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Report Epoxy resins and composite materials based on them are experiencing a 

period of intensive development. A wide range of applications is 

determined by the excellent adhesion of cured epoxy resins to metals, 

fillers, glass, construction and other materials in combination with a high 

level of physical, mechanical and electrical properties, as well as 

anticorrosive properties, water and chemical resistance. The successful 

combination of these properties has determined the active development of 

the production and consumption of epoxy resin at the present time. 

One of the advantages of epoxy resins is the wide possibility of their 

modification due to the presence of reactive hydroxyl and epoxy groups. 

Physico-chemical methods of modifying the structure of epoxy composites 

by regulating their composition (the introduction of fillers, plasticizers, 

surfactants and other modifiers) improve the performance characteristics of 

epoxy polymers and composites, resulting in materials with the desired set 

of properties and making them the most promising among other types of 

similar materials. Due to the unique combination of such operational 

properties as excellent dielectric properties, increased mechanical strength, 

water resistance, high resistance to aggressive media, low shrinkage during 

crosslinking, good adhesion to various materials, composites based on 

epoxy resins are significantly superior to traditional compositions 

containing mineral binders, as well as materials based on other synthetic 

resins (polyester, furan, carbamide, etc.). 

Research is being actively carried out on the development of new epoxy 

composite materials by modifying the polymer matrix with various mineral 

fillers. 

The possibility of obtaining composites with specified qualities by 

controlling the nanostructural characteristics of polymer compositions 

when introducing nanofillers with certain properties into the epoxy matrix 

opens up new prospects for expanding the range of polymer materials 

produced for various functional purposes. 

The availability, low cost and simplicity of obtaining nanodisperse fillers 

in the form of metal particles and their oxides make them promising for 

creating materials with improved thermal characteristics. The introduction 

of such fillers into the epoxy oligomer improves its physico-chemical and 

mechanical properties (thermal expansion, thermal conductivity, 

shrinkage, heat resistance, etc.), which allows them to be used as modifiers 

that impart specific properties to polymer composite materials [18], which 

are preserved even during operation in fairly harsh conditions. 

However, it is difficult to achieve a uniform distribution of nanoscale fillers 

in the epoxy matrix, due to the formation of a cross-border layer on the 

interfacial surface. This circumstance is the main barrier to a significant 

improvement in the properties of polymer nanocomposite materials. The 

organization of effective dispersion of the nanofill in the polymer matrix 

will ensure the transition of a significant proportion of the polymer binder 



into the cross-border layer, even with small concentrations of fillers - less 

than 1%. 

Considering this factor, a large number of studies are aimed at developing 

effective methods for dispersing nanofillers that provide improved 

interaction of nanoscale particles with the polymer matrix, which 

contributes to the uniform distribution of nanoparticles and eliminates their 

aggregation [19-21]. 

In addition, the subject of research is the peculiarities of modifying 

nanofillers by various methods, as well as the dependence of the structure 

and properties of nanocomposites on the methods of surface treatment of 

nanoparticles. At the same time, a limited number of works have been 

devoted to the comprehensive study of the physicochemical bases of 

modification that ensure the efficient processing of epoxy-based 

nanocomposites - most of the research is focused on certain matrices or 

fillers of a certain type. 

The scientific literature mainly considers approaches to the production of 

epoxy nanocomposite materials based on typical processing technologies, 

consisting in the introduction into the composition and mixing of finished 

components in a melt or in a polymer solution, such as rolling, extrusion, 

various processes of homogenization of the nanofill in a polymer solution. 

The number of works devoted to the creation of polymer composites based 

on processes based on the synthesis of nanoscale particles directly in the 

structure of the polymer binder, or on the synthesis of polymers on 

nanofillers with the formation of cross-border layers oriented at the 

nanoscale, is significantly less. A small number of works in which 

nanopolymer composites are produced using approaches common in 

nanotechnology are associated with the complex morphology of the 

polymer macromolecule and the specifics of their interaction with 

nanoparticles, which complicates the organization of many processes. 

The introduction of various nanofillers into the polymer matrix (metal 

oxides, nanoclays, carbon nanotubes, graphene, etc.) leads to an 

improvement in the properties of composite materials, in particular, their 

physico-chemical and mechanical characteristics. This effect can be 

explained by the fact that nanoparticles have an extremely large surface 

area compared to microparticles, which means that a large interfacial 

surface area is formed between the particles and the polymer matrix. 

 

Despite extensive research on the influence of various nanosystems on the 

properties of composite materials, the issues concerning the impact of 

nanomodifiers on the processes of structure formation, structure and 

performance characteristics of polymer composites are still not fully 

understood, there remains a need to study the mechanism of improving the 

characteristics of composite materials. A detailed study of these issues is 

one of the areas of research within the framework of this program. 

The authors of this program propose the introduction of small additives 

(from 0.01% to 0.5%) of nanofillers in combination with chemical 

modification, which should provide a significant increase in the strength of 

composite materials based on epoxy resin. 

The results on hardening of epoxy composites obtained by the authors of 

the program earlier can serve as a solid basis for carrying out work on the 

program and obtaining positive results, since they exceed the data known 

from the literature. 



Within the framework of this program, new composite materials with 

improved properties (physico-chemical and mechanical) will be developed. 

ED-20 epoxy resin will be used as a polymer matrix, and functionalized 

(aminoacetic acid) nanomaterials (aluminum nitride, tungsten disulfide and 

nanodiamonds) will be used for its reinforcement. It is planned to plasticize 

the epoxy resin with trichloroethyl phosphate / trichloropropyl phosphate 

containing gorenje inhibitors gorenje (phosphorus and chlorine), which 

have the ability to structure the epoxy polymer at elevated temperatures, 

increasing the yield of carbonized structures, which are a physical barrier 

to the diffusion of oxidizer and combustible gases into the combustion 

zone. The chlorine formed during gorenje, diluting combustible gases, will 

prevent their maximum concentration from reaching, and increased coke 

formation will prevent environmental pollution, preventing chlorine from 

being released into the atmosphere. Such transformations in the condensed 

and gas phases will increase the fire safety of the resulting composites. 

Thus, as a result of the implementation of the program, deep fundamental 

knowledge will be accumulated in the field of the influence of nature, 

morphology and application of the particle surface by nanofillers, as well 

as methods of physical modification that provide more effective interaction 

at the polymer matrix/nanofiller interface on the structure, physicochemical 

and mechanical properties of epoxy composites. The analysis and use of 

the experimental data obtained will allow achieving the maximum effect 

from the introduction of the studied fillers, which will contribute to the 

development of scientific foundations for the production of polymer 

composite materials with high physicochemical, mechanical properties and 

reduced flammability. This program corresponds to the strategically 

important objectives of the State Program for the Development of 

Education and Science of the Republic of Kazakhstan for 2020-2025. 

The program also plans to reduce the degree of polymer filling, while 

preserving the technological and operational characteristics of 

nanocomposites. 

Goal Development of scientific and technological bases for modification of 

epoxy nanocomposites with improved physicochemical (heat resistance, 

heat resistance and reduced flammability) and mechanical properties. 

Expected results The effectiveness of the functionalization of nanodisperse fillers will be 

shown, which ensures a decrease in their aggregation, polydispersity and 

uniformity of their distribution in the polymer matrix, as well as an increase 

in the specific surface area, which simultaneously with the participation of 

amino groups of aminoacetic acid in the formation of the structure during 

the curing of the epoxy oligomer will provide a significant increase in the 

physical and mechanical properties of epoxy composites. 

The influence of the type of additive and the percentage of reinforcing 

additives on the strength of composites for rupture, bending, compression 

and Young's modules, thermal conductivity, heat and heat resistance will 

be investigated. 

The program also plans to study the mechanisms of formation of bonds 

between the polymer matrix and fillers, to establish the presence of 

chemical interaction between the functional groups of aminoacetic acid, 

epoxy oligomer and nanofillers. 

The conducted research will expand the understanding of the structure and 

properties of nanomaterials, as well as the mechanisms of their 

functionalization. 



The influence of nanofillers on the processes of structure formation and the 

structure of epoxy composites will be established, which will allow to 

regulate the duration of gelation and curing processes in a targeted manner 
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