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ABSTRACT: Poly(vinyl alcohol) (PVA)/montmorillonite
clay (MMT) nanocomposites in the form of films were pre-
pared under the effect of electron beam irradiation. The
PVA/MMT nanocomposites gels were characterized by X-
ray diffraction (XRD), differential scanning calorimetry
(DSC), thermogravimetric analysis (TGA), scanning electron
microscopy (SEM), and mechanical measurements. The
study showed that the appropriate dose of electron beam
irradiation to achieve homogeneous nanocomposites films
and highest gel formation was 20 kGy. The introduction of
MMT (up to 4 wt %) results in improvement in tensile
strength, elongation at break, and thermal stability of the
PVA matrix. In addition, the intercalation of PVA with the
MMT clay leads to an impressive improved water resistance,
indicating that the clay is well dispersed within the polymer

matrix. Meanwhile, it was proved that the intercalation has
no effect on the metal uptake capability of PVA as deter-
mined by a method based on the color measurements. XRD
patterns and SEM micrographs suggest the coexistence of
exfoliated intercalated MMT layers over the studied MMT
contents. The DSC thermograms showed clearly that the
intercalation of PVA polymer with these levels of MMT has
no influence on the melting transitions; however, the glass
transition temperature (Tg) for PVA was completely disap-
peared, even at low levels of MMT clay. © 2006 Wiley Period-
icals, Inc. J Appl Polym Sci 102: 1129–1138, 2006
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INTRODUCTION

Polymer/clay nanocomposites have been reported to
exhibit unique properties and lead to environmentally
friendly and inexpensive plastic composites. Im-
proved flame retardancy, increased thermal stability,
improved mechanical properties, and decrease in per-
meability are some of the properties that can be ob-
tained.1–3 The dispersion of the clay within the poly-
mer has significant influence on the properties of the
material because of the hydrophilicity of clays, which
hinders the formation of homogeneous dispersion in
organic polymers.4,5 When clay is not well dispersed,
either an intercalated or a delaminated nanocomposite
is formed.6 Intercalated nanocomposites consists of
well-ordered layers in which registry is maintained
between the clay layers, while this registry is lost in
delaminated, also known as exfoliated, nanocompos-
ites. The formation of delaminated nanocomposites
seems to lead to a greater enhancement of mechanical
properties than is observed for intercalated systems. It

has been suggested that layered materials may be
beneficial to the enhancement of polymer properties.

The hybridization of organic material (polymer)
with the inorganic particles with nano-scale (clay) was
the topic of many research works in the past several
years. The morphology and thermal stability of poly-
(methyl methacrylate)/clay nanocomposites, pre-
pared by emulsion polymerization using a cationic
initiator in the presence of free surfactant, was inves-
tigated.7 In addition, the thermal degradation and
flame retardant mechanism of polystyrene–clay nano-
composites prepared chemically by the bulk technique
was reported.8 Polyamide–clay nanocomposites prep-
aration by melt compounding has also attracted many
authors: processing degradation9 and thermal degra-
dation behavior.10

Sodium montmorillonite (MMT) is a naturally oc-
curring 2:1 phyllosilicate, capable of forming suspen-
sion in water. Poly(vinyl alcohol) (PVA) is water sol-
uble, nontoxic, highly hydrophilic with a wide indus-
trial applications, and most importantly good film
forming. The hydrophilic character of MMT clay al-
lows dispersion of these inorganic crystalline layers in
water-soluble polymers such as poly(ethylene oxide)11

and poly(vinyl alcohol).12,13 In the present work,
PVA/MMT clay nanocomposites in the form of net-
work structure were prepared under the effect of elec-
tron beam irradiation. The formed nanocomposites
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were characterized by X-ray diffraction (XRD), ther-
mogravimetric analysis (TGA), differential scanning
calorimetry (DSC), scanning electron microscopy
(SEM), and mechanical testing. In addition, the capa-
bility of PVA/MMT nanocomposites to absorb copper
ions was investigated.

EXPERIMENTAL

Materials

Sodium montmorillonite clay (MMT) used in this
study has a cation-exchange capacity of 74.6 mequiv./
100 g and was collected from the Nile river banks.
However, before use, the MMT clay was purified by
repeated washing cycles and filtration to remove
strange matters. The MMT suspension in distilled wa-
ter at room temperature was then sonicated for 30
min, allowed to stand over night, filtered, and left to
dry in vacuum oven. The poly(vinyl alcohol) ho-
mopolymer (PVA) used in this study was of labora-
tory grade; it is a fully hydrolyzed polymer in the
form of powder, with average molecular weight of
106,000, Tg of 99°C, Tm of 258°C, solubility parameter
of 13.4, and it was purchased from Laboratory Ra-
sayan, Cairo, Egypt. The homopolymer was used
without further purification.

Preparation of PVA/MMT clay nanocomposites

PVA/clay nanocomposites were prepared by a solu-
tion-intercalation film method. The PVA powder was
dissolved in distilled water at 95°C; while room tem-
perature-distilled water was used to form suspensions
of the sodium montmorillonite clay. Different compo-
sitions of polymer solutions and MMT clay suspen-
sion with different clay contents (up to 5 wt %) were
mixed with continuous stirring for 2 h, and sonicated
for 30 min. The polymer/clay solutions were allowed
to stand over night to remove air bubbles and were
then poured into glass dishes to obtain films of appro-
priate thickness.

Electron beam irradiation

Irradiation was carried out on the electron accelerator
facility (1.5 MeV and 25 kW) of the National Center for
Radiation Research and Technology (Cairo, Egypt), in
which the required doses were obtained by adjusting
the electron beam parameters and conveyer speed.

Determination of gel fraction

Samples of the prepared nanocomposites films were
accurately weighted (W0) and then extracted with dis-
tilled water using soxhlet system for 6 h. After extrac-
tion, the samples were removed and dried in a vac-

uum oven at 50°C to a constant weight (W1). The
soluble fraction was calculated according to the fol-
lowing equation:

Sol fraction (%) � �W0 � �W1�/W0� � 100

Gel fraction (%) � 100 � Sol fraction

Water resistance measurements

A known dry weight of the insoluble PVA/MMT
nanocomposites films (W0) was immersed in distilled
water for 24 h at room temperature. The samples were
removed and blotted on a filter paper to remove the
excess water on the surface and weighed (W1). The
percentage swelling was calculated according to the
following equation:

Water uptake (%) � �W1 � W0�/W0] � 100.

The water uptake (%) was taken as a measure for
water resistance.

X-ray diffraction analysis

X-ray diffraction (XRD) experiment of the samples
was performed at room temperature by a Philips PW
1390 diffractometer (30 kV,10 mA) with copper target
irradiation at a scanning rate of 8°/min in a 2� range
of 4°–90°.

Color strength and measurements

A computerized micro-colorimeter unit made by Dr.
Bruno Lange, GmbH, Konigsweg 10, D-1000, Berlin,
Germany, was used for color measurements. The L*,
a*, and b* system used is based on the CIE-color Tri-
angle (Commission International De E’ Clair Units X,
Y, and Z). In this system, the L* value represents the
dark–white axis, a* represents the green–red axis, and
b* represents the blue–yellow axis. The L*, a*, and b*
values of pure PVA film was first measured and taken
as references. The color strength of the samples either
before or after soaking in copper salt solution was
calculated according to the following equation, in
which each value is the average of five measurements
along the sample:

�E* � ���L*�2 � ��a*�2 � ��b*�2

Differential scanning calorimetry

The differential scanning calorimetry (DSC) thermo-
grams were carried out on Perkin–Elmer DSC-7. A
heating rate of 10°C min�1 was utilized under flowing
nitrogen at a rate of 20 mL min�1. The recorded glass
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transition temperature was taken as the temperature
at which one half of the change in heat capacity had
occurred.

Thermogravimetric analysis

The thermogravimetric analysis (TGA) studies were
carried out on a Shimadzu-50 instrument (Japan) at a
heating rate of 10°C min�1 under flowing nitrogen of
20 mL min�1 over a temperature range from room
temperature up to 500°C. Duplicate runs of the TGA
thermograms of some PVA/MMT systems were per-
formed to check the reproducibility of the thermal
data. The standard deviation for the percentage
weight loss was calculated to be �0.24%, while that
for the T1/2 and Tmax was 2°C.

Scanning electron microscopy

The morphology of the fracture surfaces of the PVA
and PVA/MMT nanocomposites was examined. The
scanning electron micrographs were taken with a JSM-
5400 instrument (Joel, Japan). A sputter coater was
used to pre-coat conductive gold onto the fracture
surfaces before observing the microstructure at 25 kV.

Tensile mechanical measurements

Mechanical parameters, including tensile strength and
elongation at break point, were measured at room
temperature using an Instron machine (model 1195,
High Wycombe, UK) at a crosshead speed of 5 mm
min�1. PVA/MMT clay nanocomposites films were
cut with a die into dumbbell shape of 40 mm length
and 4 mm width. The recorded value for each mechan-
ical parameter is the average of four measurements.

RESULTS AND DISCUSSION

Clay materials have open three-dimensional frame-
work structures with channels and interconnecting
cavities of SiO4 and AlO4 tetrahedral. Since aluminum
is trivalent, the lattice carries a negative charge. This
charge is balanced by alkali or alkaline earth cations,
which do not occupy fixed position but are free to
move in the channels of the lattice framework.14 The
montmorillonite clay has a 2:1 layered structure; Al3	

can isomorphously replace Si4	 in a number of silicate
structures [two layers of SiO4 tetrahedral and one
AlO4 tetrahedral].

A few weight percent of layered silicates that are
properly dispersed throughout the polymer matrix
would create much higher surface area for polymer/
filler interaction as compared to conventional compos-
ites. There are two different types of polymer layered
silicate nanocomposites (PLSNs) depending on the
strength of interfacial interactions between the poly-

mer matrix and layered silicate.15 Intercalated nano-
composites result from the penetration of polymer
molecules into the interlayer space, while exfoliated
nanocomposites result when individual clay layers are
separated in a continuous polymer matrix by average
distances that depends on clay loading.

Gel fraction and water resistance

Preliminary experiments showed that the percentage
gel fraction of PVA at doses 10, 20, and 30 kGy, was 60,
86, and 90%, respectively. Since the objective of the
present work is to form nanocomposites gels, the dose
20 kGy was used throughout this work. Figure 1
shows the percentage gel fraction and water uptake as
a function of MMT content for PVA/MMT nanocom-
posites films formed at a constant dose 20 kGy of
electron beam irradiation. It can be seen that the per-
centage gel fraction of pure PVA increase to reach a
value of 
95% at MMT content of 2 wt %, and then
decrease progressively with increasing MMT content
to reach a value of 
67% at MMT content of 5 wt %.
The distribution of MMT nanoparticles in the crystal-
line region of PVA would eventually facilitate the
exposure of additional sites to electron beam irradia-
tion leading to higher gel fractions than pure PVA.
However, when PVA was loaded with higher levels of
MMT, an opposite trend was observed, in which it
seems that MMT nanoparticles block limited number
of sites leading to a decrease in gel fraction.

An opposite trend can be observed in the relation-
ship between the MMT content and water uptake of
PVA/MMT nanocomposites. The introduction of
MMT clay up to 4% leads to an obvious decrease in

Figure 1 Gel fraction (%) and water uptake (%) as a func-
tion of MMT content for PVA/MMT nanocomposites gels
formed at a dose of 20 kGy of electron beam irradiation.
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water uptake (water resistance). This decrease in wa-
ter uptake is due to the strong interaction between
MMT and PVA matrix, which leads to the formation
of bound polymer, which is close to the reinforcing
filler leading to the restriction of the water absorption.

XRD analysis of PVA/MMT nanocomposites

Figure 2 shows the XRD patterns of pure PVA, pure
MMT, and PVA/MMT nanocomposites with various
MMT contents and Table I shows the results of the
XRD analysis. XRD reports the spacing between or-
dered layers of the d001 or basal spacing, in which
water expanded sodium clay normally exhibits a peak
associated with a spacing of 12.5 Å.16 The absence of
this basal peak is commonly taken as evidence for a
high dispersion of clay platelets, whereas a peak as-
sociated with higher spacing would indicate interca-
lated nanocomposites. As shown in Figure 2, the dif-
fraction peak corresponding to MMT clay was disap-
peared completely in the XRD patterns of PVA/MMT
nanocomposites, reflecting the dispersion and the in-
tercalation of MMT. The intensity of this peak de-
creases as the amount of MMT increases as shown in
Figure 2 and Table I in agreement with the findings of
Strawhecker and Manias13 and Yu et al.17 The crystal-
line behavior is suppressed by the introduction of

sodium clay into polymer matrix in the form of inter-
calated structure.

Metal absorption by PVA/MMT nanocomposites

Poly(vinyl alcohol) as a highly hydrophilic polymer
was widely used to absorb heavy metals and dyestuffs
from wastewater. However, the formation of MMT
polymer/layered silicate hybrids results in a signifi-
cant decrease in water uptake. In the present work, the
capability of PVA/MMT nanocomposites to absorb
Cu2	, which is characterized with a distinct color, was
investigated. In this experiment, the change and dis-
tribution of color as a function of immersion time in
Cu2	 salt solutions containing a constant concentra-
tion was measured. A method based on color mea-
surements was used, in which not only the color in-
tensity was recorded but also the change in the color
components forming the original color can be deter-
mined. In this regard, the 0 and 100 integers of the L*
value represent the standard darkness and whiteness,
whereas the positive value of a* and b* represent the
red and yellow and the negative value represent the
green and blue components, respectively.

Figures 3 and 4 show the change in color intensity
(�E*) and the different color parameters (L*, a*, and b*)
as a function of immersion time in Cu2	 solutions at
constant concentration for pure PVA and PVA/MMT
nanocomposites films at constant weights. It should be
noted that the zero point data on the X-axis represent
the color parameters for the different films before
immersion in Cu2	 solution. In general, there is a
critical point, at which maximum color intensity was
achieved, depending on the polymer composition.
While pure PVA and PVA/MMT (3%) reach equilib-
rium (highest color intensity) after 1 h, the PVA/MMT
(5%) reaches equilibrium after 3 h. Since the PVA/
MMT films were not completely transparent due to
the dispersion of MMT nanoparticles, the color inten-
sity data at any time of immersion have to be sub-
tracted from the corresponding data for pure PVA to
determine the actual capability (Fig. 3). This procedure
showed clearly that the introduction of MMT clay
does not affect the capability of PVA to absorb Cu2	

ions.

TABLE I
Summary of XRD Patterns of Pure PVA, Pure MMT

Clay, and PVA/MMT Nanocomposites
with Various Contents

Polymer composition 2� D (Å) Intensity

Pure MMT 13.60 6.51 0.400
Pure PVA 19.90 4.46 0.963
PVA/MMT (1 wt %) 19.72 4.50 0.710
PVA/MMT (3 wt %) 19.04 4.66 0.645
PVA/MMT (5 wt %) 19.21 4.62 0.318

Figure 2 XRD patterns of pure MMT, pure MMT clay, and
PVA/MMT nanocomposites.
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As shown in Figure 4, it can be seen that the PVA/
MMT films before or after immersion in Cu2	 solu-
tions possess a darker shade than those of pure PVA in
terms of the L* values. In addition, the deepness in
color increases slightly with increasing the time of
immersion. The main effects can be seen in the values
of a* and b* components, in which the films of pure
PVA, before or after immersion in Cu2	 solutions
displayed a color composed of green and yellow com-
ponents. Similar trends can be observed in the case of
PVA/MMT nanocomposites after immersion in Cu2	

solutions. It is interesting to find that PVA/MMT
films, before immersion, possess colors composed of
red and yellow components, and convert to green and
yellow components after absorbing Cu2	. Based on
these results, it can be concluded that the presence of
the MMT clay does not affect the characteristic color of
Cu2	 ions and hence the capability of PVA polymer.

Glass and melting transitions of PVA/MMT
nanocomposites gels

PVA polymer has a glass transition at 
70°C and a
melting at 
225°C. DSC technique was used to inves-
tigate the effect of montmorillonite (MMT) content on
the glass and melting transitions of PVA, before and
after intercalation with different contents of MMT.
Figure 5 shows the DSC thermograms of pure PVA
and PVA/MMT nanocomposites gels at various levels

of MMT. The upper figure shows the DSC traces for
the glass transition temperature (Tg) of neat PVA poly-
mer. A systematic study of the DSC traces for PVA/
MMT nanocomposites with increased MMT content
(1–5%) does not detect any glass transition between
room temperature and 120°C. However, the DSC
traces for these nanocomposites showed clearly the
melting transition of the PVA polymer, in which there
was nearly no effect of the MMT content. It seems that
the glass transition temperature of the intercalated
nanocomposites is weak or too broad to measure, or it
was suppressed due to the polymer confinement in
accordance with previous work.13,18,19 This suggests
that in these systems the inorganic layers affect all the
polymer morphology, even though the maximum
MMT content is still low with respect to the PVA
matrix.

Thermal stability of PVA/MMT nanocomposites
gels

Thermal stability may represent an important prop-
erty in polymer/layered silicate nanocomposites (PL-
SNs). It is generally accepted that the improvement in
thermal stability is related to barrier properties and
the radical-trapping effect of clay platelets. Thermo-
gravimetric analysis (TGA) was used to investigate
experimentally the thermal decomposition behavior of
PVA/MMT nanocomposites crosslinked at a dose of
20 kGy of electron beam irradiation. Figure 6 shows
the initial TGA thermograms relating the percentage
weight remaining (reactant mass) at different decom-
position temperatures. In addition, the percentage
weight loss at different heating temperatures is shown
in Table II. It can be seen that the thermal decompo-
sition of either PVA bulk polymer or PVA/MMT clay
nanocomposites passes through three stages upon
heating from room temperature to 500°C. Within the
first stage up to 225°C, there is nearly no difference in
thermal stability between PVA bulk polymer and
PVA/MMT clay nanocomposites. However, it can be
observed that the major decomposition occurs within
the temperature range of 225–300°C, in which PVA
polymer displayed the lowest thermal stability.
Within this range, the thermal stability of PVA/MMT
nanocomposites was found to decrease with increas-
ing the MMT content displaying an increase in per-
centage weight loss. In the third region (300–500°C),
the PVA nanocomposites loaded with 1 and 3% of
MMT clay still possess higher thermal stability than
neat PVA polymer. This trend can also be determined
from the mid-point of the decomposition (the temper-
ature at which 50% of the sample weight is lost) as
shown in Table II. These findings are in accordance
with the results obtained by Strawhecker and Manias

Figure 3 Color intensity of pure PVA polymer, PVA/
MMT(3%), and PVA/MMT (5%) nanocomposites films
formed at a dose of 20 kGy of electron beam irradiation,
before and after immersion in copper salt solutions for var-
ious lengths of times.
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in a study on the thermal decomposition of non-
crosslinked PVA/MMT nanocomposites prepared by
solution-intercalation film casting method.13

The rate of reaction (dw/dt) was also plotted against
the temperature over the range of 100–350°C as shown
in Figure 7. The Tmax (the temperature at which max-
imum value of the rate of reaction occurs) showed that
the increase of MMT ratio from 1 to 4 wt % was
accompanied with improvement in thermal decompo-
sition. However, the increase of MMT content to 5%
leads to a decrease in the Tmax as shown in Table III.

As seen from the TGA thermograms and the rate of
reaction curves (dw/dt), it is difficult to determine
exactly the thermal decomposition of these systems.
The thermal stability was further confirmed by deter-
mining the kinetic parameters of the thermal decom-
position reactions. A method based on the rate of
reaction proposed by Anderson and Freeman20 was
utilized, in which the quantities �log (dw/dt) and �log
ŵ corresponding to a constant small difference of
�(1/T) over the entire course of the initial TGA curve
were first determined. The Anderson–Freeman equa-
tion, which relates these quantities, is given below:

�log�dw/dt�) � n�logŵ � �E*/2.303R���1/T�

Figure 4 Color intercepts of pure PVA polymer and different PVA/MMT nanocomposites films formed at a dose of 20 kGy
of electron beam irradiation before and after immersion in copper salt solutions for various lengths of times.

Figure 5 DSC scans of pure PVA (upper figure) and PVA/
MMT nanocomposites with different contents of MMT clay
formed at a dose of 20 kGy of electron beam irradiation.
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where dw/dt is the rate of thermal decomposition
reaction (mg min�1), ŵ is the reactant mass (mg), R is
the gas constant (J mol�1 K�1), E* is the activation
energy (J mol�1), and n is the order of reaction. When
�log (dw/dt) is plotted against �log ŵ, it gives a
straight line of slope ‘n’ and the intercept gives the
activation energy E*. The procedure and application of
this method have been described elsewhere.21,22 Fig-
ures 7 and 8 show the plots of Anderson–Freeman
method, from which the activation energy can be cal-
culated.

Based on the kinetic study, few conclusions may be
made: (1) when �log (dw/dt) was plotted against �log
ŵ for PVA/MMT with 1 and 5 wt % of MMT over the
low range of temperatures, the data points did not fall
on a straight line. Therefore, based on the Anderson–
Freeman equation the thermal decomposition of these
materials does not depend on the residual mass but on

temperature and follows a zero order reaction. In this
case, log (dw/dt) is plotted against 1/T and the slope
is equal to E*/2.303R, from which the activation en-
ergy can be calculated as shown in Figure 8. However,
when �log (dw/dt) was plotted against �log ŵ for the
same samples within the high temperature, the data
points fall on a straight line as shown in Figure 9. An
opposite trend was observed in the case of pure PVA,
in which the thermal decomposition reaction shows a
zero order reaction within the high range of temper-
ature and first order within the low range of temper-
atures. (2) Calculated activation energy for the thermal
decomposition reaction of pure PVA, PVA/MMT
(1%), and PVA/MMT (5%) during the high range of
temperatures (300–500°C) was found to be 107, 262,
and 606 kJ mol�1, respectively. (3) In conclusion, the
intercalation of PVA with MMT clay improved greatly
the thermal stability of PVA.

Figure 6 Initial TGA thermograms for pure PVA, PVA/
MMT (1%), PVA/MMT (3%), and PVA/MMT (5%) nano-
composites films formed at a dose of 20 kGy of electron
beam irradiation.

TABLE II
Weight Loss (%) at Different Heating Temperatures for the Thermal Decomposition of Pure PVA

and PVA/MMT Nanocomposite Gels with Different MMT Contents

PVA
nanocomposites

Weight loss (%)

100°C 200°C 300°C 350°C 400°C 450°C 500°C

Pure PVA 1.8 5.7 65.0 66.3 68.7 74.7 82.5
PVA/MMT (1%) 1.4 6.9 49.8 57.4 60.3 69.2 76.1
PVA/MMT (3%) 3.1 7.3 54.3 62.6 67.0 72.2 86.2
PVA/MMT (4%) 1.3 6.9 60.8 69.3 73.1 78.0 84.4
PVA/MMT (5%) 1.0 6.6 66.0 70.9 73.5 78.2 84.0

Figure 7 Rate of reaction (dw/dt) against temperature for
pure PVA, PVA/MMT (1%), PVA/MMT (3%), and PVA/
MMT (5%) nanocomposites formed at a dose of 20 kGy of
electron beam irradiation.
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Structure morphology of PVA/MMT
nanocomposites

The strength of interfacial interactions between the
polymer matrix and layered clay were investigated by
examining the fracture surfaces by using scanning
electron microscopy (SEM) as shown in Figure 10. The
SEM micrograph of pure PVA is characterized with
smooth surface. On the other hand, the SEM micro-
graphs of PVA/MMT nanocomposites showed a dif-
ferent morphology, in which the surface is affected by
the intercalation with the MMT clay. It is characterized
by the hybrid structure, which appeared as separated
parallel layers of 
4 �m apart particularly in the case
of the nanocomposites with 4% MMT. This layered
structure was not clear in the case of the nanocompos-
ites with the low MMT of 1%, in which the fracture
surface starts to align in layers indicating the presence
of intercalation in accordance with XRD analysis. Mechanical properties of PVA/MMT

nanocomposites

The main advantage of exfoliated polymer/clay nano-
composites containing microsized aluminosilicate
sheets that dispersed in a polymer matrix associated
with improved mechanical properties.9 In general, the
stress–strain curves of pure PVA polymer or PVA/
MMT nanocomposites showed no yielding character-
istics. Figure 11 shows the relationship between the
MMT content and tensile strength and elongation at
break of PVA/MMT nanocomposites. The tensile
strength of PVA/MMT nanocomposites increases
with increasing the MMT content up to 3 wt %. In this
regard, the tensile strength was increased from 17.5
MPa for pure PVA to 50 MPa for PVA/MMT nano-
composites (3 wt %), i.e., the tensile strength was
increased by 185.7%. This result indicates that PVA
was strengthened by the introduction of exfoliated
MMT, due to strong interfacial interaction between
MMT and PVA matrix in accordance with the work
reported in the case of polyimide/MMT.23 Also, in
accordance with that reported by Chen et al. regarding
the role of clay as a reinforcing agent in PVA matrix for
maleic anhydride modified polypropylene (MAPP)/or-
ganoclay nanocomposites.24 They referred the im-
provement in mechanical properties due to the inter-
facial bonding between layered silicates and PVA,
which leads to exfoliation of clay among the polymer
matrix. On the other hand, the elongation at breaks of

TABLE III
Thermal Properties of PVA/MMT Nanocomposites

with Different MMT Contents

Temperature
(°C)

MMT content (wt %)

Neat PVA 1 3 4 5

Td1/2 259 310 298 290 275
Tmax 250 290 290 290 270

Figure 8 Temperature dependency of the logarithm of the
rate of reaction of the thermal decomposition for (F) pure
PVA, (f) PVA/MMT (1%), and (Œ) PVA/MMT (5%) nano-
composites gels formed at a dose of 20 kGy of electron beam
irradiation.

Figure 9 Anderson plots for the thermal decomposition of
pure PVA nanocomposites gels hybrids with different con-
tents of MMT clay formed at a dose of 20 kGy of electron
beam irradiation. (F) PVA, (■) PVA/MMT (1%), and (Œ)
PVA/MMT (5%).
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the nanocomposites increases with increasing of the
MMT content up to 4 wt %. In this regard, it was
increased from 35% for pure PVA to 86% for PVA/
MMT (4 wt %), i.e., elongation of this nanocomposite
was increased by 145.7%.

CONCLUSIONS

This work focuses on the possible formation of nano-
composites gels based on hybrid films of PVA and
MMT clay at various contents (1–5 wt %) under the
effect of electron beam irradiation. The effect of inter-
calation on the thermal properties in terms of glass
transition, melting transition, metal uptake, and me-
chanical properties was studied. Homogeneous PVA/
MMT nanocomposites gels were obtained when the
MMT content was 1–3 wt %. The introduction of MMT
leads to significant improvement in thermal stability
and mechanical properties such as tensile strength and
elongation at break. The gels of PVA/MMT nanocom-
posites exhibit a high resistance to water absorption.
The intercalation with MMT clay suppressed the glass
transition temperature of PVA and did not affect the
melting transition.
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