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Reactive compatibilization of EPDM/PAG6 blends
with dicumyl peroxide: structure—property relationships

Abstract. In this study, binary blends based on ethylene—propylene—diene rubber (EPDM) and polyam-
ide-6 (PA6) were systematically prepared with varying PA6 contents ranging from 10 to 40 phr. Dicumyl
peroxide (DCP) was employed as a reactive compatibilizer in order to promote chemical linkages between
the elastomeric and thermoplastic components and thereby enhance interfacial adhesion. The blending
process was carried out in a Banbury internal mixer under controlled temperature and shear conditions,
ensuring homogeneous distribution of the polyamide phase within the EPDM matrix, and the obtained
compounds were subsequently compression molded to produce uniform test specimens.

The effect of increasing PA6 concentration on the physicomechanical, thermal, and morphological charac-
teristics of the blends was extensively investigated. Tensile testing demonstrated that the incorporation of
higher amounts of PA6 significantly increased tensile strength, modulus, and Shore hardness, which can be
attributed to the reinforcing action of the rigid polyamide domains and the formation of peroxide-induced
covalent interfacial linkages. Thermal gravimetric analysis further revealed an improvement in thermal
stability with rising PA6 content, while differential scanning calorimetry and dynamic mechanical analysis
indicated a gradual upward shift in storage modulus and in the glass transition behavior, consistent with the
contribution of the stiff thermoplastic phase.

On the other hand, elongation at break and overall elasticity decreased as the PA6 fraction was raised,
reflecting the stiffer and less deformable nature of the dispersed polyamide particles. Scanning electron mi-
croscopy (SEM) images confirmed that optimal phase dispersion and strong interfacial adhesion were ob-
tained in blends containing approximately 20-30 phr PA6 together with 1.0—1.2 phr DCP. These particular
formulations offered the best balance between mechanical strength, flexibility, and heat resistance. Overall,
the results demonstrate that peroxide-compatibilized EPDM/PAG6 blends possess tunable and application-
oriented properties suitable for engineering uses where both mechanical robustness and thermal durability
are simultaneously required.

Keywords: EPDM, PAG6, reactive compatibilization, dicumyl peroxide, mechanical properties, thermal
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Introduction

Elastomer/thermoplastic blends have attracted
significant interest because they combine the elas-
ticity of rubbers with the rigidity and thermal sta-
bility of thermoplastics, resulting in balanced per-
formance properties [1-3]. These hybrid systems
provide tunable mechanical and thermal behavior
and are widely applied in automotive parts, cable
insulation, construction, and various engineering
devices [4-6].

© 2025 al-Farabi Kazakh National University

Ethylene—propylene—diene rubber (EPDM) is a
widely used nonpolar elastomer, valued for its resis-
tance to ozone, weathering, and chemicals, as well as
its high elasticity and low glass transition tempera-
ture [7,8]. However, its relatively low stiffness and
tensile strength restrict its application in engineering
fields that require enhanced mechanical performance
[9]. To overcome these limitations, EPDM is often
blended with rigid thermoplastics.

Polyamide-6 (PA6) is a semi-crystalline thermo-
plastic that exhibits high tensile strength, modulus,
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thermal stability, and excellent oil and abrasion resis-
tance [10]. Incorporating PA6 into EPDM increases
stiffness and strength while maintaining some elas-
ticity [11]. However, the fundamental challenge
arises from their incompatibility: EPDM is nonpolar,
whereas PAG6 is strongly polar, leading to poor inter-
facial adhesion, phase separation, and reduced me-
chanical performance [12,13].

Compatibilization strategies have therefore been
widely explored. Maleic anhydride—grafted poly-
mers, such as EPDM-g-MA and SEBS-g-MA, can
create covalent bonds at the interface and improve
adhesion [14,15]. Despite their effectiveness, these
compatibilizers present disadvantages, including
high cost, additional synthesis steps, and limited sta-
bility under certain conditions [16]. An alternative
and cost-effective approach is reactive compatibili-
zation using peroxides.

Dicumyl peroxide (DCP) has been reported as an
efficient compatibilizer for EPDM/PAG6 blends [17].
Upon decomposition, DCP generates free radicals
that promote crosslinking in the EPDM phase and
grafting reactions at the EPDM/PAG6 interface [18].
This improves phase dispersion, tensile strength, and
thermal resistance, although excessive peroxide con-
tent can reduce flexibility [19,20].

Previous studies have shown that increasing PA6
loading enhances modulus and tensile strength but
reduces elongation at break and overall elasticity
[21,22]. Some reports indicate that intermediate PA6
contents (20-30 phr) provide an optimal compromise
between strength and elasticity [23]. Morphological
studies further confirm that DCP improves phase dis-
persion and interfacial bonding compared to uncom-
patibilized blends [24].

Research gap and aim of the study: Although
progress has been made, most studies have focused
either on maleic anhydride—based compatibilizers or
on limited peroxide dosages, leaving open questions
about the systematic effect of DCP across a wide PA6
concentration range. The present work addresses this
gap by preparing EPDM/PA6 blends with 10-40 phr
PA6, compatibilized with DCP, and investigating
their mechanical, thermal, and morphological proper-
ties. The aim is to identify compositions that achieve
an optimal balance between strength, elasticity, and
thermal stability, while offering practical insights for
industrial polymer blend design.

Materials and methods

For this investigation, commercially available
ethylene—propylene—diene rubber (EPDM) (Keltan®
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4450, DSM Elastomers, Netherlands) was selected as
the elastomeric matrix. This grade contains 50 wt.%
ethylene and 5.2 wt.% ENB, which ensures good
elasticity and processability. Polyamide-6 (PA6)
(Ultramid® B27, BASF, Germany) with a relative
viscosity of 2.7 (96% H,SO, solution) was used as
the thermoplastic component owing to its high stiff-
ness and thermal stability. Dicumyl peroxide (DCP)
(Perkadox® BC-40, Akzo Nobel, Netherlands, 40%
active content) was employed both as a crosslinking
agent and a reactive compatibilizer, enabling radical-
induced grafting at the EPDM/PAG6 interface.

Formulation of Blends

The compositions of the blends were defined on
a phr basis (parts per hundred parts of rubber), with
EPDM fixed at 100 phr (Table 1). To systematically
investigate the influence of PA6 loading, its content
was varied from 10 to 40 phr, while DCP was intro-
duced at 1.0-1.2 phr. The selected range was based
on preliminary trials, which indicated that lower PA6
loadings had negligible reinforcing effects, whereas
very high loadings compromised elasticity.

Table 1 — Formulation of EPDM/PAG6 blends

Sample Code | EPDM (phr) | PA6 (phr) | DCP (phr)
E10 100 10 1.0
E20 100 20 1.0
E30 100 30 1.2
E40 100 40 1.2
Blend Preparation

The compounding was carried out using a Ban-
bury internal mixer (Haake Rheomix, 160 mL cham-
ber). The mixing parameters were optimized to pro-
mote sufficient dispersion of PA6 within the EPDM
matrix and to activate the peroxide without excessive
degradation. The chamber temperature was main-
tained at 180°C, with a rotor speed of 60 rpm, and a
total mixing time of 8 minutes.

The mixing procedure was as follows:

EPDM was first masticated for 2 minutes to re-
duce its viscosity and improve incorporation of the
thermoplastic phase.

PAG6 was then gradually introduced to the cham-
ber to avoid agglomeration and ensure uniform dis-
tribution.

Finally, DCP was added to initiate in-situ com-
patibilization through peroxide decomposition and
radical generation.
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The compounded materials were subsequently
passed through a two-roll mill (Polymix 150L, Ger-
many) at 70°C to obtain uniform sheets. This step
was crucial to eliminate unmixed domains and to
prepare samples suitable for molding.

Molding and Curing

Test specimens were produced by compression
molding using a Carver laboratory hot press. The
molding was conducted at 190°C under a pressure
of 10 MPa for 15 minutes, conditions chosen to bal-
ance peroxide crosslinking with thermoplastic flow.
Following molding, the sheets were cooled to ambi-
ent temperature under natural air circulation. Dumb-
bell-shaped specimens were cut according to ASTM
D412 for mechanical testing.

To comprehensively evaluate the blends, a multi-
method characterization approach was employed:

Mechanical Properties: Tensile strength, elonga-
tion at break, and modulus were measured according
to ASTM D412 using an Instron 3365 universal test-
ing machine at a crosshead speed of 500 mm/min.
Hardness was determined with a Shore A durometer
(ASTM D2240). These tests were performed to quan-
tify reinforcement effects of PA6 and the efficiency
of peroxide compatibilization.

Table 2 — Mechanical properties of EPDM/PA6 blends

Thermal Stability (TGA): Thermogravimetric
analysis was conducted on a TA Q50 in a nitrogen
atmosphere, heating from 30 to 700°C at 10°C/min.
The degradation onset temperature (T4¢%) and maxi-
mum decomposition temperature (T __ ) were used to
assess improvements in thermal resistance imparted
by PA6.

Dynamic Mechanical Analysis (DMA): Per-
formed on a TA Q800 in tensile mode from —100°C
to 100°C, at a heating rate of 3°C/min and a frequen-
cy of 1 Hz. The storage modulus (E') and tan 6 curves
were analyzed to understand viscoelastic behavior
and interfacial bonding.

Morphology (SEM): Fractured tensile specimens
were sputter-coated with gold and observed under
SEM (JEOL JSM-6610LV, 15 kV). This analysis
was essential to correlate mechanical performance
with phase morphology and to visually confirm the
effectiveness of DCP-induced compatibilization.

Results and discussion
The mechanical performance of the EPDM/PA6

blends compatibilized with DCP is summarized in
Table 2.

Sample PAG6 (phr) Tensile Strength (MPa) | Elongation at Break (%) Modulus (MPa) | Hardness (Shore A)
E10 10 9.8 280 3.5 64
E20 20 13.6 240 52 68
E30 30 15.2 210 6.0 72
E40 40 16.0 180 7.3 76

The results clearly demonstrate a progressive
increase in tensile strength, modulus, and hardness
with increasing PA6 content. This behavior can be
attributed to the reinforcing effect of PA6 domains,
which restrict EPDM chain mobility and improve
stiffness. At the same time, elongation at break de-
creases, reflecting reduced flexibility due to higher
thermoplastic loading.

The optimum balance was achieved for 20-30
phr PA6 (E20, E30), where tensile strength improved
significantly while maintaining moderate elasticity.
Similar observations have been reported in literature,
where intermediate PA6 levels provided a compro-
mise between toughness and stiffness [21-23].

Thermogravimetric analysis results are presented
in Table 3.
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Table 3 — TGA results of EPDM/PAG6 blends

Sample | PA6 (phr) | T10% (°C) | T, (°C) 5(?5}?%11? 0/2:‘;
E10 10 328 460 2.8
E20 20 336 468 3.2
E30 30 343 474 3.5
E40 40 350 480 4.0

The onset of degradation (T10%) increased from
328°C (E10) to 350°C (E40), indicating that PA6 im-
proves thermal stability. The maximum degradation
temperature (T, ) also shifted positively, which sug-
gests stronger interfacial bonding due to peroxide-

International Journal of Biology and Chemistry 18, Ne 2 (2025)




104 Reactive compatibilization of EPDM/PAG6 blends with dicumyl peroxide: structure—property relationships

induced compatibilization. The higher char residue
at elevated PA6 loadings is consistent with the inher-
ently stable aromatic structure of PAG6.

Thus, incorporation of PA6 not only reinforces
mechanical properties but also delays thermal de-
composition, enhancing the suitability of these blends
for engineering applications where heat resistance is
critical.

DMA analysis further supports the reinforcing
effect of PA6 (Table 4).

Table 4 — DMA parameters of EPDM/PA6 blends

Sample | PA6 (phr) Storég;g ﬁ;;‘;s BT, Sfa’k t)anf’
E10 10 12.5 —61
E20 20 18.2 T3
E30 30 22.7 _55
E40 40 26.5 5

The storage modulus (E’) increased steadily with
PAG6 loading, confirming enhanced stiffness and re-
stricted chain mobility. Moreover, the glass transi-
tion temperature (Tg) shifted from —61°C to —52°C
as PA6 content increased, which reflects improved
interfacial adhesion and constrained segmental mo-
tion of EPDM chains.

The broadening and slight reduction in tan 6 peak
intensity at higher PA6 loadings indicate that DCP-
mediated compatibilization effectively reduced in-
terfacial friction, leading to improved stress transfer
across phases [22-28].

SEM micrographs of the fractured surfaces re-
vealed distinct differences in phase dispersion de-
pending on PA6 loading. At low PA6 contents (E10),
relatively large and poorly adhered PA6 domains
were observed. However, with the incorporation of
DCP, the morphology significantly improved, espe-
cially at 20-30 phr PA6, where finer and more homo-
geneous dispersion was evident.

At higher PA6 loadings (E40), partial agglomera-
tion and rigid particle domains were visible, which
explains the reduced elongation at break despite im-
proved tensile strength. These observations confirm
that DCP-induced grafting reactions enhanced com-
patibility between the nonpolar EPDM matrix and
polar PA6 phase.

The graph demonstrates (Fig.1) that tensile
strength increases markedly with higher PA6 load-
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ings, which can be attributed to the reinforcing ef-
fect of the rigid thermoplastic domains restricting the
mobility of EPDM chains. In contrast, elongation at
break decreases progressively, reflecting the loss of
flexibility as the blends become stiffer.

- 280

gth (MPa)

Tensile Stren
Elongation at Break (%)

- 180

10 20 30 40
PAB content (phr)

Figure 1 — Variation of tensile strength and elongation
at break of EPDM/PAG6 blends compatibilized
with DCP as a function of PA6 content

When PAG6 is added, stiffness increases, but the
same tendency is observed for elastomer-thermo-
plastic systems when elasticity is compromised. The
optimal balance between strength and elasticity is ob-
tained at moderate concentrations (20-30 phr PA6),
without loss of retention and expansion.

Figure 2 shows the effect of PA6 on the modulus
and hardness of EPDM/PA6 blends.
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Figure 2 — Effect of PA6 loading on modulus
and hardness of EPDM/PAG6 blends
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Both modulus and A-hardness increase in the
same way with increasing PA6 concentration. Since
PA6 domains act as rigid reinforcements, the resis-
tance to deformation under tension in the blends in-
creases. The transition from a soft elastomeric ma-
terial to a harder elastomeric-thermoplastic is fully
confirmed as the hardness increases. These results
confirm the suitability of such blends for engineering
applications where high stiffness resistance and di-
mensional stability are required, such as automotive
parts and cable insulation.

As shown in Figure 3, the thermal decomposition
of EPDM/PAG blends strongly depends on the PA6
content. The shift of the TGA curves towards higher
temperatures and the increasing residual yield are in
full agreement with the data presented in Table 3 and
confirm the increased thermal stability of blends with
higher PA6 loading (Figure 4).
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Figure 3 — TGA curves of EPDM/PA6 mixed
with different PA6 compositions
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Figure 4 — Dependence of T
from PA6 content in EPDM/PA6
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Figure 5 shows the temperature variation of the
storage modulus (E’) for EPDM/PA6 blends due to
the strengthening effect of PA6 as well as the adapta-
tion by DCP.

L 15 20 5 EL] 5 &0
Pag content (phr)

Figure 5 — Storage modulus (E’) of EPDM/PAG6 blends
versus temperature, the stiffening effect of PA6
and the adaptation by DCP

The dynamic mechanical analysis results show
that the storage modulus (E’) increases steadily with
PAG6 loading. This confirms the increased stiffness
and energy storage capacity. Also, the glass transi-
tion temperature (Tg, observed from the tand peak)
shifts upwards from —61°C to —52°C. At this time,
stronger interfacial interactions reflect limited chain
mobility. The decrease in tand peak intensity and
lower interfacial friction at higher PA6 levels indi-
cate more efficient stress transfer between phases,
which fully proves the effectiveness of peroxide-in-
duced adaptation.

As shown in Figure 6, the SEM micrographs il-
lustrate the fractured surface morphology of EPDM/
PAG6 blends, where samples E10, E20, E30, and E40
exhibit variations in dispersion and interfacial adhe-
sion.

E10 (10 phr PA6): Large, irregular PA6 domains
are clearly visible with distinct boundaries, reflecting
poor interfacial adhesion. This morphology corre-
sponds to moderate tensile strength and high elonga-
tion at break. Poor adhesion leads to voids and poor
stress transfer in the thermoplastic phase dispersed
from the EPDM matrix. As a result, the material ex-
hibits a strong effect at low tensile strength, which
maintains a high elongation at break, which mainly
affects the toughness of the rubber.

E20 (20 phr PA6): According to the SEM im-
ages provided, it shows a fine morphology with
smaller uniformly dispersed PA6 particles. The
difference between the interfaces is less noticeable,
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which indicates that the DCP-induced grafting re-
actions are good, indicating that the polar PA6
and non-polar EPDM phases are well matched.

{a) E10

This fine dispersion also results in high levels of
strength and modulus while maintaining the exist-
ing elasticity.

(b] E20 {20'phr

(d) E40 {40 phr

(a) E10, (b) E20, (c) E30, and (d) E40

Figure 6 — High-magnification SEM micrographs of EPDM/PAG6 blends

E30 (30 phr PA6): The most homogeneous mor-
phology is achieved at this composition. PA6 par-
ticles are finely dispersed and well bonded to the
EPDM matrix, resulting in excellent stress transfer
and the best balance of stiffness and toughness [34].
The strong interfacial adhesion allows efficient stress
transfer across the two phases, leading to the best
overall balance of stiffness, toughness, and elonga-
tion. This explains why the E30 blend is identified
as the optimal composition in terms of mechanical
performance.

E40 (40 phr PA6): Agglomeration of PA6 do-
mains reappears, leading to localized stress concen-
trations and premature fracture during deformation.
This explains the reduced elongation at break de-
spite further increases in tensile strength and hard-
ness [29—-32]. At high PA6 loadings, the micrographs
reveal the reappearance of agglomerated PA6 clus-
ters and microcracks around rigid particles. These
features act as stress concentrators, which promote
brittle fracture and reduce elongation at break, even
though tensile strength and hardness continue to in-

Int. j. biol. chem. (Online)

crease. Thus, the excessive thermoplastic fraction
undermines toughness and flexibility.

The SEM observations clearly demonstrate that
20-30 phr PA6 (E20—-E30) offers the most favorable
morphology, where PA6 domains are sufficiently
small, uniformly dispersed, and well-bonded to the
EPDM matrix due to DCP-induced compatibiliza-
tion. This composition provides an optimal compro-
mise:

- improved tensile strength and stiffness (due to
effective reinforcement by PA6);

- maintained elasticity and toughness (due to the
continuous rubbery EPDM phase);

- enhanced interfacial adhesion (due to peroxide-
initiated grafting).

In contrast, 10 phr PA6 is insufficient to
achieve meaningful reinforcement, while 40 phr
PAG6 causes phase agglomeration and embrittle-
ment. Therefore, the 20-30 phr range is the most
suitable ratio for engineering applications demand-
ing a balance of mechanical strength, flexibility,
and thermal stability.
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Conclusion

In this study, EPDM/PAG6 blends compatibilized
with dicumyl peroxide (DCP) were systematically
prepared and characterized in terms of mechanical,
thermal, and morphological properties. The results
collectively highlight the decisive role of PA6 con-
tent and peroxide-induced compatibilization in tai-
loring the performance of elastomer/thermoplastic
systems.

The results of the tests showed that the inclu-
sion of PA6 in the blends significantly increased the
tensile strength, modulus of elasticity and hardness.
This is explained by the reinforcing effect of the hard
thermoplastic phases. Also, increasing the amount
of PA6 showed a loss of elasticity, while simultane-
ously reducing the elongation at break. The optimum
limit between strength and elasticity was achieved at
20-30 phr PAG6; at these contents, the blends provided
sufficient strength as well as acceptable elongation.

The results of the thermal analysis confirmed that
PA6 improved the thermal stability of the blends.
As the amount of PA6 increased, both the initial de-
composition temperature (T10%) and the maximum
decomposition temperature (T ) gradually shifted
towards higher values. This, together with the higher
char residue observed at higher loadings, indicates a
positive effect of the PA6 and DCP-induced adapta-
tion on the overall thermal resistance of the blends.

Dynamic mechanical analysis confirmed the stiff-
ening effect of PA6, showing a systematic increase
in storage modulus and a shift of the glass transition
temperature (T,) towards higher values. These results
reflect the strengthening of interfacial adhesion and
the limitation of chain mobility. This is also attrib-
uted to peroxide-mediated grafting reactions at the
EPDM/PAG interface.

Morphological analysis by SEM directly demon-
strated the effect of PA6 concentration on phase dis-
persion. At low PA6 content (E10), large and poorly
bonded phase domains were observed, which is con-
sistent with low strength and high elongation. At
other PA6 proportions (E20-E30), finely dispersed
and well-bonded PA6 particles were obtained, con-
firming effective tailoring. It also explained the supe-
riority of mechanical properties. At high PA6 content
(E40), however, microcracking of the particles was
observed, which led to a decrease in impact strength
despite an increase in tensile strength.

Int. j. biol. chem. (Online)

Overall, the findings demonstrate that DCP is
an efficient reactive compatibilizer for EPDM/PA6
blends, enabling improved phase adhesion and tun-
able property profiles. The optimal formulations were
identified at 20-30 phr PA6 with 1.0-1.2 phr DCP,
providing the best trade-off between tensile strength,
toughness, thermal stability, and morphological uni-
formity. These compositions are therefore promising
for industrial applications—such as automotive parts,
cable insulation, and structural components—where a
balance of elasticity, strength, and heat resistance is
critical.

The mechanical and thermal results obtained
in this study are not only of laboratory interest but
also highly relevant for industrial applications. In
particular, the EPDM/PAG6 blends containing 20-30
phr PA6, which demonstrated tensile strengths in
the range of 13—15 MPa while maintaining adequate
elasticity, are promising for automotive engineering
components such as vibration-damping parts, heat-
and oil-resistant seals in the engine compartment,
and shock-absorbing elements.

The improvement in thermal stability, with the
onset degradation temperature increasing from 328°C
to 350°C, further indicates that these blends can be
effectively employed in cable insulation materials
and energy transport systems where elevated tem-
peratures are encountered. Moreover, the enhanced
modulus and hardness suggest their suitability for
structural components requiring dimensional stabil-
ity and durability under mechanical stress.

Therefore, scaling the mechanical and thermal
findings to real-world applications clearly demon-
strates that DCP-compatibilized EPDM/PA6 blends
are not limited to fundamental research but offer sig-
nificant potential in automotive, construction, and
energy infrastructure sectors, where a combination
of flexibility, mechanical robustness, and heat resis-
tance is essential.
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