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COMPOSITE  MATERIALS

Epoxy binders are used for preparing composite 
materials that meet the modern operation requirements 
and are suitable for fabricating various items. The 
properties of epoxy composites can be controlled, in 
particular, by using various reinforcing systems with 
high surface activity, such as polyacrylonitrile technical 
cord, hydrated cellulose technical thread, and basalt 
thread. A promising way of improving the performance 
of these fi brous fi llers is their surface modifi cation with 
dressing compounds [1].

Silanes are dressing agents successfully used for 
modifi cation of fi brous fi llers. Silanes form “molecular 
bridges,” i.e., water-resistant and chemically durable 
bonds between components of the composite material 
[2]. In particular, when preparing plastics reinforced 
with glass fi bers, these fi bers are, as a rule, dressed 
with silanes to enhance the interfacial strength [3]. 
Treatment of glass fi bers with γ-methacryloxypropyltr
imethoxysilane (А-174), γ-aminopropyltriethoxysilane 
(AGM-9), and γ-glycidoxypropyltrimethoxysilane (А-

187) enhances the interfacial adhesion, thus enhancing 
the impact resilience of the composite [4–6]. Along 
with glass fi bers, basalt [7‒13], cellulose [14, 15], and 
polyacrylonitrile [16‒20] technical threads can also be 
used in production of polymer composite materials.

This study was aimed at developing composites 
based on epoxy resin and organosilane-modifi ed poly-
acrylonitrile technical cord, hydrated cellulose technical 
thread, and basalt threads. To this end, we evaluated the 
reinforcing properties of the modifi ed fi brous fi llers, ex-
amined the possibility of physicochemical interaction of 
the hydroxy groups of polyacrylonitrile technical cord, 
hydrated cellulose technical thread, and basalt thread 
with functional groups of the dressing agents, and stud-
ied the structural features and operation characteristics 
of the epoxy composites.

EXPERIMENTAL

The following materials were used: ED-20 epoxy 
rubber (GOST (State Standard) 10587–84, Sverdlov 
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Plant, Russia); polyethylenepolyamine curing agent 
(TU (Technical Specifi cation) 2413-066-18777143–15, 
Plant of Organic Products, Russia); polyacrylonitrile 
technical cord, a copolymer of acrylonitrile with sodium 
methacrylate and itaconate with the nominal linear 
density of the unit thread of 0.12 tex (unit thread diameter 
4‒5 μm) (TU (Technical Specifi cation) 6-06-S253–87, 
OOO SNV, Russia); hydrated cellulose technical thread 
with the nominal linear density of the unit thread of 
0.15 tex (unit thread diameter 5‒6 μm) (TU 2271-198-
05763346–2000, Balakovo Chemical Fiber, Russia); 
basalt thread with the nominal linear density of the unit 
thread of 0.32 tex (unit thread diameter 9‒12 μm) (NRB 
10-1200-KV42 grade, external unwinding, Kamennyi 
Vek, Russia); 3-aminopropyltriethoxysilane (AGM-9) 
modifying additive (СAS 919-30-2, ISO 9001, Haihang 
Industry); 3-glycidoxypropyltrimethoxysilane (A-187) 
modifying additive (СAS 2530-83-8, ISO 9001, Anhui 
Elite Industrial); 3-methacryloxypropyltrimethoxysilane 
(А-174) modifying additive (СAS 2530-85-0, ISO 9001, 
Qingdao Hengda Zhongcheng Technology); Duron OS 
3151 modifying additive, a combination of fatty acid 
glycol esters (1907/2006/EG, СНТ Р. Beitlich).

The fi brous materials were modifi ed by treatment 
with aqueous solutions of the chosen dressing agents 
(рН 4.5), containing 2, 5, or 10 wt % modifi er. The fi ber 
treatment time maximally close to that used in dressing 
technology was chosen: 30, 60, or 90 s. The temperature 
of the aqueous solutions of the dressing agents was 
17 ± 2°С. To additionally fi x the modifi er on the fi ber, 
the threads were subjected to two-step drying: fi rst at 
50°С for 60 ± 2 min and then at 100°С for 15 ± 2 min. 

Samples of the composite materials based on 
the epoxy resin and modifi ed polyacrylonitrile, 
hydrated cellulose, and basalt fi bers were prepared by 
compression pressing at 110 ± 5°С and a pressure of 
5 ± 0.5 MPa. The weight ratios were as follows: epoxy 
resin : polyethylenepolyamine = 10 : 1 and binder : 
fi ller = 1 : 1.

The structural characteristics of the modifi ed 
threads and the surface morphology and heat resistance 
of the composite materials were determined by 
scanning electron microscopy [21] (Tescan MIRA3 
LMU analytical scanning electron microscope, 
accelerating voltage up to 30 kV, Oxford Instruments 
Analytical), IR spectroscopy [22] (Specord М-80 
spectrophotometer, working wavenumber range 4000–
400 cm–1, Analytik Jena AG, and IRTracer-100 Fourier 

IR spectrophotometer, working wavenumber range 
4000–400 cm–1, Shimadzu), and thermal gravimetric 
analysis [GOST (State Standard) 29127–91: Plastics. 
Themal Gravimetric Analysis of Polymers. Temperature 
Scanning Method] (Q-1500 D derivatograph of F. Paulik, 
J. Paulik, L. Erdey system, heating rate 10 deg min–1, 
МОМ).

The mechanical characteristics of the threads were 
determined with an FM 27 tensile-testing machine 
(Computext) [GOST (State Standard) 10213.2–
2002: Chemical Staple Fiber and Cord. Methods for 
Determining Breaking Tensile Load and Elongation 
at Break]. The fi ber length in the tensile tests was 
20.0 ± 0.1 mm, and the loading velocity in tensile tests 
of the fi bers was 25 ± 2.5 mm min–1. 

The wetting [23] was evaluated by measuring the 
capillary ascent of a 50% solution of the oligomer in 
acetone along the fi ber immersed in it, using a KM-8 
cathetometer (Izyum Instrument-Making Plant, 
Ukraine) at 23 ± 2°С.

The fi brous fi llers were treated with distilled water 
heated to 45 ± 5°С for 5 min with vigorous stirring, 
which was followed by squeezing.

When studying the curing kinetics of the epoxy 
compounds, we monitored the variation of the curing 
temperature with time at a temperature scanning rate of 
1 deg min–1 [24]. In so doing, we determined the gel 
time corresponding to the onset of a sharp increase in the 
curing temperature and the curing time corresponding to 
the time at which the curing temperature maximum was 
reached.

The degree of curing was determined gravimetrically. 
The extractable fraction content was determined from 
the weight loss of the fi nely divided sample of the 
composite (weighing accuracy 0.0001 g) after the 
extraction of the sol fraction with acetone at the ambient 
temperature of 23 ± 2°С for 24 h. The degree of curing 
(%) was calculated by subtracting the percentage of the 
extractable fraction from 100%.

The tensile, compression, and bending tests [GOST 
(State Standard) 11262–80: Plastics. Tensile Testing 
Procedure. GOST 4651–2014: Plastics. Compression 
Testing Procedure. GOST 4648–2014: Plastics. Static 
Bending Testing Procedure]

 of the reinforced plastics were performed with 
an IR 5046-5 tensile-testing machine (ASMA-
PRILAD). For tensile tests, we fabricated samples of 
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the composite material in the form of a “double blade” 
(size 150.0 × 10.0 × 2.5 mm); the fi ber content of the 
reinforced plastics was 55 ± 2.0 wt %. The extension 
velocity was 5 ± 1.0 mm min–1. For tensile tests of 
the composite materials under industrial conditions 
(Po Tekhin and Co) with a UMM-5 tensile-testing 
machine (ASMA-PRILAD), we prepared samples with 
60 ± 2.0 wt % fi ber content; the extension velocity was 
2 ± 1.0 mm min–1.

Compression tests were performed with samples 
in the form of bars (size 60.0 × 20.0 × 3.0 mm). The 
compression velocity was 2 ± 1.0 mm min–1.

For bending tests of the reinforced plastics, 
we fabricated samples in the form of bars (size 
120.0 × 20.0 × 4.0 mm). The loading velocity was 
2 ± 0.5 mm min–1.

The impact resilience of the composites was 
determined with a KM-5 pendulum impact machine 
(Metrotrest, Russia) [GOST (State Standard) 4647–2015: 

Plastics. Determination of Impact Resilience by Charpy 
Method]. Samples for the tests were prepared in the form 
of bars (size 80.0 × 10.0 × 4.0 mm). The pendulum 
velocity in impact was 2.9 ± 0.1 m s–1.

For Brinell hardness tests [GOST (State Standard) 4670–
2015: Plastics. Hardness Determination. Ball Indentation 
Method], samples of the reinforced plastic (smooth fl at 
plates of size 20.0 × 20.0 × 4.0 mm) were arranged on 
a supporting plate of a TM-2M hardness meter (Plant 
of Testing Devices, Russia) so that the direction of the 
indentation of a ball-shaped indenter be perpendicular 
to the surface of the sample with unidirectional fi bers.

RESULTS AND DISCUSSION

The infl uence of the modifi cation conditions 
(chemical composition of dressing agents, their 
concentration in aqueous solution, treatment time) was 
evaluated from changes in the mechanical characteristics 
of the threads (Table 1) and from the kinetic data on the 

Table 1. Infl uence of modifi cation parameters on the mechanical properties of fi brous fi llers

Modifi er 
concentration 

in bath, %

Fibrous fi ller
polyacrylonitrile technical cord hydrated cellulose technical thread basalt thread

relative 
breaking load, 

cN tex–1

relative 
elongation at 

break, %
relative breaking 

load, cN tex–1

relative 
elongation at 

break, %
relative breaking 

load, cN tex–1

relative 
elongation at 

break, %
at modifi cation time, s

30 60 90 30 60 90 30 60 90 30 60 90 30 60 90 30 60 90
– 43 16 29 16 107 9

3-Aminopropyltriethoxysilane (AGM-9)
  2 – – – – – – 32 31 33 18 18 18 145 152 159 8 10 7
  5 52 60 47 16 16 18 34 34 32 18 15 17 148 148 146 12 11 8
10 45 50 43 19 18 10 33 36 35 20 19 17 125 139 146 8 9 9

3-Glycidoxypropyltrimethoxysilane (A-187)
  2 – 72 – – 19 – 37 41 45 17 16 17 152 174 179 10 15 18
  5 – 68 – – 23 – 49 54 56 17 19 18 178 245 254 11 11 15
10 – – – – – – 55 57 59 19 21 21 215 259 262 11 15 17

3-Methacryloxypropyltrimethoxysilane (A-174)
  2 – 59 – – 21 – 31 33 37 19 21 21 158 167 176 7 10 13
  5 – 56 – – 15 – 45 51 54 19 17 19 189 217 226 9 7 12
10 – – – – – – 53 55 56 21 23 23 197 224 230 11 13 15

Duron OS 3151
  2 55 54 55 22 20 21 33 30 34 15 20 16 181 184 188 11 9 10
  5 64 64 74 24 23 23 34 37 38 18 19 20 175 180 183 12 6 9
10 47 59 59 18 23 29 35 35 37 20 17 19 183 164 151 11 10 14
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height of the capillary ascent of the liquid boundary in 
wetting of threads with the epoxy oligomer (Figs. 1–3).

The infl uence of the modifi cation conditions on the 
mechanical properties of the fi brous materials is the 
most pronounced for the basalt threads modifi ed with 
5% solutions of А-187 and А-174 dressing agents. 
Namely, their relative breaking load increases by a 
factor of approximately 2.5 compared to the unmodifi ed 
thread. Treatment of polyacrylonitrile technical cord and 
hydrated cellulose technical thread with the examined 
modifi ers also positively infl uences the strength of the 
fi brous materials. In particular, the relative breaking load 
of polyacrylonitrile technical cord modifi ed with 5% 
solutions of each of the tested dressing agents increases, 
on the average, by a factor of 1.4 relative to the initial 
fi bers. The most pronounced increase in the relative 
breaking load of hydrated cellulose technical threads (by 
a factor of 1.8) is also reached at 5% concentrations of 
А-187 and А-174 modifi ers and treatment time of 60 s. 
Enhancement of the tensile strength of the modifi ed 
threads is probably associated with their ability to 
adsorb silane dressing agents. The sorption leads to the 
formation of a monolayer surface fi lm, which decreases 
the defectiveness and increases the compactness of the 
fi brous fi ller; as a result, its strength is enhanced.

Based on the trends in variation of the fi ber 
characteristics, we chose the following conditions for 
treatment of fi brous fi llers: 5% concentration of AGM-
9, А-187, А-174, and Duron OS 3151 agents in the 
aqueous bath and modifi cation time of 60 s.

The wettability is an indirect characteristic of the 
adhesion compatibility in the matrix/fi ller system. 
Therefore, we evaluated the wettability of the modifi ed 
threads with a solution of the epoxy oligomer (Fig. 1). 
The polyacrylonitrile technical cord modifi ed with 
A-174 showed the highest wettability.

The time dependence of the height of the capillary 
ascent of the liquid boundary in wetting of modifi ed 
hydrated cellulose technical (Fig. 2) and basalt (Fig. 3) 
threads with an epoxy oligomer confi rms the ability of 
not only А-174 but also А-187 dressing agent to enhance 
the surface activity of the fi brous material.

Taking into account data on changes in the strength 
of the modifi ed threads and in their wettability with the 

Fig. 1. Kinetic curves of wetting of polyacrylonitrile cord with 
epoxy oligomer: (1) polyacrylonitrile thread, (2) polyacryloni-
trile thread + 3-aminopropyltriethoxysilane (AGM-9), (3) po-
lyacrylonitrile thread + 3-glycidoxypropyltrimethoxysilane 
(A-187), (4) polyacrylonitrile thread + 3-methacryloxypropyl-
trimethoxysilane (A-174), and (5) polyacrylonitrile thread + 
Duron OS 3151.

Fig. 2. Kinetic curves of wetting of hydrated cellulose 
threads with epoxy oligomer: (1) hydrated cellulose thread, 
(2) hydrated cellulose thread + 3-aminopropyltriethoxysilane 
(AGM-9), (3) hydrated cellulose thread + 3-glycidoxypro-
pyltrimethoxysilane (A-187), (4) hydrated cellulose thread + 
3-methacryloxypropyltrimethoxysilane (A-174), and (5) hy-
drated cellulose thread + Duron OS 3151.

Fig. 3. Kinetic curves of wetting of basalt threads with 
epoxy oligomer: (1) basalt thread, (2) basalt thread + 
3-aminopropyltriethoxysilane (AGM-9), (3) basalt thread + 
3-glycidoxypropyltrimethoxysilane (A-187), (4) basalt 
thread + 3-methacryloxypropyltrimethoxysilane (A-174), and 
(5) basalt thread + Duron OS 3151.
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in the IR spectrum (Fig. 4, curves 2, 3). In the spectra 
of hydrated cellulose technical (Fig. 4, curves 5, 6) and 
basalt (curves 8, 9) threads, modifi cation with dressing 
solutions leads to the appearance of a peak in the region 
of 2360 cm–1, characteristic of OH stretching vibrations 
in surface anions [O3Si–OH]3–, and to a decrease in 
the intensity of the peaks in the regions of 3550‒3400 
and 1600 cm–1. In addition, in the spectra of all the 
threads modifi ed with А-187 (Fig. 4, curves 2, 5, 8) and 
А-174 (curves 3, 6, 9), in contrast to those of the initial 
threads (curves 1, 4, 7), a peak in the region of 850 cm–1 
appears; it belongs to the –SiOCH3 group present in 
these modifi ers. Enhancement of the surface activity of 
the modifi ed threads is due to changes in their chemical 
composition in the course of dressing.

To confi rm the fi xation of the dressing agents on the 
fi ber, we repeatedly washed the threads with hot water. 
The weight change of the threads modifi ed with А-187 
and А-174 after treatment with hot water (Fig. 5) was 
0.4–0.7% for polyacrylonitrile technical cord, 2.5–1.2% 
for hydrated cellulose technical thread, and 1.3–0.7% 
for basalt thread, respectively.

The IR data and insignifi cant changes in the 
sample weight after treatment with hot water suggest 
the possibility of physicochemical interaction of 
hydroxy groups of the threads with functional 
groups of the dressing agent. This is shown or 
3-glycidoxypropyltrimethoxysilane (А-187) as example 
in Scheme 1.

epoxy oligomer, we chose for further studies А-174 and 
А-187 agents, which enhanced the tensile strength to a 
greater extent and favored an increase in the height of 
the capillary ascent of the liquid boundary in wetting of 
the threads with the epoxy oligomer.

The modifi cation of polyacrylonitrile technical cord 
leads to a decrease in the intensity of the peak in the 
region of 2240 cm–1, corresponding to СN vibrations, 

Fig. 4. IR spectra of the initial and modifi ed threads: (1) po-
lyacrylonitrile thread, (2) polyacrylonitrile thread + 3-gly-
cidoxypropyltrimethoxysilane (A-187), (3) polyacrylonitrile 
thread + 3-methacryloxypropyltrimethoxysilane (A-174), 
(4) hydrated cellulose thread, (5) hydrated cellulose thread + 
3-glycidoxypropyltrimethoxysilane (A-187), (6) hydrated 
cellulose thread + 3-methacryloxypropyltrimethoxysilane 
(A-174), (7) basalt thread, (8) basalt thread + 3-glycidoxypro-
pyltrimethoxysilane (A-187), and (9) basalt thread + 3-meth-
acryloxypropyltrimethoxysilane (A-174).

Fig. 5. Changes in the weights of modifi ed threads after treat-
ment with hot water: (1) polyacrylonitrile thread + 3-gly-
cidoxypropyltrimethoxysilane (A-187), (2) polyacrylonitrile 
thread + 3-methacryloxypropyltrimethoxysilane (A-174), 
(3) hydrated cellulose thread + 3-glycidoxypropyltrimeth-
oxysilane (A-187), (4) hydrated cellulose thread + 3-meth-
acryloxypropyltrimethoxysilane (A-174), (5) basalt thread + 
3-glycidoxypropyltrimethoxysilane (A-187), and (6) basalt 
thread + 3-methacryloxypropyltrimethoxysilane (A-174).
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Table 2. Parameters of curing of epoxy composites in the presence of initial and modifi ed fi bers

Filler Gel 
time, min

Curing 
time, min

Maximal curing 
temperature, °C

Degree of curing, 
%

– 60 71 119 93
Polyacrylonitrile technical cord 30 40 62 98
Polyacrylonitrile technical cord + 3-glycidoxyprop-
yltrimethoxysilane (A-187)

15 26 102 98

Polyacrylonitrile technical cord  + 3-methacryloxy-
propyltrimethoxysilane (A-174)

15 23 94 98

Hydrated cellulose technical thread 28 56 71 95
Hydrated cellulose technical thread + 3-glycidoxy-
propyltrimethoxysilane (A-187)

26 65 85 97

Hydrated cellulose technical thread + 3-methacrylo-
xypropyltrimethoxysilane (A-174)

27 65 83 96

Basal thread 40 70 75 97
Basal thread + 3-glycidoxypropyltrimethoxysilane 
(A-187)

37 55 81 98

Basal thread + 3-methacryloxypropyltrimethoxysil-
ane (A-174)

36 61 87 98

Scheme 1.

Step I: formation of silanols:

Step II: interaction of silanols with hydroxy groups of technical threads (TT):

TTTT

Enhancement of the strength and wettability of 
polyacrylonitrile, hydrated cellulose, and basalt threads 
modifi ed with А-187 and А-174 allows these threads 
to be recommended for reinforcing epoxy resins in 
preparation of composite materials. 

Introduction of unmodifi ed polyacrylonitrile and 
hydrated cellulose threads into epoxy resin decreases 
the gel time (by 50%) and curing time (by 20‒40%) of 
the binder (Table 2). On introducing basalt threads, the 

gel time of the epoxy binder decreases by only 33%, and 
the curing time changes insignifi cantly. Reinforcement 
of the epoxy resin with modifi ed threads leads to the 
improvement of these characteristics. 

Irrespective of the chemical nature of the fi brous fi ll-
er, the maximal curing temperature of the compound in 
the course of curing decreases, and the resulting epoxy 
composites reinforced with the fi bers under considera-
tion are characterized by high degree of curing. In ad-

where
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Fig. 6. Data of scanning electron microscopy: (a) epoxy resin + hydrated cellulose thread, (b) epoxy resin + basalt thread, 
(c) epoxy resin + hydrated cellulose thread + 3-glycidoxypropyltrimethoxysilane (A-187), (d) epoxy resin + basalt thread + 
3-glycidoxypropyltrimethoxysilane (A-187), (e) epoxy resin + hydrated cellulose thread + 3-methacryloxypropyltrimethoxysilane (A-
174), and (f) epoxy resin + basalt thread + 3-methacryloxypropyltrimethoxysilane (A-174).

dition, modifi cation of the threads favors the formation 
of interfacial layers in the composite material, repeating 
the layer morphology of the fi brous fi ller and making 
the composite more monolithic (Figs. 6c–6f).

Improvement of the physicochemical compatibility of 
the threads and epoxy resin in the compounds leads to 
signifi cant enhancement of the strength of the composites 
based on the modifi ed threads (Table 3).

(c)

(f)
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Table 3. Deformation and strength properties of epoxy composites

Filler Breaking tensile 
stress, MPa

Breaking 
compression 
stress, MPa

Bending 
stress, MPa

Impact 
resilience, 

kJ m–2

Brinell 
hardness, 

MPa

– 20 55 70 10   50
Polyacrylonitrile technical cord 80 65 105 80 118
Polyacrylonitrile technical cord + 3-glycidoxy-
propyltrimethoxysilane (A-187)

58 80 – – 141

Polyacrylonitrile technical cord  + 3-methacryl-
oxypropyltrimethoxysilane (A-174)

80 80 – – 121

Hydrated cellulose technical thread 81 – 205 81 190
Hydrated cellulose technical thread + 3-glycidoxy-
propyltrimethoxysilane (A-187)

115 – 317 209 260

Hydrated cellulose technical thread + 3-methacryl-
oxypropyltrimethoxysilane (A-174)

105 – 274 218 243

Basal thread 98 – 485 315 135
Basal thread + 3-glycidoxypropyltrimethoxy-
silane (A-187)

180 – 781 544 260

Basal thread + 3-methacryloxypropyltrimethoxy-
silane (A-174)

176 – 642 402 205

Table 4. Results of thermal gravimetric analysis of epoxy plastics based on initial and modifi ed fi bers

Filler
Pyrolysis 

temperature 
interval, °C

Residue, %, at indicated temperature, °C

100 200 300 400 500 600 700 800

– 200‒220
235‒390

100 93 79 51 37 18 9 7

Polyacrylonitrile technical cord 242‒307
440‒519

100 99 95 70 57 45 27 11

Polyacrylonitrile technical cord + 3-glycidoxypropyl-
trimethoxysilane (A-187)

239‒300
428‒407

100 99 94 69 53 38 18 1

Polyacrylonitrile technical cord  + 3-methacryloxy-
propyltrimethoxysilane (A-174)

262‒308
421‒436

100 100 96 75 57 42 17 0

Hydrated cellulose technical thread 230‒380
420‒660

97 94 82 37 19 5 3 0

Hydrated cellulose technical thread + 3-glycidoxy-
propyltrimethoxysilane (A-187)

230‒380
420‒630

97 95 83 43 26 8 4 1

Hydrated cellulose technical thread + 3-methacryloxy-
propyltrimethoxysilane (A-174)

240‒380
420‒620

97 96 89 49 32 25 15 4

Basal thread 250‒380
440‒590

100 100 96 88 78 72 70 68

Basal thread + 3-glycidoxypropyltrimethoxysilane 
(A-187)

240‒320
460‒590

100 100 97 90 79 73 71 69

Basal thread + 3-methacryloxypropyltrimethoxy-
silane (A-174)

270‒320
450‒580

100 100 97 92 86 79 76 74
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It should be noted that A-187 is a more eff ective 
dressing agent. Its use enhances the hardness of the 
composites based on the polyacrylonitrile cord and 
basalt threads by 20 and 93%, respectively. The other 
characteristics of the polymer composites reinforced 
with hydrated cellulose technical threads and basalt 
threads are also considerably enhanced: bending 
stress, by 55 and 61%; impact resilience, by 158 and 
73%; and breaking tensile stress, by 42 and 84%, 
respectively. In addition, the epoxy plastic reinforced 
with polyacrylonitrile technical cord is characterized by 
enhanced (by 18–45%) breaking compression stress.

Thermal gravimetric analysis shows (Table 4) that 
the composites based on the initial fi bers and fi bers 
modifi ed with А-187 and А-174 are characterized by 
similar temperature intervals of pyrolysis, and in the 
temperature range from 400 to 800°С modifi cation of 
the fi bers does not noticeably alter the heat resistance 
of the epoxy composite material based on modifi ed 
polyacrylonitrile, hydrated cellulose, and basalt threads.

The results of tests on determining the breaking 
tensile stress of epoxy composites based on unmodifi ed 
basalt threads and on those modifi ed with А-187 and 
А-174, performed under industrial conditions (Table 5), 
show that the epoxy composite materials based on 
unmodifi ed basalt threads are similar in this characteristic 
to materials based on aluminum alloy. Modifi cation of 
the reinforcing systems with organosilanes additionally 
enhances the breaking tensile stress of epoxy composites 
reinforced with modifi ed basalt threads, which allows 
the developed composite material to be recommended 
for fabricating structural items.

CONCLUSIONS

Modifi cation of polyacrylonitrile technical cord and 
of hydrated cellulose and basalt technical threads with 

organosilicon dressing agents enhances their strength 
and wettability. Organosilanes А-187 and А-174 are 
eff ective modifi ers of the threads, increasing their 
surface activity. The modifying eff ect is stable; it is 
associated with the physicochemical interaction of the 
hydroxy groups of the threads with the functional groups 
of the dressing agents. Reinforcement of the epoxy resin 
with the modifi ed threads accelerates curing of the 
binder, enhances the strength of the resulting composite 
material, and makes it more monolithic.
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