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The modification of ethylene—propylene—diene elastomers via the addition of fragments of an accelerating agent to im-
prove their compatibility with acrylonitrile-butadiene rubbers and to reduce the rate of ozone degradation of the
polydiene matrix is efficient only in the case of low stereoregularity of propylene units in the ethylene—propylene—diene
copolymers. When the isotacticity of propylene fragments in the chains of ethylene—propylene—diene elastomers is high,
their modification leads to a reduction in the ozone resistance of the crosslinked blend.

Kniouesvie cnosa: 6ymaouen-numpunshoie KayuyKku, SmuieH-nponuieH-oueHosble d1acmomepul, 0ecmpyKkyls noo oelicmeauem 030Ha,
3awuma om 8030elcmaUs 030Hd, COBMeCMUMOCb, Pa3zvl, CMPYKMypa, Medlcgasmsle Ciou, CmepeopeyiapHocms, U30MAKMUYHOCMY,
U30MepHbLIl COCMAB, PenaKcays HANPAACeHU, MOOUGUKAYUSL, YCKOPAIOWUL a2eHm.

Mooughuxayus smunen-nponunen-OueHo8bIX 1ACmMoOMepos ¢ NOMOWbIo 00OaseHus. PpacmMeHmos YCKOPAIOWUX aceH-
Mo O YIIYUWEHUS UX COBMECIUMOCIU ¢ OYMAOUEH-HUMPUTLHBIMU KAYUYKAMU U CHUMCEHUS CKOPOCMU OeCMPYKYuu
noo oeticmeuem 030HaA NOAUOUEHOBOU MAMPUYbLL AGNAEMCSL IPHEKMUBHOU MOALKO 8 CLyUde HUSKOU CImepeopezysipHo-
CMU NPONUNEHOBBIX 36EHbES 8 IMULEH-NPONULEH-OUEHO8bIX cononumepax. Eciu usomakmuurnocmo ¢hpazmenmosg npo-
nuieHa 8 yenu SMUIeH-NPONULEH-OUEHOBIX DNACOMEPOS BbICOKA, MO UX MOOUDUKAYUS NPUBOOUM K YMEHbUUEHUIO

CMOUKOCIMU CUUMOLL CMeCU K 0eliCIEUI0 030Hd.
Introduction

In [1-4] was studied the relation of ozone re-
sistance to the volume and structure of the interphase
layer and the amounts of crosslinks in the interlayer for
covulcanizates of acrylonitrile-butadiene  rubbers
(NBRSs) of various polarities with ethylene—propylene—
diene (EPDM) elastomers that differed in the
comonomer composition and stereoregularity of propyl-
ene units. It was shown that the rate of ozone-induced
degradation of the diene matrix is determined by the
compatibility of the components, phase structure, the
interlayer volume and density, the amount of crosslinks
in the interlayer, and the strength of the EPDM net-
work. The most dense and voluminous interlayer with
the largest amount of crosslinks provides the most effec-
tive protection against ozone degradation to the diene
matrix.

In [1-4], it was found that the density of the in-
terfacial layer and the number of interfacial crosslinks
depend on the relative amounts of ethylene and propyl-
ene units and diene groups, the degree of isotacticity of
the propylene chain segments in EPDM, and the isomer
composition of the butadiene units in NBR that primari-
ly exist in the trans-1,4-configuration. The most dense
and voluminous interlayer with the largest amount of
crosslinks provides the most effective protection against
ozone degradation to the diene matrix.

The ozone resistance, interfacial layer struc-
ture, and composition of covulcanizates of acrylonitrile-
butadiene rubbers containing different amounts of acry-
lonitrile units with ethylene—propylene terpolymers
were stadied using the stress relaxation and ESR and
FMIR IR spectroscopy techniques. It was used eth-
ylene—propylene—diene elastomers manufactured by
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Uniroyal, DSM and domestic EPDM which differ in the
comonomer ratio and in the stereoregularity of propyl-
ene sequences [1-4].

In the case of peroxide crosslinking of EPDM,
it is possible to estimate the density of the interfacial
layer and the number of crosslinks in this layer from
deviation of the equilibrium degree of swelling of
covulcanizates from additive values in a nonpolar selec-
tive solvent, n-heptane (the Zappa method) [5, 6]. The
deviation toward an increase is provided by a weak in-
terfacial interaction between thermodynamically incom-
patible polymers, one of which contains polar units.
These systems show only local mutual solubility of the
segments of nonpolar chain fragments with a lower de-
gree of crosslinking of the components than that in the
phases [7-10].

The most effective ozone-protection is provid-
ed by the compatibility of NBR with EPDM having a
large proportion of ethylene units at a high isotacticity
of propylene sequences and a moderate amount of diene
groups.

Copolymers EPDMs with different composi-
tions and different stereoregularities of propylene se-
quences were studied. It was shown that the structural
characteristics of EPDM control the efficacy of modifi-
cation during the addition of NBRs for improvement of
such characteristics of the crosslinked blends as ozone
resistance and physicomechanical parameters.

In this study, the characteristics of NBR
covulcanizates with different contents of polar acryloni-
trile units (AN units) and EPDM whose macromole-
cules contain attached fragments of the accelerating
agent have been investigated. It is of interest to estimate
the effect of modification on the compatibility of polar
copolymers with nonpolar elastomers. The relationship



between the characteristics of the blends by introducing
the crosslinking system into NBR has been studied.

Experimental

A heterophase crosslinked blend of NBR and
EPDM with a ratio of 70:30 (by weight), which repre-
sented a system of interpenetrating crosslinked net-
works, was studied. Commercial acrylonitrile—butadiene
rubbers (trademarks BNKS-18, BNKS-28, and BNKS-
40) were used. The AN-unit contents were 18, 28, and
40 wt %, respectively, and the values of the Mooney
viscosity (at 100°C) were 40-50, 45-65, and 45-70 rel.
units, respectively according to Russia technical specifi-
cations. They contained no more than 5 wt % calcium
stearate and 0.35 wt % ionol. The weight loss during
drying did not exceed 0.8%. The changes in the weight
of the vulcanizate in an isooctane—toluene mixture were
below 65, 34, and 25% for BNKS-18, BNKS-28, and
BNKS-40, respectively. For all the NBRs, the solubili-
ty in methyl ethyl ketone was no less than 95%. The
content of trans-1,4-, 1,2-, and cis-1,4-units of butadi-
ene was estimated via IR spectroscopy (bands at 967,
911, and 730 cm™") [11] with the use of extinction coef-
ficients from [12] (Table 1).

Table 1 - Isomeric composition of butadiene units in
different AN-butadiene copolymers

Copolymer Content of units, %
trans-1,4- 1,2- cis-1,4-
BNKS -18 82.0 8.2 9.8
BNKS -28 76.4 14.4 9.2
BNKS -40 93.0 4.4 2.6

The domestic EPDMs had different composi-
tions and stereoregularities of propylene units. The
weight losses during drying were below 0.5%. The
weight fractions of ash, vanadium, the alcohol-toluene
extract, and the antioxidants Naphthame-2 or Agidol-2
were <0.2%, <0.008%, <4%, and within 0.15-0.30%,
respectively. Elastokam 7505 contained no more than
0.1 wt % ash and 0.15% of the stabilizing agent,
Agidol-2; the weight loss during drying was below
0.1%.

Table 2 shows the data on the Mooney viscosi-
ty; the content of ethylene, propylene, and
ethylidenenorbornene units (according to the manufac-
turer’s data); and the degree of isotacticity of propylene
sequences of EPDM chains, a, estimated via IR spec-
troscopy [13, 14].

The composition of sulfur-containing cross-
linking systems for NBR and EPDM includes stearic
acid, zinc oxide, mercaptobenzothiazole, tetramethyl-
thiuram disulfide, and sulfur [15]. Each of the rubbers
was mixed with its crosslinking system on rolls at 40—
60°C for 15 min. Then, the blends of the rubbers were
prepared under the same conditions. Vulcanization was
performed at 155°C for 20 min at a pressure of 19.6
MPa. During rubber blending and vulcanization, the
redistribution of vulcanizing agents took place [16]. For
the peroxide vulcanization of EPDM, Peroximon F-40
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on a carrier was used; its content was 5.5 weight parts

[3, 4].
Table 2 - Characteristics of domestic EPDM
EPDM N, Mooney | Ethylene: a, Content of
trademark viscosity, | propylene | % | ethylydene-
rel. units norbornene, %
EPDM-40 36-45 70/30 29 4
Elastokam
6305 67 74/26 9,5 5,4
EPDM-60(1) 60 60/40 13 4
EPDM-60(IT) 62 60/40 13 6,7
Elastokam
7505 33 60/40 9,5 5,1

To improve the compatibility and crosslinking
of the components, domestic EPDM was modified heat-
ing with the accelerating agent and sulfur for 30 min at
160°C (in the absence of crosslinking of EPDM).

The crosslinking system was introduced via
mixing with EPDM modified by the sulfur-containing
accelerating agent via mixing with NBR with the same
composition of the vulcanizing group as that in the case
of the unmodified EPDM.

F, MPa
|

t, min
Fig. 1 - Decay curves of force F in drawn specimens
of NBR covulcanizates containing (1) 15 and (2) 30
phr EPDM. See the text for details

The ozone resistance of the blends was studied
via the method of stress relaxation at an ozone concen-
tration of 8.5%107> mol/l, 30°C and at a tensile strain of
30-150% on an IKhF-2 relaxometer [3, 4]. Relaxation
rate v, in the ozone-containing medium in the steady-
state region next to the region of the fast physical relax-
ation reflects the kinetics of accumulation of chain rup-
tures in the diene matrix (Fig. 1). The efficacy of retar-
dation of degradation during the introduction of EPDM,
vrre', corresponds to the intensity of the decrease in the
rate in the presence of the ozone-resistant component
relative to that in the presence of the NBR vulcanizate.

The region of a low relaxation rate with
quasiequilibrium stress 0* reflects the strength of the
EPDM network because it represents the superposition
of stresses in the network and in the matrix connected
through interfacial layers [3, 4]. The absence of the con-
tinuous structure of EPDM or its breakdown during
tensile drawing is accompanied by a stress drop to zero
due to propagation and merging of ozone microcracks.

The  physicomechanical tests of the
covulcanizates were performed according to GOST 261-




79 on an Instron universal tensile machine at a strain
rate of 500 mm/min. The error of breaking-strength
measurements was +10%.

Results and discussion

It was shown in [1-4] that the most developed
interfacial layer is formed in the blend of NBR and
EPDM with a high content of ethylene units neighbor-
ing stereoregular propylene chains that are integrated
with individual AN units. The above EPDMs show the
maximum efficacy in retardation of the ozone degrada-
tion of polydiene [3, 4].

In the case of low degree of isotacticity of pro-
pylene units, O, compatibilization is possible only with
butadiene units of NBR. In this case, the density of the
interfacial layer and the number of interfacial crosslinks
depend on the ratio between the isomers of the butadi-
ene units that primarily exist in the trans-
1,4configuration (Table 1). The higher the overall con-
tent of cis-1,4- and 1,2-isomers, the higher the volume
of the interfacial layer and the higher the degree of
crosslinking of the phases [1-4]. It was found in [17]
that the isomers of butadiene units that exist in low con-
centrations and disturb the geometric similarity of
chains reduce the dimensions of the ordered structures
preventing interfacial interaction. With an increase in
the content of polar AN units in NBR and a decrease in
the volume of the interfacial layer, the protective effect
of the saturated component decreases.

Ethylene units are compatible with all butadi-
ene isomers. The efficacy of retardation of degradation
is minimum for the butadiene—nitrile EPDM rubber
with a high content of propylene units and a low degree
of isotacticity.

In the case of the sulfur vulcanization of
EPDM, the above tendencies are preserved. The effect
of modification of domestic EPDM with different com-
positions and different stereoregularities of propylene
sequences via heating with an accelerating agent on the
characteristics of covulcanizates with BNKS-28 was
studied in [15]. It was shown that the structural charac-
teristics of EPDM control the efficacy of modification
during the addition of NBRs for improvement of such
characteristics of the crosslinked blends as ozone re-
sistance and physicomechanical parameters.

In the case of the sulfur vulcanization of
EPDM, the degree of crosslinking of the phases in the
interfacial layer cannot be estimated from the deviation
of equilibrium degree of swelling Q; in n-heptane from
the additive value, because of the high content of the
extracted species in the crosslinked mixture [5, 6].
Therefore, in this study, the structure of the crosslinked
blends, the intensity of interfacial interaction, and the
degree of crosslinking of the phases for unmodified and
modified EPDMs were estimated from the equilibrium
swelling in n-heptane and toluene. The ratio between
the number of crosslinks and physical junctions was
calculated from the data on swelling in the above sol-
vents: 1/Qp: 1/Q; = Q/Qy. In this case, the following
speculations are taken into account.

The equilibrium swelling of NBR in both sol-
vents decreases in almost direct proportion to an in-
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crease in the content of acrylonitrile units (Fig. 2). The
mixtures are crosslinked by the same curing system.
The equilibrium degree of swelling decreases not only
because of the increase in the number of crosslinks in
NBR due to an increase in the concentration of the
crosslinking agents in the butadiene part of copolymer
but also because of changes in the affinity of a solvent
for a polymer [18].

Similar dependences for the covulcanizates are
nonlinear, and the degree of swelling is higher.
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Fig. 2 - Equilibrium swelling in (a) toluene and (b) n-
heptane for the NBR covulcanizates with (1, 4)
Elastokam 6305, (2, 5) EPDM-60(I), and (3, 6)
EPDM-40 plotted against the content of AN-units:
(1-3) unmodified samples, (4—6) samples modified by
sulfur the containing accelerating agent, and (7)
NBR vulcanizates

These results are explained by the low compat-
ibility of the components, loosening of the phases, and
formation of a transition layer with a density lower than
that in the phases and a lower degree of crosslinking of
the components. The equilibrium swelling of NBR in #-
heptane is low in comparison to that in toluene (Figs.
2a, 2b, curves 7) and lower than Q, of the EPDM
vulcanizates in n-heptane. Hence, the degree of swelling
of the covulcanizates in n-heptane primarily reflects the
degree of crosslinking of the EPDM phase and the in-



terfacial layer. At the same time, the swelling of elasto-
mers in toluene corresponds to the overall degree of
crosslinking. Hence, ratio Q/Q, characterizes the frac-
tion of crosslinks in the EPDM phase and between the
phases with respect to the overall number of crosslinks.

In the case of peroxide crosslinking of domes-
tic EPDMSs [1, 3, 4], there is a linear dependence of this
ratio with an increase in the content of AN in NBR (Fig.
3). The slopes of the curves depend on the difference in
the intensity of decay in the affinity of these solvents for
NBR; hence, this value is not considered. Thus, in the
case of the peroxide crosslinking of EPDM (Fig. 3), the
fraction of interfacial crosslinking in the overall number
of crosslinks slightly decreases with a decrease in the
volume of the regions of segmental solubility when the
content of the polar units in NBR is increased. When
Peroximon F-40 on a carrier, which is incapable of dif-
fusion displacements, is used [1, 3, 4], the degree of
crosslinking of the EPDM phase is likely controlled by
its concentration.

A similar dependence is observed for DSM
712 [3] that contains 48 wt % propylene units and has a
degree of isotacticity of 11%. For EPDM R 512 that
contains 32 wt % propylene units and has o = 20% after
peroxide vulcanization, ratio Q/Q, is higher than that
for EPDM with a low stereoregularity of the propylene
units (Fig. 3). Therefore, for EPDM with a high content
of ethylene units and a large value of a, the volume of
the interfacial layer in the blends with all NBRs is
higher [4, 5].
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Fig. 3 - Q/Qy, plotted against the content of AN-units
in BNR for covulcanizates of (1, 2) NBR with (1)
domestic EPDM and EPDM 712 (DSM) and (2) R
512 after peroxide crosslinking

During the sulfur vulcanization of unmodified
EPDM-60(I) and EPDM-40, the number of crosslinks
in the interfacial layer with respect to the overall num-
ber of crosslinks (Q/Qy) decreases with an increase in
the content of the polar units in NBR (Fig. 4a). For
EPDM-40 with a high degree of isotacticity of propyl-
ene microblocks (integration with individual AN units is
possible [1, 2, 4]), this dependence is almost linear. For
EPDM-60 (I) with a low degree of isotacticity, whose
segments are compatible only with the butadiene units
of NBR, this dependence is nonlinear. In the blends
with BNKS-18 and BNKS-40, the fraction of cross-
links in the interfacial layers is lower than that with
EPDM-40. For BNKS-28 with the maximum content
of cis-1,4- and 1,2-units assisting compatibilization [1,
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2, 4, 17], the volume of regions of segmental solubility
for EPDM-60 (I) is increased.

For Elastokam 6305 with a high content of
diene, which is compatible only with the fragments of
chains containing cis-1,4- and 1,2-units of butadiene [4,
11], there is an increase in the fraction of the crosslinks
in the interfacial layer with an increase in the content of
the above elastomers (Fig. 4b).
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Fig. 4 - (2) Ratio Q/Qy, plotted against the content of
AN units for NBR covulcanizates with (1) unmodi-
fied EPDM-60(I), (2) unmodified EPDM-40, and (3)
EPDM modified by the accelerating agent; (b) Q/Qy,
plotted against the content of cis-1,4- and 1,2-units
for NBR covulcanizates with (1) unmodified
Elastokam 6305.

Table 3 presents data on the efficacy of pro-
tecting NBR from the action of ozone with the use of
various EPDMSs: the intensity of ozone degradation rate
v, and the strength of the EPDM network, 6*.

In addition, this table shows content m of the
sol fraction in n-heptane for peroxide crosslinking or
toluene. This table shows data for the blends with
EPDM for peroxide and sulfur crosslinking and for
modification with the sulfur-containing accelerating
agent during introduction of the crosslinking system
into NBR.

Note that the ozone-resistant effect of the un-
modified EPDM during sulfur crosslinking is higher
than that during peroxide crosslinking. This reasoning
largely for the above blends (Figs. 3, 4). The only ex-
ceptions are EPDM-60(I) with a low content of diene
and agrees with higher values of Q/Qy, Elastokam 7505
with a high Mooney viscosity in the blends with BNKS-
28 (v® =23, 0% =0).



Table 3 - Characteristics of EPDM vulcanizates and covulcanizates with NBR

rel X

rel X rel X

Vr g, m, % Vr o, m, % A o, m, %
EPDM Mocifnﬁggoss MPa MPa MPa
BNKS -28 BNKS -18 BNKS -40
Butadiene—nitrile rubbers
-1 o [53 ] - ] o 421 - 1 o | 19
Elastokam 6305

Unmodified F-40 2,2 0,11 4,1 11,6 0,34 - 2,0 0 2,3
Unmodified Sulfur 4,5 0,16 21,0 20,5 0,35 22,3 2,1 0,19 18,7
Modified Sulfur 11,2 0,18 4,7 18,3 0,27 3,1 1,8 0,23 11,0

EPDM-60(I)

Unmodified F-40 2,8 0,16 4,1 12,1 0,30 - 3,2 0,08 4,1
Unmodified Sulfur 3,7 0 27,0 49,1 0,28 30,9 2,0 0,15 1,0
Modified Sulfur 8,5 0,15 5,0 19,6 0,24 4,1 3,0 0 0
EPDM-40

Unmodified F-40 1,8 0,10 6,9 48,0 0,27 - 2,9 0,15 -
Unmodified Sulfur 6,4 0,16 27,0 41,6 0,31 27,7 6,2 0,36 23,0
Modified (at Sulfur 5,7 0,13 8,2 4.5 0 49 - - -
160°C)
Modified (at Sulfur 2,6 0 1,0 - - - - - -
170°C)
EPDM-60(1I)
Unmodified F-40 1,8 0,13 3,9 - - - - - -
Unmodified Sulfur 5,7 0,18 26,3 - - - - - -
Modified Sulfur 48 0,12 3,6 - - - - - -

The unmodified EPDM-40 with a very high
degree of isotacticity of propylene microblocks (29%) is
the most efficient for retarding the ozone degradation of
NBR (Table 3). Chain fragments of such EPDMs [1-4]
are compatible not only with butadiene but also with
individual polar units of NBR; as a result, the volume of
the interfacial layer increases and the density of cross-
links locally decreases [1-4]. Consequently, in the mix-
ture with BNKS-28 (the maximum volumes of regions
of segmental solubility) [1-4, 17], network strength o*
of EPDM-40, as in other EPDMSs, is lower than that in
the covulcanizates with NBR but with different contents
of AN units.

In contrast to EPDM-40, the copolymers with
a low stereoregularity of propylene units (Elastokam
6305 and EPDM-60 (1)), which are compatible only
with butadiene units, provide less effective protection of
the diene elastomer from ozone degradation (Table 3).
When the content of diene is high, the protection of
BNKS-28 by EPDM-60 (II) is better than that of
Elastokam 7505 with a lower content of
ethylydenenorbornene and a high Mooney viscosity. In
the latter case, during peroxide crosslinking, v, = 1.9
and 0* = 0.10; during sulfur crosslinking, v,® = 2.3 and
o*=0.

With consideration for the high initial efficacy
of EPDM-40, its modification by the sulfur-containing
accelerating agent does not lead to improvement in the
ozone resistance of the blend. When the heating temper-
ature is increased from 160 to 170°C for the mixtures of
BNKS-28 with the accelerating agent and sulfur, the
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ozone resistance decreases. In [15], this effect has been
explained in terms of EPR spectroscopic data. It was
shown that EPDM-40 with a high degree of isotacticity
of propylene units contains ordered regions formed by
propylene sequences and regions with a mixed composi-
tion that contain ethylene and propylene chain frag-
ments. The heat treatment of EPDM-40 during its mod-
ification with the dissociation of propylene
supramolecular structures (the maximum dissociation
temperature is 170°C [19]) and their formation during
cooling leads to the concentration of chemical reagents in
relatively small (by volume) disordered regions. As was
shown in [15], with an increase in the modification tem-
perature, the molecular dynamics of the EPDM-40 phase
in the covulcanizates slows down. This behavior attests the
intra phase crosslinking of EPDM, which is confirmed by
a marked decrease in the content of the sol fraction in the
covulcanizates with an increase in the temperature of heat-
ing with the accelerating agent and sulfur (Table 3). As a
result, the compatibilization of components is hindered,
and the ozone protective effect of EPDM decreases.

In contrast to the modification of EPDM-40,
the modification of Elastokam 6305 and EPDM-60(I)
in the mixtures with BNKS-28 with a high content of
cis-1,4- and 1,2-units by the accelerating agent and sul-
fur [4, 15] leads to an increase in the ozone resistance of
the blends with regard to v, and o* (Table 3).

In the mixtures with BNKS-18 and BNKS-40
with a higher order of trans-1,4- isomers (with a lower
content of cis-1,4- and 1,2- units), their efficacy does
not increase, because of reduced compatibilization [17].



In the least compatible crosslinked mixtures with
BNKS-40 with the minimum volume of regions of
segmental solubility, the modification of Elastokam
6305 provides a moderate effect, while EPDM-60(I)
with a low content of diene reduces compatibilization
and crosslinking of the phases and 6* decreases to zero
(a strain of 30%).

According to the EPR data, the molecular mo-
bility in the vulcanizates of Elastokam 6305 and its
covulcanizates with NBR before and after modification
with the sulfur-containing accelerating agent is the same
or higher than that in EPDM-40 [15]. The above
EPDMs do not contain the ordered structures of the
propylene units that break down at high temperatures. A
complete dissociation of fluctuation structures formed
by ethylene units occurs at 140°C, which is below the
vulcanization temperature. The heat treatment of the
elastomer (160°C) does not lead to any deterioration of
its compatibilization with NBR.

The modification of EPDM-60(II) with a high
content of diene turns out to be inefficient for improve-
ment of the ozone resistance of covulcanizates (Table
3). In addition, the modification of Elastokam 7505 with
a high Mooney viscosity does not provide any increase
in the ozone resistance of the blend based on BNKS-28
(v, =2.6 and 0* = 0).

When the modified EPDMs are used, the con-
tent of the sol fraction in the covulcanizates markedly
decreases owing to an increase in the degree of cross-
linking of the EPDM phase.

For EPDMs modified by the sulfur-containing
accelerating agent, ratio Q/Q;, is almost the same (Fig.
4a). Differences in the intensity of the interaction of
EPDM with the NBR phase of different polarities di-
minish because they are controlled by the number of the
bonded radicals of the accelerating agent. These radicals
interact with sulfur with the participation of the vulcani-
zation promoter ZnO, a-methylene groups of the diene
unit, and the ternary carbon atoms of the AN unit. As a
result, the number of crosslinks along the entire interfa-
cial boundary (not only in the regions of segmental sol-
ubility) and the overall number of crosslinks increase.
Therefore, ratio Q/Qy, for the blends with the modified
EPDMs does not reflect the degree of crosslinking of
the components in the interfacial layer.

This evidence shows that, when EPDM is
modified with the sulfur-containing accelerating agent,
the ozone resistance increases only for the BNKS-28-
based covulcanizates using the elastomers with the pref-
erential atactic configuration of propylene units and
contents of diene groups of 4 and 5.4%.

Therefore, it may be concluded that a negative
effect occurs owing to the introduction of accelerating
groups into EPDM with a high degree of isotacticity of
propylene units that, as was shown earlier, are initially
compatibilized not only with butadiene but also with
AN units [1-4, 15] and that ensure better protection of
the polybutadiene matrix from ozone attack.

The modification of EPDM critically changes
the  physicomechanical characteristics of the
covulcanizates. Figure 5 presents conditional tensile
strength 0, for (a) the blends with unmodified EPDM,
(b) EPDM modified by the sulfur-containing accelerat-
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ing agent. Figure 6 presents the relative elongation at
break, &, for the same species. For the unmodified
EPDMs, oy, slightly increases with an increase in the
overall content of cis-1,4- and 1,2-units of butadiene in
NBR, and this increase is associated with the structure
of the interfacial layer and the increase in its volume,
density, and number of crosslinks [1, 2, 15]. This rea-
soning agrees with the speculations that, in polymer
blends, the interfacial layer is the weakest structural
element [7, 8].

6 1
Ky (a)
s ¢ :
o 2
B 2
0 T T T l
5 10 15 20 25
cis-1,4-+1,2-units, %
<>
= 16
=

GBp,
I

| y
81 lF=-——JI’======f=
5 2‘5 3‘5 4‘5

1
AN units, %

Fig. 5 - o, of the NBR covulcanizates plotted against
the content of (a) cis-1,4- and 1,2-units and (b, ¢) AN
units: (a) (1) unmodified Elastokam 6305, (2) EPDM-
60(I), and (3) EPDM-40; (b) sulfur modified acceler-
ating agent

For the modified EPDMs, oy, increases with
an increase in the content of AN units in NBR. This result
validates the conclusion that the degree of crosslinking of
the components along interfacial boundary increases dur-
ing the addition of radicals of the accelerating agent. The
maximum increase in the conditional tensile strength is
observed after mixing with the modified EPDM with a
low degree of isotacticity of propylene units and an in-
creased content of diene (Elastokam 6305).
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Fig. 6 - (a) &y, plotted against the content of AN units
for NBR covulcanizates with (1, 4) Elastokam 6305,
(2, 5) EPDM-60(I), and (3, 6) EPDM-40 for (1-3)
unmodified samples and (4-6) samples modified by
the sulfur-containing accelerating agent

For the blends with unmodified EPDM, the
relative elongation at break is practically independent of
the content of AN-units. For EPDM modifie y the
sulfur-containing accelerating agent, €, increases with
an increase in the content of AN.

Therefore, the effect of the structure of EPDM
(Table 1) on the features of the development of the in-
terfacial layer in the crosslinked blends with NBR,
which are observed during peroxide crosslinking, is
preserved in the case of sulfur vulcanization and modi-
fication of EPDM. The best results are obtained for the
modification of EPDM with a low stereoregularity of
propylene units. When the degree of isotacticity of the
propylene sequences is high (EPDM-40), the content of
diene is high (EPDM-60(1I)), and the Mooney viscosity
is high (Elastokam 7505), the modification of the co-
polymer does not provide any increase in the ozone re-
sistance. In many cases, modification results in im-
provement of the rubbery characteristics and causes an
increase in the conditional tensile strength.

Conclusion

Not only the composition of EPDM but also
the stereoregularity of propylene units affect the effica-
cy of the modification of EPDM during its sulfur vul-
canization in the blends with NBR.

The modification of EPDM to increase the
ozone resistance of the crosslinked blends with NBR
leads to the improvement of the characteristics of
covulcanizates only when certain brands of EPDM are
used.
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