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Optimization of process conditions and characterization of ethylene-propylene-diene
rubber with bismaleimide
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The thermal and morphological properties of ethylene-propylene-diene rubber with bismaleimide (EPDM-g-BMI)
were investigated. The effects of EPDM concentration, BMI concentration, reaction time and reaction temperature in
terms of grafting efficiency (%) were examined. As the BMI concentration increases, the grafting efficiency increases.
The FT-IR spectroscopy analysis of EPDM-g-BMI reveals that the C=C double bond in EPDM reacts with the maleimide
double bond through a nucleophilic addition reaction. The SEM image of EPDM-g-BMI reveals a rough surface due to
the formation of inter-crosslinked network between EPDM and BMI.
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INTRODUCTION

Ethylene-propylene-diene (EPDM) has excellent
wear strength and superior mechanical resistance. It
also has excellent tribological properties after
chemical coupling [1]. Crosslinked EPDM is one of
the major compounds commonly used as industrial
polymers because of its marvelous resistance to
wearing out and swelling, its thermal and flame
retardant properties [2-4]. A number of graft
copolymers, such as PS [5, 6], (POE)-graft-PS [7],
EPDM-graft-POE [8] and (PE)-graft-PS [9-11] have
been formed. These copolymers play an important
role as compatibilizer at the interface of blends and
decrease the interfacial tension between polymer
phases.

Bismaleimides (BMI) are widely used as elevated
performance composite matrices in aerospace
industry. As compared with extra thermosetting
polyimides, bismaleimides show both outstanding
high performance and cost effectivity; thus they have
been chosen as attractive candidates for advanced
composite matrices [12]. Bismaleimides have
outstanding solubility in the majority of the solvents
like ethylene chloride, cyclohexanone, methylene
chloride, etc. With the characteristics of both rigid
rings and network forming ability, the final Tg of
such systems can reach 400 °C [13]. Therefore, the
main challenges concerning the use of

* To whom all correspondence should be sent:
E-mail: vadivelche@gmail.com

bismaleimides for composite applications are the
improved processability and the crack toughness
[14]. EPDM rubber has considerable marketable and
technological importance and high research value.
Though earlier investigations present a lot of useful
information, however, no effort has been made to
develop EPDM grafted bismaleimide.

EXPERIMENTAL
Materials

The EPDM (ENB type diene) terpolymer used in
this study of a commercial grade Nordel IP 4750R
was supplied by DuPont Dow elastomers, USA.
(Ethylene/propylene/5-ethylidene-2-norbornene:
71/20/9 by wt. % and specific gravity 0.88).
Dibutyltin dilaurate (DBTDL, Merck, Germany,
density = 1.066 g.cm?, freezing point >110 °C, mw
=631.56). Maleic anhydride 99% (Otto Kemi, India,
mw = 98.06, melting point = 53 °C). Nickel acetate
(HiMedia Laboratories Pvt Ltd, India, mw =
248.86). Triethyl amine (Fisher Chemic Ltd, India,
mw = 101.19). Analytical grade toluene and n-
hexane were used as received. Synthesis of
bismaleimide (BMI) was already reported [15].

Methods

The FT-IR spectra of the samples were measured
in KBr disks on a Shimadzu-1800S spectrometer.
The samples were scanned from 4000 to 400 cm™.
DSC (differential scanning calorimetry) was
performed with a NETZSCH DSC 200 instrument.
The sample (2 to 6 mg) was put in a sealed aluminum
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pan and was heated at 10 °C/min in the range of O -
500 °C using an empty sealed pan as a reference.
SEM (scanning electron microscope) micrographs of
the composite materials were recorded using a
Quanta-200, FEG scanning electron microscope
(The Netherlands), and micrographs were taken at
the required magnification. A working distance of
9.8 mm was maintained and the acceleration voltage
used was 20.00 kV with the minor electron image as
the detector.

Preparation of epdm grafted bismaleimide (EPDM-
g-BMI)
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Scheme 1. Schematic presentation of EPDM-g-BMI
preparation

EPDM (10 g/5 mM) was dissolved in 200 mL of
toluene. Bismaleimide (0.025g/0.5 mM) was
dissolved in 20 mL of toluene. The above two
solutions were mixed in a 250 mL three-necked flask
fitted with a condenser and nitrogen inlet. Benzoyl
peroxide (0.05 ¢/0.01 mM) and DBTDL (0.005
9/0.0015 mM) were added to the above mixture and
heated at 80 °C for 5 h. The EPDM-g-BMI was
precipitated by pouring the homogeneous mixture in
excess amount of acetone where the unreacted BMI
was removed. The precipitate was dried at 50 °C for
48 h (Scheme 1).

Isolation of graft terpolymer

After the synthesis, ungrafted EPDM, BMI and
EPDM-g-BMI are present in the medium. The
EPDM was separated from settled down products by
extraction using n-hexane. The bismaleimide grafted
EPDM (EPDM-g-BMI) was separated from BMI
using DMF where the former is soluble and the latter
is insoluble. The total conversion was calculated
from the ratio of the total weight of crude products
to the weight of EPDM charged. The grafting ratio
and grafting efficiency were determined on the basis
of the changes in polymer weight during the reaction
development and the total amount of EPDM-g-BMI
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formed, respectively. The grafting ratio and grafting
efficiency were calculated by the following
equations:

The weight of polymers formed N
Weight of EPDM charged

100

Total conversion (%) =

Weight of EPDM - g - BMI % 100

Grafting ratio (%) =
& ) Weight of EPDM charged

Weight of EPDM - g - BMI
Total weight of polymers formed

The best grafting efficiency of BMI onto EPDM
was achieved by the solution (grafting)
polymerization method. All samples were dissolved
in toluene followed by intense stirring for 10 min, till
the mixture became homogeneous. Then, the
solution was transferred into a glass mold and closed
with Para film to permit the removal of small
molecules of both the solvents, and those produced
in the hydrolysis. Upon gradual ventilation over 10
days, translucent samples of hybrids were obtained
without cracks. All samples are listed in Table 1.

Grafting effeciency (%) = x 100

Table 1. Conditions of graft copolymerization

Conditions Description
EPDM concentration (%) 5.0 10 15 20 25
BMI concentration (%) 1.0 15 20 25 3.0

Reaction time (h) 20 40 6.0 80 -
Reaction temperature 50 60 70 80 -
()

RESULTS AND DISCUSSION
FT-IR spectroscopy

The IR spectra of EPDM and EPDM-g-BMI
exhibit v(C-H) stretching, v(CH2) rocking v(CHz)
symmetric bending (aliphatic) and v(CH.), wagging
vibrations at 2911, 1451, 1367 & 721 cm™ and 2918,
1464, 1375 & 719.15 cm?, respectively (Fig. 1).

In addition, EPDM shows vibrations at 2851 cm-
tand 811 cm™* for v(C-C) and v(>C=CH-) stretching
due to the presence of ENB. However, v(C-H=)
stretching vibration at 3090 cm™? is observed while
v(C=C) stretching vibration at 1627.99 cm™ of BMI
has disappeared [15] due to the grafting reaction by
a free radical mechanism which involves the allylic
position of the ENB unit of the EPDM with addition
across the a,fB-unsaturated linkage [16] in the
bismaleimide resin. Similar observations are made
for bismaleimide toughened reactive rubbers [16]. A
decrease in band intensity due to unsaturated v(C=H)
present in the side chain of ENB at 815 cm is
observed which indicates that v(C=C) is utilized for
new chemical bond formation with BMI.

27



<

Transmitance (%)

(c)

3645 3240 2835 2430 2025 1620 1215 810

‘Wave number (cm")

Fig. 1. FT-IR spectra of (a) EPDM, (b) BMI and (c)
EPDM-g-BMI

Effect of reaction conditions on grafting
Effect of EPDM content

The effect of EPDM content on the graft
copolymerization is presented in Fig. 2(a). The
grafting reaction was carried out at 80 °C for 4 h with
2.5 wt% of BMI. The grafting efficiency increases
linearly with the increase in concentration of EPDM,
due to the availability of a double bond present in
EPDM. The grafting efficiency for 10 wt% EPDM is
20% and that for 30 wt% is 30%. At higher
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concentrations of EPDM, additional active sites are
created and thus the grafting efficiency increases.
However, a smaller number of active sites are
generated in the case of lower concentration of
EPDM resulting in a decrease in grafting efficiency,
which favors the enhanced homopolymerization of
BMI.

Effect of BMI concentration

The effect of BMI on the grafting efficiency is
presented in Fig. 2(b). The grafting reactions were
carried out at 80 °C for 4 hwith 1, 1.5, 2, 2.5 and 3%
of BMI on EPDM. The grafting efficiency increases
with the increase in BMI concentration. The grafting
efficiency for 2 wt% of BMI is 24.67, whereas the
highest grafting efficiency of 28.01 is observed for
2.5 wt% of BMI. There is a sharp increase in grafting
efficiency up to 2.5 wt% of BMI. Above 2.5 wt% of
BMI no significant increase in grafting is observed.
The higher concentration of BMI favors the
formation of a larger number of active sites in the
amine part of BMI, which favors the
homopolymerization rather than grafting.

Effect of reaction time

The efficiency of grafting of BMI onto EPDM as
a function of reaction time is given in Fig. 2(c). The
reactions were carried out at 80°C with 0.1wt% of
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Fig. 2. Plot of grafting efficiency against (a) EPDM concentration; (b) BMI concentration; (c) reaction time; (d)

reaction temperature.
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benzoy! peroxide for periods of 2, 4, 6, 8 and 10 h. It
was observed that the grafting efficiency increases
with increase in reaction time up to 2 h, and beyond
4 h there was no appreciable effect on the grafting
efficiency. However, the total conversion increases
with increase in reaction time due to the formation
of the homopolymer.

Effect of reaction temperature

The influence of temperature on the grafting is
presented in Fig. 2(d). The reaction was carried out
with 2.5 wt% of BMI and 0.1 wt% of benzoyl
peroxide at different temperatures, namely, 40, 50,
60, 70 and 80 °C. The grafting efficiency increases
with increasing reaction temperature from 40 to 80
°C. However, beyond 80 °C, there was no significant
change in the grafting efficiency which indicates the
end of the reaction.

Calorimetric analysis

A sharp endothermic peak at -52.1 °C indicates
the simultaneous occurring of dehydrogenation and
disproportionation of EPDM. DSC scans also show
a sharp endothermic peak at 489 °C due to the curing
of EPDM-g-BMI (Fig. 3).
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Fig. 3. DSC curves of (a) EPDM, (b) BMI and (c)
EPDM-g-BMI.

The complex molecular structure of the grafted
copolymer of bismaleimide and EPDM hinders the
contribution of reactive sites for the curing reaction,
which in turn increases the curing temperature of the
system. The increase in endothermic peak
temperature was also due to the steric hindrance
produced by the EPDM particles between the two
reacting sites, which necessitated a higher
temperature to increase the reactivity of the
crosslinking sites [17].

SEM analysis

The SEM images of the EPDM, BMI and EPDM-
g-BMI are shown in Figs. 4(a) to 4(c). The SEM
micrograph of EPDM shows a smooth surface

morphology. The SEM micrograph of the
unmodified BMI reveals that crystallites with
micropores are representative of the brittle phase.

Fig. 4. SEM micrograph of (a) EPDM; (b) BMI; (c)
EPDM-g-BMI.

The SEM micrograph of the EPDM-g-BMI
system reveals that the minor component (BMI) is
dispersed within a range of the major component
(EPDM) with continuous morphology [18, 19]. Fig.
4a of pulled out traces of micrographic morphology
depicts the poor adhesive nature of EPDM. Fig. 4b
also shows a chunk of BMI agglomerate-like
morphology. Figs. 4a and 4b explain their lower
stiffness value / storage modulus. From Fig. 4c, a
high interfacial tension between BMI and EPDM
phases follows which leads to a bigger size of
dispersed rubber phase (3.3 um), which means
enhanced stress transfer and higher impact on
strength and supports the rubber wear concept by the
process of plowing. It is obvious that it is a
stratification phenomenon, if no segregation of the
core and periphery exists, due to the configuration of
inter-crosslinked network indicated by the active and
rough surface. Moreover, Fig 4c implies that there is
an influence on storage modulus and loss factor,
separately.

CONCLUSIONS

EPDM-g-BMI graft terpolymer was synthesized
by a solution polymerization method. The following
conclusions are made based on the data resulting
from different experimental studies. The grafting of
BMI onto EPDM reveals that the C=C double bond
in EPDM reacts with the maleimide double bond
through a nucleophilic (Michael) addition reaction
which is confirmed by FTIR spectra. It was
ascertained that the threshold grafting efficiency was
maximum at 2.5 mol% of BMI. The grafting
efficiency increases with the increase in temperature
and EPDM content. The grafting of BMI onto
EPDM increases Tg values. Hence the EPDM-g-
BMI rubber may be used in cable insulation
application for better performance. The morphology
proved that EPDM-g-BMI rubber shows improved
adhesion, better stress transfer, superior impact on
strength and protective rubber wear.
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W3cnenBanu ca TepMUYHATE U MOP(OJIOTMYHNTE CBOMCTBA HA KaydyK OT ETHJICH-TIPONMJICH-IUECH ¢ OMC-MaJenMUI
(EPDM-g-BMI). N3y4enu ca edextute Ha KoHLEeHTpauuuTe Ha EPDM 1 BMI, Bpemero 3a peakuusta u TeMneparypara
B mapamerpute Ha rpadr-edextuBHocTTa (%). C HapacTBaHe Ha KOHLeHTpanusira Ha BMI napactBa u rpadrt-
epexkruBHocTTa. FT-IR crextpockonckust ananus nHa EPDM-g-BMI moxassa, ve C=C npoiitnata Bpp3ka B EPDM
pearupa ¢ JBOHHATa Bpb3Ka B MOJIEKyJlaTa Ha MaJeMHUMHU/IA Ype3 HyKJIeo(pHIHa IPUChEANHHUTENICH MeXaHn3bM. SEM-

obpasute Ha nonumepa EPDM-g-BMI nokasBar rpanaBa moBBbpXHOCT mopajgu o0pa3yBaHETO Ha BBTPEIIHH MPEXH
Mexry EPDM u BMI.

30



