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ABSTRACT: Natural rubber (NR)/poly(ethylene-co-vinyl
acetate) (EVA) blend–clay nanocomposites were prepared
and characterized. The blend nanocomposites were pre-
pared through the melt mixing of NR/EVA in a ratio of
40/60 with various amounts of organoclay with an internal
mixer followed by compression molding. X-ray diffraction
patterns revealed that the nanocomposites formed were in-
tercalated. The formation of the intercalated nanocomposites
was also indicated by transmission electron microscopy.
Scanning electron microscopy, used to study the fractured
surface morphology, showed that the distribution of the
organoclay in the polymer matrix was homogeneous. The

tensile modulus of the nanocomposites increased with an
increase in the organoclay content. However, an increase in
the organoclay content up to 5 phr did not affect the tensile
strength, but the organoclay reduced this property when it
was increased further. This study also indicated that a low
silicate content dispersed in the blend matrix was capable of
increasing the storage modulus of the material. The addition
of the organoclay also increased the decomposition temper-
ature of the NR/EVA blends. © 2006 Wiley Periodicals, Inc.
J Appl Polym Sci 100: 353–362, 2006
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INTRODUCTION

Polymer/clay nanocomposites are a new class of ma-
terials that show improved properties at very low clay
loadings in comparison with those of conventional
composites. Among the improved properties are me-
chanical, dimensional, and thermal stability, flame re-
tardancy, and permeability.1 To obtain good interfa-
cial adhesion and mechanical properties, the hydro-
philic clay needs to be modified before its introduction
into most polymer matrices, which are usually or-
ganophilic. The clay modification is commonly
achieved by ion-exchange reactions of sodium ions by
organophilic cations such as alkyl ammonium or alkyl
phosphonium.2,3 Many polymer systems have been
investigated since the possibility of melt mixing poly-
mers with an organoclay to produce nanocomposites
was reported by Vaia et al.4 The work was expanded
with various polymers, and these include poly(ethyl-
ene-co-vinyl acetate) (EVA)5–7 and natural rubber
(NR).8,9

Preparations of nanocomposites with a single poly-
mer matrix are becoming common nowadays. How-

ever, the preparation of nanocomposites based on
blends seems to be new in nanocomposites studies.
Chow et al.10 reported their findings on the compati-
bilizing effect of maleated polypropylene on the me-
chanical properties and morphology of injection-
molded polyamide 6/polypropylene/organoclay
nanocomposites.

In this article, we describe our attempt to prepare
NR/EVA-blend-based clay nanocomposites and
study their properties. NR/EVA blends are very at-
tractive because of the excellent properties of both
constituents. It has been reported that the addition of
NR to EVA increases the melt elasticity of the sys-
tem.11 In addition, the presence of EVA in high pro-
portions increases the thermal aging resistance of NR/
EVA blends.12

EXPERIMENTAL

Materials

NR (SMRL-grade) was purchased from Guthrie Corp.
(M) Bhd. (Malaysia). EVA (Polene EVA copolymer),
containing less than 18 wt % vinyl acetate, with a melt
flow index of 2.4 g/10 min (at 190°C and 2.16-kg load)
and with a density of 0.938 g/cc, was bought from
Thailand Petrochemical. Sodium montmorillonite
(Na-MMT; Kunipia F) with a cation-exchange capacity
of 119 mequiv/100 g was purchased from Kunimine
Industries Co. (Japan). Dimethyl dihydrogenated tal-
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low ammonium modified montmorillonite [Cloisite
20A (C20A)] was bought from Southern Clay Prod-
ucts, Inc. (United States). Dodecyl amine was supplied
by Merck (Germany). Hydrochloric acid was pur-
chased from BDH (England).

Modification of the clay

Organoclay was prepared by a cation-exchange pro-
cess in an aqueous solution by the vigorous stirring of
20 g of Na-MMT dispersed in 800 mL of distilled
water at 80°C with 50 mmol of dodecyl ammonium
chloride dissolved in 200 mL of 0.25M HCl for 1 h. The
precipitate was then filtered and washed with hot
distilled water until it free of chloride ions (detected
by a 1N AgNO3 solution). It was then dried in a
vacuum oven at 60°C for 24 h. The dry organophilic
montmorillonite was ground, and the particles less
than 75 �m in size were used for the preparation of the
nanocomposites. The product was labeled DDA-
MMT.

Nanocomposite preparation

In this work, an NR/EVA blend with a ratio of 40/60
(w/w) was used for the preparation of blend-based
nanocomposites. The EVA pellet (ca. 27 g) was first
mixed with an internal mixer (Haake) at a temperature
of 125°C and a rotor speed of 50 rpm for 1 min. NR
(17.8 g) was then added to the mixer and allowed to
mix with EVA for 2 min. Immediately after the mixing
period was complete, the required amount of DDA-
MMT was added to the mixer, and the mixing was
continued for 7 min. The obtained composites were
then preheated at 125°C, hot-pressed at 125°C and 110
kg/cm2, and cold-pressed for 4 min to obtain slabs
(150 � 150 � 1 mm3 and 130 � 130 � 3 mm3).

Characterization

X-ray diffraction (XRD) was performed at room tem-
perature with a Shimadzu XRD 600 X-ray diffractom-
eter. The X-ray beam was nickel-filtered Cu K� (wave-
length � 1.542 Å) radiation operated at 30 kV and 30
mA. Data were obtained for a 2� range of 2–10° at a
rate of 1°C/min.

The surface morphology of the nanocomposite
samples was observed with a FEI Quanta 400 scan-
ning electron microscope operated at 25 kV. The
cryogenically fractured samples were soaked with
toluene for 24 h and then dried in an oven for 24 h.
The dried samples were coated with gold with a
Bio-Rad coating system. The scanning electron mi-
croscopy (SEM) photographs were recorded at a
magnification of 20,000�.

Clay distribution in the nanocomposites was stud-
ied with a Leo 912AB energy-filter transmission elec-
tron microscope with an acceleration voltage of 120
keV. The samples were prepared with a Reichert Jung

Figure 1 XRD patterns of (a) Na-MMT, (b) NR/EVA/3Na-
MMT, (c) NR/EVA/5Na-MMT, and (d) NR/EVA/10Na-
MMT.

Figure 2 XRD patterns of (a) C20A, (b) NR/EVA/1C20A,
(c) NR/EVA/3C20A, (d) NR/EVA/5C20A, and (e) NR/
EVA/10C20A.

Figure 3 XRD patterns of (a) DDA-MMT, (b) NR/EVA/
1DDA-MMT, (c) NR/EVA/3DDA-MMT, (d) NR/EVA/
5DDA-MMT, and (e) NR/EVA/10DDA-MMT.
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Ultracut E microtome equipped with a cryosectioning
unit. Thin sections of about 90 nm were cut with a
diamond knife cooled at �120°C.

Tensile tests were carried out according to ASTM D
417 with an Instron model 4301 testing machine. The
dumbbell-shaped specimens were extended at a cross-
head speed of 100 mm/min. The reported values of
the tensile properties represent averages of the results
from test runs on five specimens. The standard devi-

ations were 2–5% for the tensile strength, about 3% for
the modulus at 300% extension, and 5% for the elon-
gation at break.

The dynamic mechanical analysis of the nanocom-
posites was carried out with a PerkinElmer 7E dy-
namic mechanical analyzer with a three-point-bend-
ing fixture. Rectangular samples (12.6 � 5 � 1 mm3)
were used in the study, and the analysis was carried
out from �140 to 200°C at a heating rate of 5°C/min

Figure 4 TEM pictures of (a) NR/EVA/3DDA-MMT (1000 nm), (b) NR/EVA/3DDA-MMT (200 nm), (c) NR/EVA/3DDA-
MMT (500 nm), and (d) NR/EVA/3C20A (500 nm).
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and a frequency of 1 Hz. The amplitude and tension
were fixed at 10 �m and 110%, respectively.

The thermogravimetry of the samples was studied
with a PerkinElmer TGA7. Thermograms of approxi-
mately 10-mg samples were recorded from 50 to 700°C
at a heating rate of 10°C/min under a dynamic nitro-
gen atmosphere.

RESULTS AND DISCUSSION

XRD study

Figure 1 shows the XRD patterns of Na-MMT and
NR/EVA/Na-MMT composites with various concen-
trations of the unmodified clay in the 2� range of
2–10°. The 001 peak of Na-MMT is at 2� � 7.28°,
corresponding to an interlayer distance of 12.13 Å.
This peak is shifted to 2� values of 6.70, 6.86, 6.99, and
6.99°, corresponding to interlayer distances of 13.31,
13.07, 12.63, and 12.63 Å for NR/EVA/clay compos-
ites containing 1, 3, 5, and 10 phr Na-MMT, respec-
tively. As expected, the hydrophilic nature of Na-
MMT is hardly intercalated by the NR and EVA mo-
lecular chains. The unmodified Na-MMT particles are
simply incorporated into the SMRL matrix in an ag-
glomerated state.

The XRD patterns of C20A and NR/EVA/C20A
nanocomposites are shown in Figure 2. The XRD pat-
terns show that the 001 peak of C20A is at 2� � 3.60°,
corresponding to an interlayer distance of 24.51 Å.
Nanocomposites containing 1, 3, 5, and 10 phr C20A
show the 001 peak at 2� values of 2.41, 2.42, 2.33, and
2.34°, respectively, corresponding to interlayer dis-
tances of 36.63, 36.44, 37.93, and 37.79 Å, respectively.
The increase in the interlayer distance of C20A from
24.51 to 36.63, 36.44, 37.93, and 37.79 Å in the NR/
EVA/C20A nanocomposites containing 1, 3, 5, and 10
phr organoclay, respectively, indicates that intercala-
tion of the polymer chains into the clay interlayers has
occurred. The diffraction patterns of the 001 plane
indicate that the clay layers are at least partially ar-
ranged into aggregates that comprise regularly spaced
layers.13

Figure 3 displays the XRD patterns of DDA-MMT
and NR/EVA/DDA-MMT nanocomposites. DDA-
MMT shows a sharp peak at 2� � 5.26°, which is
equivalent to an interlayer distance of 16.71 Å. For
nanocomposites containing 3, 5, and 10 phr DDA-
MMT, the diffraction peak is shifted to lower 2� angles
at 2.31, 2.42, and 2.65°, which indicate that the inter-
layer distances increase to 38.21, 36.50, and 33.31 Å,
respectively. The increase in the interlayer distance
indicates the formation of intercalated nanocompos-
ites. However, there is no diffraction peak for the
nanocomposite containing 1 phr DDA-MMT. The ab-
sence of the diffraction peak is probably due to the fact
that either the clay concentration in the nanocompos-

Figure 5 SEM micrographs showing the fractured surfaces
of (a) NR/EVA/Na-MMT, (b) NR/EVA/C20A, and (c) NR/
EVA/DDA-MMT.
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ite is too low or an exfoliated nanocomposite has
formed. This can be further confirmed with transmis-
sion electron microscopy (TEM) observation.

In the clay modified by the cation-exchange process,
the surfactant molecules are intercalated between the
layers of the silicate through a cation-exchange reac-
tion and enlarge the distance between the silicate lay-
ers, decrease the clay hydrophilic properties, and en-
hance its compatibility with the polymer. With the
help of mechanical shear during the melt-mixing pro-
cess with a Haake internal mixer, the polymer chains
diffuse from the bulk polymer melt into the galleries
between the silicate layers, forming intercalated nano-
composites.

TEM

Figure 4(a–d) shows TEM images of NR/EVA-blend-
based nanocomposites containing 3 phr DDA-MMT

(1000, 200, and 500 nm) and 3 phr C20A (500 nm),
respectively. The dark lines represent the stacked sil-
icate layers. In the images intercalated, exfoliated, and
aggregated organoclay platelets can be found. In ad-
dition, the organoclay has a strong tendency to be
located in the EVA phase.

SEM

SEM micrographs of cryofractured surfaces of an NR/
EVA/Na-MMT composite and NR/EVA/5C20A and
NR/EVA/5DDA-MMT nanocomposites are shown in
Figure 5(a–c), respectively. NR/EVA/Na-MMT
shows coarse holes of various sizes scattered on the
surface, whereas for the nanocomposites, the holes are
smaller and shallower. The holes on the surface of
NR/EVA/Na-MMT indicate the incompatibility of
hydrophilic Na-MMT with the hydrophobic polymer

Figure 6 Modulus at 300% elongation of NR/EVA/clay composites.

Figure 7 Tensile strength of NR/EVA/organoclay nanocomposites.
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matrix. During the soaking process with toluene, NR
and EVA that cover the agglomerated clays are dis-
solved, and the clay particles are washed away, leav-
ing coarse holes on the sample surface. On the other
hand, the organoclay, which is distributed homoge-
neously in the nanocomposites, gives a smoother sur-
face as the clay particles are smaller. This is also indi-
cates the compatibility phenomenon of the organoclay
with the polymer matrix, which results in the forma-
tion of the nanocomposites.

Tensile properties

Figure 6 shows the modulus at 300% elongation of
NR/EVA/Na-MMT composites and NR/EVA/C20A
and NR/EVA/DDA-MMT nanocomposites. The
modulus of the composites increases with increasing
clay content. However, the increase in the modulus of

NR/EVA/Na-MMT is smaller than that of the NR/
EVA/C20A and NR/EVA/DDA-MMT nanocompos-
ites at all clay concentrations. The poor compatibility
between the unmodified clay and the polymer matrix
leads to poor distribution of clay [Fig. 5(a)] and hence
reduces the stiffness. The addition of a low concentra-
tion of organoclay (1–10 phr) increases the tensile
modulus of the nanocomposites significantly. For ex-
ample, the tensile moduli of the C20A and DDA-MMT
nanocomposites are 40 and 90% higher than that of the
unfilled blend. The increase in the modulus is due to
the reinforcement effect by the silicate layers on the
polymer matrix. It has been reported that exfoliated
silicate layers are the main factor responsible for the
stiffness improvement in nanocomposites.14

The tensile strength of the composites is shown in
Figure 7. The tensile strength of both the NR/EVA/
Na-MMT and NR/EVA/C20A composites decreases

Figure 8 Elongation at break of NR/EVA/organoclay nanocomposites.

Figure 9 Storage modulus of the NR/EVA blend and its nanocomposites with various concentrations of C20A.

358 SHARIF ET AL.



with increasing clay concentration. Meanwhile, the
tensile strength of the NR/EVA/DDA-MMT nano-
composites remains at about 10 MPa with the clay
content up to 5 phr but decreases around 9 MPa when
the clay content is increased to 10 phr. The poor rein-
forcement effect in the nanocomposites is due to the
poor dispersion of clay particles. The large size of the
clay particles serves as stress concentration and flaws
for crack initiation, resulting in premature failure
upon uniaxial loading.15 Similarly, the presence of the
organoclay in the NR/EVA matrix does not increase
the strength of the compound, even though the for-
mation of intercalated nanocomposites already has
been confirmed by the XRD patterns (Figs. 2 and 3).
This may be due to the incompatibility of NR and
EVA. The poor strength of intercalated nanocompos-

ites was also reported by Noh and Lee16 for polysty-
rene (PS)-intercalated nanocomposites, for which they
found the ultimate tensile stress of the nanocomposite
to be smaller than that of the PS matrix and to decrease
with increasing filler content.

The elongation at break of NR/EVA/Na-MMT,
NR/EVA/C20A, and NR/EVA/DDA-MMT nano-
composites are presented in Figure 8. Increasing the
clay content to 3 phr in the NR/EVA/DDA-MMT
nanocomposites increases the elongation at break.
However, a further increase in the clay content re-
duces the elongation. The elongation at break of NR/
EVA/C20A also shows an increase in the elongation at
break at 1 phr clay and decreases with a further in-
crease in the clay content. On the other hand, the
elongation at break of NR/EVA/Na-MMT decreases

Figure 10 Storage modulus of (a) NR/EVA, (b) NR/EVA/5Na-MMT, (c) NR/EVA/5C20A, and (d) NR/EVA/5DDA-MMT.

Figure 11 Loss tangent versus the temperature for NR/EVA/clay nanocomposites.
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with increasing clay concentration. Such an observa-
tion is common in filled polymers, in which the mo-
bility of the polymer chain and shear deformation
capability of the polymer are severely reduced in the
presence of an inorganic filler.15

Dynamic mechanical analysis

The temperature dependence of the storage modulus
of NR/EVA/C20A nanocomposites is shown in Fig-
ure 9. The storage modulus of the nanocomposites
decreases as the temperature increases from �140 to
200°C because of the decrease in the stiffness of the
samples at high temperatures. The incorporation of
the organoclay into the NR/EVA blends increases the
storage modulus. The storage modulus also increases
with increasing organoclay content. The results are in
agreement with the tensile modulus results measured
at 23°C. The storage modulus of the NR/EVA-blend-
based nanocomposite containing 10 phr C20A is about
1.2 � 109 Pa, which is 40% higher than that of the
unfilled blend. The enhancement of the storage mod-
ulus is due to the reinforcement effect of the silicate
layers. Figure 10 shows that the storage modulus of
NR/EVA/5DDA-MMT is higher than that of the pure
NR/EVA blend. In contrast, the NR/EVA/Na-MMT
composite has a lower storage modulus than that of
the unfilled blend at a temperature below the glass-
transition temperature (Tg), but above Tg, the storage
modulus is almost the same as that of the unfilled
blend, as shown in Figure 10. This is due to the in-
compatibility between Na-MMT and the NR/EVA
blend.

Figure 11 shows the temperature dependence of tan
� of NR/EVA/C20A nanocomposites with 3, 5, and 10
phr clay. The NR/EVA blends exhibit two peaks,
which indicate that there are two transitions corre-
sponding to the NR and EVA phases. This clearly
indicates the incompatibility of the two components.
The incorporation of the organoclay into the NR/EVA
blends increases the Tg values of both NR and EVA
phases systematically. The Tg values of the nanocom-
posites obtained from the maximum of tan � and the
areas under the curves are listed in Table I. The shift in
Tg can be explained by the dispersion degree of the

clay in the nanocomposites. This behavior also can be
attributed to the effect of the restriction of the segmen-
tal motion of the polymer near the organic–inorganic
interface due to the increased adhesion between the
polymer and organoclay surface.17 It is well known
that the Tg value of a polymer depends on the mobility
of the chain segment of the macromolecules in the
polymer matrix. Therefore, if the molecular chain is
restricted, movement or relaxation of the chain seg-
ment becomes difficult at the original Tg value and
becomes easy at higher temperatures.17 When the NR/
EVA molecules are intercalated in the silicate layer, the
chain conformation of the NR/EVA molecules is not
readily changed because of geometric constraints, and
the interactions between the polymer and the surface
of the silicate layers become stronger. The changes in
the density of the packing of polymer chains results in
the modification of the conformation and orientation
of chain segments in the neighborhood of the inor-
ganic surface.18 Therefore, their dynamic behavior is
different from that of the pure NR/EVA blend. The
significant reduction of the intensity of the tan � peak
also indicates a strong adhesion between the polymer
and silicate layers.19

Thermogravimetric analysis (TGA)

Figure 12 shows the degradation curves for NR, EVA,
and an NR/EVA blend. NR shows only one degrada-
tion step, with the onset temperature corresponding to
350°C. EVA undergoes two degradation steps. The
first decomposition step is due to the release of acetic
acid and starts at 290°C, and the second degradation
step involves the polyethylene backbone, starts at
390°C, and leads to complete polymer volatilization.
The NR/EVA blend also shows two degradation
steps. The first is due to the NR phase, but the corre-
sponding onset temperature is higher than that ob-
served for pure NR. This behavior suggests the pres-
ence of EVA increases the thermal stability of pure

Figure 12 Thermograms of (a) NR, (b) EVA, and (c) the
NR/EVA blend.

TABLE I
Tg and Area Under the Peak for the NR/EVA Blend

Nanocomposites

Sample
Tg of NR

(°C)

Area under
the curve

for NR
Tg of EVA

(°C)

Area under
the curve
for EVA

NR/EVA �60.0 0.436 �11.1 1.302
NR/EVA5C20A �58.7 0.343 �8.051 0.929
NR/EVA10C20A �56.9 0.192 �5.238 0.621
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NR. In addition, no degradation related to the acetate
groups of EVA has been observed, and this indicates
that EVA is also stabilized via blending with NR, as
reported by Jansen and Soares.20

The effect of the organoclay on the degradation
steps of the NR/EVA blends is presented in Figures 13
and 14. The presence of a layered silicate of C20A in
this blend causes the degradation temperature of the
blend to shift toward a higher temperature. The ther-
mal stability improves with an increase in the organo-
clay content from 3 to 5 phr. A further increase in the
C20A content (10 phr) does not improve the thermal
stability of the blends anymore. Therefore, in this case,
the optimal thermal stabilization is obtained at a filler
content of approximately 5 phr. This result is similar

to the findings reported by Alexandre et al.21 Adding
the organoclay delays the decomposition of the NR/
EVA blend through the formation of char. At a very
low clay content, no thermal stabilization can be ob-
served, whereas increasing the amount of the nano-
filler too much also decreases the thermal stability.
Such behavior could account for the change in the
relative proportions of exfoliated and intercalated spe-
cies with the filler content. At low filler contents, ex-
foliation dominates, but the concentration of exfoli-
ated particles is not high enough to promote thermal
stability through char formation.21 When the filler con-
tent is high, relatively more exfoliated particles are
formed, and so char forms more easily and increases
the thermal stability of the nanocomposites until a

Figure 13 TGA results of NR/EVA/C20A nanocomposites.

Figure 14 Differential thermogravimetry results of NR/EVA/clay nanocomposites.
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nanofiller concentration of 5 phr is reached. At higher
levels (10 phr), equilibrium between exfoliation and
intercalation is drawn toward intercalation, and even
if char is still formed in a high quantity, the morphol-
ogy of the nanocomposites does not allow for main-
taining good thermal stability.

CONCLUSIONS

The preparation of NR/EVA (60/40)-blend-based
nanocomposites with the organoclay C20A and DDA-
MMT was successfully carried out via melt blending
with an internal mixer. The organoclay was partly
exfoliated, as revealed by TEM pictures, partly inter-
calated on the basis of XRD and TEM, and partly
aggregated, as shown by SEM micrographs. The ten-
sile modulus at 300% elongation of the nanocompos-
ites was higher than that of the unfilled blend because
of the increase in the stiffness of the polymer matrix.
The tensile strength of the NR/EVA/DDA-MMT
nanocomposites was better than that of NR/EVA/
C20A. The poor strength of the nanocomposites was
also contributed by the incompatibility effect of NR
and EVA. The elastic modulus increased with increas-
ing C20A and DDA-MMT content from �140 to
200°C. Tg increased systematically because of the re-
inforcement effect of silicate layers. The thermal prop-
erties of the blends also improved with the incorpo-
ration of the organoclay, as revealed by the TGA re-
sults.
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