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ABSTRACT: A series of ethylene-vinyl acetate (EVA) co-
polymer films have been prepared with different composi-
tions viz. 2, 4, 6, and 8 wt % layered double hydroxide
(LDH) nanoparticles by solution intercalation method.
These solution-casted EVA/LDH nanocomposite films were
dried and characterized by differential scanning calorimetry
(DSC) and Fourier transform infrared (FTIR) spectroscopy.
EVA/LDH films were further tested for tensile strength,
density, moisture content, solubility resistance, flammabil-
ity, and electrical properties. The DSC and FTIR analysis

indicate strong interactions between the LDH layers and
vinyl acetate groups in EVA. Further, EVA nanocomposite
films show enhanced tensile strength, limiting oxygen index
(LOI), and flammability rating for the addition of LDH
without sacrificing the electrical properties. � 2008 Wiley
Periodicals, Inc. J Appl Polym Sci 108: 4090–4095, 2008
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INTRODUCTION

Ethylene-vinyl acetate copolymer (EVA) is a widely
used material, particularly as a zero-halogen material
in the cable industry. EVA is frequently formulated
with large quantities of inorganic fillers. It is highly
elastomeric and tolerates higher filler loading while
retaining its flexible properties. To achieve the
required flame retardant grade of low smoke and
nontoxic character, metal hydroxides, mainly alumi-
num trihydroxide (ATH), are added in a high load-
ing level. The higher loading level affects the pro-
cessability of EVA. One possible way to reduce the
necessary amount of additive is to increase its flame
retardant effectiveness. Flame retardancy, in some of
the earlier proposals, is improved by adding zinc
borate1 or coating with molybdenum compound2 or
zinc hydroxy stannate3 or borosiloxane.4 Recently,
considerable improvement in flame retardancy is
expected from the combined addition of modified
layered silicates (nanocomposites) and traditional
flame retardants such as ammonium polyphos-
phate5–7 or metal hydroxide.8,9

Nanocomposites are particle-filled polymers for
which at least one dimension of the dispersed par-
ticles is in the nanometer range. Polymer-layered sil-
icate nanocomposites are hybrids composed of lay-

ered silicates dispersed in a polymer matrix in the
form of layers of about 1-nm thick and with an as-
pect ratio between 100 and 1000. Lately a new
emerging class of nanocomposites, based on layered
double hydroxides (LDH), also known as anionic or
hydrotalcite-like clays, has been investigated.10 LDH
have similar geometrical structure as the natural clay
minerals such as montmorillonite (MMT), but with
opposite charge of the hydroxide layers. The most
remarkable aspect of LDH materials in comparison
to various natural clay materials is their homogene-
ous composition, which allows compound designers
to maintain the impurity level at minimum.

The dispersion of the nanoparticles within the
polymer has significant influence on the properties
of material. So, there are two critical factors to pro-
duce polymer nanocomposites, i.e. the hydrophilic
nanoparticles has to be modified to make organo-
philic to get dispersion in organophilic polymers or
nanoparticles has to be dispersed in hydrophilic
polymers. Because the hydrophilicity of the nanopar-
ticles hinders the formation of homogeneous disper-
sion in organic polymers.11,12 It was found that the
hydrophilic character of MMT clay promotes disper-
sion of these inorganic crystalline layers in hydro-
philic polymers such as poly(ethylene oxide)13 and
poly(vinyl alcohol).14,15 More recently, EVA-based
nanocomposites have been developed to improve
EVA’s properties and further explore its applica-
tions16–19 by melt blending process. LDH-based
nanocomposites prepared by solution casting method
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showed exfoliated nature of the dispersed par-
ticles,20–22 whereas the melt mixing method gives
mostly intercalated or flocculated composites.23

There are also reports of well dispersed nanoclay in
EVA where a compatibilizing agent was not
required.24,25 This is an indication that the partial
polarity of VA in EVA enhances the polymer-clay
interactions. EVA/clay nanocomposites can be easily
prepared because the EVA contains polar group,
vinyl acetate (VA), which can effectively interact
with clay. In the past, Zanetti et al.26,27 prepared
EVA/clay nanocomposites by melt blending and
studied the thermal and flame retardant properties
of this material. The flame retardant properties of
the EVA/clay nanocomposites were also studied by
Duquesne et al.28 They conclude that a nanostructure
enables to achieve better fire performance than a
microstructure. Alexandre et al.24 obtained EVA/
MMT nanocomposites with a semi-intercalated and
semiexfoliated structure also by melt blending and
found that Young’s modulus and thermal stability of
the nanocomposites were enhanced. Inspired from
these studies, this work is focused on investigating
the properties of EVA/LDH nanocomposites by sol-
vent casting method.

In the ongoing efforts to prepare polymeric com-
posites,29–31 the present study reports the prepara-
tion of EVA nanocomposite films using LDH. The
primary focus of the present investigation was to
explore the potential of LDH materials as filler with-
out modification in a polar polymer like EVA by so-
lution casting method. The properties of the EVA/
LDH nanocomposite films were investigated as a
function of LDH concentration.

EXPERIMENTAL

Materials

Commercial ethylene vinyl acetate copolymer (EVA)
PILENE EVA 2825 containing 28% VA content and
with melt flow index (1908C/2.16 kg) of 25 g/10 min
supplied by M/s National Organic Chemical Indus-
tries, Mumbai, India was chosen as the matrix. Xy-
lene (Sulfur free, boiling range 137–1448C) supplied
by M/s Nice Chemicals, Cochin, India was used as
solvent.

Preparation of Mg-Al layered double hydroxide

Mg-Al LDH was synthesized by urea hydrolysis
method.32,33 An aqueous solution containing Al31

and Mg21 with the molar fraction Al31/(Al31 1 Mg21)
equal to 0.33 was prepared by dissolving AlCl3 and
MgCl2 in distilled water. To this solution solid urea
was added until the molar fraction, urea/(Al31 1
Mg21) reached 3.3. The clear solution was refluxed

for 36 h. The white precipitate was then filtered,
washed, and dried in vacuum at 608C till constant
weight.

Preparation of EVA/LDH nanocomposite films

Nanocomposite films were synthesized by a solvent-
intercalation solution casting method: films were cast
from LDH solvent suspension where EVA was dis-
solved in xylene. EVA solution was mixed with 2, 4,
6, and 8 wt % of LDH nanoparticles. The solid con-
tent of EVA and LDH was optimized at 4% solution
in xylene and the system was made into a homoge-
neous solution by constant stirring at a temperature
of around 110–1208C. When the homogenization was
obtained, composite films were prepared by casting
the solution on glass plate (35 cm 3 35 cm). After
drying, the films were carefully removed from
the mold and used for further characterization and
testing.

Characterization and testing of EVA/LDH
nanocomposite films

Solution-casted nanocomposite films were analyzed
by DSC (DSC 2010, TA instruments, New castle, DE)
from 50 to 2008C in nitrogen atmosphere at the heat-
ing rate of 108C/min. The maxima of melting endo-
thermic peaks were taken as melting temperature
(Tm). The melting peak area was used to calculate
the enthalpy of fusion. The flammability was charac-
terized by Underwriter Laboratory 94 test method
and limiting oxygen index (LOI) measurements
(ASTM D 2863). Fourier transform infrared (FTIR)

Figure 1 Differential scanning calorimetry traces of EVA/
LDH nanocomposite films.
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spectra of neat EVA and its LDH nanocomposite
films were recorded over the wave number range
of 500–4000 cm21 using a NICOLET 5700 FT-IR
(Thermo Electron Corp.) spectrometer. The tensile
properties of solution-casted nanocomposite films
(2 mm thickness) were investigated as per ASTM D
882 in universal testing machine (Lloyds UK, Model
LR 100K) with a cross head speed of 100 mm/min.
Electrical parameter, the arc resistance, was mea-
sured as per ASTM D 495 using arc resistance tester
(Model: ARC, Sl. No: 101, 2006) supplied by CIPET,
Ahmedabad, India and the dielectric strength was
measured as per ASTM D 149 using High Voltage
Break Down Tester (Model: D/E, Sl. No: 102, 2006)
supplied by CIPET, Ahmedabad, India. Moisture
content was measured for equilibrated samples in
laboratory conditions. Density of the modified films
was measured using Mettler PM200 electronic
weighing balance as per ASTM D 792 method. The
solubility tests were carried out on dried film sam-
ples at 238C 6 28C and 50% 6 5% RH.

RESULTS AND DISCUSSION

Thermal analysis by differential
scanning calorimetry

Differential scanning calorimetry (DSC) is a unique
technique to determine the thermal transitions and
enthalpies to study the polymer matrix-filler interac-
tion behavior. The DSC thermograms of ethylene
vinyl acetate (EVA) copolymer and LDH nanocom-
posite films with 0, 2, 4, 6, and 8 wt % of LDH nano-
particles are shown in Figure 1. In the neat EVA ma-
trix two melting endothermic peaks are observed at
72.28C and at 123.88C corresponding to the melting
of VA and methylene blocks (Linear low density
polyethylene, LLDPE), respectively. The addition of
LDH platelets in the EVA matrix alters melting tem-
perature at 72.2 to 74.68C. But the melting peak at
123.88C shows no change. These results indicate that
the addition of LDH enters into the VA zone, but
not into the crystalline methylene blocks. The
increase in melting temperature of VA zone indicates
the interaction between VA groups and LDH sheets.

These interactions are through the hydrogen bond-
ing between the hydroxyl groups of LDH and ace-
tate groups of EVA.

Table I shows the variation of melting enthalpy as
a function of the composition as measured by DSC.
Apparently the value of melting enthalpy of VA
decreased gradually with increase in LDH content
from 5.6 to 4.4 J/g. The decrease in melting enthalpy
indicates decrease in crystallinity. The study of the
degree of crystallinity is very significant to under-
stand the changes in the structural characteristics
induced by LDH. To check whether the filler is
located in the crystalline zones of the composite ma-
terial, this study reports the dependence of the melt-
ing enthalpy and the degree of crystallinity on the
filler content. It has been reported that the presence
of clay also results in modification of crystalline
structure of polyamide-6.34 The presence of clay plate-
lets weakens hydrogen bonding in the polyamide-635

or forces the hydrogen bonds out of the plane of the
macromolecular sheets.36 On the other hand, crystal
growth is believed to slow down due to mobility

TABLE I
Effect of LDH Nanoparticle Addition on Thermal Properties of EVA Films

Composition
weight (%)

Melting
temperature
(Tm) (8C)

Heat of
fusion

(DH) (J/g) LOI UL94PVA LDH

100 00 72.2, 123.8 5.6 19 No rating
98 02 73.0, 123.8 5.1 20 HB
96 04 73.6, 123.8 4.8 21 HB
94 06 74.0, 123.8 4.5 23 V-1
92 08 74.6, 123.8 4.4 26 V-1

Figure 2 FTIR spectrum of EVA/LDH nanocomposite
films.
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restriction of the macromolecular chains in the vicin-
ity of the clay.37,38

Flammability properties

The LOI estimation and flammability rating of EVA/
LDH nanocomposite films are given in Table I. Table
I show that the oxygen concentration required to
catch fire increased from 19 to 26% and flammability
rating enhanced from no rating to V-1 rating with
increase in LDH concentration. The flame-retardant
characteristics of LDH layers originate from their
Mg(OH)2 (MH) like chemistry, which involves endo-
thermic decompositions with the formation of water
vapor and metal oxide residue. The residue impedes
the burning process by reducing the oxygen supply
to the bulk phase under the burning surface. The
results shown in the Table I indeed indicate signifi-
cant improvement in the flame retardancy as charac-
terized by LOI and UL-94 tests.

Fourier transform infrared spectroscopy analysis

The FTIR spectra of neat EVA and its nanocomposite
films with 2, 4, 6, and 8 wt % of LDH are shown in
Figure 2 and band assignments are shown in Table
II. The spectrum has a wide and intense peak from
3000 to 3741 cm21 which is attributed to the O��H
band stretch (hydrogen bonding) of the LDH crystal
structure. The peaks at 2917 and 2849 cm21 ascribed
to the asymmetric and symmetric vibrations, respec-
tively, of aliphatic groups (��CH2��)n. The position
of the carbonyl stretching vibrations does not shift
noticeably with increase of LDH content. The band

appeared at 1627, 1647, and 1667 cm21 is ascribed to
the O��H deformation of entrapped water mole-
cules. The band at around 1464 and 1371 cm21 is
attributed to the (��CH2��)n deformation and wag-
ging. The band at around 1237 cm21 (1237, 1237,
1238, 1238, and 1237 cm21) is attributed to the asym-
metric vibration of C��O��C bond. The bands at
around 1019 and 720 cm21 are ascribed to the metal-
oxygen (M��O) in plane stretching and deformation.
The FTIR spectral analysis of EVA and its nanocom-
posite films shows that the addition of LDH into the
EVA matrix enhances the width and intensity of the
peak at 3000–3741 cm and introduces a new peak
(1627, 1647, and 1667 cm21) corresponding the O��H
stretching mode of LDH.

Tensile properties of EVA/LDH nanocomposites

The effect of LDH addition on tensile strength and
tensile load at break of EVA matrix is shown in
Table III. The tensile strength at break for virgin EVA
increased from 2.73 to 5.89 N/mm2 with increase in
LDH loading from 0 to 8 wt %, whereas the introduc-
tion of LDH reduces the tensile load at break initially,
but subsequent additions enhanced the tensile load
from 22.74 to 32.20 N. The stress–strain curves of
EVA/LDH (Fig. 3) nanocomposite films show similar
trends. The increase in tensile strength with increase
in LDH content may be because of the high aspect ra-
tio of nanoparticles that impart excellent reinforce-
ment. These analyses indicate the significance of
understanding the interplay between the polymer

TABLE II
Band Assignments of FTIR spectra of EVA/LDH Nanocomposite Films

Wave number range (cm21) for samples

BandsEVA 2% LDH 4% LDH 6 % LDH 8% LDH

3,000–3,737 3,035–3,077 2,983–3,741 3,017–3,729 3,000–3,741 O��H band stretch hydrogen bonding
2,917 2,917 2,917 2,917 2,917 Asymmetric vibration of aliphatic (��CH2��)n groups
2,849 2,849 2,849 2,849 2,849 Symmetric vibration of aliphatic (��CH2��)n groups
1,736 1,736 1,736 1,736 1,736 O��C¼¼O carbonyl stretching vibrations of the esters
– – 1,627 1,647 1,667 O��H deformation of entrapped water molecules

1,464 1,464 1,464 1,464 1,464 (��CH2��)n deformation
1,371 1,371 1,371 1,371 1,371 (��CH2��)n wagging
1,237 1,237 1,238 1,238 1,237 Asymmetric vibration of C��O��C bond
1,019 1,019 1,019 1,019 1,019 M��O in plane stretching
720 719 719 719 719 M��O deformation

TABLE III
Effect of LDH Nanoparticle Addition on Tensile Properties of EVA Films

Tensile property

Weight percentage of LDH nanoparticles
in EVA films

0 2 4 6 8

Load at beak (N) 40.25 22.74 24.39 24.85 32.20
Tensile strength at break (N/mm2) 2.73 2.65 2.95 3.47 5.89
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matrix and LDH concentration in determining the
nanocomposite’s mechanical properties.

Electrical properties—Arc resistance and
dielectric strength

Measurement of arc resistance and dielectric strength
for EVA/LDH films in different LDH loadings were
carried out to assess the changes in insulation resist-
ance. The results shown in the Table IV indicate that
the addition of LDH does not alter the arc resistance
and dielectric strength significantly. The dielectric
strength of an insulator is defined as the maximum
voltage required producing a dielectric breakdown.
Arc resistance is the ability of a material to resist the
action of a high voltage electric arc, usually stated in
terms of time required to form material electrically
conductive. Failure is characterized by carbonization
of the surface by tracking, localized heating, or
burns. Even though the LDH is hydrophilic in na-
ture, the addition of LDH does not alter either the
arc resistance (190–197 s) or the dielectric strength
(7.6 kV).

Moisture content and density

The moisture content of EVA and its LDH nanocom-
posite films are shown in Table IV, from the table, it
is clear that the filler loading increases the moisture
content from 0.28 to 0.79%. The increase in moisture
content may be due to the hydrophilic nature of
LDH sheets.

The density of EVA/LDH nanocomposite films
show gradual increase (Table IV) with increase in
LDH loading. The density increased from 0.951 to
0.982 g/cm3 with increase in LDH content from 0 to
8 wt %. The increase in density may be due to the
higher density of LDH filler as well as due to the
strong interaction between the LDH and VA groups
of EVA.

Solubility resistance

The EVA/LDH nanocomposite films were tested for
its resistance in water, DMSO, DMF, glycerol, and
xylene (Table V). Since xylene is the solvent for
EVA, neat EVA film was dissolved rapidly at room
temperature and formed a transparent colorless col-
loid. The solubility of EVA polymer decreased with
increase in LDH content, which may be due to a
strong interaction with polymer chains nanolevel-
dispersed LDH layers. Indeed, this strong interfacial
interaction between the polymer chains and LDH
layers inhibits the penetration of xylene molecules
from the surface to the bulk region of the nanocom-
posites, leading to reduction in solubility. Dissolu-
tion time of these films increased from 60 to 500 min
with increase in LDH content. This enhancement of
solubility resistance may be due to the strong inter-
action and formation of complex structure between
EVA and LDH. Further the EVA/LDH films remain
virtually unaffected in water, DMSO, DMF, and
glycerol. The knowledge of solubility characteristics
of a polymer and its nanocomposites is an important
aspect for predicting the extent of suitability for their
applications in a particular environment. EVA is a
highly polar polymer. The acetate groups in EVA
contribute to hydrogen bonding with LDH nanopar-
ticles.

TABLE IV
Effect of LDH Nanoparticle Addition on Moisture, Density, Arc, and Dielectric

Strength of EVA Films

Composition
weight (%)

Moisture
(%)

Density
(g/cm3)

Arc resistance
(s)

Dielectric
strength (kV)EVA LDH

100 00 0.28 0.951 192 7.6
98 02 0.32 0.958 190 7.6
96 04 0.49 0.966 195 7.6
94 06 0.62 0.974 195 7.6
92 08 0.79 0.982 197 7.6

Figure 3 Stress–strain curves of EVA/LDH nanocompo-
site films.
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CONCLUSIONS

Ethylene-vinyl acetate copolymer (EVA) and Mg-Al
LDH nancomposite films have been synthesized
with various LDH concentrations by solution (sol-
vent) intercalation process. The melting behavior as
well as heat of fusion of the EVA/LDH nancompo-
site films were studied with DSC and found that the
introduction of LDH platelets has increased the melt-
ing temperature (Tm) from 72.2 to 74.68C and
reduced heat of fusion (DH) from 5.6 to 4.4 J/g.
These nanoscale process, driven by the physical and
chemical nature of the LDH platelets, enhances the
final macroscopic properties of the nanocomposites,
such as mechanical properties and flammability. The
tensile strength of the nanocomposites increased
from 2.73 to 5.89 N/mm2 and flammability (LOI) rat-
ing increased from 19 to 26 with increase in LDH
platelets concentration.
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