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Cmammsa npuceésuena npobaemi ymunizauii
NUY MeMaaypeitiHoi nPOMUCI0B0CHI IK aApMY01020
HanoeHeaua enokcuoHux xomnosumis. Pozpoonena
i docaidycena nonimepHa KOMNOIUUISL <XOJIOOHOT
36apKu>, WO BKIIOUAE eNOKCUOHUL 0iaH0BUIL 0J1i20-
Mep, aminnuil 3ameepoxicysar i HanoeH0eau — opio-
HooucnepcHi 6i0x00u memanis. 3 memoro nioeuuieH-
HSL MenaoCmitiKocmi i MiyHICIMHUX XapaKmepucmux 6
AKOCMI 3ameepoxHcy6ana SUKOPUCMOBYBABCs NoJlie-
munennonamin. J{ns sHusncenns memnepamypu i cxo-
PpoueHHs uacy 3ameepoinis 8 AKOCH NPUCKOprosaua
BUKOPUCMOBYBABC MPUAUEMAM MAP2aAHUIO0.

Bcmanogsaena moscausicmo ymunizauii opio-
HOOUCnEPCHUX Memano8MicCHUX 6i0x00ie mema-
NYPRilHUX BUPOOHUUME 6 AKOCMi HANOEHI06aUA
EeNnOKCUOHUX KOMRO3UMIE X0JI00H020 3aMEepOiHHA.
Busigneno, wo onmumanvhuii emicm nuny Jaueap-
HUX GUPOOHUUME 6 KOMNO3Umi 3HAX00UMBCS HA
pisni 45-60 %. Ilpu ybomy émicmi cnocmepizacno-
¢ Hatlsuwa yoapna miynicmo na pieni 40—50 Mlla
i memnepamypa po3m'axuienns 6 inmepeani 170—
190 °C. Bcmanoeneno, wo i3 30i1ouleHHAM Kilb-
xocmi Hanosnrosaua 6id 40 % 0o 70 % cmynine
3wmueanns 3pocmac 6io0 88 % do 98 % 6ionosiono.
IIpome, npu emicmi nanosnrosaua menue 45 % a6o
Ginvwe 60 % 3nudcyemoca yoapua miynicmo odep-
HCAHUX KOMNO3UMIB. 3aAcMOoCcyeanus 3ameepoicy-
6aua i npuckoproeaua 3ameepoiHHsi 6 KilbKOCMAX
3-3,511,5-2 % 6i0no6iono 003eonse 3nusumu wac
3ameepdinns 00 2 200un. Ilpu émicmi nanoeniosa-
ua 6 Komnoumi menue 45 % NpuuUHOI0 HUILKUX
3Havenb YyoapHoi MiyHocmi i memnepamypu po3ms-
KWleHHs MOdce Oymu HU3bKuil Cmyniho 3WUGAHHS
Menwe 90 %. 3nuicennsa 6Kazanux 6aacmueocmeri
KOMno3umise npu emicmi nanosuiosaua oinvue 60 %
Modice Gymu no6'a3amno 3 YymeopenHam HeoOHOPioHoi
cmpyxmypu nanoguiogana. Y xKomnoauyiax 3 Hai-
GUWUMU eKCNIYaAMAaUiliHUMU XaAPAKMEPUCIUKAMU
cnocmepieaemoCa ONMUMI308AHUT 6MIC HANOBHIO-
6aua i npucxoprosaua.

B uinomy, odepicani enoxcuoni xomnozumu
3a C6OIMU EKCNIYAMAUIUHUMU XAPAKMEPUCTUKA-
Mu nepesepuyromv 6i00Mi aHan02U X0N00H020 3A-
meepoinnsi.

Bcmanoeneni sanesxcnocmi yoapnoi miupnocmi,
memnepamypu po3M'AKUEHHs i CIMyneHs 3WUeanHs
610 emicmy 6i0x00i6 8 KOMNO3UMI, WO 00360JLAIONMD
PO3paxosyeamu ONMuUMANLHUL CKAA0 KOMNO3UMIE
3anexncno 6id neobxionux enacmueocme

H020 3amEepoinHs, NUL Memanypeilinux eupooHu-
ume, yoapHa MiyHiCms, CMyNinb 3WUCAHHS
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1. Introduction

Epoxy oligomers are the most important engineering
thermo-reactive materials with wide industrial applications
in adhesive, electronic, aerospace, and other systems. High
chemical resistance to the effects of aggressive environments
and increased durability cause the widespread use of epoxy

composite materials. At present, the composites based on the
epoxy matrix are effectively used to protect technological
equipment from corrosion and to improve the physical-me-
chanical and thermal-physical properties of machine parts in
many industries. However, the operation of the technological
equipment under aggressive conditions leads to an increase
in the operational requirements to epoxy composite materi-



als. That is why creation of new materials with the improved
complex of performance characteristics is one of the main
tasks of the production of composite materials.

Among the techniques to improve the physical and
mechanical properties of epoxy composite materials is to
introduce the dispersed fillers, which are different in chem-
ical nature, to the matrix. At the same time, filling of epoxy
oligomers in order to improve the performance of materials
at the relative ease of implementation is far from being uni-
versal and is suitable only for a limited number of dispersed
fillers. Among a wide variety of heterogeneous polymer
systems, metal-filled compositions have been studied insuf-
ficiently. It is worth noting that the addition of metal oxides
makes it possible to obtain the materials with new charac-
teristics, not typical of other filled polymers. At the same
time, the functionality of epoxy composites makes it possible
to significantly expand their applications when filling with
metals of different structures and characteristics, as well as
to create new methods for regulating their structure and
properties.

Creation of metal-filled epoxy composite materials with
the enhanced complex of resistance and operational proper-
ties is one of the pressing challenges. Solving the problems
of disposal of wastes of metallurgical industries, such as
dust and gas treatment sludge, which are generated in the
industry is a significant amount, is also an urgent problem.
For example, according to [1], at steel smelting, up to 20 %
of the waste is finely dispersed dust and gas treatment
sludge. The accumulation of such waste leads to an increase
in the environmental risk of the areas surrounding steel
works. Article [2] deals with the ways of treatment of wet
gas purification drains of metallurgical enterprises, but the
issues of sediment or dust disposal are not considered. That
is why, the issues of the disposal of such waste and using it
as valuable raw materials are of scientific interest.

2. Literature review and problem statement

Currently, the use of wastes from various industries as
reinforcing fillers of composite materials is a common prac-
tice. For example, paper [3] shows the possibility of reusing
the materials of recycling the printing plates in polypro-
pylene composites. An increase in durability of composites
by 1.3 times was established. The optimal amount of the
filler, which was not more than 30 %, was found. Paper [4]
considered the possibility of disposal of alumina production
waste, red sludge, as a filler of polymer composite material.
The described composites with the red sludge filler content
of 55-75 % by weight had the resistance over 17 MPa when
compressed. However, these studies did not identify the
dependences that make it possible to offer the optimal com-
position of the filler for other types of waste.

Paper [5] examined the polymer composites of high-den-
sity secondary polyethylene, filled with solid phase of the
used drilling solution with the content of up to 30 % by
weight. It was established that the optimal content of such
wastes in polymer composites is only 20 % by weight. At
this, the maximum values of impact viscosity and destruc-
tive stress at bending up to 63.3 kJ/m? and 207.4 MPa,
respectively, are achieved. However, this work does not ad-
dress other types of waste.

Thus, finely dispersed wastes are of a particular interest
as fillers of composite materials.

Current studies of metal-filled epoxy composite materi-
als are carried out in three main directions. These include
obtaining composites with an increased set of resistance
characteristics, development of various metal-filled epoxy
nanocomposites, as well as obtaining materials with good
dielectric and current conductive characteristics. For ex-
ample, in study [6], the epoxy oligomer with the filler from
the mixture of aluminum, brass and copper powders is used
to obtain casting molds for the production of samples of
mechanical testing of thermoplastic plastics for pressurized
casting. The results of the studies showed that a casting
mold from such composites has a higher fluidity limit at
stretching equal to 36.3 MPa and impact resistance at the
level of 18.23 MPa, compared to conventional metal cast-
ing molds, the characteristics of which are 33.8 MPa and
10.02 MPa. Articles [7-9] also describe the results of the
study of filling epoxy oligomers with various metals in the
dispersed form ensuring enhanced resistance properties of
cured compositions. However, the main drawbacks were the
low limit content of metal fillers — not more than 30 %, and
rather medium indicators of resistance and adhesion char-
acteristics of composites. This restriction does not make it
possible for wastes to be disposed of large quantities.

Article [10] summarizes scientific and practical research
into the basic areas in the development and the use of epoxy
nanocomposites. It was shown that modern multifunctional
epoxy nanocomposites with magnetic, electrical, thermal
conductive and fire-resistant properties are widely used
in the aerospace industry, in car building, anti-corrosion
coatings and high-voltage fields. In article [11], epoxy nano-
composites were obtained using recycled metal dust powder
as the filler by altering the filler content. The filler has been
shown to promote an increase in density and hardness of the
cured epoxy nanocomposite. The study showed that metal
waste powders have a good potential for being used as a
nanofiller for thermo-reactive materials, such as epoxy oligo-
mer. However, the small effective amount of metal fillers in
epoxy nanocomposites (up to 5 % of weight) does not make it
possible to significantly increase their complex of resistance
and performance characteristics.

A series of current studies describe metal-filled epoxy
composites with elevated levels of dielectric permeability.
Thus, articles [12, 13] analyzed the dielectric properties of
aluminum-filled epoxy composites, such as frequency func-
tion (1 kHz — 1 MHz), temperature (from room tempera-
ture up to 150 °C) and the volume fraction of aluminum
filler. It was shown that the improvement of dielectric per-
meability was observed at an increase in the concentration
of the filler. This is due to an increase in inter-phase polar-
ization and the formation of filler clusters. An increase in
dielectric permeability with the temperature for all samples
was attributed to an increase in the mobility of segments
due to the inclusion of metal in the polymer matrix. The
authors of articles [14, 15] showed an increase in electrical
conductivity of epoxy resin up to 103~10"* Ohm-cm, when
it is modified with nickel powder. Metal powders are intro-
duced into polymers in order to obtain electrically conduc-
tive polymeric materials. Due to this filling, a system that
is preserved after the polymer hardens is created in the
magnetic field. Paper [16] dealt with the filled composites
based on epoxy polymer and the fillers of ferromagnetic (red
sludge), paramagnetic (B4C, TiC) and diamagnetic (Al,O3,
SiC) nature. The fillers were treated with the high-fre-
quency magnetic field with the frequency of 1-100 MHz



and voltage of 100 A/m. This significantly increased the
energy of the interaction of ferro- and paramagnetic parti-
cles of the filler with macromolecules of the binder. As a re-
sult, there is an increase in adhesion resistance by 10-15 %.
At the same time, the dielectric epoxy metallic composite
materials described above also have a number of shortcom-
ings — decreased physical and mechanical characteristics,
significant curing time, as well as instability of properties
in the operation process.

That is why the development of metal-filled composite
materials with an increased complex of physical and me-
chanical characteristics, short curing time, as well as with
stable properties during operation is a promising task.
Modern metal-filled epoxy composites of cold curing are
commercially called “cold welding” or the English analogue
“J-B Weld”. They can be used to glue surfaces of metal,
porcelain, ceramics, glass, marble, PVC, ABS, concrete, fi-
berglass, wood, fabric, or paper. They are also widely used in
the restoration of damaged metal pipes and household radia-
tors for heating the dwellings, as well as glue, laminate, filler,
sealant, or electrical insulator [17, 18]. Metal-filled cold-
cured epoxy composites in the cured state are the material
that is water resistant, resistant to petrochemical solvents
and acids. It is the material that is resistant to impact and
vibration loads and extreme temperature fluctuations [17].
The cured metal-filled epoxy composites of cold curing can
withstand the constant temperature of up to 160 °C, and the
maximum short-term temperature threshold for their oper-
ation is approximately 300 °C within 10 minutes. However,
these works do not describe the possibility of using wastes as
a metal filler of composites.

To date, there exist various known metal-filled epoxy
composites of cold curing of different compositions based
on epoxy oligomers with fillers, designed to repair defects
of surfaces of various products. There is the patented [17]
epoxy composition, designed to repair deep and small de-
fects on different surfaces. This composition contains epoxy
dian resin, dibutyl phthalate as a plasticizer, amine hardener
and mixed filler. There is also the patented [18] repair com-
position, which is designed to repair metal surfaces. This
repair composition contains epoxy dian resin, AF-2 amine
hardener, polyoxypropylenepoxide, polyoxypropyleneamine,
rheological additive from the silicon dioxide class and dis-
persed aluminum-containing filler. The basis of these com-
positions is epoxy dian oligomers, ensuring high resistance
characteristics, but not having sufficient heat resistance.
This makes it difficult to use effectively such compositions
to repair defects in the area of elevated temperatures —
over (100-120) °C.

In the field of metal-filled epoxy composites of cold cur-
ing, the main drawbacks include the relatively low heat re-
sistance up to 150 °C and the curing process at temperatures
above 80 °C. In addition, many composites have relatively
low resistance characteristics of the cured composition.

Thus, the creation of metal-filled epoxy composites of
cold curing with the use of industrial waste is a common
practice worldwide. At the same time, the creation of com-
posite mixtures at the introduction of any filler requires re-
search into the properties of new composites. The conducted
analysis suggests that further studies are needed to produce
metal-filled epoxy cold curing composites with increased
heat resistance, adhesion, and physical-mechanical charac-
teristics at ensuring their low time of curing at the tempera-
tures close to 20-25 °C.

3. The aim and objectives of the study

The aim of this study is to identify the properties of
metal-filled epoxy composites of cold curing by filling them
with a solid disperse phase from the wastes of metallurgical
enterprises. This will make it possible to find the optimal
composition of epoxy composites, predicting its properties,
as well as to determine the possibilities of recycling met-
al-containing waste as the filler.

To achieve the set aim, the following tasks have been solved:

— to explore the effect of the dispersed solid phase of met-
al wastes on the operational and resistance characteristics of
metal-filling epoxy composites of cold curing;

— to reveal the optimal content of dispersed solid phase of
metal wastes in metal-filled epoxy composites of cold curing.

4. Procedure for obtaining and studying the samples of
composite materials

Finely dispersed dust of two operating foundries (Fig. 1)
was used as a filler of the composite. Sample No. 1 (O1) was
the dust of smelting black metals and metal wastes (Fig. 1, a)
of the characteristic black color. Sample No. 2 (O2) was the
dust of electric furnaces of doped steel of brown color, stick-
ing together in lumps (Fig. 1, b).

The elemental composition of the samples was deter-
mined at the laboratory X-ray fluorescent spectrometer
ElvaX made by company “Elvatex” (Ukraine).

x>

Fig. 1. Photographs of samples of the waste from
metallurgical production (ruler division between the numbers
is 1 mm): a — sample No. 1; b — sample No. 2

The compositions based on epoxy dian resin of the
ED-20 brand with the molecular weight of 360—470, con-
taining 21.5 % of epoxy groups were studied. The hard-
ener of the amino type — polyethylene polyamine (PEPA)
(TU 6-02-594-85), capable of forming a three-dimensional
mesh structure in the absence of heating, was used as the
hardener of epoxy oligomer. The chemical formula of the
PEPA is HyN(CH,CH3yNH)nH, where n=1-4, dynamic vis-
cosity is 0.9 Pa-s. A highly active modified amine hardener
of epoxy oligomers was used as a catalyst.

The technology of making metal-filled epoxy composites
of cold curing was the following. The metal filler (waste
sample O1 or O2) was introduced to epoxy oligomer heated
up to 60-70 °C at intensive stirring until the homogeneous
mass was obtained. Then the hardener polyethylene polyam-
ine (PEPA) and the curing catalyst — manganese triacetate
(Etal-12) — were mixed, still being stirred. The adhesive
composition prepared in this way was applied by a thin even
layer on a preliminarily degreased metal surface and kept
for 1.5—6 hours at the temperature of 20-25 °C, depending
on the composition. The composition of the studied epoxy
compositions of cold curing is given in Table 1.



Table 2

Elemental composition of metals in waste samples O1 and O2

Table 1
The ratio of the components in compositions, % by weight
No. o_f com- oﬁg(())r);}(,:r Waste Hardener C(;E;ll;i
position ED-20 share PEPA Etal-12

1 28 69.5 2 0.5

2 30 66 3 1

3 40 55 3.5 1.5

4 50 44 4 2

5 52 40 5

Fig. 2 shows photographs of the original metal-filled
epoxy composites of cold curing, in the process of their ob-
taining and in the cured form.

Fig. 2. Photographs of the original metal-filled epoxy
composites of cold curing in the process of their obtaining
and in the cured form: a — mixture of the filler with epoxy
oligomer; b — mixture of the hardener and the catalyst with
the filler; ¢ — sample of the cured composition for the study

of properties

The study of impact viscosity of the obtained samples
was carried out 24 hours after the samples were cured at
the pendulum impact machine in line with GOST 4647
(DIN EN ISO 179-1-2006, DIN EN ISO 179-2-2000).
The degree of samples’ cross-linking (% by weight) was
determined by the gel fraction method when using the
toluene solvent in 10 cycles of keeping the composi-
tion samples weighing 1 gram. The softening tempera-
ture was determined based on heat resistance by Vicat
(GOST 15088-83).

For micro-photographs of the distribution of the filler
at the fault of the samples, we used the digital USB micro-
scope Digital Microscope (China) with magnification of
up to x800.

3. Results of studying the properties of composites at
the introduction of metallurgy wastes

3. 1. The effect of the dispersed solid phase of metal
wastes on the operational and resistance characteristics

The results of the study of the elemental composition of
the waste samples are given in Table 2.

No. of entry Atomic Element Share of element, %
number 01 02

1 19 K 4.658 —
2 20 Ca 34.230 9.728
3 22 Ti 0.559 —
4 24 Cr 0.434 1.367
5 25 Mn - 8.221
6 26 Fe 59.137 62.649
7 30 Zn 0.630 16.689
8 40 Zr 0.197 -
9 82 Pb 0.154 1.348

Analysis of the data in Table 2 shows that the metal part
of sample No. 1 is mainly represented by iron and calcium
compounds, and the metal part of sample No. 2 — by iron,
zine, calcium, and manganese. Thus, these types of waste are
of interest as fillers for metal-filled composites.

Table 3 gives data about the physical, resistance and
operational characteristics of the studied metal-filled epoxy
composites of cold curing, filled with wastes of metallurgical
productions.

Table 3
Characteristics of the studied compositions
COEEESI_ time, h MPa degree, % ture, °C
01 02 | O1 02 01 02 | O1 02
1 6 6 28 35 97 98 | 150 | 140
2 3 4 36 40 95 97 | 190 | 160
3 2 3 42 48 93 94 | 192 | 170
4 1.5 2 26 44 90 90 | 170 | 1670
5 1.4 1.5 23 26 88 88 | 156 | 142

Fig. 3 shows the dependence of impact resistance on the
content of waste in composites. Analysis of Fig. 3 shows that
the introduction in the composite of wastes in the amount of
45-65 % increases their impact resistance up to 42 MPa for
O1 and 48 MPa for O2. An increase in the content of waste
of more than 55 % for both samples leads to a gradual de-
crease in resistance. Filling over 65 % significantly increases
the fragility of the samples. In addition, the resistance of
the composites filled with sample O2 is slightly higher than
those filled with waste O1.

As a result of statistical treatment of the experimental
data, the equations of approximating curves were derived,
which made it possible to calculate the values of impact re-
sistance a (MPa) depending on the amount of the filler from
wastes x (% by weight), introduced to the composite:

a01=333,2331—21,8565-x+0,4892:2°—0,0034-2; @)
aps=—949,6941+51,6221:x—0,8719-x2+0,0048x3.  (2)

Fig. 4 shows that for the data on the composition for-
mulations, a maximum heat resistance by Vicat is observed:
190 °C and 170 °C for composite samples filled with waste
01 and 02, respectively. At the same time, the results shown
in Fig. 4 indicate that composites filled with waste No. 2



have a lower softening temperature. That is why, depend-

ing on the purpose of application of this composite and the

necessary properties (better impact resistance or a higher
softening temperature), it is possible to recommend the ap-
plication of waste O1 or O2.

55

W (O8] B A W
S W (=] w [«

Impact resistance, MPa

[N
W

20 ‘
35 40 45 50 55 60 65 70 75

Share of waste, %

Fig. 3. Dependence of impact resistance on the share of
wastes in composites: 1 — sample No. 1; 2 — sample No. 2
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Fig. 4. Dependence of softening temperature on waste share
in composites: 1 — sample No. 1; 2 — sample No. 2

As a result of statistical treatment of the experimental
data, the equations of approximating curves were derived,
which made it possible to calculate the values of softening
temperature T (°C), depending on the amount of the filler
from wastes x (% by weight), introduced in the composite:

T01=1469,2929-84,7309-x +1,7775:x2—0,012:x3; (3)
Tos=-72,8578+5,5278:x +0,041:x2-0,0011:2>. 4)

5. 2. Analysis of optimal content of the dispersed solid
phase of metal waste

The results of the study of the dependence of cross-link-
ing degree on the content of waste in the composite are pre-
sented in Fig. 5. It is important to note that at an increase
in the degree of filling the composite with waste, there is a
proportional dependence of an increase in cross-linking de-
gree. If the content of the filler in the composite is less than
45 %, cross-linking degree is less than 90 %, which can be
the cause of low values of impact resistance and softening
temperature of the obtained samples. Despite an increase
in the cross-linking degree at an increase in the share of the

filler, a decrease in these properties of composites at the con-
tent of the filler of more than 65 % can be associated with the
formation of a heterogeneous structure of the filler.

100
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96

94

92

Cross-linking degree, %

35 40 45 50 55 60 65 70 75
Waste share, %

Fig. 5. Dependence of the cross-linking degree on
the content of waste in composites:
1 — sample No. 1; 2 — sample No. 2

The photographs of samples (Fig. 6) of epoxy composite
No. 3 with the best properties after curing show that the
filler in these samples is evenly distributed and there are no
heterogeneous clusters of it.

a b

Fig. 6. Photographs of metal-filled epoxy composites No. 3
of cold curing: a — the surface of the fault of sample O1;
b — the surface of the fault of sample 02

The values of cross-linking degree j (%), depending
on the amount of the filler of the studied waste samples
x (% by weight), introduced in the composite, is described
by the following linear dependences:

Jjo1=77,3752+0,2773x; (5)
J02=75,1838+0,3318-x. (6)

As the data in Table 1 and Fig. 7 demonstrate, at an
increase in the content of the hardener and the catalyst, the
time of curing of metal-filled epoxy composites decreases
from 6 to 1.5-1.4 hours. However, the use of the curing
catalyst by more than 2 % accelerates the process insignifi-
cantly, although it can lead to an increase in the fragility of
the compositions.

Thus, at the introduction of the filler of more than 65 %
by weight, resistance decreases due to an increase in the
fragility of the compositions at an excess of the amount of
the filler and curing catalyst. At the waste content of less
than 45 %, there is a decrease in impact resistance due to a
drop in the degree of cross-linking of the oligomer part of
the composites.



Curing time, h

0 0,5 1,0 1,5 2,0 2,5 3,0
Share of catalyst in the composite, %
Fig. 7. Dependence of curing time on the content of catalyst
in the composite

Over time, the processes of final curing are observed
in the composites after curing, resulting in a subsequent
increase in resistance by 10—15 %. Thus, the studies of com-
posite samples No. 3 (with the best indicators of impact re-
sistance) 3 weeks after curing showed an increase in impact
resistance up to 54 and 59 MPa for samples of filler O1 and
02 respectively.

6. Discussion of results of studying the properties of
metal-filled epoxy composites

As a result of our research, the possibility to dispose of
the dust of foundries was established. It was proposed to
solve this problem by introducing dust as a metal-contain-
ing filler of epoxy composites of cold curing. This decision
allowed the improvement in the performance of the obtained
samples of composites.

According to the experimental data given in Table 3,
Fig. 3, 4, the optimal content of the filler for metal-filled ep-
oxy composites is 45-60 % by weight. Both an increase, and
a decrease in the proportion of the filler leads to a decrease
in impact resistance (Fig. 3) and softening temperature
(Fig. 4) of the composition in all the studied compositions.
This is due to the fact that impact resistance of the studied
metal-filled epoxy composites is influenced by two main fac-
tors: the content of the filler and the amount of introduced
hardener and catalyst. In fact, in the compositions with the
highest resistance and performance characteristics, there is
an optimized content of the filler and the catalyst.

It was established that the proposed compositions allow
reducing the curing time at 20-25 °C up to 2—4 hours in
comparison, for example, with a well-known composition,
which gets cured within 26 hours [17]. The rejected com-
positions have a higher limit of resistance at the impact of
up to 48 MPa and a higher heat resistance of not less than
160 °C with the known composites [17, 18]. This is achieved
by optimizing the degree of cross-linking the compositions
while ensuring their quite quick curing within 2 hours. At
the same time, compositions No. 3, which are characterized
by maximum resistance characteristics and curing time of
about 2 hours, were chosen as optimal.

The advantage of this study is the possibility of disposal
of finely dispersed dust and sludge, for example, those of gas
treatment of metallurgical productions in epoxy composites
of cold curing. The obtained and described dependences can
be used to calculate the optimal composition or to predict
the properties of the composite, depending on the degree of
filling with waste.

However, this study is limited only to the dust wastes
from foundries. However, the described procedure of
studying the samples and obtaining dependences of per-
formance characteristics can be adapted to any filler of
composites.

The search for the ways to dispose of other industrial
waste as reinforced fillers of composites opens up the pros-
pects for further research into spheres of applications of
anthropogenic waste.

7. Conclusions

1. The study into the effects of dispersed solid phase
of metal wastes on the operational and resistance charac-
teristics of metal-filled epoxy composites of cold curing
was carried out. It was established that the disposal of
finely dispersed dust of foundries as a filler leads to rein-
forcement of cured samples up to 40—50 MPa at the waste
content of 55 %.

2. It was established that the optimal content of the filler
for the studied metal-filled epoxy composites is 45-60 % by
weight. At the content of the filler of less than 45 %, there
is some deterioration in the performance of the composite
due to a decrease in cross-linking degree. At the content of
wastes of more than 60 %, the impact resistance of the com-
posites decreases due to an increase in fragility at the excess
of the filler and the catalyst.
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