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SUMMARY

Myronyuk O.V.SCIENTIFIC BASES OF CREATION OF SURFACES WITH
SUSTAINABLE SUPERHYDROPHOBICITYT Qualifying scientific work on the

rights of manuscript.

Thesis for the degree of Doctor of Technical Sciences in specialty 05.17.
"Technology of refactory nommetallic materials"i National Technical University of
Ukraine "Igor Sikorsky Kyiv Polytechnic InstituteVinistry of Education and science of
Ukraine, Kyiv, 2024.

The dissertation is devoted to the development of scientific principles finmwigf
superhydrophobic surfaces with controlled structure and physicochemical properties
applying extractive texturing methods, including ablation of metal surfaces and th
oxides with a femtosecond laser to obtain miemed nanoscale textures andadditive
method for obtaining organmineral surfaces using particles of refractory nonmetallic

substances as textdi@ming fillers of polymer compositions.

The first section analyzes the main approaches to the creation of surfaces v
increased wr repellency, the formation of their structural features, and methods f
ensuring stability in service conditions. The theoretical approaches and progno:
models that establish the relationship between the structural features of such surface:
the values of equilibrium wetting angles are analyzed. It is shown that the creation
hierarchical twelevel micrenanoscale structures is the most effective in obtaining
surfaces with high water repellency. The existing methods of reducing the surfape ene
of textured surfaces of inorganic oxides, silicates, and metals by chemical modificati

with organic and organosilicon compounds are analyzed.

Chapter 2 substantiates the choice of research objects based on the theore
foundations of the stabilitgf the Cassie state depending on the geometric parameters
the structure, in particular, the hierarchical type obtained by additive and extract
methods. For the additive method, the criteria for the selection of components

organomineral compositese formulated, and for the extractive method of obtaining the
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texture, the parameters of the femtosecond laser operation for creating LIPSS struct
on metal surfaces and microstructures on inorganic surfaces are specified, and the |
effective textwes for the formation of wateepellent properties are determined.
Particular attention is paid to methods for estimating the surface energy and wetting
the studied surfaces. The classical methods of Zisman and Ma&amdt have been
developed to estinta the surface energy of textures and changes in the water repeller
of surfaces during accelerated aging under the influence of aggressive environme
factors: UV radiation, temperature fluctuations, dynamic impact of water, liquids wi

reduced surfaetension, etc.

The third chapter discusses the preparation and study of elements that form
surface topography by the additive method. To create the nanoscale textures, ¢
particles obtained by well reproducible and scalablegebbnd pyrogenic methods are
used. Themicro levelof the surface structure is formed by using dispersed fillers of thin
layer composites with different particle shapes: spherical, psaullo, fibrous, flake,
and twolevel. For each type of topography element, an appropriate modifier was selec
to reduce the surface energy. It has been shown that the control of the average size
distribution of silica particles obtained by the Stobergamlimethod can be achieved by
varying the Hansen solubility parameters of the synthesis medium through the use
paired solvents. The paper considers the use of a number of dispersed materials
varying shape and type of particle surface to form the nlrel texture of
organomineral coatings by the additive method, in particular: micronized calcite, perl

screenings, and valorized anthropogenic waste: red sludge and filter perlite.

The fourth section discusses the formation of the texture and -vepiient
properties of additive coatings based on the almertioned dispersed narendmicro
particlesand the polymer matrix that ensures their fixation on substrates. It has be
shown that the use of classical methods of applying orgamn@ral coatings by pouring,
pneumatic spraying, and squeegee can be used to obtairregkent surfaces capable
of forming the Cassie state. This is achieved by applying composites with argigaérc

content of texturdorming dispersed elements. The factors of formation of the critica
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concentration value are considered, including particle size, degree of polyn
crystallinity, and the presence of surface modification. It is shown that aticaddli
resource for increasing the watepellency is the simultaneous use of the miend
nanoscale texture organization. This effect can be realized both through the use
hydrophilic hierarchical structures and their creation from a set of nracdonanosized

hydrophobic particles.

Chapter 5 discusses the peculiarities of forming surface structures by the extrac
method, in particular, by ablation using a femtosecond laser on the surfaces of alumir
and steel. In contrast to the additive methaskr ablation allows the formation of ordered
oxide structures on the surface of metal substrates without the need for a polymer ma
It has been shown that this method allows obtaining both raci nanoscale textures,
which, after treatment withH,1H,2H,2HPerfluoroctyltriethoxysilane, are characterized
bywaterwet t i ng angles of up to 160A for n
It has been found that the chemical composition of the modifier plays a crucial role in
formation of thestability of the Cassie state. The use of silanes provides a threshold
maintaining stability at the level of 480 mJ/m, regardless of the characteristic size of
the structure. The transition to hydrocarbon modifiers reduces the stability, increas
these values to 565 mJ/m.

Chapter 6 presents the results of studies of the stability of the properties of wa
repellent coatings under the influence of aggressive environmental factors and formul:
criteria for obtaining stable superhydrophobidaces. A line of compositions of water
repellent coatings with hierarchical structures has been developed. The variants
effective watetrepellent structures are proposed, in which the nanoscale level
represented by hydrophobized $iCand the micrasale level is represented by
hydrophobized calcite with particles of 4.7 and 25 microns. The amount efoliimng
agent is balanced in the supercritical state. During the mechanical abrasion test, it
found that in the process of destruction, thegirethe value of the wetting angles at 145
155A, il .e., when the upper | ayers a-re

repellent properties. The resistance to mechanical abrasion of coatings based en m
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sized perlite screenings modified witblpmethylhydride sibxane was studied. It was

shown that superhydrophobic coatings are sensitive to prolonged exposure to water u
static conditions. In fact, in addition to the actual contact of liquid water with the textur
surface, it also includats interaction with water vapor, which condenses in the pores c
the surface, forcing the contact from the Cassie state to the Wenzel state, wt
significantly reduces the wetting angle. It is shown that the stability of the silicor
hydrophobic agent Yeers on the Si@surface is increased (more than 16 cycles without
loss of the initial level) compared to carboxylic chain polymers and stearic acid on t
surface of ground calcite. It is shown that the most vulnerable component of textul
waterrepellert coatings is the polymer matrix, and the most effective modifying ager
for reducing the surface energy of texture elements is organosilicon compounds v
increased UV resistance. It has been established that, compared to the static effe
water, itsdynamic movement is a significant destructive factor for both polymer filn
formers and textures. However, when microparticles are used to form the texture,
stability of the coatings is greatly increased and, at a certain ratio, the wetting anc
increase, which can be explained by the fragmentary removal of the outer hydrophiliz

layer and the opening of fresh inner layers.

Methods of obtaining surfaces with stable watgrellent properties by the
extractive method on aluminum and anodized aluminst@el, and by the additive
method for a wide range of substrates are proposed. A unified scheme for the produc
of superhydrophobic surfaces, including the use of modified industrial waste, has b
developed, which allows the formation of a developgdrophobic hierarchical texture
on the surface that remains stable under conditions of light and mechanical agi
Technological schemes for the preparation and application of ocrgamal
superhydrophobic thi#tayer coatings and the creation of watepellent LIPSS textures
on metal surfaces by laser ablation followed by hydrophobization with functional silan

have been developed.

The scientific provisions, prognostic models and experimental approach

formulated during the work are used as elements t he cour ses |
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nanocomposite technologybo, nSpeci al m
binders and composite material so, A Op e
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Keywords: nanoparticles, polymer matrix, nanocomposite, wetting, surfac

feature, segel synthesissurface modification, superhydrophobicity, materials.
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