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Abstract

Objectives. The influence of the technological additive content and accelerated aging conditions
on the surface energy and elastic-strength properties of nitrile butadiene rubbers with an average
acrylic acid nitrile content and rubbers based on them were studied in the paper.

Methods. The free surface energy of the samples was determined under the standard conditions
and in the accelerated aging conditions with the use of the Owens, Wendt, Rabel, and Kaelble
method.

Results. It was shown that the elastomeric materials surface energy is influenced by surfactants
such as rosin and stearic acid, which are typical ingredients of rubber compounds. It was also
found that the thermal aging effect on the physical and mechanical properties of rubbers based
on nitrile butadiene rubbers depends on the method of rubber isolation from latex and on the
nature of the surfactant components in the samples.

Conclusions. The analysis of the results obtained shows that the change in the vulcanizates
physical and mechanical properties, depending on the technological additive content and the
temperature effect, occurs along with a change in the critical surface tension.
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AHHOMAuus

Ienu. H3yuerue 8AUSHUSL COOEPIKAHUSL MEXHONI02UUeCcKUX 000a80K U YCa08Ull YCKOPEHHO20 cma-
DEeHUSL HA NOBEPXHOCMHYI 9Hepauio, Ynpyzo-npouHOCMHbsle U ad2e3UOHHble XapaKkmepucmuku
Dpe3uH Ha ocHoge bYymaodueH-HUMPUIbHBbIX KAYUYKO8 CO CPeOHUM COOepIRKaHUeM HUMPUNA AKPU-
7108011 KUC/I0MbL.

Memooest. C nomowsio memooda Oysrca—Bernoma—Pabens—-Kaenbne 6vuia onpedesera ceoboo-
Hasl NOBEPXHOCMHASL 9Hepaust 06pas3yuos 8 cmaHOapmMHbIX YCA08USX U YCA08USX YCKOPEHHO020
cmapeHust.

Pesynemamul. BolLl0 NOKA3AHO, UMO HO NOBEPXHOCMHYI0 SHEP2UI0 91ACMOMEPHBLX Mamepua-
7108 0KA3bLEAIOM 8NUSIHUE NOBEPXHOCMHO-AKMUBHbLE 8euyecmsaa, makue Kak KaHugole u cme-
apuHosas KUCA0ma, s8AsloUUECs MUNUUHBIMU UH2ZPeOUeHMAaMU pe3uHO8blLX cmecell, a maKKe
6bL10 YycmaHo8/leHo, UMmo 8uUsiHUE YCO08ULL YCKOPEHH020 CmapeHust Ha husuko-mexaHuuecKue
ceolicmea pesuH Ha ocHoge bymadueH-HUMPUNbHbLLX KAYUYKos8 3asucum om cnocoba ebloeseHus
Kayuyka us ramekca u npupoosbl NOBEPXHOCMHO-AKMUBHbLLX KOMNOHEHMO8, 8X00SUUUX 8 cOCmas
obpasuyos. [Ipednosazaemcsy, 4mo 3mMmo NPOUCXOOUM 30 CUem MUPAyUL HO No8epxHOCMsb 006pas-
1408 HUSKOMONEKYNSPHBLIX KOMNOHEHMO8 U NOBEPXHOCMHO-AKMUBHbLX 8eULeCms.

Buie00bl. AHANU3 NONYUEHHBLX Pe3ybmamoe noKasvleaem, umo usmeHeHue GPuauKo-mexa-
HUYecCKux ceolicme 8Y/KaHU3amos8 8 3a8UCUMOCMU OM COOepPIKAHUSL MexXHO02UuUecKoll 00-
basxu u sosdelicmeusi memnepamypsl npoucxooum Hapsidy C U3MeHeHUeM KPUmuueckozo
Nno8epxXHOCMHO020 HAMSIKEHUSL.

Knroueesle cnoea: 6ymaoueH-HumpunbHslil KAyuyk, c80600HASL NOBEPXHOCMHASL IHepaus,
NO8epXHOCMHOE HaMSIIKEeHUEe, NOBEPXHOCIMHO-AKMUBHOE 8eULECME0, NOBEPXHOCMHbLE C8OUCMEA,
gusuKo-mexarHuueckue ceolicmea noaAUMepo8, mepmocmapeHrue

Mna yumuposanusn: Iynuna O.A., EcekoBa E.B., Tapacenko A./l., Korora C.B. Bausinue paznuyHbix (akTopoB Ha
IIOBEPXHOCTHBIC CBOWCTBA DJIACTOMEPHBIX MaTEpPHAIOB Ha OCHOBE OyTaJMCH-HUTPHIBHBIX KayuyyKOB. TOHKUE XUMUUECKUe
mexuonoeuu. 2022;17(2):152—163. https://doi.org/10.32362/2410-6593-2022-17-2-152-163
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INTRODUCTION

Nitrile-butadiene rubbers (NBR) are widely
used in the production of rubber products operating,
inter alia, in aggressive environments and at the
elevated temperatures. They are used in almost
all industries [1].

Rubber is the multicomponent composite material
with a multiphase structure, in which the polymer
is in a highly elastic state with high segmental
mobility. Therefore, the surface properties of
rubber-based products are determined by the nature
of polymers, the conditions for their preparation
and surface formation, as well as by the composition
of the polymer material containing a considerable
amount of powdered dispersed fillers and various
low molecular weight additives that can migrate
into the surface layers and affect the surface
free energy (SFE) [1-3]. All this, together with
aggressive factors that have a significant impact
on the state of product material and of its surface,
entails a change in the surface properties and, as
a result, in the product operational characteristics.

In connection with the foregoing, it is
advisable to find a way of assessing the state of
the surface subjected to aggressive action in order
to identify changes in its properties during operation.

In the works of Tarasenko and Dulina [4, 5],
the effect of low molecular weight rubber
compound additives on the surface properties was
studied. It was found that the elastomer compositions
surface properties significantly depend on the
rubber compound ingredients solubility and on
their adsorption properties. It was found that
the effect of surfactants on the surface energy
of rubber compounds is different and depends
on their nature. Sulfur, as a partially soluble
component, does not affect the samples surface
energy in small amounts, and if it is present in
the system in amounts greater than the solubility
limit, it significantly reduces the SFE.

The aim of this work was to study the stearic
acid and rosin content effect on the surface energy
and elastic-strength properties of rubber samples
based on NBRs, with an average content of acrylic
acid nitrile, among other things, under the accelerated
aging conditions of rubbers.

EXPERIMENTAL

The objects of study were NBR samples
with an average acrylic acid nitrile content. The
samples were obtained by two different methods of
isolation from latex [6]. Besides, rubbers based on
them were studied.

SKN-26 SM rubber (Voronezh branch of
Scientific-Research Institute of Synthetic Rubber,
Voronezh, Russia) was obtained using an alkyl
sulfonate emulsifier. The latter is almost completely
washed out in the process of isolation from the latex.
BNKS-28 AMN rubber (Krasnoyarsk Synthetic
Rubber plant, SIBUR Holding, Krasnoyarsk,
Russia) was obtained using fatty acids, followed
by neutralization at the phase boundary to obtain
the emulsifier—the potassium or sodium salt of the
fatty acid. The rubber was isolated from the latex
with the calcium or magnesium chloride solution.
As a result, the emulsifier and coagulator interaction
products remained in the polymer—slightly soluble
salts of fatty acids.

Rubber samples were obtained using the
following formulation: for 100 mass fractions of
the unvulcanized rubber, zinc oxide (Empils-Zink,
Rostov-on-Don, Russia)—5 mass fractions, sulfur
(Rosneft, Moscow, Russia)—2 mass fractions,
carbon black P-514 (Omsktekhuglerod, Omsk,
Russia)—50 mass fractions, and accelerator CBS
(VitaHim, Dzerzhinsk, Russia)—1.2 mass fractions.
The wvulcanization time corresponded to the
optimum vulcanization for this type of rubber
compound.

To determine the critical surface tension, which
is a criterion for estimating the SFE of rubber
samples, the Owens, Wendt, Rabel, and Kaelble
(OWRK) method was chosen. It is based on
determining the contact angles of material surface
wetting by liquids with different surface tension
[7-9]. The OWRK method is more preferable,
because the Zisman method, which is widely used
to assess the surface state, does not take into account
the surface energy polar component contribution.
Studies [10] have shown that the surface energy
values obtained by the Zisman method practically
reproduce the SFE dispersion component values
calculated by the OWRK method.

The obtained contact angles values are used
to calculate the SFE using a mathematical model,
according to which the SFE is the sum of the
dispersion and polar components [11-14].

For determining the SFE, wunvulcanized
rubber samples were obtained by pressing between
fluoroplast films. Rubber samples were pressed
plates.

Since this work considers the SFE as the
comparative characteristic for the series of samples
under study, standard requirements were imposed
on wetting liquids: physicochemical characteristics
stability during storage and high surface tension
and its dispersion and polar components values.
These values should provide sufficiently large and
reliably measured contact angles. As a result, water
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and nonvolatile alcohols—propylene glycol, ethylene
glycol, and glycerin—were chosen as wetting liquids.

The contact angles were determined by the
sessile drop method using an LK-1 goniometer
(OpenScience, Russia). The device makes it possible
to obtain an image of a drop lying on a substrate
using a digital video camera, export the image to
a computer, and determine the contact angle by the
tangent method.

The elastomeric material surface was cleaned
with an inert solvent, ethanol. After that, a drop was
applied to the cleaned surface of the sample using
a microsyringe. The contact angles were measured
after an hour of rest of the samples. This was necessary
for the formation of an equilibrium surface layer
after surface treatment with the cleaning solvent [15].

The main physical and mechanical properties of
the studied rubbers were determined in accordance
with the current state standards (GOST 263-75!,
GOST 27110-862, GOST 270-75°, GOST 262-93%,
GOST 6768-75%).

RESULTS AND DISCUSSION

Inorderto study the influence on the NBRs surface
properties of non-rubber components, the content
and nature of which is determined by the rubber
obtaining method, the critical surface tension was
determined by the OWRK method. The results
presented in Table 1 indicate that the rubbers
production characteristics affect their surface
properties.

Table 1. Surface properties of nitrile butadiene rubbers
obtained by different methods of isolation from latex

Rubber brand SFE*, mJ/m?
SKN-26 SM 28
BNKS-28 AMN 22.4

*Surface free energy determined by the OWRK method.

SKN-26 SM rubber obtained with the use of
an alkyl sulfonate emulsifier, which is almost
completely washed out in the process of isolation
from the latex, has a more polar surface. BNKS-28
AMN rubber has a lower SFE. This rubber contains
a residual emulsifier—sparingly soluble salts of
fatty acids capable of migrating to the surface and
reducing the samples surface tension.

The critical surface tension of samples obtained
based on unvulcanized rubbers was determined
at certain time intervals (0, 1, 3, and 24 h) after
cleaning the surface. As can be seen from Table 2,
the dependence obtained for the unvulcanized rubbers
is also preserved for the rubber samples based
on them. The surfaces of the rubber samples based
on “pure” SKN-26 SM unvulcanized rubber have
higher polarity. An increase in the time elapsed after
surface cleaning slightly decreases the critical surface
tension of all the types of samples. This is explained
by the system tendency to a minimum of SFE, mainly
due to the release of its lowering components to the
surface.

Similar studies were carried out for rubber
samples, in which the content of anionic surfactants—
stearic acid and rosin—was varied (Table 2).

An analysis of the presented results makes it
possible to conclude that in case of rubber based
on “pure” SKN-26 SM unvulcanized rubber, an
increase in the stearic acid and rosin content decreases
the SFE, probably, due to surfactant migration to
the samples surface, and the stearic acid effect being
more significant.

In case of rubbers based on BNKS-28 AMN,
the introduction of surfactants also decreases the SFE,
but a greater effect is manifested upon the introduction
of rosin. It is possible that resin acids that are part
of rosin interact with divalent metal salts remaining
in the system after coagulation, thus forming divalent
metals salts of the resin acids with more pronounced
surface-active properties.

In all the cases, these tendencies in the
corresponding samples are preserved for 24 h after
the moment of purification. However, the effect from
the introduced surfactants becomes less significant.

To expand the understanding of the stearic
acid and rosin role in the NBR-based elastomeric

'GOST 263-75. USSR State Standard. Rubber. Method for determination of Shore A hardness. Moscow: Izd. Standartov; 1989

(in Russ.).

2 GOST 27110-86. USSR State Standard. Rubber. Method for determination of rebound elasticity on the Shob type machine.

Moscow: Izd. Standartov; 1987 (in Russ.).

3 GOST 270-75. Interstate Standard. Rubber. Method of the determination elastic and tensile stress-strain properties. Moscow:

Standartinform; 2008 (in Russ.).

4 GOST 262-93. Interstate Standard. Rubber, vulcanized. Determination of tear strength (trouser, angle and crescent test pieces).

Moscow: IPK Izd. Standartov; 2002 (in Russ.).

> GOST 6768-75. USSR State Standard. Rubber and rubberized fabric. Method for determination of bond strength at ply

separation. Moscow: Izd. Standartov; 1998 (in Russ.).
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Table 2. Surface free energy of rubber samples based on nitrile butadiene rubber containing surfactants

in accelerated aging conditions

Samples composition

SFE,* mJ/m?

Time after surface cleaning, h

Temperature duration, h

0 1 3 24

384 37.0 36.3 34.8 0

343 31.1 30.5 30.0 6
SKN-26 SM

36.7 34.0 33.8 33.3 12

434 41.5 40.9 40.1 18

33.8 31.1 30.8 28.2 0

36.5 35.8 34.1 334 6
SKN-26 SM + 1 mass fract. of rosin

34.6 31.7 30.8 27.3 12

38.6 33.7 32.1 29.6 18

323 29.9 29.1 28.3 0

31.1 28.8 273 27.1 6
SKN-26 SM + 2 mass fract. of rosin

323 27.2 26.8 26.6 12

31.8 253 24.6 23.2 18

31.3 30.5 28.2 25.1 0

29.5 27.6 25.6 23.1 6
SKN-26 SM + 1 mass fract. of stearic acid

29.2 26.3 25.2 233 12

27.4 25.8 24.7 22.9 18

273 26.2 24.7 21.4 0

22.1 21.9 21.0 18.0 6
SKN-26 SM + 2 mass fract. of stearic acid

20.4 20.6 20.1 17.2 12

21.1 19.5 19.1 17.0 18

34 .4 33.9 32.4 30.2 0

28.5 25.1 24.8 23.5 6
BNKS-28 AMN

34.7 34.1 32.8 30.4 12

345 34.2 324 29.9 18

30.2 29.3 28.5 26.9 0

32.0 31.2 29.8 27.6 6
BNKS-28 AMN + 1 mass fract. of rosin

35.6 34.0 324 29.4 12

36.8 35.1 333 32.1 18
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Table 2. Continued
SFE,* mJ/m?
Samples composition Temperature duration, h
Time after surface cleaning, h
0 1 3 24
31.9 30.2 27.8 24.4 0
324 31.5 30.9 30.5 6
BNKS-28 AMN + 2 mass fract. of rosin
34.8 33.2 31.6 29.7 12
40.9 40.3 394 38.4 18
31.8 31.0 30.6 304 0
25.5 25.0 24.5 23.9 6
BNKS-28 AMN + 1 mass fract. of stearic acid
29.8 29.7 29.5 28.0 12
28.1 27.6 259 24.6 18
31.5 313 30.8 294 0
25.0 24.6 23.9 23.5 6
BNKS-28 AMN + 2 mass fract. of stearic acid
31.5 30.9 30.2 29.6 12
30.3 28.6 27.1 24.4 18

*Surface free energy determined by the OWRK method.

materials properties formation, we studied the
accelerated aging conditions effect on the surface
energy of NBR-based rubber samples without
surfactants and containing 1 or 2 mass fractions
of rosin or stearic acid. The samples were subjected
to accelerated aging® at 100°C for 6, 12, and 18 h
(Table 2).

In case of all the rubber samples, the dependence
of the critical surface tension is nonlinear and
passes through an extremum. This trend is basically
preserved 24 h after cleaning the surface.

An analysis of the critical surface tension
dependence on the thermal aging time for rubber
samples based on SKN-26 SM indicates that in case
of samples containing surfactants (rosin or stearic
acid), the increase of the thermal aging time slightly
decreases the SFE, while for a sample without a
surfactant, SFE grows.

¢ GOST ISO 188-2013. Interstate Standard. Vulcanized
rubber and thermoplastics. Accelerated ageing and heat
resistance tests. Moscow: Standartinform; 2014 (in Russ.).

For rubber samples based on BNKS-28 AMN,
the effect of thermal aging on surface properties
is the least pronounced in most cases.

These results can be explained by the complex
physicochemicalprocessesoccurringintheelastomeric
material under the action of elevated temperature.
Under such conditions, oxidation actively takes
place. It is accompanied by the formation of polar
groups, free radicals, and intermediate products,
in particular, oxidation inhibitors. When heated,
rubbers can form substances incompatible with
unvulcanized rubber, and these substances can
migrate to the surface. The complex of changes
occurring in the polymer upon heating results in
the change in the structure of the polymer matrix
and significantly affects the surface properties.
Just like for samples not exposed to temperature,
the critical surface tension decreases as a result of
the system tendency to the equilibrium state as the
time elapsed after cleaning increases.

The above research results show that NBRs
differing in the methods of production and in
the technological additives content have various
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surface properties. So, it was logical to assume that
the factors affecting the surface properties also
affect the physical and mechanical properties of
vulcanizates.

As the analysis of the literature data [6, 7, 11, 17]
shows, the emulsifier—coagulating agent systems
used in the NBR synthesis affect the complex of
rubber compounds and rubbers properties. In this
work, a comparative assessment for the effect of rosin
and stearic acid content on the physicomechanical,
technical, and adhesive properties of elastomeric
materials was carried out. Tables 3 and 4 present
test results for vulcanizates based on two NBR
grades: BNKS-28 AMN and SKN-26 SM. They
have similar molecular weights and differ in the
concentration of nonrubber impurities remaining
in the rubbers commercially produced by emulsion
polymerization. Considering that NBR-based rubbers
are recommended for rubber products operating
at elevated temperatures, vulcanizates subjected to
the procedure of accelerated thermal-oxidative aging
were studied (Table 4). In addition, the accelerated
aging conditions have a significant effect on the
polymer material structure, as a result of which both
its surface and bulk properties change.

The data presented in Table 3 indicate that as
the content of rosin and stearic acid increases to

2 mass fractions (per 100 mass fractions of rubber),
the strength indicators level comparable to the base
composition is preserved. In case of vulcanizates
based on BNKS-28 AMN, an increase in their
concentration resulted in the most significant changes
in terms of relative and residual elongation and tear
resistance; in case of rubbers based on SKN-26 SM—
in terms of relative elongation. This is consistent
with the data of [16]. An analysis of the indicators
of vulcanizates subjected to the accelerated aging
procedure demonstrates the preservation of the
trends in changes in the elastic-strength properties
identified for the original rubbers wupon the
introduction of rosin and stearic acid. At the same
time, after aging, an increase in the relative tensile
strength and hardness of the vulcanizates is observed.
In this case, the relative and permanent elongation,
elasticity and tear resistance decrease, which
indicates the predominance of structuring processes
in elastomeric materials under the action of elevated
temperatures in the air.

The adhesive properties of rubbers were evaluated
by the adhesive joints delamination method, in which
the substrates—vulcanizates based on BNKS-28 AMN
and SKN-26 SM—were glued together using a cold
curing adhesive composition based on chloroprene
rubber. According to the data obtained (Table 3),

Table 3. Influence of the kind and content of technological additives on the physical, mechanical,
and operational characteristics of rubbers based on nitrile butadiene rubber

Additives content
Indicators Rosin Stearic acid
Without additives
1 2 1 2
BNKS-28 AMN
Tensile strength, MPa 19.2+2.1 18.3+2.1 189+1.9 18.6+ 1.6 18.1+1.8
Elongation at break, % 335+£30 345+30 410+ 38 315+25 310+ 24
Residual elongation, % 8.0+09 9.0+1.0 14.0+1.5 9.0+0.8 120+ 1.1
Tear resistance, kKN/m 23.0+2.2 28.0+2.9 30.0+3.1 31.0+2.7 240+24
Rebound elasticity, % 19.0+2.0 20.0+2.0 21.0+£22 19.0+ 1.8 19.0+1.8
Shore hardness, A 62.0+£5.0 59.0+5.0 60.0+£52 61.0£5.1 60.0£5.0
Adhesion strength, kKN/m 2.0+0.22 2.5+0.23 2.8+0.25 1.8+0.16 1.7+£0.20
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Table 3. Continued
Additives content
Indicators Rosin Stearic acid
Without additives
1 2 1 2
SKN-26 SM
Tensile strength, MPa 194+24 194+24 20.0+2.7 189+2.7 18.7+2.7
Elongation at break, % 300 £ 28 340 £33 38036 275+ 25 285+ 21
Residual elongation, % 8.0+0.9 8.0+1.0 8.0+1.1 8.0+0.7 8.0+0.7
Tear resistance, kKN/m 25.0£2.8 23.0£2.8 24.0+£2.9 23.0+£3.2 23.0£3.0
Rebound elasticity, % 150+1.4 140+14 140+14 17.0+£2.0 16.0+1.8
Shore hardness, A 63.0+44 62+5.0 61.0+5.1 62+5.0 64+5.8
Adhesion strength, kKN/m 2.5+0.20 3.2+0.26 3.1+£0.29 2.2+0.20 22+0.21

Table 4. Influence of the kind and content of technological additives on the physical, mechanical
and operational characteristics of rubbers based on nitrile butadiene rubber subjected to accelerated aging

Additives content
Indicators Rosin Stearic acid
Without additive
1 2 1 2
BNKS-28 AMN
Tensile strength, MPa 21.1+2.0 189+1.8 195+1.9 20.7+1.9 20.1+2.0
Elongation at break, % 320+33 330+33 390 + 38 300 + 31 290 + 30
Residual elongation, % 7.0+0.7 8.0+0.8 120+ 1.3 8.0+0.7 10.0+£0.9
Tear resistance, MPa 21.0+£2.2 25.0+£2.7 27.0+£2.8 28.0+£2.6 22.0+2.0
Rebound elasticity, % 17.0+ 1.7 18.0+1.9 19.0+1.9 17.0+ 1.7 18.0+ 1.7
Shore hardness, A 64.0£6.5 60.0£6.2 61.0+£6.2 64.0 £6.3 63.0£6.0
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Table 4. Continued
Additives content
Indicators Rosin Stearic acid
Without
additive
1 2 1 2
SKN-26 SM

Tensile strength, MPa 21.8+1.7 20.0+1.9 20.6+1.9 21.0+1.9 20.8 +1.8
Relative extension, % 290 £ 23 320+£29 360 £ 31 260 £+ 23 270 £ 25
Elongation at break, % 7.0+0.6 8.0+0.7 8.0=+0.7 7.0+0.6 7.0+0.6
Tear resistance, MPa 24.0£1.9 21.0£1.9 22.0+£2.0 21.0£1.5 21.0£1.6
Rebound elasticity, % 14.0+ 1.1 13.0+ 1.1 13.0+1.2 16.0+ 1.5 15.0+1.3
Shore hardness, A 66.0+5.3 63.0£5.5 62.0+5.4 65.0+4.8 67.0+4.9

vulcanizates based on paraffin rubber demonstrated
a lower level of adhesive properties in the entire
range of rosin and stearic acid content. The positive
effect of rosin on the delamination resistance index
of samples of adhesive joints was predictable,
given the ability of rosin to increase the elastomeric
materials adhesiveness and gummosity [2]. At
the same time, the introduction of stearic acid
deteriorated a little the adhesive properties of the
studied rubbers. The noted regularities in the
change in adhesive strength upon increasing the
concentration of technological additives and
depending on the grade of NBR wused in the
elastomeric substrates can be explained by the
migration of these components to the rubber surface
and by the effects of intermolecular interaction of
the nitrile groups of rubber with molecules of the
introduced acid and fatty acid salts already contained
in NBR. This decreases the share of “free” nitrile
groups and the polarity of the substrate surface
(Table 1), and, consequentially, this decreases
the intensity of physicochemical interactions at
the polychloroprene-NBR rubber interface of the
adhesive film.

Traditionally, higher carboxylic acids and
their derivatives having a biphilic nature are used
in the composition of elastomeric compositions
as ingredients of polyfunctional action. Fatty
acids and their salts acting as dispersants and
mollifiers/plasticizers improve the compositions

processability and the distribution quality of
rubber compound ingredients, positively affecting
the vulcanizates properties complex [2]. Being
activators of diene rubbers vulcanization with sulfur-
containing vulcanizing systems, they affect the
o vulcanization kinetics and the wvulcanization
network structure, and they have a significant
effect on the complex of technical properties of
rubbers [2, 3, 5]. However, it is known [17] that the
activators action mechanisms of the sulfur-containing
vulcanizing system in NBRs fundamentally differ
from those known for unsaturated nonpolar rubbers.
Analysis of the data (Tables 3 and 4) indicates a
significant role of nonrubber impurities—fatty acid
salts in NBRs—in the formation of a set of properties
of elastomeric materials. This role is determined
by the conditions of their industrial synthesis. This
analysis requires additional deeper study using
modern physicochemical research methods.

CONCLUSIONS

The method for evaluating the surface properties
of elastomeric materials based on NBRs makes
it possible to purposefully control the strength
and adhesion properties of vulcanizates, their
resistance to aging by introducing technologically
active additives. Comparison of the obtained
results showed that the change in the physical and
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mechanical properties of vulcanizates, depending on
the content of technological additives and the effect
of temperature, is accompanied by a change in the
critical surface tension. This, as expected, is caused
by migration of the low molecular weight additive
to the surface, which leads to a cumulative change
in both surface and bulk properties of elastomeric
materials. During operation, especially under the
temperature influence, the migration of components
increases and changes the surface state. This can be
monitored by the change in the surface energy. The
accumulation of the certain amount of statistical data
concerning the effect of accelerated aging on the
properties of vulcanizates based on various rubbers
and concerning the change in critical surface tension
will make it possible to judge not only the change
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