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ABSTRACT: The aim of this work is the production of
new nanocomposites from metallocene polyethylene-octene
elastomer (POE), montmorillonite and biodegradable starch
by means of a melt blending method. Characterizations of
clay, modified clay, POE, POE-g-AA, and the hybrids pro-
duced from polymer, clay, and/or starch were performed by
X-ray diffraction (XRD) spectroscopy, Fourier transform in-
frared (FTIR) spectrophotometer, differential scanning calo-
rimetry (DSC), thermogravimetry analyzer (TGA), scanning
electron microscope (SEM), and Instron mechanical tester.
As to the results, organophilic clay can be well dispersed
into acrylic acid grafted polyethylene-octene elastomer
(POE-g-AA) in nanoscale sizes since cetyl pyridium chloride
is partially compatible with POE-g-AA and allows POE-

g-AA chains to intercalate into clay layers. Based on consid-
eration of thermal and mechanical properties, it is also found
that 12 wt % of clay content is optimal for preparation of
POE-g-AA/clay nanocomposites. The new partly biodegrad-
able POE-g-AA/clay/starch hybrid could obviously im-
prove the elongation and the tensile strength at break of the
POE-g-AA/starch hybrid since the former can give the
smaller starch phase size and nanoscale dispersion of silicate
layers in the polymer matrix. The nanocomposites produced
from our laboratory can provide a stable tensile strength at
break when the starch content is up to 40 wt %. © 2005 Wiley
Periodicals, Inc. J Appl Polym Sci 97: 397–404, 2005
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INTRODUCTION

Inorganic clay minerals, such as montmorillonite and
hectrite, have been widely used as reinforcement ma-
terials for polymers due to their nanoscale size and
intercalation properties.1–3 In recent years, polymer/
silicate hybrid nanocomposites have been of consider-
able interest as an effective method to develop new
composite materials. There are two commercially at-
tractive approaches, in situ polymerization and melt
exfoliation, for preparing polymer/clay nanocompos-
ites. The first method has been used for preparation of
nylon 6-clay hybrid, and the results showed that
strength, modulus, and heat distortion temperature of
virgin nylon 6 could be increased markedly.4–7 The
melt intercalation method was first demonstrated by
Vaia and coworkers,2 and then it became a main-
stream for the preparation of polymer/clay nanocom-
posites without in situ interactive polymerization, es-
pecially for the case of polyolefin-based nanocompos-
ites.8–12 There were some proposals for the
preparation of polypropylene/clay and polyethylene/
clay nanocomposites.10–17 The effect of size and type
of the clay minerals to the properties of polyimide/

clay hybrids has been studied by Yano and col-
leagues.18 In their study, hectrite, saponite, montmo-
rillonite, and synthetic mica were used as clay miner-
als, and the results showed that the longer the length
of clay mineral was, the more effectively properties of
the polyimide were improved.

Polyethylene is one of the most widely used poly-
olefin polymers, but its use is restricted in certain
applications by its low melting point, biodegradabil-
ity, stability in hydrocarbons, and a tendency to crack
when stressed. Research on graft reaction, crosslink-
ing reaction, and blending with inorganic fillers for
polyethylene, to mitigate its disadvantages, have been
extensively investigated for many years. Recently, the
metallocene based polyethylene-octene elastomer
(POE), which is developed using a metallocene cata-
lyst by Dow and Exxon, has received much attention
due to its unique uniform distribution of comonomer
content and narrow molecular weight distribution.19,20

It seems that study on synthesis and characterization
of POE/clay nanocomposites using the melt exfolia-
tion method has not been found in our literature sur-
vey, though researches of PE/clay and PP/clay nano-
composites have been proposed in the past.

Since POE does not include any polar groups in its
backbone, it is thought that homogeneous dispersion
of the hydrophilic clay minerals in the hydrophobic
POE matrix is not realized. In general, the clay is
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modified with alkylammonium to facilitate its interac-
tion with a polymer because the alkylammonium
makes the clay surface organophilic. To obtain good
dispersion of the organically modified clay in nonpo-
lar olefin polymers, a polar functional oligomer as a
compatabilizer, such as maleic anhydride modified PP
oligomers, may be used to approach this purpose
since such nonpolar polymers are still too hydropho-
bic.12,13,16,21,22 Though the POE itself was not biode-
gradable, a higher amount of biodegradable fillers
incorporated with the polymer can reduce the amount
of waste plastics and the cost of POE. Blending of POE
with organic fillers, such as starch and wood flour, is
of considerable interest in industry to improve its
biodegradable property. In this study, starch was cho-
sen as the organic filler because it is an abundant,
inexpensive, renewable, and fully biodegradable nat-
ural raw material.

The purpose of this study was to prepare the partly
biodegradable POE/clay/starch nanocomposites by
the simple melt blending method to mitigate the dis-
advantages of POE. To obtain homogeneous disper-
sions of the clay minerals and the starch in the POE
matrix, cetyl pyridium chloride (CPC) pretreated
montmorillonite and acrylic acid grafted polyethyl-
ene-octene elastomer (POE-g-AA) are used as the or-
ganophilic clay and the polymer matrix, respectively.
The effect of introducing clay and starch on the prop-
erties of hybrids is also investigated. The treated and
untreated clays, pure POE, POE-g-AA, and hybrid
products (POE/clay, POE-g-AA/clay, POE/starch,
POE-g-AA/starch, and POE-g-AA/clay/starch) are
characterized by Fourier transform infrared (FTIR)
spectrophotometer, scanning electron microscope
(SEM), and X-ray diffractometer (XRD). Moreover, the
thermal and mechanical properties of hybrids are also
examined by differential scanning calorimetry (DSC),
thermogravimetry analyzer (TGA), and Instron me-
chanical tester.

EXPERIMENTAL

Materials

The POE copolymer with 18% octene (Engage 8003,
Dow Chemical Corp., Wilminton, ED) and the mont-
morillonite with a cation-exchange capacity of 119
meq/100g (“Kunipia F”, Kunimine Corp., Japan) were
used as received. Acrylic acid (AA, Aldrich Chemical
Corp., Milwaukee, WI) was purified by recrystalliza-
tion from chloroform before use. The initiator dicumyl
peroxide (DCP, Aldrich Chemical Corp., Milwaukee,
WI) was recrystallized twice by dissolving in absolute
methanol, filtering the solution while hot, and chilling
in ice water. The starch (Sigma Chemical Corp., Stein-
heim, Germany) had compositions of 27% amylose
and 73% amylopectine. The starch was cleaned with

acetone and then dried in an oven at 105°C for 24 h
prior to blending. Cetyl pyridium chloride (CPC,
greater than 99% purity, Sigma Chemical Corp., Stein-
heim, Germany) was used as a cationic surfactant and
without further purification. Other reagents were pu-
rified by the conventional methods. The POE-g-AA
copolymer was made in our laboratory and its graft-
ing percentage was about 5.65 wt %.

Samples preparation

POE-g-AA copolymer

The grafting reaction of AA onto molten POE was
performed by using xylene as an interface agent and
DCP as an initiator under a nitrogen atmosphere at 85
� 2°C. The reaction lasted for 6 h with a rotor speed of
60 rpm. The grafting percentage was determined by a
titration method,23 and the result showed that it was
about 5.65 wt % when DCP and AA loadings were
kept at 0.3 wt % and 10 wt %, respectively. More
information about the grafting reaction of AA onto
POE can be referred to in our previous works.24,25

Preparation of organophilic clays

The preparation of modified clays was according to
the method proposed by Tseng and coworkers.1 In a
100 mL beaker, a sample of 1 g sodium montmorillon-
ite was dissolved in 50 mL of distilled water under
vigorous stirring, to form a uniformly dispersed solu-
tion, and then 0.40 g and 0.20 g of cetyl pyridium
chloride were added to the solution for clay/CPC
� 1/1 (clay-CPC) and clay/CPC � 1/0.5, respectively.
The mixture was further stirred vigorously 8 h at room
temperature and then filtered and washed with deion-
ized water. The product was freeze-dried in a vacuum
oven at room temperature for 24 h. The organophilic
clay mineral thus obtained is highly hydrophobic.

Preparation of hybrids from POE, POE-g-AA, clay-
CPC, and starch

The hybrids, including POE/clay-CPC, POE-g-AA/
clay-CPC, POE/starch, POE-g-AA/starch, and POE-
g-AA/clay-CPC/starch, were prepared by the melt
blending method using a BRABENDER “PLATO-
GRAPH” 200 Nm MIXER W50EHT instrument (Duis-
burg, Germany). For the preparation of hybrids, the
organically modified montmorillonite with clay/CPC
� 1/1 was chosen as the reinforcement material. A
determined amount of POE or POE-g-AA sample was
put into the BRABENDER instrument with blade type
rotor to melt it under the conditions of rotor speed and
blending temperature at 50 rpm and 140 � 150°C,
respectively. When the POE or POE-g-AA had melted
completely, preweighed amounts of the well-dried
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clay-CPC and/or the starch were added into the
MIXER for another 15 min to produce the hybrid. For
POE/clay-CPC and POE-g-AA/clay-CPC hybrids, the
mass ratios of clay-CPC to POE or POE-g-AA were
chosen as 3/97, 6/94, 9/91, 12/88, 15/85, and 20/80.
For preparation of partly biodegradable nanocompos-
ites, the starch contents were 10, 20, 30, and 40 wt %,
and the mass ratio of clay-CPC to POE-g-AA was kept
constant at 12/88. The hybrid products were pressed
into thin plates by a hot press at 140°C, and then they
were put into a dryer for cooling. Next, the cool thin
plates were made into standard specimens for charac-
terization.

Characterizations of hybrids

XRD analysis

The X-ray diffraction patterns were recorded on the
Rigaku D/max 3V X-ray diffractometer (Tokyo, Ja-
pan) using CuK-� radiation (wavelength, � � 0.1541
nm) with a scanning rate of 2°/min, and the basal
spacing of samples were determined from Bragg’s law
(� � 2dsin�).

FTIR analysis

A Fourier transform infrared spectrophotometer (Bio-
Rad FTS-7PC type, Madison, WI), using thin films,
was used to investigate the graft reaction of acrylic
acid onto POE and to verify the incorporation of the
modified clay to the extent that bonds were formed in
the hybrids.

DSC analysis

The melting temperature (Tm) and the melting en-
thalpy (�Hm) of samples were determined from a
differential scanning calorimeter (TA Instrument 2010
DSC system, New Castle, DE). For DSC tests, sample
sizes ranged from 4 to 6 mg and the melting curves
were taken at a temperature range of �30 to 120°C
scanned at a heating rate of 10°C/min.

TGA analysis

The thermogravimetry analyzer (TA Instrument 2010
TGA system, New Castle, DE) was used to assess
whether organic-inorganic phase interactions influ-
enced the thermal degradation of the hybrids. Samples
were placed in alumina crucibles and tested with a
thermal ramp over the temperature range of 30
� 600°C at a heating rate of 20°C/min, and then the
initial decomposition temperature (IDT) of the hybrids
was obtained.

SEM analysis

A scanning electron microscope (Hitachi microscope
Model S-1400, Japan) was used to study the morphol-
ogy of the hybrids and to measure the starch phase
size in the polymers. Before the tests, the hybrid was
prepared in a thin film by a hydrolytic press, and then
the film was treated with hot water in 80°C for 24 h.
Afterward, the films were coated with gold and ob-
served by SEM.

Mechanical testing

According to the ASTM D638 method, the Instron
mechanical tester (Model LLOYD, LR5K type) was
used to measure the tensile strength and the elonga-
tion at break. The films of testing samples, which were
conditioned at 50 � 5% relative humidity for 24 h
prior to the measurements, were prepared in a hydro-
lytic press at 140°C, and then the measurements were
done using a 20 mm/min crosshead speed. Five mea-
surements were performed for each sample, and the
results were averaged to obtain a mean value.

RESULTS AND DISCUSSION

X-ray diffraction

The X-ray diffraction patterns ranging from 2� � 3 to
9° for pure and CPC treated clays are illustrated in
Figure 1a–c. For pure clay, Figure 1a, the XRD pattern
shows a silicate (001) reflection at about 2� � 7.1°
corresponding to a basal spacing of 1.24 nm. From

Figure 1 X-ray diffraction patterns ranging from 2� � 3° to
10° for pure and CPC treated clays.
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Figures 1b,c, it is clear that the CPC is indeed interca-
lated into the layers of clay since the layer spacing of
clay is expanded by CPC. It is also found that the layer
spacing of clay increases with an increasing of CPC
content, where the basal spacing is increased to about
1.63 and 2.15 nm when the clay/CPC ratios are 1/0.5
and 1/1, respectively. This result is in agreement with
the phenomenon proposed by Tseng and coworkers.1

It is reasonable to assume that the presence of CPC is
able to enhance the diffusion of the POE-g-AA chains
into the silicate interlayers.

X-ray diffraction analysis was also used to study the
dispersibility of clay in POE-g-AA/clay-CPC hybrids.
The X-ray diffraction patterns proposed by Perez and
colleagues24 showed that there are two peaks at about
2� � 19.8° and 2� � 21.4° for pure POE. One peak (2�
� 21.4°) reflects the characteristics of the orthorhom-
bic cell of polyethylene, and the other peak (2�
� 19.8°) may be considered as indicative of the side
branches of octene in the crystalline structure. In our
previous works,25,26 there is only one peak at about 2�
� 21.4° in the XRD pattern of the POE-g-AA copoly-
mer. The disappearance of the peak at about 2�
� 19.8° may be due to the change of coordination
features of POE molecules when acrylic acid is grafted
onto POE.

Figures 2A–D show the X-ray diffraction patterns
ranging from 2� � 3 to 10° for the POE-g-AA and the
POE-g-AA/clay-CPC hybrids. As described above, it
is clear that no reflection peak in the X-ray diffraction
pattern ranging from 2� � 3 to 10° can be observed for
the POE-g-AA copolymer from Figure 2A. For the
clay-CPC contents of 3 wt % and 6 wt %, as shown in
Figures 2B,C, there is no apparent peak of clay that can

be detected in the POE-g-AA/clay-CPC hybrids. This
result indicates a homogeneous and fine dispersion of
clay in the polymer matrix for low content of clay-CPC
since the POE-g-AA chains can be intercalated into the
narrow space of the CPC pretreated clay and then the
clay has been exfoliated into larger than 10 nm thick
layers with no regular repeated distance between lay-
ers. When the hybrid contains a larger amount of CPC
pretreated clay, such as 12 wt %, the X-ray diffraction
pattern of Figure 2D shows that a peak at about 2�
� 3.5° can be observed. This peak, corresponding to
the XRD pattern of pretreated clay with clay/CPC
� 1/1 (Fig. 1D), reveals that the clay in the POE matrix
is not well dispersed and indicates that some of the
clay layers are not exfoliated.

Infrared spectroscopy

Figures 3A–D show the FTIR spectra of the pure POE,
the POE-g-AA, a POE/clay-CPC (12 wt %) hybrid,
and a POE-g-AA/clay-CPC (12 wt %) hybrid, respec-
tively. As can be seen from Figure 3, all the character-
istic peaks of POE at 2840–2928, 1465, and 720 cm�1

appear in the four polymers.27,28 A comparison be-
tween Figure 3A,B shows that there are two extra
peaks (1710 and 1247 cm�1), which are the character-
istic peaks of -CAO and -C-O, and a broad O-H
stretching absorbance at about 3000–3600 cm�1 for the
modified POE. Similar results can be found in some
proposed articles.27,29,30 So, one can confirm that
acrylic acid has been successfully grafted onto POE
chains since the discernible peaks near 1710 and 1247
cm�1, based on free acid, appear in the spectrum of
the modified POE. From Figures 3A,C, it can be seen
that the FTIR spectrum of POE/clay-CPC (12 wt %)
composite, as compared with that of the pure POE,
shows new peaks at about 3600–3700 cm�1, 1000–1100
cm�1, and 400–500 cm�1. The peak at about 3600–
3700 cm�1 is due to the O-H bond stretching of the
lattice water, and the peaks in the range of 1000–1100
cm�1 and 400–500 cm�1 indicate Si-O and Al-O
stretching, and Si-O bending of the silicate phase. As a
result, the interfacial force between the POE matrix
and the clay layer is only established by the secondary
valence force since no evidence of new absorption
bands can be found in the spectrum, suggesting there
are primary valence forces involved between POE and
clay-CPC. A similar result can be found in some pro-
posed papers.31,32

From Figures 3B,D, besides the common character-
istic peaks of POE-g-AA, some extra peaks at 3600–
3700 cm�1, 1000–1100 cm�1, 1100–1200 cm�1, and
400–600 cm�1 appear in the spectrum of POE-g-AA/
clay-CPC (12 wt %) hybrid. It has been shown that the
peaks at about 3600–3700 cm�1, 1000–1100 cm�1, and
400–500 are due to the lattice water and the silicate
phase. The peaks at 1100–1200 cm�1 indicate that the

Figure 2 X-ray diffraction patterns ranging from 2� � 3° to
10° for (A) POE-g-AA, (B) POE-g-AA/clay-CPC (3 wt %),
(C) POE-g-AA/clay-CPC (6 wt %), and (D) POE-g-AA/clay-
CPC (12 wt %).
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Si-O-C bond, which may be associated with an H-
bonded Si-OH group, is produced from the reaction
between POE-g-AA and the silicate phase of clay be-
cause absorbance of this covalent bond usually ap-
pears at 1080–1200 cm�1 (typically at 1080–1120
cm�1).28,33,34

To understand the effect of starch on the partly
biodegradable hybrids, the FTIR spectrophotometer
was used to examine POE/starch (20 wt %), POE-g-
AA/starch (20 wt %), and POE-g-AA/clay-CPC (9.6
wt %)/starch (20 wt %), and the results are illustrated
in Figures 4A–C, respectively. In Figure 4, all the
characteristic peaks of POE can be seen in the three
polymers. A comparison of Figures 3A and 4A shows
that there are two extra peaks, which are the charac-
teristic peaks of the -C-O bond stretching vibration, at

1186 and 959 cm�1 in the FTIR spectrum of the POE/
starch (20 wt %) blend.35–37 It is also found that a
broad O-H bond stretching in 3000–3600 cm�1 and a
O-H bond bending at 1640 cm�1 appear in the FTIR
spectrum of the POE/starch (20 wt %) blend. A similar
result can be found in some proposed papers.35,36 For
the POE-g-AA/starch (20 wt %) (Fig. 4B), besides the
common peaks appearing in the spectrum of the POE/
starch (20 wt %) blend, there is a new absorption peak
(at about 1739 cm�1) corresponding to the ester car-
bonyl stretching vibration in the copolymer. Accord-
ing to the result proposed by Bikiaris and coworkers,37

in which LDPE/plasticized starch blends were stud-
ied, the FTIR spectrum of ester carbonyl showed its
functional group appeared at 1735 cm�1. So, the ap-
pearance of this new absorption peak at about 1739
cm�1 may be due to the formation of an ester carbonyl
functional group from the reaction between the -OH
group of starch and the -COOH group of POE-g-AA.
From Figures 4B,C, it can be seen that some extra
peaks (3600–3700, 1100–1200, 1000–1100, and 400–

Figure 4 FTIR spectra of (A) POE/starch (20 wt %), (B)
POE-g-AA/starch (20 wt %), (C) POE-g-AA/clay-CPC (9.6
wt %)/starch (20 wt %).

Figure 3 FTIR spectra of (A) pure POE, (B) POE-g-AA, (C)
POE/clay-CPC (12 wt %), and (D) POE-g-AA/clay-CPC (12
wt %).
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600 cm�1) appear in the spectrum of the POE-g-AA/
clay-CPC (9.6 wt %)/starch (20 wt %) hybrid. As dis-
cussed previously, those extra peaks are the conse-
quence of the characteristic frequencies of clay and the
formation of an Si-O-C bond. A similar result can be
found in some proposed papers.31,32

Thermal stability of hybrids (DSC and TGA tests)

It is well known that the thermal stability of organic/
inorganic hybrids depends on the interaction between
the polymer chains and the inorganic network, and
the consequential uniform distribution of the latter in
the former matrix.1,11 The variations of thermal prop-
erty (initial decomposition temperature, IDT) with
various clay-CPC contents were obtained from the
TGA test for POE-g-AA/clay-CPC hybrids, and the
results are illustrated in Figure 5. From Figure 5, it can
be seen that the POE-g-AA/clay-CPC hybrids give a
markedly positive effect on the value of IDT and the
increment in IDT is about 70°C when the clay content
is greater than 12 wt %. This result may be due to the
nanoscale dispersion of clay and the formation of
strong covalent Si-O-C bonds. Figure 5 also shows that
the increment of IDT for POE-g-AA/clay-CPC hybrids
is not significant when the clay content was greater
than 12 wt %, since phase separation could occur in
the hybrids for the clay content beyond this point.

The melting temperature (Tm) and the melting en-
thalpy (�Hm) of POE-g-AA/clay-CPC hybrids were
obtained from the DSC test, and the results are sum-
marized in Table I. As can be seen from Table I, the
effect of clay loading on the melting temperature of
POE-g-AA is fluctuant but slight. This result implies
that the mean dimensions of the POE-g-AA crystals in
the hybrids are not appreciably affected by the CPC
treated montmorillonite particles. In contrast, substan-
tially lower crystallinity (in terms of �Hm) for POE-g-
AA/clay-CP hybrids is obtained. The decrease in the

melting enthalpy for POE-g-AA can be associated
with the increase in the clay content. This result is
consistent with the data of other literature.1,17

Mechanical properties of hybrids

The variation of tensile strength at break with clay-
CPC content for POE-g-AA/clay-CPC hybrids is
given in Figure 6. Similar to the effect of clay-CPC
content on the thermal property, it can be seen from
Figure 6 that the tensile strength of POE-g-AA/clay-
CPC hybrids increases rapidly with the increasing of
clay-CPC content from 0 to 12 wt % and then ap-
proaches a stable value. The positive effect on tensile
strength may be due to the stiffness of the silicate
layers contributing to the presence of immobilized or
partially immobilized polymer phases12 and to the
nanoscale dispersion of silicate layers in the polymer
matrix. It is also possible that silicate layer orientation
as well as molecular orientation contribute to the ob-
served reinforcement effect. The slight increment in
tensile strength for the clay-CPC content above 12 wt
% could be attributed to the inevitable aggregation of
the clays in high clay content.

Figures 7 and 8 show the variations of elongation
and tensile strength at break with the starch content

Figure 5 Initial decomposition temperature versus clay-
CPC content for POE-g-AA/clay-CPC hybrids.

TABLE I
Melting Temperature and Melting Enthalpy of

POE-g-AA/Clay-CPC Nanocomposites at
Different Clay-CPC Contents

Clay-CPC (wt %) Tm (°C) �Hm (J/g)

0 83.2 36.3
3 82.4 25.6
6 81.9 23.2
9 82.7 21.5

12 81.7 10.8
15 81.3 9.7

Figure 6 Tensile strength at break versus clay-CPC content
for POE-g-AA/clay-CPC blends.
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for POE/starch, POE-g-AA/starch, and POE-g-AA/
clay-CPC/starch blends. It can be seen that the tensile
strength and the elongation of pure POE are both
decreased when it is grafted with AA. To further
understand the dispersibility of starch in these three
blends with different starch content, the starch phase
size was obtained from the SEM micrographs of the
respective blends and the result is summarized in
Table II. For POE/starch blends, both the elongation
and the tensile strength at break decrease continu-
ously and markedly from 870%/26.9Mpa to 220%/
6.8Mpa as the starch content is increased from 0 to 40
wt % (the black solid square symbols in Figs. 7 and 8).
Table II also shows that the starch phase size of POE/
starch blends increases remarkably with an increasing
of starch content. As might be expected, the POE/
starch blends will give poor mechanical properties
because of low adhesion and dispersivity between the
two immiscible phases (hydrophobic POE and hydro-

philic starch). It is evident that the mechanical prop-
erties strongly depend on the dispersion and the
phase size of starch in the POE matrix because the
larger starch phase size gives poorer adhesion and
compatibility between starch and POE. So, the deteri-
oration in mechanical properties of POE/starch
blends can be explained from the phenomenon that
the starch phase size of POE/starch blends increases
with an increasing of starch content.

For POE-g-AA/starch blends, as shown by the
black solid triangular symbols in Figure 7, the elonga-
tion at break also decreases continuously with an in-
creasing of the starch content, but they have larger
values of elongation than those of the POE/starch
blends. From the black solid triangular symbols in
Figure 8, a quite different behavior of the tensile
strength at break can be found, namely, the tensile
strength at break of the POE-g-AA/starch blends in-
creases with an increasing of starch content, although
POE-g-AA has a lower value of tensile strength than
that of the pure POE. It is also found that the POE-g-
AA/starch blends not only give larger values of ten-
sile strength than those of the POE/starch blends but
also provide stable values of the tensile strength when
the starch content is beyond 10 wt %. A contribution to
this result may be the better dispersion and smaller
phase size of starch in the POE-g-AA matrix (Table II).
This better dispersion may arise from the formation of
branched and crosslinked macromolecules, since this
POE-g-AA copolymer has anhydride groups to react
with the hydroxyls of starch. These macromolecules
have higher tensile strength, compared to the linear
ones, but lower elongation at break. Their presence
could also explain, in part, why the increase in elon-
gation at break was not as evident as in the tensile
strength of the blends.

For POE-g-AA/clay-CPC/starch blends (the black
solid circular symbols in Figs. 7 and 8), as compared to
POE/starch and POE-g-AA/starch blends, much en-
hancement on the values of elongation and the tensile
strength at break can be observed. The much better
mechanical properties provided by the POE-g-AA/
clay-CPC/starch blends may be coming from the
much smaller starch phase size, the nanoscale disper-

Figure 7 Elongation at break versus starch content for
POE/starch, POE-g-AA/starch, and POE-g-AA/clay-CPC/
starch hybrids.

Figure 8 Tensile strength at break versus starch content for
POE/starch, POE-g-AA/starch, and POE-g-AA/clay-CPC/
starch hybrids.

TABLE II
The Starch Phase Size of POE/Starch, POE-g-AA/Starch,

and POE-g-AA/Clay-CPC/Starch Blends
at Different Starch Contents

Starch
(wt %)

Phase size (�m)

POE/
Starch

POE-g-AA/
Starch

POE-g-AA/Clay-CPC/
Starch

10 4.5 1.5 0.8
20 8.0 2.0 1.0
30 12.5 3.0 1.5
40 16.0 3.5 1.8
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sion of silicate layers in the polymer matrix, and the
formation of the Si-O-C bond from the reaction be-
tween the POE-g-AA and the silicate phase of clay-
CPC.

CONCLUSIONS

To enhance compatibility, thermal properties, and me-
chanical properties of POE/clay nanocomposites, the
POE is modified with acrylic acid, and the clay min-
erals are pretreated by cetyl pyridium chloride before
blending. From the X-ray diffraction patterns, it can be
seen that the CPC can exfoliate the layer spacing of
clay into the nanometer size and enhance the diffusion
of the POE-g-AA chains into the silicate interlayers.
The FTIR and XRD spectra prove that acrylic acid is
really grafted onto the POE copolymer. TGA tests
show that the POE-g-AA/clay-CPC hybrids could
provide better thermal and mechanical properties
than the POE/clay-CPC ones. These positive effects
may be due to the stiffness of the silicate layers, the
nanoscale dispersion of silicate layers in the polymer
matrix (POE-g-AA), and the formation of the Si-O-C
bond between POE-g-AA and the silicate phase of the
clay-CPC. To improve the biodegradable property of
the POE/clay hybrids, starch is chosen as the organic
filler, and the results show that POE-g-AA/clay-CPC/
starch hybrids could markedly improve the thermal
and mechanical properties of POE/starch and POE-g-
AA/starch hybrids since the nanoscale dispersion of
silicate layers, the smallest starch phase size, and the
primary valence forces can be obtained in the POE-g-
AA/clay-CPC/starch hybrids. Finally, the partly bio-
degradable POE-g-AA/clay/starch nanocomposites
produced from our laboratory can provide a stable
tensile strength at break when the starch content is up
to 40 wt %.
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