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ABSTRACT

Danchenko Yuliya.Physical and chemical bases for the creation of
multifunctional composition epoxypolymeric building materials- Qualifying
scientific work on the rights of manuscripts.

The thesis submitted for a doctor of technical sciences degree in specialty
05.23.05«Building Materials and Products® Kharkiv National Universit of
Civil Engineeringand Architecture, Kharkiv, 2@1

The dissertation is devoted to the establishment of physiemical bases
for the creation omultifunctional compositiopoxy polymeric building materials
with special properties. It is shown that the expansion of functionality and the
creation of epoxy polymeric filled materials with a complex of necessary
technological and operational properties is carried out by réggland predicting

intermolecular and interphase interactions between components.
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The paper substantiates the relevance of the work, formulates the purpos
and objectives of the research, presents the scientific novelty and the practice
significance of tle results.

The analysis of scientific publications devoted to the study of the relevance
of research on the creation of new effective epoxy polymer composite materials fol
construction. The main methods of expanding the functionality of epoxy materials
arehighlighted. Established factors that influence the structuring and formation of
technological and operational properties of epoxy polymers in phybiemical
modification with dispersed inorganic fillers. It is established that the most
unexplored and nesystematized is the aelmhsic theory of physicochemical
intermolecular and interphase interactions, which makes it possible to create
effective multifunctional organmorganic epoxy polymeric building materials.

Information on materials and research hogls used. As materials selected
polymer composites based on epoxy oligomers, dispersed inorganic fillers and low
molecular weight additives (surfaeetive and silicone substances) of different
chemical nature. For solidification, amine hedges were ukedhis work a
complex method is used which includes theoretical and experimental physico
chemical methods of research. The methods used are conventionally divided int
three groups: methods of investigating disperse inorganic fillers; methods of
studyingthe processes of structuring and technolalgicoperties of compositions;
methods of studying the structure and properties of epoxy polymeric building
materials.

Theoretical and experimental estimation of chemical and mineral
composition, morphological, structuralrheological and physicohemical
properties of disperse inorganic fillers is carried out. All fillers are divided into
three groups: quartz, clay, oxide. The prospects for the use of fillers for epoxy
building polymer composite materials are lm#d. The quanturchemical
modeling was carried out and the models of Brgnsted anhydrous and hydrate
active centers were proposed ¢ tsurface of CaO, MgO, FeO, .8k, FeO;,

SiO,, TiO, oxides, taking into account the chemical nature and the crystallin
8



structure of akdry oxides, the aggregate state and the conditions for the flow of
surface equilibrium prasses. Calculated admhse (pk) and energ
equilibrium parameters in reactions of deprotonation of active centers. It was founc
that the imexes of acidity of pKa of all anhydrous centers have high vétaes

7.96 to 16.9, that is, they differ in weak basal, strongly basic or alkaline nature.
Accordingly, the value® f t he @G processes of dep
positive and var from 45.40 to 96.38 kJ / mol. The regularities of changes in the
acid-base and energy parameters of model surface active centers are determing
depending on the nature of the central element of the crystalline oxide lattice, the
number of OHgroups andite number of hydration (the number of adsorbed water
molecules). The identical character of the growth of acidity of surface active
centers of oxides of various chemical nature with the increase in the thickness o
both hydroxyl and hydration layers of tiseirface is revealed. The correlation
between chemical, mineral composition and surface-lzees@ characteristics was
established and a complex characterization of the surfacéasic properties of
disperse inorganic fillers was provided. Establishedretation relations
(correlation coefficient 0.6D.93) between experimental data and theoretical
modeling indices.

The regularities of the influence of the atidse properties of the surface of
disperse inorganic fillers on all stages of the formatiofillel epoxy polymeric
composite materials are established: at the stage of the structuring of the epox
resin in the viscouBquid state, at the stage of the chemical reaction of the-cross
link during the transition to the glatike state and at the aje of forming the
spatial orientation of the polymeric mesh in vitreous condition. It has been
established that at all stages, surface active centers of fillers take an active part |
the formation of the structure of the composite with the formation of
intermolecular and interphase interactions on the-laas® mechanism. It was
established that the use of disperse fillers containing hydroxyl groups (active
centers) on the surface with different acidity functions is a promising direction in

the developmanof new "green" technologies for the production of building
9



materials based on epckysed compositions. As a result of quanttimmical
modeling, it is shown that the influence of oxide fillers on the structure and spatial
conformation of the epoxgesingrid depends on the surface abiglse properties
and increases with an increase in the basicity (alkalinity) of oxides. With certain
alkaline properties of oxide, due to intermolecular interactions (formation of
hydrogen and doneacceptor bonds), the d@d conformation of the epoxsnesh
network substantially changes. It has been established that the thermal stability an
absorption capacity of filled composites in water and aqueous acid and alkaline
environments depend to a large extent on the chemnchimineral nature and the
acid-base properties of the filler surface. It has been found that in order to obtain
epoxy polymer composites with improved protective characteristics, it is advisable
to use oxide or clay fillers with a weakly basic surfacdals been found that in
order to obtain composites with improved operational properties, it is expedient to
use fillers with weakly acid or weakly basic surface function and high total
concentration of active centers.

The mathematical model of the changéghe compoants of free surface
energy (FSEof filled composites is proposed, depending on the-bagk nature
of the filler surface and the degree of filling. The model is based on the notion that
in the filled polymericcomposites the value of the E® partially determined by
processes on the phase separation surface and its components are also the resul
intermolecular adhesion interaction between the two phases, the binding and th
filler. Mathematical dependences are based on the theoriesequadions of
Fowkes Van Oss and &od, which represent the interconnections between the
surface energy and the energy characteristics of the two contacting phases. To ti
known equations for calculating the components ofRB&, two parameters are
addedvolume content and an indicator characterizing the generabasiel nature
of the fillers. According to the mathmatical model, components of FSEepoxy
polymer composites filled with oxide, clay and quartz fillers are calculated. An
automated measuringystem (AM3 was developed to determine the boundary

angle of wetting and to calculate the comgats of free surface energy (BS&
10



solid sufaces by the Van OssChaudhury- Good method (VOChG). With the
help of AMS the measured edges of the wettimgye measured and the vadud

the components of the F3trfaces of epoxy polymer composites, steel and glass
were calculated. The comparative characteristic with the data of other authors
testifies to the adequacy and reliability oé tresults obtaed using the AMSThe
confidence interval of the measured marginal cormeatsing with a probability of

0.95 does not exceed tBdeg. With the help of the AMS, the components of FSE
are measured epoxy polymer composites filled with oxide, clay andzdulars.

It is shown that the proposed mathematical model can be used to predict the natul
of thechange of the components of F8Epolymer composites during filling with
mineral fillers. The interconnection between surfaceperties (components of
FSE), operating characteristics (resistance to high temperatures and chemicall
aggressive environments) and the structure of filled epoxy polymer composites ant
the content and acidase properties of the surface of inorganic fillers is
established.

The chaacteristics of the created building composite materials (coating,
mastics, pouring products) on the basis of epoxy polymers with special properties
are given: fire protection, anticorrosive, vibration absorbing, bactericidal, low
temperature hardening, wh can be used for protection, repair and restoration of
concrete, brick, metal, wood building structures and elements. Developed material;
are distinguished by improved technological and operational properties with the
possibility of regulation. The teaical and technological documentation for the
preparation and use of building materials at Ukrainian enterprises has beer
developed. An improve@dComposite® software package is developed, which is a
data bank and allows you to select material with thegsarg set of properties for
operation under certain conditions. Ti@omposit® program is a convenient tool
for calculating technological (viscosity, curing speed, viability) and operational
(resistance to aggressive environments and elevated temperahgitgssion

strength, strength, erosion, etc.) characteristics, and allows you to obtain graphice

11



dependencies of changing properties from qualitative and quantitative compositior
of composites.

The regularities of heating sections of tio steel constructions with
fireproof epoxy material "ANTIFIRE" were established, which allowed to
determine the design data for thickness to provide the necessary class of fir
resistance of steel construction¥§he method of calculating the average
temperature in the cross section of a steel construction element in a fire with &
standard temperature regime using a mathematical model based on- a nor
stationary heat equation and a simplified mathematical modeirding to the
standards in force in Ukraine has been developed. On the basis of the receive
design thickness tables to provide the necessary fire resistance class elements
steel structures, recommendations for the design of fireproof coatings amgl facin
sheets fromMANTIFIREO have been developed.

Key words: epoxy oligomers, inorganic disperse fillers, surface active
centers, physicechemical interactions, acidase theory, free surface energy,

property regulation, composite materials for construction.
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