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Abstract

Various polymer clay nanocomposites (PCNs) were prepared from ethylene vinyl acetate copolymer (EVA) with 9, 18 and 28% vinyl acetate
(VA) content filled with different wt.% (2.5, 5 and 7.5) of a Montmorillonite-based organo-modified clay (Cloisite® C15A and C30B). The
PCNs were prepared using melt blending techniques. Morphological information regarding intercalation and exfoliation were determined by
using wide-angle X-ray scattering (WAXS) and transmission electron microscopy (TEM). WAXS and TEM confirmed that increasing the VA
content was necessary to achieve greater clay–polymer interaction as seen from the comparatively higher intercalation of clay platelets with
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8% VA. The effect of addition of clay on the development and the modification of crystalline morphology in EVA matrix was also
sing WAXS and temperature-modulated differential scanning calorimetry (MDSC). Results are presented showing that the addit
latelets does not increase the matrix crystallinity but the morphology was significantly modified such that there was an increase in
morphous phase. Mechanical properties were also evaluated against the respective morphological information for each specim
re indications that the level of clay–polymer interaction plays a significant role in such morphological modification, and in such a
ffects the final PCN mechanical properties which has wide and significant applications in the packaging industries.
2005 Elsevier B.V. All rights reserved.
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. Introduction

The combination of ethylene vinyl acetate (EVA) with
anoclay has wide commercial applications (such as packag-

ng films, cables and adhesives), and these applications de-
end on the vinyl acetate (VA) contained in the main chain. As

he VA content increases, the copolymer presents increasing
olarity but lower crystallinity, and therefore different me-
hanical behavior[1]. The increasing polarity with increasing
A content is apparently useful in imparting a high degree
f polymer–clay surface interaction, and it has been reported

hat there is a significant rise in the Young’s modulus and the
ield strength of the EVA PCNs[2], in tune with the behavior
f other polymeric nanocomposites[3].
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This study is aimed at producing EVA nanocomposites
ing matrices with various VA content and clay concentrati
and analyzing them for their respective clay–polymer in
action and their influence on the phase modification (m
crystallinity) and mechanical properties. Since the VA c
tent dictates the polarity of the matrix – thus dictating
level of organoclay–polymer interaction – morphologie
EVA nanocomposites would differ based on VA content
their interaction with its nanoclay content. For example, s
authors have reported how the structure–mobility prope
of EVA polymer are influenced by the VA content[4] and this
chain mobility in and around clay galleries could significa
modify the level of interaction in clay nanocomposites. A
it is well known that inclusion of filler provides a suitab
pathway for increased crystallinity and consequently hi
crystallization temperatures in polymeric samples bec
of the nucleation effects of the fillers (by providing act
surface structures)[5]. However, presence of small qua
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tity of nanoclay may not increase the matrix crystallinity
as it might be ‘rejected’ during crystallization as impurity
and may result in a significant increase in the amorphous
‘bulk’. Such changes in polymer clay nanocomposite (PCN)
morphology would bring about a change in their mechanical
properties, for example, presence of a well-dispersed clay
platelet network in the amorphous bulk could increase the
elastic response by providing a ‘solid network’. With EVA, it
is interesting to investigate the dominance of its polarity and
clay interaction and the changes in the crystallinity of EVA
nanocomposites.

2. Experimental

2.1. Nanocomposite preparation

EVA copolymer with 9, 18 and 28% VA was supplied
by Dupont, Australia. The molecular weights are 67320,
72600 and 58300, respectively, with polydispersity of 4.6,
8.7 and 6.2, respectively. Two organo-modified MMT clay
were used as received; Cloisite® 15A (C15A) and Cloisite®

30B (C30B) by Southern Clay Products (Gonzales, USA).
C15A was produced by modifying hydrophilic Na+-MMT by
using the dimethyl dihydrogenated, tallow quaternary ammo-
nium chloride and is more suitable for less polar EVA9 due to
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of about 1.3◦.

2.3.2. TEM
Transmission electron microscopy (TEM) analysis was

used to provide a ‘visual’ confirmation of the morphological
information obtained on the platelet dispersion and distri-
bution from the WAXS data as the latter lacks the ability
to characterize the disordered-intercalated or the exfoliated
structures due to the absence of scattered intensity peaks for
those morphologies[7]. Ultra-thin sections measuring ap-
proximately 70 nm were ultra-microtomed by using a dia-
mond knife at approximately (−)165◦C and samples were
placed on copper grids to be viewed under a JEOL TEM
equipment with an accelerating voltage of 100 kV and high
vacuum (JEOL 1010, Japan).

2.3.3. MDSC
Samples for modulated differential scanning calorimetry

(MDSC, DSC 2920modulatedDSC with Thermal Analyst
3100 software, TA Instruments, USA) were prepared from
the specimen by compression molding into thin films (thick-
ness < 1 mm) and the tests were conducted using helium as
purge gas (30 ml/min flowrate) and nitrogen as environment
gas (100 ml/min flowrate) with at least two specimens for
each sample to ensure the repeatability. The heating and cool-
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ong aliphatic chains in C15A. C30B was produced by m
fying hydrophilic Na+-MMT with methyl, tallow and bis
-hydroxyethyl quaternary ammonium. This group of m
ed clays is suitable for the more polar polymers like EVA
nd EVA28. Composites with varying filler level (2.5, 5 a
.5%, w/w) were prepared using the melt blending techn
sing an intermeshing counter-rotating twin-screw extr
Brabender, Duisburg, Germany).

.2. Mechanical characterization

Test specimens conforming to ASTM 638M were cut fr
he plaques made by compression molding of the PCN
les at 120◦C and under 12 KN. The mixing and moldi
onditions were identical for all samples. At least six s
les were subjected to tensile test on an Instron Univ
esting Machine (model: 4467, Instron Corporation, UK

.3. Morphological characterization

.3.1. WAXS
Wide-angle X-ray scattering (WAXS) experiments on

m thick sample, placed in a rotating holder – to eliminat
ects of structural orientation in the sample during a trans
ion test[6] – were conducted using a Philips X-ray gener
ith 30 kV accelerating voltage and 30 mA current (Phi
W 1130, Holland). Intensities from 2θ= 1.2◦–35◦ were

ecorded using Ni-filtered Cu K�radiation (λ= 0.154 nm
ndd001 spacing was found using Bragg’s law (λ= 2d001 sin
). Background radiation has been removed from the sc
ng rate were constant at 2◦C/min using 0.5◦C modulation
mplitude and at a 40-s modulation period. The results
nalysed from the second heating and cooling curves. Th
ility of any particular clay–polymer system was determi
fter comparing the crystallization enthalpy and the tem
tures of the first and second cooling curves. Enthalpi
elting and crystallization, along with the respective tem
tures, were obtained by using the peak integration me
he non-isothermal crystallization kinetics for various E
CNs were studied using modified Avrami equation.

. Results and discussion

.1. WAXS analysis

WAXS data shown inFig. 1 have been discussed in d
ail previously [2]. Pristine C15A clay was found to ha
001= 3.52 nm as compared to the swelled EVA9 PCNs
.64 nm (2.5%), 4.41 nm (5%) and 3.92 nm (7.5%).
AXS data show that the peak intensity of 2.5% C15A
een significantly reduced and shifted towards lower an
ut the peak is not as broad as with 5% or 7.5% indica
hat in 2.5%, the tactoids separate into platelets with com
tively larger gallery space and maintain their ordered s

ure in the smaller scale. However, the second peak inten
n 2.5% is insignificant as compared to 5% or 7.5% indica
hat in PCNs with the latter two concentrations, the com
tively higher concentration of clay could not be exfolia
ut in general, small groups of layered silicates in a tac
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Fig. 1. WAXS patterns comparing the nature of intensity andd-spacing of
C15A as well as EVA9-C15A nanocomposites at clay loading of 2.5, 5 and
7.5 wt.%.

would have become more disordered and randomly oriented,
while maintaining a periodicity within the platelets giving a
highly diffused band at higher angles. Such characteristics
have been dealt similarly in other’s interpretation[8].

The absence of any peak for all clay concentrations in
Fig. 2 indicates that significant intercalation and/or exfo-
liation have been achieved for EVA18 PCNs. Apparently,
an increase in the content of polar VA groups in EVA18 as
compared to EVA9, which lowered the thermodynamic en-
ergy barrier for clay–polymer interaction, possibly allowed
a relatively higher number of polymer chains to migrate and
stabilize within the clay platelet galleries and form partially
exfoliated[3] and/or disordered-intercalated states[9]. Fur-
ther evidence towards the primary morphology can be gained
from TEM analysis.

F f
C 5 and
7

Fig. 3. WAXS patterns comparing the nature of intensity andd-spacing of
C30B as well as EVA28-C30B nanocomposites at clay loading of 2.5, 5 and
7.5 wt.%.

Fig. 3 shows that all EVA28 PCNs have a low intensity
shoulder at 2θ= 1.4◦ (d001= 6.3 nm) indicating a high degree
of platelet incoherence or a ‘highly exfoliated system’[3]
when compared to pristine clay (d001= 1.86 nm). It is thought
that the increased polarity of the polymer chains could have
facilitated polymeric chain stabilization within the clay gal-
leries. Similar effects are also seen for EVA18 PCNs, and
the stabilization could be due to the higher amorphous con-
tent (due to the increased VA groups) that prevents it from
re-crystallizing during annealing and allowed the polymeric
chains to remain diffused within clay platelets. However,
WAXS is not capable of confirming whether the platelet in-
coherence has resulted in a highly disordered-intercalated or
exfoliated morphology.

Being low viscous EVA28, though gave a high basal spac-
ing, probably has lower shear action, which could limit the
degree of clay platelet ‘randomization’. For lower clay con-
centration, this might not be of significant issue; however,
at comparatively higher concentrations – and considering
good platelet exfoliation – the EVA28 might not be effec-
tive in ‘randomizing’ platelets due to an apparent ‘satura-
tion effect’, where the free spatial movement of individual
clay platelet might be limited by an increased presence of
highly interacting VA “pendants” tying up with individual
platelets creating clay–polymeric chain domains. This prob-
ably causes a highly disordered-intercalated morphology and
t y the
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h ause
o pa-
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ig. 2. WAXS patterns comparing the nature of intensity andd-spacing o
30B as well as EVA18-C30B nanocomposites at clay loading of 2.5,
.5 wt.%.
his can be seen for all clay concentrations as shown b
nset ofFig. 3. It is interesting that EVA18 PCNs, did e
ibit similar behaviour at all the scattering angles bec
f the lower density of ‘pendants’ in EVA18 and its ca
ility to accept the greater clay volume, which resulte
high degree of platelet dispersion in the matrix. Deta
AXS and TEM analyses on the intercalation and exfolia
f EVA-clay (Cloisite®) system have been dealt in anot
rticle[10].
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3.2. TEM analysis

Figs. 4a–c, 5a–c and 6a–cillustrate the TEM micrographs
for EVA9, EVA18 and EVA28 nanocomposites, respectively.
The higher electron density of the silicates relative to the
EVA matrix gives them a much darker appearance. TEM im-
ages for EVA9 nanocomposites show the presence of tactoids
that are approximately 200 nm thick and this suggests that
for EVA9-C15A system, the clay platelets are not dispersed
fully, possibly due to the low matrix polarity. However, the
tactoids themselves gain some degree of disorderness, which
is strongly affected by the clay concentration. This agrees
very well with WAXS data as shown inFig. 1 that showed
Bragg peaks and rules out exfoliation.

The absence of Bragg peaks in EVA18 nanocomposites
WAXS (Fig. 2) suggested that it exhibits mixed exfoliated or
disordered-intercalated morphologies. This is strongly sup-
ported by the TEM images shown inFig. 5a–c. The presence
of stacks of silicate layers at higher concentration shows the
presence of intercalation, where few platelets are grouped
together but possess random orientations, whereas at lower
concentrations (2.5% and 5%), the clay platelets are scattered
individually while some tactoid-structural orderness is pre-
served suggesting mixed exfoliation. Larger particles could
also be observed and these may be the tactoids that have
not been dispersed well enough. Similar morphologies for
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tion depending upon the clay–polymer and polymer–polymer
interaction. During heating, some of these thin crystals are
partially melted and the progressive movement of the clays
platelets gives them the sufficient entropy to coalesce (re-
crystallize) and rearrange to form larger crystals that are even-
tually melted at slightly higher temperature. Also, since the
growth of crystal structure is hindered but interestingly the
total crystallinity is seldom affected[13], it is suggested that
the apparent volume of the crystals is reduced in the matrix.

Non-isothermal crystallization kinetics were studied using
the modified Avrami equation and assuming that the crystal-
lization process is a combination of several infinitesimally
small isothermal steps such that the development of relative
crystallinity can be expressed as[14]

Xt =
∫ t

t0

dHc

dt
dt/

∫ t∞

t0

dHc

dt
dt

All the curves have a partial sigmoidal shape (not shown
here) and the analysis of the development of relative crys-
tallinity can be done using

Xt = 1 − exp(−ktn)

A plot of log[−ln(1−Xt)] versus log(t) can then provide
n, the value depending upon the mechanics of nucleation and
on the form of crystal growth; andk, a rate constant con-
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VA18-based nanocomposites were reported by Gilma
l. [11] and it was shown earlier that these morphologie
uence the melt behavior significantly[10].

Fig. 6a–c reveals that for EVA28 nanocomposites, e
iated individual layers are interspersed with silicate st
hat are a few layers thick. The TEM images of EVA28 a
how that increasing silicate loading from 2.5 to 7.5 w
oes not affect the dispersion of platelets – the level of e

iation remains high – indicating that with increased pola
f the matrix (28% VA), increased clay–polymer interac

akes place.

.3. MDSC analysis

FromFig. 7, it can be seen that the melting endother
ignificantly affected by the VA content; the broad endoth
or EVA28 appears more like a ‘bump’ and is contrastin
he broad but defined endotherm of EVA9.Fig. 8shows typ
cal heat flow curve (second heating and cooling) for EV
CNs and it can be seen from the cooling curve tha
rystallization process for EVA28 is significantly affected
he presence of clays. As widely known, in polymer–c
ystems, the clay platelets are in nano dimensions and t
eractions are at molecular levels. Upon baseline calibra
he endotherm can suggest the information about the
alline phase in the nanocomposites. For example, the
s known to increase the crystallization rate and has a s
eterophase nucleation effect on Nylon 6[12], where random
rientation of clay platelets caused a high molecular inte

ions and resulted in formation of crystals with a size distr
aining the nucleation and growth parameters. The Av
lots for EVA9, 18 and 28 PCNs are shown inFigs. 9–11
espectively. It can be seen that except for EVA9 PCNs
ther plots are straight lines over a relatively wide crysta
ange, with EVA28 PCNs showing the most linearity. T
on-linearity of the plots could be attributed to the presen
econdary crystallization phenomenon as reported for
CN systems[15]. This indicates that modified Avrami equ

ion can describe the non-isothermal crystallization pro
f the EVA PCNs with relatively higher VA content (viz
8% and 28%). The exponentn is tabulated inTable 1for
VA9, 18 and 28 PCNs, respectively and the rate constk

s discussed later.
For EVA9, the plots inFig. 9have apparently two linear r

ions; the difference in the slope of the first and the secon
ion indicates the onset of a typical heterogeneous nucle
ith melting of recently formed smaller imperfect cryst
rogressive re-crystallization leads to slow one-dimens
rowth as the fractional crystallinity increases in the sam
his may be due to the presence of smaller clay tactoids

n TEM) that can cause apparent rapid crystallization (b
tricting the polymer motion), but further platelet movem
ould cause the chains to reorganize more uniformly an

ow crystal growth. In other words, as heat is being extra
rom the system, chains under the obstructive influenc
lay platelets (spatial hindrances) imperfectly orient and
emble and creating a peudo-organisation (small cryst
egions); however, as the clay also moves and orients pro
ively in the bulk, some chains gain entropy and as fu
eat is extracted, these chains favorably orients toward
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Fig. 4. TEM micrographs of (a) 2.5 wt.%; (b) 5 wt.% and (c) 7.5 wt.% EVA9-C15A nanocomposites.

Fig. 5. TEM micrographs of (a) 2.5 wt.%; (b) 5 wt.% and (c) 7.5 wt.% EVA18-C30B nanocomposites.

bulk and assembles with greater organisation. As such, there
is a complex growth mechanism, and therefore, EVA9 PCNs
do not completely conform to Avrami equation.

For EVA18 and EVA28 PCNs, there exist similar sec-
ondary crystallization phenomenon (as seen in EVA9) but
theFigs. 10 and 11show that there is a relatively larger lin-
ear region and the value ofn for all clay content range from
1.3 to 3.2 indicating the heterogeneous nucleation. However,
the data inTable 1show that the clay platelets may act as nu-
cleating agents and not hinder the lamella growth but only for

EVA9 PCNs with 5 and 7.5 wt.% clay (nvalues for PCNs are
higher than for pure polymer) whereas for EVA18 or EVA28
PCNs, the exfoliated clay platelets simply reorganize to form
a ‘network’ structure that suppresses the crystallinity.

The above argument was corroborated by measuring the
sample crystallinity from the total enthalpy data for all EVA
PCNs. As shown inFig. 12, the fractional crystalline mor-
phology does not change significantly for EVA9 PCNs – all
samples∼33% crystallinity – whereas, there is∼40% reduc-
tion in total crystalline morphology for EVA28 PCNs and

Fig. 6. TEM micrographs of (a) 2.5 wt.%; (b) 5 wt.% and (c) 7.5 wt.% EVA28-C30B nanocomposites.
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Fig. 7. Typical heat flow curve (second heating and cooling) for pure EVA polymers.

∼30% reduction in EVA18-2.5 and EVA18-5 with EVA18-
7.5 showing the highest reduction at∼60%. Such morpho-
logical change is expected to bring about a significant rise
in the mechanical properties, especially the strength of the
PCNs, since it is well known that the clay platelets can act as
a reinforcing agent.

Moreover, since the rate constantkobtained from the inter-
cept does not have the same physical meaning as in isothermal
conditions (the temperature is continuously changing in non-
isothermal conditions), we attempt to understand the rate ki-

netics by considering the exotherm slope of the various PCNs.
From the ‘slope’ values inFig. 13, it is seen that the addi-
tion of clays significantly reduce the growth rate for all EVA
PCNs, possibly due to modification to the nucleation mech-
anism, and interestingly the effect is pronounced for EVA9
PCNs. It is very likely that there could be formation of a
‘network’ structure of platelets with increasing clay content –
‘network’ involves platelet–platelet interaction apart from the
platelet–polymer interaction – and this intercalation increases
the total entanglement volume. The onset of such structure

e for E
Fig. 8. Typical second heat flow curv
 VA28 PCNs along with the pure polymer.
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Fig. 9. Plot of log(t) vs. log log[−ln(1−Xt)] for EVA9 PCNs for non-
isothermal conditions.

Fig. 10. Plot of log(t) vs. log log[−ln(1−Xt)] for EVA18 PCNs for non-
isothermal conditions.

could be seen in light of percolation threshold – thus poly-
mer chains are entangled within platelet structures – forming
a non-mobile amorphous phase, which reduces the fractional
crystalline morphology. This is suggested for EVA18 and
28 (Fig. 12), but may not occur in EVA9, where matrix crys-
tallization processes ‘encompasses’ clay tactoidal-structures.
Further studies in melt state properties are required to gain
understanding of such ‘network’ morphology, and are being
carried out currently. An important aspect of these results is
that it is not system-specific, and the analysis points out the
significance of the level of clay–polymer interaction and ma-

F -
i

Table 1
Parametern determined using the modified Avrami equation for all EVA
PCNs

Sample name Clay (wt.%) n

EVA9-0 0 3.8
EVA9-2.5 2.5 2.9
EVA9-5 5 4.1
EVA9-7.5 7.5 4.8
EVA18-0 0 4.6
EVA18-2.5 2.5 1.3
EVA18-5 5 2.3
EVA18-7.5 7.5 3.2
EVA28-0 0 4.5
EVA28-2.5 2.5 2.4
EVA28-5 5 2.8
EVA28-7.5 7.5 3.0

Fig. 12. The fractional crystalline morphologies of the pure polymer and
the EVA PCNs.

trix polarity in determining the final composite morphology,
which is more suitable for stretch-film packaging.

3.4. Tensile analysis

In EVA with increasing VA content, the crystallinity of
the polymer decreases (and will lower the stiffness), while
the polarity increases (and will increase the intercalation).
Therefore, in the present system, the stiffness and toughness
response would be an interplay of two factors: (a) an increase
in the ‘rigid’ amorphous phase due to polymer–clay interca-

Fig. 13. ‘Slope’ derived from the exotherm curve of the second cooling cycle
f reted
i

ig. 11. Plot of log(t) vs. log[−ln(1−Xt)] for EVA28 PCNs for non
sothermal conditions.
or all EVA PCNs. Here the physical meaning of slope has been interp
n terms of having the nucleation and growth parameters.
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Fig. 14. Tensile modulus variation at different clay concentrations and with
increasing matrix amorphicity for EVA PCN family.

lation and (b) an increase in the ‘mobile’ amorphous phase
due to increasing VA content.

Fig. 14 shows that with increasing concentration of
nanofiller, there is an increase in Young’s modulus (stiffness)
of the nanocomposites, as expected. This is because of the
typical nanofunctionality of the platelets that impart excel-
lent reinforcement due to an interaction of extremely high
surface area of nanoclay with the intercalated polymer that
gives excellent filler dispersion[16] and always increases the
composite’s initial resistance to an applied stress[17].

Though the nanoclay reduces the total crystalline phase
of the matrix, large intercalated and exfoliated morphologies
increase the above mentioned ‘rigid’ amorphous phase, and
therefore increase the resistance to the movement of poly-
meric chains under stress[8]. This is most evident with EVA9
and 18 PCNs, since their matrices have comparatively higher
resistance (EVA9 having the largest crystalline fraction) and
the response diminishes near exponentially with reduction in
matrix crystallinity, as shown inFig. 14, reinforcing the idea
that stiffness is largely a crystalline affair and VA pendants
cause a ‘damping effect’ on the stiffness. EVA28, which is
completely rubbery, also shows a significant increase (ap-
proximately five-fold) in stiffness by mere 7.5 wt.% clay,
which is an indication of the level of polymer intercalation
and filler–polymer interaction and the formation of ‘rigid’
amorphous phase. These analyses indicate the significance
o hic-
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m
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m e of
c ul-
t n-
o how-
e d by
t uld
b spa-
t ost
e ted

Fig. 15. Tensile strength at different clay concentrations and with increasing
matrix amorphicity for EVA PCN family.

by the randomly oriented cluster of tactoids that were dis-
persed in the matrix (TEM fromFig. 4). This macroscopic
effect was also explained in the earlier Section2.3.3on the
basis of a poorly formed microscopic ‘network’ structure that
can interact with the matrix as a whole.

However, if the clay wt.% is increased in the matrix,
EVA PCNs show the interesting results.Fig. 15shows that
EVA9 PCNs have an increasing trend with increasing clay
concentration, whereas, EVA18 and EVA28 PCNs show an
increasing–decreasing trend. The possibility of a flexible clay
network structure in the EVA PCNs was mentioned earlier,
and this allows the polymeric chain to absorb higher deforma-
tional energy by increased alignment and partial transfer due
to an intercalation before the chain rupture. This morpholog-
ical characteristic could explain the increasing–decreasing
trend on the basis of type and distribution of clay–polymer
clusters, which control the overall matrix deformation
capability under stress. WAXS measurements (large basal
spacing and presence of shoulder) and TEM support similar
morphological characteristic and is in accordance with ex-
pectations that with increased polarity, higher polymer–clay
interaction are obtained. Thus, EVA18 and EVA28 have
greater flexible clay network structure and this results in
overall lower percentage reduction in tensile strength as
compared to the percent reduction in tensile strength of
EVA9. Evidently, better nanocomposites were prepared for
E
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a nt of
i th is
s rface
a ults
i n and
f understanding the interplay between the matrix amorp
ty and clay concentration in determining the nanocomp

echanical properties.
Fig. 15shows the tensile strength data for EVA PCNs.

xtent to which nanoclay incorporation modifies the P
orphology can be studied by considering the influenc

lay (wt.%) and the effect of increasing VA content sim
aneously.Fig. 15indicates that, in general, addition of na
clay can suppress the matrix’s ability to absorb energy;
ver, the extent of suppression is significantly influence
he VA content. The reduction in EVA PCNs strength co
e explained by considering that nanoclay increases the

ial hindrance for polymeric chain movement and this is m
vident for EVA9, possibly because of the rigidity impar
VA18.

. Conclusions

Clearly, the strong polar interactions between the poly
nd the silicate layers of organoclays are critical to the
ation of polymer-layered silicate nanocomposites. Tho
igh polarity facilitates greater clay platelet dispersion
chieves mixed intercalated/exfoliated systems, the exte

mprovement in the case of tensile modulus and streng
omehow suppressed in spite of the higher specific su
rea available for clay–polymer interaction. MDSC res

ndicate the presence of strong heterogeneous nucleatio
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the resulting morphology could be an exfoliation (which was
supported by TEM and WAXS studies). However, the mor-
phology was different due to the variation in polar content of
the matrix; EVA9 did not show the kind of ‘network structure’
effect that was shown by EVA18. Avrami fit mostly showed
the limited tolerance and indicated a complex nucleation and
growth mechanism in most EVA-clay samples (variation in
averagen was large—from 4 for EVA9 to 2.7 for EVA28).
The influence of increasing clay concentration on the tensile
behavior of EVA matrices was found to be significant only
with low or moderately polar EVA matrix (9% and 18% VA).
There is a linear proportionality between clay concentration
and tensile modulus for EVA9 and EVA18, a relation not ob-
served with EVA28. Variations in the tensile strength tests are
attributed to their sensitivity to the overall interaction of the
clay ‘network’ and the matrix, and for EVA18, there was an
increase in tensile strength with 5% clay. WAXS and TEM
confirm that degree of dispersion is significantly related to the
matrix polarity and their data support the tensile test analysis
indicating the presence of strong interactions between the sil-
icate loading and the matrix amorphicity. This study indicated
that there is another route for improving the tensile proper-
ties of the nanocomposites: by increasing the clay–polymer
interaction to an extent that there is a large volume of entan-
gled clay–polymer entities that could significantly increase
the resistance of the composite matrix under stress and, at the
s xter-
n eric
c
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