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The purpose of the dissertation is to develop a new highly efficient liquid
thermal insulation coating using finely dispersed mineral granular systems and to study
the physico-chemical, mechanical properties of the coatings obtained by conducting
climatic tests.

Research objectives:

- Obtaining a modified epoxy resin and determining its thermal conductivity
coefficient by determining the effective grade of the hardener in the production of
polymer liquid coatings;

- Determination of the color fastness of modified epoxy resin composites to the
effects of natural climatic factors in order to determine the optimal grade of binder for
obtaining a liquid coating;

- Determination of the optimal ratio of starting materials in the development of
new polymer liquid thermal insulation coatings based on a finely dispersed mineral
granular system — silica and binder — epoxy resin, as well as the study of the physico-
chemical, mechanical properties of the resulting liquid thermal insulation material;

- Study of durability and economic and technological efficiency of polymer
compositions based on silica and epoxy resin with thermal insulation properties.

Research methods

The main research and analysis methods used in the performance of the
dissertation work include:

- An inverted metallographic optical microscope OLYMUSGX-71 and particle
size analyzer ShimadzuSALD-3101 were used to evaluate the particle sizes of
dispersed silica powders, their shape, color, and the presence of macropores and cracks;

- The study of the structure and chemical characteristics was carried out on a
NICOLET 5700 FT-IR infrared Fourier spectrometer;

- A small-angle X-ray diffractometer "Hecus S3-MICRO X-Ray SAXS/SWAX
System" was used to determine and evaluate the structural characteristics of filler
powders;

- The viscosity of the obtained compositions was determined using a 4 mm
diameter viscometer of the VZ-4 type;

- An AGS-X series testing machine with TRAPEZIUM X software was used for
mechanical testing of polymer composites;

- Natural climatic tests were carried out using an automatic control station (ACS)
of the N. P. Ogarev Mordovian State University (Saransk);



- The analysis of changes in decorative characteristics was revealed using a
spectrophotometer SD—-6834 Spectro-guide spliere gloss;

- The thermal properties of the coatings were investigated by thermogravimetric
analysis on the device «Mettler Toledo TGA/SDTA 851»;

- Adhesive strength is carried out by the PSO MG4 adhesion meter;

- An electronic thermal conductivity meter ITS-1 was used to determine the
thermal conductivity of materials;

- The gloss of the coatings was determined using a device for determining the
degree of photoelectric gloss of the novo-Gloss series..

The main provisions recommended for protection (proven scientific
hypotheses and other conclusions that are new knowledge):

1. 1. A technological method has been developed for the production of liquid
coatings with the addition of the hardener Etal-1440N to epoxy resins ED-20 and Etal-
247 modified with dibutyl phthalate, respectively, with an increase in tensile strength
of 48,91 and 43,92 MPa, with an increase in viability by 112, 128 minutes, viscosity
of 1,89 and 0,96 Pa:s.

2. Using ED-20 resin subjected to a natural climatic study of full color rendering
for 10 months, it demonstrated minimal changes of only 0,5-0,7% and showed stability
exceeding the indicators for 99 days, withstanding exposure to total solar radiation up
to 6225 MJ/m?, including 178 MJ/m? in the range A and 5300 MJ/m? in the B range,
which confirms its high color fastness.

3. The developed method, which includes the addition of 20% microsilica to
modified epoxy resin ED-20, demonstrates effectiveness in reducing the thermal
conductivity coefficient by 0,081-0,088 W/(m-K) in the formation of a liquid thermal
insulation coating.

4. The developed liquid thermal insulation coatings, when applied to metal,
concrete, wood, brick and plaster surfaces, have optimal porosity (3-3,5%), low vapor
permeability (0,001 mg/m-hour-Pa), high adhesive strength (1,3-2,2 MPa), low
coefficient of thermal conductivity (0,08-0,1 W/m-K) and the degree of gloss of the
coating in the range of 30-36.

Description of the main results of the study:

1. Etal-1440N was selected as a hardener added to epoxy resins ED-20 and Etal-
247 in the production of polymer liquid coatings. The viability of the formulations at
room temperature was 112 and 128 minutes, respectively, and the viscosity was 1,89
and 0,96, in addition, the tensile strength was 48,91 and 43,92 MPa. These results allow
the use of Etal-1440H as a hardener in the production of liquid coatings of polymer
composition.

2. With a natural climatic study of the complete color difference for 10 months,
the instability and duration of Etal-247 resin compared to ED — 20 resin was 76 days,
the total limit of solar radiation was 2100 MJ/m?, the value of ranges A and B showed
destruction after 76 MJ/m? and 1150 MJ/m?, respectively. For comparison, ED-20 resin
has undergone changes by only 0,5-0,7% over the entire exposure time and has stability
for 99 days more than Etal-247 resin, total solar radiation up to 6225 MJ/m?, in the



range A up to 178 MJ/m?, in the range B up to 5300 MJ/m2. The value was shown.
These results showed that when obtaining polymer liquid coatings, it is preferable to
use ED-20 resin as a binder.

3. The results of physico-chemical studies have shown that the optimal ratio of
microsilica and epoxy resin for the development of thermal insulation materials is
20:80%, respectively. In the IR spectra of epoxy—microsilica composites, the formation
of a new Si—O-C functional group was observed between the Si-OH microsilica
functional group and the oxirane group of the epoxy resin. It was found that TGA
thermograms of epoxy resin and epoxy-microsilica composite change the temperature
of thermal decomposition of the composite to higher values compared with a sample
of epoxy resin without microsilica. At a temperature of about 240 °C, a gradual decay
began due to the cleavage of the ester bond. These studies have proved that the resin
penetrates into the pores of silica microparticles, forming a mutual lattice that increases
thermal stability, that is, heat resistance.

4. The operational and effective properties of liquid thermal insulation coatings
when applied to metal, concrete, wooden, brick, plaster surfaces are determined —
porosity, vapor permeability, adhesive strength, thermal conductivity coefficient, gloss
values of the coating. The obtained values showed porosity — 3-3,5%, vapor
permeability — 0,001 mg/m-h-Pa, thermal conductivity coefficient — 0,08-0,1 W/m-K,
gloss level of coatings — 30-36, adhesive strength — 1,3-2,2 MPa. These values prove
that the liquid thermal insulation coating complies with regulatory documents. In
addition, the liquid thermal insulation coating showed a higher thermal conductivity of
0,123 W/(m-K) than the liquid coating without filler.

Substantiation of the novelty and importance of the results obtained

For the first time, a new liquid thermal insulation coating has been developed
using local raw materials of the Republic of Kazakhstan as a filler with a complex of
improved performance characteristics. For the first time, in the process of obtaining a
liquid thermal insulation coating, full-scale climatic studies are carried out, this is a
new direction for our country.

The proposed technology makes it possible for the first time to obtain liquid
thermal insulation coatings based on modified epoxy resin with a thermal conductivity
coefficient of 0,081-0,088 W/(m-K). This indicator is a popular task in the field of
housing and construction complex - saving fuel and energy resources. The maximum
performance characteristics of the created liquid thermal insulation coating have been
established when applied to various surfaces in accordance with the standards.

The dissertation work has a high scientific value, which is confirmed by the
author's scientific works and international reports containing published articles.

According to the results of the study, a protocol of experimental tests, an Act of
introduction into the educational process of LLP “International Educational
Corporation™ and an Act of introduction (use) into the production of LLP "All
Construction™ were drawn up.



Compliance with the directions of scientific development or government
programs

The topic of the dissertation corresponds to the scientific direction "Rational use
of natural resources, including water resources, geology, processing, new materials and
technologies, safe products and constructions”.

The dissertation work was carried out jointly with the University of Mordovia in
the research laboratory of Architecture and Construction of the non-profit joint stock
company KazNITU named after K. I. Satpayev within the framework of the program
"Grant financing of scientific and (or) scientific and technical projects for 2020-2022
with a duration of 27 months" AP08855714 within the framework of the program
"Liquid thermal insulation coatings based on fine mineral granular systems". In
addition, implementation continues within the framework of the target financing
program BR21882292 — "Integrated development of a sustainable construction
industry: innovative technologies, production optimization, efficient use of resources
and creation of a technology park" for 2023-2025, funded by the Ministry of Science
and Higher Education of the Republic of Kazakhstan.

The personal contribution of the author is to carry out experimental research
outlined in the dissertation work, including methods of experimental research,
conducting research, analyzing and formatting the results in the form of publications
and scientific reports.
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