u] =,

Excnepumenmanvno noxazana Modxcau-
gicmov ompumyeamu komnozumu 3 15-80 mac %
Mikponanobasanvmosoi Qpiopu (MHB®D), wo
GIOpI3HAEMbCA PAOOM NOCUNIEHUX MIYHOCMI,
euwioi ximiunoro i eoenecmiixicmio. Iloxasano,
wo npu cepeonix xonuenmpauiax (do 15 %) ena-
CMuUBOCMi KOMNO3UMY HE3HAUHO BIOPIZHAIOMBCA
6i0 nenanoamennozo nonimepy (H-nonimepy).
Oonax npu 50 mac % i ocobaueo 80 mac % cno-
cmepizaromvcs cepiio3ni 3MiHU 8aacmusocmeil,
wo eidobpadicae eauboxa 3mina moponoeii, wo
niomeeporcyemvcs CEM-mixpocronieto.

Bcmanosneno, wo 6eedenns Mikpooazano-
ma 30amme NIOHAMU MIYHICMb NPU CMUCHEHHT 00
10 % (npu noxubxu eumiprosarno menwe 5 %),
i auwme npu Oyjce 6UCOKOMY HANOBHEHHI 6
80 mac %. 3miynenns 0ii mixpobazanoma eupa-
JHCAEMBCSL 8 3POCMANHI HABAHMAINCEHHS CHIUC-
HEHHS 6UMPUMAHO020 Y 600i KOMRO3UMY i 1020
MoO0yas npyxcnocmi do 6-12 %. Busnaueno,
wo nadinma miynocmi npu eueuni (npudaU3NO 6
2 pasu) nicis HanoeHeHHs — meHoenuis, Xxapax-
mepHa npaxmuuno 04 6AzamvoxX HANOGHIO-
eauie enoxcuonoi cmoau. basanrvmosa Qiopa
He cmana eunsamrom. Bunsmxom 3axonomipto
GuezaA0aioNms e 3pa3ku 3 0a3anbMmo-posin-
20M, WO HAPOWYIOMb MIUHICML NPU GU2UMI.
Pazom 3 mum, npu eucoxomy nanosmenni (aue
He npu 15 mac %) euseieno maibyice nooeiie
3POCMAanHA MOOYIS NPU 6ULUHI, — BUULE HIJC OIS
KOMRO3umy 3 poeiHzom, wo Oyxice 8AXHCIUBO 3
npaxmuunoi mouxu 3opy. Hanosenenns mixpooa-
3QIbMOM CNPUSE 3HUICEHHIO WEUOKOCHI | cmy-
nens nadyxanns 6 35 % H»0» — mum axmueni-
we, wuM uue 6i0comox HanoeHenns. Bisyanvio
60HU MAIOMb 03HAKU OKUCAEHHS NEPEeKUCOM
(6initomv), npome cymmesoi decmpyxuii (ax
6 auemoni) He euseaOMb. OMpumano Kpusi,
wWo 003601A10Mb OUIHUMU CMYNIHL HAOYXAH-
Ha nonimepy. Kpim mozo, docnidiceno xapax-
mep HAOYXAHHA KOMNOIUMIE 3 UCOKUM Cmyne-
Hem Hanosnenns — 50 i 80 mac %. Ompumani
pe3yavmamu 00360JUNU 3pOOUMU BUCHOBOK NPO
CMYninG YwinbHeHHS CMPYKMypu KomMnoumy i
3pocmanns cmitixocmi 1020 00 azpecusHux cepe-
do6uw, 3a PAXYHOK 30LIUEHHS MACMKU Heop-
eaniunoi pazu

Kniouosi cnoea: enoxcuonuit nonimep,
Mikponanobazanvmosa Qiopa, miynicmo, ao-
2e3isn, cmilkicmo 00 CMUpPanHs, Auemon-emu-
Jauemam
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1. Introduction

simple amplification of epoxy, polyester, and other mesh

The search for the optimal filling of epoxides aimed at
enhancing their properties is underway [1, 2]. The nanoba-
salt fibers are a sought-after material for the technologically

polymers. The fibers that are connected at the level of nano
technologies should provide strong bonding. This is achieved
through the mechanical interweaving and adhesion between
the composite and a polymer. Such technologies are promis-



ing from a practical point of view. Being fibers, in contrast
to other promising nano dispersions (aerosils, nanotubes,
graphene, nano alumina, nano metals), they should have a
significantly higher filling threshold (40-50 % by weight
and above). Such a percentage of their filling makes it pos-
sible to expand the prospects for varying their formulations.

In addition, similarly to other inorganic oxide materials
(glass, granite, aluminosilicates), basalt exhibits an excellent
affinity for epoxides and other polar resins [3, 4]. It appears a
relevant task to investigate a series of experimental searches
for the formulations of epoxy polymer composites with ele-
vated resistant properties [5, 6].

2. Literature review and problem statement

Interest in the epoxy-basalt composites has not waned
for decades. They are studied both separately and in a
mixture with other fillers [7, 8], examining their strength
and durability. Here are examples of studies into such
composites.

Paper [8] reports the results of studying the effect of ba-
salt fiber on epoxy composite. It was shown that after ultra-
sonic processing, when compared, the relaxation processes
in composites with basalt, glass, and carbon fiber are of the
same order [8]. Moreover, basalt fiber yields (for polyepoxide
with soot in the amount of 30 % by weight) higher adhesivity
(approximately, 70 MPa), cohesion, elasticity module, and
relative deformation, compared to other fibers [8]. Howev-
er, there are many unresolved issues related to testing the
composite material at temperatures above 200-250 °C. The
reason for this may be objective difficulties associated with
the fact that the cited paper examined the contact tempera-
ture of the experimental sample in the zone of mechanical
interaction between surfaces. At the same time, the estab-
lished values of friction factors limit the temperature mode
of the pair sample—surface, which makes the relevant studies
impractical. The option to overcome the corresponding diffi-
culties may be the development of composites with increased
mechanical properties, allowing the application of the mate-
rial over a wide range of temperatures. This is the approach
used in works [9, 10]. These works show that even small
concentrations of basalt fiber (for example, 0.1 % by weight)
can significantly improve the properties of epoxy, which
is traditionally explained by good interphase interaction.
However, the use of graphene nano pellets in the composite’s
formulation significantly narrows the scope of its application
due to the increased cost component. Given this, further
relevant studies do not seem appropriate.

Paper [11] reports the research results that show the high
resistance of epoxy basalts against alkaline environments, it
is indicated that they are cheaper than carbon and aramid
plastics. It is demonstrated that the properties of basalt- and
fiberglass are sometimes similar, for example, the curves of
Differential Scanning Calorymetry and the glass transition
temperature [11]. The authors found that basalt plastics have
a higher elasticity module and better strength at bending
than similar fiberglass. However, there are unresolved issues
related to testing the samples of different geometric shapes.
The reason for this may be the purpose of the cited paper — to
determine the interlayer shift of composite annular samples.
Such a statement does not reveal the effect of alkaline envi-
ronments on samples executed in a different shape. The option
to overcome the difficulties may be the manufacture of flat-

shaped samples as part of a more complex geometric object.
This is the approach used in works [12-24]. Study [9] shows
the possibilities to strengthen the epoxy polymer with nano-
basalt fiber, in the amount between 15 and 80 % by weight.
It is shown that the most effective strengthening is observed
in the interval of 50-80 % by weight, whereby the composite
changes the microstructure significantly. Composites with
“dispersed basalt” (that is, containing fiber) were examined
in [12]. It is shown that the growth of the size of basalt par-
ticles (their size was within 140 pm) leads to an increase in
the degree of hardening, from 84 to 94 %, and at 90 °C — from
98.7 to 99.7 %. The optical-microscopic photographs of the
compositions are given, which show the even distribution of
basalt particles. However, the temperature of degradation al-
most does not change at filling (from 200 to 210 °C), although
the oxygen index grows from 19-26 without filling to 37. The
authors of [13] studied the water- and lye resistance reveal-
ing the threshold of resistance of basalt plastic structures in
northern reservoirs (16 years). After 1.5 months of aging in
acidic, alcoholic, aquatic, and salt environments, the decrease
in tensile strength was 5-10 % (worst of all in the alcohol
environment). Papers [22, 23] examined the possibility and
effectiveness of the use of dispersed basalt as a filler for epoxy
resin and showed that the introduction of dispersed basalt had
an impact on the structural formation processes of the epoxy
composite. This influence is manifested in the increase in the
viability of the composition — the duration of gel formation
and curing processes increases from 50 to 52—75 minutes and
from 70 to 72—-95 minutes; the authors noted an increase in
the physical and mechanical characteristics when introduc-
ing dispersed basalt in the amount of 30-50 % by weight.
However, such studies do not give an idea of the properties
of the same composites but containing micro- or nano-fibers.
This suggests that it is appropriate to conduct a study on the
chemical durability of composite formulations containing
micronano fibers as a filler.

3. The aim and objectives of the study

The aim of this study is to define the optimal ratio for the
polymer-composite filled with basalt micronano fibers with
increased resistant properties.

To accomplish the aim, the following tasks have been set:

— to determine the structure and morphology of basalt
fiber and the polymer composite;

— to determine the fire resistance of the hardened com-
posite; to derive a dependence between the amount of a filler
and the level of fire resistance;

— to determine the mechanical characteristics of the ma-
terial’s developed formulations;

— to determine the wear resistance, as well as the adhe-
sion of the composites to steel;

— to determine the chemical durability of the material’s
developed formulations.

4. Materials and research methods to study the effect of
the micronanobasalt fiber content as the main filler of
the polymer composite

4. 1. Examined materials
The samples were prepared on the base of ED20 resin
and PEPA hardener (5:1), with 10 % dilution by ethyl alco-



hol (the commercially-available sample “Epoxy Glue”). The
hardening of the formulations was carried out by mixing
these components with micronanobasalt fiber (made in
Ukraine, Zhytomyr region) without vacuuming.

4. 2. Procedure for determining the samples’ prop-
erties

The structure of the filler particles was examined using a
scanning electron microscope (SEM) JSM-35 JEOL (Japan).

Compression tests (GOST 4651-68) involved the sam-
ples in the form of a cylinder with a diameter of 6.5 mm
and a height of 10-12 mm (at the LouisShopper press ma-
chine), manufactured at 25 °C and thermally-treated. The
tests for adhesive detachment (GOST 14760-69) involved
the glued metal “cones” with a diameter of 2.2 cm using
the tested binder, at the installation “UMM-10 Armavir”.
All rounding, including averaging, implies a larger value;
the lowest 1-2 values are not taken into account (if they
are greatly understated). The tests for adhesive shift
(GOST 14760-59) of the glued fiberglass plates with a
glued area of 3 cm? were carried out at the installation
Z1IP DI-1. The bend tests (GOST) involved the samples
measuring 12x60x2 mm on a base of 40 mm. The abrasion
of the composites was measured based on a change in
the mass of the sample after rubbing the sample with the
sandpaper P180, over a 100-fold cycle at the diameter of
the cycle path 5 cm.

The wear resistance was calculated from the following
empirical formula

T= ) @
X-p,

where p£ is the ratio of the densities of the filled to unfilled
0
polymers, X is the abrasion value).

In fluid resistance tests, the tablets (the size of
1x1x0.2 mm) were placed in the acetone/ethyl acetate mix-
ture and 35 % hydrogen peroxide. A change in the mass was
recorded gravimetrically as a percentage of the weight gain.

The changes in the mass, mass change rate, the thermal
effect magnitudes in the heating of the samples were studied
using the thermogravimetric analysis method employing
a derivatograph of the Paulik-Paulik-Erdey system, made
by MOM, brand-1500D, GOST 29127-91. The thermo-
grams were acquired under the following mode: a batch of
100.3 mg; sensitivity, 100 mg; TG-500, DTG-500, DTA-250;
heating rate, 10°/min. The tests with open fire were carried
out by a gas burner.

5. Results of studying the indicators of properties of
the examined formulations

5. 1. Determining the structure and morphology of
basalt fiber and the polymer-composite

The properties of composites are significantly dependent
on the morphology and supramolecular structure. Introduc-
ing BF should lead to significant changes in the structure
as the fiber-like filler particles would serve a reinforcing
element. Around them are the regions of the polymer with
compaction and the modified conformation of macromole-
cules. As the concentration grows, the number of new types
of centers would increase, which are uncharacteristic of an

unfilled polymer. These could include both strengthening
structures (reinforcing, increasing the heat and chemical
resistance) and defective or concentrating stresses. Some
preliminary information can be provided by microscopy.
The acquired SEM-photographs show that BF is com-
posed of fibers up to 60 pm long and 3-5 pm in diame-
ter (Fig. 1, a, b), as well as their aggregates. The epoxide
with BF in the amount of 50 % by weight is a heterogeneous
mass containing the pores in addition to the fibers (Fig. 1, ¢).

WD=11.1mm 20.00kV__ x250

WD=11.1mm

20.00kV__ x300

Fig. 1. Scanning electron microscopy of the examined
samples: @ — microbasalt fiber (magnification x252),
b — microbasalt fiber (magnification x500),
¢ — epoxy composites in the amount of 50 % by weight
(magnification x300) [2]

5. 2. Studying the fire resistance of composites

One can see that the addition of BF naturally increas-
es the resistance against open fire, up to the formation of
self-extinguishing composites (Table 1). This is a direct
consequence of the non-combustibility of the filler and can
be important for the creation of fire-safe materials.

The data acquired in determining the heat resistance
of the samples are summarized in Table 2 and Fig. 2. One
can see that the onset of irreversible noticeable destruction
(characterized by a 5 % loss of the mass) in the examined ep-
oxy polymers begins quite late —at 250 °C (according to oth-
er authors, for such systems —as early as 200 °C [22-24]. On



the one hand, this shows the advantage of the manufacturing
technology used; on the other hand, it makes it difficult to
simply increase heat resistance by filling (since it is more
difficult to exceed the limit of 250 °C than that of 200 °C).
However, the example of T, the temperature of a 10 % loss
of the mass, shows that this is possible — for the case of filling
in the amount of 50 % by weight (Table 2, Fig. 2). In turn,
at an average filling (in the amount of 15 % by weight), it is
possible to increase the temperature of the maximum mass
loss, which is important for the fire safety of articles made
from such composites.

Table 1

Fire resistance of composites in terms of ignition time from
the open flame (in brackets: the character of combustion)

N-polymer 15 % by o o
(0 %) weight 0% 80 %
.1—.1.5 (easily 2.3 (ignites 47.5 (Fllfflcult 5-6 (sclf-
1gnites sponta- spontaneously) to ignite spon- extinguishing)
neously) Y taneously)
Table 2
Basic data from the acquired thermograms
No Characteristic 0 by weight | 15 by 50 by
) temperatures (N-polymer) | weight | weight
1 T°C,a5% loss 250 250 250
of the mass
g | T°Cal0%]loss 275 275 | 285
of the mass
T°C,
DTG peak 1 (maximal
3 | mass loseesy/DTA oxo. | 275/300 | 285/315 | 275/280
peak corresponding to it
T°C, exo-peak 2 of
4 the combustion end 280 280 500

5. 3. Studying the mechanical strength of composites

In general, the destruction of epoxy samples by com-
pression is usually accompanied by the passage of the
load-deformation curve through two thresholds — the limit
of elastic resistance (the limit of fluidity) and the limit of
final destruction. The latter is visually characterized by the
destruction of a sample into small parts, the collapse along
straight cracks, barreling. An unfilled N-sample usually col-
lapses this way. Often, a compressed N-sample can “squeeze
in a barrel” — “to barrel.” When filled with basalt fiber, the
sample should become more elastic, and this is observed by
the growth in the E elasticity module (Table 3). At the same
time, the limit of elasticity (fluidity) is not observed explic-
itly (or is seen as a small threshold on the curve) because
further loading does not lead to the plastic deformation of
the sample; the final destruction eventually occurs. Unlike
the more plastic N-sample (or low-filled compositions), the
final destruction proceeds along the bottom-up diagonal by
Chernov-Luders that shift the planes, or along the longitu-
dinal cracks.

The introduction of composites is a positive quality of the
material — the loaded component retains the predefined vol-
ume until the load reaches the limit of strength, after which
a crack is formed. However, a composite material, depending
on a filler, can be plastic as well.

3. 4. Studying the abrasion resistance and the adhe-
sion of composites

It was found that filling in the amount of 15 % by weight
increases the adhesion at detachment by almost 1.5 times,
and in the amount of 50 % by weight — by 67 %. This can be
explained by the high affinity of the basalt phase to a steel
surface (Table 4).

The density of composites at small and medium filling con-
tent varies insignificantly. However, at 50, it increases marked-
ly and especially markedly at 80 % by weight (Table 4).

Table 3
Strength parameters of composites with microbasalt fiber
Mot [Commeimcalioad s | o oimcioy [ MM bk | Sl
H (0 %) 448+2.1 450+1.9 (100 %) 12.25+0.2 12.320.3 (100 %)
15 % 432+1.8 435+1.8 (97 %) 14.15£0.3 14.3+0.4 (116 %)
50 % 440+1.9 440+1.8 (98 %) 13.7£0.3 13.7£0.4 (111 %)
80 % 493+2.0 495+2.0 (110 %) 14.05%0.3 14.1%0.4 (115 %)
No. 1,a Aged over 7 days in HyO
H (0 %) 412+1.7 410+1.6 (100 %) 13.4+0.3 13.4%0.4 (100 %)
15% 415£1.8 415%1.6 (101 %) 14.2+0.4 14.2+0.4 (106 %)
50 % 450+1.9 450+1.9 (110 %) 15.0£0.5 15+0.4 (112 %)
No. 2 Compression, series with roving
H (0 %) 410+1.8 4101.8 (100 %) 13.6+£0.4 13.7£0.4 (100 %)
Basalt roving 420+1.8 420+1.8 (102 %)+1.8 14.3+0.4 14.320.4 (104 %)
Glass roving 380+1.8 380+1.8 (93 %) 16.5 16.5%0.4 (120 %)
No. 3 Bending, strength, kg/mm? | Bending average value, kg/mm? | Module Ege, <103, kg/cm? | Averaged Egex, kg/cm?
H (0 %) 11.240.2 11.2+0.3 12.7+0.4 12.7+0.3
15% 5.5+0.1 5.5%0.1 11.7+0.3 11.7£0.3
50 % 4.6x0.1 5+0.1 23.8+0.4 25+0.4
80 % 6.4%0.1 6.4%0.2 20+0.4 20+0.4
Nwith basalt 12+0.3 12+0.3 16.2+0.3 16.2:0.3
roving




Table 4
Resistance to abrasion and the adhesion of composites

Samples (mg per 40 runsAol:/r(?rS }c(l)ll(l: fandpapcr P120) p/p(H)

H (0 %) 8.5+0.3 1
15 % 9.5+0.3 1.16
50 % 10.5+0.4 1.3
80 % 11£0.4 1.77

Adhesion. Detachment from steel of 5 cm?
(italics denote the lowest, ignored value)

H (0 %) 110£1.3 120
15 % 144+1.3 170
50 % 183£1.6 200
80 % Not examined due to the sample’s B

destruction
Composites density, g/cm?

H (0 %) 1.7 (100 %) -
15 % 1.6 (94 %) —

50 % 2.1 (124 %) -
80 % 3.7 (218 %) -

5. 5. Studying the chemical durability of the devel-
oped composite formulations

The resistance of the composite material against swelling
in aggressive environments was tested in the acetone-ethyl
acetate mixture. The aging in the mixture lasted 5 days. The
result is shown in Fig. 3.

25,0
20,0 ]
¢
© 150 %
3 100 s S A
w
50 1A
* (0] @
0,0 X X X X
) e
0 1 2 3 4 5 6
time, days

Fig. 3. The swell chart of samples without (N1 and A2)
and with BF in the amount of 15—80 % by weight, in an
acetone:ethyl acetate mixture [2]: N1 and M2 — unfilled
samples, 15 % — 15 % filling with basalt micronano fiber,
50 % — 50 % filling with basalt micronano fiber,
80 % — 80 % filling with basalt micronano fiber

Note that acetone and its solutions are very aggressive
environments for polyepoxides, as is it known [25] from
studies [26, 27]. Since acetone is found in many industrial
and household solvents, the issue of increasing the durability
of composites in it is very important. It is equally important
to know the limits of resistance in oxidizing (for example,
peroxides) and acidic environments. The affordable and used
35 % hydrogen peroxide (Fig. 4) and nitric acid (Fig. 5) are
good for modeling. Continuous fiberglass (CFG) and con-
tinuous basalt fiber (CBF) were further considered as the
material for our study.

The need to study the durability of a formulation in sea-
water is obvious due to the use of epoxides in shipbuilding
and construction as compounds and coatings (Table 5).

7.0 ' oH2
6,0 A15%
5,0 i ¢ 050 %
o 40 I | x80%
T 30
i 2,0 3 X X X
S g0 X o o o
” 00
41,0
By QI ?
0 1 2 3 4 5
time, days

Fig. 4. The swell chart of samples without (M1 and A2) and
with BF in the amount of 15—80 % by weight, in 35 %
H,0,: M2 — unfilled sample, 15 % — 15 % filling with basalt
micronano fiber, 50 % — 50 % filling with basalt
micronano fiber
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(=}

oo

N

~

swelling, wt%

[\S]
I

) 1

N B15% B50% B50%

CFG

Fig. 5. The swell chart of samples without (M) and with BF in
the amount of 15—80 % by weight, in 20 % HNOs:

0 — the study onset (0 days); 0.06 — measured in 2 hours
after the study onset; 1 — measured in 1 day after the study
onset; 5 — measured in 5 days after the study onset;

11 — measured in 11 days after the study onset

CBF

Table 5
The swelling of samples in seawater (salt content, 4 %) over
52 days, without (N1 and M2) and with BF in the amount of
15—80 % by weight

Day N N2 |B15% |B50% |B80% | CFG | CBF
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.08 2.9 2.1 3.1 0.9 0.8 -0.8 1.0

1 -1.8 | -2.1 | 08 0.4 —0.4 0.8 0.5
3 0.0 0.7 -0.8 0.0 -0.4 2.5 1.0
17 -12 | =14 | =31 | 09 | -26 2.5 3.1
52 -18 | -14 | -31 | -09 | -26 2.5 3.1

6. Discussion of results of studying the effect of filling
the composites’ samples with microbasalt in different
amounts

It is possible to introduce basalt fiber into epoxy res-
in in a very wide concentration interval — up to 80 % by
weight, with the formation of viscose black masses, normal-
ly cured (Fig. 1).

The results of determining the examined samples’
resistance against thermo-oxidative destruction are given
in Table 2. The acquired thermograms indicate a relatively
weak influence of BF although even such minor changes
are practically significant. Thus, the actual heat resistance



(estimated based on the temperature of a 10 % loss of the
mass) does not change at 15 % filling but grows somewhat
for BF in the amount of 50 % by weight (Table 2, line 2).
However, the temperature, maximum weight loss, and
exo-effect increase when filling with BF in the amount
of 15 % by weight. This indicates the formation of more
heat-resistant polymer-composite structures over this
filling interval. In addition, the derivatograms show that
with the increase in filling by up to 50 % by weight, the
character of the manifestation of the exo-effects changes
significantly, which reflects changes in the structure of
the composite.

The introduction of microbasalt can increase strength
at compression to 10 % (with a measurement error less
than 5 %), and only at a very high filling in the amount of
80 % by weight (Table 3, No. 1). True, after a week of aging
in water, the basalt-composites were much more stable
than a conventional polymer. The strengthening effect of
microbasalt is expressed in an increase in the compression
load of a composite aged in water and its elastic modulus
up to 6-12 %. A slight increase in the modulus of elasticity
is also observed for the N-polymer aged in water (Table 3,
series No. 1a).

The growth in the elasticity module E,,, when the ep-
oxy basalts are compressed (as opposed to load/strength C)
becomes noticeable even with a slight filling (15% by
weight). It was expected that at higher fillings there would
be a further increase in the module but a given experiment
did not reveal it (Table 3, No. 1). It is characteristic that, for
compression, simply introducing basalt roving into the resin
does not produce such a noticeable effect (in contrast to glass
roving, Table 3, No. 2).

The drop in strength at bending (by about 2 times) after
filling is a trend typical of almost any epoxy resin filler.
Basalt fiber was no exception (Table 3, No. 3). The natural
exception is only the samples with basalt roving, which
increase strength at bending (Table 3). However, at high
fillings (but not at 15 % by weight), there is an almost two-
fold growth of the module at bending, higher than that for
the composite with roving (Table 3, No. 3), which is very
important from a practical point of view.

The swell graph (Fig. 3) in acetone-ethyl acetate shows
that the unfilled polymer swells very actively in the first
days and, after 2 days, reveals the signs of physical destruc-
tion (decay into parts). As a result, the swelling is replaced
by reverse processes of the mass loss, which can be observed
in Fig. 3 where the curves of the unfilled samples take sim-
ilar shapes (the difference in swelling is due to differences
in the sample masses). Filling with basalt in the amount of
15 % by weight retains the likeness of a swelling curve to the
curve for N1 and N2 (unfilled), severely distorting its shape
towards smoothing the swelling and loss of mass processes.
The sample with 15 % by weight also deconstructs, albeit
after 5 days.

The filling with micro basalt reduces the rate and de-
gree of swelling in 35 % Hy0, (Fig. 4) — the more active the
higher the percentage of filling. Visually, they demonstrate
the signs of oxidation by peroxide (white) but no signifi-
cant destruction (as in acetone) is detected. As the curves
demonstrate, in this case, the filling in the amount of 15 %
by weight (insignificant) does not lead to a drastic change
in the nature of swelling, which indicates the preservation
of the structure of the polymer as a whole. The same cannot

be said for composites with a high degree of filling, in the
amount of 50 and 80 % by weight, whose swelling patterns
are different than those for the unfilled and low-filled sam-
ples. This can be explained by the compaction of the struc-
ture of the composite (with a decrease in the number of pores
and permeable areas) and its increasing resistance against
aggressive effects due to the increase in the proportion of
inorganic phases.

However, the resistance to swelling in nitric acid af-
ter filling with BF, in the amount of 50-80 % by weight,
decreases (Fig. 5), which is probably due to the nature of
basalt. It can be assumed that the porosity would increase
after the filling with a medium amount (15 % by weight),
which facilitates the penetration of small acid molecules into
the structure of the composite. At higher fillings, the swell-
ing decreases but remains above the level of the N-polymer,
Fig. 5), which may be due to compaction of the composite
structure.

The resulting data also show (Table 5) that in seawater
the composites with BF do not actually swell (as well as an
unfilled polymer) although the composites of epoxy polymer
with glass- and basalt fiber tend to swell.

Further study of the resulting formulations implies the
use of computer-based universal testing equipment applying
the combinations of composite formulations. This approach
was implemented with the use of laminates based on the ba-
salt fiber reinforced by tungsten [28], as well as with the use
of fly ash [29]. Such methods are promising.

7. Conclusions

1. The introduction of basalt fiber into epoxy resin is
possible over a very wide concentration interval — up to
80 % by weight, with the formation of viscose black masses,
cured normally. The high filling significantly increases the
density of the composites (by 2.2 times for 80 % by weight).

2. The cured composites have increased fire resistance,
growing with the growth of filling. At the same time, how-
ever, the method of thermogravimetry did not reveal the
effect of a basalt filler on the nature of thermo-oxidative
destruction.

3. The introduction of BF provides an opportunity to
increase strength at compression (within 10 %) and the
elasticity module at compression (by 10-20 %). Moreover,
basalt composites are insensitive to aging in water, in con-
trast to unfilled, which reduces the strength after aging.
The highly filled composites (BF in the amount of 50-80 %
by weight) are characterized by a very noticeable increase
in the elastic modulus at bending (by almost twofold) al-
though the bending strength itself is also proportionally
reduced.

4. Tt has been found that filling in the amount of 15 %
by weight increases the adhesion at detachment by 31 %,
and in the amount of 50 % by weight — by 67 %, while the
resistance against abrasion — by 12 % and 24 %, respec-
tively.

5. The resistance in acetone and ethyl acetate at high
fillings increases significantly. At 50—-80 wt %, the sample
does not degrade in these solvents - in contrast to unfilled
and 15 wt % filled composites. The filling with microbasalt
reduces the rate and degree of swelling in 35 % H9O — the
more active the higher the percentage of filling.
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