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ABSTRACT

Introduction. In our country, the use of composite materials for creating parts and structural components in the construction
industry is not as widespread as it could be. Composite materials are multilayer structures made of reinforcing fibers, impregnated
with a polymer binder, which is also an adhesive. The strength properties of layered structural materials are achieved through vari-
ous reinforcing fillers and adhesive binders. Both glass fibre and carbon fibre fabrics and fibers themselves are widely available as
layered materials. Various thermosetting resins (epoxy, phenolic, polyester, polyimide, polyamideimide, polyamide, etc.) are used
as binding components. Among them, epoxy resins with high strength, wettability and adhesion to various materials are widely
used. Layered composite materials (LCM) are used to make polymer reinforcement for reinforcing concrete structures, various pipes,
shell frames to strengthen existing metal and reinforced concrete structures, load-bearing elements in light-loaded structures of
bridges and crossings. However, at the same time they have a significant drawback - low interlayer strength (propensity to layering).
As a result, the connection between the layers is disrupted, which leads to a significant decrease in the rigidity and strength of the
structure. This phenomenon applies to all types of fabrics and fibers. Most often, defects in the form of layering are formed under
the influence of shock loads. To improve the performance characteristics of such materials, various fillers have now begun to be
used - powders (micro- and nano-sized) introduced into binder compositions. Main part. The analysis of the academic literature
has shown that it is possible to increase the interlayer strength in structural elements made of LCM through the use of nanofilled
binders and the introduction of nanoadditives into the interlayer space of layered materials. The article reviews the related inven-
tions in Russia, USA, etc., which can be applied in the construction industry using nanodispersed components. With the widespread
use of the presented materials (in bridges, pedestrian bridges and bridge decks, etc.), significant performance advantages can be
achieved compared to materials traditionally used in the construction industry. Methods and materials. By comparing the data
from the submitted patents for inventions, it was revealed that the introduction of from 2% to 5% of various nanocomponents to
form a nanocomposite material provides a new means of modifying the physical properties of polymer binders. Results. It was
revealed that the use of nanoparticles ensures the decrease in the fluidity of prepregs and the gelation time, and the increase in
residual compressive strength and specific fracture energy - indicators characterizing the crack resistance of composite materials.
As a result, fracture toughness, endurance and survivability increase. Conclusion. Increasing the reliability of composite materials
leads to longer service life of products and structural elements in the construction industry.
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INTRODUCTION

Currently, the world market is witnessing a significant
increase in the market volume of layered composite
materials not only in the aviation and space industries,
but also in the construction industry. The use of lay-
ered composite materials (LCM) in construction makes
it possible to reduce the weight of building structures,
increase resistance to adverse climatic factors, extend
the time between repairs with higher strength, which
provides significant advantages over materials tradition-
ally used in the construction industry. The main areas
of application of LCM are fiberglass pipes and other
products produced by the winding method and used
in heating networks, composite reinforcement and ele-
ments of bridge structures (pedestrian bridges, crossings,
overpasses, load-bearing elements and fencing elements,
decking), which are subject to high reliability require-
ments and durability [1]. It should be noted that the de-
velopment of the domestic LCM market for construction
purposes is significantly inferior to the global one. For
example, in North America and Europe, various bridge
structures using LCM elements have been built for more
than 15 years, and the volume of construction of such
bridges is increasing every year. The class of bridges is
also changing — from the first experimental pedestrian
bridges to road bridges up to 20 m long [2—4]. In for-
eign countries, the main areas of the LCM use in bridge
construction are composite reinforcement, bridge decks
and pedestrian bridges. Work is underway to develop
prefabricated bridges using load-bearing structural ele-
ments from LCM [5—6]. According to the author of the
work [3], in the construction industry the most promis-
ing areas for the widespread use of LCM are pedestrian
bridges and bridge decks.

It should be noted that our country is also witnessing
big interest in reducing the weight and size characteris-
tics of the structures of heavy mechanized bridges, tank
bridge laying vehicles, mechanized bridge complexes, and
pontoon parks through the use of multilayer composite
materials. Operating enterprises such as LLC Research
and Production Enterprise “Applied Advanced Tech-
nologies” (LLC RPE “ApATeC”), Ruskompozit Group
of Companies, “Opora” LLC have designed and built
more than 4 dozen bridge structures, which are success-
fully operated in a number of facilities in Moscow, Sochi
and other cities of the Russian Federation [7—8]. Un-
fortunately, there are not enough such enterprises in our
country, although there are prospects for the further use
of such materials in bridge structures. In Russia, national
standards have been developed regulating the use of com-
posites in load-bearing structures of pedestrian bridge
structures [9—12]. These standards and recommendations
allow the widespread use of modern composite materials
in various bridge structures.

It is known from [13—16] that it is possible to increase
the strength properties of composite materials in building
structures and their rigidity characteristics by introducing
nanodispersed components into their composition, which
will significantly improve the operational characteristics
of structures.

The analysis of the research literature has shown
that the interlayer strength in structural elements made
of composite materials is increased through the use of
nanofilled binders and through the introduction of nano-
additives into the interlayer space of layered materials.
An additive (nano particles with the diameters from 1 to
100 nm) is often introduced to improve one or more prop-
erties of the polymer binder. Polymer nanocomposite
binders are formed by mixing fillers, which are nano-sized
particles, and thermosetting or thermoplastic polymers.
The properties of polymer nanocomposite adhesives com-
pare favorably with the those of conventional binders.
When using such matrices, the operational characteristics
of LCM change: i.c. increased strength and rigidity, defor-
mation heat resistance, resistance to ultraviolet radiation,
barrier characteristics of membranes and coatings, as well
as thermal and electrical conductivity.

The purpose of this study is to review patents for in-
ventions on materials and promising technologies that
can improve the strength and performance character-
istics of LCM for building structures through the use of
nanoparticles.

MAIN PART
NANO-FILLED BINDERS
Prepreg and a product made from it [17]

The method for producing a nanomodified bind-
er is as follows: Fullerene C; (0.01 parts by weight),
carbon nanotubes NTA (0.1 parts by weight), fulleroid
multilayer nanomodifier NTC — Astralen (0.5 parts by
weight) and an amino derivative fullerene C (0.02 parts
by weight) is dispersed in an organic diluent and the
resulting suspension is subjected to ultrasonic treatment
(frequency — 35 kHz, time — 30 minutes). The result-
ing suspension of carbon nanoparticles is introduced
into 100 parts by weight. epoxyamine resin ECD (N,
N, N’, N’ — tetraglycidyldiamino-3,3’-dichlorodiphe-
nylmethane, and add 44 parts by weight of the harden-
er — 4,4’-diaminodiphenylsulfone, mix and thus obtain
a polymer binder. The introduction to the polymer bind-
ing of amine derivatives of fullerenes together with other
nanoparticles makes it possible to mobilize their poten-
tial for targeted interaction with modification objects —
the “dispersed phase-dispersion medium” boundary
in the supramolecular structure of the polymer matrix
and the “reinforcing fiber-polymer matrix” interface.
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It is these interphase boundaries that are responsible
for the mechanical properties of the polymers, polymer
composite materials and, accordingly, for the endurance
and survivability of products made from them.

The proposed technical solution provides a reduced
fluidity of prepregs by 10—40%, less gelation time by
5—10 times, an increased residual compressive strength by
10—15% and more specific fracture energy by 40—50% —
indicators characterizing the crack resistance of compos-
ite materials. As a result, their fracture toughness, endur-
ance and survivability increase. Increasing the reliability
of composite materials makes it possible to increase the
service life of products and structural elements.

Method for producing a nanomodified binder,
binder and prepreg based on it [18]

The nanomodified binder is prepared as follows.
A concentrate is prepared by dispersing nanomodifier
particles in a condensation resin with a viscosity of more
than 600 cP by ultrasonic exposure with a radiation power
of 1 to 5 kW and an amplitude of 20 to 80 um. Next, the
resulting concentrate is introduced into the binder based
on a condensation resin. To intensify the dispersion pro-
cess, ultrasonic action is used, which promotes the effec-
tive destruction of particle aggregates, however, stabiliza-
tion requires the presence of a resin that has functional
groups and a viscosity of more than 600 cP to prevent
subsequent aggregation. Adjusting the parameters of ultra-
sonic exposure, such as amplitude from 20 to 80 microns
and radiation power from 1 to 5 kW, allows you to select
optimal modes for each type of resin.

Nanoparticles of metals and alloys, their oxides, nano-
tubes and nanofibers of various structures can be used as
nanomodifiers. The best effect is achieved by using nickel,
copper, aluminum and nanotubes as nanomodifiers, but
this list of nanomodifiers is not exhaustive. Nanomodi-
fiers are catalysts for curing processes based on the func-
tional groups of both amine and anhydride curing resins,
as well as the formation of crosslinking in phenolic and
polyimide resins. Therefore, their introduction into the
polymer matrix leads to an increase in strength indicators
and contributes to a more complete curing process.

The invention makes it possible to obtain a binder with
good redispersibility and stability of nanoparticles during
storage. Prepregs based on a nanomodified binder have
an improved set of physical and mechanical properties by
15—30%, depending on the resin used.

Polymer nanocomposite and method for its
preparation [19]

The composite contains epoxy resin, hardener and
filler — glass spheres and nanomodifier. The nanomodifi-
er — aluminum oxide and zirconium oxide and/or yttrium

oxide, is prepared by performing sol-gel synthesis, which
is carried out by reverse coprecipitation of aluminum and
zirconium and/or yttrium hydroxides. The nanocompos-
ite is obtained by mixing epoxy resin and nanomodifier,
introducing a hardener and gradually introducing glass
spheres. The polymer composition includes epoxy resin,
hardener and filler, based on the weight of the resin, glass
spheres in an amount of 1—16.5 wt.% and 1—3 wt.% of
a nanomodifier, which is aluminum oxide and zirconium
oxide and/or yttrium oxide. To uniformly distribute the
nanomodifier in the volume of epoxy spheroplastics, dried
nanomodifier powder is introduced into the epoxy base
and mixed thoroughly. A hardener is added to the result-
ing system, mixed with the gradual introduction of pre-
dried glass spheres in air until a visually homogeneous
mass is formed. Further mixing is continued in a vacuum
mixer to remove air bubbles formed during the previous
stages of preparation.

Polymer composites obtained using this composition
have improved heat and chemical resistance, ignition
resistance, and combustion retardation.

Composite materials obtained with this binder can be
used, for example, in the construction of bridges, ships,
the manufacture of vehicle parts (for example, cars or
aircraft), in electronics, in the production of construction
and structural materials.

Nanomodified epoxy composite [20]

Nanomodified epoxy composite, including epoxy
resin, hardener, inorganic filler and nanoparticles of alu-
minum oxide, or zirconium oxide, and/or yttrium oxide
as a nanomodifier, where it contains quartz or silica fabric
of volumetric weave as a filler, and the nanomodifier is
made in the form of spheres obtained by evaporation-
condensation method, with the following ratio of compo-
nents, parts by weight: epoxy resin 100, hardener 10, filler
60—65, spherical nanoparticles AL,O,, or ZrO,, and/or
Y,0, 17-22.

To produce a nanomodified epoxy binder, epoxy resin
type KDA or KDA-2 is used as a base according to TU
2225-661-11131395-2005. A weighed amount of epoxy
resin is loaded into the mixer and mixed at a rotor speed of
750 rpm. Mixing is carried out until the resin temperature
reaches 35—40°C. Then aluminum oxide nanopowder in
an amount of 20 wt. is introduced into the mixer in small
portions of no more than 100 g/min. hours in relation
to the introduced amount of epoxy resin (100 parts by
weight). To produce the binder, nanopowders are used,
consisting of weakly aggregated spherical particles with an
average size of 30—50 nm. Such powders are obtained, for
example, by the method of electric explosion of a wire in a
mixture of argon and oxygen gases. Uniform mixing of the
mixture components at a mixer rotor speed of 750 rpm is
carried out for 1 hour. After mixing is completed, the re-
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sulting mixture is poured into a sealed container for ship-
ment to the consumer. Immediately before starting the
manufacture of the body parts, a hardener of the TEAT-1
type TU 6-09-11-2119-93 in an amount of 10 wt. parts
in relation to the weight of epoxy resin is mixed into the
binder., and then applied to the reinforcing filler.

The invention is intended to be used in mechanical en-
gineering, construction, aviation and space fields, since it
has the improved physical and mechanical characteristics
and higher erosion resistance.

Epoxy composition [21]

The epoxy composition contains an epoxyanhydride
mixture and aluminum oxide nanoparticles with sizes
of 5—20 nm in the following component ratio (wt.%):
epoxyanhydride mixture 70.0—99.5, aluminum oxide
nanoparticles 0.5—30.0. The composition is pre-treated
with ultrasound at a frequency of 22 kHz for the time that
ensures uniform distribution of nanoparticles throughout
the composition. The epoxyanhydride mixture contains
epoxy diane resin ED-20, anhydride hardener — iso-
methyltetrahydrophthalic anhydride (iso-MTHFA),
plasticizer EDOS, accelerator UP-606/2 at a ratio (parts
by weight) of 100:80:5:1.5, respectively. Aluminum oxide
nanoparticles have high surface energy, which leads to the
high degree of agglomeration. However, under certain
conditions ultrasonic treatment of an epoxyanhydride
mixture filled with aluminum oxide nanoparticles ensures
uniform distribution of particles throughout the composi-
tion. The distribution of aluminum oxide nanoparticles
in the polymer matrix is ensured using the I1L-10-0.1
ultrasonic generator with the frequency of 22 kHz and
the power of 1000 W. Aluminum oxide nanoparticles
have a specific set of acid-base properties (point of zero
charge, surface complexation constants (pKa), forming
the charge and potential of the surface), which determines
their physical and chemical activity and expands the scope
of application of the claimed composition.

The use of the invention claimed will improve the
quality of products due to improved tribological, me-
chanical properties and characteristics of the epoxy com-
position, which can be used in mechanical engineering
and construction.

The method for preparing a nanosuspension for the
production of a polymer nanocomposite [22]

The method involves preparing a nanosuspension by
introducing 0.5—10.2 wt. % carbon nanotubes (CNTs)
into a thermoset binder under ultrasonic (US) influence
with the intensity in the cavitation zone ranging from
15 to 25 kW/m?. Moreover, the dispersion of carbon
nanotubes in the binder is carried out with simultaneous
photographic recording of changes in the color intensity

of the nanosuspension. When the nanosuspension reaches
color intensity values corresponding to the values of the
normalized degree of dispersion in the range from 0.9
to 0.99, the ultrasonic treatment is stopped. It has been
found that the degree of dispersion of CNT nanoparticles
at a given concentration corresponds to the color intensity
of the nanosuspension, which changes as the dispersion
process is carried out under ultrasonic influence. The best
strength properties of the composite are obtained when
the particles are evenly distributed throughout the volume
of the binder. In this case, the color intensity of the nano-
suspension takes on the maximum steady-state value for
a specific ratio of CNTs and binder, and does not change
with the further exposure to ultrasound. As the particles
deagglomerate and are evenly distributed in the binder,
the color intensity of the nanosuspension changes from
a transparent state, through gradual turbidity until the
color intensity reaches a steady-state value. A steady-state
level of intensity is achieved at a certain treatment time,
beyond which either the remaining agglomerates are no
longer destroyed, or all CNT nanoparticles are distributed
evenly (there are no agglomerates in the nanosuspension
in this case). Continuing the process of ultrasonic expo-
sure beyond this value is useless from the point of view of
achieving better dispersion and harmful from the point
of view of the safety of CNTs, which, with prolonged
ultrasonic exposure, can violate their integrity.

The method makes it possible to optimize the degree
of dispersion of carbon nanotubes in the binder and re-
duce the production time of nanocomposites that have
increased strength due to the uniform distribution of
nanoparticles in the nanocomposite. Such composites
can be used as structural materials in space, aviation,
construction and other industries.

Nanocomposite material based on polymer binders
[23]

The nanocomposite material contains a poly-
mer binder, filler and a fraction of nanoparticles. The
nanoparticle fraction includes multilayer torus-shaped
carbon particles ranging in size from 15 to 150 nm, in
which the ratio of the outer diameter to the thickness
of the torus body is in the range (10-3):1. The filler is
selected from the group consisting of glass, carbon and
organic and boron fibers. The binder is selected from
the group consisting of epoxy resins, epoxy novolac
resins, epoxy phenolic resins, polyesters, polyimid-
azole or polyoxybenzimidazole. The use of a fraction
of nanoparticles in the composition of a nanocomposite
material makes it possible to achieve effective compac-
tion and strengthening near the filler/binder interfaces
and increase its average density, elasticity, rigidity and
strength. The indicated torus-shaped carbon particles are
preferably of the fulleroid type. The interlayer distance in
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such particles is 0.34—0.36 nm. It is advisable that these
torus-shaped particles are particles from the cathode de-
posit crust obtained by evaporation of a graphite anode
in an arc process and subjected to gas-phase oxidation,
which are subject to the action of the electric field. It is
optimal when the nanoparticle fraction in the proposed
nanocomposite material is present in an amount of up
to 25% by weight of the polymer binder. In this case, the
desired effect is achieved when such particles are present
in an amount of 0.02% by weight of the binder.

Nanocomposite material with improved mechanical
properties can be used in the manufacture of various parts
and products for mechanical engineering, construction
and transport.

Nanomodified epoxy binder for composite materials
[24]

Nanomodified epoxy binder for composite materi-
als includes epoxy diane resin and amine hardener. As
a hardener, it contains polyamine of the Aramin-T brand,
which is a modified aromatic polyamine. The compos-
ite material contains silicate-type nanoparticles, which
are organophilic clay of the “Monamet 1E1” brand, and
carbon-type nanoparticles, which are carboxylated car-
bon nanotubes of the “Taunit-M” brand. If necessary,
it contains a plasticizer-flotation agent oxal T-92, which
is a mixture of dioxane alcohols and their high-boiling
ethers. The composite material contains an active diluent,
which is a condensation product of aniline and epichlo-
rohydrin (epoxyaniline resin brand EA).

The indicated components are contained in the com-
posite material in the following ratio (wt.%): epoxy resin
(4.12—72.44), silicate-type nanoparticles (0.51—1.81),
carbon-type nanoparticles (0.02—0. 45), plasticizer
(0.0—0.56), active diluent (3.78—65.52), aromatic amine
hardener (22.69—28.1). 0.02 wt.% of Taunit-M carboxyl-
ated carbon nanotubes are added to 72.44 wt.% of ED-20
epoxy resin and the resulting mixture is dispersed by ul-
trasonic exposure using a submersible emitter UZDN-2T
for 45 minutes at an exposure frequency of 22 kHz. Then,
the resulting dispersion of Taunit-M carboxylated carbon
nanotubes in ED-20 epoxy resin is loaded into a 50-liter
mixing reactor, equipped with heating and a mechanical
stirrer, and 3.78 wt.% of the active diluent — epoxyaniline
resin grade EA and stirred with a gradual rise in tempera-
ture to (50£5)°C for (20+5) minutes from the moment
of loading. Next, while continuing stirring, small doses
of 0.26 wt.% silicate-type nanoparticles are loaded —
organophilic clay of the Monamet 1E1 brand and stir-
ring is continued for (85%5) minutes at a temperature of
(50£5)°C. The finished resin part is poured into metal
drums or flasks.

Preparation of the hardener: 22.69 wt.% of the Ar-
amin-T hardener is loaded into the container equipped

with heating and a stirrer and heated to the temperature
of (80%5)°C while stirring. Then, continuing mixing,
small doses of 0.25 wt.% silicate-type nanoparticles are
loaded — organophilic clay of the Monamet 1E1 brand,
0.56 wt.% oxal flotation reagent T-92 and mixed until
a homogeneous composition is obtained for (90£10) min
at the temperature of (80x5)°C. The product cooled to
(50+£5)°C is poured into metal drums or flasks.

Preparation of the composition: 76.5 wt.%. resin part
and 23.5 wt.% hardener, preheated to the temperature
of (50%5)°C, are loaded into a reactor equipped with
a mechanical stirrer and stirred for (15£5) minutes. Cur-
ing is carried out at the temperature of (160£5)°C for
(20£2) minutes.

The technical result of the invention is to reduce the
curing time of the binder, to increase the heat resistance
and strengthen the characteristics of the cured composi-
tions, and to expand the range of epoxy compositions with
improved technological and operational characteristics.
The invention can be used in the production of fiber-
glass pipes and other products produced by the winding
method and used in heating networks, hot water supply
systems with network water, water supply systems with the
operating temperature of up to 150°C.

The polymer binder, the composite material based
on it and the method of its manufacture [25]

The polymer binder contains N,N,N’,N’-tetraglyc-
idyldiamino-3,3’ dichlorodiphenylmethane (ECD), and
additionally the open carbon nanotubes and a fulleroid
multilayer nanomodifier astralen in the following com-
ponent ratio (parts by weight):

N,N,N’,N’-Tetraglycidyldiamino-3,3’-dichlorodi-
phenylmethane (TU 6-05-1725-75) — 100; 4,4’-Diami-
nodiphenylsulfone (TU 6-02-1188-79) — 44;

Fullerene CZn, where n is not less than 30 (TU
31968474.1319.001-2000) — 0.01—1.0;

Open carbon nanotubes (TU 31968474.1319.001-
2000) — 0.1-1.5;

Fulleroid multilayer nanomodifier astralen (TU
31968474.1319.001-2000) — 0.5—10.

A composite material made of the polymer binder and
carbon fiber filler, is characterized in that the proposed
polymer binder is used as a polymer binder in the follow-
ing ratio of components, wt.%:

Polymer binder — 36—42;

Carbon fiber filler — 58—64.

A composite material differs in the following: ropes,
tapes, and fabrics are used as carbon fiber filler.

A composite material made of a polymer binder and
organofiber filler, differs in that the proposed polymer
binder being used as a polymer binder in the following
ratio of components, wt.%:

Polymer binder — 47—50;
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Organofiber filler — 50—53.

A composite material is distinguished by the fabrics
used as an organ-fiber filler.

A composite material made of the polymer binder
and glass fiber filler is characterized with the proposed
polymer binder used as a polymer binder in the following
ratio of components, wt.%:

Polymer binder — 24—30;

Fiberglass filler — 70—76.

A composite material is distinguished by the glass fab-
rics used as a fiberglass filler.

The method for producing a composite material in-
cludes fullerene C, , where n is not less than 30: open
carbon nanotubes and a fulleroid multilayer nanomodi-
fier astralen in the form of a suspension in acetone are
mixed with N,N,N’,N’-tetraglycidyldiamino-3,3’-di-
chlorodiphenylmethane by ultrasonic action, followed
by the introduction of 4,4-diaminodiphenylsulfone,
then the resulting polymer binder is used to impreg-
nate carbon, organo-, or glass fiber filler, the surface of
the described filler being pre-finished with a solution of
fullerene in a solvent (aromatic hydrocarbon), afterwards
the resulting prepreg is dried and the composite material
is formed.

The proposed polymer binder, a composite material
based on it and the method of its manufacture will make
it possible to create promising products with increased
strength properties.

Epoxy composition [26]

For gluing and repairing fiberglass structures epoxy
composition includes epoxy diane resin, modifier, filler
and amine hardener, while silane-modified polyurethane
(SPU-polymer) is used as a modifier, and silicate-type
nanoparticles, which are organophilic clay powder based
on modified montmorillonite MOHAMET 1E1, aromatic
polyamine of the Aramin trademark is used as a hard-
ener with the following component content in parts by
weight: epoxy resin 100, SPU polymer 5—25, silicate type
nanoparticles 10—50, hardener — aromatic polyamine
40-50.

The SPU polymer combines the advantages of cur-
ing by the silanes mechanism and the properties of the
polyurethane matrix, as well as the use in the composition
of organophilic clay MOHAMET 1E1 and a hardener —
an aromatic polyamine of the Aramin trademark. It can
significantly increase the adhesive strength of the compo-
sition when gluing fiberglass parts or repairing fiberglass
structures, especially in wet conditions — when applied
to damp and wet surfaces.

The invention relates to cold-curing polymer epoxy
compositions and can be used for gluing and repairing
fiberglass building structures, including wet conditions,
when applied to damp and wet surfaces.

INTRODUCTION OF VARIOUS FILLERS INTO THE
INTERLAYER SPACE OF COMPOSITE MATERIALS

The phase boundary is the weakest point of the layered
material; it is here that the destruction in the form of
layering begins, both under mechanical loads and under
other hit impacts. Defects in the form of layering can be
reduced by introducing particles of thermoplastic poly-
mers or nanoadditives into the intermediate layers.

Thermoset resin composites containing interlayer
impact-increasing particles [27]

Polyamides and copolyamides in the powder form are
the preferred thermoplastic materials for structured ther-
moplastic layers. Insoluble thermoplastic powders with
particle sizes from 35 to 60 microns are used in amounts
up to 15% by weight. The use of smaller particles is not
effective because the particles migrate into the fibrous lay-
ers during formation and curing, and larger particles pose
a problem regarding possible destruction of the interlayer
zone during curing of the product due to their relatively
large size. Thermoplastic polyamide particles are used,
having a melting point of up to 170°C, which are applied
to the interlayer space. Heat treatment of bags is carried
out at the temperatures from 170 to 190°C. The method
makes it possible to obtain a composite material contain-
ing thermoplastic particles that increase impact resistance
and have improved compression characteristics under the
conditions of higher temperature and humidity.

Structured thermoplastic in the intersheet zones
of composite materials [28]

There is a method known where thermosetting resin
and fibrous layers are combined in such a way that be-
tween the layers there is a structured thermoplastic layer,
which is a non-woven material with a thickness of 0.5 to
50 microns and a weight of no more than 20 g/m? Non-
woven material in the form of veils is made from hydro-
woven or randomly oriented fibers of polyamides, co-
polyamides, polyesters, copolyesters, and polyurethanes.
The veil layer is attached to dry unidirectional layers by
partially melting or softening the veils and simultaneously
pressing the veils with unidirectional fibers. The result-
ing structural elements made by this method have high
structural strength and resistance to damage.

Method for producing layered plastic [29]

To obtain layered plastic, impregnation of the carbon
filler with an epoxy binder, assembly of a prepreg pack-
age and molding are used, while when assembling the
package, additionally between the layers of prepregs there
placed a thermoplastic polyamide or polysulfone film
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with a surface energy of at least 50 mJ/m? in an amount
of 1—-10 wt.% on 100 wt.% binder in the form of con-
tinuous layers, strips or mesh. The use of these films in
the interlayer zone leads to a significant increase in the
fracture toughness and residual compressive strength af-
ter a normalized impact and makes it possible to adjust
the properties of the material depending on the magni-
tude of the most probable damage from impact loads
with different energies. The use of the film in the form
of strips with a certain pitch or meshes with a certain cell
size allows you to regulate the maximum allowed size
of a probable defect or permissible operational damage.
Due to insufficient wettability of the film surface, the
use of thermoplastic films with the surface energy of less
than 50 mJ/m? sharply reduces the interlayer strength and
fracture toughness of carbon fiber plastic. The thickness of
the thermoplastic film used is selected depending on the
thickness of the carbon fiber monolayer, but it is prefer-
able to use films with a thickness of 40—75 microns. The
use of thermoplastic film in an amount of less than 1 wt.%
causes technological difficulties when placing the film to
assemble the package, and the increase in the amount of
film above 10 wt.%, in turn, leads to the decrease in the
strength characteristics of carbon fiber plastic.

Method for producing layered plastic [30]

The invention deals with the technology for manu-
facturing layered composite materials to be used in all
industries and concerns the method for connecting pre-
pregs. Fiber filler (glass or carbon fabric) is impregnated
with an epoxy binder and a prepreg is obtained, then the
prepreg is cut into pieces of the required size and a prepreg
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