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ABSTRACT: Composite fabricated from starch and dif-
ferent concentrations of clay was prepared by solution cast-
ing method. The casted film was irradiated to different
gamma irradiation doses 10, 20, 30, and 40 kGy. The disper-
sion of clay into starch was investigated by using X-ray dif-
fraction (XRD). The structural morphology of the composite
was measured by scanning electron microscope and infra-
red spectroscopy. Film properties, such as water vapor
transmission, mechanical, and thermal properties were also
measured. The gel content and swelling behavior of the
starch/clay composite were investigated. It was found that
the gel content increases with increasing clay content and
irradiation dose. The results obtained indicate that the
starch/clay composite showed an increase in the tensile
strength, thermal stability. Moreover, there is a decrease in

water vapor transmission (WVRT) which improves its bar-
rier properties. Both XRD and infrared spectroscopy
showed that starch can be intercalated into the clay gal-
leries. Also antibiotic drug Chlortetracycline HCl was
loaded into the starch/clay composite by direct adsorption
method. Chlortetracycline HCl adsorption capacity of com-
posite was found to increase from 1.13 to 4.20 mg Chlorte-
tracycline HCl per gram dry film with increasing amount of
drug concentration. In vitro drug release studies in different
buffer solutions showed that the basic parameters affecting
the drug release behavior of the film are pH of the solution,
drug concentration, and time. VC 2010 Wiley Periodicals, Inc.
J Appl Polym Sci 119: 685–692, 2011
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INTRODUCTION

In recent years, polymer/clay nanocomposites have
received considerable attention because they com-
bine the structure, physical, and chemical properties
of both inorganic and organic materials. Compared
to the pure polymers these nanocomposite demon-
strate excellent properties, such as improved storage
modulus, decreased thermal expansion coefficients,
reduced gas permeability, and enhanced ionic con-
ductivity.1–4

Starch is a low cost polysaccharide derived from
agricultural plants and it is sensitive to biological
attach. Natural starch exists in granular form and it
has been used as filler in polymers. However, starch
based materials have some drawbacks, such as poor
water resistance and relatively poor mechanical
properties. This is due to its hydrophilic nature and
thus its sensitivity to moisture content, which is a
factor that is difficult to control.5–10 Consequently,
starch is usually blended with hydrophobic biode-

gradable polymers to improve water resistance and
mechanical properties.
Another method for improving starch properties

is based on adding nanoclay to different starch for-
mulations.11–13 Nanoclay has been incorporated into
synthetic polymers, to improve barrier, mechanical,
and heat resistance properties.14,15

Park et al.13 had shown that incorporating only 5
wt % nanoclay into potato starch reduced water
vapor transmission rates by nearly one half. In addi-
tion, nanoclay samples exhibited higher dynamic
elastic modulus and tensile strength. The reason for
this improvement is that the nanoclays became inter-
calated, resulting in better dispersed platelets. Con-
sequently, water molecules need to follow a more
tortuous path through the composite, leading to
lower water vapor transmission rates.
In addition, the dispersed platelets provide more

surface area for starch/nano clay interactions, result-
ing in better reinforcement and improved mechani-
cal properties.
Thermoplastic starch (TPS)/clay nanocomposites

were prepared through melt intercalation method.
The dispersion of the silicate layers in the TPS
hybrids was characterized by using wide angle X-ray
diffraction (WAXD). The effect of clay contents on the
tensile, dynamic mechanical, thermal properties, and
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the barrier properties of the nanocomposites was
investigated. It was observed that the clay nanocom-
posites showed higher tensile strength and thermal
stability, better barrier properties to water vapor.13

Thermoplastic starch (TPS)/clay nanocomposites
were prepared by melt processing. Thermal stabilities
of starch/clay nanocomposites were evaluated under
N2 atmosphere using thermogravimetric analysis
(TGA). Transparent films of starch/clay hybrids were
fabricated by hot pressing. Intercalation of starch into
clay galleries and crystalline structure of starch were
investigated using X-ray diffraction (XRD). It was found
that the increase in d-spacing of organically modified
clay was due to starch molecular intercalation.16

The effects of incorporating various montmorillon-
ite nanoclay into wheat, potato, corn, and waxy corn
starch samples were examined by rheology and X-
ray diffraction. During gelatinization, the leached
amylase interacted with the Cloisite Naþ interlayer,
producing better reinforcement and higher modulus
values. The samples containing wheat and corn
starch showed comparable elastic modulus values
during gelatinization. However, the potato and
waxy corn samples had modulus values that rapidly
decreased at higher temperatures.17

Preparation of starch/clay nanocomposite materi-
als is proposed and analyzed by XRD, TGA, and
scanning electron microscopy (SEM). Increase of the
clay loading (>5 wt %) causes intercalation. The
introduction of low content (�5 wt %) of MMT
improves the thermal stability and the stiffness of
the materials. There is a limit content of clay that
can be added to improve the thermal and thermo-
mechanical properties of the composites.18

In modern medicine19,20 polymeric materials have
been used for a wide range of applications as drug
delivery systems because they are nontoxic, high
swellable, and much of them are compatible with
blood, tissues, cells, i.e., in the human body.

This work concerned with the preparation of
starch/clay composite with different clay concentra-
tions. The effect of different doses of gamma radia-
tion was studied. The dispersion of clay into the
starch matrix and the effect of its addition on the
mechanical, thermal properties, and morphology of
starch/clay composite films was studied. The suit-
ability of starch/clay composite as carrier material
for the controlled release of drug Chlortetracycline
HCl has been investigated.

EXPERIMENTAL

Materials

Maize starch used throughout this study was sup-
plied by the Egyptian company for starch and glu-
cose, Cairo, Egypt.

Clay Montmoeillonite (MMT) was supplied by
Zhejiang Fenghong clay chemicles, People’s Republic
of China.

Preparation of starch/clay composite films

Starch/clay composite films were prepared from
starch/clay aqueous suspensions by casting. The
starch/clay rations were 100/0, 99/01, 98/02, 97/03,
96/04, and 95/05 (w/w), relative to dry starch, with
a total mass of 5 g. The clay was dispersed in distilled
water (10 mL) for 24 h, producing a gel that was
added to an aqueous dispersion of starch. This sus-
pension was degassed and heated to boiling point for
30 min with continuous stirring to gelatinize the
starch granules. N,N0 methylene bisacrylamide as
crosslinking agent (0.1 wt %) was added to the solu-
tion. Glycerol (20% w/w, relative to starch on dry ba-
sis) was added to the hot solution and the solution
was then poured on to polypropylene dishes and sol-
vent evaporated to dryness at 40–50�C.

Determination of gel fraction

A known weight of the starch/clay composite (W0)
was extracted in a refluxing system by boiling in
bidistilled water for 24 h. The samples were then
removed and dried in a vacuum oven at 50�C, to
eliminate excess water, to reach a constant weight
(W1). Finally, the soluble fraction was calculated
according to the following equation:

Sol: Fraction ð%Þ ¼ ½ðw0 �w1Þ=w0� � 100; (1)

where W0 is the initial weight of the dry sample and
W1 is the weight of the dry, insoluble part after
extraction.

Gel: Fraction ð%Þ ¼ 100� sol: fraction (2)

Swelling behavior of starch/clay composite films

A known dry weight of the insoluble part of the
sample (W1) after calculation of the soluble fraction
were immersed in distilled water at room tempera-
ture for 24 h. The swollen part of the sample at equi-
librium was weighed (W2). The swelling percentage
is determined by:

SWð%Þ ¼ W2 �W1=W1 � 100;

where W1 and W2 represent the weights of the dry
and wet sample, respectively.

Measurement of water vapor transmission

The water vapor transmission rate (WVTR) was
measured according to monograph of the European
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Pharmacopeia. It consists of measuring the weight
loss of a bottle which contains 25 mL of water. The
bottle has a mouth with a diameter of 35 mm. The
sample with a diameter of 40 mm was then put at
the bottle mouth as a cap, and placed in an oven at
35�C for 24 h. The water vapor transmission rate
(WVTR) was calculated by using the following for-
mula:

WVTR ¼ Wi �Wt=A� 24� 106 gm2=h;

Where WVRT is expressed in gm2/h, A is the area
of bottle mouth (mm2), Wi and Wt are the weight of
bottle before and after placed in oven, respectively.

X-ray diffraction

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

Thermogravimetric analysis

TGA studies were carried out using a TGA-30 appa-
ratus (Shimadzu, Kyoto, Japan), at a heating rate of
10�C/min. in air, over a temperature range from
room temperature to 500�C. Duplicate runs of the
TGA thermograms of some starch/clay composite
films were performed to check the reproducibility of
the thermal data.

Tensile mechanical properties

Mechanical tests including break stress and strain
were performed at room temperature using an ins-
tron machine (Model No. 1195) at a crosshead speed
of 5 mm/min. Starch/clay composite films were cut
with a die into dumbbell shape of 40 mm length and
4 mm width. The recorded value for each mechani-
cal parameter is the average of five measurements.

Spectroscopic analysis

Infra red spectra of the film samples were obtained
by using an ATI Mattson

Genesis spectrophotometer made by Unicam
(England).

Scanning electron microscopy

The morphology of the fracture surfaces of the
starch and starch/clay composites was examined.
The scanning electron micrographs were taken with
a JSM-5400 instrument (Joel, Japan). A sputter coater
was used to precoat conductive gold onto the frac-

ture surface before observing the microstructure at
25 kV.

Preparation of chlortetracycline HCl-loaded starch/
clay composite

Aqueous solution of drug was prepared by dissolv-
ing different concentration of chlortetracycline HCl
(30, 50, 80 mg) in 100 mL H2O. The dry starch/clay
composites were soaked into the drug solution at
room temperature until the complete absorption.

Release of chlortetracycline HCl

Release experiments were performed by placing the
load composite in 10 mL of buffer solution (pH 7)
for 3 h at room temperature. The release amount of
chlortetracycline HCl was measured by UV Spectros-
copy (UNICAM UV/Vis Spectrometer. 1000 model)
after the complete release the composites.

RESULT AND DISCUSSION

One major problem in the uses of starch as one of
the component for the preparation of composite is
its limited process ability due to its big particle sizes
(5–100 xn). Therefore, it is difficult to make a good
film for package application. To overcome this prob-
lem, starch is mixed with different composition of
nanoclay (1, 2, 3, 4, and 5%). It was found that incor-
porating 4% clay in the starch/clay composite lead
to the formation of good casting film. The starch/
clay composite was irradiated to several irradiation
doses 10, 20, 30, and 40 kGy to study the effect of
irradiation doses on the properties of this composite
as gel fraction % and swelling behavior.

Gel fraction %

The dependence of the gel fraction of starch/clay
composite on clay compositions as a function of irra-
diation dose is shown in Figure 1. From this figure,
it was found that for all samples, the gel fraction
increased with the increase of clay content up to 4
wt %. Moreover, the gel fraction increases with the
increase of irradiation dose up to 30 kGy. Hence, 30
kGy was found to be the favorable dose for gel for-
mation. However, 40 kGy cause degradation for all
composite compositions. These results of gel fraction
clearly demonstrate that the formation of starch/clay
composite was promoted in the presence of clay.
Also, ionizing radiation could induce the crosslink-
ing of the composite under high concentration of
starch.21–23 The presence of clay stimulated the for-
mation of radicals from starch and also sustained
the life of radicals longer which resulted in high effi-
ciency of gel formation in the composite.
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Swelling behavior

The swelling of the starch/clay composite with dif-
ferent clay content as a function of irradiation dose
is shown in Figure 2. From this figure, it was found
that the swelling of starch/clay composite decreased
with increase of clay content in the composite and
with the increase of irradiation dose. Thus, the lower
swelling ratios observed in the composite systems
might be explained by the occurrence of hydrogen
bonding between Na-MMT and starch, which leads
to a sort of physical crosslinking.24 The number of
intermolecular crosslinks increases with the increase
of irradiation dose up to 30 kGy, which leads to the
decrease of the degree of swelling.

Water vapor transmission rate (WVTR)

Figure 3 shows the relative water vapor transmission
rate (WVTR) versus the contents of clay in the uni-
rradiated and irradiated starch/clay composite. The

results obtained from this figure show that for the
starch films the WVTR decreased remarkably with
adding small amounts of clays for both unirradiated
and irradiated composite. It means that the layered
structure of clay blocks the transmission of moisture
vapor through the film matrix. The decreasing of
WVTR in composite is due to the presence of

Figure 1 Effect of clay concentration on gel fraction (%)
of starch/clay composite at different irradiation doses.

Figure 2 Effect of clay concentration on the swelling (%)
of starch/clay composite at room temperature for 24 h.

Figure 3 Effect of different concentration of clay content
on the relative water vapor transmission rate behavior at
30 kGy.

Figure 4 XRD spectra of (a) pure starch, (b) 1% clay, (c)
4% clay, and (d) pure clay.
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dispersed large aspect ratio silicate layers in the
polymer matrix as seen in other polymer–layered sil-
icate composites.25,26 The observed decrease in
WVTR is of great importance in evaluating starch/
clay composite for use in food packing, protective
coatings, and other applications where efficient poly-
meric barriers are needed. Furthermore, reduced
WVTR in biodegradable polymer composite films
may have the added benefit for modifying degrada-
tion rates, because hydrolysis of the matrix polymer
is likely to depend on the transport of water from
surface into the bulk of the material.27 The addition
of clay is carried out to improve the rigidity of the
film. The amount of clay added to the composite
film should be controlled due to its synergetic effect
on the mechanical strength and WVTR of the film.

X-ray diffraction

Figure 4 shows XRD patterns of starch and starch/
clay composite with different clay contents (1 and 4
wt %). It was found that the appearance of the new

peak at 2y ¼ 5.6� (d-spacing ¼ 1.77 nm) lower angle
than native MMT which appears at 2y ¼ 6.9� (d-
spacing ¼ 1.23). The angle of the native MMT is
shifted with increasing starch content in the compos-
ite films. It is generally thought that during the
intercalation process the polymer enters the clay gal-
leries, thus increasing the gallery spacing (d-spac-
ing).11 According to Bragg’s law, a shift of the dif-
fraction peak toward a lower angle and the increase
of d-spacing indicated the formation of nanocompo-
site structure of the silicate layers of MMT.

Thermal stability

TGA results of unirradiated and irradiated starch/
clay composite films in the temperature range from
room temperature to 600�C are shown on Figures 5
and 6.
The thermal decomposition of plasticized starch

followed a three-step reaction with a maximum
decomposition at 289�C. The first step corresponds

Figure 5 Thermogravimetric analysis of unirradiated
starch/clay (4 wt %) nanocomposites.

Figure 6 Thermogravimetric analysis of starch/clay (4 wt
%) irradiated to 30 kGy.

TABLE I
Tensile Properties of Starch/Clay Composites with Different Concentrations of Clay

at Different Irradiation Doses

Property
Irradiation
dose (kGy)

Blend composition (starch/clay)

99/1
wt %

98/2
wt %

97/3
wt %

96/4
wt %

Tensile strength (MPa) 0 0.625 1.5 2.7 3.8
10 2.0 2.7 2.9 4.1
20 3.7 4.4 8.3 10.4
30 5.8 6.6 11 12.5
40 2.7 3.4 3.7 3.8

Elongation at break (%) 0 28.7 26.3 25.2 24
10 27 25.4 24.5 23.4
20 26.2 24 23.3 22.5
30 25 23.5 23.3 22.4
40 26.5 24 23 22.0
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to water loss, the second to starch and glycerol decom-
position, and the third to the oxidation of partially
decomposed starch. Pure clay shows two degradation
steps attributable to water loss (first step) and to clay
dehydroxylation at � 725 (second step).26 From the
data obtained in Figures 5 and 6, it was found that the
thermal stability increases with the addition of clay
up to 4 wt % and irradiated at 30 kGy. The results
obtained by these figures indicate that the starch/clay
composite decompose at a higher temperature with
good thermal if compared with the pure starch before
it intercalate with clay which is undergo decomposi-
tion at relatively low temperature, indicating the
enhancement of the thermal stability of the prepared
nanocomposite. This enhancement may be due to that
clay is inorganic material with high thermal stability
and great barrier properties and can prevent the heat
from transmitting quickly and can limit the continu-
ous decomposition of the nanocomposite.

Tensile properties

Table I shows the tensile properties of the starch/clay
composite with different concentrations of clay at dif-

ferent irradiation dose. It can be seen that the tensile
properties of the unirradiated and irradiated starch/
clay composite are generally increased with increasing
the concentration of clay. While tensile strength
increases on increasing irradiation dose up to 30 kGy
then there is a decrease in tensile strength on increasing
the irradiation dose more than 30 kGy. It is important
to mention that the maximum tensile strength is shown
with concentration 4% clay at 30 kGy. The increase of
tensile strength is affiliated with the radiation induced
crosslinking of the composite. On the other hand and
as expected, the elongation at break values have in
counter a systematic decrease with increasing the clay
content in the composite and with increasing the irradi-
ation dose for the same composition.

FTIR spectroscopy

The FTIR spectra of irradiated starch and starch/clay
composite are illustrated in Figure 7. The absorption
band which characteristic for starch [Fig. 7(a)] appears at
3346.7 is due to hydrogen–bonded hydroxyl groups that
contribute to the complex vibrational stretches associ-
ated with free inter- and intra molecular bound hydroxyl
groups, which are responsible the gross structure of
starch. The absorption bands for starch/clay composite
with different concentration of clay (1 and 4 wt %) are
shown in Figure 4(b,c). The characteristic band with a
peak at 3625 cm�1 ascribed to the stretching vibrational
band of –OH group on the surface layers of the clay
accompanied with other peak at 917 cm�1 which is also
characteristic to –OH bending group are shown in this
figure. Moreover the absorption band at 1157 cm�1, 1079
cm�1 are probably due to silicon linkage in the structure
of clay. A weak absorption band at 524 cm�1, 472 cm�1

are due to the presence of AlAO stretching and SiAO
bending vibrations of MMT, respectively.

Structural morphology of starch/clay composite

Figure 8 shows SEM micrographs of the fractured
surface of the starch and starch/clay (4 wt %)

Figure 7 IR spectra of (a) pure starch, (b) 1% clay, and
(c) 4% clay.

Figure 8 Scanning electron micrography of (a) starch and (b) starch/clay (4 wt %) irradiated at 30 kGy.

690 IBRAHIM

Journal of Applied Polymer Science DOI 10.1002/app



composite. The SEM micrograph of pure starch is
characterized with smooth surface. On the other
hand, the SEM micrographs of starch/clay compos-
ite (4 wt %) showed homogeneously dispersed clay
particles, though it has an increase in surface rough-
ness and show a denser dispersion of layers of clay
in starch.

Adsorption of chlortetracycline HCl

For the investigation of cationic drug adsorption
behavior of starch/clay composite prepared. In this
study, composites were initially swollen in different
concentration of Chlortetracycline HCl solution at
pH 7. The total amount of chlortetracycline HCl
adsorbed into 0.1 gm of dry starch/clay composite
at different initial drug concentrations is given in
Figure 9. As can be seen from this figure, the
amount of total chlortetracycline HCl taken
increased with increasing initial drug concentration.
The reason for this increase was attributed to the
specific bonding of positively charged drug to par-
tially ionized composite and to the higher free vol-
ume available for diffusion. The amount adsorbed of
drug per gram of dry adsorbent is calculated from
the following equation:

qe ¼ Ci � Ce=m

where qe is in mg adsorbate per gram of dry ad-
sorbent, Ci and Ce are the initial and equilibrium
concentrations of adsorbate solution (mg/mL) and m
is the mass of dry adsorbent (g).

Release of chlortetracycline HCl

The release experiment was carried out at buffer so-
lution of pH 7 which is similar to that of the intes-

tine medium. Figure 10 shows the drug release
behavior of composite loaded with different concen-
trations of the initial drug as a function of time at
pH 7. The results obtained, show good agreement
with previous workers that the amount released
depends upon the initial amount of the drug present
in the polymer matrix.28

CONCLUSION

Formation of starch/clay composite at various clay
contents (1–5%) were prepared by solution casting
method. The prepared films were exposed to various
doses of gamma radiation up to 40 kGy. The intro-
duction of MMT content up to 4 wt % clay leads to
significant improvement in thermal stability, tensile
properties, and lower water vapor transmission than
the pure starch. The results also showed that adding
only 4 wt % of clay to the starch matrix to improve
the tensile strength and barrier property of the
composite.
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