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ABSTRACT  
The effect of bromobutyl caoutchouc BBK-232, sevilene 11808-340, divinylstyrene caoutchoucs  
DSSK-628V and SKMS-30ARK on the rheometric characteristics of the rubber mixture, physical, mechanical, 
operational and dynamic properties of rubber used for the manufacture of seawater-resistant products are 
studied. Along with the listed ingredients, the rubber mixture contained a vulcanizing agent - sulfur; 
vulcanization accelerators - 2,2'-dibenzothiazole disulfide, diphenylguanidine; vulcanization activators - 
zinc white, stearin; antioxidant - naphtham-2; fillers - technical carbons P 514 and P 803, natural chalk; 
polymer filler - trans-polynorbornene; softeners - rosin, petroleum polymer resin "Shinplast", factice; 
plasticizer - petroleum bitumen. It was found that rubber based on DSSK-628V and BBK-232 couutchoucs 
with their mass ratio of 75:25 not containing sevilen 11808-340 has better rheometric, physical-
mechanical, dynamic properties and resistance to sea water. 
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Introduction 
In industrial production, rubber is one of the widely used polymeric materials that 
underlie the manufacture of products used in various fields of activity, including products 
with high dynamic properties. Special requirements are imposed on such rubbers, since 
they must have good dynamic properties and be resistant to the effects of sea water. Such 
rubbers are usually prepared on the basis of general-purpose and special-purpose 
caoutchoucs [1–3]. In [4–14], it was established that the use of combinations of 
caoutchoucs of different nature is one of the promising ways to create rubbers with 
improved dynamic properties. In [15,16], it was shown that rubbers based on 
combinations of caoutchoucs of different polarity (polar butadiene-nitrile SKN 4065 and 
non-polar butadiene-methylstyrene SKMS-30ARK and butyl rubber BK-1675) with 
additives of trans-polynorbornene, sevilene 11808-340 [15], polyisobutylene P-200 with 
sevilene 11808-340 [16], as well as rubbers containing polyisobutylene [17–20], sevilene 
[21–27] and based on halobutyl caoutchoucs [28–33], are characterized by fairly high 
dynamic properties. In this regard, the aim of this work is to study the influence of 
bromobutyl caoutchouc BBK-232 and sevilene 11808-340, as well as divinylstyrene 
caoutchoucs DSSK-628V and SKMS-30ARK on the properties of rubber used for the 
manufacture of products used in sea water.   

http://dx.doi.org/10.18149/MPM.5312025_11
https://orcid.org/0000-0003-1739-3122
https://orcid.org/0000-0003-2264-1370


144 E.N. Egorov, N.I. Kol’tsov 

Materials and Method 
The rubber mixture under study included the following caoutchoucs and ingredients: 
SKMS-30 ARK, DSSK-628V and BBK-232 caoutchoucs; sevilen 11808-340; vulcanizing 
agent - sulfur; vulcanization accelerators - 2,2′-dibenzothiazole disulfide, 
diphenylguanidine; vulcanization activators - zinc white, stearic acid; antioxidant - 
naphtham-2; fillers - carbon black P 514, carbon black P 803, natural chalk; polymer filler 
- trans-polynorbornene; softeners - rosin, Shinplast petroleum polymer resin, factis, 
petroleum bitumen. The rubber mixture was prepared on a laboratory mill LB 320 
160/160 at a roll temperature of 60–70 °C for 25 min. The rheometric characteristics of 
the rubber mixture were studied on a rheometer MDR 3000 Basic by Mon Tech at 150 °C 
for 30 min in accordance with ASTM D2084-79. Standard samples for determining the 
physical and mechanical properties were vulcanized at a temperature of 150 °C for 
30 min in a vulcanization press type P-V-100-3RT-2-PCD. The main characteristics of the 
vulcanizates were determined in accordance with the standards current in the rubber 
industry: elastic-strength properties were determined according to GOST 270-75; Shore 
A hardness - according to GOST 263-75; tear resistance - according to GOST 262-93; 
change in conventional tensile strength, relative elongation at break and hardness after 
exposure to sea water (8 % aqueous solution of sea salt) - according to GOST 9.030-74 
(method B); change in mass after exposure to sea water - according to GOST 9.030-74 
(method A). Dynamic parameters (tangent of the angle of mechanical losses) of 
vulcanizates of different variants of rubber compound were studied at a temperature of 
30 °C on a Metravib VHF 104 dynamic mechanical analyzer in the "tension-compression" 
deformation mode (degree of deformation 0.01 %) and a frequency of 1000 Hz. 
 

Results and Discussion 
The efficiency of using bromobutyl caoutchoc BBK-232, sevilen 11808-340, divinylstyrene 
caoutchocs DSSK-628V and SKMS-30ARK was assessed by the kinetic (rheometric) 
properties of the rubber mixture, physical and mechanical properties and changes in these 
parameters after exposure to sea water, as well as the dynamic properties of the 
vulcanizates. The variants of the studied rubber mixture containing caoutchocs SKN-
4045, DSSK-628V, BBK-232 and sevilen in different quantities are given in Table 1. 
Figure 1 shows the vulcanization curves for different rubber compound variants.  
 

 
 

Fig. 1. Vulcanization curves of rubber compound (curve numbers correspond to variant numbers)  
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Table 1. Variants and rheometric properties of rubber mixture 
Caoutchoucs, 
sevilen, indicators 

Variants 
1 2 3 4 5 6 7 8 

BBK-232, mass 
parts 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 

SKMS-30ARK, 
mass parts 

75.0 75.0 75.0 75.0 - - - - 

DSSK-628V, mass 
parts 

- - - - 75.0 75.0 75.0 75.0 

Sevilen 11808-
340, mass parts 

- 5.0 10.0 15.0 - 5.0 10.0 15.0 

Rheometric properties 
Smax, dN·m 5.27 4.62 4.21 3.80 7.69 7.20 6.46 5.79 
Smin, dN·m 0.86 0.74 0.69 0.63 1.33 1.34 1.18 1.09 
ts, min 13.46 15.31 16.91 19.48 9.13 8.38 9.54 10.71 
t90, min 31.09 31.41 31.60 32.21 29.75 27.64 28.77 29.18 

Note: Smax and Smin are the maximum and minimum torques; ts and t90 are the start and optimum times of 
vulcanization. 

 
Table 1 shows the results of studies of rheometric parameters for different variants 

of the rubber compound, as shown in Fig. 1. As can be seen, an increase in the content of 
sevilene 11808-340 in variants 1–4 of the rubber compound based on SKMS-30ARK 
caoutchouc and variants 5–8 of the rubber compound based on DSSK-628V caoutchouc 
leads to a decrease in the maximum and minimum torques, while the times of the onset 
and achievement of the vulcanization optimum increase. Equal-mass replacement of 
SKMS-30ARK (variants 1–4) with DSSK-628V (variants 5–8) leads to an improvement in 
the rheometric, and, consequently, technological properties of the rubber compound. 

The results of studies of the physical and mechanical properties of the vulcanizates 
of the rubber compound are shown in Table 2. It follows from the data in Table 2 that 
with equal-mass replacement of SKMS-30ARK with DSSK-628V, there is an increase in 
the conventional tensile strength, hardness and tear resistance, a decrease in the values 
of relative elongation at break and rebound elasticity of vulcanizates. An increase in the 
content of sevilen leads to a decrease in the values of conventional tensile strength, 
hardness and tear resistance, an increase in the values of relative elongation at break and 
rebound elasticity of vulcanizates. The best physical and mechanical properties are 
possessed by the vulcanizate of variant 5 of the rubber mixture containing a combination 
of DSSK-628V and BBK-232 caoutchoucs in a mass ratio of 75:25. 

The results of the study of rubber resistance to the effects of sea water are also 
presented in Table 2, from which it follows: changes of the physical and mechanical 
properties and the degree of swelling of vulcanizates based on DSSK-628V caoutchouc 
are less than those based on SKMS-30ARK caoutchouc; an increase in the content of 
sevilene leads to an increase in these indicators of vulcanizates; which are generally small 
and do not exceed 6 % for physical and mechanical indicators and 0.6 % for the degree 
of swelling. From the results of studies of the dynamic properties of vulcanizates 
presented in Table 2 it follows: vulcanizates based on DSSK-628 caoutchouc, in 
comparison with vulcanizates based on SKMS-30ARK caoutchouc, have higher values of 
the tangent of the angle of mechanical losses and lower values of the modulus of 
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elasticity; the introduction of sevilene leads to a decrease in the tangent of the angle of 
mechanical losses and an increase in the modulus of elasticity; The best dynamic 
properties are possessed by the vulcanizate of variant 5 of the rubber mixture, based on 
DSSK-628V and BBK-232 caoutchoucs with their mass ratio of 75:25. 

 
Table 2. Physical, mechanical and dynamic properties of vulcanizates 

Indicators 
Variants 

1 2 3 4 5 6 7 8 
fp, MPa 5.2 5.0 4.7 4.3 5.0 5.2 5.1 4.9 

εр, % 560 580 590 620 400 410 420 440 

H, units 
Shore A 

54 52 51 50 55 56 54 52 

В, kN/m 27 26 25 22 25 32 29 26 
S, % 31 30 29 27 16 21 20 19 
Changes in physical and mechanical properties of vulcanizates after exposure to sea water at 23°C for 30 days 
∆fp, % +1.9 +2 +2.4 +2.6 +1.7 +1.6 +1.9 +2.2 
∆р, % -3.6 -3.9 -4.5 -5.3 -3.2 -3.5 -4.7 -5.6 
∆Н, units 
Shore A 

+4 +3 +3 +1 +4 +4 +3 +2 

Degree of swelling of vulcanizates after exposure to an 8 % aqueous solution of sea salt at 23 °C for 7 days 
∆m, % 0.50 0.46 0.53 0.54 0.26 0.24 0.27 0.30 

Dynamic properties of vulcanizates of rubber compound 
E′·10-7, Pa 2.18 2.26 2.25 2.14 2.32 2.78 2.81 2.8 
tg 0.304 0.292 0.284 0.282 0.555 0.476 0.454 0.442 

Note: fp is a conventional tensile strength, εp is a relative elongation at break, H is hardness, B is a tear 
resistance, ∆fp, ∆εp, ∆m are relative changes in conventional tensile strength, relative elongation at break 
and weight after keeping rubber in sea water, ∆H is a difference in rubber hardness before and after keeping 
in sea water, E′ is the elastic modulus, tgδ is a tangent of mechanical loss angle. 
 
Conclusions 
The influence of bromobutyl caoutchouc BBK-232, sevilen 11808-340, divinylstyrene 
caoutchoucs SKMS-30ARK and DSSK-628V on the rheometric, physical-mechanical, 
operational and dynamic properties of rubber was studied. It was found that the best 
rheometric, physical-mechanical, dynamic properties and stability in sea water are 
possessed by rubber based on a combination of caoutchoucs DSSK-628V (75.0 parts by 
weight) and BBK-232 (25.0 parts by weight), not containing sevilen 11808-340. 
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