlbHUX BUCHOBKIB, CIIUCKY BUKOPUCTAHUX JIKEPE
Ta OJTHOTO JToAaTKy. OOCSAT OCHOBHOT'O TEKCTY nucepraiii ckinagae 141 cTopiHKy IpyKOBaHOTO
TekcTy. PoboTa imoctpoBana 23 tabnuisamu Ta 59 pucynkamu. CiCOK BUKOPUCTAHUX JIKEPE

MictuTh 121 HalimenyBaHHs, 3 HUX 121 natuHuUIEO.
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PO3JILI 1
3ABPYJIHEHHSI TIPUPOJHUX BOJ AHTUBIOTMKAMM, HEBE3IMEKA X
MOILLUPEHHS B HUX TA iX JIETPAJIALIISI CYYACHUMHU METOJAMHU

1.1 Ilpu4yuHM NOsIBM AHTHOIOTHKIB Y NPUPOJIHUX BOAOHMAX

dapmaneBTHUHI Openapaty (aHAIBIeTHUKW Ta MPOTH3analibHI 3aco0H, aHTUOIOTHKH,
IPOTUCYJIOMHI 3aco0u, B-G1okaTtopu, TOpPMOHANIBHI TMpenapaTtv, pPEryasTOpH JIMiTHOTO
0o0MiHy, TICMXOTpomHi mpemapatd [1]) cramu HeBi €MHOIO YaCTHHOIO JIIOJCHKOTO JKHTTS,
OPUHOCAYU KOPUCTh 310POB’10 Ta 10OpoOyTy cycninbcTBa. be3 HeoOX1THUX JIIKIB HEMOXKIIMBO
ySBUTH 3pPOCTaHHS TPHUBAJIOCTI MKUTTSA, Kpalry Hpo(iIaKTUKy 3aXBOPIOBaHb 1 CYTTEBE
3HWKEHHs cMmepTHOcTi [2]. CnoxuBaHHsA (apMaleBTHYHUX MpErnapariB  MOCTIHHO
30UIBIIYETHCS Yepe3 JgemMorpadiuai 3MIHU: 3pOCTaHHS YMCEIIBHOCTI HACEJICHHSI CBITY Ta HOTO
IIUIBHOCTI, CTapiHHSA CYCHUIbCTBa (0COOIMBO B pO3BMHEHHMX Kpainax) [1,3]. 3pocranHs
YUCEIHLHOCTI HACEJICHHS TaKOXK O3Hadae moTpely B OUIbIIiNA KibKocTi k1. Lle, B cBorO yepry,
IIPU3BOJIUTH JI0 3POCTAHHS YHCEIBHOCTI Ta MIUIBHOCTI MOTOJIIB’ S CBINCHKUX TBAPHH, OCOOJIHUBO
B YMOBaX IHTCHCHBHOTO CUIBCHKOTO rocmoaapctsa [1]. Sk Hacmigok, 3pocrae MOmMUT Ha
dapMaleBTHYHI MpemapaTy, 0 BUKOPUCTOBYIOTHCS Y BeTepuHapHii mpaktuili. Kpim Toro,
MOCTIHHUN TIpOrpec B MEAMIIMHI, BAOCKOHAJICHHS JOCIIKEHb 1 pO3p000K, BUCOKI 1HBECTHIII1
B OXOPOHY 3JI0POB’S Ta JOCTYITHICTh CBITOBOT'O PUHKY CIIPHSIIOTH PO3POOIT BCE HOBUX 1 HOBUX
(apManeBTHYHMX TpenapariB Ta ix OiIbIIOT JOCTYyIMHOCTI [2,3].

Opnak, xkonu apMareBTHYHI PEYOBUHU MOTPAIIISIOTH Y IPUPOIHI BOJHI €KOCUCTEMH,
BUHUKA€ BeIMUYE3Ha ekosioriuHa mpodnema [1,2,4,5]. Tlpubmuzno 2000 ¢apmaneBTUIHO
AKTUBHHX CITOJIYK Y BCbOMY CBITI BIIITyCKAIOTHCS SIK PEIENTYPHI, TaK 1 Oe3penenTypHi JiKH, a
Takok BerepuHapHi npenapatu [1,6]. 1li akrtuBHiI (apmaneBTuuni iHrpemieHTH (ADI) €
KOMITJICKCHUMH MOJICKYJIaMH, $IKI HaJIeKaTh N0 MIKp03aOpyaHIOBadiB, OCKUIBKH IXHS
KOHIIEHTpALlisl y BOJOMMAaX 3HAXOMUThCS B Aiana3oHi Hr/am3-Mkr/ame [7]. A®I sycTpivaroThes

y BCbOMY CBIT1 (puc. 1.1) y moBepxHEeBuUX 1 MiI3€MHUX MPUPOTHUX BOJAX, MUTHIA BOI1, OCaJax,
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IpYyHTI, THOO Ta OioTi [3,6,8,9]. Take mupoke po3moBCIOIKEHHS (hapMaIleBTUYHHUX IPENapaTiB

€ pe3yJIbTaTOM X BUCOKOT'O CIIO’KHMBAHHS Ta 3011blIeHHs BUpoOHuITBa [1,10].

RUSSIA

MONEOLIA

KinbKicTb chapmaueBTUHHUX
PEvOBMH, 3HANOEHUX ¥
NOBepPXHeBUX, NiA3eMHUX
BoAax Ta y NUTHIW BoAi

] 1-10
[]11-30

B 31-100

Il 101-200

[ ] Dani BigeyTHi

4 'y
SDUTH AFRICA

Puc. 1.1 CgiToBe po3MOBCIOIKEHHS (papMalleBTUYHUX PEUOBUH

Cepen ycix ¢dapMaleBTUYHHX MpernapariB aHTUOIOTUKUA CTAHOBJIATH OJHY 3 HAHOUIbII
3HAYYHIUX TMpoOsieM. BOHM HIMPOKO BUKOPUCTOBYIOTHCS JUIS JIKyBaHHS 1H(EKIIHHUX
3aXBOPIOBaHb JIIOJIMHHM, a TaKOX JUIA JIIKyBaHHS Ta MpoQUIaKTUKH 1HGEKIIH y TBapwH,
cupusiHHsA 1X pocty [11,12]. [opiuHo y cBiti BupoOsierbest 6sm3bko 100 tuc. ToHH [13,14]
aHTHOI0THKIB, 1 50-60 % i€l KUTPKOCTI CIIOKUBAEThCS Y BeTepuHApHUX MUx [8,14,15].

AHTHOIOTHKH — II€ XiIMIOTepameBTHYHI 3acoOM, SKki BOMBaIOTH ab0 MPUTHIYYIOTH
MeTa0oJIIYHy AaKTHBHICTh PI3HUX MIKPOOPraHi3MiB, TakuX SK Oakrtepii, rpubu, BipycH,
MiKkpoBoiopocTi abo HainpocTimi [9,12,16,17]. e MoxyTh OyTH MPUPOIHI, CHHTETHYHI 200
HAIIBCUHTETUYHI CIIOJIYKH, SKI BHSBISIIOTH aHTHOAKTEpialdbHy, MPOTHIApa3UTapHy abo
npoTurpuOkoBy mito [12,17]. IcHyroTh pi3HI TpynmH aHTHOIOTHKIB B 3aJIe)KHOCTI Bif ix

MexaHi3My Aii abo xiMmiuHOi cTpykrypu. Lle, Hampukman, B-makramu (aMOKCHIIWIIIH,
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nedanekcuH), aMIHOTIIKO3UAN (KaHAMILIMH, HEOMILMH, CTPENTOMIIMH), 11aMIHOMIPUMIIUHUA
(TpumeTOnpUM), TIIKONENTUIU (TEHKOIUJIaHIH, BaHKOMIIMH), MaKpOJiau (a3UTPOMIIIMH,
EPUTPOMIIIUH, TUJIO3UH), XIHOJIOHU (eHpodIoKCalMH, UIPOQIIOKCAIIMH, JEeBO(IOKCAIUH,
HopdokcanuH, oduokcaluH), cyibdanimamign (cyiabdamerokcason, Cyib(ariazol,
cyabhamMeTasuH), TETPALMKIIHK (TETPALMKIIH, OKCHTEeTpalMKIiH) Ta iHmi [4,11,12,15].
3riIHO 3 OIIHKOIO CIOXKMBAaHHS aHTUOIOTUKIB Y 76 KpaiHax, CBITOBE CIIOKUBAaHHS 3POCIIO J0
42,3 Mmubsipyia BU3HaUeHUX 1000BUX 103 MK 2000 1 2015 pokamu, mo craHoButh 39 %-Be
30iabmmeHHs [6,17], 1 uga umdpa mpomoBxkye 3poctat. I[IpUYUHOIO 1[LOTO, BOYEBHIb, €
3pOCTaHHS YUCEIBHOCTI HACEJICHHS, a OT)KE, 30UIBIICHHS MOTPeOU B TBapUHHOMY OUIKY [17].
B pe3ynbrati aHTHOIOTHKY 3yCTPIYarOThCs B MPUPOTHUX BOIOMMAX MO BcboMy cBiTy [4,9,13]
— KOHIIEHTpaIii pi3HUX aHTUOIOTHKIB PI3HUX KJIaciB BUSIBIEHI B MOBEPXHEBUX BOJAX, Ha
TEPUTOPISAX, PO3TALIOBAHUX JAJIEKO BIJ OYUCHUX CHOPYH 1 MPOMHUCIOBUX BUPOOHUYHX

00’€KTiB, 300pakeHi Ha pUCyHKY 1.2,

oy wu D
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B Appvka ™ Amepuka H Azia €spona

Puc. 1.2 KoHneHnTpariisi aHTHO10THKIB y TOBEPXHEBUX BOJIaX IO BCHOMY CBITI
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Xoua oKkpeMi aHTHUOI0TUKHU BUSIBISIIOTH Y JIOCUTh HU3BKUX KOHIEHTpalisX (Bil ar/am°
no mkr/am°) [11,18], omHoyacHa HAasBHICTH KiABKOX AHTHOIOTHKIB HABiTh 3a HHM3BKHX
KOHLEHTpAI[li MOK€ MPU3BECTH [0 3HAYHO OUIBIIOTO0 IXHBOI'O KYMYJSITUBHOTO €(EeKTy
[15,17]. BnactuBoCTi aHTHOIOTHKIB HAOYHO IEMOHCTPYIOTh, YOMY 1X HASIBHICTD Y IPUPOTHOMY
BOJTHOMY CEPEJIOBHUIII BKpail HeOakaHa: aHTUO10TUKH, TIEPIII 3a BCE, CTIMKl, TOMY BOHH 3]1aTHI
HNPOTUCTOATH HPHPOJHOMY po3kiamzanHio [1,6,19]. Ilo-gpyre, BOHH Jyke MOOLIBHI,
OloakymynsaTuBHI Ta TokcuuHi [1,2,20]. AHTHOIOTHKH I[IECIIPIMOBAHO PO3POOJICHI TaKKM
YUHOM, 11100 BIUIMBATH Ha KUBI OPraHi3MU Ta BUKJIMKATH (PapMaKoJIOT14HY BIANOBI/Ib HABITh
y HU3bKUX J03ax. Lle o3Hauae, 10 y BOAHUX OPraHi3MiB, 1110 MOTPAIUIAIOTH M1l BIUIMB TaKUX
(dapmareBTHYHUX 3ac001B, MOXYTh PO3BUBATHCS HETAaTUBHI XPOHIUHI €(DEKTH, SIKi BIULIUBAIOTh

Ha X MOBEJIIHKY, PICT Ta po3MHOXeHHs [17].

1.2 HunpodJiokcanuH i cyjJbpaMeTokca3o/1 AK HAOLIbII HeOe3neYHi AHTHOI0THKH

Cepen ycix aHTHOIOTHKIB cylbdamerokcazon (SMX) i1 mumnpodiokcanua (CIP)
3ycTpivaroThesi Haivactime [3,13,16,21,22] (taba. 1.1, pumc. 1.3, ix ¢i3uko-xiMiuHi
BJIACTUBOCTI TIpejcTaBiieHl y Ttabmui 1.2). 1i ¢apmaneBTruHi pedyoBUHU Oy BUSABJICHI Y
BHUCOKHMX KOHIICHTpAIlISAX y CTIYHHUX BOJAX, MOBEPXHEBUX BoAaxX (PiUKH Ta MOPs), MiA3EMHHUX
BOJAxX Ta NUTHIA Boai He nuine B €Bpomi, a # B ychoMmy cBiTi [16,23,24]. Kpim Toro,
makcuMalnbHi kKoHIeHTpamii SMX Tta CIP, BusiBneni B Adpuii, 6ymu B ~100 paziB ta ~125
pasiB, BIANOBIIHO, BUIUMH, HiX y €Bpomi [25]. lpuynHa 1p0oT0 MONSITa€ B TOMY, IO ITi
aHTUOI0THUKH IHPOKO BUKOPUCTOBYIOTHCS B MEIUIIMHI Ta BETEpUHApii, MAIOTh HAWOIIBIILY

KUTbKICTh BUPOOHUKIB [25], € TOKCHYHUMU Ta CTIMKHMH Y BOJHOMY cepenoBuidi [4,17].
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Tabnuys 1.1

KonuenTpauii CIP i SMX, BusiB/IeHi B IOBEPXHEBHX BOJaX 110 BCbOMY CBiTY

AHTHO10THUK Hunpodnokcamnuu | Cynbdamerokcazon
KinbkicTe KpaiH, B sKuXx OyJ0 BHSBIECHO
20 47
aHTUO10THK
CepeHsi KOHIIEHTpAIlisl, MK/ am3 18,99 0,095
MaxkcuManbHa KOHLIEHTPALlisl, MK/ aM° 6500 53,8
CIP SMX

Puc. 1.3 MonekynsipHa CTpyKTypa munpohIoKcanuHy Ta cyib(amerokcazony ta 3D-

MOJIeITi iX MOJIEKYJT
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Tabnuys 1.2

®Dizuko-ximiuni Biaacrusocti CIP i SMX
AHTHO10THK [Hunpodnokcanun | CynshameTokcazon
Kiac ($TOPX1HOIIOHU cyJib(haHiIaMiid
Mounekynspraa Gpopmyia C17H18FN303 C10H11N303S
MounekynsipHa maca, I/MOJb 331,34 253,28
PKa1, pKa2 5,9; 8,9 [26] 1,7; 5,6 [27]
PozunnHicTh y Bofi, Mr/am° [28] 30000 610

CynbdaHninamim € OAHIE 3 HaWCTapiIMX Tpyn aHTHUOIOTHKIB, SKI JIOCI IIUPOKO
BUKOPHUCTOBYIOThCA [6]. Vi pedoBUHM 1i€l TpyNU BUSABICHI Y CTIYHUX BOJAX, MOBEPXHEBHX 1
MiI3eMHUX BOJaX, a Takox y nutHi# Boji [11]. Cynbdamerokca3on € HaAHOUIBII MOMUPEHUM
cyab(haHiIaMiIOM Y HaBKOJIHUIIHbOMY cepenoBuiti [6,11,27,29,30]. ¥ BomoiiMax Takox AyxKe
94acToO 3yCTPI4aroThcs (HTOPXIHOJIOHU, OCOOIMBO IuTIpodIokcanuH. ['1i1podisibHI BIaCTUBOCTI
IILOTO KJIACY aHTHO10THUKIB 3yMOBJIIOIOTh iX BUCOKY MOOUIBHOCTI Y BOJHOMY cepeaoBuii. Le,
pa3oM 3 iX BUCOKUM CIIOKMBAHHSM SIK Y MEAMIIMHI, TaK 1 Y BeTepuHapii, Cpusie MHPOKOMY
HOMIUPEHHIO MUITPOMIOKCAIIMHY, BiJl CTOKIB BOJOOYHUCHUX CIIOPYA 10 IUTHOI Boau [6,31,32].
VY criyHuMX BoOAax JIKapeHb BUABICHO CyJb(aMeTokca3on 1 UunpodioKcalud 3
KOHIEHTpaniamu 10 35,5 mxr/am? [18,33,34]. KpiM Toro, cyabbaninaming ta GTopXiHOIOHH
MPOJIEMOHCTPYBANIM y’)K€ BHUCOKY TOKCHYHICTh 1O BOJHHX OpPTaHi3MiB, OCOOJMBO [0
iaHoOakTepiil, MPiCHOBOJAHUX Bojopocteld Ta psicku [11]. Ili opraHi3Mu BilirparTh TyKe
BaXXJIMBY POJIb y BOJHUX eKocrcTeMax [11], i Tomy 11ii1i eKocHCTEMU MOXKYTh OyTH 3pyHHOBaHI,
KOJIM B HHX MOTPaIUIIiOTh aHTuOioTHk:m [35]. Take mupoke pO3MOBCIOMKEHHS X
AHTUOIOTUKIB TIPU3BEIIO A0 BHECEHHS IUMPOMIOKCAIIMHY JI0 APYTroro mepeiiky pedoBuH €C
JUTSI MOHITOPUHTY B Tairy3i BogHoi nmomituku (Pimennst €sponeiicbkoi Komicii, 2018/840 Bin
5uyepBHsa 2018 poky [36]), a Takoxx OyB oOpaHuil Cyib(aMeToKca3oJl JUisi BHECEHHS JO

TPETHOT'O CHHCKY criocTepexeHHs [37].
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1.3 Pe3ucreHTHicTh A0 NPOTHMIKPOOHMX @penapatiB fIK IJ00ajJbHAa KpHU3a

OXOPOHHM 310POB’sl

HasBHICTP aHTHMOIOTUKIB Yy TNPUPOJHOMY BOJHOMY CEpEIOBHUILI BHUKIMKAE OaraTto
3aHEMOKOEHD, TIEPIII 32 BCE YEPE3 PO3BUTOK aHTUMIKPOOHOT pesucteHTHOCTI (AMP). Konu Taki
(apmaneBTUUHI MpenapaTd MOCTIMHO TMOTPAIUIAIOTh Y BOAOWMHM, NOMyJsAUli OakTepii
3a3HAIOTh CEJIEKTUBHOIO THUCKY 1, OT)KE, PO3BUBAIOTH AHTUMIKPOOHY PE3UCTEHTICTh, LI00
Bwkuth (puc. 1.4) [1,15]. Ile aganTuBHA reHeTHYHA pUca TOMYJIALIA OAaKTEpi, M0 A03BOJISE
iM TPOTUCTOSTH Iii PEYOBHHH, sKa paHille YCHIIIHO 3HUIyBaja a0o MpUTHIYyBaja I
mikpoopranismu [1,2,38]. 3n0oBkHMBaHHA Ta HaaMipHE BHKOPHCTaHHS AHTHOIOTHKIB Y
MEIUIMHI, a TaKOX HEHaJe)XHEe W YacTe BUKOPUCTAHHS aHTHUOIOTHKIB K TEepaneBTUYHHUX
3ac00iB Ta CTUMYJSITOPIB POCTY y TBAapUHHHUIITBI CHPHUSIOTH PO3BUTKY Ta MIUPOKOMY

MOIIMPCHHIO PE3UCTEHTHOCTI /10 aHTHOIoTHKIB [39].

HasBHicTb aHTUBIOTUKIB
nNpU3BOAUTbL A0
PO3BUTKY
AHTUMIKpPOOHOT
cTiKoCTi

@ %
&
Q+ ‘\‘ _

MpupogHuit obir

BakTepianbHi cninbHOTH NOXUBHUX PEYOBUH
Ha COCB 3a3HatloTb 3a/1eXUTb Big,
HeraTMBHOIO BNAUBY aKTUBHOCTI

6aKTepiaNbHUX CMiNbHOT

Puc. 1.4 HeGe3neka HasBHOCTI aHTHOI0THKIB Y BOJTHOMY CEPEIOBHIIT
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IBUIKMIT PO3BUTOK Ta MOIIMPEHHS PE3UCTEHTHOCTI /10 aHTUOIOTHKIB € CEPUO3HOIO
3arpo3010 3JI0pPOB’I0 JIIOJAWHM, OCKIJIbKM BIUIUBAE Ha 3JATHICTH JIIKyBaTH pi3Hi iHpekil [5].
Pe3ucTeHTHICTh 10 1T OLIBIIOCTI HAMMOMPEHIINUX aHTUOIO0TUKIB BXKE PO3BUHYJIACh; HABITh
aHTUO10TUKHU OCTAaHHBOT'O MOKOJIIHHS CTal0Th MEHII €PEKTUBHUMH Yy JIKYBaHHI OaKTepiaIbHUX
iHdexii [11,15]. Takum yuHOM, pO3BHBAETHCS AS(IIUT BapiaHTIB JiKyBaHHs [15]; HeoOXimHI
BUIII MEIUYHI BUTPATH IJI CTBOPCHHS HOBUX aHTUOIOTHKIB; 3pocTae cMmepTHicTh [11].
Pe3ucTeHTHICTh 10 aHTUO10TUKIB — 11€ TJI00abHA KpHU3a OXOPOHHU 3/I0POB’S, KA MA€ BEJIMYE3HI
exonomiuHi Hacmigku [1]. Huni 700 Trc. cMepTeit Ha pik NOB’si3aHi 3 THQEKIISIMH, CTIHKUMU
70 aHTUO10THKIB, ajie 3a oimiHkamu, a0 2050 poky g KIIBKICTh MOXKE 30UIBIIUTHUCS 0
10 minbiioniB Ha pik [1,40].

Takum 4MHOM, KOKEH pa3, KOJU aHTUOIOTHK MOTpPAIUISE€ B MPUPOHE CEPEIOBUIIIE, BIH
cIpusie PO3BUTKY AaHTUMIKPOOHOT PE3UCTEHTHOCTI MIKPOOPTaHi3MIB 1, TaKUM YHHOM,
MOIIMPEHHIO CTiMKUX 10 aHTHOioTUKIB Oaktepii (CAB) 1 CTIHKMX 10 aHTUOIOTHUKIB T'€HIB
(CAT"). CATI' € nebesneyHuMH 3a0pyAHIOBA4aMM, 1 3a3BMYaii MOHITOPHUHI iX BMICTY B
HaBKOJIMITHBOMY CEpENOBHUIIl HE IPOBOAUTHCA. OHAK, BOHHU € BEJIMKOIO 3arpO30I0 €KOJIOT1i
Ta 310poB’10 moaeit [17,41]. Ha »xanp, He iCHye 3aKOHOJABYMX HOPM, sKi O BH3HAYAIH
703BOJIeHI piBHI BMmicTy aHTHOloTHKIB a00 CABb ta CAI' y cTOKax, IO HaaAXOmiITh Yy

HaBKOJIMIIHE cepemoBuie [2,17,18].
1.4 Illnsixy mOTpANJISIHHA AHTUOIOTHKIB Y BOJIHE cepeloBHIIle

[ToTparuissHHS aHTHOIOTHKIB Yy IPUPOJTHE BOJIHE CEPEIOBUIIIE BiIOYBAETHCS B PE3yJIBTATI
MTPOMHCIIOBOTO BUPOOHHIITBA aHTHO10THKIB; CIIO)KMBAHHS Ta €KCKpellii aHTHO10THKIB JIFOABMU
Ta TBapUHAMH, HEMPABUIBHOI  yTWIi3alii HEBHUKOPUCTAaHUX ab0  MPOCTPOUYCHHUX
aHTHOIOTHKIB [1]. TapsunMu TOYKaMHM CKHJAaHHA [UX (QapManeBTUIHHX IIperapaTiB y
HABKOJIUIITHE CEPEIOBUIIE € CTAHIlII OYHINECHHS CTIYHUX BOJ| (BOHU OTPUMYIOTH CTi4HI BOJIH 3
JIOMAIIIHIX TOCIOAAPCTB 1 JIIKapeHb), (apMaleBTUYHI 3aBOJHU, CLIBChKE TOCIIOJAPCTBO Ta

akBakyibTypa (puc. 1.5) [1,6,9,17]. YTuinizoBani aHTUOIOTHKH 3 IOMOT'OCIIOAAPCTB 1 JIIKAPCHb
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MOTPAIUISAIOTh Ha 3BAJIMIIA, 1€ BOHU B KIHIIEBOMY MIJICYMKY MOXYTh IPOCOYYBATHCS Y IPYHT,
3a0pyJHIOIOYM  TPYHTOBI  BOoAu.  BukopuctanHs B 4KOCTI  J0OpuBa  THOIO
culbcbKOrocnoaapcbkux tBapuH T1a Myny COCB, 3a0pyaHeHMX aHTUOIOTHMKaMHU, TaKOX
NPU3BOMTH 0 MOSIBH LIUX MpenapariB y IpyHToBUX Bojax [1]. Lle mosicHrOEThCS THM, TIIO Bif
30 1o 90 % mepopalbHHX 103 AHTHUOIOTHKIB, CHOXKHTHX SIK JIFOJAbMH, TaK 1 TBapUHAMH,
BUBOJATHCS 3 OpraHiaMy B HeMeTa0o:i30BaHii ¢opmi [1,6,18]. Ile o3Hauae, 1110 aHTHOIOTHKU
MOXKYTb NOTPAIUISTH B HABKOJIUIIIHE CEPEOBUILE K MOBHICTIO 010JIOTIYHO AKTUBHI PEYOBUHHU
[42,43]. ¥V nig3zeMHuX Bojaax y OC3KMCHEBUX YMOBAaX aHTHOIOTHKH 3aIMIIAIOTHCS HE3MIHHUMU
MPOTATOM JYXe TPUBAJIOro yacy abo MOXKYTh 3a3HATH HE3HAUHOI Jerpajalii Ta npoayKyBaTu
me Oinbmn TokcuuHi Mertabomith [6]. CnoxuBanHS TiA3eMHUX BoJ (Haldacrimie
BUKOPUCTOBYIOTHCS SIK JKEPEJIO TUTHOIT BOIN), 3a0pyaHeHux antubiotnkamu, CAb a6o CAT,
MOY€ MPU3BECTH J0 PO3BUTKY PE3UCTEHTHOCTI 10 aHTHOI0TUKIB Y sroaunu [6]. [TpomucioBi i
CUTBCHKOTOCIIOIAPCHKI CTOKH (JIOIIOB1 1 CHITOBI CTOKH) TaKOX MPU3BOMASTH 10 MOTPATUISTHH S

IIMX TIOJIFOTAHTIB Y IPUPOHI Bogoiimu [44].

Bl

®apmauesTuyHe BUPOGHULTBO

CroXuBaHHA NIIOAVUHOIO CrnoXuBaHHA TBapUHaMU
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Puc. 1.5 lnsxu noTpamisiHHS aHTUO10TUKIB Y HaBKOJIMIIIHE CEPE/IOBUILIC
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CraHmii OYHWINEHHS CTIYHUX BOJI BHU3HAIOTh OCHOBHHM JKEPEIOM TOTPAIUISTHHS
(apMarieBTUIHHX MPENapaTiB y HABKOJUIIHE cepenopuie [42,45]. [IpuunHa 11010 Mossrae y
TUINOBIM KOHCTPYKI[IT OYMCHUX CTAHIIIM.

Ouniiennsa ctiuaux Boja Ha COCB 3a3Buuail BiiOyBa€ThCs 3a PAaXyHOK MO€IHAHHS
b1BUYHUX, XIMIYHUX Ta O10JIOT1YHUX MpolieciB ouuineHHs. [lo-mepiie, BUKOPUCTOBYIOTHCS
(131YHI METOAM: BEJIMKI YaCTUHKH, MICOK 1 KUp BUIAISIOTHCA Ha €Tamax MONepeaHboi Ta
HePBUHHOT 00pOOKH 3a jormomoror (izuunux O6ap’epiB i cun TsokiHag [40]. Jo dizuunux
HPOIIECiB HAJICKATh, HANIPUKIIAJ, CeAMMEHTAIlisA, oKy, pinpTparis Toro [46,47]. [licas
I[bOI0 BIZOYBA€ThCSI BTOpPHHHA 00poOKa — Oiosioriuxi mporecu (aepoOHI Ta aHaepoOHI)
BUKOPHCTOBYIOTbCS JUIA  BHMJAJCHHS OpraHiyHux mnofjtorantiB  [47]. Jius  mporo
BUKOPHUCTOBYIOTHCS 010J10T14HI PEAKTOPH, B SIKUX O10XIMIUHA AeTpajallisi OpraHiyHUX peUOBUH
BiIOYBa€ThCs MOJIOHO O TOTO, SIK 1€ B1JIOYBAE€ThCS B MPHUPOJHUX BOJAHUX cHCTeMax. B
010JI0TIYHUX TMpollecaX BUKOPUCTOBYIOTh PI3HOMAaHITHI MiKpoopraHizmu (6axrepii, rpuodwu,
BOJOPOCTi) 1 POCIMHU ISl TIEPETBOPEHHS O10PO3KIQJIHUX OPTraHIuHUX PEYOBUH Yy IMPOCTI
npoayktu [46,47]. bionoriuni MeToau BHKOPHCTOBYIOTH OiomMacy B pi3HHX (opmax: y
3BaKEHOMY BUTJISAI (AKTUBHUM MYIT), HepyXoMoMy (610¢iabTpu) ab0 3BaXXKEHOMY Y BOJHUX
cucreMax (acposani naryun) [40,47]. TpetunHe oOunIeHHS BiqOYBa€THCS JIHUIIIE Y BUHATKOBUX
BUIIAJIKaX, KOJW HEOOXITHE JJOJAaTKOBE OYMINCHHS BOJM, HaNpuKiIaa, Ae3iHdekiis ado
BUJANICHHS CHOCHU(IYHUX TMOXUBHUX ab0 Tokcmynmx cooayk [40]. [dus  mporo
BUKOPHUCTOBYIOTHCS Pi3HI XiMi4HI Ta (hi3UIHI METO/IN: XJIOpYyBaHHs (HaiJacTilie), 030HyBaHHS,
Y®-06pobka, MeMOpaHHa (GinbTpartis, ajcopOiiiiai mpouecu [40,48].

Xo4a TUIIOBI TIpoliecu 00poOKHU Ayke eHEeKTUBHI ISl BUAAICHHS 3BAKEHUX PEYOBHH,
OpPTraHIYHMUX CIOJIYK, IO MiIAI0ThCA 010JIOTIYHOMY PO3KJIaIaHHIO, HEOPTAaHIYHIUX PEYOBHH Ta
MaTOTCHIB, BOHH HE BUIAISAIOTH (DapmarieBTHUHI npemapatd Ta aHTuOiotmku [1,40,49,50].
Biomoriuae ounieHHs, sike € 0CHOBOIO 0y ab-s1k0i COCB, € mpocTuM 1 JIETKUM B €KCIUTyaTallii,
€KOHOMIYHO BWTITHUM 1 HE MPHU3BOJUTH 1O YTBOPECHHS TOKCHYHUX TMOOIYHHMX MPOIYKTIB

[46,51]. OnHak, eeKTHBHICTD Aerpaaanii aHTHOIOTHKIB, IO HE IMiI1al0ThCs 010pO3KIIaIaHHIO,
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3a UM MeToJIoM € Hu3bKow [49,51,52]. I mo mie ripire, aHTUOIOTHKH, MIPUCYTHI B CTIYHUX
BOJIaX, 371aTHI 3MIHIOBaTH CKJIaJ] MiIKpOOHUX YrpymnoBaHb y Oiopeaktopax [40] Tta coHykaTH
OakTepli 10 PO3BUTKY MYJIbTUPE3UCTEHTHOCTI O aHTUOIOTHKIB. B pe3ynbpTaTi BUKHIU 3
OUYMCHUX CIIOPY/, 1110 MICTSTh CTIMKI O aHTUOIOTUKIB OaKTEPii Ta T€HU, CIPUSIOTh LTUPOKOMY
MOIIUPEHHIO AHTUOIOTHUKOPE3UCTEHTHOCTI y BOJHOMY cepenoBulll. lle cTBoproe 3HauHy
3arpo3y 3J0pOB’I0 JIIOJACH, SIKIIO MpUMaibHI BOJOWMU BUKOPHUCTOBYIOTHCS SIK JIKEPEIO

NUTHOT BoaM a00 B pekpeaninHux miusx [53].
1.5 MeToau ounieHHs BOAU Bil AaHTHOIOTHKIB

3 pozniny 1.4 3po3ymisio, III0 TUITOBI OYMCHI CIIOPYJU HE MPU3HAYEHI VISl BUJIAJICHHS
dbapMaleBTUIHUX ITpenapaTiB 31 CTIYHUX BOJI, @ OTKE, BOHU HE 371aTHI 3a0e3neunTh e(DeKTUBHE
OYMIIICHHS BOJM, 3a0pyaHeHoi antudiotukamu [40,54]. Tomy anst eeKTUBHOTO BHIATICHHS
(dapManeBTHYHUX TMpermapaTiB 3 BOJHUX CHCTEM IMOTPIOHE 3acTOCYBaHHS TEPEIOBUX
TEXHOJOT1A ouMineHHs Boau. Cepel NHMX TEXHOJOTIH 3HAYHOIO 1HTEpecy HaOyBaroTh
ajcopOIiss, MeMOpanHa (inbTpariis Ta mporpecusHi nporecu okuciaenns (AOPs — advanced
oxidation processes), KOPOTKHI OIHKC SKHUX, a TAKOK iX IepeBard Ta HEJOJIKH 3i0paHi B

tabymm 1.3.
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Tabnuys 1.3

IlepexoBi TexXHOJIO0TII, 10 32CTOCOBYIOTHCH /sl OYMILEHHS CTIYHUX BOJ, 320pyIHEHUX AHTHOIOTUKAMH

TexnoJsoris Omnuc IlepeBaru Henousiku
1 2 3 4
AncopOuis Maconepenocuuii  mnporiec | e Bucoka e(heKTHBHICTE Cxianne i
HAKOTTMYEHHS XIMIYHUX BUIAJICHHS BHCOKOBAapTICHE
pEUYOBUH 3 piakoi ¢a3u B nosroTaHiB [49] BUPOOHHUIITBO JESKUX
TBEpAiM  (asi  ancopOeHty | ¢ KopoTkuii mepion ancopbenTis [51]
[27,47]. OYHIIEHHS BOIM 1 Bucoxki MarepiajbHi

BukopucToBy€eThCS IIMPOKUIA
CIIEKTp aJICOPOEHTIB (TJIUHU
Ta MIHEpaJu, OKCUIN METaJiB,

NoJIiMepH, HAHOKOMITO3UTH,
BYTJICIICBI HAHOTPYOKH;
aKTUBOBaHE  BYrUUIL  Ta
OlOBYTUIII € OJHUMH 3
HAHOLIBII

nomupennx) [27,51].

POCTOTa B
excrutyaTarii [48]

Husbki eKCIUTyaTaliiH1
Butpatu [46]

BUTpPaTH  Ta  BHUCOKI
BUTPATU Ha pereHepariiro
BUKOPHUCTAHOTO
ancopbenty [52]
HepyitniBHui mipoiiec,
YTBOPEHHS BTOPUHHUX
Bigxoxis [40]




41

Ilpooosac. maba. 1.3

1 2 3 4
MembpaHHa ®Di3uvHuH porec Bucoka €(EeKTUBHICTD Bucoki  BuTpatM  Ha
iabTpaLis cenapailii XIMIYHUX PEYOBUH BUJIAJICHHS EKCILTyaTaIlio Ta
32 JOMOMOTOI0 CHHTCTUYHHUX noJroTaHiB [49] obciyropyBanHs [40]
meMOpaH [47]. HIBuakuii 1 IPOCTHIA ®doymiHr MeMOpaH
st BUJIAJICHHS npoiiec 6€3 BUKOPUCTAHHS [57,58]
AHTUO10TUKIB MOXYTb XiMIiYHHMX peareHTiB He miaxomuTh s
e(EeKTHBHO 3aCTOCOBYBATUCH [55,56] BEJIMKHUX OOCATIB CTIYHHUX
auiie  HaHo(imbTparis  Ta B0z [59]
3BOpOTHHI ocMoc [51]. Hepyitnisauii
npoiiec [49]
IIporpecupni IIpouecn,  3acHoBaHi  Ha Bucoka e(eKTUBHICTh Bucoki ekcruryarariiHi
pOLIECH BUKOPHUCTaHHI nerpazaarii BuTpaTH [51]
OKHUCJICHHS BUCOKOPEAKIIHHO3JaTHUX 3a0pyIHIOIOYUX PEUOBUH i VY BHIAIKy HEIOBHOI
(AOPs) XIMIYHUX  paJMKajiB,  sKi MOXJIUBICTh ITOBHO1 MiHepati3allii HeoOXiTHe
e(EeKTUBHO  OKHCIIOIOTH 1 MiHepai3allii 3a KOpOTKUM JIOJTATKOBE OYHUIIICHHS
MiHEPaTi3yIOTh OpraHiuHi poMiXOK dacy [52] JUTSL YCYHEHHS

cnoayku [40].

HaniuyroTh  €KOJIOT14HO
YHUCTI, O€3MeuHl Ta CTIHKI
nporecu [55]
Jle3indexiini
BJ1acTUBOCTI [48]

TOKCHYHOCTI [48]
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Ilpooosac. maba. 1.3

1 2 3 4
AOPs: Mosekyna o3ony Oz wMmae BupoGHUIITBO 030HY Ha Bucoki ekcrutyaraitiiii
O30HyBaHHA BUCOKY OKHCITIOBAJIbHY micui [48] Ta eHepreTHUyH1
spatHicTh (Eo = 2,07 B), Tomy IIponyKyBaHHS OLIBII BUTpatu [54]
3/1aTHa €(PEKTUBHO O10JIOTTYHO  PO3KJIATHUX Husbka PO3YHHHICTh
OKHCJIFOBaTH OpraHiuHi OGIYHUX 030Hy y Boji [46]

3abpyaHioBaui [46,47].

nponykTis [48,56]
[ligxoauTs Mg CTOKIB 31
3MIHHUM  CKJIagoM 1
HMIBUJIKICTIO MTOTOKY [46]
BincyTHe yTBOpeHHS
BTOPUHHUX BiJX0/1iB [54]

Jns nerpanamii  AesiKUX
aHTUOI0THKIB HEOOX1IHA

TTyKe BHCOKa
KOHIIeHTpaIlis 030HY [40]
MosxiuBe YTBOPCHHS
HIKIIJIABUX MOOIYHUX
npoayKTiB [52]
OOMesxeHa
MiHepaJi3alis
3a0pyAHIOIOYHNX

peuoBuH [48]
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Ilpooosac. maba. 1.3

1 2 3 4
AOPs: peakuis | Pearent DeHTOoHa, 1o IIBunkuii, epexTUBHUN 1 Peaxkuis oOMexeHa
®enrona ckragaerbest 3 Fe? 1 HoOp, 6esneunuii npouec [47] KUCIMMU YMOBaMH
(roMOTreHHHI reHepye BHCOKO- IIpocToTa pH 2.8-3.5 [46]
TIPOILIEC) peakiiiHo31aTHi ekcruryararii [56] VTBOPIOETLCSA 3HAYHUIA
rigpokcuiibHi papukam “OH, MoskrBa MiHepaizaitis 00CAT 3aJi3HOTO
SKI OKHCHIOIOTH OpraHiuHi 36y AHIOIOUNX mtamy [47]
3abpynHtoBayi [54]. peuouH [48] VYcknanHeHe TOBEPHEHHS
3ai30 noImMpeHe y ionis Fe?*/Fe3* [27]
BEJIMKIN KUIBKOCTI 1 HE
TokcudHe [54]
AOPs: IIponecu, B AKUX [IBu KMt Ta HeoOXigHO BpaxoByBaTh
Paniamiitno- BUKOPHUCTOBY€ETHCSL  €IIEKTPO- eHeproe(eKTUBHUN TOKCUYHICTb ITPOMIKHHUX
CTMMYJIbOBaHA | MAarHITHE  BHUIPOMIHIOBAaHHS npoiiec [27] NPONYKTIB Yy Hporecl
KaTaJIITHYHA (HampuKIa, MIKPOXBHJII, He noTpi6Hi XiMiuHi MmiHepamizanii [27]
peaxiis PEHTTEHIBChKI IIPOMEH], pearentu [27] Ha epexTuBHICTH
raMMa-rpoMeHi) TUIST Jerpaaarii BITHBAIOTh
YTBOPCHHS pizHi hakTopH (1032

BHCOKOPEAKI[IMHUX YaCTHHOK
(‘OH, e, "H, Hy, H,0O,, H30+),
AKI OKHCHIOIOTh OpTaHiuHi
3a0pyaHIoBayi [56].

pamiamii, pH, ckmazn
BOJIHOT Matpwuili) [58]
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Ilpooosac. maba. 1.3

1 2 3 4
AOPs: IIpomecu OKHCIICHHSI [IpocTuii B excruryarariii, Bucoki ekcrutyaraitiiii
EnexTpoxiMiuHi | OpraHiyHMX  pPEYOBHH 32 Oe3neyHuii i Butpath [49]
npouecu JOIIOMOIOI0  E€JIEKTPUYHOIO BUCOKOE()EKTUBHUI Bucoxka BapricTh
ctpymy  [56].  Haii6inbm nporiec [48] eyekTpoiiB [46],
IIUPOKO BUKOPHCTOBYBaHI He notpi6Hi XimMiyH1 KOPOTKUM TepMiH
aHoHi Marepianu peareHTH Ta He CITy>KOU eJIeKTpo/a,

BKIItOUaroTh rpadit 1 TiOo, a
TaKOX CIJIaBU Ha ocHoBl Ti,
okcuaiB Ru ra Ir [46].

YTBOPIOIOTHCS BTOPUHHI
Biaxou [46]
I[TigxXoauTh 11 CTIYHUX
BOJI 3 BUCOKOIO
KOHIICHTPAIIIEI0
dbapMaleBTUIHUX
npemnapartis [49]

doyminr enekTpois [27]
Heo0OxiaH0, mo06 cTiuHi
BOU Oynn
BHCOKOIIPOBITHUMH
(1HakIme HeoOX1IHE
JTOJIaBaHHS
eNIeKTpOIIiTIB) [47]
Omip macomnepenaui [46]
3aCTOCOBYETHCS 10
CTIYHUX BOJI 3 HU3HKOIO
HMIBUIKICTIO MOTOKY [49]
OxucieHds Boau
Bi10yBa€ThCS IIBU/IIIIE,
HIDK OKMCJICHHS
OpraHiYHHUX
3a0pyaHIoBayiB [47]
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Ilpooosac. maba. 1.3

1 2 3 4
AOPs: IIpomecw, B AKUX | « He moTpiOHi xiMiuni Bucoki ekcrutyaraitiiii
VYbpTpa3ByKkoBa | BUKOPUCTOBYIOTBCS — 3BYKOBI pearenTu [48] BuTpatu [48]
0o0pobOka XBWII NIl YTBOPEHHS, POCTY PyliHyBaHHS Ta KOPO3is
Ta pyHHYBaHHA OyJbOaIIok y METaJIeBOI OBEPXHI
pinkomy cepenosuii [27]. peakropa [27]
AOPs: Ipouecu nerpajanii | e IIBuaKuil Ta ePeKTUBHUIA Bucoki excmyaraniiisi
Pinkodaszne 3a0pyIHIOIOYMX PEYOBHH Y nporec [27] Ta MaTepiayibHi
KaTaJliTHYHE BOJTHHX cepeoBUINaX BuTpaTH [27]
HepOKCHTHE IIJISIXOM KaTaJlITHYHOT'O Jlesiki pedoBHHH (IO
OKHUCJICHHSI BigHoBieHHs HoO2 no OH 1 MICTSITb
‘OH mig ekcrpeMaabHUMU HITPO(DYHKITIOHAJIBbHI
TUCKaMU 1

Temiepatypamu [47].

IPYIIH Ta TaJIOTCHN )
BaXKKO
po3KiagaThes [47]

AOPs: ®oromis

[Ipouecwu, 10
BUKOPHUCTOBYIOTh CBITJIO
(mtydHe abo TPUPOIHE) IS
YTBOPEHHS
peaKIifHO3/IaTHIX YaCTHHOK 1
MOJIaTBIIOT0  PO3KJIaJaHHs

OpraHiyHMX 3a0pyIHIOBAYiB
[46].

e Exonomiunuii mpouec [46]

Haiiamxk4a edeKTUBHICTh

nerpaaarii cepen
AOPs [49]
3aCTOCOBYEThHCS JIUIIIE 10
boTOUy TIMBHUX

3a0pyaHIoBaviB [46]
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Ilpooosac. maba. 1.3

1 2 3 4

AOPs: Herpanaris IlpocTuii B eKCILIyarallii, [IBuaka pekoMOiHalis

dorokartani3 OpraHiYHHUX BUCOKOE(EKTUBHUI 1 (dboToreHepoBaHUX HOCIiB
3a0py/THCHD 3a CKOJIOTTYHO YrcThi mporiec [19] 3apsy 3HIKYE e(PEKTUBHICTD
JOINOMOIOK0  HaIliB- [IpoBOAUTECA 3a TEMIEpaTypH npoiiecy [47]
IPOBIAHUKOBHX Ta  TUCKY  HaBKOJMUIIHBOI'O OOmexxeHe BUKOPUCTAaHHS
matepianis  (¢oro- cepeoBuULIa; BUKOPHUCTOBYE BUJIUMOTO CcBiTia [47]
KaTaJi3aTopis) i KUCCHD HOBITPSI K JIaboparopni macmTabu [48]
CgiTHa (ITy4HOTO okucioBau [50] Bucoki Butpatu eHeprii npu
abo

npupoanHoro) [47].

MoskiiBa MoBHa MiHepasizaiis
OpraHiyHMX 3a0py/IHIOBaYiB,
BIJICYTHICTh YTBOPEHHS
Bigxomis [48]

BukopucroByBaHi KarajaizaTopu
€ BHUCOKOAKTHBHHUMH,
HETOKCUYHUMH Ta CTaOlIbHUMHU
y BoAHi# daszi [47]

Moxnuse e(heKTUBHE
BITHOBJICHHSI ~Ta  IOBTOPHE
BUKOPHCTaHHS
¢dorokarainizaropis [55,60]
ExoHnomiuHuMiA npoIec y
BUTIAJIKY BUKOPHCTaHHS

COHSTYHOTO CBITJIA SIK JDKEpela
cBiTiia [59,61]

BUKOPHUCTaHHI

JpKepen cBitia [48]
He 3acTocoByeThCs 10 BOAH
3 BUCOKOIO KOHIIEHTPALIEI0

OpraHIvYHUX 3a0py HIOBAYiB
[58]

MTYyYHUX

Karasmizaropu Ba)KKO
BIJHOBHUTH,  SKIIO  BOHHU
BUKOPHCTOBYIOTBCS y
cycmensii [27]

Btpatn  ¢dotokaTamizaropa
pu TpUBAJIIN
excruryaTtarii [58]
Heo0bxigHO BpaxoByBaTu
TOKCUYHICTh MOOIYHUX

npoayKTiB [47]




Ax BurmBae 3 iHGopmarlii, HaBeAeHol B TaOmuil 1.3, Taki (i3uyHl mporiecu, sK
azcopOuisi Ta MemOpaHHa (iIbTpallis, MalOTh OJHE ICTOTHE OOMEXKEHHS — YTBOPEHHS
BTOPMHHMX B1IX0/1B. [Ipo0iema nomisirae B TOMy, 110 MOJIIOTAHTH MEPEHOCATHCS 3 PIAKOI
da3u criuHOi BoAM B TBepay (a3zy aacopOeHTy y BHUMNAAKY Mpolecy aacopoOiii, ado
HAKOIMUYYIOThCS Ha MOBEPXHI MEMOpaHW y BUNAAKY MeMOpaHHOi (inbTparii 6e3 Oyab-
sikoro po3kiananns [50]. Ile o3nauae, 1o hapmarieBTHYHI IpenapaTy He 3a3HAIOTh JKOTHUX
3MiH y XIMI4HIA CTPYKTYpi, a OT)Ke, BCE Iie 30epiraroTh CBiil wmiKimuBuii otenmian [40].
Kpim Toro, orpumani BiJIX0/11 MOBUHHI OyTH HaJ€KHUM YHHOM yTHJII30BaHi, 110 301IbIIyE
BapTICTh TEXHOJIOTi. TakuM YHMHOM, OYEBHIHA OCHOBHA NIepeBara MporpeCHBHUX MPOIIECIB
OKHCIIEHHSI — €()eKTUBHA Jlerpajallisi 3a0py HIOI0YNX PEYOBHH 3 MOKIIHUBICTIO iX MOBHO{
MiHepai3ali.

B nmanuit vac AOPS mupoko BHBYAIOTHCS PI3HUMHU JOCHITHULBKUMHU TPYIaMH,
OCKLJIBKH 111 METO/U JTaf0Th 0araTooO0IIsII0Ul pe3yJIbTaTH 1 MalOTh BUCOKWM TOTECHITIAI JIJIs
IIUPOKOTO 3acTtocyBaHHS. [IpoBenmeHi JOCHIIKEHHS JEMOHCTPYIOTh, IO HaWBHUIIA
e(hEeKTUBHICTh MOKE OYTH JOCATHYTA 32 YMOBH BUKOPHUCTAHHS KOMOIHOBaHUX ITPOIIECIB JJIsI
BujaneHHs aHTtuOioTukiB [46,51]. Bonu BkirodaroTh, Hampukiazn, moegHanHs AOPS 3
Oiosoriunnmu npouecamu [48,62] abo memOpanHoro dinerpariiero [47]. IIpote, HeoOXimHi
MOJAJIBII BJOCKOHAJICHHS, TOJIOBHUM YHMHOM, Yy PO3pOO0Ill HOBHUX MarepiaiiB sl
AOPs [51], u106 3poOuTH I1i MPOLECH CKOHOMIYHO ¢(heKTUBHUMU IIPH 30€pesKeHHI BUCOKOT

e(hEeKTUBHOCTI BUAAICHHS aHTUO10THUKIB.
1.6 IIporpecuBHi npouecH OKUCJIEHHA

[Iporpecusni mpomecu okucieHds (AOPS) € TOTy)XHUMH TEXHOJOTIAMH, SKi
BUKOPUCTOBYIOTHCS B OUHMIIICHHI CTIYHUX BOJ JUIS IeTpajiallii OpraHiuHuX 3a0pyIHIOBAYIB,
BKJTFOUaIO4M pi3Hi ¢apmaneBTudHi npemnapatu [63]. Halmommpenimi AOPS BkIIO4YaroTh
nporiec PeHTOHA, TeTeporeHHni (HOTOKATaNI3, 0O30HYBAaHHS, €ICKTPOXIMIYHE OKUCICHHS
TOIIO, 1 KOPOTKO OMNHCaHi Ta mopiBHsSHI B Tabmmmi 1.3. Sk BugHo 3 Tabmumi, AOPS
BKJIIOYAIOTh 0arato pi3HUX MPOIIECIB, 1 €JUHA OCOOJIMBICTb, SIKA 00 €IHY€ BCl 3 HUX —

YTBOPEHHSI JyK€ PEAKUIMHO3JATHUX YAaCTUHOK, HAMPUKIIAJ, TIAPOKCUIBHUX pPAJUKAIIB
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('OH), monekyn o3ony (O3), cynepokcuaaux pagukamis (Oz2™), MOIEKYI MEPEKUCY BOIHIO
(H202) Toro.

EdexTuBHe renepyBanHs rigpokcwibHux paaukaiiB ("OH) in situ € meroro AOPS,
OCKUIBbKH 11€ BU3HAYae iX epexTuBHICTb. LI pagukanu € BUCOKONOTYKHUMU OKUCHUKAMH,
SIKI MAIOTh HAWBHUIIMI OKUCHUI oTeHmian mcis ¢propy (Eo= 2,80 eB) [59]. Pagukamu ‘OH
aTaKylOTh OpPraHIyHl MOJICKYJM IIBUAKO 1 HEBUOIPKOBO, OKUCHIOIOYM iX 1 TAKUM YHHOM
NEPETBOPIOIOYM Ha OUIbII O10J0TIYHO PO3KIAJHI Ta MEHII TOKCHYHI peYOBMHU. biiblie
toro, ‘OH-paagukanu TakoX 3/aTHI MIHEpaJi3yBaTU OpPraHIYHI MOJIOTAHTH, YTBOPIOIOYHU
CO2, H,O Tta HeopraHiyHi i0HU. Y IIbOMY BHIIAJIKy OpraHIYHI PEUYOBHMHU MOBHICTIO
3HMILYIOTHCS, TOMY MOJanbiia 00podKka BOAM HE MOTPiOHA.

KomoGinamis pizaux AOPS HaOyBae BeIMKOTO 1HTEpecy 3aBIsSKH BHCOKIN
edexTuBHOCTI TIporiecy. Hampukian, ehekTuBHICT, TOMOTeHHOT peakilii deHToHa, AKa €
HaiOibI momupenoo AOP [59], moxxe OyTH 3HaYHO MiABHUINEHA 332 PaXyYHOK KOMOIHAIII1 3
Y®-cBitinom (poto-Denton [46]), 3 enexTpoxiMiuaum mpoiecoM (eraektpo-denrton [59]),
a00 HaBiTh 3 000oMa (poto-enekrpo-Denton [47]).

[Ticas mpouecy deHTOHa reTeporeHHuil GoToKaTani3 € IPYruM 3a MOIMIMPEHICTIO
AOP [59]. List TexHoIOrisE Ma€ YMCICHHI iepeBark Hax iHmuMu tunamu AOPS, rooBHIM
YUHOM 32 PaXxyYHOK MPOCTOTH Ta CTIMKOCTI. MOKIIUBICTh BUKOPUCTAHHS COHSYHOI €HEeprii
K HIUPOKO PO3MOBCIOKEHOT0, YHCTOTO Ta TOHOBIIOBAHOIO JIKEpENa CBITIa POOUTH
COHSYHUHN (HOTOKATAII3 3EJICHOI Ta CTIMKOI TEXHOJOTIEH OYWIIEHHs CTiUHuX Bojx. Lle
TAaKOX JY)K€ €KOHOMHO B TOPIBHSHHI 3 TEXHOJOTISIMH, 10 BUKOPUCTOBYIOTH IITYYHI
mkepena cBimia abo enekrponu. Kpim Toro, Oymo BussieHo, mo AOPS Ha OCHOBI
COHSIYHOTO (DOTOKATANI3y MAalOTh HAWHWKYMKA TMOTEHIad TI00albHOTO TOTEIUTIHHS

MOPIBHSHO 3 THIIMMH METOJIJaMHU OYHINEHHS CTIYHUX BOJ [62].
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1.7 I'ereporennnii ¢porokaraJisz Ha ocHOBI TiO>

VY rereporeHHOMY (OTOKaTaii3l B SKOCTI (POTOKATAII3ATOPIB BUKOPUCTOBYIOTHCS
pI3HOMAaHITHI HAIiBIPOBITHUKOBI Matepianu, Hanpukiaa okcuau MetaniB (TiO2, SnOy,
Fe203, WO3, ZnO, Ags04 [40,56,64]), cynbdinu metaniB (ZnS, CdS [50,56]), a Takox
matepianmn Ha ocHoBi g-C3Ng [61]. Cepen nux TiO2 € HaWOULIBII OIKPOKO
BUKOPHUCTOBYBAHHM (POTOKATAII3aTOPOM 3aBJISIKH CBOIM YHIKaJIbHHM BJIACTUBOCTSIM. BoHHM
BKJIIOYAIOTh BUCOKY (i3WYHY Ta XIMIYHY CTaOUIbHICTb, BHUCOKY (OTOKATATIITUUHY
AKTHBHICTh, HCTOKCUYHICTh, BEJIMKE MOLIMPEHHS y MPUPOJII Ta HU3BKY BapTicTh [65,66].
Kpim Toro, nepeara Bijaaerbcs Bukopuctanuio TiOz y BUTIIANI HAHOCTPYKTYD, K1 MalOTh
MOKpaIllleHy XIMi0 MOBEPXHi Ta 30UIblIeHy mionly noBepxHi [21,67]. Lle nmpusBoauTtsh 10
MIBUAIIOT Ta €(peKTUBHIIIOI MiHEepai3alii OpraHiyHuX MOJIOTAHTIB.

Bucoka dortokaranitnana aktuBHICTh TiO2 MOXIJHMBa caMme 3aBISKU CIPHUITIUBUAM
TEPMOJMHAMIYHUM ITpoIiecaM, 110 nmepedirarTh I yac oTokaranizy. Bigomo, mo enepris
3ouu mpoBinHOCTI (3I1) TiOz-anarazy (i3 3a6opoHeHor0 30H010 Ey = 3,2 eB) ctanoBuTH —
0,51 B [68] 3a meiitpansHoro pH, a enepris 3ouum BaneHTHOCTI (3B) 3a THX e yMOB
ctaHoBUTh 2,69 B. Ile o3Hauae, mo pieHb eHeprii 31 OUTbIT HETaTUBHUMN, HIXK MTOTEHIIIAI
BigHOBICHHS KuCHIO (Eo(O2/O27) = —0,33 B), a piBeHs eneprii 3B Oibll HO3UTUBHUM, HIX
norenmian okucHenus Boau (Eo(H.O/'OH) = 2,29 B). lle nmo3Boisie OTpUMYBaTH
BHCOKOPEAKI[IMHO3/1aTHI OKHUCHUKH — CYNEepOoKCHAHI pamukaim O Ta TiAPOKCHIIbHI
pagukanu ‘OH y porokaranituanomy nporeci Ha TiO», siki HECETEKTUBHO PO3KIIAIAI0Th Ta
MiHEpaTi3ylOTh OpraHiyHl PEYOBHHHU.

3arayiom ¢orokatamitTuaHui nporec Ha TiO; Bkirodae HacTymHi crafuii [67,69]:

o AncopOrtis opraHiyHUX 3a0pyAHIOIOUNX pedoBUH Ha moBepxHi T102;

o doTrokaTamiTHYHA JAerpaaaiis aacopOOBaHWX OPTaHIYHUX PEYOBUH IILISIXOM
OKHCHO-BIITHOBHMX pe€aKkiii 3 (OTOTEHEpOBAaHUMHU EINEKTPOHAMH, JipKaMH Ta
peakIiitHo31aTHUMU YacTuHKaMu (puc. 1.6);

o JlecopOi1ist MpOAYKTIB PO3KIIaIaHHS.
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OpraHniuHi 3abpyaHioBaui

0,
[l MpogykTn
6.°"

: *OH
Mpoayk @ (7] OpraHiuHi 3a6pygHioBaui

ggye2 ; H.0/OH-
OpraHxiuni 3a6pygHioBaui ,0/ '

Puc. 1.6 ®orokartamituunmii mpouec Ha TiOz: 1 — aGcopOuis ¢oToHIiB; 2 —
reHepyBaHHA Ta PO3JUICHHS €JIeKTPOHHO-IIPKOBUX Map; 3 — TPaHCIOPT €IEKTPOHIB 1 T1POK
B 00'eMi /10 MOBepXHi QoTokaranizaropa; 4 — pekoMOiHallisl €JIEKTPOHIB 1 AIPOK B 00'eMi; 5
— MOBEpXHEBa peKOMOIHAIlls €JEKTPOHIB 1 JIPOK; 6 — peakilisi BiTHOBJICHHS Ha MOBEPXHI

TiOg; 7 — peakiii okMCHEeHHs Ha ToBepxHi Ti02

Otxe, GoTOKaTATITUIHUN TIpoliec IHIMitOEThCs, Ko Ti10, moriauHae (OTOH Bij
mKepena cBitia 3 eneprieto (hv), piBHOO a60 OLIBIIOK 32 MUPUHY 3a00poHEHOI 30HU (Eg)
dorokaramizatopa [10,70]. Ile npu3BoauTh 10 30yIKEHHS CIEKTPOHIB (poTOKaTamizaTopa
€ — BOHHU MITPYIOTh 3 BAJICHTHOI 30HH B 30HY IPOBITHOCTI; MPH ITbOMY YTBOPIOIOTHCS TIPKH

h* y BanenTHiii 30Hi [71]:
TiO2 + hv — e7an+ h'sg (hv 2 Ey). (1.1)

[Ticns 30ymKeHHs BiOKpeMyIeHi Hocii 3apsiay (e~ Ta h') MOXyTh peKOMOiHyBaTH B

00’emi 3 BUAUICHHSIM eHeprii [49]:

e 3n + h*sg — enepris. (1.2)
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B iH1mIomy BUMaaKy BOHU MITpyroTh Ha noBepxHio Ti02, e 0epyTh y4acTb B OKUCHO-
BIIHOBHUX pEaKIisiX 3 OpraHiyHMMHU 3a0pyJIHIOBa4aMH, paHilie ajacopOOBaHMMHU Ha
noBepxHi ¢oTokaranizaTopa. PexomOiHallisl HOCIIB 3apsly Ha MOBEPXHI KaTajizaTopa
TaK0X MOKE€ MaTu MICLE.

dororeHepoBaHi JIPKM MalOTh BUCOKY OKHCHIOBAJIbHY 3JIaTHICTh: BOHU
0e3nocepeIHbO PO3KIIAAI0Th OPraHIyHI CIIOJYKH a00 OKMCHIOIOThH BOAY, YTBOPIOIOYH 10HU

Boauro (H") i rizpokcunsai pagukamm ("OH) [19,56]:

h*sg + H2O — H* + "OH. (1.3)

Kpim toro, nipku okucmiorors OH™ Ha moBepxHi Kartaizaropa, 1 YTBOPIOEThCA 11Ie

oinbie ‘OH-pagukarnis:

h*ss + OH-— "OH. (1.4)

.OH-pa,ZII/IKaJII/I, K1 € AYKC CWIIBHUMU OKHCHIOBAJIbHUMH YaCTUHKAMH, PO3KJIIdAd0Th

OpraHiyHi MOJIOTAHTH 0 BYTJIEKHCIOro rasy Ta Boau [71]:
‘OH + opraniusni momorantu — CO2 + H20. (1.5)
doToreHepoBaHi €IEKTPOHH, y CBOIO YEpry, MalTh BHCOKY BiTHOBIIIOBAIbHY
3aTHICTh. TaKUM YMHOM, CIEKTPOHH pPearytoTh 3 Oz, yTBOPIOIOYH CYIEPOKCUIHI pauKaIn
O, [19,56]
ean+ 02 —» O27. (1.6)
Ili cymepokcuaHi paauMkaad pearyloTh 3 ioHamMu BoaHiO H' 1 yTBOpHOIOTH

rigponepokcmwibHi pagukamn "HO,:

02"+ H* — "HO,, (1.7)
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AK1 JaJll TeHepyoTh nepekuc BojHo HoOo:

‘HO2 + "HO2 — H202 + Oo. (2.8)

[Tepexuc Boguto HoO, Moke pearyBaTu 3 CynepoKCHIHUMU pagaukaiamMu Oz :

H202 + O2™ — 'OH + OH™ + O2 (1.9

a00 po3KIaaaTUCs T JI€I0 CBITIA:

H202 + hv — ‘OH + "OH (1.10)

1 B 000X BUMaaKaxX yTBOPIOIOThCS pagukanu ‘OH.
YTBOpeni peakuiiino3maatHi uvactuHkd (02, ‘HO;) MoxyTh po3kiamaTd Ta

MiHepasizyBaTH Oyab-ski opraniudi conyku 10 CO2 ta HoO [58,72]:

02" + opraniuni momoranta — CO2 + H20, (1.11)

‘HO2 + opraniuni momorantu — CO2 + H20. (1.12)

VY ¢orokatanisi Ha TiO, OKHCICHHS OpPraHIYHUX PEUYOBUH MOXE BifOyBatHcs abo
nuisixoM amidatuyHoro okuciaeHHs (paaukanu "“OH Bupamsiots H' 3 monekynu), abo

IUITXOM apoMaTUaHOTo okucieHHs (O2 Ta O2” OKHCITIOITH apOMaTHIHY MOJICKYITy) [67].
1.8 lonyBanns i mogudikauis TiO:

Xoua Ti0; mae BUCOKY (pOTOKATANITUYHY AaKTUBHICTD, € JIBA OCHOBHUX HEJOJIKH, K1
00MEXYIOTh HOro MIMPOKe MpakTHUHE 3acTocyBaHHs [73,74]. Lli oOMekeHHs BKIIOYaOTh
HECTIPUSATIINBY JTUHAMIKy (OTOTEHEpPOBAHMX HOCIIB 3apsany (mBHAKa peKoMOiHAaIlis
€JIEKTPOHIB 1 JIpOK B 00'eMl Ta Ha MOBEpXHi (hOTOKATANI3aTOpa) 1 MOraHy yTHII3AIII0

BuauMoOro cBitia [68]. Benuka mupuna 3adoponenoi 3ouu TiO> (3,0-3,2 eB [68]) oomexye
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BukopuctanHs TiO; aume go Y®-cpitna (nosxuHa xBuial MeHie 390 HM) BIAMOBIAHO 10

piBusiHHs 13 [68]:

hxc

A =25~ 390 nm, (1.13)

ne h — crama ITnanka, J[x-c;

C — IIBHUAKICTH CBITJIA, M/C;

Ey — mmpuna 3aboponenoi 30uu (oTtokaramizaropa, eB (3,2 eB mns anarazy TiO»
[68]).

Bigomo, mio yiasTpadioneToBe CBITIO CTAHOBUTH Jiniiie 3-5 % COHSYHOTO CBITIA, TO1
K BHIUME CBITIO CTaHOBUTH 45 % consuHoro cmekrtpa [71]. Jlyke BaxkiuBo, 100
dorokaraniThyHuil Tporiec OyB EKOHOMIYHO €(QEeKTHMBHUM 1 CTIMKUM JUIsi HOro
BIPOBA/DKCHHS B TMPOMHUCIOBUX Maciitadax. Skmo rereporennnii ¢orokartamiz Ha TiO;
HEMOXJIMBO TTPOBECTH y BUIUMOMY CBITJIi, HEOOX1JJHO BUKOPHUCTOBYBAaTH BHUCOKOBAPTICHI
mkepena yinbrpadionaetoBoro csitia [50]. OdeBuaHO, M0 A YCHIIIHOTO BHKOPUCTAHHS
TiO; y BuauMOMY CBITII, aacopOllis JOBXHH XBHJIb (POTOKATAIi3aTOPOM MMOBHHHA OyTH
pO3IIMPEHa y BHIUMY 00JacTh, TaKUM YMHOM poOssiun TiOz aKTUBHUM Y BUIMMOMY
cBiTm [72].

Otxe, o0 3anmo6irTy pexkomOiHaIlli eTeKTPOHIB 1 AIpoK 1 3abe3meunTr epeKkTuBHE
BUKOPHMCTaHHS BUIUMOI'O CBITJIa, HEOOX1HO 3a0€3MeUNTH HACTYITHE: ITOCHIUTH PO3TUICHHS
HOCIIB 3apsiy, TMOJOBXKHUTH IX Yac ICHYBaHHS, 3BY3UTH IIUPUHY 3a00pOHEHOI 30HU
dorokaTanizaTopa Ta 30UTBIATH TIonTy moBepxHi TiOz [75]. i mporo icHYIOTH pi3Hi
ctpaterii Mmogudikamii moBepxai TiO2 [59]. BoHu BKiIIOYalOTh B OCHOBHOMY JIOTTYBaHHS
MeTasiaMd 1 Hemeranmamu [71,76], komomyBaHHs Meranmamu Ta Hemertanamu [50],
CTIOJYYCHHSI 3 1HIIMMHU HAIMBIPOBITHUKAMU [72], cTBopeHHs rerepornepexoni [71] 1 Z-
cxeM [49], cencubimizamiro 6apeHIKamu [50].

VY nonyBaHHI MeTajaMu 10HM MeTaliB (TepexigHi MeTanu, OJaropojHi MeTanw,
pinkicHozeMenbHi Mertanu) [75] 3aminiorors Ti%*. lle mpurHiuye eneKTpOHHO-IIPKOBY

pekoMOiHaIio, e(PEeKTUBHO 3MEHIIyE IHUPUHY 3a00pOHEHOiI 30HU (HOTOKATANII3aTOoOpAa,
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MOKpAIIly€e YTUITI3aIlii0 BUAUMOTO CBiTJIa Ta MOP(OIIOTiro moBepxHi poTokaramizaropa [77].
Hewmeranesi nonantu (N, C, S, B, F) Takox 3MeHIIYIOTh IIUPUHY 3a00POHEHOI 30HU 1, K
CTBEPDKYEThCS, € OLTbII eexTrBHUMH [Tt akTHBi3alii TiOz2 y Buaumomy ceitii [77]. ITixa
yac kopomyBaHHA TiO, nonyerbcsa nBoMa abo Ouilbllle MeTajgaMu, HemeTanamu abo
OJIHOYACHO MeETajlaMHd 1 HeMeTajaMmu, 100 MoAojaTH OOMeXeHHsS (HOTOKaTali3aTopIB,
JIOTTOBAHMX JIMIIIE OJJHUM esleMeHToM [19].

[Moequnanus TiO; 3 iHmmM HamiBopoBigaukoMm (SnO,, ZnO, SiO;, CdS) s
CTBOPEHHSI TETEPOTEPEXOIiB TAKOXK CIPHUSE KPaIOMy PO3IUICHHIO HOCIIB 3apsany Ta
HOKpaIllye BUKOPUCTaHHs Buaumoro cBitTia [19,49,69]. V Bunaaky doTtokaranizatopis Z-
CXEMH 30HHA CTPYKTYpa 3aIHIIAETHCS MOIIOHO0 10 CTPYKTypH rerepornepexois. OqHax,
MEXaHI3M TIEPEHECEHHsI EJEKTPOHIB 1 JIPOK 3MIHIOEThCA. 30KpeMma, BiaOyBaeThCs
pexkoMOiHaIsl HOCIIB 3apsay 31 CJabKOH OKHMCIIOBAJIbHO-BIAHOBHOIO 3/aTHICTIO, a
€JIEKTPOHU Ta JiPKH 3 OLIBIIOK OKHCIIOBAILHO-BITHOBHOIO 3/IaTHICTIO BiJJOKPEMITIOIOTHCS
ta 30epiratotbcs [49]. [Hmui crnocid MOCHIUTH MO €JIEKTPOHIB 1 AIPOK — CTBOPUTH
doTokaTaIi3aTOpH 13 CKOHCTPYHOBAHUMH BaKaHCISIMH, II0 MICTATh Je(PEKTU KPUCTATIB —
KUCHEBI BakaHCli. TakuM 4YWHOM, YTBOPIOETHCS HOBHM €EHEPreTUYHUN pPIBEHb MK
BaJICHTHOIO 30HOI0 Ta 30HOIO0 IMPOBIIHOCTI, 1, AK HACTIJOK, 3MEHIIYEThCS IIHPHUHA
3a00pOHEHOI 30HU Ta MOKPAIIYEThCSA BIATYK Ha BUAuMe cBiTiao [49]. dorokaramizaTopu,
ceHCcHOUTi30BaHl OapBHUKOM, TaKOXX BHUKOPHCTOBYIOTHCS JUIS Te€HEPYBaHHS OLIbIIOL
KIJIBKOCTI €JICKTPOHIB 1, OTKe, MiABUIICHHS (OTOKATAIITHYHOI aKTUBHOCTI [76,77].

[Ipote, icHye 6araTo iHIIMX MapaMeTpiB, SKI BIUIMBAIOTHh HA €(EKTUBHICTH MPOIECY
doTokaranmiTHYHOI nerpanaiii, HampUKIaJ, KOHIEHTpPAIls OpraHIYHUX 3a0pyIHIOBAUIB,
no03a (QorokaTaizaropa, IHTEHCHBHICTh CBiTIa, pH peakmiitHoro poszumny Ttommo [58].
Takum 9HOM, YMOBH MPOIIECY MIOBUHHI OyTH HAJIGKHUM YHHOM PO3pO0IeHi, baratopazoBo
MepeBipeHi Ta ONMTHMI30BaHi, MO0 MOXKHA OyJIO JOCATTH MaKCUMaldbHOI €(EeKTUBHOCTI

MpoIeCy NMPOAYKTUBHOCTI TPU MIHIMAJIbHUX BUTpaTax.
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1.9 lonyBanns TiO: pigkicHo3eMeJbHUMH MeTaIaMu

Onniero 3 epekTuBHUX (aye J0CI HE JOCKOHAIO BHUBYCHHMX) CTPATETiil MOCHICHHS
aktuBHOCTI T1O2 y BUIUMOMY CBITJI € TONyBaHHS (POTOKATAII3aTOpa PIIKICHO3EMEITBHUMU
metasiamu (P3M) [76,78,79]. domyBaHHS i0HAaMHU PiJKiCHO3EMEIBHOI'O METAy CTBOPIOE
J0JaTKOBI €HEpreTUYHi piBHI B 30HHIN cTpykTypi TiO2. ['0I0OBHA pOibh IMX JAOAATKOBUX
CHEePreTUUHUX PiBHIB M 30HOI0 mpoBigHocTi (3I1) i 30HOI0 BajenTHocTi (3B) nomnsirae B
3aXOIUICHHI HOCIIB 3apsay. TakuM YMHOM, HOCII 3apsiy BiokpemittotoThes Big 3B abo 311,
a ix qudysist 1o nosepxHi T102 MOCUITIOETHCS IS Y4acTi B OKUCHO-BIJTHOBHUX TIpoIIecax
(puc. 1.7). 1li migeHepreTuydHi piBHI 3a00POHEHO1 30HU, Kl YTBOPIOIOTHCS, 3MEHIITYIOTh
eHeprito 3a00pOHEHOT 30HU MaTepiaiiB, 10 CIPHUIE MOTIMHAHHIO BUIMMOTO CBiTiIa. BapTo
3a3HAYMTH, 1110 3MEHIICHHs eHeprii 33 MOKHa peryJtoBaTH, 3MIHIOIOUM THUM JOIMAHTY Ta

fioro kourenTparimo [80].

CO -
v 2 Heopra®iyui
h* h* h* h* h* h* 4 H,0 oMM

H,0/0H"

Puc. 1.7 ®otokaranituunuii nporec Ha T102, TOMOBaHOMY PiJKICHO3EeMEITLHUMHU

ME€TaJlaMH

Hanokommosutu Ha ocHoBi TuTany (IV) okcuny, momosani P3M, B manwmii yac
BUBYAIOTBCS Yy (POTOKATATITUYHMX 3acTOCyBaHHsIX. Y pobOoti [81l] mocmimxyBamu

dboToKaTamiTHYHE PO3KIATaHHS PEHOTY y BUIUMOMY CBITHi (A > 420 HM) 3 BUKOPUCTAHHSIM
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TiO,, nmomosanoro iomamm Y3, Pr¥*, Er** a6o Eu®*. Orpumani HaHOKOMIIO3MTH
MPOJEMOHCTPYBaJIU BUILY (DOTOAKTUBHICTD Y BUAMMOMY CBIiTI1 (420-450 HM) MOPIBHSHO 3
yrctuM 1102 — komepiiitaum ¢oTokaranizatopom TiO, P25, skuid, sik i ouikyBanocs, OyB
HCAKTHBHUM TIPU 3aCTOCOBYBAHMX JOBXHHAX XBWIJIb BHIIPOMiHIOBaHHS. Y poOoti [82]
MIPOBOJMIIM JOCIIIJKEHHS (hOTOAerpaialii METUIEHOBOI'O CUHBOTO 3a JOTIOMOT0I0 CUCTEMU
SM/SnO,-TiO,. Pe3ynbTaTi mokasaiu, Mo BBEICHHS caMapito 3MEHIIMIIO ONTHYHY IIUPUHY
3a00pPOHEHOT 30HM Ta MiJBUIIWIO KaTATITHYHY aKTUBHICTh HaHOKOMMIO3uTY. Tutany (I1V)
OKCH/I, TOTIOBaHUM 10HAMHU PIJIKICHO3EMEJIbHIUX METaIiB Sm3*, Nd®* i Pr¥*, JOCJTI)KYBaJIU B
pobotri [83]. Ortpumani 30Jb-TeJib METOJOM KAaTaJli3aTOpu MPOSBISUIA  BHIILY
doToKaTanITHYHY aKTUBHICTH Y po3kiagaHHl1 6apBHuka OpanxeBoro I B ynbTpadioneri Ta
BuguMoOMy cBiTIl, HDK uuctuil TiO,. Opnak, moaiOHI cuctemMH (POTOKATaII3aTOPiB
(tutany (IV) okcua, AOMOBaHMM PiIKICHO3EMEIBPHUMH METajJaMH) HE € JOCIIHKCHUMU Y

BUJIAJICHH] (papMalleBTUYHHX MIpernapariB 3 BOAHUX PO3UHHIB.
1.10 JomyBanus TiO cranymy (V) okcuaom

CrnonydeHHss Takux HamiBopoBigHukiB, sk TiOz 1 SnOz, nama CTBOpPEHHS
TETEPOIEPEXO0aiB € €(PEKTUBHOIO Ta €KOHOMIUHOIO CTpATEri€r0 IS JOCSITHEHHS BHCOKOT
KBaHTOBOI eekTuBHOCTI Matepiany. TiOz Ta SnO; € HaMIBIPOBIIHUKAMHU, SIKI MAIOTh Pi3HY
IIMPUHY 3a00pOHEHOT 30HHU, a came: 3,2 ¢B mns anarasy [84], 3,0 eB mis pyruny [85] Ta
3,8 eB a1 SnO; [86] (oo OpykiTy TouHI AaHi BiacyTHi [87]). V Toi ke yac 11i MaTepianu
MalTh 3HAYHY CXOXKICTh: OOMJBa MAalOTh TETPArOHAIBbHY CTPYKTYpy THUITy PYTHIYy Ta
noi6Hi ionni pagiycu kationis (0,605 A ma Ti** 10,69 A s Sn** [88]). Taka noxi6HicTs
Ja€ 3MOTY CTBOPUTH 3MilllaHI CTaHU EJIEKTPOHHOI TYCTHHH, $IKI JIO3BOJSIOTH Kpalle
po3aimutu  (doToreHepoBaHi Hocii 3apsamy. Ilix BIIMBOM CBITIOBOTO ONPOMIHEHHS
YTBOPIOIOTHCA (HOTOENEKTpOHH, sKi pyxaroThes Big TiOz go SnOj. Ockinbku 30HA
MPOBIMHOCTI 1 30Ha BasieHTHOCTI SNO, posramoBani HUX4Ye, HIX Y TiO2, TO eneKkTpoHH
MepexoAsaTh y 30HYy NMpoBigHOCTI SnO2, a AIPKU HAKOMUYYIOThCSA y BajneHTHIH 30H1 Ti02. ¥V

uboMy Bumnajaky SnO; i€ sk nactka ajis (OTOreHepOBAHUX €JEKTPOHIB, 110 B KIHIIEBOMY
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MIJCYMKY MEepEelIKOKae peKoMOIHAI[lT HOCIB 3apsiAy, MiABUILYE KBAHTOBY €(PEKTUBHICTb 1,

OTKe, CIPUSIE MiBUIIECHHIO ()OTOKATATITUYHOI aKTUBHOCTI HaHOMatepiaiy [70].

Puc. 1.8 Posnoainenns 3apsaiB y komno3uTi ckinanay T102-SnO;

Tax, HampuKkIaz, B AociimkeHHi [86] Oymo ogepkaHo TOHKI MUTIBKH HAHOKOMIIO3HTIB
SnO2-TiO,, ski mposiBun Ha 30 % Buily (OTOKATATITHUHY AKTUBHICTH y BHUAAJICHHI
OapBHUKA XPOMOBOI'0 TEMHO-CHHBOTO B Y D-CBIiT/Ii mopiBHAHO 3 ykucTHM 1102, KOJIH BMICT
SnO; 3naxonusBcs B Mexax 0,1-1 mon.%. Y poboti [89] dotokartamizarop SnO,-TiOy,
oJIep KaHUM TiAPOTEPMAIILHUM METOAOM, TMPOAEMOHCTPYBaB Ha mpuOnu3Ho 50 % Buiry
(dboTOKaTANITUUHY AaKTUBHICTh y BHUJAJICHHI OapBHUKA METHUJICHOBOTO OJAKUTHOTO Y
COHSYHOMY CBITJI, MMOPIBHAHO 3 IHAMBITyaabHUMHU Okcuaamu ctanymy (IV) i tutany (V).
YV nmocmimkenni [90] ¢orokaTtamiTHUHY aKTHBHICTH MaTepiajaiB BHUIPOOOBYBaIU Y
nerpajaamii OapBHHKA JiaMaHTOBOro 3eieHoro B Y®-umumomy cBiTii. HaiiBuma
aKTUBHICTh Hajiekaia HaHOKOMITO3UTy SNO,-Ti07 13 Bmictom SN0, 10 %. Onnak, moaiOHi
cuctemu  ¢otokatamizatopiB  SNO.-TiIO, He € JOCHIIKEHHMMH Yy  BHIAJICHHI

(dhapmareBTHYHUX MpenapariB 3 BOJHUX POZUUHIB.
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1.11 ExoToKCHYHICTH NPOAYKTIB (poTOKATATIZY

BpaxoByroun MHUPOKUN CHEKTP MNPOMINKHUX MPOIYKTIB, IO YTBOPIOKOTHCS MiJl Yac
(doTokaraniTHyHOi Jerpajauii aHTUOIOTHKIB, OLIHKA iX TOKCHMYHOI Jii HA €KOCUCTEMH €
HAJ3BHYAHO BAKJIMBOIO IS MPAKTHYHOTO 3aCTOCYBaHHS (POTOKATATITUYHOTO IMPOIIECY B
OUMUILIEHH] BOJIH.

®DiTOTOKCUYHICTh TPOAYKTIB (oTokaramizy moa0 pociuH Lepidium sativum
nocaipkyBaid B poboti [91]. Uepe3 60 XB coHsSYHOTO omnmpomiHeHHs KataiizatopiB TiOo,
JIOTIOBAaHUX OJIarOPOJHUMHU METaJIaMH, TOKCUYHICTh OyJia YCYHEHA: 1HJEKC MPOPOCTaHHS
nigBumumBCea 3 43 £ 4 % m1s nouarkosoro po3uuny 1 mr/am® SMX 10 93 £ 10 % i 110 =
16 % nns po3uuHiB, 06podaenux Pd/TiO; 1 Pt/TiO; BianoBigHO. 3HMKEHA €KOTOKCUYHICTh
MOSICHIOETBCS JTY)KE€ HU3bKMMHU KOHIICHTPAIISIMU 3aJIMIIKOBOTO aHTHOloTHKa. He3nauna
TokcuuHicTh 1moa0 Vibrio fischeri ta moBHicTIO ycyHeHa aHTHOIOTHYHA aKTHBHICTH MI0/10
E. coli 6yna gocsarayra B po6orti [92], konu po3uuH 1unpodIoKCaluHy 3 KOHIICHTPAIIE
30 mr/am®  mimnasaBcs  porokaramiTuuHOoMy mpouecy Ha TiOz, MoamMQiKoBaHOTO
OiMeTaniyHUMU HaHOYacTHHKaMH. lle Oyno pe3ynpTaToM MOBHOI MiHEpasti3allii BUXiTHOI
criostyku Ticist 360 xB (pOTOKATATITUIHOTO TIPOLIECY IMiJT IMITOBAHUM COHSIYHHM CBITJIOM.

AHTUMIKpOOHA aKTUBHICTh po3unHy uunpoduokcanuny (15 mr/am®) momo Vibrio
fischeri 3mauno 3HM3mWiacs mig dYac (OTOKATATITHYHOTO HpOIECY 3 TIpadiTOBaHHM
ME30IOPUCTUM HAHOKOMITO3UTOM BYTJCIb- 1102 mia ynbTpadioaeTOBUM OMPOMIHEHHAM Y
JOCHIDKEHH], mpoBeneHoMy B poboti [93]. PesynbTyroda BiJICyTHICTh TOKCHYHOCTI
MOSICHIOETHCS Maihke TOBHOIO MiHepaJizailiero anTudioTuka uepe3 120 xBunuH peakirii. B
po6oTi [94] 3acTocoByBanu cucremy UV/TiO; P25 1 He crocTepirain rocTpoi TOKCHYHOCTI
(30 xBumH iHKYOAI1i1) po3unny cyibhamerokcasoiy (1 ppm) momxo Vibrio fischeri. Onnak,
MOBIIOMJISITOCS TIPO 3HAYHY XPOHIYHY TOKCUYHICTH (24 roamHu iHKyOarii). B podoTi [26]
po3unHU  mHIpodIoKcauHy 00poOJIsiIu, BHUKOpHCTOBYIouM cuctemy N-TiO2 i3
BUKOPUCTAaHHSM CBITJIOAIOMIIB y BUAMMOMY Jlialla30Hi CBITJIA, IO MPU3BEJIO JI0 3HAYHOTO
3HIKEHHS TOKCHYHOCTI moxo Daphnia magna mnopiBHSHO 3 BHXIJHOI CIOJYKOFO.

3HIKEHHS aHTHOAKTepiadbHOI aKTHUBHOCTI mumnpodokcanuny mpotu Staphylococcus
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aureus takox OyJsio oTpuMaHo B poOoTi [95], B skiii 3acTocyBanu cunTe3oBaHui TiO2 mif
MITYYHUM COHSIYHHM CBITJIOM.

VY po6ori [96] Takoxk criocTepiraan 3HaYHe 3HWKCHHS TOKCHUYHOI aKTHBHOCTI ITPOTH
BOJHUX oOprani3miB mnpu BukopucTanHi cuctemu UV-C/CoFe;O4/TiO; mns nerpanarii
po3unHy cyib(ameTrokcazony. B excrnepuMeHTax i3 BUKOPHUCTaHHSIM 3€JI€HOT BOJOPOCTI
Chlorella vulgaris 6yno mpumymieHo, 10 aHTHOIOTHK OyB MEPETBOPEHUH Yy MOXUBHI
pPEUYOBMHU (JPKEpENIo BYTJICII0 Ta HEOPraHiuHMX COJIeH) miag 4ac (POTOKATATITHYHOTO
npoIiecy, 0 CIOPUSIIO 3pOCTaHHIO BojgopocTei. Ilpu 1pomy, cymbhamMeTokca3on Ta Horo
(GoTOnpOAYKTH HPUTHIUYBAIHM KUBJICHHS KpeBeTok Artemia salina, nemoHcTpyrouu, 1o
X04ya TOKCHUYHA [ MPOAYKTIB TpaHcdopmarii Oyia 3HA4HO 3MEHIIEHa, BOHA He Oyra
MOBHICTIO yCyHEHa. BHCOKI Temmnu po3kiagaHHs Ta MiHepasizallii cyib(paMeToKca3oy
CHpHUsIM He3HauHid TokcudHocTi Imozo Daphnia magna ta E.coli y mocaimkenHi,
nposeneHoMy y [97]. locnianuku BukopuctoByBaiu cuctemy UV-C/0ioByrimns/TiO, mis
(orokaraniTuunoi merpagauii pozunny cyiabdamerokcazony (10 mr/mm®) i TakuM dyuHOM
OTPUMAJIM HETOKCUYHI MPOAYKTH (HITpATH, CyJIb(paTh Ta JESKI OPTaHiYHI KUCIOTH) Yepes
6 roqun peakiiii. OgHak, IpU I0JaBaHHI B peaKIliiHUM po34uH HITpaTiB 1 OikapOOHATIB
TOKCHUYHICTh CHJIBHO 3pocia ax 10 100%, mo cBiAYUTH MPO HEOOXiTHICTH 00EPEKHOTO
3aCTOCYBaHHS JAHOTO MPOIECY IS OUUIICHHS MPUPOTHUX BOIOIM.

B po6oti [98] nmoBimomisuii mpo HEBENHMKE 3HMKEHHS aHTUMIKPOOHOT aKTHBHOCTI
micist porokaTamiTHYHOTO Tporecy i3 Katamizatopom TiOz P25, nomoBanum WOs, 110
MOSICHIOBAJIOCH MOBUTFHOIO MiHEpAJI3aIli€o MOOIYHMX MPOAYKTIB micist 180 XB mporiecy i
IMITOBaHMM COHSYHHMM ONPOMiHEHHAM. EKOTOKCHYHY Ait0 cyib(ameTokcaszony (20 mr/am3)
Ta MPOJYKTIB Ooro TpancdopMailii B IbOMY BHUIMAAKY OILIHIOBAIHU MO0 MITaMiB OaKTepiii:
E. coli ta E. faecalis. ITix gac mporiecy OKHCICHHS TOKCHYHICTH CITOYaTKy 3pocia 3 50%
ckopoueHHst momyJssii sk E. coli, Tak i E. faecalis no 64% 1 57%, ane BpemTi-pemT
3au3unacs 10 45% 1 37% BIANOBIAHO.

Opnnak, y po6orti [99] crioctepiranu yTBopeHHS 0TI TOKCUYHHUX MPOIYKTIB MO0
Daphnia magna, mopiBHSIHO 3 MOYAaTKOBUM PO3UMHOM cyibhamerokcazony (60 mr/amd),

KOJIM aHTHOIOTHK TijyTaBaBcs oTokataaiTHIHOMY Tporiecy i3 cuctemoro UV-C/TiO, P25
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npotsiroMm 13 roaun. KpiM TOro, TOKCHYHICTh PO3YMHIB LHUMNPOGIOKCAUUHY MICISA
dorokaTamiTnyHoi peakiii 3 cutemoro UV-A/TIO, P25, 3pocna ctocosuo Vibrio fischeri
MOPIBHSIHO 3 BHXIJIHOIO crioiykoro B po6oti [100]. Xoua TOKCHYHICTh 3MEHIITIIIACH Yepe3
15 xBunMH POTOKATATITUYHOTO IPOLECY, POZUMHU AHTUOIOTUKY CTaIH AYy>KE€ TOKCUYHUMU
(70 % inriOyBaHHs JIOMIHECICHIIT) Yepe3 45 XBWIMH 00pOOKHU Yepe3 YTBOPESHHs OiIbIIOT
KUIBKOCTI MpoAyKTiB TpaHchopmaillii. [{ikaBe croctepexkeHHs Oyno 3poOjieHO B poOoTi
[101]: aHTHMiKpOOHA AaKTHBHICTH MPOAYKTIB TpaHchopmallii CyabhaMeTOKCa30ay 010
oaxrtepiii  Vibrio fischeri 3pocna mnopiBasno 3 BuximHowo cnoaykor (50 mr/mm®
cyJbaMeToKca3ony), Koiau (PoTokaTamiTUYHI TECTH MPOBOJAWIM B JUCTUIBLOBAHIN BOII
(cuctema UV-A/TIO, P25, 510 xB). IIpote, icTOTHOI TOKCUYHOCTI HE CIIOCTEPIraocs pu
IPOBEJICHHI BUITPOOYBaHb B 1HIIUX cepeoBUIIax: MOPChKii Bl 3 20%o 1 34%o0 CONOHICTIO.
[losicHuTr Taki pe3yJabTaTH MOXKHA 3HIDKEHHSIM (DOTOKATANITUYHOTO PO3KIIaIaHHS
aHTUO10TUKA TMPU TIJIBUILECHHI COJOHOCTI. TakuM YWHOM, MEHINA KUIBKICTh MPOJYKTIB
TpancdopMmarii TpU3BOAMIA 0 3HIDKEHHSA OiloTokcwuHOocTi. Y  poGoti [102]
BUKOPHUCTOBYBAJIM Mporpamue 3ade3nedeHHs Toxicity Estimation Software Tool (T.E.S.T.)
JUISE  OIIIHKM TOKCHYHOCTI TOYAaTKOBOTO pO3YMHY UHUIpOQIIOKCAIMHY Ta HOTO
dboTonpoaykTiB. X04a MOBIAOMIISIIOCS, IO OUTBIIICTH MPOAYKTIB TpaHc(opMarlii MEHII
TOKCHUYHI, H)K BUX1THI pO3UMHHN aHTHUO10THKIB, ACSAKI IPOTYKTH PO3IAy BUSBUIUCH O1JIBIIT

TOKCUYHHUMH.
BucHoBku 10 po3aiay 1

BiamoBinHO 10 cy4acHMX HAYKOBHX JIKEpel, (hapMalleBTUUHI MpenapaTi € OJHUMHU
3 HaWOUIbII HEOEe3NMeYHUX TOMIOTAHTIB TMPUPOJHUX BOAHMX cepenoBull. Cepen HHUX
AHTUOIOTUKHM CTAaHOBJISATH BEJIHMYE3HY 3arpo3y MNPUPOIHAM EKOCHUCTEMaM 1 3J0pOB’I0
JIOJMHU Yepe3 CHPHUSIHHS PO3BUTKY PE3MCTEHTHOCTI /10 aHTUOIOTHIKIB, @ TAKOX MOSIBU
CTIHKMX 10 aHTHOIOTHKIB OakTepidl Ta CTIMKUX 0 aHTHOIOTHKIB TreHiB. lle B KiHIICBOMY
paxyHKyY MPHU3BOJMTH JI0 3pOCTAaHHSI CMEPTHOCTI HACEJICHHS, a/Ke ICHYI0U1 aHTHO10THKY HE
3MaTHI JIIKYBaTH 3aXBOPIOBaHHS, MPOTU SIKUX BOHHM IMOYATKOBO Oynu nyxe e(deKTUBHI.

HexopekTHe 3acToCyBaHHS Ta yTHWIIi3allisi aHTUOIOTUKIB SIK B JIIKYBaHHI JIFOJIMHU, TaK 1 Y
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BETEpUHAPHIN MEIUIIMHI NPU3BOAUTH 1O BUSBICHHA AaHTUOIOTHKIB HE TUIBKH B
MOBEPXHEBUX 1 MII3EMHUX BOJAX, aje 1 y NuTHINA Boai. He 3Baxarouun Ha Te, 0 HE ICHY€
3aKOHOJABYMX HOPM MO0 PIBHSA BMICTY aHTHOIOTHUKIB Yy BOJI, Takl HeOe3meyHi
aHTUOI0TUKH, SK [UNpodiokcauH 1 cyiab(amMeTokca3oll, BXKE 3aHECEHI B CIUCKHU
MOHITOPHHTY 4Yepe3 iX BUCOKY KOHIICHTPAIIIF0 B IPUPOJTHUX BOJAX.

3BaXkaroud Ha HEMOXMJIMBICTh TUIIOBUX CTaHIIM OYMINEHHS CTIYHUX BOJ| €()EKTHUBHO
BUJIATISATA AaHTUOI0TUKU, HABEJICHO KPUTHYHUHN OTJIST METOAIB OUUIIICHHS CTIYHUX BOJI, K1
3MaTHI BUJAISITH TAaKWA TUI OPTaHIYHUX IOJIOTAHTIB, a came: anacopOllis, MeMOpaHHa
¢iabTpalist, IPOrpecuBHI Mpoliecu OKUcHeHHs. [lokazaHo, 110 HAMIOIIBHIIIMM METOA0M
BUJIQJICHHS aHTHUOIOTHKIB € TMPOTPECUBHI IPOIECH OKHWCHEHHS, a CaMe T'eTePOTCHHHMA
¢dotokaraniz Ha ocHoBl TuTany (IV) okcuny, sk HaileeKTUBHIIIOTO (OTOKATAII3ATOPY.
['ereporennumii (poTokaTani3 MPOJEMOHCTPYBAB BEIMYC3HUH TMOTEHINAN SK €KOHOMIYHO
e(eKTHBHUHN Ta eHeproe(EeKTHBHUI IMPOIIEC, SKUH MOXE BHKOPHCTOBYBATH «3CJICHE» Ta
CTiHKe JKEepeJIo CBITJIa — COHSYHE BUIMPOMIHIOBAHHS.

[Tokazano MexaHi3M (OTOKATATITHUYHOrO mporecy Ha ocHOBi TiIO2 1 BHCBITIEHO
OCHOB1 OOMEXXEHHSI BUKOPUCTAaHHA 1IbOTO (hOTOKATANI13aTOPY B MPOMUCIOBUX MacliTadax:
IMIBUJKA pPEeKOMOiHaIis (oToreHepoBaHUX HOCIIB 3apsay 1 HU3bKAa €(QEKTHBHICTH Y
BUUMOMY CBITIl. 3 METOIO0 MOJOJIAaHHS 3a3HauYeHUX OOMEKEHb, BUKOPHUCTOBYIOTHCS
pizHOMaHITHI ctparerii moaudikarii TiOz, cepen SKMX HAUTOMMUPEHIMIUMH € JTOTyBaHHS
MeTajJaM1 1 HeMeTaJlaMU 1 CIIOJyYeHHs 3 IHIIUMH HaIliBIPOBITHUKAMHU.

[TokazaHo, 110 OJHUM 3 MEPCIEKTUBHUX METOJIB MOoCHIeHHs edekTuBHOCTI TiO2 y
BUJIMMOMY CBITJI1 € HOTO JOMYBAaHHS DPIAKICHO3EMEIbHUMU METaJlaMU, IO JTOCSTAETHCS
3aB/ISIKM €(PEKTUBHOMY 3MEHIIICHHIO TUPUHU 3a00poHeH01 30HU. EdexkTrBHE po3noineHHs
¢dboTOoreHepoBaHMX 3apsAiB 3 METOI0 TOMEPESIHKEHHS iX peKomOiHaIii MOXHA TOCATTH
IUITXOM  CTBOPEHHsS KOMITO3UTiB Tumy  1102-SnO,.  Xoua, TiO;,  nomoBaHUit
piakicHO3eMenbHUMHU MeTaiamu i ctanymy (IV) okcuiom, BUBYaBCS Y POTOKATATI THIHOMY
BHJIaJICHHI OapBHUKIB 1 BiqHOBIeHHI CO2, HEMAE JiTEpaTypHHUX JAHUX OO 3aCTOCYBaHHS
Takux (orokaTamizatopiB y BHUAAJICHHI aHTUOIOTHKIB. TakoX 3a3Ha4eHO, IO JIyXKe

BOXJIMBUM €TaIllOM € BU3HAYEHHSI TOKCUYHOCTI BOAM MIC/s mporecy dhoTokaTailizy, aake,
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i yac (OTOKATATITUYHOI JAerpajaiii aHTUOIOTHKIB YTBOPIOETHCS WIMPOKUN CHEKTP
MPOMDKHUX MPOoAyKTiB. CaMe TOMY AJisi MPAKTUYHOrO 3aCTOCYBAHHS (HOTOKATATITUYHOTO
MpOLIECY B OYMILEHHI BOJAM HEOOXIJHO BIIEBHUTHCS, L0 OYMIIEHA BOJA HE CTAHOBUTHh
3arpo3u €KOCUCTEMaM.

Ha ocHOBI mpoBeneHOro aHaizy HayKOBOi JITEpaTypd BH3HAUEHO OCHOBHI
HaIpsSMKU JOCIITHUIIBKOT pOOOTH Ta c(hOPMYITHLOBAHO HAYKOBI 3aBAaHHS JJIsI TOCATHEHHS

MOCTaBJIEHOT METH.

Pezynomamu ananizy naykoeoi nimepamypu, npogedenozo npu nio2omosyi 0aHo2o
PO30LNY, HABEOEHO 8 MAKUX NYOIKAYIAX:

Cmammi:

1. Kutuzova A., Dontsova T., Kwapinski W., Leahy J.J., Strunk J. Photocatalytic
activity to ciprofloxacin and physico-chemical properties of TiO; synthesized by different
methods. Molecular Crystals and Liquid Crystals. 2022.
doi:10.1080/15421406.2022.2073526. XypHan HIUTYEThCA HAYKOMETPHUYHHUMHU Oa3aMu
SCOPUS i Web of Science. Ocobucmuii enecox 3006ysaua — amaniz nimepamypHux
odicepell, NpPOBeOeHHs eKCNEePUMEHMANbHUX O0CHi0NCeHb, OQOPMIEHH pe3yibmamis,
HANUCAaHHA | NOOAHHS CMammi.

2. Kutuzova A., Dontsova T., Kwapinski W. Application of TiO,-Based
Photocatalysts to Antibiotics Degradation: Cases of Sulfamethoxazole, Trimethoprim and
Ciprofloxacin. Catalysts, 2021. Vol. 11(6). P. 728. doi:10.3390/catal11060728. Xypuan
muTyeThes HaykomeTpuuaumu O6azamu SCOPUS | Web of Science. Ocobucmuii enecox
3000y8aua — anauiz 1imepamyprux 0dxcepen, aHaAIiMUYHUIL 02150 3d MemMoi0 O0CAI0NCEHHS,
o opmaeHHs pe3yIbmamis, HANUCAHHA I NOOAHH CIammi.

3. Dontsova T.A., Kutuzova  A.S,, Bila K.O., Kyrii S.0,
Kosogina 1.V., Nechyporuk D.O. Enhanced Photocatalytic Activity of TiO2/SnO, Binary
Nanocomposites. Journal of Nanomaterials, 2020. Vol. 2020. P. 8349480.
doi:10.1155/2020/8349480. Xypuan muryeTbcs HaykoMeTpuyHoto 0Oazoro SCOPUS.
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Ocobucmuti  6Hecok 3000ysaua — aHANi3 JAiMepamypHux odxcepei, NpPOBeOeHH s
eKCNepuUMEeHmMAaIbHUx 00CAI0NHCeHb, HANUCAHHS CIammi.

Mamepianu kongepenyii.

4. Karashchuk O., Kutuzova A., Dontsova T. Photocatalytic Activity of P25-TiO;
Modified with Yttrium Oxide Towards Ciprofloxacin. 2021 IEEE 11th International

Conference Nanomaterials: Applications & Properties (NAP), 2021. P. 1-4
doi:10.1109/NAP51885.2021.9568624. Ocobucmuii  eénecok 3006ysaua —  aHaui3
JimepamypHux 0xicepe, AHAIEMUYHUL 02710 3a MEMOI0 OOCTIONCEHHS, HANUCAHHSA CIMAMML.

Teszu donosioel Ha KoHpeperyisx.

5. Kutuzova A.S., Dontsova T.A. (2021). Sn-TiO, nanomaterials for photocatalytic
degradation of antibiotics. Book of abstracts of the /nternational research and practice
conference «Nanotechnology and nanomaterials» (NANO-2021). JIeBiB. Ocobucmuii
BHECOK 3000Y8aua — NPOBEOEHHs eKCNePUMEHMANbHUX OOCAIOHNCEHb, 00POOKA 00ePHCAHUX
pe3yIbmamie, HanUCAHHA i NOOAHHS me3.

6. Kutuzova A.S., Dontsova T.A. (2020). TiO2-based nanocomposites for antibiotic
degradation in aquatic systems. Book of abstracts of the /nternational research and practice
conference «Nanotechnology and nanomaterials» (NANO-2020). JIesiB, C. 81. Ocobucmuii

8HeCOK 3000y6a4a — KpUMUYHUL 0271510 TIMepamypHux 0dxcepel, HanucauHs i NOOaHHs mes.
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PO3JILI 2
OB’€EKTHU, METOJU TA METOJMKHN JOCJLKEHHS

2.1 Meroauka cunre3dy TiO2
2.1.1 Metoauka cunre3dy TiO2 30/1b-TeJib METOAOM

Jnsa cuntesy turany (IV) okcumy 39 cm® 2-npomanony smimysamu 3 12 cm®
JIC10H130BaHOT BOJIM, a MOTIM J10[aBajl KOHLIEHTPOBAHY a30THY KHUCIOTY ISl TOCATHEHHS
sapanoro pH (1,0; 1,5; 2,0; 2,5) po3uuny pearenris (puc. 2.1). Ilicas uporo gogasanu 5 cm®
tutany (IV) i3onponokcuay (TTIP) o kparisix mij yac iHTEHCMBHOTO MEPEMIlllyBaHHs, i
3’sBasiBes Oummit ocan TiOz. YrBopenns turtany (IV) okcuay cKiaamaeThCcsi 3 JEKUIBKOX
craail. Crnouatky BinOyBaeTbes Tiaponi3z Ttutany (IV) i13omponokcuay BIAMOBIAHO 0

piBHstHHS peakiii [103,104]:

Ti[OCH(CHs3)2]4 + 4H20 — Ti(OH)4 + 4C3H7OH. (2.1)

[ToTiM BinOyBa€eThCS MpoOIEC KOHICH CAIi:

HO O OH
2Ti(OH) o T & + H20 (2.2)
— .
I(OH)4 HO/| |\OH 20,
OH OH

HO\ /O\ /OH

Ti Ti — 2TiO2 + 3H20. (2.3)
HO™ | | “oH

OH OH

3arayipHa peakilis cuaTe3y 1107 BUIIISIIae HACTYITHUM YHHOM:

Ti[OCH(CHs)2]4 + 2H20 — TiO2 + 4CsH7OH. (2.4)

Momnsipae  cmiBBigHOmeHHss peareHTiB  TTIP : opraniunuit  po3umanmK : H0
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ctanoBuio 1:30:40. Otpumany cycnensito 3anumanu npu 50 °C wHa 3,5 rox npu
NepeMilIyBaHHI sl IPOLECY CTapiHHA, a MOTIM IPH KIMHATHINA TeMIEpaTypl NPOTATroM Ie
30 xB. Opep>xanuit 611t ocan TiO2 BIIOKpEMITIOBAIM HEHTPUPYTYBAHHAM 1 IPOMUBAIU
I’ SITh pa3iB (OAUH pa3 2-MPONaHOJIOM 1 HOTHPHU pa3u JIe10HI30BaHOI0 BO1010). [licas uporo
ocan BucylyBanu B cymwibHiM magi npu 80 °C mpotsrom 16 ron, BunamoBaiud B
MydenbHil nedi npu 450 °C npotdarom 2 roa, a moTiM po3Tupanu y crymnui. OTpuMani

3pasku nmo3Havanu sik SG TiO, pH X, ne X — pH peakmiiftHoro po34uuny.

HNO,
TTIP
)V . MpomuBaHHs BucylwyBaHHs BunantoBaHHs
} CrapiHHs (5%10 xB, 8000 06/xB) (80 °C, 16 roa) (450 °C, 2 ron)
/ (50 °C, 3,5 rog;

20°C, 0,5 ron)

ly .

B L
2-nponaHon =
[eioHizoBaHa Boga

Puc. 2.1 Cunres TiO, 3051b-TeJIb METOAOM

2.1.2 Mertoauka cunre3y TiO: rinporepmajJibHUM MeTOAOM

2.1.2.1 Memoouka cunme3y TiO: ¢ Parr®-peaxmopi

st cunte3y tutany (IV) okcuny rigpoTepMaibHUM METOJIOM HEOOXIIHY KUTBKICTh
oprasiuHoro pozunnuuka (9,75 cm® 2-npomnanony abo 7,5 cm® eranony) 3Mimysanu 3 3 cm®
JIe10H130BaHOT BOJIH, a IMOTIM JIOJIaBAJIH TI0 KPAIUIIX KOHIICHTPOBAHY a30THY KHUCJIOTY, MO0
nocsrtu pH 2,5 peakmiitHoro po3umny (puc. 2.2). Ilicns 1mporo mnpu IiHTEHCUBHOMY
nepeminryBanHi gogasanu o kpamiax 1,25 cm® TTIP, — 3’ aensses 6imuit ocan TiO2 (cuaTes
nepebirae BiAMoBiAHO 10 peakiid 2.1-2.4). MouspHe CIIBBIIHOIICHHS pPEarcHTIB
TTIP : opraniuamii  po3uuHHEK : HoO cranoBuimo 1:30:40. OtpumaHy CyCIEH3iIO
nepeHocuiu B Parr®-peaktop 5500 (koMnakTHUM 1a00paTOPHUNA pEaKTOP BUCOKOTO TUCKY)
06’emom 100 cM® 3i CKISHMM BKJIAJUIIEM 1 BUTPUMYBAIU IPU OOpaHUX TeMIepaTypax

(110 °C a6o 150 °C) nmpotsrom 24 rox nipu Oe3nepepBHOMY TepemimryBaHHi 32 100 00/XB.
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[Ticas 3akiHYeHHS TAPOTEpMaNIbHO1 peakuii Parr®-peakTop 0X0no1KyBaBcs 10 KIMHATHO1
TeMIlepaTypu MNpUpoJHUM 4YMHOM. OTtpumanuii Oummii ocag TiO2 BIAOKpeMITIOBAIN
HEeHTpU(YryBaHHSIM 1 MNpOMUBAIM 5 pa3iB (OJUH pa3 BIAMNOBIIHUM OpPraHIYHUM
PO3YMHHUKOM 1 YOTHPHU pPa3u JCIOHI30BaHOIO BOJIOK0). Ilicist 11boro ocaja BUCYIITYBaidu B
cyminbHiN madi npu 80 °C mpoTsroM 16 roa, a moTiM po3Thpanu B cTymii. OTpuMani
3pasku no3Hauanu sk HT TiO; Pr150, HT TiO2 Pr110 ta HT TiO; Et110 3amexHo Bifg

BUKOPHUCTOBYBAHOI'O opraHquoro PO3YMHHHUKA Ta TEMIICPATYPHU CUHTC3Y.

HNO,
PHES T\T"D lapoTtepmanbHa
o6pobka
(110 °C/150 °C, BucywyBaHHs

. 3 4 24 rop) (80 °C, 16 roa)

N
RS

"’Q Ld

LU £

__ B _ = B S e
e s |7 =737

OpraHi4yHWi1 PO3YUHHUK MpomuBaHHs

JeionizosaHa Boga (5%10 xs, 8000 06/xB)

Puc. 2.2 Cunre3 TiO; rizporepMaibHUM METOIOM

2.1.2.2 Memoouka cunme3sy TiO2 ¢ munogomy 2iopomepmaibHoOMy peaKkmopi

Oxkcupa tutany (IV) Oyino cHHTE30BaHO TiApOoTepMaJbHUM MeETOAOoM. [l 1bOro

3 JleioHi30BaHOI BOAM NPH IHTEHCUBHOMY

58,5 cm® 2-mponanoiy 3MimryBamu 3 18 cM
MepEeMIIIyBaHHI 3a JOIMOMOrOK MAarHiTHOI MIIIaJIKK, a IOTIM IO KpaIuisix J0JIaBaJId
KOHIIEHTPOBaHY a30THY KHUCIJOTY, 1100 oTpumatu po3uuH 3 pH 2,5 (puc. 2.2). Ilicns uporo
Ipd IHTEHCUBHOMY IIepeMilllyBaHHI JofaBald 0o Kpamisx 7,5 cm®  turany (V)
130MPOTIOKCHTY, TTiCTsl 9oTo 3’ sBisiBest Oinmit ocax TiO2 (cuHTe3 mepebirae BiAMOBIIHO 10
peakmiii 2.1-2.4). MonspHe cHiBBiIHOIICHHS peareHTiB TuTaHy (V) i3omporokcu

OpraHiYHUI PO3YMHHUK : Boma ctaHoBuio 1:30:40. OxepkaHy CyCHEH31I0 MEPEHOCHIN B

3 3 Ttenonosum BriamumeM (130 cm®) i

rigporepmansHuii peaktop 06’emom 300 cm
ButpuMmyBani 3a Temmneparypu 110°C mnporarom 24 ron mnpu Oe3nepepBHOMY

nepeMimyBandi  3a 600 o6/xB. Ilicma  3akiHUEHHS  TIAPOTEPMANIBHOI  peakiil
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TIAPOTEPMANIBHUNA ~ PEaKTOp MPUPOJHUM YMHOM  OXOJOJKYBaBCid 10 KIMHATHOI
temneparypu. Otpumanuii 6umit ocan TiO2 BiAOKpeMITIOBAIM 1 TPOMUBAIM I’ ATh Pa3iB
(oZIMH pa3 OpraHIvHUM PO3YMHHUKOM 1 HOTUPH Pa3u Je10HI130BaHOIO BOOI0) 32 IOMTOMOTOI0
uentpudyrysanns (10 xB, 8000 06/xB). Ilicyig uporo ocaj BUCYLIyBalIl B CyIIMIIbHIN madi
npu 80 °C mpotsarom 16 ro, a noTiM po3TUpPaIU B CTyMI. Buxia cuHTe30BaHOr0 MaTepiary

ctaHoBUB = | r. OTpumanuii 3pa3zok noznauvanu sk HT TiOo.

2.1.3 Meroanka cuHTedy TiO2 KOMOIHOBAaHUM 30JIb-TeJb-TiIPOTEPMATbHUM

METOA0M

Hunst cunate3y tutany (IV) okcuay KOMOIHOBaHHMM 30J1b-T€NIb-TiAPOTEPMAIBHIM
METOAOM OyJM 3acTOCOBaHI JBa MeTOAu, omucaHi panime B Po3mimi 2.1.1 T1a B
Poznimi 2.1.2.1. Cnouatky OyJia 3acTOCOBaHa Mpolielypa CUHTE3y METOOM 30J1b-Teb JJIs
onepskanus 6isoro ocaay TiO2 (mpu pH 1,0). Cunres nepebirae BiAmoBiaHO 10 peakiii 2.1-
2.4). OtpuMany cycrensito 3anuiiand mpu 50 °C npoTsirom 3,5 roa npu nepeMiliyBaHHi
JUISL TIPOIIECY CTapiHHS, a MOTIM Mpu KiMHATHIA Temriepatypi me Ha 30 xB (puc. 2.3). B
pe3ynbTati 00’eM cycrensii 3MeHmmBes 3 ~ 56 cm® o ~ 15 cm®. Tlicns nporo cycrensiro
nepeHocun B Parr®-peaktop 5500 06’emoM 100 cm® 31 CKIAHMM BKJIaUIIEM i TPOBOIHIN
rigporepmanbny  00pobky mpu 110 °C  mporsirom 24 rog  mpu  Oe3nepepBHOMY

nepeMilryBaHHi, sk onucano B Pozmimi 2.1.2.1. Otpumanuii 3pa3ok mno3Havanu K SG-

HT TiO..

HNO,

TTIP ligpotepmansHa
; obpobka
i Cjap'“”“ (110 °(F:), 24 rop) BiCyilysanss
o Vd (50 °C, 3,5 rop; (80 °C, 16 rop)
20 °C, 0,5 ron)

o ©, 7»
2-nponaHo,-,’ * ” $, * T » HF?\;;‘;H-HQ‘ @C .

[eioHizoBaHa Boaa (5%10 xB, 8000 06/xB)

Puc. 2.3 Cunre3 TiO2 koMOIHOBaHUM 30JIb-T'€JIb-T1IPOTEPMATEHUM METOOM
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2.1.4 Metoauka cunrte3y TiO2 coibBOTEpMaJIbLHUM METOAOM

Jus cuntedy tutany (V) okcuay 1 mmons (0,5 1) Tturtany (IV) okcuaneTwi-

aneronatry TiO(acac), smimysamu 3 15 cm®

1-rekcanony, mnepeHocunu B Parr®-
peaktop 5500 06’emom 100 cM® 31 CKISHMM BKJIAJMIIEM i HPOBOIMIM COJNBBOTEPMAIIBHY
00poOky nipu 180 °C npotsarom 24roa npu Oe3nepepBHOMY nepeMinryBanHi 3a 100 06/xB

(puc. 2.4). Cunte3 tutany (V) okcuay nepedirae BinmoBiaHO 10 HacTymHOI peakiiii [105]:

TIO[CH3COCH=C(O-)CHz3]> + CéH130H — TiO> +
+ CH3COO(CH2)sCHs + CHsCOCHS. (2.5)

[Ticnsa 3akiHYeHHS COJILBOTEpPMabHOI peakilii Parr®-peakTop OX0JIOIKYBaBCS 110
KIMHATHOI ~ TeMIepaTypu MNpupogHuM uuHOM. Otpumanuii Ot ocag TiO»
BIJIOKpEMJTIOBAJIN IIEHTPU(PYTyBaHHIM 1 MPOMUBAIM 5 pa3iB 2-mporadosioM. [licis mporo
ocaj BUCYIIyBaJd B cymmibHIN madi npu 80 °C npotarom 16 roa, a moTiM po3THUPAIH B

crymui. Orpumanuii 3pa3ok moznavanu sk ST TiO;.

\1 -rekcaHors lgpoTrepmanbHa

}‘ obpobka
(180 °C, 24 rop) BucywysaHHs
/ (80 °C, 16 ron)

MpomuBaHHs

TiO(acac), (5%10 xB, 8000 06/xB)

Puc. 2.4 Cunres TiO, conmpBOTEpMaIBEHUM METOJIOM
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2.2 MeTtoauka cunTe3y aonoBanoro TiO:

2.2.1 Meroguka cunredy TiO2, I0M0OBAHOr0 OKCHAAMM PiIKICHO3eMeEJIbHHX

MeETAaJIiB

2.2.1.1 Oonocmaoiinuit cunmes

Cunte3 TiO; Ta i#oro pJomyBaHHS OKCHIOM PIAKICHO3EMEIBHOTO METaly
BiJI0YBA€THCS OJHOYACHO T1]T 4Yac OJHOCTaAIHHOTO cCuHTE3y (puc. 2.5). B ckiissHOMY cTakaHi
10 58,5 cM® 2-npomaHoiy 1O Kpamsx 0JaBall KOHIIEHTPOBAaHY a30THY KHUCJIOTY INpH
IHTEHCUBHOMY TiepeMilryBaHHi, o0 gocartu pH 2,5 1 orpumat po3unH «A». B iHmomy
CKJISTHOMY CTaKaHi J0 HaBaKKH coii piakicHozemenbHoro metany (Sm(NO3)3x6H20,
Nd(NO3)3;x6H20, Er(NO3)sxH20, Pr(NO3)sx6H20), po3paxoBaHoi s OTpUMaHHS
3a[]aHOTO BMICTY PiJKICHO3MEIBLHOIO METaly B KiHIIEBOMY Marepiaii, nogasanu 18 cm®
JIC10HI30BaHOT BOJAM 1 MOTIM MO KpAaIIsAX J0JaBajy KOHIEHTPOBAHY a30THY KHUCIOTY INpPHU
IHTEHCUBHOMY TIEpeMilTyBaHHI 10 gocsarHeHHs pH 2,5 1 orpuManHs po3unHy «By. ITics
OO PO3YMH «B» 1omaBanu mo Kpamsix 10 po3uuHy «A» 1 3anumanu Ha 60 XB npu
nepemimryBanHi. [licist 3MinryBaHHsI peareHTiB yTBOpIoBaBcs Ounii renb (puc. 2.6). I'ens
TIepEHOCHIN B TifpoTepManbHuil peaktop 06’eMoM 300 cM® 3 Te(IOHOBUM BKIAJUIIEM
(130 cm®) i BuTpuMyBanu 3a Temmnepatypu 110 °C npotarom 24 rox npu Ge3nepepBHOMY

nepemimryBanHi 600 06/xB. YTBOpEHHS OKCHIY PiIKICHO3EMEIBLHOTO METaly BigOyBaioch

BIJITIOB1/THO JIO piBHSHHSA peakilii (Ha mpukiaai camapito (I1I) oxcnmy) [106]:

4Sm(NOs)s — Smz03 + 12NO21 + 3021. (2.6)

[Ticns 3akiHYEHHS TiIAPOTEPMATBHOI PEaKIlii TIAPOTEPMATbHUNA PEAKTOP TPUPOTHIUM
YUHOM OXOJIOJUKYBaJIM 10 KiMHATHOI Temmeparypu. Otpumanuii Oummii ocam TiOp,
JIOTIOBAaHUN OKCHJIOM PiKICHO3EMEIBHOTO METajly, BIIOKPEMITIOBAIA 1 TPOMUBAIIN T1 STh
pa3iB (OJMH pa3 OpraHiuHUM PO3YMHHHUKOM 1 YOTHUPHU pa3u JCIOHI30BAHOIO BOJOI0) 3a
nonomororo 1eHTpudyryBanas (10 xB, 8000 o6/xB). Ilicas 1mporo ocaj BUCYIIYBaJIH B

cymriibHiM eyl npu 80 °C mpotsarom 16 roj, a moTiM po3tupanu B ctymii. OTpumMaHuii
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3pazok no3Hadanu sk 1HT REM X%, ne REM — cumBoOs piAKICHO3EMEIBHOTO MeETaiy,

BUKOPHUCTAHOTO JJIs1 JOMYBaHHs, X — BMICT JJOMaHTa B 3pa3Ky (mac.%).

2-nponaHon

HNO; (pH 2,5)

TTIP =
Po3auunH “A”

[eioHizoBaHa Boga
Cinb P3M =
HNO; (pH 2,5)/\,_J\I

Po3uuH “B”

Po3uuH “B”
lgporepmanbHa
obpobka BucylysaHHs
(110 °C, 24 rop) (80 °C, 16 rog)

60 xB

ER-12T)

MpomuBaHHs

PosumH “A (5%10 xB, 8000 06/xB)

Puc. 2.5 Ognocrazivinuii cuate3 TiO2, T0MOBAHOTO PiAKICHO3EMEIBHUMHU METaJIaMH

Puc. 2.6 YTBOpeHHs remo mij 4yac 3MINIyBaHHS PEareHTiB B XOJ1 OJHOCTAJIIIHOTO

CUHTE3Y

2.2.1.2. /leocmaditinuii cunmes

Y naBocramiiHiA Tporueaypi momnepeaHbo oziepxkanuii tutany (IV) okcum OyB

JIOTIOBaHU OKCUAAMU piAKicHO3eMenbHuX MeTaliB (puc. 2.7). Tak, 1 v TiO; 3mimryBanu 3

60 cM® neioHizoBaHOi BoAM y CKISHOMY cTakani. OjepskaHy CycHeH3i0 00poOIsIn

VIBTPA3BYKOM B YJIBTPAa3BYKOBiM BaHHI TPOTATOM 15 XB, MICIAS YOro MEPEHOCHIN Ha

Mar"iTHy MiIIajJKy JJIs epeMilryBaHHs. B iHIIOMY CKJISHOMY CTakaHi O HaBaXKW COJIi

piakicHozemenbHoro  Metany  (Sm(NO3)zx6H20, NA(NO3);x6H20, Er(NO3)sxH-0,

Pr(NO3)3x6H,0), po3paxoBaHOl I OTPUMaHHS 3aJaHOTO BMICTY PiAKICHO3MEIBHOTO
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MeTaly B KiHIEBOMY Matepiali, momaBamd 15 cM® 1€ioHi30BaHOT BOAM Ta 3alMIIAld Ha
30 xB npu Oe3nepepBHOMY TepeMiinryBanHi. [licns mporo no cycnensii TiO2 mo kparisx
J10J1aBaJId PO3YMH COJI1 PIKICHO3EMEIBHOTO METAITY 1 0 Kparuisax gojaasanu po3und NH4,OH
no pnocsaraeHHs pH 9,5. OnepkaHy CycCIEH3110 EPEHOCHIIA B TIAPOTEPMANIbHUN peakTop
06’emom 300 cM® 3 TemonoBum BiaaaumeM (130 cm®) i BUTpUMyBanM 3a TeMIIEpaTypH
110 °C npotsirom 24 ron npu 6e3nepepBHOMY niepeminryBanHi 600 00/xB (cuHTe3 nepedirae
BIMOBIJHO 710 peakiii 2.6). [licns 3akiHYeHHS T1IpoTepMaibHOI peakilii riapoTepMaIbHIUN
pEaKkTop MPUPOJHUM YMHOM OXOJOJKYBalu 1O KIMHATHOI TemrepaTypu. OTpuMaHuil
o1mmit ocayn TiO», nomoBaHMM PiAKICHO3EMEITBHUM METaJIOM, BIJOKPEMITIOBAIIH 1 IPOMHUBAIIH
I’SITh Pa3iB JIC10HI30BaHOIO 3a jonoMoror eHTpudyryanus (10 xB, 8000 06/xB). Ilicns
I[LOT'0 0CAJl BUCYIIIYBaIM B cyImibHIN neui mpu 80 °C mpoTsiroM 16 1011, a OTIM pO3THpaIu
B crynmi. Otpumani 3pa3zku mno3Hauanu sk 2HT REM X%, ne REM — cumBon
PIAKICHO3EMENIbHOTO METaly, BUKOPUCTAHOTO JJIsl OTYBaHHSA, X — BMICT JIONIAHTa B 3pa3Ky
(mac.%).

Komepmiiiauii 3pasok tutany (IV) okcumy TiOz P25 Takoxx OyB gomoBaHuii
PIAKICHO3EMEIBHUMHU METajlaMU 32 JBOETAIIHOK MPOLEIYypOI0 3 METOH0 IOPIBHSIHHS.
Otpumani 3pa3ku noszHayanu sik P25 REM X%, ne REM — cumBon piaKiCHO3eMEIbHOTO

MeTaly, BUKOPUCTAHOTO /IS TOMYBaHHs, X — BMICT JJOTIaHTa B 3pa3ky (mac.%).

YneTpa3sykosa
0Bpobka Po3zunH NH,OH

15 x8 PoaumnH (PH 9,5)

P3M
— TigpoTepmarnbHa
_ ~— obpobka

(150/110 °C,

Tio,

’ ! 30 xa 24 rop) BucyluyBaHHs
[eioHizoeaHa Boaa ‘ C} ; : (80 °C, 16 rog)

Cins NK;‘C 1‘*“.“ ) . rY
5 e’ 17 B

CycneHaia TiO, MpomuBarHs
(5x10 xB, 8000 06/xB)

-1 —

[eioHizoBaHa Boaa

Puc. 2.7 [IBoctaniitanii cuate3 TiO2, TOMOBAaHOTO PIAKICHO3EMEIIBHIMH METAJIAMU
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2.2.2 Metoauxa cunresy TiO2, nonoBanoro cranymy (1V) okcnaom

2.2.2.1 Memoouxka cunme3y TiO2 o0Oonoeanozo cmanymom, é Parr®-

peakmopi

3 Meroro pomyBanHsa TuTaHy (IV) okcuny cranymy (IV)okcuaom 1 r xomMepiiHOTo
3paska P25 TiO; smimryBanu 3 25 cm® feioHi30BaHOT BOAM y CKISHOMY cTakaHi (puc. 2.8).
OneprkaHy CcycrieH3it0 00po0JIsIN YITPa3ByKOM B YIBTPA3BYKOBIM BaHHI TPOTSITOM 15 XB,
HIiCJIsl YOro MEePEeHOCWIM Ha MarHiTHy MIIIalKy i nepemimryBanss. [licns mporo mo
cycnen3ii TiO; nomaBanu HEOOXiJAHY KUIBKICTh Tpekypcopa cranymy: cranymy (I1)
xsopuny auriapar SnClox2H,0, cranymy (IV) xnopuny nenrarigpat SnClsx5H,0O abo
crauymy (IV) i3ompomokcua  Sn(OC3H7)4xCsH/OH  nnst omepxanns 10 mac.% Sn B
MmaTtepiani Ta 3anumand Ha 30 xB mpu OesnepepBHOMY mnepemimiyBaHHil. CuHTE3 13
BUKOpHcTaHHsAM Tpekypcopy SnClx2H,O mepebiraB BiAMOBIAHO A0 HACTYIHOI peakiiii

OKHCHEHHS 1 Tiipofiizy KaTioHiB cranymy [107]:

Sn2* + 2H,0 + 20H — Sn(OH)4 + Ha, 2.7)

iCJIsl YOTo Tepedirae peaxiiis MoJIiKOHICHCaITli:

Sn(OH)s — SnO2 + 2H20. (2.8)

CymapHa peaxirisi Ma€ BUTJISI:

Sn?* + 20H — SnO2 + Ha. (2.9)

Otpumany cycnensito mnepeHocunin B Parr®-peaktop 5500 (koMmakTHUN

3 3i CKISHMM BKJIAQIUIIEM i

nabopaToOpHUN peakTop BUCOKOTO THUCKY) o0’emom 100 cm
BUTpuMyBani 3a Temneparypu 150 °C mnporarom 24 ron mnpu Oe3nepepBHOMY
nepeMinryBansi 3a 100 06/xB. Ilicis 3akiHUeHHS T1apoTepMalibHOL peakiiii Parr®-peakTop

OXOJIOJIPKYBaBCSl O KIMHATHOI TEMIIEpaTypu NPUPOJHUM YUHOM. OTpuMaHuil O oca



73

TiO,, nmomoBanoro cranymy (IV) okcumom, BiZOKpEeMITIOBAM IEHTPUPYTYBAHHIM i
MIPOMHUBAIIK 5 pa3iB /€10HI30BaHOIO BOAOK. [licas 1boro ocaj BUCYLIyBajdu B CYHIMJIbHIN
madt npu 80 °C mpotsirom 16 rog, a motiM po3THpaiud B cTynui. OTpuMani 3pa3ku
no3navyanmu sk P25 Sn(l1), P25 Sn(IV) ta P25 SnIPP 3anmexHO BiJ BUKOPHCTOBYBaHOTO
npekypcopa cranymy (cranymy (I) xmopun aurinpar, cranymy (IV) xmopun nenrariapar

a0o cranymy (IV) i301poOOKCH I, BiIMOBIAHO).

YnerpassykoBa [lpekypcop rlﬂpggzzngfnga BuCyLLyBaHHS
TiO, appobkE s (150/110 °C, (80 °C, 16 roa)
15 xB 30 xB 24 ron)
(7
‘ L) ”*ﬁ-'* T M
,ﬂelomsoBaHa npOMMBaHHﬂ
BoAa (5%10 xB, 8000 06/xB)

Puc. 2.8 Cunre3 TiO,, 10M0BaHOTO CTAHYMOM

2.2.2.2 Memoouxa cunme3sy TiO>, oonosanozo cmanymy (I\V) okcuoom, ¢

MUno8oMy 2iopomepmanbHOMy PeaKmopi

3 meToro nonyBaHHs Tutany (IV) okcuay cranymom 1 r nonepeiHbO CUHTE30BaHOTO
TiO; 3mimyBamu 3 60 cM® 1eioHI30BaHOT BOAM Y CKIAHOMY cTakaHi (puc. 2.8). Onepxany
CycIeH3ito 00poOIsIN yiIbTPa3ByKOM B YIbTPa3BYyKOBIM BaHHI TPOTATOM 15 XB, MICIS 4OTO
MEPEHOCUITM Ha MArHITHY MIMIANKY aiis nepeminryBanHs. [licns nuporo o cycnensii TiO»
nonasanu 0,213 r SnClyx2H,0 (s onepxanns 10 mac.% SnO; B Mmatepiari) Ta 3amumiaim
Ha 30 xB mipu OGe3nepepBHOMY TiepeminryBaHHi. [licns mogaBaHHs TpeKypcopy ojioBa Oina
CycmeHsiss craBaia XoBTO. OnmepxaHy CYCIEH31I0 TEPEHOCHUIN B TIAPOTEPMAaTbHUM

3 3 tednonosum BriagumeM (130 cm®) i BuTpuMyBanm 3a

peaktop 00’emom 300 cm
temmeparypu 110 °C mpotsirom 24 ron mpu OesmepepBHOMY TepeminryBanai 600 06/xB
(cuHTE3 TIepebirae BiAMOBIAHO 10 peakiiid 2.7-2.9). Ilicist 3akiHYCHHS TiapOTepMaIbHOT
peakilii TiApOTepMaIbHUM PEAKTOP MPUPOJHUM YHUHOM OXOJOJKYBAJIM 10 KIMHATHOI

temneparypu. Otpumanuit Oumuii ocan TiOp, gomoBanuit cranymy (IV) okcugowm,
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BIJIOKPDEMIIIOBAJIM 1 TMPOMHUBAIM II'SITh pPa3iB JI€I0HI30BAaHOK BOJOK 3a JOMOMOTIOI0
uentpudyrysanns (10 xB, 8000 06/xB). Ilicas nporo ocaa BUCYIIyBalIl B CYHIUIbHIN eyl
npu 80 °C mpotsirom 16 roa, a notiM po3tupanu B cTynii. OTpuMaHi 3pa3ku MO3HAYAIH SIK
P25 Sn abo 2HT Sn, 3anexno Bix 3pa3ka turtany (IV) okcuay, BHUKOPHUCTAHOTO JUJIst

JTOTTyBaHHS.
2.2.3 Meroauka cunre3dy TiO2, 1010BaHOT0 OKCHIAMM CTAHYMY I camapiio

3 meroro nomyBaHHs TuTany (IV) okcuay okcumamu ctanymy i1 camapito 05T
HOTEPeIHbO CHUHTE30BaHOro 1 jgomoBaHoro cranymy (IV) okcumom TiO; (P25 Sn a6o

2HT Sn) smimysanu 3 60 cm®

JICI0HI30BaHOT BOJAM Yy CKISIHOMY cTakaHi (puc. 2.9).
OneprkaHy CyCIeH3110 00pOoOJIsIN YIBTPA3BYKOM B YIIBTPA3BYKOBIH BaHHI MPOTATOM 15 XB,
MiCs YOro MEePEeHOCWSIM Ha MAarHiTHY MIIajaky is nepemimryBaHHs. [licias mporo mo
cycriensii TiO2 Sn mpoxaBanmu 0,015 r Sm(NO3)3X6H0 (mast omepskanus 1 mac.% Sm B
Mmarepiani) Ta 3anumanu Ha 30 XB mpu Oe3mepepBHOMY TiepeminryBaHHi. OpjepikaHy
CYCIIEH3i10 MEPEHOCHIN B TigpoTepManbHuii peaktop 06’emom 300 cm® 3 TedaoHOBHM
sknagumeM (130 cm®) i ButpumyBamu 3a Temmneparypu 110 °C mpotsrom 24 rox npu
oesnepepBHOMY TepeminryBanHi 600 06/xB (cuHTE3 mepedirae BiAMOBIHO 0 peakiiii 2.6-
2.9). Ilicns 3aKiHYeHHS TiAPOTEpPMAaNIbHOI PeaKIlil riApoTepMaIbHHI PEaKTOp MPUPOIHUM
YMHOM OXOJIOKYBaIH 10 KiMHATHOI Temmeparypu. Otpumanuii Oimuii ocam TiOo,
JIOTIOBAaHUW OKCHIAMHU CTaHYMY 1 camapiro, BIJIOKpEMJIFOBAJIH 1 MPOMHBAIHU I1'STh Pa3iB
JIC10HI30BaHOIO BOJIOIO 3a monomororo neatpudyrysanss (10 xB, 8000 06/xs). Ilicis 1iboro
ocaJl BHCyIIyBanu B cymwibHIN nieui npu 80 °C mpotsirom 16 rox, a moTiM po3THpaiu B

crymmi. OTpuMani 3pa3ku mo3Havanu sk P25 Sn Sm (cuHTe30BaHMIT Ha OCHOBI 3pa3ka

P25 TiO) a6o 3HT Sn Sm (cunTe30Banmit Ha ocHOBI 3pazka HT TiOy).
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YnbTpa3sykoBa MppoTepmansha
06p06Ka Sm(NO3)3X6H20 06p06Ka BMCyLuyBaHHFI
TogAn (110 °C,24 ron) (80 °C, 16 rop)
15 xB 30 xB

@)

% %;Qi:‘ <,
o' % ' 1 2. ey
[eioHizoBaHa |_|p-OMMBaHH$I
BOAa (5%10 xB, 8000 06/xB)

Puc. 2.9 Cunres TiO2, 1onoBaHOT0 CTAaHYMOM Ta camapiem

2.3 Jocaimxenns GoTokaTaaiyHol AKTUBHOCTI

2.3.1 JocaimxkeHHs: (poToKaTATIYHOI AKTHBHOCTI B YCTAHOBUI iHAMBIAYaIbHOI

KOHCTPYKIIl

3MiHy KOHIIEHTpAIlii MOJEIBHOTO PO3YHHY MHUIPO(IOKCAIIMTHY BUKOPHUCTOBYBAIN
JUIT  OIHKK  ()OTOKATAJITUYHOI  aKTUBHOCTI ~ CHHTE30BaHMX  MaTepiaiiB B
yIbTpadioneToBoMy BUIIpOMiHIOBaHHI (ToukoBe LED mxepeno BumnpomiHtoBaHHs, 24 Bt
JOBKMHA XBWUJII 365 HM), BHKOPHUCTOBYIOYHM YCTAaHOBKY IHJIMBITyaJIbHOI KOHCTPYKIIIT
(puc. 2.10). V Tumosomy mpoueci 50 Mr Qortokaramizaropa cycneHayBamd B 50 cm®
po3unHy nunpoQaokcanuny 3 konnenrpaunicro 10 mr/am3. Otpumany cycneHnsio crodaTky
IHTEHCUBHO TIEPEMINIYBaJIX 32 JOMIOMOTOI0 MarHiTHOI MIITAJIKK B TeMpsiBi mpoTsiroM 30 xB
JUTSL TOCSITHEHHS afcopOIiiHoi piBHOBary. [licis nmporo BMuKanu mxepeno Y @-cpitTia, oo
iHiiroBaTH (oToKaTamiTHUHy peakuio. Koxni 15 xB nepebiry mporecy Bigoupamu 5 cm®
cycmensii jisa omiHku 3HWkeHHs KoHreHTpamii CIP. Bimibpani amikBoTu (inbTpyBanu
gyepe3 riapodineHi PTFE mmpunosi ¢inerpu (miamerp dimerpa 25 MM, giaMeTp Mop

¢inpTpa 0,45 MKM), a TOTIM aHAJI3YBaJIM 32 JIOMTOMOTOI0 CIIEKTPOPOoTOMETIi.
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Puc. 2.10 /Iuzaiin yCcTaHOBKM 1HAMBIAyaTbHO! KOHCTPYKIII: 1 — CBITJIOHEPOHUKHA
mada; 2 — CKISHUN peakTop; 3 — MarHiTHUi nepeminryBad; 4 — roukoBe LED mxepeno Y ®-

BUIIPOMIHIOBaHHS; 5 — MPUCTPI KOHTPOIIIO JIAMITH

2.3.2 JlocaigkeHHs1 (POTOKATAJIYHOI AKTHBHOCTI B CHMYJISATOPI COHSYHOIO

CBIiTJIa

doToKaTamITUYHY aKTUBHICTh CHHTE30BAHMX MaTepialliB OIIHIOBAIMA 3a 3MIHOIO
KOHIIEHTpAIlli MOJEIBHOTO pPO3YMHY aHTuOloTHKa. DOTOKATANITUYHY JETpajalliio
aHTUOIOTUKIB TPOBOAWIM B CHUMYJIATOpPI coHS4HOTO cBiTiia Suntest CPS+ (Atlas),
obnagHaHoMy cuctemoro oxonomkenHs (SunCool) (puc. 2.11). B sxocTi mkepena cBitia
BUKOPHUCTOBYBaach kceHoHOBa Jiammna (1500 Bt) 3 Y®-dinbTpom (cremianbHe CKI0) s
BUIIPOMiHIOBAHHS IITYYHOI'O COHSYHOIO CBiTia B Aianazoni 300-800 um Ha momry 560 cM?.
KpimM TOro, HMXKHS MIacTHHA CUMYJIATOPA 0XOJIO0/KYBaIach 10 KIMHATHOI TeMIIepaTypH 3a
JIOTIOMOTOI0 JTA0OPATOPHOTO OXOJIOJKYBada 3 ITUPKYJIIOIYO0I0 TepMOpinnHO. bynoBy

(OTOKATANITUYHOTO PEaKTOpa MPEACTaBICHO Ha pUCYHKY 2.12.
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ol BvnapHuk
(Suncool) ‘

Na6opaTopHuii il Eﬂ‘OK
oXoNoaKyBay 3piaKyBada
— (Suncool)
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Puc. 2.12 bynoBa orokatadiTHYHOTO peakTopa

2.3.2.1 Ilonepeoni pomoxamanimuuni ekcnepumenmu

Cnovatky Oy70 TpOBEIEHO Cepilo MOMEepeaHiX BUIPOOYBaHb HJisi TOPIBHSHHS
(dboTOKaTaMITUYHOT AaKTHUBHOCTI 3pa3KiB Ta BHOOPY HAMOUIBII aKTUBHUX. Y THUIIOBOMY
npoueci 12,5 Mr QorokaTanizatopa nogasamu B 25 cm® posunny CIP 3 KoHIEHTpaliero
50 mr/mm®  y  doTokaTanmitMuHOMy ~peakTopi. OTpuMaHy CycheH3ilo 06poOIsIH
VIBTPA3BYKOM B YJIBTPa3BYKOBi BaHHI mpoTsaroM 5 xB. [loTiM peakTop HeraitHO
MIEPEHOCUITU B €KCIO3UIIIHHY KaMmepy Suntest CPS+ (eHTpanbHe moa0KeHHs, K MOKa3aHo

Ha puc. 2.11) Tta ompomintoBamu mpoTsarom 3 rox. CycmeH3is 3Haxoaujach y CTaHi
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MOCTIHHOTO NIEPEMIIITyBaHHS 3a IONMOMOT'0I0 MarHiTHOTro nepeminryBayda (600 06/xB). Y Bcix

€KCIIEpUMEHTAaX PIBEHb OCBITIEHOCTI MIATPUMYBABCS OCTIMHUM Ha piBHI 50 KIIK.
2.3.2.2 OcnogHni hpomoxamanimuyni ekcnepumenmu

Hpyry cepito (HOTOKATATITUUHUX EKCIIEPUMEHTIB MPOBOJWIN JHUIIE 3 OOpaHUMU
HalOIbII ~ aKTMBHUMHU  (oToKaTamizaropamMu. Y  TUINOBOMY mporeci 12,5 mr
¢orokaramizatopa gogasanu B 25 cm® posumHy asnTtubiotka (CIP a6o SMX) 3
xoHLeHTpanicro 50 mr/nM® y QorokaramiTuuHoMy peaktopi. OTpuMaHy CyCHEH3iI0
0o0poOsIM yJIbTPAa3BYKOM B YJIbTPa3ByKoOBiM BaHHI mpotarom 5 xB. IloTiM peakTopu
HerailHO MEPEHOCWIU B eKCMO3UIliIHY Kamepy Suntest CPS+ (1Ba peakTopu B MOJIOKEHHI
IEHTPAJIBLHOTO PAY, SK Moka3zaHo Ha puc. 2.13). Cnouatky iX BUTpUMYBAJIM B TEMpSBi
npotsiroMm 30 xB mpu Oe3nepepBHOMY TnepeMimryBanHl (600 006/XB) mjisi JAOCSTHEHHS
a7IcopOLiifHOT pIBHOBAaru, a IMOTIM OMPOMIHIOBAIM MPOTIATOM OOpaHUX IHTEPBAIIB HaCy
(15 xB, 30 xB, 60 xB, 90 xB, 120 xB, 150 xB, 180 xB, 6 rox, 24 rox.). CycrneHs3ii 3HaXOUITNUChH
y CTaHl TIOCTIHHOTO TEpeMilllyBaHHS 3a JOMOMOIOK MAarHiTHOTO TepeMilryBaya
(600 06/xB).Y BCiX eKCIIEpHUMEHTaX PIBEHb OCBITJICHOCTI MIATPUMYBABCS MOCTIHHUM Ha

piBHI 50 KIIK.

Puc. 2.13 Po3mimenHust ¢orokaramiThaHuX peaktopiB y Suntest CPS+ B ocHOBHil

cepii poToOKaATATI THIHUX BUTIPOOYBAHb
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2.3.2.3 Jlocnioncenna pomokamaniunoi aKmuHOCmMi y GUOUMOMY

Jiana3oni ceimaa

®doToKaTaNITUYHY aKTUBHICTh MAaTepialliB Y BUAUMOMY CBITJI1 TaKOXK JOCIIIJIKYBaJIH
3a JIONOMOTrOI0 CUMYJIsiTopa coHsiuHOro citina Suntest CPS+. EkcniepuMeHTanbHl yMOBU
3amumanucs MOAIOHMMHM 10 THX, SKI BHUKOPUCTOBYBaJIHMCA Yy (DOTOKATANITHUHUX
BurnpoOyBaHHaX B Y®-BuaumoMy niama3oHi cBimia. Pi3Huis Oyna juiie B KOHCTPYKIIIT
peakropa. Ha BepxHii yacTUHI KpHUIIKH (HOTOKATATITUYHOIO peakTopa OyB po3MillleHUN
ckassHui QuibTp (50%50%3 MM), kUil BiJCiKaB yibTpadioieToBe CBITIO 13 JOBXHHOIO

XBHJI1, 0 He nepepuiye 400 HM (Toka3aHo Ha puc. 2.14).

Puc. 2.14 ®orokaTamiTUYHHA PEAKTOp 31 CKISHUM (QUIBTPOM, 10 Bincikae Y-

BI/IHpOMiHIOBaHHﬂ

2.4 BuzHauyeHHsl KOHIEHTPAlii AaHTUOIOTUKIB MeTOI0M creKTPodoToMeTpil

Konrnenrpaiiito anTrOioTHKIB OyI0 KiIbKICHO BH3HA4Ye€HO 3a gomomoror UV-vis
cnexktpodoromerpii. BimiOpani amikBoTH aHATI3yBalIM 3a IOMIOMOTOIO CIIeKTpodoTomeTpa
SHIMADZU UV-vis UVmini-1240. 3meHmenHs: KoHIeHTpalii munpodiiokcanuny R, %
PO3paxoBYBaJIH 3a TOBKHHH XBWII 272 HM 3a ¢opmyiioro [70]:

Co—C

R=2, (2.10)
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ne  Co— KOHIIEHTpalisi po34YuHy HUOpodIOKcanMHy A0 (POTOKATAIITHYHOTO
npouecy, Mr/am>;
C — KOHIIEHTpalisd PO3YMHY LUIPO(IIOKCALMHY TMichs (POTOKATATITUYHOIO

npouecy, Mr/am>,

2.5 Bu3HaueHHs KOHUEHTpauUii AHTHOIOTMKIB MeETOAOM BHCOKOE(PEKTHBHOIL

piaMHHOI XpomaTtorpadii

KonnenTpariito aHTHO10THKIB OyJI0 KIJIbKICHO BU3HAYEHO 32 JOTIOMOT'0K YCTaHOBKHU
BUcOKoedeKkTHBHOI pinuHHOI Xxpomartorpadii (BEPX) Bin Agilent Technologies.
BumiproBanHs TpoBOIWIM 3a JomoMoror cucremu cepii 1100, mo ckimagaerbcs 3
nerazatopa G1322A, O6imapuoro nHacoca GI1312A, aBtocammiepa G1367A, Biaciky
koinonku G1316A Tta nerexktopa G1315B. BimokpemieHHsS NpoayKiB TPOBOJWIMA 32
nonomoroto kojioHkH Phenomenex C18 (Kinetex, 2,6 mxm, 150%3 MM) 3 mornepeaHbOrO
KoJoHKOM0. Ilepesn aHamizom 25 cm® onpoMiHeHOT cycreHsii (iabTpyBaan 3a J0IOMOIOI0
nomamigaux mmpuiieBux GpiabTpieB CHROMAFIL AO-20/15 3 po3mipom mop 0,20 MkM Ta
1 cm® mmpunis Injekt-FluerSolo. Ymosu nposenenns BEPX Gynu HaCTyHHUMU: 00’ €M JIs
i’ exmii 8 My, Temneparypa konoHku 30 °C, Butpara: 0,5 mu/xB, emoeHT A: 10 MM
KH2PO4 + 0,5 M H3PO4 (85%) y uuctiit H2O, emoent B: aneronitpur (> 99,9%); to:
89.5% A/10.5% B — t1(12 xB): 89.5% A/10.5% B — t2(25 xB): 71.6% A/28.4% B —
t3 (28 xB): 89.5% A/10.5% B — (30 xB): 89.5% A/10.5% B. VY®d-xpomaTorpamu

3anucyBaiu npu 274 Hm.
2.6 BuzHaueHHS 3araJibHOr0 OPraHivHOr0 BYIJIEHI0

KonnenTpamito 3arampHOoro opranigaoro Byriremioo (30B) migm dac mpomecy
doTokaranmiTiyHOi nerpanmamii aHTHOIOTHUKIB BH3HAYAIW 3a JOMOMOTOK aHali3aTopa
multi N/C 3100 TOC/TNb (Analytik Jena). Ilepex anamizom 25 cm® onpomineHoi cycrensii
GinpTpyBaiK 3a qomomMororo nojiamigHux mmpuneBux GutbTpie CHROMAFIL AO-20/15

3 poszmipoM rop 0,20 Mxm Ta 1 cm® mmpunis Injekt-FluerSolo.



81
2.7 Tokcu4HicTh (poTONPORYKTIB

Tokcu4HICTh MPOAYKTIB (DOTOKATAIITHUYHOI Jerpajaiii aHTUOIOTHKIB BU3HAYAIU
IUIIXOM BHUMIPIOBaHHSI Trajo 1HT1OyBaHHSA, SKE€ YTBOPIOBAJIOCA HAaBKOJO JHCKIB 3

(inpTpyBansHOro mamepy B wammi Ilerpi 3 arapom. Cmowarky 4 cm®

cepenosuia LB
iHOKy/TIoBajM mrtamoM Oaktepiii E.coli K12 i3 3aMopokeHOro IIinepruHOBOIO OYJIbOHY.
Kynerypy BupomyBamu mnpotsirom Houi mpu 37 °C/250 06/xB. Tlotim 100 mMxn 1ri€i
KyJIbTypu HaHocuin Ha LB-cepegoBumie 3 arapom B wam Ilerpi. Jucku 3
GbiIpTpyBaIbHOTO TATiepy JiaMeTpoM 8,3 MM OOpOOJISUIM €TaHOJIOM JJIsi CTepuiIi3allii 1
notiM cymwid 'y Bakyymi. Ilicms uporo cyxi guckd oOpoOisimu 10 MK po3dMHY
aHTUO10THKA 1 TIOMIIIaJIM B MAPKOBaHI CErMEHTH arapoBoi rutacTuHu B vamii [letpi. s
MOPIBHSHHS OJMH AUCK 00po0simu 10 Mk aeioHizoBaHoi Boau. [licns 24 roaun iHkyOamii
npu 37 °C nmiameTp Tajo 1HTIOYBaHHS HABKOJIO JHUCKIB 3 (DUIBTPYBAIBHOTO Mamnepy
BHUMIPIOBAJIM 3a JIOTIOMOT'OFO JIIHIMKH Ta MATBEPKYBAIM BUMIPIOBAaHHSMHU 32 JOTIOMOTOIO

nporpamMHoro 3abesneuenns Imagel. ®@otorpadii Oyau oTpuMaHi 3a JOMOMOIOK0 amapary

Axygen Gel Documentation System-BL.
2.8 CTpyKkTypHO-acopOuiiiHi BI1aCTHBOCTI

[3oTepmu  agcopOuii-necopOitii azory Oymm 3anucani npu 77 K 3a momomororo
aHai3aTopa IUIoli noBepxHi Ta po3mipy mop Micromeritics 3Flex 11 3030 a6o NOV Atouch
(Quantachrome Instruments). 3pa3ku MaTepialiB MONEPEIHHO BUTPUMYBAIH 32
temmneparypu 200 °C y BTOpUHHOMY BakyyMi mpoTsroM 3 abo 4 roj BiAMOBITHO.
AncopOriiiny Ta AecopOIiitHy TiJIKUA 130Te€pMH BUMIPIOBAIM NP TOCTIHHIN TemmepaTypi
77K 3a nomoMoror BaHHUM 3 PIAKAM a30TOM [0 THCKY HACHYEHHS TMapu a3oTy
(760 mm pr.ct.). [InToMmi IIIOMIIi TTOBEPXHI BH3HAYAIH 3a JIOTIOMOTOI0 MeToay bpyHayepa-
Emmera-Temnepa (BET) [108] Ta piBusaHs BET 13 BuUKOpHCTaHHSAM TaHUX 3 JIHIAHOT

o0acTi riku agcopOiii 3riguo 3 [109].
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2.9 ExcniepuMeHTAJbHi METOIM aHAJI3Y
2.9.1 PentrenogiyopecueHTHUI Ta peHTreHoAupaKkuiifHuid MeToAN aHATi3y

Pentrenodnyopecuentuuit ananiz (P®A) mposoawnu Ha Malvern Panalytical
Epsilon 1. PentreniBebki audpakTorpaMu MatepiaiiB 3allUCyBald Ha PEHTTCHIBCHKOMY
mudpakromerpi PANalytical Empyrean 3 Cu Ko-BunpominioBanusm (45 kB, 40 MmA).
dazoBuil cknaa 3pa3kiB Bu3Hadanu 3a MmeroaoMm Pitenbna [110]. Cepenniii po3mip
kpuctamTiB (D) ¢a3 po3paxoByBajii aBTOMaTHYHO 3a JAHUMHU aHaNi3y BIJAMNOBIIHO [0

dbopmynu llleppepa:

D = KA/B cos @, (2.11)

ne K —xoncranra llleppepa (dhaxtop hopmu yactunok, 0,89);
A — MOBXWHA XBUJIl PEHTI€HIBCHKOT'O BUITPOMIHIOBAHHS, HM;

J — OBHA IMIMPUHA HA TTOJIOBUHI MaKCUMAaJIbHOI BUCOTH MKy, paj;

0 — xyT nudpaxiii.
2.9.2 PentreniBcbka GoTO€JeKTPOHHA CIEKTPOCKOIisT

PentreniBcbky  dotoenektponHy  crnektpockomnito (POEC) mnpoBomunu Ha
ynbTpaBucokoBakyyMHomy crnekrpometpi VG ESCALAB 220 iXL (VG Scientific) 3

MOHOXpOMaTHYHUM aHojioM Al K.

2.9.3 Cnekrpockonisi 1u(py3HOro BiaidoUTTa B yabTpadioseToBOMy Ta BUTUMOMY

CBIiTJIi

Crextpu BIAOWTTS ynbTpadioNeTOBOrO Ta BHUIUMOTO CBITJa BHMIPIOBAU 3a
nomomoroto crnekrpodoromerpa Lambda 365 UV/Vis (PerkinElmer) y mianazoni moBxuH
xBuwiIb 190-1100 uM B pexxumi qudy3Horo BinOuTTs. EHepris mmpuHu 3a00pOHEHOI 30HU
JOCHIIKYBaHUX 3pa3KiB Oyjia po3paxoBaHa 3a JIONMIOMOIOK OJEPKAHUX CIEKTPIB,

BukopucToBytoun (pyHkiio Kyoenku—Mynka ta kpuy Tayna. @ynkuist Kyoenku—Mynka
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U1t IU(Y3HOTO BIAOUTTSA MAa€ HACTYTHUI BUTIIAL:

(1-R)?

F(R) = 2R

, (2.12)

ne R — koeditieHT BiiOUTTS.
JUist Takoro HempsIMOro HamiBIPOBILAHMKOBOro wmatepiany sk TiOz rpadik

3asie’)kHOCTI (kpuBa Tay1a)

[F(R) - hv] /2 = f(hv) (2.13)

MOKa)ke JIIHIMHY 00J1aCTh, SIKa OMUCYETHCS PIBHSIHHSIM
[F(R) - hv]z = K(hv — E,), (2.14)

ne  hv—enepris potona (hv = E), eB;

Ey — enepris 3a60poHeHoi 30HH, €B;

K — XxapakTepucTH4Ha KOHCTaHTa /Ui KOXKHOTO HAITiBIIPOBITHUKOBOTO
Marepiany.

Ha ocHOBI 1bOr0o piBHSIHHS BUXOAMTbH, 110 E€HEPTii0 3a00poHEHOI 30HM Eg

MOJKHA OTPHMATH IUIIXOM €KCTpamoJIsIii KpuBoi Tayia Ha Bick hv.
2.9.4 Ckanyioua eJIeKTPOHHA MiKPOCKOIIis

CkaHyrouy €JeKTPOHHY MIKPOCKOITII0 MPOBOJUIN 32 JIOTIOMOTOI0 aBTOEMICIMHOTO
ckaHyrodoro einekrporHoro mikpockomna (FE-SEM, MERLIN® VP Compact, Co. Zeiss,
Oberkochen), ocHameHOTO JETEKTOPOM  EHEPrOJUCIEPCIHHOTO  PEHTICHIBCHKOTO
sunipomintoBansas (EDX, XFlash 6/30, Co. Bruker, bepiin). Penpe3enTtaruBhi 1utomIi
3pa3KiB aHaI3yBaiM 3a jgomomoror mporpamuoro 3adesmeueHHs QUANTAX ESPRIT

Microanalysis (Bepcist 2.0). 3pa3ku BcTtaHOBIIOBaiM Ha Al-SEM-HOCisIX 32 A0MTOMOTORO
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KJIEUKOT eNeKTponpoBiAHOi ByrieneBoi cTpiuku (co. PLANO, Wetzlar) ta mokpuBamu

ByrieueM y Bakyymi (EM SCD 500, Co. Leica, Bensheim).
2.9.5 IIpocBiuyoua eJieKTPOHHA MiKPOCKOIIist

[Ipoceiuyrouy enektpoHHy mikpockorito (IIEM) 3pa3kiB cepii IRL mpoBoauiu Ha
aBroemiciiinomy Mmikpockoni JEOL 2100F mpu 200 xB. /Ins 300paxkeHb 13 HEBUCOKOIO
PO3ITBHOIO 3aTHICTIO BUKOPUCTOBYBaBcs pexkum Bright Field TEM.

[IpocBiuyrouy enekTpoHHY MIKpOCKOIIii0 cepii 3pa3kiB DE mpoBoaunu Ha Mikpockormi
Zeiss TEM 902. 300paskeHHsI OTpHUMAHO 31 3pa3KiB, 3aHYPEHUX B EMIOKCUIHY CMOJY, a MOTIM
Hapi3aHUX Ha cijaiich ToBIIMHOI TpuOIM3HO 30-70 HM 1 MOKPUTHUX IIAPOM BYTJIEIIO

npuOIU3HO 3 HM ISl Kpamioi cTabiIbHOCTI €IEKTPOHHOTO MPOMEHSI.
2.9.6. TepmorpaBiMeTpuyHuUii aHaTi3

Tepmorpapimerpuunuit anami3 (TI'A) ta ekciepuMeHTH TU(PEPEHITIHHOT CKaHYHY01
kanmopumetpii (JICK) mpoBoawim B amtoMiHIEBHX THUIJISX B Jliama3oHl Temieparyp 25-
600 °C 31 mBuakicTio HarpiBanHs 10 K/xB B aTMochepi CHHTETUYHOTO TIOBITPSI OHOYACHO

Ha nipuctpoi NETZSCH STA 449 F5 Jupiter. (Himeuunna).
BucHoBkuM 10 po3aiay 2

HaBeneno npoknagHuii omuc METOAWMK CHUHTE3y uucToro tutany (IV) okcuay 3
tutany (V) i3onponokcuay Ta tTurany (IV) okchaneTwianeToHaTy METOJaMHU 30J1b-T€lb,
riApoTepMaTbHUM, KOMOIHOBAaHUM 30J1b-T€Nb-TIAPOTEPMAIBHUM Ta COJIHBOTEPMATIbHUM 32
PI3HUX YMOB CHUHTE3y. TakoX JOKIAJHO OMHCAHO METOIWKU OJIEpP>KaHHS KOMITO3UTIB Ha
ocHoBi tutany (IV) okcuny 3 pimkicHozemenbHUMEH Metaigamu (Sm, Er, Pr, Nd) ab6o/ra
CTaHYMOM T1APOTEPMATLHUM METOJIOM 3a PI3HUX YMOB CHHTE3Y.

[IpencraBieHo  METOAMKW  JOCHIDKEHHS  (POTOKATANITAUYHOI  aKTUBHOCTI
CUHTE30BAaHUX 3pa3KiB YMCTOTO Ta J0MoBaHOTO TUTaHy (IV) okcumy, METOAMKY BU3HAYCHHS
CTyHeHsl Jerpajaiii Ta MiHepamizalli MOACIbHIUX PO3YMHIB MOJTIOTAHTIB — aHTHUO10THUKIB

uunpodaoKcalHy Ta Cyiab()aMeTOKCO307y, METOAUKY BHU3HAYEHHS EKOTOKCHYHOCTI
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MPOJYKTIB (POTOKATATITUYHOL IeTpajallii, a TAKOXK MPOLEAYPH JOCHIIKEHHS CTPYKTYPHHUX

XapaKTePUCTUK Ta (PI3UKO-XIMIYHUX BIACTUBOCTEN JOCIIKYBAaHUX 3PA3KIB.

Pesynemamu excnepumenmanvhux 0ocniodcenb 0aHo20 po30ily HABEOeHO 8 MAKUX
nyonikayisax:

Cmammi.

1. Kutuzova A., Dontsova T., Kwapinski W., Leahy J.J., Strunk J. Photocatalytic
activity to ciprofloxacin and physico-chemical properties of TiO, synthesized by different
methods. Molecular Crystals and Liquid Crystals. 2022.
doi:10.1080/15421406.2022.2073526. XypHan HIUTYEThCA HAYKOMETPHYHHUMHU Oa3amu
SCOPUS i Web of Science. Ocobucmuii enecox 30006ysaua — ananiz nimepamypHux
ooicepen, NPoBeOeHHsT eKCNePUMEHMAIbHUX O0Ci0JCeHb, 0QOpMIeHHA pe3ylbmamis,
HANUCAHHSA | NOOAHHS CIMAMMA.

2. Dontsova T., Kutuzova A., Hosseini-Bandegharaei A. Characterization and
properties of titanium (1) oxide, synthesized by different routes. Chemistry and Chemical
Technology, 2021. Vol. 15(4). P. 465-474. do0i:10.23939/chcht15.04.465. Xypuan
UTY€eThca HaykomeTpuuHoto 0Oazoto SCOPUS. Ocobucmuii  enecox 3000y6aua —
np06€0€HH}Z excnepumenmajlbHux OOCJli()cheHb, HANUCAHHA cmammi.

3. Kutuzova A., Dontsova T., Kwapinski W. TiO>,—-SnO, Nanocomposites: Effect of
Acid-Base and Structural-Adsorption Properties on Photocatalytic Performance. Journal of
Inorganic and Organometallic Polymers and Materials, 2020. Vol. 30(8). P. 3060-3072.
doi:10.1007/s10904-020-01467-z. XXypHan nutyeThcss HayKoMeTpuaHOIO 6a3or0 SCOPUS.
Ocobucmuti  6necox 3000y8aua — aHaniz Jaimepamypuux o0dcepei, Npo8edeHHs
EeKCNePUMEHMATIbHUX O0CHI0MNCEHb, OOPMIEHHS pe3yIbmamis, HANUCAHHA 1 NOOAHHS
cmammi.

4. Kutuzova A.S., Dontsova T.A. Characterization and properties of TiO,—SnO;
nanocomposites, obtained by hydrolysis method. Applied Nanoscience (Switzerland), 2019.
Vol.9 (5). P. 873-880. do0i:10.1007/s13204-018-0754-4. JKypHanm HHTYETHCS

HaykoMeTpuuHOI0 0a30t0 SCOPUS. Ocobucmuil énecok 3000ysaua — ananiz iimepamypHux
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oofcepen, NpPOBeOeHHsl eKCNePUMEHMANbHUX O00CNHI0JHCeHb, 0QOPMIeHHS pe3ylbmamis,
HANnUcanHs i NOOAHHs CIMammi.

Llamenmu:

5. Cnoci6 cunte3y HaHocTpyKkTypHOTO TUTaHy (IV) okcuay: mat. 107865 Ykpainu Ha
kopucHy Mojens MIIK (2016.01) B82B 3/00 ColG 23/053. Kyry3osa A.C., Jlymko A.1O.,
Honmona T.A. No U 2015 12527; 3asen. 18.12.2015; ony6n. 24.06.2016, brom. Nel2.
Ocobucmuti 6HecoK 3000y6aua — NIAHY8AHHA MA NPOBEOEHHs eKCNepUMEHMANbHUX
00Ci0dCeHb, 00pOOKA pe3ynbmamié O0CHIONCEeHb, NAMEHMHUN HOWYK, Ni020MO8KA 1
NOOAHHS NAMEHM).

Mamepianu xoughepenuyiti:

6. Karashchuk O., Kutuzova A., Dontsova T. Photocatalytic Activity of P25-TiO;
Modified with Yttrium Oxide Towards Ciprofloxacin. 2021 IEEE 11th International

Conference Nanomaterials: Applications & Properties (NAP), 2021. P. 1-4.
doi:10.1109/NAP51885.2021.9568624. Ocobucmuii  eénecox 3000ysaua — aHAI3
JIMepamypHux Oxcepe, AHALTMUYHUL 0271510 3a MEMOI0 OOCHLONCEHHSL, HANUCAHHS CIANMML.

Teszu donosioel Ha KoHpepeHyisix:

7. Kyry3oBa A.C., [lonmnosa T.A. (2019). JlocnimkeHHS MOBEPXHEBOI CTPYKTypHU
HAHOKOMITO3UTIB Ha ocHOBI T102. 36ipnux mes oonosioei Il Mixchapoonoi naykogo-
mexniunoi kongepenyii «Cyuacui mexnonozii ooepicanus ma nepepooxu NoaimMepHux
mamepianie» TPM-2019. JIsBiB, C. 90. Ocobucmuii enecox 3000ysaua — nposeoeHHs.
eKCNePUMEHMATIbHUX  O0CAI0NCEHb, 00POOKA 00epIHCAHUX pe3yIbmamie, HANUCAHHA i
NOOAHHS me3.

8. Kutuzova A.S., Dontsova T.A. (2019). Structure study of TiO2-SnO;
nanocomposites. Book of Abstracts of the XX International Conference for Students and
PhD Students “Modern Chemistry Problems”. Kuis, C. 66. Ocobucmuii énecox 3006ysaua
— NPOBEOEHHS eKCNEePUMEHMAIbHUX OO0CHI0HNCEeHb, 00POOKA 00epIHCAHUX pe3Vbmamis,
HAnUCaHMs i NOOAHHS mes3.

9. Kutuzova A.S. (2019). Sorption and photocatalytic TiO, properties. Book of

Abstracts of the International Scientific and Technical Conference of Young Scientists
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“Innovation Materials and Technologies”. Miucek, C. 165-166. Ocobucmuii enecok
3000y6aua — MNPOBEOeHHs eKCNepUMEHMANbHUX O0CNi0NHCeHb, 00pPOOKA 00epAHCAHUX
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PO3/ILI 3
XAPAKTEPU3ALIS, BJACTUBOCTI TA ®OTOKATAJIITHYHA
AKTHBHICTH CUHTE30BAHMX TiO2-®OTOKATAJII3ATOPIB JIO
UITPODJIOKCAIITHY

3.1 CuHre3oBaHi 3pa3Ku

3riIHO METOJUK, OMMCAHUX B MyHKT1 2.1, OyJI0 CUHTE30BaHO CEPit0 3pa3KiB YHUCTOTO
Ti0,. Indopmariisi, 10 CTOCYETHCSA 0COOIMBOCTEH CHHTE3Y OJICP)KaHUX 3pa3KiB, HaBeICHA B

tabmum 3.1.

Tabnuysa 3.1

Cunre3oBani 3pa3ku uyucroro TiO:

3pa3ok Ha3zBa Oco06,1MBOCTI CMHTE3Y

1 SGTiO,pH 1 | 3oab-rens meton mpu pH 1,0. TTIP, 2-npomanon

SG TiO; pH 1,5 | 3o0mb-rens meton pu pH 1,5. TTIP, 2-npomanon

SG TiO; pH 2,0 | 30:b-rens meton pu pH 2,0. TTIP, 2-npomanon

SG TiO; pH 2,5 | 30ab-rens meton npu pH 2,5. TTIP, 2-npomanon

HT TiO2 Pr150 | INaporepmanbuuii meron. TTIP, 2-ponanon, 150 °C

HT TiO2 Pr110 | INaporepmanbuuii meron. TTIP, 2-pomanon, 110 °C
HT TiO, Et110 | I'imporepmanbauii metoa. TTIP, eranon, 110 °C

~N| o o B WO DN

) 3onb-renp-rinporepmansuuit meron npu pH 1,0. TTIP, 2-
8 SG-HT TiO;
npomanod, 110 °C

9 ST TiO, CombBoTepmansuuit Meton, TiO(acac)z, 1-rekcanon, 180 °C
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3.2 @oTOKATAJITUYHA AKTUBHICTH M0 BITHOLIEHHIO 10 HMIPO(IOKCAIMHY

Pe3ynpTaTi (pOTOKATANITUUHUX €KCIIEPUMEHTIB MPECTaBICH] KPUBUMHU Jerpajarii
aHTHO10THKa nunpoduokcanuiy Ha pucyHkax 3.1-3.2. Cepen 3pa3kiB cepii SG (puc. 3.1)
HaWOUIbII akTUBHUM BHUaaeTbes 3pa3ok SG TiOz pH 1. Oanak, 3pasox SG TiOz pH 2,5
JUIIE TPOXM TMOCTYMA€EThesl MoMy. 3pa3ok, cuHTe3oBannid mnpu pH 1, mae kpamy
aZicopOlLiiiHy aKTUBHICTh, HIXK 3pa30K, cuHTe3oBanuid mpu pH 2,5 (54,3 % 1 32,0 %
anTuOioTuka ancopOysanocs 3a 30 xB mig yac TeMmHOi (a3u BiAMOBIAHO). Maiixke
MakcuMajibHa €(PEKTUBHICTh BUJAJICHHS aHTUOIOTUKIB JOCSTAETHCS Yepe3 TOAUHY MICIs
nouatky ekcrnepumeHnty (92,3 % 1 91,1 % Bupanenns BianosigHo). [lomiTHO, 10 uepes
15 xB micist BBIMKHEHHS Jpkepesa Y O-BUITPOMIHIOBAHHS KOHIIEHTpaIlisi HUMPOGIOKCAIIUHY
B MOJICIbHOMY pO3YMHI 3pocjia y Bumaaky 3paska SG TiO; pH 1, mo, 0e3cyMmHiBHO,
OB’ s13aHO 3 jJecopOriero anTubioTrka mif giero Y d-punpomintoBanHs. [loniOuuii edexr
crocrepirases ais 3paska SG TiOz pH 1,5, ane uepes 30 xB il Y d-unpominroBanus. Lleit
(bakT, OYEBUAHO, IOB’SA3aHHMI 3 OIUIBIIOK KUCIOTHICTIO IuXx 3paskiB (SG TiO,pH 1 i
SG TiOz pH 1,5), mo moB’sA3aHO i3 MPOBEACHHSAM CHHTE3Y 3a HIKYMX 3HadYeHHsXx pH
MOPIBHSHO 13 IBOMA 1HIITUMU 3pa3kamMu cepii. OTxke, MeXaHi3M aIcopOIlli aHTHOIOTHKIB Ha
IIUX 3pa3kax Moke OyTH peaji3oBaHUN uepe3 BOAHEBI 3B’S3KH, 5Ki, K BiIOMO, CIa0Ki, i
MOXXYTh OYTH JIeTKO 3pyliHOBaH1 Y @-BunpomintoBaHHsaM. [TopiBHIOIOUN (pOoTOKATATITHIHY
eeKTUBHICTh yciX 3paskiB 13 cepii SG micna 15 XB peakiiii, MOXHa BIJ3HAYUTH, IO
HatlakTuBHIEM 3paskoM € SG TiO; pH 1. EdekrtuBricth 3pa3kiB  micius 120 xB
GoToKaTAITUYHOI peakIii NPUOJM3HO OJHaKoBa, Toai sk 3pasok SG TiO; pH 1,5
JIEMOHCTPYE HHU3bKY aKTHUBHICTH MOPIBHAHO 3 IHIIUMHU 3pa3kaMH Yy BChOMY Jiama3oHi
nporiecy. Ockinbku ¢potoakTuBHICTB 3pa3kiB SG TiO, pH 1 ta SG TiO; pH 2,5 nputim3ao
onHakoBa udepe3 120 xB (orokaramiTuyHoi peakii, 3pa3ku cepii HT cunTedyBanmm mpu

PH 2,5 nyst mpoBeeHHs potiecy B OUTBII M’ SIKUX YMOBAX.
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Puc. 3.2 [ectpykuis mumnpodiiokcaniHy B mporeci (OTOKATaTITUIHOI peakii 13

3paskamu cepii HT, SG-HT ta ST

[Tpu mopiBHsHHI 3pa3kiB cepii HT BuaHo, mo micas 120 xB ¢GoToKaTamiTHIHOTO
npoiiecy aHTUOIOTHK OyB BuaaneHuil Ha 99 % ycima QoTokaTtanizaropamu. PizHuIls
MOMITHA JIMIIE B aJCOPOIiMHIM aKTUBHOCTI 3pa3kiB: 77,2 % aHTHOIOTHKA acOpOOBaHO

spaskom HT TiO; Pr110, 77,7 % — HT TiO, Et110, 67,4 % — 3pa3kom HT TiO, Pr150. B
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EKCIIEpUMEHTaX, MpPOBEJACHUX 3 Karajizaropamu, cuHTe3oBanumu npu 110 °C,
CIIOCTEPITa€ThCs AyKE€ HEBEJIUKA 3MiHA KOHIIEHTpaIlli aHTUO10TUKA TICIIsl BBIMKHEHHS Y O-
namnu. HaBmaku, 3pa3ok, otpumanuii npu 150 °C, He neMoOHCTpye Takoro edekry. Sk
BUJHO, Ticas 15 XB (QoTOKAaTamiTUYHOI peakiii Lel 3pa3oK JAEMOHCTPYE HAWBHILY
aktuBHICTh 1070 CIP, mo, o4eBUHO, MOB’SI3aHO 3 OUIBII BHUCOKOI KPHUCTATIYHICTIO
3paska. EdexTrBHE BUIaneHHs1 aHTUOI0TUKIB B1IOYBA€ETHCS MPOTITroM nepuux 30 XBUIUH
(OTOKATANITUYHOTO TMPOLECY, KOJIHM MOKAa3HUKH BUAAJICHHS IHUMPOQIOKCAIIUHY CATAIOTh
maiibke 95 %. Hactynmni 90 XxB mporecy Majio BIUIMBAlOTh Ha KIHIIEBI 3HAYEHHS
dorokatamitnuHoi aerpangamii CIP: 98,3 % — HT TiO, Pr150, 99,5 % — HT TiO; Pr110,
98,8% — HT TiO; Et110, aire HaimBuIIE MOMIOTAHT BUAaIeHO Ha 99,2 % 3a 60 XB 3pazkoM
HT TiO, Pr110. Takum 4YMHOM, HaWOUIBII TEPCHCKTUBHUM 3Pa3KOM  BHUIAETHCS
HT TiO2 Pr110, cunHTe30BaHMii MpU OUIBII HU3BKIA TEMIEpaTypi Ta 3 BUKOPUCTAHHSIM
PO3UYMHHMKA, TO/11I0HOTO A0 npekypcopy tutany (IV) oxcuny.

CopOrriiina Ta porokaTamiTiyHa akTHUBHICTH 3pa3ka SG-HT TiO; cBiguaTh mpo Te,
10 el MaTepiajl Mae HaWBHUIINY aacopOIiiHy eQeKTHBHICTH 11040 moitoTtanta (88,6 %)
MOPIBHSHO 3 YCIMa 1HIIMMH CHHTE30BaHMMH 3pazkamMu. DoTokaTalliTUYHE BHUAAJICHHSA
antuOiotuka 3paskoM SG-HT TiO; csrae 92,7 % micna 15 x8 Y®-onpoMiHeHHS, 110
MOB’SI3aHO TEPEBAXKHO 3 HOTO aJCOpPOIIMHUMH BIIACTUBOCTAMHM. 3arajbHE BUIATICHHS
anTuO10TUKIB micasa 30 xB agcopOitii Ta 120 XB GoToOKaTATITUIHOTO MPOIIECY CTAaHOBUTH
98,5 %, 110 A€o BHIIE, HiXK I 3pa3kiB cepii SG Ta TpoXu MEHIIE, HIXK IS 3pa3KiB cepii
HT.

Xoua 3pa3zok ST TiO; Mae HWKUYy COpOIIiitHY aKTHBHICTh, HIXK 1HII MPEICTaBIICHI
spaszku (63,4 % azxcopOuii mojroTaHTa), Horo ¢OTOKaTadiTHYHA AaKTHUBHICTH MAajo
MOCTYNAEThCA 1HIUM 3pa3kaMm: 86,4 % aHTMOI0TMKA BHAAJIEHO 4Yepe3 15 XB mpoiecy 1
94,1 % — gepe3 30 xB. Ane 3Bakarouu Ha T, IO B PE3YJbTaTi CHHTE3Y OICPKYIOTHCS
TOKCHYHI OpraHiuHi mo0iuHi mpoaykTH, a T10,, CHHTe30BaHUN TaKUM METOJIOM HE BOJIOJIIE
BUJIATHOIO (DOTOKATATITUYHOIO aKTHBHICTIO, TO 3aCTOCYBAaHHS I[HOTO METOAY CHHTE3y HE
PEKOMEHY€EThCS, a TIOIaJbIIe JOCTIHKEHHS 1bOTO 3pa3ka He Mae ceHcy. CIti 3a3Ha4uTH,

o ¢oToJI3 BIIrpaE HE3HAUYHY poyib Yy Jerpajamii nunpoduiokcanuuy: 4epe3 2 roj
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(GOTONITUYHOTO TPOIIECY (32 aHAIOTIYHUX YMOB €KCIIEpUMEHTY, aje 0e3 Karali3zaTopa)

KOHIICHTpAIlisl aHTUO10THKA 3MEeHIIIacs juiie Ha 16,6 %.
3.3 PeHTreHOCTPYKTYPHUIi Ta peHTreHo¢)a30Buil aHaJTi3

Jlns mociijpkeHHsT MaTtepiaiiB MeToJaMu JudpakiiiiHoro aHamizy OyJio BiIiOpaHO
JIBa HAWOLIBII (POTOKATATITUYHO aKTUBHI 3pa3ku: ojuH 3pa3ok cepii SG — SG TiO2 pH 1 ta
omua 3paszok cepii HT — HT TiO, Pr110. Ha pucynky 3.3 moka3zaHi peHTIEHIBChHKi
AudpakTorpaMu IUMX 3pas3kiB. AHaJI3 IUX JaHUX Tokasye, 1mo 3pa3ok SG TiO, pH 1
CKJIaJIa€ThCs 3 ABOX (ha3: aHaTa3y Ta pyTuiy, Toi sk 3pazok HT TiO, Pr110 cknanaerbes
nuiie 3 (hasu aHatasy. Kpim toro, 3pazok SG TiO; pH 1 mae Giibiuit po3mip KpUCTAITIB

nopiBastHO 31 3pazkoM HT TiO; Pr110 (ta6:. 3.2), mo y3ropkyerses 3 ganumu [111].

SG TiO, pH 1 e — pyTUN

IHTEHCUBHICTb, Y.0.

20, rpag.

Puc. 3.3 PentreniBebki audpakrorpamu oOpaHux 3pa3KiB

JHudpakrorpama 3pazka SG TiO, pH 1 nemoncTpye Habararo roctpimn qudpakiiiiai
nmikn, HiK audpakrorpama 3paska HT TiO; Pr110, mo Bka3ye Ha OUIBII BHCOKY
KpUCTaIIYHICTh 3pa3ka cepii SG. [IpuunHo0 Takoi pi3HUII M1k 3pa3KaMu € IPOKaPIOBAHHS

spazka SG TiO2pH 1 mpu 450 °C. JloOpe BimoMo, 10 TepMmiduHa OOpOOKa CIpHSE
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MEPETBOPEHHIO aHaTa3y B pYyTWI, POCTY KPUCTAITIB (1 PO3BUTKY arjiomepariB) i
30UTBIICHHIO KPUCTATIYHOCTI Matepiany [65].
Tabruys 3.2

Da30BHil CKJIAJ i PO3MIpP KPUCTAJITIB 00paHUX 3pa3KiB

®azosuii ckiaan, % | Cepenniit po3mip KpucTaJITIB, HM
3pa3ok

AHara3 Pytun AHara3 Pyrun
SGTiO;pH 1 30 70 23,8 26,3
HT TiO, Pr110 100 - 10,6 -

3.4 Mopdoorisi Ta po3Mip 4aCTMHOK

Ha pucynkax 3.4 ta 3.5 HaBegeno CEM-300pakenns 3paskiB SG TiOpH 1 Ta
HT TiO; Pr110. Sk Buano, 3pa3ok SG TiO, pH 1 ckimamaeTsest 3 arperaTis i arjoMeparis
(po3mipom 1-20 MKM) DOCHTH HIUTBHOI CTPYKTYpH. Y TO# ke yac 3pasok HT TiO; Pr110

Mae€ arperaTH Ta arJoMepaTH Maike 0JJHAKOBOTO PO3Mipy, aje OUIbII MyXKOi CTPYKTYpPH.

Puc. 3.4 CEM-306paxkenns 3pa3ka SG TiOz pH 1
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“3

ar ’ "' s 1, e
SU-70 10.0kV 12.0mm x2.00k SE(M) SU-70 10.0kV 12.0mm x6.00k SE(M)

Puc. 3.5 CEM-300paxenns 3pazka HT TiO, Pr110

[TEM-300paxxeHHss 00paHMX 3pa3KiB TMpEACTaBI€HI Ha pucyHkax 3.6-3.7.
[Mopisasaust [IEM-300pakenp nokasye, mo ctpykrypa 3paska SG TiO, pH 1, orpumanoro
30J1b-T€JIb METOJIOM, O1IbIII KOMIIAKTHA, a PO3Mip YaCTHHOK 3HAXOJIUTHCS B Aiama3zoHi 20-
30 M. Y ToM ke yac audpakiiiiHe 300pakeHHS I[LOTO 3pa3ka CBIAYUTH MPO BUCOKY
KPUCTAIIYHICTh OTPUMAHUX HaHOYACTHHOK TuTaHy (IV) okcuay, sKi CKJIanamThCcs 3
HEeBEJIMKOI KiabKocTi kpucTamiTiB. [IEM-300pakenns 3paska HT TiO; Pr110 (puc. 3.7)
BKa3ye Ha Te, IO 1Iel 3pa30K Mae rydoyacty CTpYKTYpY, IO CKIIAA€ThCS 3 TOCUTH APIOHUX
KpUCTAJIIB 3 po3MipoM B niana3oHi 5-10 am. KpucTtamiyHicTs IbOT0 3pa3ka 3HaYHO HUIKYA,
ik y SG TiO2 pH 1, a ctpykrypa Oisbin myxka. OTpuMaHi JaHi Ipo po3MipH YaCTHHOK IS
000X 3pa3kiB J00pe Y3TO/KYIOThCS 3 pPO3MIpaMH KPHUCTAJITIB, PO3pPaXxOBaHUMHU 3a
dhopmyoro lepepa.

Amnari3 300paxkers [IEM Brcokoi po3ainbHoi 31aTHOCTI (pHc. 3.6 (6) ta puc. 3.7 (6))
J03BOJIUB ieHTU(iKyBaTH (pasoBmii ckiax marepiamiB. Y 3pa3ky SG TiO, pH 1 BusiBiieHo
nBi MibKiomuHHI Bigctadi: 0,32 am, mo Bignosizae rmromtuHi (110) pytuny TiO2, i
0,35 1M, o Hanexwuth mwiomuHi (101) anarasy TiOz. V 3pasky HT TiO; Pr110 BusiBieHo
JUIIE OAHY MDKILIOMMHHY Biactanb 0,35 HM, mo Bianorigae mmommai (101) anaTasy.
PesynbraTn, otpumani 3 manmx 300paxkeHs [IEM BucoOkoi po3aiibHOI 37aTHOCTI, M100pe

Y3rOXKYIOThCA 3 Pe3yJibTaTaMU PEHTIEHOCTPYKTYPHOIO aHaTi3y.
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Amaraz (11)
d=0,35 am

Pytun (10 N
d=0,32 am

Puc 3.6 (a) IIEM-300paxennss ta (b) IIEM-300pakeHHS BHCOKOi pPO31ILHOT

3patHocTi 3pa3ka SG TiO, pH 1

AHaTa3(101)
8.3 Hw

Puc 3.7 (a) TIEM-300paxenns ta (b) ITEM-300pakeHHST BHCOKOI PO3IiIBbHOT

3patHOCTi 3paska HT TiO; Pr110
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3.5 CTpykTypHO-a1cOpPOLiliHi XapaKTepUCTUKHU

Ha pucynkax 3.8 ta 3.9 mokazaHo 13oTepMu ajacopOIlii-gecopOiii a3oTy ABOX
obopanux 3paskiB: SGTiOpH 1 Tta HT TiO2 Pr110 BiamosigHo. BiamosigHo 10
knacudikamii [UPAC [112], i3otepma 3paszka SG TiO; pH 1 nanexwuts no tumy IVa 3
KIiHIIEBUM ITUTATO HACHYCHHS, PEAyKOBAaHUM JO TOYKH IeperuHy. Takuii Tum i30TepMu €
03HAKOI0 ME30IOPUCTOro azcopoenty. Xoua izorepma 3pazka HT TiO; Pr110 HanexuTs 10
Toro * camoro tuny [Va, amcopOuiiiHa riika miei i3oTepMu Harajaye 13otepmy tumy Il
OO6uABI 130TEPMHU MAalOTh METJ TICTEPE3UCY, SKI € O3HAKOI KaNUISPHOI KOHJAEHcAlli B
nopax. OueBUIHO, 110 MPEACTaBIEHI 130TEPMH MaIOTh Pi3HY (POpMy MeTeNb ricTepe3ucy.
Ile o3nauae, mo 3pasku TiOz 13 cepiit SG Ta HT maroTh pi3Hy MNOPUCTICTH Ta MEXaHI3M
amcopOiii. Y toit yac sik 3pa3zok SG TiO2 pH 1 mae rictepesuc tuy H2(b) (rmustiikomno1ioHi
nopH, 3a0y10koBaHi 3 oaHoro kiuis), 3pazok HT TiOz Pr110 memMoHCTpy€e BY3bKYy METIIIO
ricrepesucy Tumy H3. OcrtanHiii TUn mnetiai 3a3BUuYail € pe3yJbTaTOM KamIpHOT
KOHJIEHCAIlii MiXK YaCTHHKaMHU BcepeauHi HetBepaux arperaris [109,112]. Lli mani qo0pe
y3rOJKYIOTBCSL 3 pe3yJibTaTaMH PEHTTeHOCTpyKTypHoro aHanizy Tta IIEM 1 CEM

JIOCJIIJUKEHb.
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Sk BusHO, 3pazok HT TiO, Pr110 mae 3Ha4HO GiNbIIy THTOMY MOBEPXHIO — 315 M%/T

(tabn. 3.7), Hix 3paszok SG TiO, pH 1 (23 M?/r). LluM MOsACHIOEThCS BMILA afcopOLiiiHa

aKTUBHICTH MaTepiany: 77,2 % MOAENbHOrO0 pO3YMHY aHTHOIOTHMKA alcopOyeThCs depe3

30 xB mporecy nopiBasHO 3 54,0 % amcopOboBaHOoro antubOioTHKA 3pazkoM SG TiO; pH 1.

3paszok HT TiO; Pr110 takosx mae Buiry nopucticts (0,36 cM>/T) — IpubIU3HO B ciM pasis

Buie, HiX y 3paska SG TiO, pH 1 (0,05 cm®/r). OTpumani cTpyKTypHi Ta aacopOLiiHi

BJIACTHUBOCTI 3pa3KkiB J00pe KOPENIOIOTh 3 paHillie 3HAWIEHUMH PO3MipaMH YaCTUHOK Ta

KpUCTAJIITIB.
Tabnuys 3.7
CTpykTypHi Ta mopucTi BjacTuBocTi 00panux 3paskis TiO:
IInToma nuaoma 3arajabHui Cepenniii
3pa3ok
noBepxHi, M%/r 00’em nop, cM®/r | paxiyc mop, HM
SGTiO;pH 1 23 0,05 9,2
HT TiO, Pr110 315 0,36 4,5
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Bucnosku 10 po3ainy 3

1. Yuctuii turtany (IV) oxcux OyB ycmimuO oTtpumanuid 3  tuTany (V)
13onponokcuny Ta tTutany (IV) okcuaneTunaneToHaTy pi3HUMU METOJAMU CHUHTE3Y: 30J1b-
redb, riApOTEpMaIIbHUAM, KOMOIHOBaHUM 30J1b-TeJb-T1IAPOTEPMATILHUM Ta
COJIbBOTEPMAJIBHUM METOJOM 3a Pi3HUX YMOB CHUHTE3Yy (Bapiorouu pH, temneparypy, TUI
PO3UMHHUKA).

2. CunTte3oBani 3pa3ku yuctoro TiO; mpoaeMOHCTpyBaIl BUCOKY (POTOKATATITUUHY
aKTUBHICTh 1I0JI0 aHTHOIOTHKA Iunpodaokcaunny B Y®-cBitini (365 um). Haitbinbm
¢doroakTuBHuMHU 3paskamu BusBwiuch SG TiIO, pH 1 i HT TiO2 Pr 110, sxi gocsriu
98,0% Tta 99,5 % BuganeHHs nUNIPoQIOKCallMHy, BIANMOBIIHO, dYepe3 120 XBWIMH
(dboTOKATATITUYHOTO MPOIIECY.

3. 3pa3ok, cuHTe30BaHui 30Jb-Teab MeToaoM (SG TiO; pH 1), cknamaerscs 3 a3
aHaTazy Ta pyTHIYy 3 pO3MipoM KpHUCTamiTiB 23,8 HM Ta 26,3 HM BIJIOBITHO, MA€ BUCOKY
KpHCTaniuHicT. IIUTOMa NOBEpXHsA 3pa3ska HEBMCOKa — 23 M2/I, HEBEIMKOI TAKOK €
MOPUCTICTh, TOMY aJICOPOITiHiHI BJIACTUBOCTI MOYKHA BBAXKaTH CIA0OKUMHU.

4. Ha BiaMmiHy BiJ HBOTO, 3pa30K, CHHTE30BaHUU TiAPOTEPMAIBLHUM METOIO0M
(HT TiO2 Pr 110), cknmagaetbest 3 ofmiel (a3u aHatasy 3 po3MipoM KpuctamitiB 10,6 HM i
Ma€ HU3BKY KpHUCTamidHicThb. Ilpore, HOro CTPYKTypHO-aIcOpOIliliHI BIACTUBOCTI
JIEMOHCTPYIOTh BUCOKY ITUTOMY HOBEPXHIO — 315 M?/T i BUCOKY HOPHCTICTS.

5. OtpuMaHi pe3yibTaTH AU TEpIIe YSBICHHS MPO POJIb METOAY CHHTE3y — IpH
OJIHAKOBHX XIMIYHUX KOHIICHTPAIISIX — B €BOJIOMII PI3HUX KPUCTATIYHHX CTPYKTYp 1
MOpoOJIOTiif, a TaKoX iX BIUIMBY Ha (OTOKATANITUYHY aKTHBHICTh. 711 momaimbImmx
JOCIIKEHb 3pa30K, CHHTE30BaHUU TiIPOTEPMAIBLHUM METOJOM, BBAKAETHCS HAMOLIBIIT

IICPCIICKTUBHUM.
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Pezynemamu excnepumenmanbHux 00cCniodceHb 0aH020 po30ily HA8EOHO 6 MAKUX
nyonikayisax:

Cmammi:

1. Kutuzova A., Dontsova T., Kwapinski W., Leahy J.J., Strunk J. Photocatalytic
activity to ciprofloxacin and physico-chemical properties of TiO, synthesized by different
methods. Molecular Crystals and Liquid Crystals. 2022.
doi:10.1080/15421406.2022.2073526. XypHan HIUTYEThCS HAYKOMETPHYHHUMHU Oa3amu
SCOPUS i Web of Science. Ocobucmuii snecox 3006ysaua — ananiz nimepamypHux
ooicepen, NPOBeOeHHsT eKCNePUMEHMANbHUX O00CHI0JCeHb, 0pOpMIeHHS pe3yibmamis,
HanucanHs i NOOAHHs CMmammi.

Mamepianu koudepenuiu:

2. Kutuzova A., Dontsova T. Synthesis, characterization and properties of titanium
dioxide obtained by hydrolytic method. 2017 IEEE 7th International Conference
Nanomaterials: Application & Properties (NAP), 2017. P. OLNNPT02-1-01NNPTO02-5. doi:
10.1109/NAP.2017.8190182. Ocobucmuii sunecox 3006y6aua — auauis J1imMepamypHux
ooicepen, NPoBeOeHHsT eKCNePUMEHMANbHUX O0CII0JCeHb, 0QOpMIeHHs pe3yibmamis,
HanucauHs i NOOAHHs cmammi.

Teszu donosgioel Ha KoOHpepeHyisix.

3. Kutuzova A.S. (2019). Sorption and photocatalytic TiO, properties. Book of
Abstracts of the International Scientific and Technical Conference of Young Scientists
“Innovation Materials and Technologies”. Mincbk, C. 165-166. Ocobucmuii eHecok
3000y8aua — MNPOBEOEHHs eKCNePpUMEHMANbHUX O0CiONCeHb, 00pPOOKA 00epIHCAHUX
pe3yibmamie, HanucanHs i NOOAHHs mes3.

4. Dontsova T., Kutuzova A. (2017). The photocatalytic activity of the hydrolytic
synthesized nanodisperse Titanium (IV) Oxide. Mamepianu II Cumnosiymy «Cyuachi
npoonemu nanokamanizy» NANOCAT-2017. Kuis, C. 67. Ocobucmuii énecox 3000ys8aua —
NPOBEOEeHHS eKCNePUMEHMANIbHUX O0CHI0JdCeHb, 00pOOKA 00epIHCanux pe3yibmamis,

HANUCAaHHA mes.
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5. Kutuzova A.S., Dontsova T.A. (2017). Sorption activity of TiO, obtained by
hydrolytic method. 36ipnux me3 oonogioetr VI Mixcnapoonoi nayxoso-mexmniunoi
KOH@epeHyii cmyoenmis, acnipanmis ma Moaooux sueHux «Ximis ma cy4acHi mexHono2iiy.
Huinpo, C. 18-19. Ocobucmuii enecox 3000y8aua — npogedeHHs eKCNnepUMeHmMAanibHUx
00Ci0HCEHb, 0OPOOKA 00ePIHCAHUX Pe3YNbMaAmis, HANUCAHHS | HOOAHHS me3.

6. Kutuzova A., Dushko A., Dontsova T. (2016). The influence of TiO; structure on
its sorption properties. Mamepianu IV Misxcnapoonoi naykoso-npaxmuunoi Kongpepenyii
«Hucma 600a. @ynoamenmanvui, npukiaoni ma npomuciosi acnekmuy. Kuis, C. 33-34.
Ocobucmuti 8necok 3000y8a1a — NPOBeOeHH s eKCNePUMEHMAIbHUX 00CIL0dCeHb, 00poOKa
00epPIAHCAHUX Pe3YIbIMamis, HANUCAHHS | NOOAHHS me3.

7. Kutuzova A., Dushko A., Dontsova T. (2015). The influence of temperature on
crystallinity and structure of titanium dioxide. Mamepiaru Misxcnapoonoi nayxoso-
npakmuynoi kongpepenyii « Cywacuna nayka: npooremu ma nepcnexmusuy. Kuis, C. 13-15.
Ocobucmuti 8necok 3000y8a1a — NPOBeOeH s eKCNePUMEHMATIbHUX 00CTI0dCeHb, 00poOKa

00epIHCaHUx pe3yibmamis, HanUCAHHA | NOOAHHS me3.
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PO3JILT 4
XAPAKTEPU3ALIS, BJACTUBOCTI TA ®OTOKATAJIITHYHA
AKTHBHICTb TiO,-®OTOKATAJI3ATOPIB, IOIMIOBAHUX OKCUJIAMHU
PIIKICHO3EMEJIbHUX METAJIIB JIO ATTPO®JIOKCAIIMHY TA
CYJIb®AMETOKCA30.JTY

4.1 CuHTe30BaHi 3pa3kn

3riJIHO METOJIMKH, OMKUCAHOI B MyHKTI 2.2.1, OyJi0 cuHTe30BaHO cepito 3pa3kiB Ti0y,
JIOTIOBAaHUX  PIAKICHO3EMEIIbHUMHU MeTajiaMu. Bces  iHpopmarllis, 10 CTOCYEThCA

0COOJIMBOCTEN CUHTE3Y OJIEp)KaHUX 3pa3KiB, HaBeacHa B Ta0uil 4.1,

Tabnuysa 4.1

CuHTe30BaHi 3pa3KH JIONOBAHOI0 OKCH/IAMH PiKicHO3eMeabHUX MeTadiB Ti0:

3pa3ok Ha3zBa Oc00,1MBOCTI CMHTE3Y
I'igporepmanbuuii ABocTamiiauii Metoa. P25 TiOy,
L[ P25sm0.7% | gy NOL)ax6H,0, 110 °C
I'igporepmanbuuii aBocTamiamii Metoma. P25 TiOy,
Sm(N03)3><6H20, 110 °C
I'igporepmanbuuii nBocTamiiamii Metoma. P25 TiOy,
Sm(N03)3><6H20, 110 °C
I'igporepmanbuuii nBocTamiiamii Metoma. P25 TiOy,
Sm(N03)3><6H20, 110 °C
Iiaporepmanbuuii qeocTamiiamii Mmetoa. P25 TiO,,

2 P25 Sm 1%

3 P25 Sm 1,5%

4 P25 Sm 2%

0
S |PErI% e NO,)sxH,0, 110 °C
Iiaporepmanbuuii qeocTamiiamii Mmetoa. P25 TiO,,
0
6 |P2SErLY% | £rNOy)exH,0, 110 °C
Iaporepmanbuuii qeocTamiiamii Mmetoa. P25 TiO,,
0
! P25 Nd 1,5% Nd(N03)3X6H20, 110 °C
Iaporepmanbuuii qeocTamiiauii Mmetoa. P25 TiO,,
0
8 |P2SPrLS% | prNO)sx6H,0, 110 °C
9 HT TiO; INiaporepmansuuii Meroa. TTIP, 2-nmponanon, 110 °C
I'iaporepmansuuii onHoctagiitauii meton. HT TiOy,
0
100 [ THTSM 1% | gy (NOs)sx6H,0, 110 °C
INupporepmansauit noctamiianii Mmetoq. HT TiO,,
0
11 2HTSM 1% | g (NOs)sx6H,0, 110 °C
12 OHT Er 1% Iaporepmansuuii qeoctamiamuii meton. HT TiO,

EI’(NOg)gX Hzo, 110 °C
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AKTHBHICTh CUHTE30BaHUX 3pa3KiB MOPIBHIOBAIU 3 KoMepuUiIMHUM aHaimorom TiO»
BupoOHuuTBa EVONIK  (mapka  AEROXIDE®  TiO; P25).  ®i3uxo-xiMiuH1
xapakrepuctuku Ti0O2 mapku AEROXIDE® TiO, P25 naBeneno B tabnuii 4.2.

Tabnuys 4.2
®dizuko-ximiuni xapakrepucrtuku TiO2 mapku AEROXIDE® TiO: P25 [113]
BaacTuBocTi i MeToa BU3HAYCHHS 3HayeHHs

[Muroma moma nosepxHi (meron BET), M%/r 35-65

pH 4%-Boi nucnepcii 3,5-4,5
Brpara macu npu BucymryBanHi (2 rox ipu 105 °C), % <15

Hacunna rycruna, r/am3 100-180
Bwmicr TiO; (poskapenuit matepian), %o >99,5

Bwmict AlLO3 (iposkapenunii matepian), %o < 0,300
Bwmict Si0; (nmposxapenuit matepiai), % <0,200
Bwmict Fe;O3 (mpoxapenunit marepian), % <0,010
Bwmict HCI (poskapenuii matepian), % < 0,300

4.2 ®oToKATAJITHYHA AKTUBHICTH MO BiJIHOLIEHHIO 10 NUNPO(IOKCAIMHY

4.2.1 ®ortokaramitnyHa akTHBHicTh Ti102, A0MOBAaHOT0 OKCHIAMH Pi3HHX

piakicHO3eMeJIbHUX MeTaJIiB

JlocnmimKeHHsT BIUTMBY PI3HUX PIAKICHO3EMEIbHUX METaliB B SKOCTI JOMAHTIB Ha
doTokaranitTnuHy akTUBHICTH Ti02 Oy10 MPOBEACHO 3 METOIO BUOOPY HAWOIIBIIT aKTUBHUX
3paskiB. P25 TiO;, nonoBanwmii 1,5% Sm, Pr, Nd a6o Er, BunmpoGoByBaiu mij MTyIHHM
COHSIYHUM  yIbTpaioeTOBUM BHUIPOMiHIOBaHHAM. DOTOKaTaMITHYHY aKTUBHICTH
OIiHIOBaNM 3a eQeKTHBHICTIO MiHepamizamii (nmusixom BusHaueHHs 30B) pozumny
numnpodiokcanuny, ockiibku Goroaerpanaris CIP BinOyBanacs gyske mBuako: gepes3 ~ 30
XBUJIMH TMPOLIECY MOJTIOTAHT OYB BUAAJICHUN MOBHICTIO, TOMY MOPIBHATU (DOTOAKTUBHICTH

3pa3kiB 32 €QEeKTUBHICTIO (DOTOKATANITHUYHOI Jerpajamii uunpodaokcanuHy Oyio
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HeMoxuBo. EdektuBHicTh MiHepamizamii pozunny CIP 3a mgomomororo P25 TiOp,

nonoBaHoro pizauMu P3M, npeacraBnena Ha pucyHky 4.1.

100

MiHepanisauis aHTubioTUKa, %

P25TiO2 P25Sm 1,5% P25Nd 1,5% P25Er1,5% P25Pr1,5%
3pasok

Puc. 4.1 EdextuBHicth MiHepamizaiii po3unny CIP 3a momomororo P25 TiO,

nonosanoro pizsaumMu P3M (Ccjp = 50 mr/am3; Degt = 12,5 Mr; T = 3 ron)

Sk BumHo 3 pucyHky 4.1, cepen nomoBaHux 3paskiB P25 TiO,, HaiiBuina
e(eKTUBHICTh MiHepasizalli mpoaeMoHcTpoBana 3paskom P25 Er 1,5%— 64,8 %. OnHak,
HaOIb eekTHBHUM (QoToKaTamizaTopoM y gaHomy Bumanky € P25 TiO; (84 %
MiHepami3aiii), i romyBaHHs Ti102 okcuaaMu piaKiCHO3EMEIbHUX METaliB JIMIIE MOTIpIIy€e

e()EeKTUBHICTb.

4.2.2  ®orokarajgituyHa  akrtuBHictb TiO2 i3  pi3HUM  BMicTOM

piaKicHO3eMeJIbHOI0 J0MAaHTa

BrmnuB BMiCTy piKiCHO3EMENIBHOTO METalTy MOCTIDKYBadd MHUISIXOM JTOTyBaHHS
P25 TiO, camapiro (III) okcumoMm y KUTbKOCTI (B MEpepaxyHKy Ha YHCTHW camapiid)
0,7 mac.%, 1,0 mac.%, 1,5mac.% i1 2wmac.% Sm. Orpumani 3pa3kd BHNPOOYBalu y

doTokaTanmiTHyHii MiHepaizamii HUIPO(IOKCAIIMHY i BIUIMBOM HITYYHOTO COHSYHOTO
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citna. EdexruHicts Minepanizamii posunny CIP 3a momomororo P25 TiO,, nonoBanoro

Sm,O3, mpeacTaBiieHa Ha PUCYHKY 4.2.

100
90

80
_— 68.8

60 54.4 56.9
50

el
30

20

MiHepanisauis aHTubioTUKa, %

10

T 7 T p T T T
P25 8Sm 0,7% P25 Sm 1% P25 Sm 1,5% P25 Sm 2%

3pasok

Puc. 4.2 EdexruBnicts Minepamizamii po3umny CIP 3a momomororo P25 TiO,

nonosanoro SmyOz (Ccip = 50 mr/aqm3; Degt = 12,5 Mr; T = 3 rox)

Ax BugHO 3 pUCYHKY 4.2, ipu 30UIBIICHH]I BMICTY JIONIAHTA CTYMiHb MiHepamizamii
MOJIFOTAHTA CIIOYATKY 3pPOCTa€, a MOTIM 3MEHIINYEThCsI, Malouu onTuMyM 1ipu 1 % BmicTy
nonanTa. HaliBuima eexkTuBHICTh MiHEpaTi3aIii IpoaeMoHCcTpoBaHa 3pazkom P25 Sm 1%,
aKuid 3a 3 rom mpomecy nocar 68,8 % wiHepami3zamii numnpodaokcanuHy. MoxkHa
MPUITYCTUTH, IO TaKa 3AJICKHICTh € CHPaBEIIMBOIO 1 ISl 1HIIMX PIAKICHO3EMEITbHUX

METAJIB.

4.2.3 dorokarajgitTuuHa akTuBHicTb TiO2, [gomoBaHOro oOKcHAAMMH

PiaKicHO3eMeJbHUX MeTAJIB 32 Pi3HUMH MeTOANKAMM CHHTE3Y

[Tomanbmri gociimkeHHs OyJio BUpIMIEHO MPOBECTH 13 3pazkamu 110z, qommoBaHUMHA
1 % Er a6o 1 % Sm 1 cuHTe30BaHMMU PI3HUMU HuIsixamu. 715 1poro Oy CUHTE30BaH1 Ta

BUNPOOYBaHi y ¢oTokaTamiTuuHid Minepamizauii CIP mij BIJIMBOM IITY4YHOTO COHSYHOTO

ompoMiHeHHs1 HacTymHi 3pasku: P25 Sm 1%, P25 Er 1%, 2HT Sm 1%, 2HT Er 1% i
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1HT Sm 1%. EdextuBnicts minepamizanii po3unHy CIP 3paskamu TiO», nonoBaHumu

Sm,03 a6o Er;0s3, npeacTtaBnena Ha pucyHky 4.3.

100

90 -+

65.7 68.7

60.5

50.8

MiHepanisauis aHTubioTUKa, %

P25Sm 1% 2HTSm1% 1HTSm1% P25Er1% 2HTEr1%
3pasok

Puc. 4.3 EdextuBHicTh Minepamizailii po3zunny CIP 3a nonmomororo TiO2, ronmoBanoro

Sm;03 a60 Er;03 (Ccip = 50 Mr/am3; Deat = 12,5 Mr; T = 3 rox)

3 pucynky 4.3 BumHo, mo 3pasku P25 Sm 1% 1 P25 Er 1% wmarore omHaKoBy
edexkTuBHICTH MiHepamizalii (= 68,8 %). [lopiBHtoroun 3pasku 2HT Sm 1% 1 2HT Er 1%,
BHJIHO, 110 3Pa30K, JornoBaHuit SMy0s3, Ha 5 % edexTuBHIIIMI 3a 3pa30k, gornmoBaHui ErOs.
Ockinbku 3pa3ok 2HT Sm 1% mae Bumy aktuBHicTh (Ha = 15 %), Hixk 3pazoxk 1HT Sm 1%,
Oyno BupimeHo He cuHtesyBatu 3pa3ok 1HT Er 1% depe3 mnoTeHIiiiHy HHU3BKY
edeKkTuBHICTh. MOKHA 3p0OUTH BUCHOBOK, IO OAHOCTAIHHUMN T1IPOTEepMabHUNA CHHTES €
MEHII e()eKTUBHUM, MOPIBHSAHO 3 ABOCTAIIMHUM T1IpOTepMaIbHUM CUHTE30M. [Ipu oMy
cepis 3paskiB P25, cuHTe30BaHa Ha OCHOBI kKomepiiliHoro 3paska P25 TiO,, nemoHcTpye
JICIIIO BUIIY aKTHBHICTH, TOPIBHAHO 3i 3pa3kamu Ha ocHOBI HT TiO,. Kpim Toro, 3pa3kwu,
nomoBaHi SM>03, TPOIEMOHCTPYBAIK TOI0HI 200 Kpali moKa3HUKH MopiBHSIHO 3 EryOs-
nonoBaHuM Ti10;. Takum YuHOM, IS TOAAIBIINX (POTOKATAMITHYHUX JOCTIIKEHb Ta
xapaktepu3zaiii Oynu oOpani 3pasku TiOz, momoBadi SmpQOs3, SK MOTEHIIHHO HANO1IBII

eexThBHI.
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4.2.4 dorokarajgirnuuHa axktuBHicTh TiO02-SMm203 min BuaumuM Ta Y@P-

BHANMHM CBITJIOM

Ha wnactymuomy etami 3pasku TiOp, momoBaHi SmyOsz, Oynu BumpoOyBaHi y
BUIMMOMY Aiana3oHi cBiTia. EdexTuBHicTh MiHepanizamii po3unny CIP y Bugumomy Ta
Y®-suaumomMy Jiana3oHax cBiTIa 3a jgonomororo 3paskiB TiOp, momoBanux SmyOg,

npeJ/icTaBleHa Ha PUCYHKY 4.4.

100

Yo-suaume

90 BUANME
826

80

65.7

60

50 473 462
42.3

40+ 35.6

30 - 29.7

20+

Minepanizauis aHTubiotuka, %

10

P25 TiO2 P25Sm1% HTTiO2 2HT Sm 1% 1HT Sm 1%
3pasok
Puc. 4.4 EdextuBnicTh Minepamizaiii po3uuny CIP 3a nomomoroto TiO», nonoBaHoro
Sm;03, y BuauMoMy Ta Y®-Buaumomy gianazonax csitia (Cep = 50 mr/am3; Degt = 12,5

MT; T = 3 ron)

3 pucyHky 4.4 BuaHO, MO e(EKTUBHICTh 3pa3KiB y BUIUMOMY CBITJII HIKYA,
MOpiBHSIHO 3 edeKkTuBHICTIO B Y®-Buaumomy cBiTii. HalicunpHimme meid edekr
CIIOCTEpITaeThCs cepen 3pas3kiB cepii P25 (edekTuBHICTH Majae SK MIHIMYM BABIYi). Y
BUTAKY 3pa3kiB cepii HT pi3Huils He HACTUIBKK pa3toya (€pEeKTUBHICH 3MEHINY €ThCS HA
~10-20 %). IlikaBo, mo 3pa3ku TiO2, momomaHi 1 % Sm, MalOTh HWKYY AKTUBHICTH Y
Bumnaaky cepii P25 (edbextuBHicTs MiHepamizamii 3Hu3miIack Ha 13,8 %), ane Bumy y
Bunaaky cepii HT (edektuBHicTh MiHepai3alii 3pocia Ha 14 %). He3Baxkarouu Ha Te, 1110

Komepmiaui 3pa3ok P25 TiO; mae HaiiBumy edektuBHICTH B YD-BUAMMOMY CBITII
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(82,6 % winepamizanii), 3pazok 2HT Sm 1% nemoHCTpye HaWiBUIy €(QEKTHBHICTH Yy

BuaMMOMY cBiTIi: 47,3 % miHepainizanii nopiBHsHO 3 42,3 % P25 TiO;.
4.2.5 ®dorokarajitnuHa akTuBHicTh T102-SM203 Ta KiHeTHKa MiHepaizamii

Kinetnuni nmocnimxenHs ¢GOTOKATaIITUYHOI JAerpafaiii umpodiokcanuay Oyiu
MPOBEJCHI MiJ IITYYHUM COHSYHUM CBITJIOM 13 BHUKOPUCTAHHAM HACTYNHHUX OOpaHHX
¢orokaramizaropiB: P25 TiO,, P25Sm 1%, HT TiO; ta 2HT Sm 1%. Kineruka

¢dorokaranituynoi nerpanauii CIP npencraBinena Ha pucyHKY 4.95.

]
S

=S
[02] © o
o o o
| I |

~
o
1

% o 100 |

60

50

40

30 ——P25Sm 1%

| ——HT TiO,
204 A / R e
104 +— choTonia
0 Z £

T T T
-0.5 0.0 0.5 1.0 1.5
Yac, roa

30

doToperpagauia aHTubioTUKa, %

20

doTogerpagauis aHTubioTnka, %

10

L B e e e Y B S s s m e

3 6 9 12 15 18 21 24
Yac, rog

Puc. 4.5 ®orokatamiTudHa aerpajaiis UnpoQIoKcaluay

doTrokaTamiTUYHA JIerpaaailis BigOyBaeThCa CTPIMKO: 32 15 XB (OTOKATATITHYHOTO
nporecy BupaieHo 77-86 % antubiotuky, 3a 30 xB — He MeHme 90 %, yepe3 1 roauny
aHTUOI0TUK THUMPOQIOKCAIIMH Y OCHIDKyBAaHOMY pO34HMHI BiacyTHii. [Ipu 1pomy,
HaWIIBU/IIE BiAOYBa€ThCS MpOIeC MpU BUKopucTanHi porokaramizaropis cepii HT (uepe3
30 xB Buganeno 94 % antubiotnky ¢otokaramizatopom 2HT Sm 1%, Bci inmi — 90 %
BUJIAJICHHS). 3 pUCYHKY BUIHO, 1110 ¢oTokaTamizaTopu cepii HT maroTh kpari agcopOiiitHi
BiaactuBocti (HT TiO, — 26 % anTubioTrka aacopoosano 3a 30 xB, 2HT Sm 1% — 24 %

npot 7 % 3 P25 TiOz i 14 % 3 P25 Sm 1%), 1mo, WMOBIpHO, i TOSCHIOE IX BHIIY
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edextuBHIcTh. llunpodmokcaun TakoX pO3KIANa€ThCA MiJ Ji€l0 CBITHA: 3a 24 rof
dotonizy Oyno BupaneHo 98% antubiotnka. OYEBUIHO, MO AHAJIOTIYHUI peE3yJbTaT
MOXHa OJIEp>KaTH Jiuie micis 1 roa ¢poTokaTamizy.

Kinetuka wminepanizamii CIP oOpanumu QoTokaTanizatopaMu MpeJcTaBlieHa Ha

pPUCYHKY 4.6.

100

90

80 +

70 +

60 . 225 TiO,
—o—P25Sm 1%
—se—HT TiO,

—+—2HT Sm 1%

50

40 -

30

20

MiHepanizauis aHTubioTuka, %

10

0 | B T T T T T T T
0 3 6 9 12 15 18 21 24

Yac, rog

Puc. 4.6 Minepainizaris nunpodiokcaruay

3 pUCYHKY BUJHO, 110 B MPOMDKKY 4dacy Bif 0 1o 2 rox 3pa3ku cepii HT € HaitOunbIm
e(eKTUBHUMH, JOCiITaroun ePeKTUBHOCTI MiHepamizamii 45-47 % mopiBHsSHO 3 29-36 %
cepii P25. lle, iMOBIpHO, TaKOX MOSICHIOTHCA KPAIIUMH aJCOPOIIHHUMU BIACTUBOCTSIMU
cepii (6mm3pko 17% anTubiOTHKA afcopOoBaHO y TeMpsiBi 3pazkamu cepii HT, mopiBHsHO 3
4 % cepii P25). Ilicns 2 rogus mporiecy kpaily eeKTUBHICTh MiHEpai3allii JeMOHCTPYIOTh
3pasku cepii P25; 3pazok P25 Sm 1% nemoncTpye HaiiBumry epexTuBHICTH depes 6 1 24
roauHu onpomineHHs (86,5 % 1 98,4 % mpotu 80 % 1 95,7 % 3paska P25 TiO; BiamoBiaHO).
VY mporeci gortomizy miHepanizailis He BimOyBaeThes. Lle sckpaBo IeMOHCTpY€ mepeBaru

(bOTOKATATITUYHOTO TIPOIIECY.
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4.3 TokcnuyHicTh GOTONPOAYKTIB Aerpaaauii HMNIPoQIoOKCANHY

JocniKkeHHs TOKCUYHOCTI IPOJYKTIB doToKaTaMITUYHOT  Jerpajauii
UnpodIoKcauHy MPOBOAMIN 3 BHUKOPHCTaHHSIM OakrepiaidbHOi KynbTypu E. coli sk
€TaJIOHHOr0 Mikpoopranizmy. Ha pucynky 4.7 1 B Tabnuui 4.2 npeacTaBieHl po3MipH 30H
iHrioyBanns E. coli, cnpuunaennvu pozunaamu CIP min yac GpoTokaTaiiTHIHOTO MPOoLecy
Ha pi3HuXx ¢orokaranizaTopax. 3oHa iHriOyBanHs E. coli Buximaum pozumnom CIP i3
KoHIeHTpanicro 50 Mr/aM® cTaHOBUTHL 27 MM, IO BKasye Ha Te, mo po3uun CIP mpossise
aHTHOAKTepiaibHy aKTHBHICTh. 30Ha iHriOyBaHHs E. COli po3unHamu aHTHOIOTHKY TMicis
(OTOKATANITUYHOTO TPOIECY PI3HOI TPHUBAIOCTI BiICYyTHA. C€IUHUM BHHSITKOM €
KOMepiiHui  3pa3ok  (Qotokaramizatopy P25 TiO,. Ilicas 6 rogud  mpoBeACHHS
(oTOKATATITUYHOTO MPOIIECY 3'ABISIIOCH Tajio iHrioyBanHs E. coli pagiycom 12 mMm. OnHak,
micas 3 roguH Ta 24 roAWH MPOIECY TOKCUYHOI aKTUBHOCTI 3pa3ka He 3adikcoBaHo. Lle
MO3Ke OYTH 03HAKOIO MOSBH TOKCUYHUX (DOTOMPOAYKTIB uepe3 6 roanH (HOTOKATATITUYHOTO
npoiiecy y Bumajaky Bukopuctants P25 TiO; B sskocTi hoTokartanizaTopa. L{ikaBo, 110 micist
7/ roquH 1HKyOamii rano iHriOyBaHHa Oyno BiacyTHe. [losBa ramo depe3 24 roauHu
1HKyOaIlii MO)Xe CBIIUMTU MPO MPOAYKYBaHHS OaKTEpiIMH TOKCUYHUX METaOOJITIB, SKi
mi3HiIIe 1 BOMBAaIOTh OaKkTepii.

VY Bunazaky ¢oromnizy (puc. 4.7, €) rano iHriOyBaHHS 3 4aCOM 3MEHIIYETHCS: 25 MM
micist 3 rogun nporuecy (74,3 % anTHOIOTHMKA [erpanoBaHO, MiHepasizaiis BiACYTHS),
22 MM micis 6 ronuH (82 % aHTHOIOTHKA JerpajoBaHO, MiHepaiisamis BiACYTHs), 16 MM
micist 24 roaun (98 % anTubioTHKa AeTpagoBaHO, MIHEpaTi3allis BIICYTHS ), ajle He 3HUKAE
noBHICTIO. B mpomeci ¢ortom3y BinmOyBaeThes aerpajamis IUOpodIoKcanuHy, 1
YTBOPIOIOTHCA TOKCHYHI TPOJAYKTH PO3KIATy, SKI dYepe3 BIACYTHICTh MiHepai3allii
3aJMIIAIOTHECA Y PO3YWHI 1 CIPUSAIOTH 3aJMITKOBIM TOKCUYHOCTI. [lopiBHIOIOUM omepxkaHi
pe3ynbpTaTh 13 pe3yibTaTamMu  (QOTOKATANITHYHOI  Jerpajamii 1 MiHepamizarii
rumnpodokcanuay oopanumu (porokaramizatopamu (puc. 4.5-4.6), BuaHO, mo B 0OpaHi
npomixku vacy (3 roa, 6 roa, 24 roa) uunpodiokcanyt BugaieHui 3 posunny Ha 100 %,
ane He aocsaruyto 100 % wminepanizamii. He 3Baxarouu Ha 1€, y BUNAAKY 3aCTOCYBaHHS

doTokaTanizy Bxke uepe3 3 roJ MPOIECy PO3UYMH HE BUSABISIE TOKCUYHOCTI (CTYMIHb
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MiHepanizauli B Mmexax 40-70 %). Lle HaouHO A1eMOHCTpPYE Te, 11O JHIIe POTOKATATI TUYHUI
npoiiec € eheKTUBHUM B MpoIecax Jerpajaiii Ta MiHepali3alli po3uMHy aHTHOIOTHKA.
Mo>kHa 3poOUTH BUCHOBOK, 110 (OTOKaTasi3aTopu Ha ocHOBI Ti10O2 MpOJIEMOHCTPYBaJIU
e(deKTHBHE BUAAICHHS aHTHUOAKTEplaJbHOT aKTUBHOCTI aHTUO10THKA, 1110 Oy/1€ KOPUCHUM Y

3aCTOCYBAHHSX JJIsSl MIATOTOBKU MUTHOT BOJU Ta OYUIIICHHS CTIYHUX BOJI.

Puc. 4.7 Tano iuriOyBamus E. coli B pesympTaTi pi3HOi TPHBAIOCTI
dorokatamitnayHoro  mporecy Hax  (a) P25 TiOz,  (b) P25 Sm 1%, (c) HT TiOy,

(d) HT Sm 1% Ta () poTomiTHIHOTO TpOoIIECy
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Tabnuys 4.2

3HauyeHHs AiameTpiB rajo inridyBanns E. coli y pi3ui nmpomixkku yacy

(oToiTHYHOrO Ta POTOKATAIITHYHOIO NPOLECIB HA PI3HUX (poTOKATATIZATOPAX

3pa3ok Yac, rog JiameTp rano, Mm
0 27
3 25
_ 6 22
24 16
3 0
P25 TiO, 6 12
24 0
3 0
P25 Sm 1% 6 0
24 0
3 0
HT TiO, 6 0
24 0
3 0
2HT Sm 1% 6 0
24 0
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4.4 ®orokaragitnyna axkTtuBHicTb T1102-Sm203 mno BigHOIEHHIO 10

cyJbdaMeToKca3ory

Kinetnuni nocaimkeHHss QoToKaTaMITUYHOI Aerpajailii cylibpaMeTokcaszony Oyiau
MPOBEJICHI MiJ IITYYHUM COHSYHHM CBITJIOM 13 BHUKOPUCTaHHSIM HACTYIHUX OOpaHUX
dorokaramizaropiB: P25 TiO,, P25Sm 1%, HT TiO; ta 2HT Sm 1%. Kineruka

¢dotokaranitTnyHoi nerpanauii SMX npenacraBieHa Ha pucyHKy 4.8.

100 > : —4

[
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60

—a—[P25 Sm 1%
—s+—HT TiO,

50 - 1
i 0 —+—PHT Sm 19
40 ] 60 | —e—kpoTonia
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/
404 /. /"/

304

30 +

20+

dotoperpapauia aHTubioTuka, %

doTtoperpagauis aHtTubioTmka, %
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Yac, roa

Puc. 4.8 ®orokatamiTu4Ha Aerpajaiis cyjibpamMerokca3ony

dorokatamiTHYHA AeTpajaiis BiMOYBA€TbCS BIJHOCHO CTPIMKO TIBKH 3pa3KaMu
cepii P25: 3a 1rox Bumaneno 75 % antubiotmka 3paskom P25 TiOz i 61 % 3paskom
P25 Sm 1%. 3a 3 rox Bumanieno 100% antubiotnka. 3pasku cepii HT aeMoHCTPYIOTH
HU3BbKY €(EeKTHBHICTh Y BHIANIEHHI Cynb(paMeTokca3ony: 3a 1 rox Buganeno numie 33 %
anTHOi10THKA, 32 3 o7 — 60 %. 3pa3ku 1i€i cepii MOBHICTIO BUIASIOTh aHTUOIOTHK JIUIIIE
gepe3 24 romx (HOTOKATATITUYHOTO TMporiecy. AACOpOIlis aHTUOIOTHKY 3pa3KaMu He
BinOyBaeThcs, okpim 3paska HT TiO2 (6 %). CynbhameTokca3oi TakKokK pO3KIATA€ThCS i
niero cBiTina: 3a 24 rox dotomizy Oyno BumaneHo 98% antmbOioTMka. O4YEeBHUIIHO, IO

aHAJIOTIYHUN pe3yJIbTaT MOKHA OJIep KaTH Micis 3 roa poTokaTamisy.
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Kinetuka minepamizanii SMX o0panumu (doTokaranizaTopaMu MOpe/CcTaBiIeHa Ha

pucyHky 4.9.
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Puc. 4.9 Miuepamnizariist cynbhaMeToKcazony

3 pucyHKy 4.9 BuIHO, 1110 HalieheKTUBHIMIMMH y MiHepai3allii cyJibpaMeToKcazoly
€ ¢oTokaramizaTopu cepii P25. Xoua yepe3 24 rox mporiecy BCi 3pa3ku poTokaTanizaTopis
N03BOJISIIOTE Hocarta 90 % MiHepanizailii aHTHO10THKA, 3pa3ku cepii P25 mo3Bonsiors e
3pobutHn Habararo mBuamie. Tak, yepe3 3 roa mporuecy 3pazkom P25 TiO, minepaiizoBaHo
88 % cynbhameTokcasoiny, 3paskom P25 Sm 1% — 83 %, a 3paskom HT TiO, numie 37 % i
3pazkom HT Sm 1% — 38%. V¥ mpomeci dotonmizy wmiHepamizallisi BiaOyBaeTbCs myxkKe
cmabko: 12% micngs 24 rom mpormecy. lle sckpaBo JIE€MOHCTpye mepeBaru

(hoTOKATaTITUYHOTO MPOIIECY.
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4.5 Eneprii 3a00poHeHO0i 30HH 3pa3KiB

Ha pucynkax 4.10-4.11 npeacrasneni kpusi BinOuTTs 3pa3kiB TiO2, HeqomoBaHUX Ta

JIOTIOBAaHUX OKCHUJAMHU PIJIKICHO3EMEIbHUX METaJiB.

100

80

60

——P25TiO,
—— P25 Sm 1%
—— P25 Sm 1,5%
——HT TiO,
———2HT Sm 1%
—— 1HT Sm 1%

Binoutts, %

20
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200 400 600 800 1000
[oBXuHa xBusi, HM

Puc. 4.10 Kpusi Bin6uTTs 3paskiB Ti02, HeA0MOBaHUX Ta JoMOBaHUX Sm03
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——P25Pr 1,5%
—— P25 Nd 1,5%
—— P25 Er 1,5%
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BigoutTa, %

20
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Puc. 4.11 Kpusi BinOutts 3paszkiB TiOz, HEAOMOBAaHUX Ta JOTOBAHUX OKCHIAMH

PIIKICHO3EMEIIBHUX METaIiB
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Ha pucynkax 4.12-4.13 mnoxka3zaHo 3anexHicTb (QyHkmii KyOGenku—MyHka Bin
hv (E, eB) — xpusi Tayna i BignoBinmHi iHii TpeHga. Todka meperuHy JiHIT TpeHaa i3
TOPU30HTAIBHOIO BICCIO ITOKA3y€e 3HAUEHHS €HEprii 3a00pOHEHOI 30HH JUIsl HEOMIOBaHUX Ta

JIOTIOBAaHUX OKCUAAMU P1IKICHO3EMENbHUX MeTaliB 3pa3kiB Ti0.

12 10 -
—— P25 TiO, ——HTTiO,
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8
8
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[y =
i 6 Cx
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Puc. 4.12 Kpugi Tayma i BiAOBITHI JIiHI{ TpeH/1a HETOMOBAHUX Ta JOTIOBAHUX 3Pa3KiB
TiO,
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Puc. 4.13 Kpugi Tayna i BiamoBiaHi JiHii TpeHIa gomoBaHux 3pas3kiB T10;

VY cBoro uepry, B Tabnuii 4.3 HaBeJEHO OfepKaHi 3HAYCHHS €Hepriid 3a00pOHEHOT
30HU Eg gocaimxyBanux gorokaTanizatopis. 3 Tabnuili 4.3 BUAHO, IO €HEPTii 3a00pOHEHOT
30HU 3pa3kiB P25 TiO,, monoBaHMX OKCHIAMH PiAKICHO3EMEIbHUX METaIIB, JCII0 HIKUI
nopiBHsHO 3 eHepriero 33 uncroro P25 TiO; (3,33 eB). Takox, SKIIIO MOPIBHATH 3pa3KH 3
pizauM BMmicToM nomadTy (P25 Sm ta P25 Er), Buano, mo 3pa3ku gomoBani 1,5 %

PIAKICHO3E€MENIBHOTO MeTaly MaloTh Hux4y eHeprito 33 Ha 0,01 eB nopiBHsIHO 31 3pa3koM,
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saKkuh mictuTth 1 % nomadra.

Tabnuys 4.3
3HavYeHHs eHepriii 3a6o0poHenHoi 30uM 3pa3kiB Ti0:
3pa3ok \ Eneprisi 3a6oponenoi 30uu Egy, eB
Cepis P25
P25 TiO; 3,33
P25 Sm 1% 3,25
P25 Er 1% 3,25
P25 Sm 1,5% 3,24
P25 Pr 1,5% 3,27
P25 Nd 1,5% 3,26
P25 Er 1,5% 3,24
Cepist HT
HT TiO; 3,27
2HT Er 1% 3,27
2HT Sm 1% 3,28
1IHT Sm 1% 3,27

Cunte3oBanuii 3pasok tutany (IV) oxcuay HT TiO, mae menmy eneprio 33
(3,27 eB) mopiBHsHO 3 KOoMepiiiiHuM 3pa3skoM P25 TiO,, ame 33 gomoBaHuX 3pa3KiB Ii€i
cepii He 3MIHIOIOTECA a00 Jemio BUI. B 1isioMy, 3Ha4Ha PI3HUI Y 3HAYEHHAX CHEPTii

3a00pOHEHOT 30HM BIICYTHS, 110 BIMOBiga€ MocaipkeHusm y [114-116].
4.6 PentrenodgJiyopecueHTHU aHAaJTi3

Y  rtabmumi 4.4 HaBeAeHO BMICT  JIONAHTIB-PIAKICHO3EMEIBHUX  METalliB,
pPO3paxoBaHUN TEOPETUYHO Ta BU3HAYCHUHN 3a JIOMIOMOTOI PEHTTEHO(IYyOPECIIEHTHOTO
aHam3y. SIk BUJHO, peasibHI 3HAYECHHsSI BMICTY JOMAHTIB MOAIOHI abo myke OnH3bKi 10
TEOPETUYHO po3paxoBaHuX. Lle cBimuuTh Mpo Te, o0 0OpaHi YMOBU CUHTE3Y € KOPEKTHUMU

Ta A03BOJIAOTH OTPUMATH MaTepiaﬂ 3aJaHOI0 CKIany.
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Tabnuys 4.4
BMicT 10naHTIB B 1OC/IIIXKYBAHUX 3pa3Kax
3pasox | Homant Teopernunuii BMicT PeanbHuii BMicT
JA0NAHTY, Mac.% aonaHry, mac.%
Cepis P25
P25Sm 0,7%| Sm 0,7 0,7
P25 Sm 1% Sm 1,0 1,0
P25Sm 1,5%| Sm 1,5 1,4
P25 Sm 2% Sm 2,0 2,0
P25 Pr 1,5% Pr 1,5 1,6
P25 Nd 1,5% | Nd 1,5 1,6
P25 Er 1,5% Er 1,5 1,3
P25 Er 1% Er 1,0 0,9
Cepist HT
2HT Er 1% Er 1,0 1,0
2HT Sm 1% Sm 1,0 1,0
1HT Sm 1% Sm 1,0 0,8

4.7 PeHTTeHOCTPYKTYPHUII Ta peHTreHo(a30BuH aHAJI3

Ha pucynky 4.14 nokazani nudpakrorpamu 3pas3kiB YHUCTOTO Ta JOMOBAHOTO

tabymmi 4.5.

|HTEHCUBHICTb

¢ — aHata3
e — pyTUn
&% — OpykiT

. *
. .
P25 TiO, ® . ¢ 'S
L1 L) ° ° MR
Sl 'S W

HT TiO,

20, rpag.

80

camapiro (I11) oxcunom TiO,. Ix paszoBuii cknaf i cepenHi po3Mipn KpUCTAliTiB HaBe/IeH] B

Puc. 4.14 PentreniBcebki audpakrorpamu 3paskis unctoro TiOz ta TiO2, qonoBaHoro

Smy0O3
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3pasku cepii P25 cknanarorses 3 ga3 anatasy (82-90 %) 1 pyruiny, npu yomy npu
30UTBIIEHH] BMICTY IONAHTY HE3HA4YHO 3pocTae BMICT pyTuity (3 10 no 12 %) 1 iioro po3mip
kpuctanmitiB (3 19 nmo 23 um). 3pasku cepii HT cknanatotees 3 a3 anartazy 1 OpykiTy,
npudomy (azoBuil ckiag i po3mip kpuctaniTiB 3paska uuctoro HT TiO; i monmoBaHoro
camapieM 3paszka 1HT Sm 1%, cuHTE€30BaHOrO OJHOCTAJIMHUM CHUHTE30M, € Mailke
1ICHTUYHUMH: BMICT aHaTaszy ckianae 82,2-83 %. 3pazok pomoBaHoro camapiem TiOp,
CHUHTE30BaHOTO JBocTaniHuM MeTtogoM (2HT Sm 1%), mae gemnio Buiuil BMICT aHaTa3y
(90,8 %) 1 Hmxumit BMicT OpykiTy (9,2 %). BuaHo, 1110 B TOMOBaHUX camMapieM 3pa3kax
BUILUI BMICT aHaTa3y MOPiBHAHO 3 yrcTuM 1102, o CBIAYUTH PO cTabimizaitito 1iel hazu
PiAKICH3EMEIBbHUM METAJIOM 3TiAHO 3 JiTepaTypHuUMH JaHumu [116].

SIxuro mopiBHIOBATH cepii 3pa3KiB, TO BMICT aHaTazy B 000X cepisix Ayxe OMu3bKuit
3a 3HaueHHIM (82-90 %), ane po3Mip KpUCTANITIB BIAPIZHAETHCS JOCUTh CHUIIBLHO. 3pa3Ku
cepii P25 xapaktepusyThcs BETUKUM PO3MIPOM KpHUCTaliTiB aHatasy (15-18 um), B Toit uac

SIK PO3MIp KpUCTAJIITIB aHaTa3y 3pa3kiB cepii HT BTpuyi meHmmi — 5 HM.

Tabnuysa 4.5
®a30BHi CKJIAJ TA CEPeAHIH PO3Mip KPUCTAJITIB HEIONMOBAHUX TA I0MOBAHUX

Sm203 3pa3skiB TiO:

3pazoK da3oBuii ckaan, % Cepenniii po3Mip KpucTaJdiTiB, HM
P AHara3 | Pytun | bpyxkiT AHata3 | PyTtun ‘ bpyxkit
Cepisa P25
P25 TiO; 82,4 17,6 - 18,2 -
P25 Sm 1% 90,1 9,9 - 15 20 -
P25 Sm 1,5% 88,7 11,3 - 17 22 -
P25 Sm 2% 87,8 12,2 - 17 23 -
Cepist HT
HT TiO; 82,2 1,1 16,8 5 - 4
2HT Sm 1% 90,8 - 9,2 5 - 7
1HT Sm 1% 83,0 1,2 15,9 5 - 5
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4.8 Mopdo.Jiorist Ta po3Mip 4acTHHOK

Ha pucynky 4.15 npeacrasineni CEM-300pakeHHsI 3pa3KiB UHCTOTO Ta JI0MOBAHOTO
camapiro (IIT) okcumom TiO2. 3 puCyHKY BHAHO, IO 3pa3ku cepii P25 marore Okl
OJIHOPIJIHY 1 MyXKIIly CTPYKTYpy 0€3 arperaTiB Ta arioMepariB 13 po3MipaMu 4acTUHOK 20-
40 uwMm, a 3pazku cepii HT npeacrapieHi arperatamu 1 ariiomepaTaMu pi3HOTo po3mipy (4,5-
10 mkm). OpHak, po3Mip HearJioMEepOBaHUX YACTHHOK JIyXe€ MaJluid 1 CKIagae J0 8 HM.
HomnyBanusa 3pa3kiB TiO; camapieM He 3MiHIOE MOp(}OJIOri0 MarepiaiiB, U0 BIANOBIAE
aiteparypHuMm nanum [117].

Ha pucynky 4.16 npencrabieni CEM-300paxkenHs nonoBaHux 3pa3kiB TiOz 13
pe3ysbTaTaMH EHEeProAUCIIEPCIMHOTO PEHTI€HIBICHKOTO MAITyBaHHS 3 METOIO JETEKTYBaHHS

camapiro.

'n‘-l

Puc. 4.15 CEM-300paxxenns 3pa3kiB orokaramizaropis (30inbmennas x25000)
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| 2HT Sm 1% 1HT Sm1%

8876_P25_Sm1%_EDXsp 8878_2HT_Grit_REM_15kv_EDXmp 8879_1HT_Grit_REM_15kv_EDXmp
SEMAG: 5000x HV:15K¥. WD:9,7 mm  Px: 20m SE MAG: 35,0kx HV: 15KV WD: 9,6 mm _Px: 3nm SE_MAG: 35,0kx HV: 15KV WD: 9,6 mm Px: 3nm

_ St %AEDXsp
MAG: 6000% HUE15 KV

Puc. 4.16 CEM-300paxennss pomoBaHux 3paskiB TiOz 13 pesynbTatamu

€HEProAUCIEePCIMHOIO PEHTT€HIBICHKOT'O MaITyBaHHSI

Ax BugHO 3 pucyHka 4.16, camapiii piBHOMIPHO PO3MOBCIOJIKEHHM IO IMOBEPXHI B
JIOCTIKYBaHMX  3pa3kax.  Bigomo, mnpu  gomyBanui  TtuTany (IV)  okcumy
PiAKICHO3EeMEITFHUMHU METallaMH, JOMaHT MOXe 3aiiMaTH pi3HE IMOJIOKCHHS B 3aJICKHOCTI
Big Horo iomHoro pamiycy [117]. PiakicHo3eMenbHHI MeTal MOXe BOYIOBYBAaTHCS Yy
kpHcTaniuny rpatky TiO», 3aiiMaroun MpOMiKHY AUISHKY IpaTku a6o 3amimryroun Ti%*, a6o
Hakomu4yBaTucs Ha moBepxHi Ti0O2 y BUIIISA1 OKCUIHOTO mIapy. K MpaBuiio, 3aMilleHHs
Ti* abo posrairyBaHHs i0HY PiIKICHO3EMEIBLHOrO METaly y MiKBY3Ji Ma€ Micue, SKIIO
10HHMI PO3Mip 10HIB HONAHTY AOpiBHIOE a60 MeHIIE i0HHOro po3mipy Ti** y TiO,. ko x
10HHHH pajilyc momaHTa OUTBIINI, TO YTBOPIOETHCS OKCHIIHUMN IIap JOTaHTa Ha MOBEPXHI
TiO,. Ockinbky ioHM camapiro MaroTh 6inpmmii ioHEwit pagiyc (1,04 A [118]) mopisusHo 3
Ti** (0,605 A [88]), To mpu momyBanHi HuM TiO, BapTO OYiKyBAaTH yTBOPEHHS 3B'SI3KiB Ti-
O-Sm Ha moBepxHi i, K HACIIAOK, okcuaHoro mapy SmyOsz [117,118], mo i mMoxHa
IITBEPIUTH B TaHIH POOOTI.

Ha pucynky 4.17-4.18 mnpencrasneni I[TEM-300paxeHHs 3pa3kiB OTOBaHOTO

camapiem HT TiO..
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Puc. 4.17 IIEM-300paxenns 3pa3zka 2HT Sm 1%

LEMZUniRo 200 Hm

Puc. 4.18 IIEM-300paxkenns 3pazka 1HT Sm 1%

[TopiBasiausa [TEM-300pakeHb mokasye, 1o CTPYKTypa 3pa3KiB JOCUTHh KOMIIaKTHA,
3pa3Ku CKJIQJAOThCSA 3 JOCHTh JPIOHMX KPUCTAIIB 3 PO3MIpOM B Jliama3oHi 5-6 HM.
Otpumani JaHi MPO PO3MIPH YACTHHOK JUIsi 000X 3paskiB J0OpE y3TOKYIOTHCS 3

po3MipamMu KPUCTATITIB, po3paxoBanumu 3a Gopmyinoro Lllepepa.
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4.9 PentreniBcbka GoTOCJIEKTPOHHA CIIEKTPOCKOIis

P®EC Oyno BUKOpUCTAHO JJIs1 AOCIKEHHS XIMIYHOTO CKJIaly TIOBEPXH1 JOTIOBAHUX
camapiem 3paskiB TiO,. PesynbraTu moka3ani Ha pucynkax 4.19-4.21. SIk BUAHO, CUTHAJIH
Ti 2p, O 1s, C 1s ta Sm 4d npucyTHi y BUITaIKy KOXKHOTO (hoTOKaTamizaTopa, Toi sk Sm 3d
HalKpallle crocrepiraeTecs y 3pasky P25 Sm 1%, ripuie y 3pasky 2HT Sm 1% 1 € 30BciM
BIACYTHIM y Bunaaky 3pazka IHT Sm 1%. Tum He MeHII, pe3ynbTaTu CBiAYaTh MPO
ycminiHe gonyBanns T10; camapito (I11) oxcumom.

Ha pucynky 4.19 cnekrp TiO, moka3ye nBa ocHoBHuX miku Ti2p mpu 464,2 eB i
458,6 eB, siki acoritoroTees 3 Ti 2Pz i Ti 2Py, BIAMOBIAHO, IO CBIAYUTH PO iICHYBAHHS
Ti* [119]. ITix npu 529,8 eB Hanexuth kucHio kpucTaniunoi rparku (0?7) [119], ik npu
530,9 eB Bianosigae kuchio y Ti—O 3B's13ky [120], a ik 61u3pk0 531,9 eB — noBepxueBOMy
rigpokcunbHomy KucHo [120]. Ocuosni niku C1s npu 284,8 eB, 286,3 ¢B ta 288,7 eB ciix
BigHectu 10 C—C, —C-OH Tta —OC=0, Bignosigno [121], ski 3yMOBJIeHI BUKOPHUCTAHHIM
OpraHIYHUX PEYOBHUH Y CHUHTE31 MaTepialliB, a Takok camuM npuiagoM POEC. Ananoriuna
KapTHHA CIOCTepiraeTbcss 1 g ABoX iHmmXx 3paskiB: 2HT Sm 1% i 1HT Sm 1%,
npeacTaBieHux Ha pucynkax 4.20 1 4.21.

Ha pucynky 4.19 Buano, mo miku Sm 3d sickpaBo BupaskeHi y 3pasky P25 Sm 1%:
niku npu 1083.4eB (Sm 3dsp) i 1110,6 eB (Sm 3ds) Bimmosimarors Sm3* i Sm?,
BianoBinHo. Kk Bimomo, mopoxHs op6ira Sm3* moxke 3axommoBaTd (OTOreHEpOBaHi
eJIeKTPOHH 1 mepeTBoproBaTuca Ha SM?* [121], ane SM?* HecTabinbHMIL, 1 €IEKTPOHHU Ty:Ke
nerko 3axomumolotbess O Ha moOBepxHI Karamizatopa. lleit mpomec mnepemkomxae
pexomOiHaIi poToreHepoBaHUX Map «EIEKTPOH-IIPKay, 10 MOKpalrye (HOoTOoKaTaIITHYHI
XapaKTEePUCTUKHU. Y 3pa3Ky TaKOXK HasBHUI 1mik npu 131,5 eB, mo Bianosizae Sm** i eneprii
3B's3ky SM4d B Smy0;3 [120]. V 3pasky 2HT Sm 1% (puc. 4.20) mix npu 1083,3 eB
HesHaunuii (SM3"), ane HasBHui uiTkuii mik mpu 1108,2 eB (Sm?*) i mpu 132,0 eB (Sm*").
V Bunazky 3pazka IHT Sm 1% (puc. 4.21) nassuuii nuie nik Sm 4d mpu 132,0 eB (Sm*),
a mik Sm 3d BincyTHiit (BigmoBimHuit SM?"), mo Moxke HPHU3BOAMTH 10 peKoMOiHalii
(doToreHepoBaHuX 3apsiAiB 1, SIK HACHIOK, MOSCHIOBATU Tipily (POTOKATATITUUHY

aKTUBHICTB, MOPIBHSAHO 31 3paskamm P25 SmM 1% i1 2HT Sm 1%. Pesymeratu POEC
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JEMOHCTPYIOTh, 1110 SM203 po3noBciokeHui Mo moBepxHi 1102, 10 700pe y3roKy€eThCs

3 pe3yJibTaTaMi €HEProUCIIePCIITHOTO PEHTI€HIBICHKOT'O MaIlyBaHHS.
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Puc. 4.19 Cnextpu POEC 3paszka P25 Sm 1%
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Ti2p 4587 O 1s

IHTEHCUBHICT, V. O
IHTEHCUBHICTD, V. O.

T T T T T T T T T T
468 465 462 459 456 453 536 534 532 530 528 526
EHeprisa 38'a3ky, eB EHeprina 38'A3ky, eB

Cis 284.8 Sm 4d

IHTEHCUBHICTD, V. O.
IHTEHCUBHICTD, V. O.

T T T T T T T T T T T T T T T T T
204 292 290 288 286 284 282 280 147 144 141 138 135 132 129 126 123 120
EHepris 38'asky, eB EHeprifa 38'A3ky, eB

Puc. 4.21 Cnextpu POEC 3pazka 1HT Sm 1%

4.10 CTpykTypHO-acOpOUiiiHi XapaKTepUCTUKH

Ha pucynkax 4.22-4.23 noka3aHi i30TepMHu aacopOirii-aecopOiiii a30Ty HeAOIMOBaHUX
ta nonoBaHux camapiro (III) okcumgom 3paskiB TiOy; iX CTpYKTYpHI Ta MOPUCTI BIACTUBOCTI
HaBegeHl B TaOummi 4.6. Bignosimao go kimacudikanii [IUPAC [112], yci npencraBieHi
130TepmMu HajexaTh g0 Tumy I[Va. Takuit Tum 130TepMu € O3HAKOI ME30MOPHCTOTrO
aacopoenty. OmgHak, y BUNAAKY 3pa3kiB cepii P25 (puc. 4.22) kiHIeBe miato HaCUYEHHS
130TepMH pEAYKOBaHE IO TOYKHU MEPEruHy. Y Cl 130TepMU MalOTh METIi TiCTepe3ncy, SKi €
O3HAKOIO KamuIIpHOT1 KOHAEH a1 B mopax. O4eBUHO, IO 130T€pMU 3pa3KiB 3 cepiit P25
(puc. 4.22) ta HT (puc. 4.23) maroTh pi3Hy dopMy merens ricrepesucy. Lle cBiqauTh mpo
T€, 10 3pa3Ku 3 X CEepiid MalOTh PI3HY MOPHUCTICTh Ta Pi3HI MEXAHI3MH aICOPOIIIi.

3pazku cepii P25 nmemoHcTpyroTh merio rictepesucy tumy HI1, mo Bkasye Ha

BY3bKHUH Jlama3oH OJHOPIAHUX Me3omop. L ogHOo9acHO KpyTa 1 By3bKa METJs € 03HAKOIO
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3aTpUMKHM KOHJEHcalli Ha ajacopOwiiHiil rummi. 3pasku cepii HT Marote Tunm mnersi

rictepe3ucy H2(b), nputamaHHu CTPYKTypaM, B SIKUX BEJIUKY POJb BIAIIPAIOTh MEPEKEBI

edexTu (HarmpuKiIal, IUISAIKOIOoAI0H opH, 3a0J10K0BaHI Ha ogHoMYy KiHii) [109,112].
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Sk BumHO 3 Tabmuui 4.6, mpu gomysanHi P25 TiO, camapito (III) okcumom #oro
MATOMA MOBEPXHS IS0 301IBIIYETHCS, TOJI1 K 3araJIbHUI 00’ €M MOp 301IbIIY€ETHCS B/IBIYI,
a cepenHid panmiyc mop — Maibke BTpuui. HaBmaku, xomu 3pasok HT TiO; momoBanwmii
Sm;03, Horo muToMa MOBEPXHS JIEIIO 3MEHIINYEThCA, TOM1 K 3arajJibHUH 00’€M TOp
3QJIMIIIAETHCS Mai>ke HE3MIHHUM, a CEpeIHIN paalyc mop 30UIbIIYEThCS JUIIE HE3HAYHO.
OT1xe, edeKT nomyBaHHs OUTbIIE MPOSBISETHCS Y BUMAJIKY 3pa3kiB cepii P25 1 maiixe Hemae
BIUIMBY y Bunaaky cepii HT. Kpim Toro, npu BapitoBanui Bmicty Sm (1,0—-1,5%) us 3mina
MaliKe He BIUIMBA€E Ha CTPYKTYPHI Ta MOPUCTI BIACTUBOCTI MaTepialiB.

[TopiBHIOIOUM CTPYKTYpPHI 1 TOPUCTI BJIACTUBOCTI JBOX CEpii 3pa3KiB, BUIAHO IO
nuToMa Tutonia 3paskiB cepii HT maiike B 3,5 pa3u nepeBullye 1€ 3Ha4YeHHS 3pa3KiB cepii
P25 i carae 220 m%/r y Bunaaky 3paska HT TiO,. Ilpu npoMy, 3aranbHuii 06‘eM 1op Ta
cepedHi pajaiyc Mop JOTMOBaHUX 3pa3kiB cepli P25 3HauHO mepeBuiye BiAMOBIIHI

3HaueHHs 3pa3kiB cepii HT (maiixe B 2 pasu i1 B 6 pa3iB, BiANOBIIHO).

Tabnuys 4.6
CTpyKTYypHIi Ta MOPHUCTI BJACTUBOCTI HEJIOMOBAHUX Ta J0MOBaHUX SM203

3pa3kiB TiO:

3 IMuroma nioma | 3aranbHuii 06°em | Cepenniii paaiyc
pasoK noBepxHi, M*/r nop, cm/r 0p, HM

Cepis P25

P25 TiO, 56 0,17 5,9

P25 Sm 1% 61 0,52 17,0

P25 Sm 1,5% 57 0,48 17,0
Cepist HT

HT TiO; 220 0,27 2,4

2HT Sm 1% 211 0,29 2,8

1IHT Sm 1% 202 0,28 2,8
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4.11 TepmorpaBiMeTpHYHHUI aHAJII3

TepmorpaBiMeTpUYHUIN aHAITI3 IPOBOAMIIM IJIs1 3pa3kiB ¢orokaranizatopis P25 TiO,,
P25 Sm 1%, HT TiO2 1 2HT Sm 1% 3 MeTor0 BH3HA4YCHHS IX CTAaOLIBHOCTI Tepen
KaJIbLIMHALIIE€I0 1 HACTYITHUM iX 3aCTOCYBaHHM B mpoleci BiiHoBIeHH CO2. KpuBi 3MiHU
Macu 3pa3KiB (POTOKaTaidi3aTopiB, OJep:KaHl B pe3yJibTaTl aHali3dy, MNpPeACTaBieHI Ha
pUCyHKy 4.24.

3 pUCYHKY BUJHO, 1110 KiHIIEBI MacHu 3pa3kiB (3a temnepatypu 600 °C) cTaHOBISTH
P25 TiO,— 97,89 %, P25 Sm 1% — 98,39 %, HT TiO, — 93,66 % i 2HT Sm 1% — 94,44 %.
3a temneparypu 400 °C (TemmepaTypa Kajabl[MHAIIT) Mach 3pa3KiB cTaHOBIATH P25 TiO, —

98,50 %, P25 Sm 1% — 98,62 %, HT TiO2 — 94,29 % 1 2HT Sm 1% — 94,86 %.

98,62%
98,50%

98,39%

97,89%

A 94,86%

%Eé 95 1 94,44%
%41 ——p25TIO, 94,29% T~
934 ——P25Sm 1% 93,66%
o] ——HTTO,

——2HT Sm 1%
91
20 T T T T T Y L T '
100 200 300 400 500 600

Temnepatypa, °C

Puc. 4.24 Pe3ynbpTatl TEpMOTPABIMETPUYHOTO aHATI3Y 3pa3KiB

binema BTpata macu 3paskamu cepii HT y mopiBHsHHI 13 3pa3skamu cepii P25
MOSICHIOETHCS YMOBaMU CHUHTE3Y: 3pa3ku cepii HT Oyno cuHTe30BaHO 13 BUKOPHCTAHHIM
opra"iqaoro npexypcopy tTatany (IV) okcumay Ta opranigHOTO pO3YMHHUKA, 3aTTUIIKH SIKAX
He OyJI0 MOBHICTIO BUJAJIICHO IiJT Yac BUCYIIYBaHHS OJEp>KaHMX MartepiaiiB. AJie MiJ 4ac
HarpiBaHHs 32 BUCOKUX TeMIIEpaTyp 3aJHUIIKKA OpPraHiuHUX PEYOBUH OYJIO BUIAJEHO, SIK 1

BOJly Ta KHUCEHb, aJIcOPOOBaHI Ha MOBEpXHI. Y BUMAAKY 3pa3kiB cepii P25, Brpata macu
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3pa3KkaMu MOSCHIOETHCS JecOpOIliero aacopOOBaHUX BOAM Ta KHUCHIO. YCl 3pa3Ku MOKHA
BBaKaTu cTabuibHUMHU 3a Temmnepatypu 400 °C, ockiabKM MOAasbllla BTpaTa Macu He

nepesuiye 1,5 %.
BucnoBknu 10 po3ainy 4

1. Komepriitauii P25 TiO; Ta cunte3oBanmii Tutany (IV) okcua Oynu IomoBaHi
OKCHJIaMU pijiKicHO3eMeabHuX MeTaliB (Sm, Er, Pr, Nd) B xoi riiporepMaibHOr0 METOIY.
Haii6inbi GoTokaTtaniTHYHO aKTUBHUMHU 3pa3KamMu BUSBHIKCH 3pa3ku T10», M0 MICTATH
1 mac.% Sm. Haii6inbin akTUBHUM Yy (DOTOKATANITHUUHIN Jerpajanii uurnpo@iokcaluty B
MITYYHOMY COHSYHOMY CBITJI BuUABMBCA 3pa3ok 2HT Sm 1%, y wiHepamizamii
rumpodokcanuHy — 3pazok P25 Sm 1%. O6GuaBa npoaeMOHCTPYBaIM Kpallll pe3yJbTaTH
3a  komepiiitauii 3pa3zok P25 TiO,. Ilpoayktu ¢oTokaTamiTHUHOrO mpolecy i3
3acTocyBaHHsAM 3paskiB T10, nomoBanux camapiro (III) okcumom, HE POAEMOHCTPYBAIH
TOKCHYHICTB 111010 OakTepiii E. coli Ha BiamiHy Big komepitiiiHoro 3paska P25 TiOs,.

2. MeTo0M CIEKTPOCKOITIT 11U y3HOTO BIAOUTTS B YIABTPa(di0JIeTOBOMY 1 BUIUMOMY
CBiTJII OyJ0 BCTAHOBJICHO, IO €HEpris 3a00pOHEHOI 30HW JIOMOBAHMX OKCHIAMU
pinkicHo3emenbHUX MeTamiB 3paskiB P25 TiO; menma na 0,06-0,09 eB 3a enepriio
3a00poHeHO1 30HH uncToro 3paska P25 TiO; (3,33 eB). IIpu ibomMy 3pa3ok CHHTE30BaHOTO
rizporepmanbauM MeTogoM 110, Ta AomoBaHi 3pa3Kd Ha HOrO OCHOBI MalOTh MEHIIY
eHeprito 3a0opoHeHoi 30HU (3,27 €B), sika He 3MIHIOETHCS TIPH JIOITyBaHHI.

3. Perrenoda3oBuii i peHTTeHOCTPYKTYpHHIA aHaii3 3pa3kiB uucroro 110z i TiOy,
nomoBanoro SMy03, MoOKasas, MO OJEPKaHI MaTepiaid € HaHOKpUCTaTiYHUMHU. DazoBUi
cKkiax 3paskiB Ha ocHOBI P25 TiO; npecraBieHuid CyMIlIITo aHaTa3y i pyTHIY 3 BEIIMKAM
po3mipom kpuctamiTiB (15-23 um), 3pa3ku Ha ocHoBi HT TiO; ckmagarorbes 3 cyminr
aHaTa3zy 1 OpyKiTy 3 MaJlM pO3MipOM KPUCTATITIB (4-7 HM).

4. MeTtogoM CKaHyHYOi €JIEeKTPOHHOI MIKPOCKOIIi BCTAaHOBJICHO, IO 3pa3Kh Ha
ocHOBi P25 TiO; MaroTh OJHOPITHY 1 MyXKY CTPYKTYpYy, B TOW HYac K 3pa3Kd Ha OCHOBI
HT TiO; npexncraBieni arperatamu i ariomeparamu pisHoro posmipy. CEM-dororpadii

CB1TYATh MPO T€, IO JIOMYyBaHHS PIAKICHO3EMEIbHUMHU MEeTajlaMu HE 3MIHIOE MOP(OIOTIIO
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TiO2, i Ha moBepxHi TIO2 mificHo yTBOproeThes map SMy0s3. MeTooM peHTIeHiBChKOT
(pOTOENEKTPOHHOI CIEKTPOCKOMIi MIATBEPIKEHO HAsBHICTH wmapy SMmyO3z Ha MOBEpPXHI
tutany (IV) okcuny.

5. MetogoM HU3BKOTEMIIEpATYpPHOI aacopOIli-gecopOiii a30Ty IOCTIIKEHO
CTPYKTYPHO-aJCcOpOIIiiiHI XapaKTepUCTUKU 3pa3KiB 1 BCTAHOBJIEHO, IO BCl JOCIIJKEHI
3pa3kKu € ME30IOPUCTHUMH ajacopOeHTamu. 3pasku Ha ocHoBi HT TiO2 maroTh Oibimy
nutomy oy nosepxsi (202-220 m?/r), Hix 3pa3ku Ha ocHoBi P25 TiO, (57-61 M?/r) i, gk

HACJIJIOK, Kpallli aIcopOIIiiiHI BIaCTUBOCTI.

Pesynemamu excnepumenmanbrux 00cCniodiceHb 0aH020 po30ily HA8eOHO 8 MAaKux
nyonikayisax:

Cmammi:

1. Kutuzova. A., Dontsova T., Davydova M. Elimination of antibiotics by
photocatalytic methods. Water and Water Purification Technologies. Scientific and
Technical News, 2021. Vol. 29. Nel (2021). P. 59-65. doi:10.20535/2218-
930012021235229. daxose Bumanus, Ykpaina. ISSN 2218-9300. Ocobucmuii enecox
3000y8aua — ananiz 1imepamyprux odxicepei, AHaIimuyHUll 02110 3ad MeMOor 00CAIONHCEeHHS,
HanucaHHs cmammi.

Mamepianu xongepenyii:

2. Karashchuk O., Kutuzova A., Dontsova T. Photocatalytic Activity of P25-TiO;
Modified with Yttrium Oxide Towards Ciprofloxacin. 2021 IEEE 11th International
Conference Nanomaterials: Applications & Properties (NAP), 2021. P. 1-4.
doi:10.1109/NAP51885.2021.9568624. Ocobucmuii  énecox 30006ysaua — aHali3

JimepamypHux oxcepel, AHANTMUYHUL 0271510 34 MEMOI0 00CIONHCEHHS, HANUCAHHS CIammi.

Te3u 0onogioell Ha KOHGDepeHUigx:

3. Kyry3oBa A.C., Jlonmona T.A. (2019). JlochimkeHHS MOBEPXHEBOI CTPYKTypHU
HAHOKOMIIO3UTIB Ha OCHOBI Ti102. 36ipnux mes oonosioeii Il Mixcuapoonoi naykoeo-
mexHiunoi xoH@gepenyii « CyuacHi mexHonocii 00epicanHs ma nepepooxu NoiMepHUx

mamepianie» TPM-2019. JIsiB, C. 90. Ocobucmuii eénecox 3000yeaua — nposedenHs
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EeKCNePUMEHMANIbHUX 00CAI0MHCEHb, 00POOKA 00epiuCanux pe3yrbmamis, HANUCAHHS |
NOOAHHS me3.

4. Kutuzova A.S. (2019). Sorption and photocatalytic TiO, properties. Book of
Abstracts of the International Scientific and Technical Conference of Young Scientists
“Innovation Materials and Technologies”. Miucek, C. 165-166. Ocobucmuii enecok
3000y68aua — MNPOBEOEHHs eKCNePUMEHMANbHUX O0CNiO0NHCeHb, 00pPOOKA 00epAHCAHUX

pe3yibmamie, HanuCauHs i NOOAHHs mes.
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PO3JILI 5
XAPAKTEPH3AIIS, BJACTHUBOCTI TA ®OTOKATAJITUYHA
AKTUBHICTb TiO,-®OTOKATAJII3ATOPIB, JOIMTOBAHMUX OKCUJIAMM
PIIKICHO3EMEJIbHAX METAJIIB TA/ABO SnO; 10
UNPODPJOKCALIUHY

5.1 CunTe3oBaHi 3pa3ku

3riJIHO METOJUK, ONTMCAHUX B MyHKTax 2.2.2, OyJ0 CUHTE30BaHO cepito 3pa3kiB Ti0y,
nonoBanux ctanymy (IV) okcugom. Bces iHdopmarlis, 1mo CTOCyeThesi OCOOIMBOCTEH

CUHTE3Y OJiep KaHuX 3pa3KiB, HaBeJeHa B Tabuii 5.1.

Tabauysa 5.1

Cunre3oBani 3pa3ku gonoBanoro cranymy (IV) okcuaom TiO>

3pazok | Hasa Oco0,1MBOCTI CMHTE3Y

1 P25 Sn(ll) | I'igporepmansumit metoa. SnClox2H,0, 150 °C

2 P25 Sn(1V) | I'iaporepmansuuii metoz. SnClax5H,0, 150 °C

3 P25 SnIPP | I'igporepmansuuii metoa. SN(OC3H7)4xCsH;OH, 150 °C

3riIHO METOAMK, OMTMCAHUX B MyHKTaX 2.2.212.2.3, 0yJI0 CHHTE30BaHO CEPII0 3pa3KiB
TiO,, nomoBanmx cranymy (IV) okcumom Tta 3paszkiB TiO,, monoBanux cranymy (I1V)
okcuaoM i camapito (I11) okcumom. Best indopmartis, 1o cTocyeTbest 0COOTHMBOCTEN CHHTE3Y

oJIep)KaHUX 3pa3KiB, HaBeJICHA B Ta0ymIi 5.2.
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Tabnuys 5.2
Cunre3oBaHi 3pa3ku qonoBanoro cranymy (IV) okcugom ta cranymy (1V)

okcuaoM i camapiro (III) oxcumgom TiO>

3pa3ok Ha3zga Oco00,1MBOCTI CHHTE3Y
1 P25 Sn I'pporepmansuuii metoz. P25 TiO,, SnClyx2H,0, 110 °C
2 2HT Sn I'pporepmansuuiit metoa. HT TiOz, SnClyx2H,0, 110 °C
3 3 P25 Sn Sm | I'iaporepmanbuuii metoa. P25 Sn, Sm(NO3)sx6H20, 110 °C
4 3 HT Sn Sm | INiaporepmanbuuii metoa. 2HT Sn, Sm(NO3)s;x6H20, 110 °C

52 ®orokaramiTuuHa aktuBHicTh TiO2, gomoBanoro SnO; 3 Ppi3HHUX

NpeKypcopiB

3 METOW JOCHIDKCHHS BIUIUBY TPEKypPCOPY CTaHYMy Ha (OTOKATAIITUYHY
aktuBHicTh THTaHy (IV) okcuay Oynu mpoBemeHi (OTOKATATITHYHI EKCIIEPUMEHTH 13
tpboMa (otokaramizaropamu: P25 Sn(ll), P25 Sn(IV) i P25 SnIPP. Ha pucysky 5.1
HaBeJICHO (DOTOKATATITHUHY JeTpajalilo MUNpoQIOKCallMHy TPOTATOM [BOX TOJWH B

ycTaHOBIII 1HAMBIAya bHOT KoHCTpYKIi (LED mkepeno Y®-cpitia).
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Sk BuaHO, HakedekTHBHIMIUM QorokaTtamizatopom € P25 Sn(ll), sxuit nerpamye
98,5 % rmumpoduokcanuHy 3a 60 xB i 100 % anTuGiotHka — 3a 105 xB. Momy memio
noctynaeThesi porokatamizarop P25 SnIPP, sxuii MakcuMalibHO 3a 3aJlaHuil Yyac BUAAJIsE
99,7 % mnomoranTa. doTOKATATITUYHUIA MPOLEC MPU BUKOPUCTAHHI 000X MaTepialiB
B110yBa€ThCS IOCUTH CTPIMKO — TaK, 3a 15 xB mporiecy BuaaneHo 70 % nunpodiokcaiuny.
dotokaramizarop P25 Sn(lV) BusBMBCS HaMEHII AaKTHBHUM Yy JIaHOMY MpOIIECi,
nocsiratoun 96,5 %  gerpamamii  CIP  micns  nBox romun  peakmii. BwuaHo, 110
dorokaramizaropu P25 Sn(ll) i P25 SnIPP marots kparii ancopoOuiiini Bnactuocti — ~30 %
aHTUO10THKa ancopOyeTbest 3a 30 XB mpoliecy y TeMmpsiBl. 3Bakaloud Ha OJieprKaHi
pe3yNnbTaTH, TOMANbIII EKCIIEPUMEHTH JOIUIPHO TMPOBOAWTH 13 BUKOPUCTAHHSIM

¢orokaramizatopy P25 Sn(ll), onepkanoro i3 Bukopuctanusm npekypcopy SnClyx2H,0.
5.3 ®orokaraiairnuna aktuBHicTh T102, zomoBanoro Sm>0O3 Ta/ado SnO>

J171s1 TpOJTOBIKEHHSI TOCIIIIPKEHHS BIUTUBY JOTAHTIB Ha ()OTOKATAITUUHY aKTUBHICTh
tutany (IV) okcumy Oyio gonosano 3pasku P25 TiO2 1 HT TiO; cranymy (V) okcumom, a
Takox ogHo4yacHo cranymy (V) okcuaom i camapiro (I1I) okcumoM 3 METO0 TOCIIIKEHHS
aKTUBHOCTI TaKUX KO-JOTOBaHUX MaTepianiB. BuzHaueHHs (poTokaTaITHYHOT aKTUBHOCTI
JOCJIDKYBaHUX MaTepiaiiB BU3HAYAIH 32 €PEKTUBHICTIO MiHepaTi3allii IUnpohI0KCcauHy
BIIPOJIOBXK 3 TOAMH (OTOKATANITUYOTO MPOIIeCy Y BUAUMOMY abo Y D-BuauMoMy CBITII 13
3acTocyBaHHSIM oOpaHux (QorokaramizatopiB: uuctoro Tutany (IV) okcumy, TiOg,

nomoBaHoro SN0, a6o SM;03, Ta TiO2, nonosanoro SN0z i SM,03 (puc. 5.2).
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Puc. 5.2 EdextuBHicTs  MiHepamizamii  1munpoduiokcaiuHy — oOpaHUMHU

dboTokaTagizaTopaMu

SIk BHIHO 3 PUCYHKY 5.2, momyBaHHS KomepiiiiiHoro ¢orokaramizatopy P25 TiO;
cranymy (IV) okcumom abo camapiro (V) okcumom, a Takok 000Ma JonaHTaMH OJHOYACHO
3HIKY€E €(EeKTUBHICTh BUXITHOTO MaTepiaiay II0oJ0 MiHepamizamii munpodIoKcaruHy y
MTYYHOMY COHSYHOMY CBITJII Ta y BHAUMOMY CBiT. JlomyBaHHS CHHTE30BAaHOIO
tutany (IV) okcuny cramymy (IV) okcumom He 3MiHIOE e(DEKTHBHICTH KaTamizaTopy, a
nomyBaHHs camapiro (IV) okcumom mokpamye edekTuBHICTh TpuOmm3HO Ha 15 %.
EdekruBnHicTs (oTOKaTamizaTopa Ha OCHOBI cuHTe30BaHoro TtuTaHy (IV) oxcuny,
nornoBaHoTo ogHoYacHO SNO2 Ta SMy03, He 3MiHIOETBCSA B Y D-BUAMMOMY CBITII 1 € JICIIO
BUIIOI0 Y BUJAMMOMY CBITJIi, HAMOUIBII BIPOTIAHO, Yepe3 MO3UTHBHUIN e(DEeKT MOomyBaHHS
camapiro (IIT) oxcumom. [omyBanus tutany (IV) okcumy Ccranymy (IV) okcumom He

nokparye eheKTUBHICTh MiHepai3allii aHTHO10THKA ITUTTPOQIIOKCAIIIHY.
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VY Tabauui 5.3 HaBEEHO BMICT JOMAHTIB, PO3PAXOBAaHUI TEOPETUYHO Ta BUZHAYEHU I

3a JIOTIOMOT'0K0 PEHTT€HO(IIYOPECIIEHTHOT'O aHaTI3y.

Tabnuys 5.3
BwmicT monaHTiB B 3pa3zkax
TeoperuuHuii BMiCT PeanbHuii BMicT J0mIaHTY,
3pasok Jlonant JAOMAHTY, Mac.% mac.%

Cepis P25

P25 Sn Sn 10,0 17,7

Sn 10,0 21,1

P25 Sn Sm sm 1.0 0.8
Cepist HT

2HT Sn Sn 10,0 16,1

Sn 10,0 13,0

3HT Sn Sm sm 1.0 0.9

SAx BUIHO, peaJibHI 3HAYEHHS BMICTY caMmapilo MojiOHI abo mayxe OJU3BKI 10

TEOPETUYHO po3paxoBaHuX. OgHAK, BMICT CTaHYMy B 3pa3kax cepii P25 maibxke BaBiui

MEPEBUIIYE TCOPETHYHO PO3paxoBaHHWK BMICT. Lle cBiq4uTH mpo Te, M0 OOpaHi YMOBH

CHUHTE3Y € KOPEKTHHUMH y BHUIIAJIKy JONMyBAaHHS CaMapi€M 1 4aCTKOBO KOPEKTHI y BHUITAJIKY

JIONyBaHHS CTaHyMOM. 3MEHIIEHHS BMICTy crtanymy y 3pasky 3HT Sn Sm (13,0 %)

nopiBHsHO 31 3paskoM 2HT Sn, moxnmBo, BiOyBaeThCs Yepe3 3aMillleHHS CTaHyMY

camapiem.
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5.5 PeHTreHOCTPYKTYPHUIi Ta peHTreHo¢)a30Buil aHaJIi3

Ha pucynky 5.3 mokazani gudpakrorpamu 3pas3kiB uyuctoro tutany (IV) okcuny i
nonosanoro SN0, ta SN0,-SM,0; turany (IV) oxcumy. Ix ¢asosuil ckman i cepemni

PO3MipH KPUCTATITIB HaBeeH1 B Ta0uI 5.4.

¢ — aHartas & — OpyKiT
e — pyTUN & —Sn0O,

L g
P25 Sn Sm ¢ ¢
b M. . w2

|[HTEHCUBHICTB

20, rpag.

Puc. 5.3 PentreniBchki audpakrorpamu 3paskiB unctoro tutany (IV) okcuay i

tutany (IV) okcuny, momoanoro SN0z Ta SN0O2-SM03

3pasku cepii P25 cknmagatotecs 3 (a3 anarazy (~80 %) i1 pyrtuny, npu 4oMmy mpu
JIOTTyBaHHI CTAHYMOM BMICT aHaTa3y Mail’ke HE 3MIHIOETbCS, a BMICT PyTHIIY 3MEHIITYETHCS
3 17,6 % no ~10 %. Bmict cranymy jgemro Bumuii y 3pa3ky P25 Sn Sm (10,0 %) mopiBHSIHO
31 3pazkom P25 Sn (7,3 %) — teopetmunHmii BMicT cranymy ckiagae 10 %. Poswmip
KPUCTATITIB aHaTa3y NpH JOMyBaHHI 3MIHIOETHCS HE3HAYHO, & PO3MIP KPUCTATITIB PyTHITY
3pocTtae 10 27 uM. Po3mip KpucTamiTiB cTaHyMy CTaHOBUTS Jiniiie 2 HM. Po3Mmip KpucTamiTiB
HE 3MIHIOETBCS  TpW  JOMyBaHHI  3pa3kiB  camapieM. Takox,  YyTJIHBICTH
PEHTTEHOCTPYKTYPHOTO aHalli3y He J03BOJIMJIAa BHSBHTH HAsSBHICTH caMapii0 B 3pa3Kax

yepes Moro 1y»e HU3bKHUM BMICT.
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3pasku cepii HT ckmamatorses 3 (a3 anarasy (66-82 %) i opykity (16-31 %), npu
YoMy IPH JIONYBaHHI CTAHYMOM BMICT aHaTa3y 3MeHIyeThes 3 82,2 % mo 66,6% (2HT Sn)
ta 10 74,9 % mnpu nomyBaHHi cTanyMoM 1 camapiem (3HT Sn Sm), a BmicT OpyKiTy 3pocTae
3 16,8 % no 31,1% (2HT Sn) ta g0 21,3 % (3HT Sn Sm), BignoigHo. BmicT cranymy
ckinagae ~ 2,5 % B 000X JOMOBaHUX 3pa3kax, a camapidl BusiBieHO He Oyno. Po3mip
KPUCTAJIITIB aHaTa3y Ta OPYyKITYy IIPH JAOIYBaHHI HE 3MIHIOETHCS 1 CTAHOBUTH 5 HM 1 3-4 HM,

BIANOBIHO. PO3Mip KpUCTaiTIB CTaHyMYy CTAHOBUTH 5-6 HM.

Tabnuysa 5.4

®azoBuii ckaag, % Cepenniii po3mip Kpucradiris,
3pa3ok .
Amnar. ’ Pyr. ’ bpyk. | SnO», Amnar. \ PyT. \ bpyk. ‘ SnOs,

P25 TiO, 824 |176| - - 18,2 - -
P25 Sn 82,7 199 - 7,3 17 27 - 2
P25 Sn Sm 80,3 | 9,7 - 10,0 17 27 - 2
HT TiO, 82,2 | 1,1 | 16,8 - S - 4 -
2HT Sn 66,6 - 31,1 | 23 S - 3 &)
3HT Sn Sm 749 [ 13 ]213 | 25 S - 4 6

[Ipu mopiBHSAHHI cepiit 3pa3KiB BUIHO, IO PO3MIP KPHCTATITIB Y BUMAIKY cepii P25
Benukui (17-27 HM, ane po3Mip KpUCTaJIIBTIB CTAHYMY HaWMEHIIIUA — 2 HM), B TOM Yac K
PO3MIp KPUCTAIITIB BCiX TphoX (ha3 3paskiB cepii HT myxxe manuii 1 omHopiaawmii (3-6 HM).

BianoBigHo 10 pe3yabTaTiB, METOIMKA CUHTE3Y JI03BOJIMIIA OJICPKATH 3aJaHU BMICT

SnO; (10 mac.%) B 3pa3kax cepii P25, ane He B 3pa3kax cepii HT (2,5 mac.%).
BucHoBKkH 10 po3aiay 5

1. 3pazku TiO,, momosani cranymy (IV) okcumom abo cranymy (IV) okcumom i
camapito (IIl) okcmmom, Oynm oxepkaHi TIAPOTEPMATBHUM METOJOM  CHHTE3Y.
dorokatamizarop TiO2-SnO,, oxepikanuii i3 BUKOpUCTaHHAM mpekypcopy SNClox2H,0, y

nopiBHsHHI 3 (oTtokaramizatopamu 1102-SNO,, oxepxkanumu 3 ipekypcopiB SNClax2H,0
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ta Sn(OC3H7)sxC3H,OH mig wac cuHTe3y, Mae HaWBHIly e(EKTHBHICTh Y
(doTokaTaniTHYHIN Aerpaganii aHTUO10THKA HUITPOQIIOKCALIUHY.

2. JlomyBaHHs KOMepIliiiHOro 3paska orokaramizatopa P25 TiO; cranymy (IV)
okcuzoM abo camapiro (IV) okcuaom a6o oboMa OKCHIAMH OJTHOYACHO HE MPUBOIUTH JI0
3pocTaHHs €(EeKTUBHOCTI MiHepami3alii aHTtubioTHka uunpodiokcauuny. Hapmakw,
nomnyBaHHs cuHTe3oBaHoro tTutany (IV) okcuny camapiro (IV) okcumom ado cranymy (1V)
okcugoM Ta camapito (IV) okcuaoM OHOYACHO MPUBOIUTH IO 3POCTAHHS €()EKTUBHOCTI
MiHepai3alii TuIpo@IoKCcalHy, 0OCOOIMBO Y BUMMOMY J1ala30Hi CBITJIA.

3. PenrenodasoBuii 1 peHTT€HOCTPYKTYPHUHN aHai3 3pa3KiB YUCTOIO 1 JIOMOBAHOTO
TiO, mokasaB, 10 BCi OfEpKaHI Marepiagu € HaHOKpUCcTamiuHumu. Da3oBuil ckiaj
JIONOBaHUX 3pa3kiB Ha ocHOBI P25 TiO, mpencraBieHuil CyMIIIIIO aHaTasy, PyTHIY i
KaCUTEPHUTY 3 BEIUKUM po3Mipom KpuctamiTiB tutany (V) oxcuay (17-27 um) 1 ayxe
MaJIiM PO3MIpOM KPHUCTAIIITIB KacuTepuTy — 2 HM. JlomoBaHi 3pa3ku Ha ocHoBl HT TiO;
CKJIQJIAlOThCSl 3 CyMIIl aHaTaszy, OPYKITY 1 KaCUTEPHUTY 3 MaJlUM OJHOPIHUM PO3MIipOM

KPUCTAJITIB (4-7 HM).

Pesynomamu excnepumenmanvhux 0ocuiodxceHb 0aHo2o po30irly HA8eOHO 8 MAaKux
nyonikayisax:

Cmammi:

1. Kutuzova A., Dontsova T., Kwapinski W. TiO,—SnO, Nanocomposites: Effect of
Acid-Base and Structural-Adsorption Properties on Photocatalytic Performance. Journal of
Inorganic and Organometallic Polymers and Materials, 2020. Vol. 30(8). P. 3060-3072.
doi:10.1007/s10904-020-01467-z. XXypHan nutyeThcss HaykoMeTpuaHO0 6a30r0 SCOPUS.
Ocobucmuti  6Hecok 3000ysaua — aHaliz JAiMePpamypHux odxcepei, NpPOBeOeHH s
EeKCNePUMEHMATIbHUX O0CHI0MNCEHb, OOPMIEHHS pe3yIbmamis, HANUCAHHA 1 NOOAHHS
cmammi.

2. Kutuzova A.S., Dontsova T.A. Characterization and properties of TiO>-SnO,
nanocomposites, obtained by hydrolysis method. Applied Nanoscience (Switzerland), 2019.
Vol.9 (5). P. 873-880. do0i:10.1007/s13204-018-0754-4. JKypHanm HHTYETHCS
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HaykoMeTpuuHOI0 0a30t0 SCOPUS. Ocobucmuti 6necok 3000ysaua — ananiz iimepamypHux
oofcepen, NpPoBeOeHHsl eKCNePUMEHMANIbHUX O0CiOJHCeHb, 0QOpMIeHHS pe3ylbmamis,
HANUCAHHA | NOOAHHS CIMAmmi.

Mamepianiu kondepenuiu:

3. Kutuzova A., Dontsova T. TiO2-SnO, Nanocomposites Obtained by Hydrothermal
Method. 2018 IEEE 8th International Conference Nanomaterials: Application & Properties
(NAP), 2018. P. 1-5. doi: 10.1109/NAP.2018.8914747. Ocobucmuii énecok 3000ysaua —
aHaniz  nimepamypuux — 0dxcepei, NPOBEOCHHS  eKCNEePUMEHMAIbHUX  O0CTIONCEHD,
oopmaenns pe3yibmamis, HAaNUCAHHA | NOOAHH CIMAMMI.

Teszu donosgioel Ha KoHdeperyisix.

4. lonnosa T.A., Harupusik C.B., Kyry3osa A.C. (2019). BrwusiHue CTpyKTypBHI
noBepxHocTd Ha cBoiictBa TI02 u SN0z Tesu odonosioeu VI mixcnapoonoi naykoso-
npakmuynoi inmeprem-kongepenyii «Cyuacnuti pyx wnayku». Jainpo, C.581-585.
Ocobucmuti 8necok 3000y8a1a — NPOBeOeH s eKCNePUMEHMATIbHUX 00CTI0dCeHb, 00poOKa
00epIHCaHUx pe3yibmamis, HanUCAHHA | NOOAHHS me3.

5. Kutuzova A.S., Dontsova T.A. (2019). Structure study of TiO2-SnO;
nanocomposites. Book of Abstracts of the XX International Conference for Students and
PhD Students “Modern Chemistry Problems”. Kuis, C. 66. Ocobucmuii énecox 3006ysaua
— NPOBEOEeHHs eKCNePUMEHMANbHUX O00CII0NCeHb, 00POOKA 00epIHCAHUX pe3VIbmamis,
HanUCaHHs i NOOAHHSA me3.

6. Kutuzova A., Dontsova T. (2018). Photocatalytic activity of TiO2-SnO,
nanocomposites. Book of Abstracts of the Conference of Young Scientists at EastWest
Chemistry Conference 2018. JIeBiB, C. 57. Ocobucmuii énecox 3000y68aua — nposeoenHs.
eKCNePUMEHMATIbHUX  Q0CAI0NCeHb, 00POOKA 00epICAHUX pe3yIbmamie, HANUCAHHA i
NOOaHHs mes3.

7. Kutuzova A.S., Dontsova T.A. (2018). Features of TiO2-SnO, nanocomposites
creation. Book of abstracts of the /nternational research and practice conference

«Nanotechnology and nanomaterials» (NANO-2018). Kuis, C. 232. Ocobucmuii snecox
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3000y6aua — MNPOBEOeHHs eKCNepUMEHMANbHUX O0CNi0NHCeHb, 00pPOOKA 00epAHCAHUX
pe3yIbmamie, HanucanHs i NOOAHHs mes.

8. Kutuzova A.S., Dontsova T.A., Krymets G.V. (2018). Sorption properties of
Ti02-SnO2 nanocomposites. 36ipka me3 oonogidet yuacuuxie VII Mixcnapoonoi
KOH@epeHyii cmyoenmis, acnipanmis ma MOa00UX YeHUX 3 XIMii ma XIMIiYHOI MexHON02Il.
Kuis, C.28. Ocobucmuii enecox 30006ysaua — npoedeHHss eKCNePUMEHMAIbHUX

00Ci0HCEHb, 0OPOOKA 00ePIUCAHUX Pe3YNbMamis, HANUCAHHS [ NOOAHHS me3.
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PO3/LT 6
3AITPOIIOHOBAHI TEXHOJIOTTS I CXEMA OJIEPKAHHS
HAHOKOMMO3UTY TUTAHY (IV) OKCUIY-CAMAPIIO (IIT) OKCUTY

6.1 Onuc NpUHIMIIOBOI CXeMH

Ha PUCYHKY 6.1 HaBCJACHO IIPUHIINUIIOBY CXCMY TEXHOJIOTTYHOI'O npouecCy OACPKaHHA

Hanokommno3uty Tutany (IV) okcuny-camapito (I11) okcuay rizporepMaibHUM METOIOM.

Cunres TiO, ( NiarotoBka ’ Cunres TiO,-Sm,0, ‘
. peareHrTiB

H,0 ' H,0 \
Tutany (IV) - H,0 2

isonponokeng, ﬂ

Lo 1 = 2 & 3 & 4 | s 6 B 8 9 10 11 =5Ti0,-Sm,0,

Mo6iuHi npoayKTH,
H,0

MobiuHi npoayKTH,

H,0 /

F> 7
Sm(NO,) 3><6H20H
H,O

Puc. 6.1 IlpunHnumoBa cxema mporecy oaepKaHHs HaHOKOMIO3UTY T102-Sm03: 1 —
3MillyBaHHS peareHTiB st cuHtedy 1102, 2 — rigporepmanbHuii cunte3 Ti02; 3 —
BiJOoKpeMiIeHHs cuHTe30BaHoro 1102; 4 — cymninusa oxepskanoro Ti02; 5 — mpuroTyBaHHs
cycrensii TiOy; 6 — ynbprpasBykoBa 00poOka cycrnensii TiOz; 7 — 3MilyBaHHS pearcHTiB
s cuHTtedy SMyOsz; 8 — 3wmimryBaHHS peareHTiB i cuHTe3y 1102-SmpOs; 9 —
rizporepManbHuil cuHTe3 KoMIo3uty 1102-Smy03; 10 — BimOKpeMIIEHHST CHHTE30BaHOTO

T102-Sm,03; 11 — cyminus oaepxkanoro T102-Smy03

3riHO 3ampONOHOBaHOI cxeMu Jytst cuHTe3y TuTany (IV) okcnny po3zuns turany (1V)
130MPOIIOKCHTY 3MIIITYIOTh 3 JIC10HI30BAHOKO BOJIOI0, 2-TIPOMIAHOJIOM 1 a30THOIO KHCIOTOKO Y
0aky 3 mimrankoro 1, BHacIi oK 4oro BigOyBaeThcsl BUNIaAiHHs ocany tutany (IV) okcuny;
MepeMilllyBaHHS IPOJIOBKYIOTh 10 YTBOPEHHS OJTHOPIAHOT cycnen3ii. OneprkaHa CycreHsis
MOAETHCA B TiAPOTEpMAJIbHUI pPEaKTOp BHUCOKOTO THUCKY 2, SKHA HArpiBa€Tbes 0

temriepatypu 383 K, 1 BUTpUMY€ETHCS B HhOMY NPOTITOM 24 TomauH. [licis oXomomKeHHs
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TAPOTEPMATILHOTO PEAKTOPY CYCIHEH31sh MNPOJYKTY MOJaeTbest y UeHTpudyry 3 s
NPOMUBAHHS JICI0HI30BaHOO BOJIOKO 1 BiTOKpeMIIeHHsI ofiepkanoro tTutany (V) okcuny Bif
po3unny. Ocazn TiO; BucyIIyrOTh B CymmiIbHIM madi 4 3a temneparypu 353 K.

Onepxanuii mopomiok tutany (IV) okcuny 3MilmyrOTh 3 J€i0HI30BAHOK BOJIOKO Y
Oaky 3 Mimankor 5. OnepkaHy CyCIEH3II0 31MBaIOTh B pe3epByap 6 s yJabTpa3ByKOBOT
00pooku. IlapanensHo kpucrtagoriapar SM(NO3);X6HO 3MmimnyoTh 3 J1€10HI30BaHOIO
BOJIOI0 y 0aKy 3 MIIIAJIKOK 7 JJIsI YTBOPEHHSI PO3UUHY.

Cycnensito TiO2 3 pesepByapy 6 311MBaOTh B 0aK 3 MIIIAJIKOK 8, KyJId TaKOX
nogaots po3unH NHiOH i 3muBatote poszunn SM(NO3)sx6H,0 3 Gaky 7, micis 4oro
IPOJIOBXKYIOTh NEPEMIILITyBaHHS 10 YTBOPEHHS OJTHOPIAHOI cycnien3ii. OnepxaHa CycreH3is
MOJAETHCS B TIAPOTEPMAlbHHUN pPEAKTOp BHUCOKOTO THCKY 9, SKHMH HarpiBae€TbCs [0
temrepatrypu 383 K, 1 BUTpUMyeTbcsi B HbOMY TIpOTAroM 24 roauH. [licis oXomoKeHHs
riiporepmanbHOro peakropy 9 cycnensis npoaykry T102-Smy03 nmogaerses y HeHTpUDYTY
10 s mpoMHBaHHS JI€10HI30BAHOIO BOJOKO 1 BioKpemileHHs oxaepskaHoro turany (IV)
okcumy-camapito (III) okcuay Bix po3unny. Ocanm TiO2-SmyO3 BHCYIIYIOTh B CYIINIbHIH

madi 11 3a remneparypu 353 K.
6.2 MarepianbHuii 0ajaHc

Cunte3 HanokoMmo3uTy T102-Smy0O3; rimporepMmalbHUM METOAOM IiepebiraB 3a
peakuismu (2.4) i (2.6), sxi mpencrasieHi B mydkrtax 2.1.1 i 2.2.1.1. Momuspui Macu

KOMIIOHEHTIB HaBeIeHO B a0l 6.1

Tabnuys 6.1
MouisipHi Macu KOMIIOHEHTIB
Cnoayka Mouasipaa maca, r/MmoJb Cnoayka | Moasipaa maca, r/MmoJib
C12H2804Ti 284 SM(NO3)3 336
H.O 18 Smy03 349
TiO; 80 Sm 150
CsH,OH 60 NO; 46
SM(NO3)3x6H20 444 02 32




145

Po3paxyHok MatepianbpHOro OanmaHcy mpoBoawian Ha 1 kr HaHokommosuty Ti10;-

SmM,03 (Tabmuis 6.2). Ockinbku gacTka SM B SMO3 CTaHOBUTH:

M(Sm)-2 _ 150-2
M(Sm,03) 349

w(Sm) = = 0,86,

TO CKJIaJ] KOMIIO3UTY MOXHa po3paxoByBaTu Ha BMICT SM203 1 mac.%, a He Ha BMICT
Sm 1 mac.% depe3 ojepkaHHs Maibke 1IeHTUYHHUX 3HadeHb. Buxin TiO; cranosus 97 %,
Buxig SMy0O3; cranoBuB 98 %. Uucrora pearenty turany (IV) i3ompomnokcuay cTaHOBHUTH
97 %, pearenty camapito (III) viTpaty rekcarigpary — 0,99 %.

Po3paxyHku MatepiaibHOrO OaniaHCy 3a piBHAHHAMU peakilii (2.4) i (2.6):

C1Hpg0,Ti) = - = 3623,2T;
m(C12H2505T1) M(Ti0,) - ®(Ti0,) 80 - 0,97 :
m(CoHys0,Ti) 361734
m(Cle2804Ti)* = ( 120 92; 4 ) = 097 = 3735,25 T,
m(Ti0,) - v(H,0) - M(H,0) 990 -2-18
m(H,0) = (Ti0,) - v(H,0) - M(H,0) 45028 1

M(Ti0,) - ®(Ti0,) ~ 80-0,97

m(C12H2804,Ti) ) V(C3H70H) ' M(C3H70H) . 3623’2 . 4 . 60 B
M(C1,H,50,Ti) B 284 B

m(C3H70H) =

= 3061,86T;

Sm(NOL) = m(Sm,03) - v(Sm(N03)3) - M(Sm(NO3);)  10-4-336
m( m( 3)3) - M(Sm203) ) v(5m203) . q)(5m203) = 348 -2-098 =

=19,7;
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M(Sm(NO3)3) - 0,999 336 -0,999

= 26,06 T;

m(Sm(N03)3) - v(NO,) - M(NO,) 19,712~ 46

NO,) = = = 8,09 r;
m(NO,) M(Sm(NO3)3) - v(Sm(NO3)3) 336 4 d
m(0,) = = =141r;
M(Sm(NO3)3) - v(Sm(NO3)3) 336-4
m(Ti0,) -v(H,0)-M(H,0) 990-2-18
H,0) = = = 459,28.
m(H,0) M(Ti0,) - ®(Ti0,) 800,97 :
Tabnuys 6.1
Po3paxyHok MaTepiajibHOT0 0ajaHCy
[Tpuxin Butpara
KomnoneHt r % KomnoneHT r %
C12H2804Ti* B 1.4.: 3735,25 88,5 Ti02-Sm,03 1000 23,69
YUCTUH C12H2804Ti 3623,2 85,85
JIOMIIIIKA 112,06 2,66
H.O 459,28 10,88 CsH/OH 3061,86 72,55
SM(NO3)3x6H,0, B T.4.: 26,06 0,62 NO, 8,09 0,19
Sm(N03)3 19,7 0,47
H20 6,33 0,15
JIOMIIIKHA 0,03 0,0006
O, 1,41 0,03
H,0O (mapa) 6,33 0,15
Jlominiku 112,08 2,66
Brpatu 30,82 0,73
Bceboro 4220,59 | 100,00 | Bcworo 4220,59 | 100,00
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TennoBuit OanaHc pPO3paxoOBYBaJIM 3a JaHUMU MaTepiaabHOTO OanaHcy s

HaHOKOMITO3UTY T102-Sm03, oxepkaHOro TiApOTEpPMAIbHUM METOJO0M 3a TeMIIepaTypH

383 K.

[Tpuxin Teroru, Jx:

annx = Qpear + Qniam
ne  Qpear — KUIBKICTB TEIUIOTH, 1110 BHOCUThCS pearenramu, JIx;
Quizzg — KUIBKICTH TEIUIOTH, MIiABEACHOI B peakTop 330BHI (3a

enekrpoeneprii), JIx.

Burtpara reroru, JIx:

QBI/ITp = Qpear + QBTpaT + QBiﬂB’

e Qpear — KUIBKICTD TEIUIOTH, LII0 BUHOCUTHCS 3 MPOyKTaMH peakuii, JIx;

(6.1)

PaxyHOK

(6.2)

Qsrpar — BTPaTH TEIUIOTH B HABKOJIMIIHE cepenoBule (5 % npuxoay TemioTH), JIx;

Qsixs — KUIBKICTB BiABeIeHOT TEIIOTH, JIK.

KinpkicTh TETI0OTH JIJ11 KOKHOTO peareHty, J[x:

Qpear = G'Cp'ti

ne G — KUIBKICTh PEYOBHUHH, MOJIb;
C, — cepenHs TEIUIOEMHICTH peuoBuHH, JIx/(Monb-K);
t — remnepatypa, K.

CepeniHi TEIUNIOEMHOCTI KOMIIOHEHTIB HaBEICHO B TabmuIIi 6.3.

(6.3)



148

Tabnuys 6.3

CepeaHi TEIVI0EMHOCTI KOMIIOHEHTIB

CepeaHsi TEIJIOEMHICTD CepeaHsi TEIUIOEMHICTH
Cnoayka Cnoayka
Cp, dx/(moan-K) Cp, Ax/(moab-K)
TiO, 54,43 Sm,03 103,15
H20 (mapa) 35,93 NO> 43,94
H20 75,35 (0)) 29,378

TenaoeMHICTh I1HIIHMX KOMIIOHEHTIB PO3paxoByBaJIM 3a 3HAYCHHAMH ATOMHHX

TEIIOEMHOCTEHN 3FiJIHO ImpaBuIly a)II/ITI/IBHOCTi:

e N — D0JI eIeMEHTY B JIaHIN CIIOMYIIi;

C, = X nC,’,

(6.4)

C,’ — aTOMHa TEIUIOEMHICTb JJaHOTO eneMeHTy, JIx/(Moinb-K).

OT)KG, TEIUIOEMHOCTI 1HIITUX KOMIIOHEHTIB CTAHOBJIATE:

Cp(C12Hog0,Ti) = 128,52 + 28 14,42 + 4+ 14,69 + 1 25,06 =

= 589,72 JIx/(monb-K);

Cp(C3Hg0) = 38,52 + 8- 14,42 + 1+ 14,69 = 155,58 Jlc/(Mois-K);

Cp(SM(NO3)3) = 129,54 + 3+ (114,56 + 3 - 14,69) = 205,43 Jx/(moms-K);

C,(Sm(NO3)3 - 6H,0) = C,(Sm(NO3)3) + 6C,(H,0) = 205,43 + 675,35 =
= 657,53 JIx/(monb-K).
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TertoT KOMIIOHEHTIB:

m(C12Hyg0,Ti)
M(C12H350,Ti)

3735,25

Q(C12H2804Ti) =

1073 = 2311,36 x/Ix;

+ Cp(C12Hpg0,Ti) " T = . 589,72 - 298 -

m(H,0)
M(H,0)

= 7,9 k/lx;

,28
+75,35-298-1073 =

Q(HZO) = 18

m(Sm(NO3); - 6H,0)

QSmNO3)3 - 6120) = 4rre N0, - 6H,0)

26 06

= - 657,53 -298 - 1073 = 11,5 kJx.

3 ypaxyBaHHAM ToTy>kHOCTI Ttedi 1100 BT B mporieci cMHTE3y Ta TPUBAJIOCTI CUHTE3Y

24 ToAVHY, TEIUIOTA MABEACHHS CTAHOBUTD.

Qrigs = Qpesi = P*7=1100-24-60-60- 1073 = 95040 xJIx;

Ql‘[pI/IX = Q(C12H2804Ti) + Q(H20)+Q(Sm(N03)3 ' 6H20) + Ql‘[iﬂB = 2311,36 +
+7,9+ 11,5 + 95040 = 97935,79 x/Ix;

m(Tio,)
M(TiO0,)

m(Sm,03)

Q(Ti0; — Sm,03) = Q(Ti0;) + Q(Sm,03)=——% M(Sm;05)

- Cp(Ti0y) - T +

- Cp(Smy05) T = (ﬂ 54,44 - 383 +— 103,15 - 383) - 1073 = 259,15 kJIx;

m(C3Hs0) C,(C.Hg0) T—3061’86 155,58 -383 - 1073 =
M(C3HgO) P 7378 B ’ B

C3Hg0) =
Q(CsH50) =
= 3040,87 x/lx;
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0(NO,) =% Cp(NO,) - T = 2243943831073 = 2,96l
0(0,) = ’;Egzi Cp(0;) T =22-29,38 383 - 1073 = 049w/l
Q(HyOnapa) = m(H2Onapa) (HyOnapa) " T = &3,

2%mnapa M(HZOHapa) p 2%mapa 18
= 4,84 x]Ix;

Qurpar = 0,05 * Qupux = 0,05 - 97935,79 = 4896,79 w]Iix;

Quurp = Q(Ti0; — Sm,03) + Q(C3Hg0) + Q(NO,) + Q(03) + Q(Hy0papa) +
+Qurpar = 259,15 + 3040,87 4 2,96 + 0,49 + 4,84 + 4896,79 = 8205,1 kJIx;

KinpkicTh TEMI0TH, SKYy HEOOXITHO BiIBECTHU:
Qsigs = Qnpux — Cpurp = 97935,79 — 8205,1 = 89730,69 xJIx.

Pe3ynbpTaTl po3paxyHkiB 3BeJIeHO B TaOuIll 6.4,
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Tabnuys 6.4
Po3paxyHok TemjioBoro 6anancy cunresy 1102
[Tpuxin Butpara
KoMnoneHnt kJIx % KommoneHT kJIx %
C12H2804Ti 2311,36 2,36 | TiO2-Smy0O3 B T.u. | 259,15 0,26
TiO, 258,02 0,26
Sm;03 1,14 0,001
H.O 572,93 0,59 | C3H/OH 3040,87 3,10
SM(NO3)3x6H,0 B T.u. 11,5 0,011 | NO; 2,96 0,003
SM(NO3); 3,59 0,003
H.O 7,90 0,008
Quixe 95040 97,04 | Oy 0,49 0,0005
H20uapa 4,84 0,005
Qsrpar 4896,79 5
Qi 89730,69 | 91,62
Bceboro 97935,79 | 100,00 | Besoro 97935,79 | 100,00

BucHoBku 10 po3ainy 6

3arpoItoHOBaHO TPUHITUIIOBY CXEMY MPOIECY OJepKaHHS HaHOKOMIO3HTIB T10;-
Sm,0O3 rimporepmManibHUM MeTOAOM cuHTEe3y. OpepkaHi AaHl CBiIYaTh MPO MPOCTOTY
MIPUHITAIIOBOT CXeMH Ta 1i peari3aii.

Po3paxoBaHo wmaTepiaibHMIA Ta EHEPreTHMYHUN OallaHCH TIPOLEeCY OJep KaHHS
HaHOKOMIIO3UTIB  T102-Smy03 rigporepmanbHuM  MetogoM. Ha cumHTe3 1 KT
(orokaTanizaropy Heobxiguo: 3,7 kr turany (IV) izomponokcuxy, 0,46 am® Boam Ta
0,026 kr camapito (III) miTpaty rekcarimpaty, a Takox 95 tuc x/[x eneprii. Haitbinbma
yactka eHeprii (97 %) BuUTpayaeTbCcsi HA MPOBEJACHHS TIIPOTEPMAIBHOTO CHUHTE3Y B

pPEaKTOp1 BUCOKOTO THUCKY.
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BUCHOBKH

1. Brnepuie cuHTE€30BaHO MOJM(PIKOBAHUI OKCHAAMHU PIIKICHO3EMEJIbHUX METaliB
(Sm3*, Er¥*, Pr3*, Nd®*) ta/a6o cranymy (IV) oxcunom tutany (1V) okcupa Ta mociigkeHo
BILTUB mapameTpiB (PH, Temneparypa, TUII pO3YMHHUKA, TUII IPEKYPCOPY) PI3SHUX METOIIB
cuHTe3y (30/1b-T€llb, TIAPOTEPMANIbHUM, KOMOIHOBAHUM 30JIb-T€b-T1IPOTEPMATIbHHUIMA,
COJIbBOTEPMANIbHUI) Ha (POTOKATATITUYHY aKTUBHICTh OJIEp>KaHUX MaTeplaiB.

2. JludpakitHuMu METOJJaMU aHalli3y BCTAHOBJICHO (ha30BHM CKJIAJ]] CHHTE30BaHUX
MarepiajiB, 10 Haliuye SK iHAMBILYJIbHI modiMopdHi Momudikanii tutany (IV) okcumy
(anara3z), Tak 1 ix cymimi (aHaTa3-pyTwi, aHara3-OpykirT). OnepikaHi KOMIIO3UTH €
HAaHOKPHUCTAIIYHUMU MarepialaMu 13 pO3MIpOM KpUCTAJiTIB B Jiana3oHi 2-27 HM.
MeTonamu eneKTpOHHOT CIIEKTPOCKOITii BCTAHOBJICHO, 1110 PO3Mip CHHTE30BaHUX YaCTHHOK
yuctoro 110, ta momosanoro TiO, KOJMBAETHCA B [iama3oHi Bil KiJIBKOX OIWHUIG 10
KUIBKOX COTE€Hb HAHOMETpIB. BH3Ha4ueHI METO0M HHU3BKOTEMIIEpATypHOIO ajcopOIii-
necopOI1ii a30Ty CTPYKTYpPHO-aacOpOIIiitHI XapaKTepUCTUKHU 3pa3KiB CBiIUaTh, 110 BOHU €
ME30IIOPHCTUMH aICOPOEHTAMH i3 IIIOIIEI0 NOBEPXHi B Mexkax 23-315 M2/r.

3. Ilo BigHOIIEHHIO 10 AaHTHUOIOTHKA HUMPOMIOKCAIIMHY HAWBUIIY AKTUBHICTH Yy
dboToKaTATITUUHIA Aerpajallii MOJTaHTa SK y IMTYYHOMY COHSYHOMY CBITJI, Tak 1 y
BUAMMOMY CBITJII IPOSIBUB CHHTE30BaHUU TiAPOTEPMAJIbHHM METOAOM 3pa3ok 110y,
nonoBanuii 1 mac.% camapito, sakuii 3a oaHy romauHy gocsr 100 %-Boro BumalieHHS
anTuOioTuka. HaliBuily axkTUBHICTH y MiHepamizamii HUIpo(pIOKCAIMHY TIPOSBUB
KoMepIiiinui 3pa3ok T102 P25, nonmoBanmii 1 mac.% camapiro, SAkui 3a 24 TOIUHUA JOCST
98 % winepamizarii momtoranta. OOuaBa 3pa3kyd MPOSBUIU BHINY €(PEKTUBHICTH 3a
komepmiiaui 3pazok EVONIK AEROXIDE TiO; P25.

4. Tlo BigHOIIGHHIO IO aHTHOIOTHMKA CyIh(aMEeTOKCa30Jy HAWBHUIIY aKTHUBHICTH y
doTokaTanmiTUYHIA JOerpanamii MONIOTaHTa y IITyYHOMY COHSYHOMY CBITJII TPOSIBUB
koMmepiiiinuii 3pazok EVONIK AEROXIDE TiO; P25, sikwuit 3a Tpu rogunu gocsr 100 %-
BOI'O BUJAJeHHs aHTHOl0THKA. HallBuIly akTUBHICTh Y MiHepami3aiii [unpopIoKCalnHy

TaKOX MPOSIBUB KOMEPIIIHUN 3pa3oK.
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5. Ilponyktu (oTokaTamiTHUHOI Aerpajaunli HUIpo(IoKCcaluHy 13 3aCTOCYBaHHAM
3paskiB  TiO,, nmomomanmx camapiro (III) okcumom, mHpoAEMOHCTPYBaIM BIACYTHICTBH
TOKCHMYHOCTI Imogo Oakrepiii E.coli wHa BigMiHy Big KOMEpILIHHOrO 3paska
EVONIK AEROXIDE TiO, P25, 3a yMOBM BHUKOPHUCTaHHS SIKOTO TOKCHYHICTh
PO3BHHYJIACh Yepe3 6 TOJUH MPoIlecy, Ta (POTONITUYHOTO MPOLECy, 3a IKOTO TOKCUYHICTh
30epiranach MocTiHo. Ile Ha0YHO TEeMOHCTpYE Te, 110 Julle (HOTOKATATITUUHUMN TIPOLIEC €
epeKTUBHUM B Tpolecax Jerpajaimii Ta MiHepaii3auii po3YMHY aHTUOIOTHKA.
dorokartanizatopu Ha ocHOBI TiO, mokazaiu 3HMKEHHS aHTUOAKTepiadbHOI aKTUBHOCTI
aHTHOI0THKA, IO € HEOOX1THOI YMOBOIO Y 3aCTOCYBaHHSIX JJISI TATOTOBKKA MUTHOI BOJIU Ta
OYHIIICHHS CTIYHHUX BOJI.

6. [IpoxykTu doToKaTamITUUHOI Ierpadalli cyiabhaMeTOKCa30ay 13 3aCTOCYBaHHSIM
3paskiB  TiO,, nmomomanmux camapito (III) okcumom, mMTPOAEMOHCTPYBAIM BIJACYTHICTD
TOKCHYHOCTI 1110710 Oaktepiii E. coli. 3Baxkaroun Ha Te, 1110 MOJICIBPHUN PO3YMH aHTHOI0THKA
Cyib(haMeToKca3ony TaKkoK HE MPOJAEMOHCTPYBaB TOKCHYHOCTI mogo Oakrtepii E. coli,
MOKHAa BBa)XKaTW, WIO JaHUM IITaM OakTepiii Mae pPO3BUHEHY PE3UCTEHTHICTHh [0
cyJib(hameTokcazouy.

7. Cepen ycix JOCIIKEHUX MaTepialliB, HAMOUIBII e(eKTUBHUMHU 1 yHIBEpCATbHUMHU
¢doToKaTamizaTopaMu € 3pa3Kd CHHTE30BAHOIO TiApoTepMaibHUM MeTomoMm TuTany (IV)
okcuay Ta komepuiinoro tutany (IV) okcuagy EVONIK AEROXIDE TiO; P25, nomoBawi
1 mac.% camapito, siki 31aTHI €EKTHUBHO JErpaayBaTH 1 MiHEpali3yBaTH aHTUOIOTHUKU
pi3HHUX KiaciB (IUIpodIoKcanyH 1 cyabhaMeToKca3ol) Mmia A€ MTYYHOTO COHSYHOTO
CBITJIA.

8. Jlns cuHTE30BaHOrO TiIpoTepMaIbHUM MeToAoM 3pa3ka Tutany (IV) okcunuy,
nomoBanoro 1 mac.% camapito, po3poOJICHO TPOCTy B peaizallii MPUIUIIOBY CXEMY
onepkaHHs. Po3paxoBaHo MaTepiaibHUIA Ta €HEPreTUYHMUN OajaHCH Ta TIOKa3aHo, IO Ha
cuHTe3 1 Kr HaHOKOMITO3UTHOTO (oTokaTamizaropy T102-Smy03 HEOOXiAHO BUTPATUTH
3,7 xr turany (IV) isomponokcuny, 0,46 mm® Bomu ta 0,026 kr camapiro (III) miTpary

rekcariipaty, a Takox 95 tuc kJlx eHeprii.
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anpextop [lamenko T.HO, 3asimysau naGoparopii Menbuuuyk O.B. sin TOB «®DJIIOI] MEHEJDKMEHT
CICTEMC», cknanu ueit akt npo Te, 1o 6y110 nposesieHo BUIpoSyBatHs HAHOKOMIO3HTHOTO (hoToKaTasizaTopy
mapin Ti0,-SmyOs na peanbrimnx sonax dapmaucsTnunoro supodunursa TOB «YMEJIO T'PYIIy. Pesyisrarth
BUNpoOyBaHb HABEACHO Y TabJHLL.

Tabaunus — Pesvisratu unpodysanb Ti0:-SmyOs

[onoranr | Tlokasuuk /10 IlokasHuk Hopmarue
OYHLICHHS nicis «lIpaBuna npuiiManns cTiunux Bojg aboHEeHTIB
| OUMILEHHS y cuTemy KaHastizauii micra Kuesay
. I (posnopspkenns 1879 in 20.12.2021 p.
Antubiotuk | 4.6 mr/nm’ 0,01 mr/am’ -
udnpodiokcaumn | R S
XCK | 506 112 [ 500

Pesyapratn BunpoGyesanns Hanokommnosuthoro (orokaranizatropy mapku TiO>-Sm>Os ceiauars npo
BUCOKY aKTHBHICTh 10 aHTHOIOTHKY Ta ¢ e(eKTHBHUM JUIS 3HELIKO/UKCHHSA OUYMILEHHS CTIYHMX BOJ
(hapmaneBTHIHIX BUPOOHMIITB 3 METOIO IX CKM/LY Y KaHasiizallito.

Buchook:  BBakatH, 10 pocnianuii  HasokomnosurHoro dorokaranizaropy  mapku  TiOx-SmaOs
NPOTECTOBAHO HA PeAIbHUX CTIUHMX BOJAX (hapMalleBTHUHOrO BUPOOHHIITBA Ta MOKE OYTH PEKOMEH/IOBAHO /1A
PO3LIMPEHOrO BIPOBA/PKEHHS 1S (POTOKATAIITHYHOTO OYHMILEHHS Bi/l AHTHOIOTHKIB.

Bin KII im. Irops Cikopebkoro Bix TOB«®DITIOT MEHEJIKMEHT CICTEMC »
-

o
T.A. Jlonuosa) ﬂﬂ)(Menwmyk 0.B.)
J
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TosapucTso 3 o6mexenolo sianosizaasuicrio « KO MEHEJUKMEHT CICTEMC»
04070, m. Kuis, Bya. Bopuuis Tik, 6ya. 35, jitepa A
Koa €/IPTIOY 41738211

MU, 110 HUKYE MiANHCATHCH, 3aBiyBay Kadepu TeXHOJIOr i HEOPraHiyHUX PECOBHH, BOJOOUMIICHHA
Ta 3aranpHoi XiMignoi texuomorii (THP B ta 3XT) n.1.H., gouent Jlornosa T.A., actiipant kapeapu
THP B ta 3XT Kyryzosa A.C.. crapumii Buxinazay kadeapu. k.1.4. Kpumens I'.B. Bin HarionanbHoro
Texuiunoro yuisepeutery Ykpainn «Kuiscbkoro nonirexuignoro incruryry imeni Irops Cikopebkoro»
(KII1 im. Irops Cikopebkoro) ta smpektop Iarmenko T.1O, 3asisysau nabopatopii MenbHHUYK O.B. Bint
TOB «®JIIOIJT MEHEJUKMEHT CICTEMC», cknama ueit akt mpo Te, mo 0y10 MPOBEACHO
BHIIPOOYBaHHs (OTOKATATITHYHOIO MaTepialy Ha OCHOBI TuTany (IV) OKCuy Mapku TiO2(11)SnO2 Ha
peanbhux Bojax dapmauesrnunoro supobuuiTea TOB «YMEIO ['PVII». Pesynprari BunpoOyBaHb
HaBe/IeHO Y TabIHLLL.

Tabauus — Pesynvratu unpodysanb TiO(I1)SnO:

[MomoTant \ [Tokasnuk 10 Iloxaznuk Hopmatue
| O4MILEHHS micst «ITpaBuia npuiMaHHs CTIYHUX BOJL aDOHEHTIB
; OUMIIEHHS v cuteMy kanasizauii micta Kuesa»
‘ (posnopsikenns 1879 sin 20.12.2021 p.
AnTnbioTHK ‘ 11 mr/am? 0,06 mr/am’ -
 bicenron | 7 - ) |
XCK___| 877 347 500

SIK BMJIHO 3 PE3yibTaTiB, 1O NpejcTaBieHi y Tabimii, BUIpoOyBaHHs GoToKaTATITHYHOTO Marepiaty
na ocuosi Ttutany (IV) okcwuy wmapku TiOo(IDSnO2 mnposiBisie  JI0CTAaTHIO eeKTHBHICTL JU1d
IHELIKO/UKEHHS. OUMINCHHS CTIYHMX BOJ (DapMaleBTUYHHX BHPOOHMITB 3 METOK IX CKHIY Y
KaHaizaiiio.

BHCHOROK: BBAXATH, 110 JAOCTIAHMHA (oToKaTatiTHuHOro Matepiany Ha ochosi Turaty (IV) okcuay
mapku TiO>(I1)SnO» npoTecToBaHO HA peaibHUX CTIYHHUX BOJAX (dapMmaieBTHYHOrO BUPOOHHUIITBA Ta
MOKe GYTH PEKOMEHIOBAHO /LTS PO3IIMPEHOT0 BIPOBADKEHHS JUIA (POTOKATAITHIHOTO OUHIICHHS BiJL

aHTUOIOTUKIB.

EHT CICTEMC»
(Menbhuuyk O.B.)

Iropst CikopebKOro Bia TOB«®JIIOIJ{ ME
ﬂ(T./‘\. Jlonuoga)
(A.C. Kyry3oBa)

/&Q_(F.B. Kpumein)
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