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1. Introduction 

Metal processing and mining are industries supporting a 
lot of spheres including building industry. However, at pres-
ent they cause environmental pollution. Ores and minerals 
treatment consumes a lot of energy, water, and heat. These 
result in emitting considerable amount CO2 to the atmo-
sphere, sewage and other wastes to water and soil. Although 
there are a lot of studies related to enhancing production and 
more effective raw materials treatment due to constraining 
harmful emissions into the environment, still negative im-
pact of metallurgic and mining industry on the environment 
is widely discussed. The issue of raw materials treatment 
products is also problematic [1].

It is a well-known fact that production waste in the form 
of powders, such as microsilica, ashes, blast furnace slag etc. 
is a subject of numerous scientific researches on their recy-
cling in different industries [2]. Construction is one of the 
promising areas where this kind of wastes can be used. So, 
the existing composite materials are enhanced with recycled 

production wastes. This trend has a few advantages [3]. The 
first one is in positive impact on the environment. Another 
benefit is that a new material can be produced with altered 
properties and improved structure. One of the examples of 
such material is cement-based composites improved by silica 
fumes (micro- and nanosilica) and fly ashes [4].

Thus, research in the field of improving the character-
istics of epoxy resins and the development of new fillers 
is relevant, since they are aimed at creating more durable, 
stable and functional materials that can be applied in various 
industrial and technical fields.

2. Literature review and problem statement

In the study [1], high mechanical strength is noted, but 
there are properties of poor toughness. In the article [2], 
studies were conducted and water resistance and high 
electrical strength were justified, but low impact strength 
is noted. As a result of the study [3], good adhesion to metals 
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Utilization of industrial waste and second-
ary raw materials, in particular, in the production 
of metallic silicon and silicon-containing alloys, 
which include silica vapors (microsilica), is the 
main task of implementing environmental policy 
and solves the problem of their storage and nega-
tive impact on the environment, in order to reuse 
them in polymer composites. The use of microsilica 
as a filler in composite materials based on epoxy 
resins contributes to a positive effect on the basic 
properties of the resin, and also makes it possible 
to use the composite material as coatings and parts 
in the repair of machinery and equipment. The aim 
of the work was to establish the positive effect of 
microsilica as a filler in composite materials based 
on ED-20 epoxy resin on improving the physical 
and mechanical properties of composite materials. 
Within the framework of this work, studies were 
conducted to test composite materials based on 
ED-20 epoxy resin, differing in different filler con-
tent of  2, 5, 10, 15 wt. % on impact strength, tensile 
strength and modulus of elasticity, adhesion and 
impact strength of the coating. 

The analysis of the obtained results showed a 
positive effect of microsilica as a filler in compos-
ite materials based on ED-20 epoxy resin on the 
physical and mechanical properties of the compos-
ite material. The optimal filler content was deter-
mined, which is 2 % of the mass of the ED-20 epoxy 
resin, while an increase in adhesion, toughness of 
the composite material by 45 %, tensile strength 
and modulus of elasticity by 21 % and 5 %, respec-
tively, and the strength of the coating on impact 
by 32 %, compared with the addition of microsil-
ica in ED-20, which shows the prospects of using 
microsilica as a filler in composite materials
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and resistance to aggressive chemicals have been proven, 
but brittleness and low impact strength are also noted. The 
solution to these problems can be the results of studies of ad-
hesive strength, where this indicator has been improved due 
to the introduction of andesite flour [4]. Improvement of acid 
resistance and crack resistance due to the addition of diabase 
powder [5]. Increasing the impact resistance of epoxy resins 
by adding a mixture of nanoscale particles [6]. 

Also, an important aspect is the availability of fillers 
from an economic point of view. Thus, studies [7] have 
shown that when choosing a filler, it is necessary that it 
meets all the technical requirements for obtaining composite 
materials based on epoxy resin: cheapness and availability of 
raw materials; high acid resistance; low density; moderate 
abrasiveness; low dispersion (no more than 120 microns); 
temperature resistance.

Cheapness and availability of raw materials: the filler 
must be affordable and have a low cost to ensure the eco-
nomic feasibility of production [8]. High acid resistance: the 
filler must have the ability to sustainably resist the effects 
of acidic media, which is an important property for various 
industrial and technical applications [9]. Low density: the 
filler should have a relatively low density, which contributes 
to the creation of composite materials with a light weight. 
Moderate abrasiveness: the filler must have the ability to 
provide a moderate degree of abrasiveness so as not to dam-
age the surfaces when using composite materials [10]. Low 
dispersion: the filler should have a small dispersion (no more 
than 120 microns), which means that its particles should be 
relatively small and evenly distributed in the epoxy resin 
matrix [11]. Temperature resistance: the filler must have the 
ability to withstand high temperatures without degradation 
of its properties. These requirements are important param-
eters when choosing a filler for the creation of composite 
materials based on epoxy resin, and they can play a crucial 
role in achieving the desired technical characteristics and 
properties of the material [12]. These requirements are im-
portant parameters when choosing a filler for the creation of 
composite materials based on epoxy resin, and they can play 
a crucial role in achieving the desired technical characteris-
tics and properties of the material.

In [13, 14], a method is proposed to improve the impact 
strength and adhesive strength of epoxy resins by including 
two different types of polyethyramines, as well as silica 
nanoparticles. In studies [15], the protective properties of 
coatings based on epoxy resin were increased by introducing 
TiO2 nanoparticles as a filler.

Unique properties of microsilica: microsilica has unique 
properties that allow it to be used in various fields, such as 
the production of building mixes, refractory and heat-insu-
lating materials, paving and facing tiles, building concrete, 
cement, as well as for anticorrosive protection of equipment 
and machinery parts [16].

Solving environmental protection problems: interest in the 
use of silica in building materials is caused by environmental 
protection problems. The introduction of microsilica as a filler 
can help reduce atmospheric pollution and energy consumption 
by replacing natural materials with industrial waste [17].

Improvement of physico-chemical and operational prop-
erties of materials and coatings: the use of microsilica as a 
filler can contribute to improving the physico-chemical and 
protective properties of materials and coatings. This can be an 
important factor to ensure durability and effective protection 
of surfaces [18].

In general, the presented research describes the relevance 
of the study of the use of silica as a filler in building materials 
and coatings. This is due to its unique properties, application 
in various industries, environmental protection problems and 
the need to improve the properties of materials and coatings.

Microsilica is a by-product in the production of silicon 
and ferrosilicon alloys. It is collected in bag filters, which 
makes it available for use [19].

Microsilica is an amorphous dust consisting of spherical 
particles with a size of about 150 nm and a specific surface 
area of about 20 m2/g. These properties can be important 
when using microsilica in various applications [20].

There is no danger to health, microsilica does not pose 
a danger to human health and complies with international 
standards. It contains only insignificant amounts of heavy 
metal oxides and organic deposits that originate from natu-
ral raw materials. Thus, microsilica is an affordable and safe 
material that can be used in various fields without posing a 
health hazard [21].

The chemical composition of microsilica depends on the 
choice of raw materials and the parameters of the production 
process. According to international standards (for example, 
ASTM 1240-01, EN 13263-1), the silica content in silica 
smoke for use in concrete should be at least 85 %. Typical 
impurities are carbon, silicon, phosphorus, sulfur, silicon 
carbide, chloride and various metal oxides. The color of mi-
crosilica varies from dark black to almost white depending 
on the carbon content [22]. 

Since the beneficial effects of microsilica are based on 
its physicochemical properties, further research is the key 
to understanding this product and developing new appli-
cations. Previously, conducted studies on the effect of the 
addition of microsilica with different mass content as a filler 
in composite materials based on epoxy resin ED-20 on chem-
ical resistance, abrasion resistance and resistance to variable 
temperatures [23].

Based on the review of the above studies, it was revealed 
that microsilica is mainly used as a mineral additive in the 
production of dry building mixes, concrete and cement, 
which allows not only to reduce the cost of the product, but 
also to improve the technical properties of the product. To 
improve the properties of the epoxy resin, various additives 
were introduced, such as: andesite flour, diabase powder, 
inorganic and organic nanoparticles, nanoscale resinous 
particles (thermoplastics), except microsilica. 

In this regard, it is advisable to conduct research on the 
effect of microsilica as a filler in composite materials based 
on epoxy resin, in order to increase the physical and mechan-
ical properties of the epoxy composition, and to reduce the 
cost of finished products and the negative impact of the filler 
on the environment.

3. The aim and objectives of the study

The aim of this study is identifying the influence of micro-
silicon on physical and mechanical properties of a composite 
material based on epoxy as a filler in ED-20 epoxy resin.

To achieve this aim, the following objectives are per-
formed:

‒ to determine the adhesion;
‒ to determine the impact strength and tensile strength;
‒ to determine the modulus of elasticity of composite 

materials.
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4. Materials and methods

The object of research is a composite material based 
on ED-20 epoxy resin with the addition of a filler – silica. 
The main hypothesis of the study is that the percentage of 
the introduced filler – microsilica in the composition of the 
epoxy resin changes the properties of the epoxy composite. 
The study assumes that the addition of 2 masses. % of mi-
crosilica in the composition of ED-20 epoxy resin increases 
the impact strength, adhesive and strength properties of the 
composite material.

Simplifications adopted in the work are:
1) materials procurement in the form of ED-20 epoxy 

resin with PEPA hardener;
2) manufacture of composite materials based on ED-20 

epoxy resin with different (2, 5, 10, 15 wt. %) the percentage 
of microsilica additives in the form of bars and double-sided 
blades; 

3) application of layers of composite materials based on 
epoxy resin ED-20 with different (2, 5, 10, 15 wt. %) the 
percentage of microsilica additives on the prepared (cleaned) 
steel substrate;

4) laboratory testing;
5) data analysis.
The simplifications adopted in the work are as follows:
1) purchase of materials in the form of ED-20 epoxy resin 

with a PEP hardener;
2) production of composite materials based on ED-20 

epoxy resin with various (2, 5, 10, 15 wt. %) the percentage 
of silica additives in the form of bars and double-sided blades;

3) application of layers of composite materials based on 
ED-20 epoxy resin with different (2, 5, 10, 15 wt. %) the 
percentage of silica additives on the steel substrate; 

4) laboratory tests;
5) data analysis.
Microsilica was used as a filler in a composite material based 

on epoxy-diane resin ED-20 (GOST 10587-84). Microsilica is 
an ultrafine material consisting of spherical particles obtained 
in the process of gas purification of furnaces in the production 
of silicon-containing alloys (ferrosilicon) at the silicon plant of 
Tau-Ken Temir LLP (Karaganda). The main component of the 
material is silicon dioxide of amorphous modification. The syn-
thesis of silicon metal alloys or ferrosilicon under the influence 
of high temperature forms a gas (silicon oxide). The gas reacts 
with oxygen and condenses into microsilica, taking the form of 
a gray powder consisting mainly of silicon dioxide.

The chemical and elemental composition of microsilica 
was determined using an X-ray fluorescence spectrometer 
manufactured by PANalytical, the Axios Max X-ray Spectrom-
eter (XRF) model. The X-ray phase analysis was performed 
on an X-ray diffractometer manufactured by Rigaku (Rigaku 
Corporation, Japan), the smartLAB XRD model. The source 
of X-ray radiation is an X-ray tube Cu Ka-radiation (1.54059). 
The current and voltage of the tube are set to 50 mA and 40 kV, 
respectively. A one-dimensional detector (D/teX Ultra, Riga-
ku) with a Kß filter was used, and measurements were carried 
out by step-by-step scanning, provided the measurement angle 
range was 2θ=5‒90°, the step width (δ2θ)=0.04° and the scan-
ning speed=2°/min. PDXL software: INTEGRATED X-RAY 
POWDER DIFFRACTION SOFTWARE and the interna-
tional database ICDD PDF-2 were used to identify phases and 
study the crystal structure.

Microsilica surface morphology was determined using a 
TM 3030 scanning electron microscope (Hitachi), and the 

size of microsilica particles was determined using a Mas-
tersizer 3000 laser particle size analyzer with a Hydro MV 
prefix (120 ml) using water as a dispersion medium.

Samples of composite materials based on ED-20 epoxy 
resin with different (2, 5, 10, 15 weights were developed) the 
percentage of microsilica additives. 

To obtain a composite material, a filler ‒ microsilica in 
the amount of 2, 5, 10, 15 wt. % was added to the epoxy res-
in ED-20 and thoroughly mixed until a homogeneous mass 
was formed within 10 minutes. To cure the epoxy resin, a 
PEPA hardener was used in the resin: hardener ratio (1:10) 
and mixed for 2 minutes. To determine the adhesion and 
strength of the coating upon impact, the resulting mate-
rial was applied to a prepared (cleaned) steel substrate 
(size 70×150 mm) in thin layers. The standard sample was 
made without the addition of filler. Then the coating was 
dried at a temperature of 18‒20 °C for 24 hours. The thick-
ness of the coating was 18 microns and it was determined 
according to ST RK GOST R 51694-2007, method 3A (mi-
crometric).

To determine the impact strength and tensile testing of 
the composite material, samples were made by molding in 
the form of bars of the size 10±0.5×15±0.5×120±2 mm and 
double-sided blade size 4.0±0.2×20.0±0.2×170±0.2 mm. The 
test samples are shown in Fig. 1.

The impact strength of the composite material was deter-
mined by the Sharpie method according to GOST 4647-2015 
on the KMM-M pendulum copra, shown in Fig. 2.

Mechanical tensile tests of composite materials were de-
termined according to GOST 11262-2017, and the modulus of 
elasticity under tension according to GOST 9550-81. The tests 
were carried out on a universal testing machine WDW-5E.

The adhesion of the coatings was determined in ac-
cordance with GOST 15140-78 by the method of parallel 
incisions. To determine the impact strength of coatings 
according to GOST 4765-730, a U-1 type device was used.

All tests were carried out at a temperature of (20±2) °C 
and relative humidity (65±5) %.

Fig.	1.	Test	samples	in	the	form:	a	‒	a	bar;		
b	‒	a	double-sided	blade

a

b

https://www.multitran.com/m.exe?s=laboratory+testing&l1=1&l2=2
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5. Results of the study of the physical and mechanical 
properties of composite materials

5. 1. The determination of the adhesion of composite 
coatings to metal surfaces was carried out by the method 
of parallel incisions 

The essence of the method consists in applying parallel inci-
sions to the finished coating, in assessing the degree of adhesion 
of the paint film to the substrate by the number of detached film 
strips when detached from the substrate using adhesive tape. 
Adhesion by the method of parallel incisions is evaluated on a 
three-point scale. The results of the tests are shown in Table 1.

Thus, it can be seen from Table 1 that the adhesion of 
the composite material with the addition of 2 masses. The % 
of microsilica with the protected metal is 1‒2 points higher 

than the adhesion of regular and other composite materials 
with additives of microsilica 5, 10, 15 wt %.

5. 2. Determination of the impact strength and tensile 
strength of the composite material 

According to the results of the conducted studies, the 
chemical composition of microsilica was determined, which 
is presented in Table 2. Microsilica consists mainly of SiO2, 
Free K2O, Fe2O3 and also contains small impurities of oxides 
MgО, Mn2O3.

Table	2

Chemical	composition	of	microsilica

Element О Si Ca K Fe Mg Mn

The content of the 
element, mass. %

57.512 39.677 0.857 0.294 0.126 0.035 0.021

The fractional composition of microsilica is character-
ized by a bimodal distribution and is represented by particles 
from 0.1 to 100 microns with average particle sizes of 2‒6 mi-
crons and 7‒14 microns (Fig. 3), which is also confirmed by 
scanning electron microscope (SEM) data (Fig. 4).   

Fig. 4 shows that microsilica particles have a smooth sur-
face and a spherical shape. The powder actually consists of 
loose silica agglomerates with a very low bulk density. 

The data obtained on a laser diffraction particle size an-
alyzer show that the volume fraction of microsilica particles 
smaller than 9 microns is 90 % (Table 3).

According to the RFA data, microsilica is represented by 
two main structures: Fe2O3 – 88 % and SiO2 – 12 % (Fig. 5). 
X-ray diffraction analysis of the particles showed the ort-

horhombic structure of the 
crystal lattice [23].

Since composite ma-
terials are almost always 
under the influence of ex-
ternal and internal stress-
es during operation, there-
fore, to assess their quality 
and durability, it is man-
datory to determine their 
physical and mechanical 
properties.

To assess the quality of 
a composite material based 
on ED-20 epoxy resin with 

a microsilica filler introduced into the composition in the 
amount of 2, 5, 10, 15 wt. %, the following laboratory tests 
were carried out.

Fig.	2.	KMM-M	pendulum	coper

Fig.	3.	Distribution	of	microsilica	particle	sizes

Table	1

Test	results	for	determining	the	adhesion	of	composite	coatings

No. Coating composition
Description of the coating surface after applying 
parallel incisions and removing the adhesive tape

Number of 
samples, pieces

Average 
score value

1
ED-20 (without the 

addition of microsilica)
Slight peeling of coatings along the width of the 

strip and along the incisions (no more than 0.5 mm)
10 2

2 ED-20+2 % microsilica The edges of the incisions are smooth 10 1

3 ED-20+5 % microsilica
Slight peeling of coatings along the width of the 

strip and along the incisions (no more than 0.5 mm)
10 2

4 ED-20+10 % microsilica
Slight peeling of coatings along the width of the 

strip and along the incisions (no more than 0.5 mm)
10 2

5 ED-20+15 % microsilica Peeling of the coating with strips 10 3
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Table	3	

Distribution	of	microsilica	particle	sizes

Record 
number

Sample name
Dx (10) 

(µm)
Dx (50) 

(µm)
Dx (90) 

(µm)
Laser Obscu-

ration (%)

128 Microsilica 1 0.0515 0.365 8.81 1.01

129 Microsilica 2 0.0520 0.368 8.84 1.00

130 Microsilica 3 0.0521 0.367 8.71 1.00

131 Microsilica 4 0.0520 0.367 8.80 1.00

132 Microsilica 5 0.0520 0.367 8.80 1.00

Mean 0.0519 0.367 8.79 1.00

1xStd Dev 0.000247 0.000756 0.0481 0.01

1xRSD (%) 0.476 0.206 0.547 0.42

Impact strength is the ability of a material to absorb me-
chanical energy in the process of deformation and destruction 
under the influence of shock load. The essence of the method 
for determining the impact strength of a material is a test in 
which a sample lying on two supports is struck by a pendulum 
at a constant speed (when struck “flat” or “in the rib”), and the 

impact line is located in the middle between the supports and 
directly opposite the incision of the incised samples. The blow 
is applied on the surface of the sample opposite to the incision.

The type of destruction is complete, the fracture surface 
is smooth. The arithmetic mean value of the test results of 
all samples, which are shown in Table 4, was taken as the 
test result, and according to which it is clear that the impact 
strength of samples with a content of 2, 5, 10, 15 masses. 
The % of microsilica varies in the range of 0.618–1.187 J/cm2.

According to the test results, it can be seen that the impact 
strength of the composite material with the addition of 2 wt. 
The % of microsilica has a maximum value and is 1.187 J/cm2, 
which is 1.4–1.9 times higher than the impact strength of stan-
dard and composite materials with additives of 5, 10, 15 wt. % 
of microsilica, respectively. The greater the impact strength, the 
better the material resists dynamic loading.

Table	4

Test	results	for	determining	the	impact	strength	of	a	
composite	material

No.
Composition of the 
composite material

Number of 
samples, pieces

Impact 
energy, J

Impact 
strength, J/cm2

1
ED-20 (without the 

addition of microsilica)
10 0.215 0.651

2 ED-20+2 % microsilica 10 0.380 1.187

3 ED-20+5 % microsilica 10 0.220 0.687

4
ED-20+ 

+10 % microsilica
10 0.265 0.827

5
ED-20+ 

+15 % microsilica
10 0.198 0.618

The test method is based on stretching the test sample 
along its main longitudinal axis at a constant speed, during the 
stretching process, the load sustained by the sample and the 
elongation of the sample are measured and the set parameters 
are determined. The essence of the method for determining the 
elastic modulus under tension is to determine the ratio of the 
stress increment to the corresponding elongation increment es-
tablished by this standard. Tensile tests of the composite mate-
rial were carried out on a universal testing machine WDW-5E. 

Fig.	4.	Images	of	microsilica	under	a	scanning	electron	
microscope

Fig.	5.	Diffractogram	(XRD)	of	microsilica
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The arithmetic mean of the test results of all samples, 
which are shown in Table 5, was taken as the test result.

Table	5

Results	of	tensile	tests	of	composite	material

No.
Composition of the 
composite material

Number of 
samples, 

pieces

Tensile 
strength, 

MPa

Tensile modu-
lus of elastici-

ty, MPa

1
ED-20 (without the 

addition of microsilica)
10 22 1611

2 ED-20+2 % microsilica 10 28 1696

3 ED-20+5 % microsilica 10 19 1336

4 ED-20+10 % microsilica 10 14 1330

5 ED-20+15 % microsilica 10 13 1011

Table 3 shows graphs of the dependence of the strength and 
elastic modulus of a composite material under tension on the 
mass content of microsilica in the epoxy resin. It can be seen 
from the graphs that the peak with the maximum values of the 
strength and elastic modulus of the composite material under 
tension are observed at a content of 2 masses. % of microsilica in 
ED-20, and with a further increase in the content of microsilica 
in ED-20 over 2 wt. % strength indicators are decreasing.

The results obtained indicate that the most rational con-
tent as an additive is 2 wt. % of microsilica, since with such 
a content, the strength increases by 21 % and the modulus 
of elasticity increases by 5 % when stretched by a composite 
material compared to the standard material.

5. 3. Determination of the strength of composite coat-
ings on impact

To determine the strength of composite coatings on im-
pact, a method was used based on determining the maximum 
height, when falling from which a load of a certain mass does 
not cause visible mechanical damage (cracks, peeling) on the 
surface of the plate with the composite material.

If there are no defects, then the test is repeated, increas-
ing the height of dropping the load each time by 5‒10 cm 
until the first damage to the coating is detected on impact. 
Repeated tests are carried out each time on a new section of 
the plate. For each height, the definition is repeated at least 
three times. The value of the maximum height at which three 
positive test definitions are obtained is taken as the result. 

Thus, the arithmetic mean of the test results of all sam-
ples, which are shown in Table 6 was taken as the test result.

So, according to the test results obtained, it can be seen 
that the impact strength of the composite coating with the 
addition of 2 wt. The % of microsilica has a maximum value 
and is 125 kg/cm, which is 32 % more impact strength of the 
standard coating.

Thus, the data of the conducted tests indicate that the 
highest indicators for the physico-mechanical properties 
of the composite material were obtained when introducing 
microsilica in the amount of 2 wt. % into ED-20 as a filler.

6. Discussion of results of the study of the physical and 
mechanical properties of composite materials

The conducted studies show that with the introduction 
of microsilica filler into the composition of the ED–20 epoxy 
resin, the physical and mechanical properties of the composite 
material increase. According to the test results, it can be seen 
that in comparison with the material without the addition of 
filler, the following indicators of the composite material with 
the addition of 2 masses are improved % of microsilica: 

– the impact strength, determined by the Sharpie meth-
od on the KMM-M pendulum copra (Fig. 2), has a maximum 
value and increases by 1.9 times, as shown in Table 2;

– tensile strength and modulus of elasticity increased 
by 21 % and 5 %, respectively, as shown in Table 3. Tensile 
tests of composite materials were carried out on a universal 
testing machine WDW-5E (Fig. 3);

– adhesion increased by 1 point (Table 4);
– impact strength increased by 32 %, as shown in Table 6 

and was determined using the U-1 type device shown in Fig. 4.
In this work, microsilica is used as a filler, which, in 

addition to increasing the toughness, adhesion and impact 
strength of the epoxy resin-based material, which is also im-
proved by the results of works [13, 14] in which fillers – poly-
ethyramines and silica nanoparticles were used, increases the 
strength and modulus of elasticity under tension. The works 
of scientists [24, 25] present studies on the effect of additives 
of elastomers-rubbers and filamentous crystals of potassium 
polytitanate in epoxy resin on the strength properties of the 
resin. The introduction of these additives into the epoxy resin 
leads to an increase in compressive strength by 25 %, tensile 
strength by 20 %, impact strength by 33 %, elongation by 
28 % and hardness by 43 %, as well as to an increase in the 
resistance of the epoxy composite to shock loads by 27 %. In 
addition, microsilica is traditionally used as a filler as a highly 
active mineral additive to concrete and cement [17, 19], and 
in our case it is used as an additive for hardening epoxy resin.

Thus, in comparison with other fillers, let’s propose the 
optimal composition of a composite material based on ED-20 
epoxy resin with the addition of a filler – microsilica and deter-
mined its optimal content, which is 2 % of the mass of ED-20 
epoxy resin. With this filler content, the strength properties of 
the epoxy resin give the best performance.

Currently, one of the most promising areas for the use of 
industrial waste is to involve them in secondary circulation as 

secondary material or energy 
resources. Within the frame-
work of this study, the issue 
related to the involvement of 
industrial waste by the activa-
tion of microsilica, which is a 
waste of ferroalloy production, 
and its use as an affordable and 
inexpensive filler to improve 
the physical and mechanical 
properties of the composite 
material is considered.

Table	6

Test	results	for	determining	the	strength	of	composite	coatings	on	impact

No. Coating composition
Coating thick-
ness, microns

Cargo 
weight, kg

Number of 
samples, pcs

Load drop 
height, cm

Impact strength of 
the coating, kg‧cm

1
ED-20 (without the addi-

tion of microsilica)
18 1 8 85 85

2 ED-20+2 % microsilica 18 1 8 125 125

3 ED-20+5 % microsilica 18 1 8 115 115

4 ED-20+10 % microsilica 18 1 8 100 100

5 ED-20+15 % microsilica 18 1 8 90 90



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 4/12 ( 124 ) 2023

24

The main limitation of the conducted research is to de-
termine the effect of the addition of microsilica on the phys-
ical and mechanical properties of the composite material, 
such as toughness, tensile strength and modulus of elasticity, 
adhesion and impact strength. In the future, it is advisable to 
investigate the microstructure of the material with various 
additives. Therefore, it is necessary to conduct a thorough 
and in-depth study in this direction. 

In addition, for a complete study of the physico-mechan-
ical properties of a composite material based on epoxy resin 
with the addition of microsilica, it is necessary to investigate 
additional characteristics, including tests to determine the 
thermophysical properties of the composite material. In 
this regard, further research will be continued to determine 
the wear resistance, heat resistance, compressive strength 
and microhardness of composite material with microsilica 
additives.

7. Conclusions

1. The adhesion of the composite material with the addi-
tion of 2 wt. % of microsilica with protected metal showed 
the best score. Further increase in the amount of the additive 
(more than 2 wt. %) leads to a decrease in the physical and 
mechanical properties of the composite material.

2. The maximum value of the impact strength of a compos-
ite material with the addition of 2 wt. % filler is 1,187 J/cm2. 
The tensile strength of the composite material increases from 
22 MPa to 28 MPa, i. e. by 21 %, with the addition of 2 wt. % 
of the filler is microsilica. 

3. At the same time, the tensile modulus of elasticity 
increases from 1611 MPa to 1696 MPa, i. e. by 5 %. Impact 

strength of the composite coating with the addition of 2 wt. 
The % of microsilica has a maximum value and is 125 kg/cm, 
which is 32 % more than the impact strength of the epoxy 
coating without filler. 
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