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Obstract

EVA systems, using an environmentally friendly organoclay modified with a non-ionic and free of ammonium ions 
modifier (BN-AM), were prepared in a single-screw laboratory extruder and characterized by rheological, morphological 
and thermal properties. WAXD analysis suggested that the nanocomposites with 1.5 wt% of BN-AM presented an 
exfoliated structure, while the rheological results showed that the nanocomposites with BN-AM organoclay tended to 
present a more pronounced shear thinning behavior when compared to EVA and the nanocomposites with the traditional 
organoclay. The SEM/EDS analysis by using elemental mappings showed good dispersion of the organoclays (BN-AM 
and BN-CT) in the EVA matrix. Thermogravimetry analysis showed an improvement in thermal stability of EVA when 
the non-ionic modifier was used instead of the traditional one. In general, it was concluded that the addition of low 
content of BN-AM organoclay in EVA matrices is a promising option for the production of nanocomposites.
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1. Introduction

Poly(ethylene-co-vinyl acetate) (EVA) clay nanocomposite 
thermoplastics have several industrial applications, such as 
greenhouse films[1,2], wires and cables[3,4]. The versatility of 
EVA nanocomposites is due to a synergic effect between the 
acetate group on the chains and the modified clay. Several 
studies have demonstrated improvements in mechanical 
properties[5-7], flame retardant[8-10], and gas barrier for 
organoclays[11-13].

Organoclay (organically modified clay) has been used 
since 1990 to prepare polymeric nanocomposites[5,14]. 
Mineral clays, especially montmorillonite (MMT), are 
natural hydrophilic agents present in bentonite. A main 
feature of MMT is swelling in water, due to the presence 
of mono- or divalent cations (Na+ or Ca2+) in the galleries, 
usually following an ion-exchange reaction involving 

an organic modifier such as an alkylammonium or alkyl 
phosphonium surfactant. These organically modified clays 
contain organic species in the galleries, which change the 
basal spacing and the polymer-clay affinity, and they are 
importance to the morphology and properties of micro and 
nanocomposites[15-18].

Polymer clay nanocomposites prepared via a melting 
process are industrially convenient because this process is 
environmentally friendly and low-cost. However, it is not 
always possible to obtain a sufficient interaction between 
the polymer and the organoclay to achieve the desired level 
of exfoliated structures. Previous studies have indicated that 
the nature and alkyl-chain length of the modifier affect the 
structure of nanocomposites[19,20]. The rheological behavior of 
nanocomposites may reveal information about the relationship 
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of the polymer chain and organoclays structure. Lee and 
Han[21] evaluated the rheological behavior of nanocomposites 
of systems based on two organoclays treated with a surfactant 
having polar and non-polar group and different gallery 
distances, in addition, they have chosen a polymer matrix 
having a wide range of polarity from partly polar EVA to 
highly polar poly(ethylene-co-vinyl alcohol) EVOH. The 
experimental results showed significant differences in the 
degree of exfoliation of organoclay and rheological responses 
in terms of the compatibility between polymer matrix and 
the surfactant residing at the surface of organoclay and the 
gallery distance of the organoclays. The authors pointed 
out that polymer melt viscosity plays an important role in 
dispersing the organoclay.

The mainstream techniques for preparing polymer-
clay nanocomposites are extrusion and injection molding, 
which generate a high-shear environment for delaminating 
or exfoliating the clay platelets in the polymer matrix. The 
modifier may decompose during the process, at the typical 
melt-processing temperatures of some matrices. Usually, the 
onset temperature for MMT modified by alkylammonium 
ions is around 180 °C[22].

Therefore, other types of modifiers, such as non-ionic 
modifiers, are being used[23,24]. In a previous study, we 
examined the mechanical and thermal properties of the 
EVA nanocomposites containing non-ionic modified clays. 
The nanocomposites were prepared using two different 
natural clays and clay modifiers, ammonium ion and a 
non-ionic modifier. The results clearly showed that the 
non-ionic modifier behaved similarly to the ammonium-salt 
modifier. However, the organically modified clays proved 
to be more compatible with the polymer matrix than did 
the natural clay[25].

Carli et al.[26] studied nanocomposites reinforced by a non-
ionic organoclay, which showed improvement in properties. 
The authors compared the morphology and the thermal and 
mechanical properties of nanocomposites prepared using 
commercial organically modified montmorillonite, raw 
montmorillonite and non-ionic organoclay. They found that 
the nanocomposite using non-ionic surfactants was more 
chemically stable than the commercial cationic organoclays.

The novelty of the present work is the addition of a new 
organoclay synthetized with a non-ionic surfactant, free 
of ammonium salt, which makes it more environmentally 
friendly[27-29]. BN-AM was added to an EVA matrix and the 
system characterized by WAXD, rheological and thermal 
analyzes and the results obtained were compared to similar 
systems containing a traditional organoclay.

2. Materials and Methods

2.1 Materials

EVA (3019 PE, melt flow index 2.5 g 10 min-1, at 
190 °C, 2.16 kg, 18 wt% vinyl acetate content) was supplied 
by Braskem. The non-ionic organoclay was prepared by 
modifying the sodium bentonite Vulgel CN 45 with a non-
ionic surfactant containing 18 carbon atoms and supplied 
by Ioto International[28,29]. The organoclay modified with 
cetyltrimethylammonium bromide (CTAB) was prepared 

by the ion-exchange method, using the same sodium 
bentonite (Table 1).

Both organoclays and sodium bentonite Vulgel CN 45 
had their physical and chemical properties characterized 
and disclosed in previous work[27]. In that work, the authors 
reported that the BN-AM showed the lower iron content and 
it was considered, among the other studied organoclays, the 
more promising one for nanocomposite use in nanocomposite 
preparation. Thus, in the present study, the BN-AM organoclay 
was chosen to be added to EVA matrix and the materials 
produced were compared to EVA/BN-CT compositions.

2.2 Methods

2.2.1 Composite preparation by melt processing

EVA composites with 1.5 and 3.0 wt% were prepared 
with a MH Equipment MH 50H model intensive homogenizer 
operating at 3,600 rpm for 10 s. And, melt mixture was 
processed in a single-screw laboratory extruder, BGM EL-45 
model, L/D = 40:1 and D = 25 mm. The temperature profile 
used was 135/140/150 °C at 200 rpm. After, the extruded 
was pelletized. The pellets obtained were injection molded 
using a Romi Primax 65R injector with a temperature 
profile ranging from 160 to 180 °C in the 4 zones with a 
mold for tensile test specimen (ASTM D638 Type 1). The 
injection pressure was 300 bar and the holding pressure 
was 150 bar, for 2 s.

2.2.2 Characterization

The dynamic melt rheological properties of the neat 
EVA and the EVA composites were measured in order to 
gain a fundamental understanding of the processability and 
the relationship between the structure and the properties 
of the materials. Melt rheological measurements were 
performed on a TA Instruments TRIOS Discovery HR-1 
rheometer in parallel-plate geometry, using 25 mm-diameter 
parallel plates. All tests were conducted at 180 °C. The 
linear viscoelastic zone was assessed by performing strain 
sweep tests from 0.1 to 100% at 1 Hz. Frequency sweep 
tests from 0.01 to 600 rad s-1 were performed at 1% strain 
under nitrogen atmosphere. The rheological analysis 
was conducted from a piece cut out from the tensile test 
specimen. Wide angle X-ray diffraction analysis (WAXD, 
Shimadzu XRD-6000) was operated at 40 kV/30 mA with 
Cu Kα radiation (wavelength, λ=0.154 nm). The samples 
were scanned with the diffraction angle 2θ, ranging from 2° 
to 50° at a scan rate of 1.0° min-1 in 2θ. Scanning electron 
microscopy (SEM) and energy dispersive spectroscopy 
(EDS) of the cryogenic fractured surfaces of the samples 
were performed on a JEOL, 1200 EX model and Bruker, 
Quantax 70 model. The thermal stability of the composites 
was evaluated by thermogravimetric analysis (TGA), with 
a Netzsch TG 209 thermobalance operating from 20 to 860 
°C, with the following atmosphere programming: 20 to 560 

Table 1. Identification of the types of modifier and organoclays.
Bentonite Type of Modifier Designated

Vulgel CN 45 non-ionic BN-AM
cetyltrimethylammonium bromide BN-CT
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°C with nitrogen and 560 to 860 °C with synthetic air, using 
a heating rate of 10 °C min-1.

3. Results and Discussions

3.1 WAXD analysis

WAXD analysis revealed an intercalated/exfoliated 
morphology. In a WAXD pattern, the peak that corresponds 
to the clay basal spacing (d001) is between 2° and 10°. The 
complete disappearance of this peak indicates that the 
stacked layers of the clay were exfoliated by the polymer 
chains, and the shift of the peak to a lower 2θ angle indicates 
that the stacked layers of clay were intercalated with the 
EVA chains. The preservation of the diffraction peak in the 
nanocomposites indicates that a significant clay content 
remained in layered form after processing. Figure 1 shows 
the WAXD patterns of the BN-AM organoclay and the 
EVA composites.

The BN-AM organoclay showed diffraction peaks at 
2θ that corresponded to d-spacing 19.6, 15.5 and 13.2 Å. 
Especially in the EVA composite containing 1.5 wt% BN-AM, 

these peaks disappeared, indicating a favorable disordered 
structure of the organoclay in the polymer matrix, which may 
account for the tendency to produce exfoliated-clay domains. 
In the case of the higher organoclay content (3.0 wt%), a 
single displacement peak occurred, indicating that most 
of the organoclay platelets were evenly stacked[30,31]. This 
partial destructuring of the organoclay in the matrix may 
be associated with the models proposed by Lagaly[31] for 
the possible structural arrangements of the modifiers in 
the interlayer region of the clays, since BN-AM presents a 
mixture of mono-, bi-layer lateral arrangements are confirmed 
by the absence of a single diffraction peak of up to 10º (2θ) 
(Figure 1). Thus, the increase in the organoclay content 
has somehow hindered the process of intercalation of the 
polymer chains in the interlamelar region of the clay, not 
favoring exfoliation in the EVA matrix.

In comparison of the patterns of the BN-CT organoclay 
(Figure 2) revealed a diffraction peak in the composite 
containing 1.5 wt%, corresponding to 18.2 Å. Only a slight 
shift of the diffraction peak occurred in this composition. This 
behavior does not mean that there was good intercalation 
of the BN-CT layer with the polymer chains, as probably 

Figure 1. WAXD patterns of BN-AM organoclay, neat EVA and EVA/BN-AM composites.

Figure 2. WAXD patterns of BN-CT organoclay, neat EVA, and EVA/BN-CT composites.
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tactoids also appeared in the structure. These structures are 
termed “immiscible” because the organoclay platelets exist 
even after melting processing. Therefore, only EVA/BN-CT 
microcomposites were formed[5].

3.2 Small amplitude oscillatory shear flow: frequency 
sweep and SEM/EDS morphology

Oscillatory shear-flow analyses were performed in 
two configurations: (i) frequency sweep and (ii) stress 
relaxation. The experiments were conducted as a function 
of time at 180 °C and a strain of 1%, defined from strain 
sweep test conducted to determine the linear viscoelastic 
region of the materials.

The variation of the complex shear viscosity (η*) as a 
function of the frequency of the neat EVA and the EVA-
organoclay composites (EVA/BN-CT and EVA/BN-AM) 
is shown in Figure 3.

As seen in Figure 3, the neat EVA and all the composites 
showed a shear-thinning behavior, with an increase in 
viscosity in the low-frequency region. Figure 3a shows that 
when the BN-CT organoclay was added to the EVA matrix, 
this matrix behaved similarly to neat EVA, however, when 
the BN-AM modified clay was incorporated into the EVA 
matrix (EVA/BN-AM 1.5), the material produced tended 
to show a stronger frequency-thinning comparing to neat 
EVA and EVA/BN-CT 1.5 composite. When 3.0 wt% BN-
AM was added to the EVA matrix (Figure 3b), the final 
composite tended to show an even more shear-thinning 
behavior when compared to EVA/BN-AM 1.5 composite.

The frequency dependency of the storage modulus 
(G’) of the materials obtained in the frequency (ω) sweep 
analysis is shown in Figure 4.

According to Jiang et al.[32], information on the G’ 
value variation with frequency can indicate polymer chain 
structure and dynamics. Based on the present experimental 
data, neat EVA deviated from standard terminal behavior, 
showing G’ α ω0.73 (R2=0.97). When 1.5 wt% and 3.0 wt% 
contents of BN-CT organoclay were added to EVA matrix, the 
relationships between G’ and ω were also G’ α ω0.73 (R2=0.97), 
the same relationship found to neat EVA, indicating a similar 
rheological behavior between EVA/BN-CT systems and 
neat EVA. When 1.5 wt% and 3.0 wt% contents of BN-AM 
organoclay were added to EVA matrix, the relationships 
between G’ and ω were G’ α ω0.68 (R2=0.97) and G’ α ω0.70 
(R2=0.96), respectively, indicating an improved solid-like 
behavior.

The variation of dynamic modulus, G’ and G”, was 
also evaluated. Table 2 presents the values of the crossover 
point, at which G’ = G”, obtained from G’ and G” versus 
the frequency curves. The results were evaluated by the 
displacement of the G’ x G” crossover point, which allows 
the flow behavior of polymeric materials to be predicted.

The data in Table 2 obtained from the results for G’ = G” 
versus frequency show that the BN-AM compositions 
showed the lowest modulus values at the crossover point 
compared with the other EVA nanocomposites. For the EVA/
BN-AM composites, a decrease in the G’ = G” points were 
observed, but with similar frequency values at the crossover 
point compared to the neat EVA. This may be related to the 
more shear-thinning behavior observed. However, these data 
are not in accordance with the exfoliation-like morphology 
observed in the EVA/BN-AM 1.5 composite, as showed in 
Figure 1. It was expected that a more elastic behavior at lower 
frequency range would be observed and, as the frequency 
increased, a more pronounced shear thinning had occurred. 

Figure 3. Frequency sweep results for neat EVA and EVA/
organoclay systems (a) 1.5 wt% organoclay and (b) 3.0 wt% 
organoclay.

Figure 4. Storage modulus G’ versus frequency curves for neat 
EVA and EVA/organoclay systems.

Table 2. Dynamic modulus and frequency values at the G’/G” 
crossover point for neat EVA and EVA/organoclay composites.

Sample code
Modulus at 

crossover point
G’ = G” (104 Pa)

Crossover point
ωc (rad s-1)

EVA 1.81 10
EVA/BN-CT 1.5 2.21 16
EVA/BN-CT 3.0 1.87 16
EVA/BN-AM 1.5 1.41 10
EVA/BN-AM 3.0 1.35 10
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The addition of 3.0 wt% of the BN-AM organoclay further 
decreased the G’ = G” values, indicating that a nanocomposite 
with more frequency-thinning was produced. This behavior 
might be related to the presence of a mixture of BN-AM 
arrangements in the EVA matrix, which probably favored 
the chain flow and it is in accordance with Figure 1. The 
displacement of the G’ x G” crossover point results also 
show that the addition of BN-CT organoclay in EVA matrix 
led to a pronounced increase in viscous behavior of the 
final composite. It is well known that nanofilled polymers 
present a viscosity increase with filler content, although in 
some cases a decrease of the viscosity can occur. According 
to La Mantia et al.[33], the decrease of the viscosity can be 
explained by the occurrence of two possible mechanisms: 
(i) lubricant effect of the platelets when the clay particles 
are completely exfoliated or (ii) the occurrence of a low 
compatibility between polymer matrix and organoclay. It 
was also found from Figure 1 that the peaks disappeared in 

EVA nanocomposite with 1.5 wt% of BN-AM, indicating the 
presence of exfoliated-clay domains. However, the possibility 
of organoclay agglomeration in the polymer matrix should 
also be considered. If this happened, a small clay content 
would occupy much less area in the polymer matrix, and 
so, the results observed in WAXD pattern would be leading 
to erroneous conclusions.

SEM/EDS analysis is a characterization tool useful 
to investigate the dispersion of nanofiller in a polymer 
matrix[34,35]. Thus, SEM/EDS analysis was performed to 
evaluate the dispersion of the organoclays in the EVA matrix.

The dispersion of the organoclay (BN-AM 1.5 wt% 
composite) in EVA matrix were evaluated by SEM/EDS 
analysis (Figure 5).

As can be seem in Figure 5, BN-AM organoclay is 
well dispersed in EVA matrix, thus, the hypothesis of the 
occurrence of clay agglomeration, which could lead to 

Figure 5. SEM/EDS micrographs and EDS results of BN-AM 1.5 composite.

Figure 6. SEM/EDS micrographs and EDS results of BN-AM 3.0 composite.
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misinterpretations in WAXD’s analysis can be discarded. 
Comparing SEM/EDS analysis of BN-AM 1.5 composite 
with that of BN-AM 3.0 composition (Figure 6), it can also be 
observed that even at higher BN-AM content, the dispersion 
of the filler in EVA matrix seems to be good. On the other 
hand, WAXD analysis showed a stacked morphology of 
the organoclay platelets on this composition (BN-AM 3.0).

The results show that the tendency of the increase of 
the viscous behavior can be related to the lubricant effect 
of the clay platelets and that this effect should occur in a 
more pronounced way when the organoclay platelets are 
evenly stacked (BN-AM 3.0 composite).

Figure 7 and 8 show SEM/EDS analysis of BN-CT 1.5 
and BN-CT 3.0 composites, respectively. The micrographs 
show that BN-CT organoclay are also well dispersed in the 
matrix, although the composition with 1.5 wt% of BN-AM 
seems to be better dispersed in the matrix when than the 
BN-CT 1.5 composite.

For composites based on BN-CT organoclay it seems 
that despite the good dispersion of BN-CT in EVA matrix, 
probably there is a poor interaction between nanofiller and 
matrix. This hypothesis corroborates the rheological results, 

which showed that neat EVA and BN-CT composites (BN-CT 
1.5 and BN-CT 3.0) present similar flow behavior. These 
results are also in accordance with the WAXD analysis, 
which indicated that a clay fraction might remain in layered 
form in the BN-CT composites.

3.3 Stress relaxation

At a constant deformation, ε0, and at some initial point 
in time, t=0, a slow decay of stresses over time σ(t) can be 
observed. This phenomenon, called stress relaxation, can 
be represented by a continuous spectrum. The relaxation 
properties of a polymer melt are given by the relaxation 
modulus function, G(t), which is related to the continuous 
spectrum (H(λ)) as follows:

( ) ( )
-

-tG t = H( ) exp d(ln )λ λλ
∞

∞
 
 ∫  (1)

where λ is the relaxation time[36,37].
The stress relaxation experiments were conducted at a 

constant strain of 1% and at a temperature of 180 °C. Figure 9 
illustrates the variation of the relaxation modulus over time 
of the neat EVA and the EVA/organoclay composites.

Figure 7. SEM/EDS micrographs and EDS results of BN-CT 1.5 composite.

Figure 8. SEM/EDS micrographs and EDS results of BN-CT 3.0 composite.
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As seen in Figure 9, the G(t) values of EVA dropped 
rapidly and vanished for a long period at around 500 s 
(liquid-like behavior), whereas the composites tended to 
extend for a long period and reached a finite pseudo-plateau 
(Figure 9a). A different behavior was observed for the 
BN-AM composites with lower clay content (1.5 wt%). A 
transition zone appeared, followed by a discreet plateau zone 
in which the modulus was nearly constant. At longer times, 
flow occurred and the G(t) curves moved into a “terminal 
zone”, where the modulus relaxed to zero after a sufficiently 
long time. WAXD analysis indicated that this composition 
seems to have an exfoliated morphology. At short times, the 
network-like structure should inhibit polymer chain flow, 
but at longer times, this structure should disappear and flow 
would occur. Figure 9b shows a different behavior. In the 
composite with 3.0 wt% BN-AM, the G(t) values dropped 
more rapidly compared to the neat EVA and the composite 
with BN-CT organoclay. This may be associated with the 
lubricant effect showed in the EVA/BN-AM 3.0 composite, 
as mentioned before.

Figure 9. Variation of the relaxation modulus over time for neat 
EVA and EVA/organoclay systems (a) 1.5 wt% organoclay and 
(b) 3.0 wt% organoclay.

3.4 Thermogravimetry analysis

The TGA thermograms for the EVA, BN-AM and 
BN-CT composites show a profile well established by two 
subsequent mass losses (Figure 10).

In all composites, the presence of the organoclays changed 
the initial temperature of the first polymer-degradation step. 
The values of the BN-CT composites decreased compared to 
EVA, indicating a slight change in the thermal stability of the 
polymer. This degradation step is attributed to deacetylation 
of the EVA chain, from 200 to 400 °C[38,39]. Based on the 
literature data, modifiers based on alkyl ammonium ions 
degrade at a lower temperature, and this temperature is easily 
achieved during preparation by the melting method, causing 
the polymer to degrade[22]. One of the ways to explain the 
reported degradation of polymers by these chemical species 
is that the surfactant modifier present in the interlayer region 
of the clay is released during processing[40].

Addition of BN-AM improved the thermal stability of the 
first step in EVA degradation, demonstrating that the modifier 
promotes slightly more stability than alkyl ammonium ion. 

Figure 10. TGA thermograms of neat EVA, BN-AM (a) and BN-CT 
(b) composites. Mass loss derivative curves (DTG). 

Table 3. TGA results for neat EVA and EVA/organoclay composites.

Sample code
1st degradation step 2nd degradation step

TONSET TMAX TENDSET TONSET TMAX TENDSET

(°C) (°C)

EVA 242 358 399 399 481 524
EVA-BN-CT 1.5 236 356 397 397 460 523
EVA-BN-CT 3.0 236 357 400 400 458 523
EVA-BN-AM 1.5 256 370 400 400 475 559
EVA-BN-AM 3.0 256 368 400 400 475 548
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The TENDSET values of the second degradation step confirm 
this behavior (Table 3). This degradation step corresponds 
to cleavage of the polymer backbone and according to 
Beltrán et al.[41] when the clay mineral layers are exfoliated, 
they reduce the volatilization of the degradation products 
due to the barrier properties of the organoclay, which leads 
to an increase in thermal stability.

TGA results of the BN-AM composites can be associated 
with better dispersion and interaction of the organoclay 
with the polymer in agreement with the WAXD patterns 
and rheological results.

4. Conclusions

We studied the effect of the modification of clay on the 
rheological properties of the EVA matrix, using a new non-
ionic modifier agent (AM). WAXD diffractograms showed 
that only the nanocomposites based on EVA/BN-AM, with 
1.5 wt%, did not show a diffraction peak, indicating that in 
this composition, stacked layers of clay were exfoliated by 
EVA chains when AM was used as a modifier, instead of 
the conventional ammonium salt modifier. However, when 
the EVA/BN-AM organoclay content of the EVA matrix 
was increased, small diffraction peaks started to appear, 
indicating that in this composition, a certain amount of 
EVA/BN-AM organoclay might have remained in layered 
form after processing. These results are in accordance with 
the observed rheological behavior. The thermogravimetry 
analysis showed an increase in the initial temperature of 
the polymer degradation process, which may be associated 
with an improved thermal stability of the EVA/BN-AM 
composite. Finally, this study allowed the evaluation of 
the rheological and thermal properties of EVA systems 
containing an alternative to the organoclay containing a new 
non-ionic modifier and not based on quaternary ammonium, 
and concluded that the addition of low BN-AM content is 
a promising option for the production of nanocomposites.
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