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Pedepar:

1. ocnigpKkeHHs CIpSIMOBaHEe Ha CTBOPEHHS MACIITA00BAaHNX OPraHO-MiHepaibHUX IOBEPXOHb i3 KEPOBAHOIO
3MOYYBaHICTIO BOLOI0. PO3IJIAHYTO CUCTEMH, 110 MOENHYIOTh MiHEPaJIbHI HAIIOBHIOBAYi KOHTPOJILOBAHOI

Mopdosiorii, nosliMepHi 38’13yI04i Ta TOHKI OpraHiyHi mapy 3 TeKCTypOBaHUM iHTepdeiicom. BctaHoBIEHO

3aJIEXKHICTb MDK pO3MipoM, (POPMOIO Ta iepapXi€lo YaCTUHOK i BOJIOBiAIITOBXYBaJIbHUMH BJIACTUBOCTSIMU

[IOBEPXOHb, & TAKOX IXHBOIO CTIMKICTIO A0 YIbTPa(ioseTOBOrO BUIIPOMIHIOBAaHHS. Ba>KJIMBUM BHECKOM € BUPILIE€HHS

po6aeMy MacmTabyBaHHS CyNeprinpoPobHuX MoBepxoHb. OCKIJIbKY AOCTIIKyBaHi IOKPUTTS I'PYHTYIOTbCS Ha
IVICIIEPCHUX MiHepaJIbHMX YaCTUHKAX Y IOJIiMEpHIiN MaTpuLli, iX MOXKHA BUPOOJISITH Y BEJIMKUX MacliTabax i3
BHMKOPHCTaHHSIM iCHYIOUMX T€XHOJIOTiN. O6’€KTOM JOCIIiIKEHHS € TEKCTYPOBaHi OpraHO-MiHepaJbHi IOBEPXHI 3
PeryJibOBaHO 3MOYYBAHICTIO; IPEIMETOM — MeXaHi3Mu GopmyBaHHS rifpodobHocTi TekcTyp. Ha npukiaai

YepBOHOTO MIJIaMy [T0Ka3aHo, 1[0 BOJOBIIITOBXYBaJIbHI BJACTUBOCTI BU3HAYAIOTHCS (i) 3 aTHICTIO YaCTHHOK



(dopmyBaTH CTabibHY OBEPXHEBY TEKCTYPY, 110 3aJI€XKUTH BiJ] CHiBBiAHOIIEHHS HAlIOBHIOBAYa i IoJimepy, (ii)
iHepTHICTIO NOoBepxHi YacTUHOK Ta (iii) ixHiM po3mipom. Tepmoobpobka npu 950 °C y oegHaHHI 3
OpPraHOCUJIIKOHOBOIO MoAMQiKallielo 3HIKYE MOJISIPHICTh YACTUHOK, 3a0€3I1e4yl04M KOHTaKTHi KyTu 1o 143°.
IHTerpoBanuii rinpoTepManbHUN MiAXin 4O3BOJIUB CUHTE3yBaTH ZNO-4aCTUHKU 3i 3MiHHOIO MOP(QOJIOTi€lo.
Bapiooun Temeparypy, KaTauaizaTopy, KUCJIOTHICTb Ta moMimku (TiOo, SiOn), oTpuMaHo SIK IPOCTi IJIaCTUHYACTI, TaK
i cknapHi iepapxiuHi cTpyKTypu. lepapxiyni yactuHku ZnO, ocobauBo jsierosani TiOn, NifBUIIMAM KOHTAKTHI KyTH Ha
~20° (mo 154°), 3abe3neynBuIN CyNeprigpoPobHicTb. BOHM TaKoX pO3LMPIOIOTS Jianla30H KOHLeHTpauii (20-60
Mac.%) nis crabinpHoi rigpodobHocTi. PoTomoOMiHEeCIeHTHHI aHai3 Tokasas, mo komno3utu ZnO:TiOn (2:1) maioTh
($OoTOaKTUBHICTb Y 6,5 pa3a Bullly 3a HesieroBaHui ZnO. Taki yacTHHKYU POPMYIOTh [TIOKPUTTS 3i CTAOIIbHUMU KyTaMU
3MoOuyBaHHs >140° B mMpoKoMy Aiana3oHi HaBaHTaxeHH:. [Tokpurtd 3 TiOo ta SiOn 1eMOHCTPYIOTh BUCOKY Y-
CTiliKiCTb: 36€epiraroTh rinpodooHicTs micss 170 ron onpoMiHeHHs, IOBHA Tigpodinisalis HacTae JuLIe Nics
250-280 roa. Marepianu edexTuBHi A1 360py arMocdepHoi Bosoru. I['inpodo6Hi noBepxHi KOHAEHCYIOTb ~7 I'/XB
TyMaHy, Tofii sIK rizpodinbHi (HemoaudikoBaHi UM BignasnaeHHi) — 1o 8,5 r/XB, 110 CTAHOBUTH NpupicT Ha 30-45%.
HaykoBa HOBU3HA NOJISITA€ Y BIEpPIIE JOBEIEHIN MOXKJIMBOCTI BAKOPUCTAHHS YEPBOHOTO IIJIaMY SIK
(PYHKLiOHAJIBHOTO HAMTOBHIOBAYa IiCJIg MOTr0 IOBEPXHEBOI iHAKTUBALLii, 8 TAKOXX y BUSIBJIEHHI BUPIIaIbHOI PO
iepapxiuHoi mopdouiorii Ta XiMi4HOI iIHEPTHOCTI YaCTUHOK y HpopMyBaHHi rifpodobHOCTI. [JoCTiIKeHHS TaK0X
PO3BUBAE ySIBJIEHHS PO CUHTe3 ZnO, KOHTPoJIb MOpQoJiorii Ta BIMB sieryBaHHs TiOo/SiOn Ha 3MOYyBaHICTb i
(POTOAKTUBHICTD. [IpakTMUHE 3HAYEHHS NI0JISITA€ Y CTBOPEHHI HOBUX OPraHO-MiHEpaIbHUX IIOKPUTTIB 3
BOZOBITIITOBXyBaJIbHUMHU, YD-CTilikumMu i1 6araToyHKIiOHATBbHUMU BIACTUBOCTSIMU. Po3po6iieHi sierosasi
yactuHKY ZnO-TiOn/SiOn npupatHi A1 MaciiTaboBaHUX rifpodoOHUX [IOKPUTTIB, 360py BoJIOrH 3 aTMocdepu Ta

CI)OTOHKTI/IBHI/IX 3aCTOCYBaHb.

2. This study explores the feasibility of scalable organo-mineral surfaces with tunable water wettability. The
investigated systems combine mineral fillers of controlled morphology, polymer binders, and thin organic layers
forming textured interfaces. A relationship was established between particle size, shape, hierarchical organization,
and the resulting water-repellent properties, as well as the coatings’ durability under ultraviolet irradiation. A key
contribution is addressing the challenge of scaling superhydrophobic surfaces. Since the studied coatings rely on
dispersed mineral fillers embedded in polymer matrices, they are suitable for large-scale production using
conventional technologies. The research object is textured organo-mineral surfaces with adjustable water
repellency; the subject is the mechanisms of texture-induced hydrophobicity. Using dispersed particles,
exemplified by red mud, it was shown that water-repellent performance depends on (i) the ability of particles to
generate stable surface texture, controlled by filler-to-polymer ratio, (ii) particle surface inertness, and (iii) particle
size, with smaller dimensions enabling higher contact angles. Thermal treatment at 950 °C combined with
organosilicon modification reduced surface polarity, allowing red mud to act as an effective texture-forming filler.
Contact angles up to 143° were achieved. An integrated hydrothermal approach enabled the synthesis of ZnO-
based particles with tunable morphology. By varying synthesis temperature, catalyst, medium acidity, and dopants
(TiOg, SiOo), particles ranging from simple platelets to hierarchical architectures were obtained. Hierarchical ZnO
particles, especially TiOo-doped, enhanced water repellency by ~20°, enabling superhydrophobicity (contact angles
up to 154°). Furthermore, such particles broaden the concentration window for achieving stable hydrophobicity
(20-60 wt.%) compared with non-hierarchical analogues. Photoluminescence studies revealed that ZnO:TiOn
composites (2:1) exhibit photoactivity 6.5 times higher than undoped ZnO. These particles, with complex
micro/nanostructures, enabled coatings retaining water-repellent properties above 140° across a wide filler
loading range. Coatings doped with TiOo and SiOn also showed high UV resistance, maintaining hydrophobicity after
170 h of irradiation and full hydrophilization only after 250-280 h. The materials proved effective in atmospheric
water harvesting. Hydrophobic surfaces condensed ~7 g/min of fog water, while hydrophilic ones-via unmodified
or annealed particles-reached 8.5 g/min, representing a 30-45% increase. Scientific novelty lies in demonstrating
for the first time that red mud, after surface inactivation, serves as a functional filler for hydrophobic coatings, and
in revealing the critical role of particle hierarchy and chemical inertness in water repellency. Moreover, the study
advances understanding of ZnO particle synthesis, morphology control, and the effect of TiOn/SiOno doping on



wettability and photoactivity. Practical significance includes novel formulations of organo-mineral coatings with
stable water repellency, UV resistance, and multifunctionality. The developed doped ZnO-TiOn/SiOn particles are
suitable for scalable hydrophobic coatings, fog harvesting, and photoactive applications.

Jep>kaBHHHM peecTpauiiiHuii Homep [IiP:
IIpiopuTeTHHH HANIpSIM PO3BHTKY HayKH i TEXHIKHU: Hosi pevoByHY i MaTepianu

CrpareriyHuil NpiOPpUTETHUN HANIPSIM iIHHOBALiMHOI AisIJIBHOCTI: OCBOEHHS HOBMX TEXHOJIOTIH

BMPOOHHUILITBA MaTepiasliB, ix 0OpoO6JIeHHs i 3'eJHaHHS, CTBOPEHHS iHIYCTpii HAHOMAaTEPiasliB Ta HAHOTEXHOJIOTIN
ITizcyMKH ZOCIiI>KeHHS: HoBe BUpIlEHHS aKTyaJbHOTO HAYKOBOTO 3aBIAHHS
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