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Report

The goal of the program is the development of scientific and technological
fundamentals for the creation of epoxy nanocomposites with improved
physicochemical (heat resistance, thermal stability, reduced combustibility) and
mechanical properties. The polymer matrix used is epoxy resin ED-20,
plasticized with tris(2-chloroethyl)phosphate/tris(2-chloropropyl)phosphate,
containing flame retardants (phosphorus, chlorine).

Main tasks:

Functionalization of nanofillers (aluminum nitride, tungsten disulfide,
nanodiamonds) with glycine to improve distribution in the matrix and increase
specific surface area.

Optimization of the nanofiller content (0.01-0.5%) to achieve maximum
strengthening effect.

Study of the processes of structure formation, mechanisms of interaction
between matrix components and fillers, and enhancement of interphase
bonding.

Investigation of the mechanical (tensile strength, bending, compression) and
thermal properties of the composites.

Expected results:

Development of a new class of nanocomposites with improved characteristics
(mechanical, flame retardant, thermal).

Creation of functionalization methods and prediction of nanocomposite
characteristics.

Reduction of polymer filler content while maintaining operational properties.
Ensuring industrial applicability of the composites in energy, shipbuilding,
construction, and aviation.

Purpose

Project Goal: Development of scientific and technological fundamentals for the
modification of epoxy nanocomposites with improved physicochemical (heat
resistance, thermal stability, and reduced combustibility) and mechanical
properties.

Expected results

The program will thoroughly investigate issues related to the impact of
nanomodifiers on the processes of structure formation, the structure, and
operational characteristics of polymer composites, as well as the mechanisms for
improving the properties of composite materials.

A significant increase in the strength of epoxy resin-based composite materials
will be achieved through the introduction of small additions (from 0.01% to
0.5%) of nandfillers in combination with chemical modification.

The mechanisms of bond formation (chemical and/or physical) between the
polymer matrix and the fillers (aluminum nitride, tungsten disulfide,
nanodiamonds) will be studied, and the presence of chemical interactions
between the functional groups of glycine, epoxy oligomer, and nanofillers will
be established.

The effectiveness of functionalizing nanodisperse fillers will be demonstrated,
ensuring the reduction of their aggregation, polydispersity, and uniform
distribution in the polymer matrix, as well as an increase in specific surface area.
This, along with the involvement of amino groups of glycine in the structure
formation during the curing process of the epoxy oligomer, will lead to a
significant improvement in the physicochemical and mechanical properties of
epoxXy composites.

The influence of the type of additive and the percentage ratio of reinforcing
additives on the tensile strength, bending, compression, Young's modulus,
thermal conductivity, and heat and thermal resistance of the composites will be
investigated.

The effect of nanofillers on the processes of structure formation and the structure
of epoxy composites will be established, allowing for targeted regulation of the
duration of gel formation and curing processes.

As part of this program, new polymer composite materials with improved
properties (physicochemical and mechanical) will be developed using




functionalized (with glycine) nanomaterials (aluminum nitride, tungsten
disulfide, nanodiamonds) as reinforcing materials, with epoxy resin ED-20,
plasticized with tris(2-chloroethyl)phosphate/tris(2-chloropropyl)phosphate,
used as the polymer matrix.

The conducted research will expand the understanding of the structure and
properties of nanomaterials, as well as the mechanisms of their
functionalization.
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