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ABSTRACT: Ethylene vinyl acetate (EVA)/natural rubber
(SMR L)/organoclay nanocomposites were prepared by
melt blending technique with 0–10 phr organoclay loading
and 3 phr TMPTA. Electron beam initiated crosslinking on
these samples was carried out using a 3.0 MeV electron
beam machine with doses ranging from 50 to 200 kGy. XRD
results proved that dispersion of organoclay in the nano-
composites was slightly improved by irradiation with
TMPTA. This was further supported by transmission elec-
tron microscopy images, where the nanoscale dispersion of
organoclay was more homogenous throughout the irradi-
ated polymer matrix compared to nonirradiated samples.
TMPTA also increased the gel fraction yield, tensile proper-
ties and thermal stability of the irradiated neat EVA/SMR L

and its nanocomposites. TMPTA was found to act as a
crosslink initiator, which promotes crosslink bridges via free
radical mechanism in EVA/SMR L matrix. SEM observation
shows that the fracture behavior of the irradiated neat
EVA/SMR L and its nanocomposites with TMPTA is signifi-
cantly different compared to the fracture behavior of the
nonirradiated neat EVA/SMR L. The distinct failure surface
structure formed in the irradiated samples with TMPTA
explains the overall higher value of tensile properties. VC 2010
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INTRODUCTION

Blends of natural rubber (NR) and ethylene vinyl ac-
etate (EVA) are potential to be used as a zero halo-
gen material in cable industry to replace PVC.1,2

However a large amount of inorganic fillers such as
aluminum trihydroxide or magnesium hydroxide is
needed to reach the same flame retardant properties
as PVC.3 Incorporation of these fillers at high load-
ings causes detrimental effects to the mechanical
properties of composites. Recent research develop-
ments shows that incorporation of nanofillers
such as montmorillonite (MMT) at low loading
(<10 wt %) can improve the flame retardancy and
thermal stability of various polymer blends without
causing negative effects to the strength of the
materials.4,5

Electron beam irradiation can be utilized to cross-
link both the EVA and NR to further improve the
mechanical properties and thermal stability of the
blend.6,7 Furthermore now the manufacture of large
quantities of wire and cables insulations is based on
irradiation crosslinking.8,9 To produce a low cost
electron beam irradiated blends, crosslink initiators
can be used. Studies showed that a small amount of
crosslink initiators can induce crosslinking at lower
irradiation dosage10 and reduce degradation during
the process.11

Free radicals are formed in polymers by heating
peroxide or exposure to UV light and irradiation.
These free radicals then extract hydrogen from poly-
mer chains and polymer radicals were formed.
These polymer radicals then react with other poly-
mer radicals to form carbon–carbon crosslinks. The
crosslink initiators will provide more reactive sites
where this reaction can occur. Crosslink initiators
are classified into two types based on their contribu-
tion to cure. Type I crosslink initiators increase both
rate and state of cure. It is typically polar, multifunc-
tional low molecular weight compounds which form
very reactive radicals through addition reactions.
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These monomers can be homopolymerized or
grafted to polymer chains. Type II crosslink initia-
tors form less reactive radicals and only contribute
to state of cure. They form radicals through hydro-
gen abstraction.12

In this article, TMPTA was selected as a crosslink
initiator for organoclay filled EVA/ SMR L nano-
composites. TMPTA is a multifunctional vinyl
monomer which is highly reactive towards free radi-
cals. It is Type I crosslink initiator. The effect of
TMPTA on the tensile properties, morphology, gel
fraction and thermal stability of the nanocomposites
were investigated.

EXPERIMENTAL

Materials

The EVA with 15% vinyl acetate content was sup-
plied by The Polyolefin Company (Singapore) Pte.
(Cosmothene Eva H2020). The NR used was Stand-
ard Malaysian Rubber (SMR L) with Mooney viscos-
ity of ML (1þ 4) ¼ 140. SMR L was purchased from
Kumpulan Guthrie Sdn. Bhd, Seremban, Malaysia.
Organoclay was supplied by Nanocor (USA) (Nano-
mer 1.30T). Nanomer 1.30T was surface modified
MMT with 15–30 wt % octadecylamine. The organo-
clay is in powder form with 18–23 lm mean dry
particle size. Trimethylolpropane triacrylate
(TMPTA) is a product of UCB Asia Pacific,
Malaysia.

Preparation of nanocomposites

Before blending organoclay was vacuum dried at
80�C for 24 hours.13 The EVA/ SMR L nanocompo-
sites were prepared by melt mixing in a Haake
Rheomix Polydrive R 600/610 at 120�C and rotor
speed of 50 rpm. The blend ratio of SMR L and EVA
was fixed at 50 : 50 and the organoclay loading was
varied from 0 to 10 phr. To study the effect of cross-
link initiator, samples with 3 phr TMPTA was pre-
pared. EVA, organoclay and TMPTA was premixed
in a beaker at room temperature for 5 min. The mix-
ture was charged into the mixing chamber and
allowed to mix for 3 min. Then SMR L was dis-
charged into the mixing chamber and the mixing
was continued for another 3 min. The nanocompo-
sites were compression molded in an electrically
heated hydraulic press, KAO compression molding
machine. Hot press procedures involved preheating
at 120�C for 3 min, followed by compressing for
2 min at the same temperature. Then the samples
were cooled for 2 min to produce sheet with 1 mm
thickness.

Irradiation

The molded sheets were irradiated using a 3 MeV
electron beam accelerator NHV EPS-3000 at a dose
range of 0–200 kGy. The acceleration energy, beam
current, and dose rate were 2 MeV, 2 mA, and
50 kGy per pass, respectively.

X-ray diffraction analysis (XRD)

XRD spectra were recorded with Siemens D5000 dif-
fractometer in step scan mode using Ni-filtered Cu
Ka radiation (0.1542 nm wavelength). Powder sam-
ples (i.e. organoclay) were scanned in reflection,
whereas the molded composites in transmission
mode in the angle interval of 2H ¼ 2–10� in steps
0.05.

Transmission electron microscopy (TEM)

Transmission electron microscope (100 kV accelera-
tion voltage), Philips CM12 model, was used to
study the morphology of the nanocomposites. Ultra
thin specimens were used to study the organoclay
dispersion inside polymer matrix. The ultra thin
specimens were sectioned using cryogenic ultrami-
crotome Leica-Reichert Supernova, Universiti Putra
Malaysia.

Gel fraction

The gel fraction was determined by extraction in xy-
lene at 140�C. The blends were solvent extracted
with xylene for 48 h and the extracted samples were
dried at constant weight. The gel fraction was calcu-
lated according to eq. (1)

Gel fraction ¼ ðW=W0Þ � 100 (1)

where W and W0 are the weight of the dried sample
after extraction and the weight of the sample before
extraction, respectively.

Tensile properties

Tensile test was done in accordance with ASTM
D638 on an Instron 3366 tensile testing machine.
Crosshead speed of 50 mm/min was used. The sam-
ples were prepared according to ASTM D638 Type I
specifications. The test specimen thickness was 1
mm and variation did not exceed 62%. The stand-
ard test pieces were cut using a Wallace die cutter.
Five samples were used for tensile test and an aver-
age of results was taken as the resultant value.
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Morphology study

The effect of irradiation and organoclay loading on
the tensile fracture surface morphology of the nano-
composites were studied using SUPRA36VP-24–58
field emission scanning electron microscopy
(FESEM). All samples were examined after sputter
coating with gold to avoid electrostatic charging and
poor image resolution. The FESEM photographs
were taken at a magnification of 2000�.

Thermo gravimetric analysis

Thermal decomposition of the nanocomposites was
determined using thermo gravimetric analysis
(TGA) with Perkin Elmer Analyzer. Thermograms of
� 10 mg samples were recorded from 50 to 600�C at
a heating rate of 10�C/min under nitrogen flow.

RESULTS AND DISCUSSION

X-ray diffraction analysis

XRD pattern for OMMT and EVA/SMR L/organo-
clay nanocomposites with 2 and 8 phr organoclay
loading are displayed in Figures 1 and 2 respec-
tively. Nanostructure was formed in all the irradi-
ated with TMPTA and nonirradiated nanocompo-
sites. The diffraction peaks for the irradiated
nanocomposites were moved to a lower angle com-
pared to nonirradiated samples. Thus the interlayer
spacing between the individual silicate layers have
been further increased in the irradiated nanocompo-

sites with TMPTA. This might be due to the forma-
tion of polar groups, free radicals and ions by elec-
tron beam irradiation, which have high mobility and
can diffuse in between the silicate layers.14 This will
further enhance the intercalation of polymer chains
in organoclay galleries.15

The energy from electron beam radiation will
knock out one hydrogen atom from polymer chain,
thus produce EVA and SMR L macro molecular rad-
icals.16 In addition alkyl ammonium on the surface
of organoclay can undergo Hoffman reaction which
will generate ammonium ions, acidic sites in the alu-
minosilicates and corresponding olefin. The acidic
sites can accept single electron from donor molecules
with low ionization leading to formation of more
free radicals.17

EVA/SMR L filled with 8 phr organoclay loading
showed a second diffraction peak. The diffraction
angle for these peaks was almost the same as that of
pristine organoclay, indicating that some organoclay
remained as agglomerates.4

Transmission electron microscopy

Intercalation, exfoliation and agglomeration of orga-
noclay inside polymer matrix can be observed for
both the nonirradiated and irradiated nanocompo-
sites. However the TEM images shows that the
intercalation and exfoliation of nanocomposites
were further enhanced in the irradiated samples,

Figure 1 X-ray diffraction pattern for pristine organoclay,
irradiated with TMPTA and nonirradiated EVA/SMR L
nanocomposites with 2 phr organoclay loading.

Figure 2 X-ray diffraction pattern for pristine organoclay,
irradiated with TMPTA and nonirradiated EVA/SMR L
nanocomposites with 8 phr organoclay loading.
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Figure 3(c–f) compared to the nonirradiated ones,
Figure 3(a,b). In addition the dispersion of organo-
clay is also more homogenous throughout the poly-
mer matrix in the irradiated nanocomposites.
Agglomerates were observed for nanocomposites
with 8 phr organoclay loading for both the nonirra-
diated and irradiated samples but the numbers of
agglomerates have been reduced with irradiation.
As explained earlier, highly mobile macro-molecular
free radicals and ions were formed during radiation.
These radicals and ions can diffuse in between the
individual silicate layers and further improve the
dispersion of organoclay.

Closer observation on the images of irradiated
nanocomposites showed that the dispersed organo-
clay were oriented in a regular direction compared
to the nonirradiated nanocomposites. Similar mor-
phology evolution of organoclay in irradiated poly-
mer nanocomposite was reported by Lu et al.
(2002).18 Natural MMT consists of negatively
charged layered silicates.19 It is noteworthy that
organoclay used in this research is modified with
15–30 wt % octadecylamine and therefore some per-

centages of the organoclay surface still remain nega-
tively charged. The negatively charged surfaces can
terminate macromolecular polymer cations and form
dangling polymer chains.20 New polymer-clay inter-
face were formed and may be responsible for the
orientation of clay in regular direction.

Gel fraction

Generally the yield of irradiation induced crosslink-
ing can be estimated from gel fraction.21 Figure 4
shows the gel fraction yields for the irradiated nano-
composites without and with TMPTA respectively.
The gel fraction for the neat EVA/SMR L and its
nanocomposites increased with increment of irradia-
tion dosage for both the nanocomposites with and
without TMPTA. Apparently at all irradiation dos-
age the gel fraction values for all the nanocompo-
sites are lower than that for the pristine blend. Elec-
tron beam irradiation can induce the formation of
NR and EVA radicals. These radicals can be scav-
enged by organoclay, thus the radical–radical inter-
action hindered and the crosslink network formation

Figure 3 Transmission electron micrograph for nonirradiated EVA/SMR L filled with (a) 2 phr organoclay (b) 8 phr
organoclay, 50 kGy irradiated EVA/SMR L filled with (c) 2 phr organoclay (d) 8 phr organoclay and 150 kGy irradiated
EVA/SMR L filled with (e) 2 phr organoclay and (f) 8 phr organoclay.
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will be reduced.22 In addition organoclay nanopar-
ticles also block the sites for crosslinking in the poly-
meric matrix due to the nano level dispersion of
organoclay.23,24

However incorporation of TMPTA into the irradi-
ated nanocomposites has improved the gel fraction
yield at all irradiation dosage and organoclay load-
ing. The higher values of gel fraction indicate a
more efficient formation of three dimensional net-
work structures. TMPTA is a well known reactive
additive, which forms crosslink bridges by an irradi-
ation induced free radical mechanism, thus
improves the gelation of nanocomposites.

Tensile properties

The tensile strength for all the nanocomposites with-
out and with TMPTA is shown in Figures 5 and 6,

respectively. At 50, 100, and 150 kGy the nanocom-
posites with TMPTA exhibit higher strength com-
pared to nanocomposites without TMPTA. The opti-
mum tensile strength for nanocomposites without
TMPTA (18.80 MPa) was achieved at irradiation dos-
age 200 kGy and organoclay loading 4 phr, whereas,
for nanocomposites with TMPTA the optimum ten-
sile strength (22.96 MPa) was achieved at 150 kGy
and 4 phr organoclay loading. Moreover the tensile
strength for nanocomposites with TMPTA decreased
as the irradiation dosage increased up to 200 kGy.
Elongation at break was initially increased up to

Figure 7 Elongation of break of irradiated neat EVA/
SMR L and EVA/SMR L nanocomposites without
TMPTA.

Figure 5 Tensile strength of irradiated neat EVA/SMR L
and EVA/SMR L nanocomposites without TMPTA.

Figure 4 Gel fraction for irradiated neat EVA/SMR L and
EVA/SMR L nanocomposites with and without TMPTA.

Figure 6 Tensile strength of irradiated neat EVA/SMR L
and EVA/SMR L nanocomposites with TMPTA.
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100 kGy and then decreased with the irradiation
dosage for both the nanocomposites without and
with TMPTA as shown in Figures 7 and 8, respec-
tively.25 However the elongation at break reduction
at 200 kGy was sharper for nanocomposites with
TMPTA.

Tensile strength and elongation at break depend
mainly on the degree of crosslinking and strain
induced crystallization. In nanocomposites with
TMPTA large network structure was formed up to
150 kGy, whereas, at higher irradiation dosage these

network structure become smaller because addi-
tional crosslinks were formed in between the already
crosslinked macromolecule. Therefore at excessive
degree of crosslinking the network structure formed
were more severe and complex. When strain was
subjected to the large network (up to 150 kGy), the
chain will extend, tendency for chain slippage will
reduce and the degree of chain alignment will
increase, therefore strain induce crystallization
increase. However when the network was more
severe and complex (200 kGy), the degree of chain

Figure 11 Tensile fracture surface for nonirradiated neat
EVA/SMR L.

Figure 10 Stress at 100% elongation (M100) of irradiated
neat EVA/SMR L and EVA/SMR L nanocomposites with
TMPTA.

Figure 9 Stress at 100% elongation (M100) of irradiated
neat EVA/SMR L and EVA/SMR L nanocomposites with-
out TMPTA.

Figure 8 Elongation of break of irradiated neat EVA/
SMR L and EVA/SMR L nanocomposites with TMPTA.
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alignment was lower and therefore strain induced
crystallization was lower.26 The tensile strength of
the irradiated nanocomposites without TMPTA
increased proportionally to irradiation dosage maybe
because the formation of the large network was not
enough as indicated by gel fraction results.

For all the irradiated nanocomposites with and
without TMPTA, the highest improvement in tensile
strength and elongation at break was achieved at
4 phr organoclay loading but both of these proper-
ties decrease as the organoclay loading increased to
8 phr loading. Organoclay are well dispersed at low
loading, whereas, at high loading agglomerates are
formed. These agglomerates can act as stress concen-
tration point which will reduce the tensile strength
of nanocomposites.

The stress at 100% elongation (M100), Figures 9
and 10 improved proportionally to the increment of
irradiation dosage and organoclay loading. Gener-
ally the M100 values for nanocomposites with

TMPTA are higher compared to nanocomposites
without TMPTA.
The increase in M100 with irradiation dose and

organoclay loading can be related to the increased
formation of radiation induced crosslinking27 and
demobilizing effect of organoclay on the polymeric
chain.28

SEM studies

The significant improvements in tensile properties of
the irradiated EVA/SMR L samples with incorpora-
tion of TMPTA and organoclay were further
explained by using the SEM micrographs. The frac-
ture behavior of the non irradiated neat EVA/SMR
L blend as shown in Figure 11 is distinct from the
fracture behavior of irradiated nanocomposites, Fig-
ure 12(a-c) and Figure 13(a-c). Fibrils like structure
(as indicated by white arrows) were formed in the
irradiated nanocomposites.29 The stretched and

Figure 12 Tensile fracture surface of irradiated (50 kGy) with TMPTA (a) neat EVA/SMR L (b) EVA/SMR L nanocom-
posites with 4 phr organoclay and (c) EVA/SMR L with 8 phr organoclay.
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elongated matrix indicates higher resistance towards
failure.

At 150 kGy, Figure 14(a–c) the formation of elon-
gated fibril like structure was more significant. This
can be used to explain the higher tensile properties of
the nanocomposites at 150 kGy compared to 50 kGy.
Furthermore at all irradiation dosage samples with
4 phr organoclay loading, Figures 12(b) and 13(b)
shows a ductile fracture surface with more longer and
finer fibril like structure, whereas, at 8 phr organoclay
loading Figures 11(c) and 12(c) the fibril like structure
were shorter and thicker. This indicates that at 4 phr
organoclay loading the crosslink matrix can be further
deformed and absorb more energy before failure, thus,
exhibit a higher strength properties. However when
8 phr organoclay was used, the rigidity of the nano-
composites increased, thus, reduce the ability of the
matrix to deform when subjected to strain.30 In addi-
tion the agglomerated organoclay at higher loading
acts as stress concentration point which reduce the
strength of polymer matrix.

Thermal stability

In this article only one TGA graph is presented, Fig-

ure 14. This thermogram represents the typical ther-

mal decomposition behavior for all the neat EVA/

SMR L and its nanocomposites. It can be seen that

the thermal decomposition of either neat EVA/SMR

L or EVA/SMR L nanocomposites passes through

two stages upon heating from 50�C to 600�C. The

first was attributed to the SMR L phase degradation

and acetic acid loss from EVA and the second was

due to degradation of the polyethylene backbone in

EVA.31

The thermal stability of the irradiated nanocompo-
sites with TMPTA has been improved compared
with the thermal stability of pristine EVA/SMR L
blend. The improvements in thermal stability of the
irradiated nanocomposites are due to the formation
of more compact three dimensional crosslink net-
works which is more stable against formation of gas-
eous degradation product32 and the barrier effect of

Figure 13 Tensile fracture surface of irradiated (150 kGy) with TMPTA (a) neat EVA/SMR L (b) EVA/SMR L nanocom-
posites with 4 phr organoclay and (c) EVA/SMR L with 8 phr organoclay.
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organoclay. Well dispersed individual layers of
intercalated/exfoliated clay platelets form torturous
path which inhibit the passage of volatile degrada-

tion product from the polymer matrix.33 Further-
more many studies proven that organoclay enhances
the formation of compact char structure on the sur-
face of polymer matrix. The formation of strong

acidic proton sites during thermal decomposition of
octadecylamine on the surface of organoclay cata-
lyzes the formation of stable char residue.34 These
char hinders the diffusion of volatile decomposition

products from the nanocomposites.35 Therefore the
Tonset 1, Tonset 2, Tmax 1, and Tmax 2 increased mean-
while the weight loss due to diffusion of volatile

degradation product from nanocomposites to atmos-
phere reduced significantly for nanocomposites irra-

diated with TMPTA36 as shown in Tables I and II,
respectively.

CONCLUSION

In the electron beam irradiated neat EVA/SMR L
and its nanocomposites, incorporation of TMPTA
additive have efficiently initiated the formation of
more crosslink bridges in the matrix via free radical
mechanism. The gel fraction, tensile properties and
thermal stability of the irradiated with TMPTA sam-
ples were further improved compared to samples
irradiated without TMPTA. At all irradiation dosage
the optimum improvement in tensile strength and
elongation at break was achieved at 4 phr organo-
clay loading due to good dispersion of organoclay at
low loading, whereas, further increment in the orga-
noclay loading only causes detrimental effects to
these properties due to agglomeration of organoclay.
The increment in M100 and thermal stability was
proportional to the increment of organoclay loading.
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