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A relevant task in improving the properties of elastomers is to increase their strength and 

stiffness, which affect the reliability and durability of rubber products. The paper presents a tech-

nology for manufacturing high-modulus materials based on SKD-V butadiene rubber and reinforc-

ing layers of fabrics from basalt, glass, and carbon fibers. The results of studying elastic strength 

properties reveal a significant increase in the ultimate strength of reinforced samples in comparison 

with an unmodified elastomer. The increase in tensile strength varies from 1.7 to 2.8 times. The ad-

dition of reinforcing layers reduced the elongation value by 25 to 47 times compared to rubber 

without reinforcement. High tensile strength and low elongation increase shear resistance. The wear 

resistance testing of elastomers coated with reinforcing fabrics shows a decrease in abrasion re-

sistance reduced by a factor of 5.8. Abrasion wear and interaction between the reinforcing filler and 

the polymer are studied by electron microscopy. The study of the microstructure shows a weak con-

tact between the fiber and the elastomeric matrix. Lack of contact during the abrasion process caus-

es destruction of the fibers on the abrasive surface and their further separation. Due to the combina-

tion of high tensile strength and low elongation, the reinforced materials obtain high modulus prop-

erties combined with lateral mobility. 

Keywords: elastomer, basalt fiber, carbon fiber, glass fiber, high modulus material, microstructure. 

1. Introduction 

In connection with the intensive development of various industries, the task is to search for 

and create new polymer composite materials (PCM) that meet technical requirements and have high 

performance. Polymeric materials have a number of advantages and a wide range of applications. 

The potential for improvement is almost limitless due to the possibility of modifying them by intro-

ducing fillers into the volume, applying coatings, joining with other materials, or reinforcing with 
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various types of fibers and fabrics [1, 2]. One of the areas of polymer materials science is develop-

ment of high-modulus PCMs based on a combination of elastomers and reinforcing fabrics. 

When developing composites based on elastomers, one must consider the possibility of their 

operation at low negative ambient temperatures. Winter temperature in some regions can drop be-

low –40 °C, sometimes even below –50 °C, resulting in the failure of rubber products. To improve 

the reliability of products operating in these conditions, it is necessary to use materials with high 

frost resistance. Rubber is the main ingredient of the rubber compound responsible for the ability to 

operate elastomers at low temperatures [3]. It is known [4] that elastomers based on siloxane, buta-

diene, and isoprene rubbers have a high frost resistance. To create high-modulus frost-resistant 

PCMs, reinforcing basalt, glass, and carbon fabrics can be used, which retain the stability of proper-

ties over a wide temperature range [5, 6, 7, 8]. The advantage of reinforcing fabrics is their physical 

and mechanical properties; namely, the tensile strength of basalt fiber varies from 4.8 GPa and its 

elastic modulus is 89 GPa [9], the strength of glass fiber ranges from 1.5 to 5.0 GPa and its elastic 

modulus ranges from 50 to 90 GPa [10], the strength of carbon fiber is as high as 6–7 GPa and its 

elastic modulus reaches 600 GPa [11]. Another advantage of these fibers is their chemical resistance. 

Thus, basalt fiber forms a protective film on the surface due to partial dissolution of the fiber [12]; car-

bon fiber is chemically inert under normal conditions and in the absence of catalysts [13, 14]; when dis-

solving, glass fiber adsorbs water and an aggressive medium, with simultaneously slowly dissolving 

oxide components turning into highly porous silica [15]. The combination of a frost-resistant elas-

tomer with high-modulus fibers will make it possible to obtain a PCM with the properties of two 

different materials. 

The purpose of this research is to study the physical and mechanical properties and structure 

of high-modulus elastomers based on frost-resistant SKD-V butadiene rubber [16] and reinforcing 

basalt, carbon, and glass fabrics. 

2. Materials and Methods 

The objects of the study are elastomeric materials reinforced with fabrics by the layer-by-

layer method. Fabrics made of basalt fiber brand BT-11 (100) (Factory of technical fabrics, Russia) 

with a surface density of 351 g/m
2
 and a 5/3 twill weave, fiberglass brand TR-560-30A (100) 

(PolotskSteklovolokno, Belarus) with a surface density of 560 g/m
2
 and a 2/2 twill weave, carbon 

fiber brand 2/2-1000-12K-400 (Prepreg-SKM, Russia) with a density of 407 g/m2 and a 2/2 twill 

weave were used as a reinforcing layer. A rubber compound based on frost-resistant butadiene rub-

ber of the SKD-V brand (Sibur, Russia) was used as an elastomeric matrix. The ingredients were 

mixed in a PL-2200 closed rubber mixer (Brabender, Germany) for 20 min. The recipe and the time 

of introducing the ingredients into the rubber compound are shown in Table 1. 

TABLE 1. Recipe and time of introduction of rubber compound ingredients 

No. Ingredients MF Introduction time, min 

1 SKD-V 100.0 0 

2 Stearic acid 2.0 0 

3 Technical Carbon N550 50.0 2 

4 Zinc oxide 3.0 5 

5 Sulfenamide C 0.9 10 

6 Sulfur 1.5 12 
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The prototypes were produced by the layer-by-layer method, i.e. rubber mixture – reinforc-

ing fabric layer – rubber mixture. A schematic representation of the stacking of the samples  

is shown in Fig. 1. 

 

 

FIGURE 1. Reinforced material: elastomer layer – reinforcing fabric layer – elastomer 

Vulcanization of rubber compounds and hybrid elastomeric composites was carried out in a 

PKMV-100 hydraulic press (Impulse, Russia) at 155 C for 20 min under a pressure of 10 MPa. 

The elastic-strength properties of the reinforced elastomers were determined by means of an Auto-

graph AGS-JSTD testing machine (Shimadzu, Japan) according to ISO 37-2020; wear resistance was de-

termined on an MI-2 friction machine (Polymermash group, Russia) using an abrasive surface with a grain 

size of 150 according to ISO 4649-85, the test time was 5 min; hardness was determined by the Shore A 

method according to ISO 7619-1-2009. The microstructure of low-temperature cleavages and the friction 

surface was studied in a JSM-7800F scanning electron microscope (JEOL, Japan) at a low accelerating 

voltage in the secondary electron mode. 

3. Results  

Fig. 2 shows the microstructures of the basalt fabric (BF), the glass fabric (GF), and the car-

bon fabric (CF). 

 

 

a b c 

FIGURE 2. Micrographs of the fabrics: BF (a); GF(b); CF (c) 

The microphotographs show that the basalt fabric has a denser weave between fiber bundles 

relative to the fiberglass and carbon fabrics. Presumably, this is due to the fact that the ratio of the 

number of interlacing fibers of the basalt fabric is 5 to 3, while it is 2 to 2 for the fiberglass and car-

bon fabrics. 

Figure 3 shows the comparison diagrams of relative elongation and ultimate strength for the 

original elastomer and the elastomers reinforced with BF, GF and CF layers. 
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a b 

FIGURE 3. Diagrams of the physical and mechanical properties  

(a – elongation; b – tensile strength) of the elastomers based on rubber SKD-V,  

SKD-V with BF, SKD-V with GF, SKD-V with СF 

It can be seen from the relative elongation diagram that the introduction of a reinforcing lay-

er into the elastomer matrix leads to a significant decrease in elasticity, that the relative elongation 

decreases by a factor of ~25–47 compared to the original rubber, and that it is 15.5 % for the elas-

tomer with BF, 8.4 % for the elastomer with GF, and 7.1 % for the elastomer with CF. The decrease 

in the elastic properties is due to the inability of the reinforcing layers to suffer large strain-induced 

changes. Thus, the reinforcement of the elastomer reduces its deformability. 

 

 

a b 

 

c d 

FIGURE 4. Microphotographs of specimen cleavages: SKD-V (a); SKD-V with BF (b);  

SKD-V with GF (c); SKD-V with CF (d) 
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The introduction of a reinforcing layer into the rubber compound significantly increases the 

strength properties of the elastomers (Fig. 3b). The strength increases 1.7 to 2.8 times from that of 

the original rubber. The specimen reinforced with BF has the highest strength properties  

(∼29 MPa). The introduction of a reinforcing layer of BF, CF, and GF into the rubber compound 

imparts high-modulus properties to the elastomeric composites by increasing the strength properties 

and significantly reducing elasticity. 

Figure 4 shows micrographs of brittle fractures for the SKD-V elastomers and the composite 

elastomers with the addition of a reinforcing layer. 

Figure 4 b-d shows the contact points of two different layers: reinforcing fabric and rubber. 

For example, in Fig. 4b one can see areas of tight contact of the basalt fibers pressed into the rubber 

mass. The fibers on the samples with GF and CF (Fig. 4c, d) adhere less closely to the rubber. 

These samples showed lower strength during testing. It follows from the analysis of the microstruc-

ture that the adhesion of BF, GF, and CF to the rubber is weak due to the chemical inertness of the 

fibers. 

Figure 5 shows diagrams of Shore A hardness and wear resistance of the rubber samples 

based on the SKD-V rubber and the rubbers with reinforcing layers. 

 

 

a b 

FIGURE 5. Diagrams of Shore A hardness (a) and wear resistance (b) for the elastomers based  

on the rubbers SKD-V, SKD-V with BF, SKD-V with GF, and SKD-V with СF 

The hardness numbers of the elastomers with reinforcing layers (Fig. 5a) are on the same 

level with the original rubber, the variation being 1 arb. unit. Presumably, this is due to the fact that 

the reinforcing fabrics are soft materials, and thus they do not increase the hardness of the compo-

sites. 

According to the results of studying the abrasive abrasion of the samples (Fig. 5b) coated 

with reinforcing surface layers of BF, GF, and CF, there is a tendency of a decrease in the wear re-

sistance of the composites coated with fabrics. The volumetric abrasion of the specimens increases 

4.1 to 5.8 times compared to the original elastomer, and it amounts to 0.131 cm
3
 for BF, 0.172 cm

3
 

for GF, and 0.136 cm
3
 for CF. Reinforcing fabrics have inert properties when interacting with other 

materials and high hardness; this reduces the resistance to the abrasive action of large particles. Pre-

sumably, in the process of friction of the reinforcing fabrics on the abrasive surface, they become 

destroyed and peeled off from the elastomer surface. 

Figure 6 shows micrographs of the surface of the samples after testing for abrasion re-

sistance. 
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a b 

 

c d 

FIGURE 6. Micrographs of the samples tested for wear resistance: SKD-V (a);  

SKD-V with BF (b); SKD-V with GF (c); SKD-V with CF (d) 

When comparing the micrographs of the friction surface of the original and reinforced sam-

ples, one can observe a looser surface of the SKD-V sample with traces of grooves from the abra-

sive and a wavy surface of the reinforced rubbers. In Fig. 6 b–d, fragments of BF, GF, and CF fibers 

are clearly visible. Conceivably, during abrasion, the fabrics made of carbon, glass, and basalt fibers 

become destroyed on the abrasive surface and subsequently fall off. 

4. Conclusion 

The study of the physical and mechanical properties of reinforced elastomers has shown the 

following results: 

– the tensile strength of the reinforced elastomers is 1.7 to 2.8 times that of the original elas-

tomer, the maximum increase in strength of 29 MPa being observed in the sample reinforced with 

basalt fabric; 

– the relative elongation of the reinforced samples decreases significantly, 25 to 47 times, 

compared to the elastomer without a reinforcing layer, the decrease occurs by 25–47 times; 

– the microstructure study shows a weak adhesive interaction of BF, CF, and GF with the 

elastomeric matrix; 

– the formation of a surface layer of BF, CF, and GF on the rubber surface leaves wear  

resistance unincreased due to the low adhesion of the fibers with the elastomer and the fragility  

of the reinforcing fabrics. 

High strength values in combination with low relative elongation provide reinforced materi-

als with high resistance to shear deformations, i.e. high modulus properties. 
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