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ABSTRACT: This study aimed to evaluate the perform-
ance of EVA nanocomposites with distinct clays. Three
different types of nanoclays were used (Naþ, 15A, and
30B) at a processing speed of 400 rpm. By DMA, an
increase in the storage and loss moduli was found, as well
as lower peak height and peak width at half-height for the
nanocomposites containing 15A clay. Also, in rheometry
analysis, higher moduli values were obtained for the 15A
clay nanocomposite. The relaxation and retardation spectra
showed three distinct peaks for the nanocomposites con-
taining the organophilic clays. Finally, the XRD and TEM

analysis showed a microcomposite formation, intercalated
and exfoliated structure for the Naþ, 15A, and 30B nano-
composites, respectively. These results possibility a greater
understanding of the interaction effects between the
intercalated (15A) and exfoliated (30B) clays and the influ-
ence of the type of modifier in the nanocomposites stud-
ied. VC 2012 Wiley Periodicals, Inc. J Appl Polym Sci 125: E462–
E470, 2012
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INTRODUCTION

Nanocomposites obtained by the incorporation of
nanoclays into thermoplastic polymeric matrices have
been the subject of several recent studies, and they
can be used for different applications. According to
Ray and Okamoto,1 hydrated silicate layers with ions
(usually Naþ or Kþ) in nanoclays are miscible only
with hydrophilic polymeric matrices. The same
authors reported that the miscibility of these nanofil-
lers with other polymeric matrices can be obtained
by first converting them to organophilic matrices.

The use of surfactants containing distinct contents
of alkyl chains2 and polar tensoactives3 enables the
attainment of modified clays.3

Marini et al.4 reports that nanoclays modified with
polar tensoactives make the exfoliation with polar
polymers more efficient, due to the more suitable proc-
essing conditions. However, many authors have stud-
ied poly(ethylene-co-acetate) matrices formed of clays
with distinct segments and alkyl chain lengths.5–7

Zhang et al.5 studied the incorporation of different
clays containing long segments of alkyl chains in an
EVA matrix and reported that, generally, the higher
polarity of the polymeric chains and higher basal

spacing of the clay makes it easier to obtain exfoli-
ated structures.
La Mantia and Dintcheva,6 for dispersed nano-

clays processed in a twin screw extruder, noted an
increase in viscosity and a non-Newtonian behavior
attributed to the good dispersion and greater strain-
hardening effect in an isothermal elongational flow
in relation to the pure EVA matrix.
Chaudhary et al.,7 studying the incorporation of

organophilic clays 15A and 30B in an EVA matrix,
reported that the modified clay 15A is the best alter-
native when a hydrophobic polymer (like EVA) is
used. The long aliphatic chains of the acetate vinyl
content of the EVA matrix lead to a better attraction
between the galleries of the clays and the polymeric
chains. In addition, the modified nanoclay 30B has
bis-(2-hydroxyethyl) tallow in its structure, leading
to better interaction with hydrophilic polymers.
The main objective of this study was to analyze

the physical interactions that can be associated with
the dispersion of the clays CloisiteV

R

15A (with long
aliphatic chains) and CloisiteV

R

30B (with hydroxyl
terminals), both incorporated into an EVA matrix
containing 28% (w/w) of vinyl acetate (VAc) in a
corotating twin-screw extruder.

EXPERIMENTAL

Materials

The materials used in this study were: poly (ethyl-
ene-co-vinyl acetate) (EVA) (UE-2824/32) containing
28% of vinyl acetate (VAc), supplied by Polietilenos
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União S/A, the natural organophobic clay (CloisiteV
R

Naþ) and organophilic modified montmorillonite
(OMMT) clay with quaternary ammonium salt con-
taining chain segments with � 65% C18; � 30% C16;
� 5% C14 (CloisiteV

R

15A; dimethyl, dehydrogenated
tallow, quaternary ammonium) and OMMT clay
with two hydroxyl terminals (CloisiteV

R

30B; methyl,
tallow, bis-2-hydroxyethyl, quaternary ammonium),
supplied by Southern Clay Products.

EVA nanocomposites containing five parts per
hundred (phr) of clay (Naþ, 15A, or 30B) were pre-
pared. After drying the clays in an oven with air
circulation at a temperature of 60�C for 8 h, the
nanocomposites were processed in a molten mixture
process using a corotating twin screw extruder (MH-
COR-20-32-LAB, MH Equipment; D ¼ 20 mm, L/D
¼ 32) with eight heating zones and temperature pro-
files (100, 120, 140, 160, 130*, 160, 160, and 160�C—
barrel to matrix, respectively). The speed processing
of 400 rpm was used to process the nanocomposites.
In zone 5* degassing with the aid of a vacuum was
used for the elimination of volatiles.

Characterization of the nanocomposites

The X-ray diffractograms were collected with a sam-
ple holder mounted on a Shimadzu diffractometer
(XRD-6000), with monochromatic Cu Ka radiation (k
¼ 0.15418 nm) and the generator working at 40 kV
and 30 mA. Intensities were measured in the range
of 1� < 2y < 12�, typically with scan steps of 0.05�

and 2 s step�1 (1.5� min�1).
The viscoelastic properties of the nanocomposites

in the solid state were determined using a Dynamic
Mechanical Analyzer (DMA 2980). Tests were per-
formed at the frequency of 1 Hz and heated from
�130 to 60�C using a heating rate of 3�C min�1 and
the analysis was carried out in dual cantilever mode
at a strain amplitude of 10 lm.

The samples were analyzed in an Anton Paar
oscillatory rheometer (Physica MCR 101), with para-
llel plates of 25 mm diameter and a gap between the
plates of 1 mm, test temperature of 160�C, frequency
range of 0.1–100 Hz, shear stress of 200 Pa and nitro-
gen flow of 1 m3 h�1. From the rheological analysis,
the relaxation (H(t)) spectra were collected using a
nonlinear regression (NLREG) program.8–10

The samples were prepared using cryo-ultrami-
crotomy. They were mounted on cryo-pins and
frozen in liquid nitrogen. The experiments were per-
formed using a JEOL transmission electronic micro-
scopic, model JEM 1200 EX II, at 80 kV.

RESULTS AND DISCUSSION

X-ray diffraction (XRD)

X-ray diffractograms were obtained for the nonpro-
cessed nanoclays and the nanocomposites (including

the EVA matrix) processed at 400 rpm. Also, the
nonmodified sodium clay (Naþ) was added to allow
a direct comparison with the respective modified
15A and 30B nanoclays. Figure 1 show the XRD
patterns for the neat resin, nanoclays and for the
nanocomposites studied.
The broadening of the curve (when incorporated

the Naþ in the matrix) represents the distribution of
the clay in the matrix. The incorporation of this clay
reduces the radiation incidence in the X-ray region
and inhibits the response of the incidence by shifting
the electrons that reflect the crystalline plane of the
clay. As a result, the dispersion of the clay in the
EVA matrix becomes evident.
The 15A nanoclay shows a diffraction peak at 2y

� 2.5�. With incorporation of the clay 15A in the
matrix, it is clear a defragmentation of this diffrac-
tion peak into two other distinct and well defined
peaks (2y � 2� and 4.5�, referring to the planes (001)
and (002)). Even, a third peak (lower and difficult to
visualize), occurs (2y � 6.5�, referred to the plane
(003)).7

Chaudhary et al.7 describe that in relation to the
organophilic clay 15A, the silicate layers expand
themselves due the intercalation of the polymer
chains between the gallery spaces. Consequently, the
diffraction peak becomes very broad and less intense;
which suggests the possibility of a disordered inter-
calated structure.
It can be noted that the diffraction peak of the

Naþ clay is situated at 2y ¼ 7, corresponding to the
crystalline plane (001). The peak diffraction of 30B
(2y ¼ 4.75�),7 demonstrates the same behavior as the
dispersion of the Naþ clay. According to Gupta
et al.,11 reductions in the intensity and the width of
the diffraction peak are indicative of a higher basal

Figure 1 X-Ray diffractograms obtained for the neat
EVA, nanoclays and the nanocomposites containing Naþ,
15A, and 30B clays.
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spacing of the clays and thus of an exfoliated
morphology.

Dynamic mechanical analysis

There are distinct relaxation processes for the EVA
polymer corresponding to the crystalline phase
(comprised of polymethylenic units), an interfacial
region (with both ethylenic and VAc segments) and
a complex amorphous phase (with noncrystallized
methylenic segments and VAc units). These relaxa-
tion processes are observed through the respective
transitions: c, b, and a. They are related to the meth-
ylenic units, VAc segment, and the main transition.

The storage moduli were calculated as a function
of temperature for all analyses. According to Figure
2, it is clear that for EVA and EVA/30B samples, in
the glassy region there was an increase in the mod-
uli values at around �75�C. First, this could be
attributed to the b transition (transition associated
with the interfacial region between the amorphous
and crystalline phases).12 This is not reasonable due
an increase in the modulus. In the main and second-
ary transitions, (when observed the storage modu-
lus) there is a decreasing in the storage modulus
due the molecular motion. So, can be occurring an
orientation of the ester-side groups, which promotes
rigidity in the EVA matrix chains. Besides, there is a
polarization that causes a molecular orientation of
the EVA chains and consequently an increase in the
storage modulus in the glassy region.

As the temperature increases, a fall is observed in
the onset temperature of the glass transition region,
which extends into the elastomeric region. However,
in the glassy transition region, the samples show dif-
ferences attributed to the incorporation of the nano-
fillers, which promote a stiffer system. In general,
for composites and nanocomposites, the reinforce-
ment is more effective when passing through the
glass transition region.13 In the elastomeric region,
there is a less abrupt fall in the temperature related
to the glassy region for more reinforced materials.14

In a semicrystalline polymer, the glass transition
temperature is related to the amorphous content15;
however, the incorporation of nanofiller decreases
the quantity of crystalline content, which initially
should promote a softening in the system, but the
incorporation of a stiff component leads to greater
restriction in the molecular movement, shifting this
transition to higher temperatures. Another aspect
that should be noted is that if the system is exfoli-
ated, the quantity of amorphous phase will increase.
With the incorporation of the 15A clay there is stiff-
ness in the system, increasing the enthalpy factor
and decreasing the entropy factor. This is associated
with higher energy being needed to begin the molec-
ular motion.16 The rigidity of the system is attrib-

uted with the quantity of strong bonds; however,
since there is no interaction between the compo-
nents, the increase in the free volume leads to
greater flexibility. Flexibility is associated with seg-
ment movement, chain stiffness or steric hindrance
and free volume.15

Also, it can be observed (for loss modulus) that
there is an increase in the dissipation energy for the
15A sample. This higher energy dissipation is attrib-
uted to the long aliphatic chains of the nanofiller
that occupy a greater amount of free volume when
sufficient thermal energy is obtained for the long
segmental distances. Besides, there is higher free vol-
ume between the chains and consequently dissipa-
tion of more energy. Lower energy dissipation was
noted for the EVA matrix. In general, higher energy
dissipation is attributed to the matrix17 however; in
this case, with the presence of the nanofillers there is
an interface that is not present in the pure matrix. In
principle, this interface will provide a higher contact
area and lead to a more flexible system through
the motion of the chain segment containing the
reinforcement.18

As can be seen in Figure 3, it is possible to note
that the glass transition temperature was lower for
the EVA sample in relation to the other nanocompo-
sites studied. Higher mobility was observed for the
pure matrix, as seen in the loss modulus and, as the
restriction to the molecular mobility is increased,
higher thermal energy is needed to initiate the mo-
lecular segmental motion.13 Besides Tg, from the tan
delta curves were obtained the peak height and
peak width at half-height for the neat EVA and all
nanocomposites studied.
From the tan delta results in Table I it can be

noted that there is a lower peak width at half-height
for the 15A sample, initially indicating a more
homogeneous system due to the obtainment of a
more exfoliated system. This homogeneity leads to a

Figure 2 Storage (E0) and loss (E0 0) moduli for the neat
EVA and the nanocomposites studied.
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narrower distribution of relaxation times as seen in
earlier studies.19,20 When the distribution of the
relaxation times is very broad, this indicates the
presence of short and long segments that relax at
different times.21

The peak height shows lower values for the 15A
sample which, in principle, can be attributed to a
higher degree of stress being transferred to the nano-
fillers by the matrix.18 If the reinforcement is effec-
tive, lower energy dissipation will occur. Higher val-
ues are usually obtained for the matrix; however, an
increase in this property can be attributed to a more
exfoliated system having a greater contact area due
to a better distribution of the nanofillers promoting
higher interplanar distances. The structure formed in
an exfoliated system promotes a greater quantity of
nanoclay distributed in a more uniform manner.
Each ‘‘little’’ agglomerate formed is able to dissipate
more energy due the presence of long aliphatic
chains (in the case of the 15A nanofiller) and since
each agglomerate receives the tension at the same
(or very similar) time through the interface, there is
an increase in the dissipation energy due to the
higher mobility of the system.

The Cole–Cole method is a dielectric relaxation
method used to describe the homogeneity of the sys-
tem through the format of a characteristic semicircle.

A more closed semicircle is attributed to the seg-
ments relaxing at similar times in contrast to a broad
semicircle that reflects a larger distribution of relaxa-
tion times.22 Considering the time-temperature
equivalence,16 Cole–Cole plots can be obtained using
a nonisothermal method.
From the Cole–Cole interactions presented in

Figure 4, it is noted that the EVA sample show a
flattened curve when compared to nanocomposites
followed by the 30B, Naþ and 15A nanocomposites,
respectively. So, it is clear that the samples contain-
ing the nanofillers promote a heterogeneous relaxa-
tion process when compared to the neat EVA.

Oscillatory rheometry

Figure 5 shows the storage (G0) and loss (G00) moduli
obtained by oscillatory rheometry at a preset tem-
perature of 160�C. It can be observed that G00 has
higher values in comparison to G0, since the viscous
response related to the energy dissipation is pre-
dominantly through the higher energy state.23 Thus,
in relation to pure EVA and EVA/Naþ it is clear
that at low frequencies the increase in the modulus
is gradual. This is due longer time intervals favors
the material response to the orientation in the direc-
tion of the force applied. At higher frequencies, the
time interval is shorter and the polymer chains are
not able to dissipate the energy applied by the me-
chanical stress, showing a linear behavior. Thus, by
incorporation of the sodium clay, it was noted that
this nanofiller does not cause significant effects in
relation to the degrees of freedom of the polymeric
chains of the EVA matrix, corroborating the results
found in the literature.24

In relation to the nanocomposites containing
the15A and 30B clays, an increase in the G0 and G00

moduli is evident as well an approximation of the

TABLE I
Parameters Obtained Through Tan d in

the DMA Analysis

Sample

Peak
Width at
half-height

Peak
height Tg (

�C)

EVA 0.31 0.25 �16.62
EVA/Naþ 0.33 0.26 �5.89
EVA/15A 0.25 0.19 �11.39
EVA/30B 0.28 0.21 �8.21

Figure 3 Damping factor (tan d) obtained for the neat
EVA and the nanocomposites studied.

Figure 4 Cole–Cole model obtained for the neat EVA
and the nanocomposites studied.
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values for the two moduli. This is indicative of a
decreasing in the loss factor and an increasing in the
capacity to store higher energy in the system. How-
ever, for lower frequencies, the 30B nanoclay shows
a linear increasing in the G0 values. The 15A nano-
composite shows moduli values higher than those of
30B and as the frequency is increased, these values
stabilize. This phenomenon, when associated with
the type of surfactant used, can be related to the ex-
istence of a disentanglement point of the EVA chains
and the chain segments of the 15A nanoclay. The
30B nanoclay, by having small number of carbon
segments at the surface of the platelets, shows a
linear trend for the increase in the G0 modulus as
the frequency increased. However, the higher stabil-
ity observed with the increase in the moduli for both
modified nanoclays may be due to the physical
interaction between the chain segments of the 15A
clay and the OH terminals, as well an interaction of
the acetate groups of the 30B nanofiller and the EVA
matrix.

These interactions corroborate the results obtained
from the DMA analysis, since the increase in the Tg

values and the reduction in the tan d height peak
are indicative of higher homogeneity of the nano-
clays, demonstrating that the nanofillers influence
the viscoelastic properties in the solid and molten
state.

Viscoelastic functions

The most important difference between the solid
and the molten state is the molecular scale in rela-
tion to relaxation processes.25 In the solid state, the
molecular relaxation is characterized by variations in
the heat capacity (DCp) and, consequently, an
increase in the entropy (DS). Since the energetic bar-

rier has a great influence in the solid state, the mo-
lecular mobility is extended in different relaxation
processes.16

By increasing the internal energy, the relaxation
phenomenon tends to propagate through cooperativ-
ity effects, however, these effects are dependent on
the complexity of the polymeric structure. The main
relaxation processes in the solid state are observed
at and below the glass transition temperature (Tg).
These transitions originate from molecular move-
ment of groups or parts of side groups.16 At temper-
atures above the Tg, the macromolecules are found
in a state of higher internal energy and a consider-
able change in the free volume promotes a change of
the physical state with entanglement or packing of
the chains, leading to a considerable reduction in the
viscosity of the material. This phenomenon is known
as a first-order transition and is characteristic of the
molten state.26 In this state, the free volume is large
and the chains have a high number of degrees of
freedom, which is sufficient to create a random con-
formation through a higher energy state.16,27 As the
molten state is a process of molecular relaxation,26 it
is interesting to investigate how the relaxation pro-
cess occurs with the presence of these nanoclays. In
this regard, from the G0 and G00 data as a function of
the frequency variation, observed in Figure 6, it is
possible to obtain the relaxation and retardation
spectra through the relation proposed by Rhots
et al.8 using the software of nonlinearization regres-
sion (NLREG) according to eqs. (1) and (2):

G0ðxÞ ¼ Gh þ
Z 1

�1
HðsÞ x2s2

1þ x2s2
d ln s (1)

G00ðxÞ ¼
Z 1

�1
HðsÞ x2s2

1þ x2s2
d ln s (2)

Figure 5 Storage (G0) and loss (G00) moduli for the neat
EVA and the nanocomposites obtained by oscillatory
rheometry.

Figure 6 Relaxation spectra calculated by oscillatory rhe-
ometry measurements for the neat EVA and the nanocom-
posites studied.
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where Gy is the equilibrium modulus, H(s) is a func-
tion of the relaxation spectrum, and s is the relaxa-
tion or retardation time.

The relaxation spectrum is the result of an infinite
sum of Maxwell elements that describe the mechani-
cal behavior of the elastic portion of the polymer
and its ability to store energy8,9,16 [eq. (3)]. Estimates
of the retardation spectrum are obtained through the
inter-relationships of the spectra described by Ferry
and results from the infinite sum of Voigt elements
that are responsible for any portion of the viscous
polymer16 [eq. (4)].

HðsÞ ¼ LðsÞ
Jg þ

R1
�1

LðsÞ
ð1�sÞ=s d ln s� s

g0

h i2
þp2LðsÞ2

(3)

LðsÞ ¼ HðsÞ
Gh �

R1
�1

HðsÞ
s=ðs�1Þ d ln s

h i2
þp2HðsÞ2

(4)

where Jg is the instantaneous compliance, g0 is the
zero-shear viscosity, and Gy is the equilibrium
modulus.

Figure 6 shows the relaxation spectra obtained
using the NLREG algorithm for the samples studied.
As can be observed there is the appearance of two
distinct relaxation peaks at s � 0.1s and s � 1s for
the EVA sample.

According to Matsuoka,25 in the molten state there
are three characteristic relaxation stages, the unkink-
ing stage associated with chain conformation (Stage
1), chain slippage (Stage 2) due to the higher num-
ber of degrees of freedom and the free volume, and
correlated blob slippage (Stage 3).

Therefore, it can be assumed that the distribution
of relaxation times in the first peak is dependent on
the complex structure of the EVA polymer (the
branching of the ethylene segments and the physical
interactions between the VAc polar groups pre-
sented in EVA (Stage 1) contributing to this). The
second relaxation phenomenon can be associated
with the distribution of relaxation times that extends
with the slipping and entanglement of long poly-
meric chains (Stages 2 and 3). Consequently, there is
a delay in the relaxation related to the distribution
of the molecular weight and thus, the type and size
of the chain. Also, with incorporation of the sodium
clay, a distinct behavior in relation to the relaxation
phenomenon were not observed, suggesting that the
chains have the same degrees of freedom for the
relaxation phenomenon when compared with the
pure EVA matrix.

However, when the 15A and 30B nanoclays were
incorporated, the appearance of a third relaxation
phenomenon was noted. For the 30B nanocomposite,
the third relaxation peak is found at s � 10s and for
the nanocomposite containing 15A, at s � 30s. For

the two relaxation phenomena, no significant
changes occurred in the distribution of the relaxation
times, suggesting that the first and second relaxation
stages are not affected by the presence of the nano-
clays. From these results, it can be assumed that the
third relaxation process is related to restriction in
the mobility of individual segments of the EVA
chain between the galleries of the modified clays
(related to correlated blob slippage).
It is important to mention that, in the case of an

intercalated morphology, it is possible that the slip-
page of the chains along the flow be impeded, since
the platelets inhibit the chain movement. This phe-
nomenon explains the higher shift of the third relax-
ation phenomenon observed in the nanocomposites
containing the 15A clay, suggesting a more interca-
lated system in relation to the 30B nanocomposite.
This description is consistent with the appearance of
three distinct peaks in the XRD analysis (Fig. 1).
Chaudhary et al.7 also described this characteristic
when there is intercalation of the polymer chains
between the galleries of the clay.
The retardation time L(s) describes the viscous

portion of the system through the sum of infinite
Voigt elements.16,28 The shape of these spectra is in-
dicative of the inhibited mobility of the segments in
the molten state. The results obtained for the EVA
and the nanocomposite containing Naþ are repre-
sented in Figure 7 and show a similar trend for all
the samples studied. For these samples three distinct
retardation characteristics at s � 0.04, 0.5, and 8 s
were observed. Probably, the first retardation peak
is originated of a relaxation phenomenon that does
not appear in the range of frequency studied. It can
be noted that for the relaxation spectra of the EVA
and Naþ nanocomposites, the second and third
relaxation stages were considered to be overlapped

Figure 7 Retardation spectra calculated by oscillatory
rheometry measurements for the neat EVA and the nano-
composites studied.
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presenting a single relaxation phenomenon. Also, it
can be seen in Figure 7 that the separation of the
Stages 2 and 3 is evident, since the viscous portion
related to the blob slippage shows a delay in the
relation to an individual segment. On comparing the
spectra obtained for the nanocomposites containing
the 15A and 30B nanoclays, it is possible to observe
the shift in the retardation peaks to lower times and
the appearance of a fourth retardation peak for the
nanocomposites containing the 15A nanoclay. The
reduction in the retardation time, in this case, may
be inhibited by a strong physical interaction between
the segments of the chains and the type of surfactant
present on the surface of the modified nanoclays. In
addition, since the relaxation times become more
heterogeneous over time, it is expected that these
phenomenon will be noted for lower values. This
occurs since there is proportionality between the
elastic and plastic deformation, i.e., higher elastic de-
formation for H(s) leads to a lower and less pro-
nounced effect on the plastic deformation for
L(s).16,26 Also, this corroborates with the approxima-
tion of the moduli, as observed in Figure 7. In rela-
tion to the appearance of a fourth retardation phe-
nomenon, this may be due to physical interaction
between the surface of the 15A nanoclay that forces
the shift and the orientation of the platelets of the
intercalated clay. The fourth peak is probably, a con-
sequence of the inhibited mobility of the individual
chain segments in the polymeric chains, due to
entanglement with the segments of the chains of the
clay.

Figure 8 represents the shift of the retardation
spectrum in relation to the relaxation spectrum. It
can be observed that the first retardation phenom-
enon (depicted as (a)) probably is provided from an
earlier relaxation phenomena not presented in the

range of frequency studied (Grassia and D’amore29

related that the relaxation phenomena should occur
before the corresponding one] and it is related to the
molecular conformation of the EVA chains. As the
time prolongs, there is chain conformations (showed
as (b)) and it is observed a less pronounced retarda-
tion peak in relation to the first peak due a broader
relaxation times distribution. Finally, occurs the
chain slippage (showed as (c)) of the molecular seg-
ments and the presence of the peak is less intense
than the other ones.

Transmission electron microscopy (TEM)

Figure 9 shows the TEM micrographs for the nano-
composites studied at a processing speed of 400
rpm. The nanocomposite containing the Naþ clay
shows characteristic of microcomposite agglomer-
ates.24 In relation to the nanocomposite 15A, the
presence of intercalated structures (that are visually
observed from the dispersed lower platelets) in the
EVA matrix was verified. The confirmation of this
intercalated morphology corroborates with the inhib-
ited chain relaxation (Fig. 6) and the appearance of a
fourth retardation phenomenon (Fig. 7). Besides, the
movement of chain segments hindered by the EVA
chain entanglement between the galleries of the 15A
clay facilitates the formation of an intercalated struc-
ture. With the incorporation of 30B nanofiller, the
predominant morphology observed was the exfoli-
ated, corroborating with the viscoelastic properties
observed in this study.
Since the platelet separation produces more perco-

lated clay in the matrix, one of the factors related to
the strong interaction of the 30B is the presence of
OH terminals in the surfactants used to modify the
surface of the clay. According to Marini et al.,4 clays
modified with polar tensoactives turn the exfoliation
more efficient.
Also, for the nanocomposites containing 15A and

30B nanofiller (intercalated and exfoliated morpholo-
gies, respectively) the presence of other morphologi-
cal characteristics can be observed. This is due some
factors like the polar surfactants (more compatible
with hydrophilic polymers)4,7 and the polarity5 that
contributes for the formation of determinated mor-
phology. Also, depending the morphology obtained,
there are modifications in the Tg values due the for-
mation of a more rigid and homogeneous system.
Furthermore, the nanocomposite containing the 15A
clay has higher flow stability, reflecting strong phys-
ical interactions due to the chain entanglements of
30B containing OH terminals.

CONCLUSIONS

In this study, the performance of different nanocom-
posites obtained with distinct clays was evaluated.

Figure 8 Proposed scheme for understanding of the
relaxation and retardation phenomena related to the nano-
composites studied.
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According DMA results, higher values for the
storage and loss moduli were observed for the sam-
ple containing the organophilic clay 15A. Also, for
this nanocomposite the peak height and peak width
at half-height showed lower values.

In the oscillatory rheometry analysis, the nano-
composites containing the organophilic clays showed
higher values in the properties measured. The relax-
ation spectra showed two distinct peaks for EVA
and the NAþ nanocomposites, and three peaks for
the 15A and 30B nanocomposites. In relation to the
retardation spectra, for the sample 15A the appear-
ance of a fourth peak was noted.

The shift of the third relaxation and retardation
spectra for 30B and 15A nanocomposites were asso-
ciated to the molecular restraint of the EVA chains
in the dispersed clays. Besides, it was possible relate
that the intercalated clay interferes of a more pro-
nounced way in the chain slippage than 30B clay
nanocomposite.

XRD and TEM analyses showed a microcomposite
formation for the NAþ sample, a more intercalated
system for the sample containing the nanoclay 15A
and a more exfoliated system for the 30B
nanocomposite.

Finally, TEM analyses are in agreement with the
retardation and relaxation spectra, demonstrating

that the intercalated morphology promotes more
restraints in the molecular motion than the exfoli-
ated morphology obtained by 30B incorporation.
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