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Ethylene-vinyl acetate (EVA)/Al2O3 nanocomposites were prepared by means of a “one-pot” process. The structures and
morphologies of EVA/Al2O3 nanocomposites were characterized by field emission scanning electron microscopy (FESEM),
Fourier transform infrared spectroscopy (FT-IR) and scanning electron microscopy (SEM). The mechanical and rheological
properties of EVA/Al2O3 nanocomposite materials were investigated. FESEM results indicate that Al2O3 nanoparticles with a
particle of about 20 nm are homogeneously dispersed in the EVA matrix. SEM studies show that EVA/Al2O3 nanocomposites
transform from brittleness to toughness when ruptured. FT-IR results demonstrate that Al2O3 nanoparticles link with EVA
through a chemical bond. Compared to that of the pure EVA, the tensile strength and elongation at fracture of EVA/Al2O3

nanocomposite material with 1.5% Al2O3 fillers increase by 25.4% and 12.1%, respectively. The apparent viscosity of EVA/
Al2O3 nanocomposite melts is lower than that of the pure EVA, which effectively improves the process fluidity of the EVA/Al2O3

nanocomposites.
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Introduction

In recent years, polymeric-inorganic nanocomposites
have aroused people’s extensive attention [1-8]. These
nanocomposites are where nanoparticles are homo-
geneously dispersed in the polymer matrix, and these
nanoparticles include SiO2, Al2O3, TiO2, CdSe, mont-
morillonite, etc. These nanoparticles have a particularly
small size effect, quantum size and quantum tunnel
effects, surface and volume effects, and their appearance
provides a new method for polymeric materials to have
excellent performance [9-14]. Al2O3 possesses favorable
physical and chemical properties such as high strength,
hardness, elastic modulus and excellent resistance to
thermal and chemical environments. However, its ap-
plications are somewhat limited because of poor tough-
ness and inferior thermal resistance [15]. Recently some
researchers have studied the intercalated nanocompo-
sites in which EVA is used as the polymer matrix [16-
19]. EVA possesses excellent flexibility, impact resilience,
optical properties, low temperature-resistance, and is
widely used in making packing film and electrical cable
sheathing. Tang et al. [16] demonstrated that the heat
release rate (HRR) of EVA/montmorillonite nanocom-
posite was 40% lower than that of pure EVA. Qiu et al.
[17, 18] revealed that the limit oxygen index (LOI) of

EVA/Mg(OH)2 nanocomposite was 59.6% higher than
that of EVA/Mg(OH)2 microcomposite. Tian et al. [19]
indicated that compared to that of pure EVA, the tensile
strength and tear strength of EVA/montmorillonite nano-
composite increased by 10.8% and 11.6%, respectively.

In this study, EVA/Al2O3 nanocomposites were pre-
pared by means of a “one-pot” process, the structures
and morphologies of EVA/Al2O3 nanocomposites were
characterized, and the mechanical and rheological pro-
perties of EVA/Al2O3 nanocomposite materials were
analyzed. 

Experimental

Ethylene-vinyl acetate copolymer (EVA, containing
15% vinyl acetate) was purchased from Tosoh Corpo-
ration, Japan. Al2O3 with a particle of about 10 nm was
supplied by the key laboratory of automobile materials
in Ministry of Education, Jilin University, China. YGO-
1203 vinyltriethoxysilane coupling agent (CH2=CHSi
(OC2H5)3) was obtained from the Harbin research insti-
tute of the chemical industry, Heilongjiang Province,
China. Pure analytical grade olefin and ethanol were
used.

EVA, vinyltriethoxysilane coupling agent, olefin and
Al2O3 nanoparticles were premixed in the appropriate
proportion at 60 oC. The mixtures were subsequently
put into a twin-roll mill, and melt-mixed for 10 minutes.
Eventually, the resulting samples were taken out. The
samples were melt-mixed once again for 10 minutes,
and ultimately hot-pressed into sheets of 2 mm thick-
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ness under 12 MPa for 5 minutes at 150 oC. The
temperature of the mill was maintained at 110 oC, and
the rotation speed was retained at 100 rpm. 

The particle size and the dispersion of Al2O3 nano-
particles were imaged using a XL30 field emission
scanning electron microscopy (Micrion/FEI/Philips,
America) at an acceleration voltage of 20 kV and expo-
sure time of 40 s. The sample structures were analyzed
using a 360 Fourier transform infrared spectroscopy
(NICOLET, America). The tensile strength and elonga-
tion at fracture of samples were examined using a
WSM-5K omnipotence mechanical testing machine at
a strain rate of 50 mm/minute, and the average value of
five samples was taken with a standard deviation of
less than 6%. The morphologies of ruptured surfaces of
samples were observed using a LINK-ISIS JSM5310
scanning electron microscopy (OXFORD, United Kingdom)
at an acceleration voltage of 15 kV and exposure time
of 40 s. The rheological properties of samples were
tested at 170 oC using a XLY-capillary rheometer with
an aspect ratio of 40/1. 

Results and Discussion

Morphological analysis
The FESEM pattern of an EVA/Al2O3 nanocomposite

material with 1.5% Al2O3 fillers is shown in Fig. 1. It
is observed that Al2O3 nanoparticles are homogeneous-
ly dispersed in the EVA matrix. This implies that no
agglomeration of Al2O3 nanoparticles exits in the EVA
matrix. The particle size of Al2O3 nanoparticles was
about 20 nm. Al2O3 nanoparticles have a small size,
high specific surface area, Lewis-acid character, and
intense surface activity. Al2O3 nanoparticles achieve a
nanometer scale dispersion by means of a “one-pot”
process, which further enhances the properties of these
nanocomposites. 

The SEM pattern of a fractured surface of pure EVA
is shown in Fig. 2. SEM studies indicate that the

fractured surface of pure EVA is flat and smooth, dis-
plays a regular layered structure perpendicular to the
tensile direction, the matrix in the inner necks ruptures,
and pure EVA possesses the characteristics of brittle-
ness fracture. 

The SEM pattern of a fractured surface of EVA/
Al2O3 nanocomposite material with 1.5% Al2O3 fillers
is shown in Fig. 3. SEM studies indicate that the
fractured surface of the nanocomposite is rugged,
possesses obvious fiber-like threads, and reveals the
characteristics of more ductile fracture. The net struc-
tures and quite regular cracks indicate that the tensile
fracture does not occur at the boundaries of the Al2O3

nanoparticles, and gives the enhanced toughness effect.

Structural analysis
An FT-IR pattern of Al2O3 nanoparticles is shown in

Fig. 4. The absorption peaks at 3430 and 1635 cm−1 are
ascribed to the stretching vibration and distortion vibra-
tion of the hydroxyl (O-H) group, respectively. This
clearly indicates that many O-H groups are on the
surface of Al2O3 nanoparticles, this is mainly due to the
intense absorption effect of Al2O3 nanoparticles.

The FT-IR patterns of the pure EVA and the EVA/
Al2O3 nanocomposite with 1.5% Al2O3 fillers are shown

Fig. 1. FESEM pattern of EVA/Al2O3 nanocomposite material
with 1.5% Al2O3 fillers.

Fig. 2. SEM pattern of a fractured surface of pure EVA. 

Fig. 3. SEM pattern of a fractured surface of the EVA/Al2O3

nanocomposite material with 1.5% Al2O3 fillers.
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in Fig. 5. It is observed that a Si-C absorption peak
appears at 868 cm−1, and a C=C absorption peak of the
vinyltriethoxysilane coupling agent does not appear.
This clearly indicates that the vinyltriethoxysilane
coupling agent chemically cross-links with the EVA. It
is noted that O-H absorption peaks do not appear at
3430 and 1635 cm−1 when Al2O3 nanoparticles are pre-
sent in the EVA matrix. This clearly reveals that the
vinyltriethoxysilane coupling agent reacts with the
hydroxyl groups. The above results demonstrate that
under the effect of the bipolar group of vinyltriethoxy-
silane coupling agent, a definite chemical bond structure
emerges between the active end of the EVA and the O-
H group on the surface of Al2O3 nanoparticles. The reac-
tion processes of EVA matrix and Al2O3 nanoparticles
are as follows:

(1) Vinyltriethoxysilane coupling agent hydrolyzes
into silanol in air.

CH2=CHSi(OC2H5)3 → CH2=CHSi(OH)3

(2) The silanol reacts with O-H on the surface of
Al2O3 nanoparticles, and with the active end of EVA to
create the cross-linked copolymer.

Mechanical properties
The influence of the Al2O3 content on the tensile

strength of EVA/Al2O3 nanocomposites is shown in
Fig. 6. The tensile strength of the pure EVA is 22.30
MPa, and the tensile strength of the EVA/Al2O3 nano-
composite with 1.5% Al2O3 fillers is 27.97 MPa, that is
it increases by 25.4%. It is observed that the nano-
composites exhibit a trend with increasing content of
Al2O3. This clearly indicates that the vinyltriethoxysilane
coupling agent has improved the compatibility between
the EVA and Al2O3, and results in an increase in tensile
strength. However, at a higher content of Al2O3, i.e.
more than 1.5% the tensile strength starts to decrease.
The sharp drop in tensile strength at a higher concen-
tration of Al2O3 may be due to the agglomeration of
Al2O3 nanoparticles. 

The influence of Al2O3 content on the elongation at

Fig. 4. FT-IR pattern of Al2O3 nanoparticles.

Fig. 5. FT-IR patterns of the pure EVA and the EVA/Al2O3

nanocomposites.

Fig. 6. Influence of Al2O3 content on the tensile strength of EVA/
Al2O3 nanocomposites.

Fig. 7. Influence of Al2O3 content on the elongation at fracture of
EVA/Al2O3 nanocomposites.
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fracture of EVA/Al2O3 nanocomposites is shown in
Fig. 7. The elongation at fracture of the pure EVA is
1050.00%, and the elongation at fracture of the EVA/
Al2O3 nanocomposite with 1.5% Al2O3 fillers is the
highest, that is, 1176.17%, i.e. it increases by 12.1%. 

From the above tests, it is shown that the mechanical
properties of EVA/Al2O3 nanocomposites are superior
to that of the pure EVA. 

Rheological properties
The influence of the shear rate on the shear stress of

EVA/Al2O3 nanocomposites at 170 oC is shown in Fig.
8. It is observed that the shear flow of low Al2O3-filled
nanocomposites meets the relation of a power law in
principle, namely it can be expressed by τ = Kn, where
τ is the shear stress; K is the consistency coefficient; is
the shear rate; and n is the rheological index. The
rheological indices of EVA/Al2O3 nanocomposite melts
are shown in Table 1. It is noted that the rheological
indices of the EVA/Al2O3 nanocomposites are all less
than 1, the rheological index of the EVA/Al2O3 nano-
composite with 1.5% Al2O3 fillers is the lowest, that is,
0.47, and the nanocomposites still exhibit the pseudo-
plastic flow. 

The influence of the shear rate on the apparent visco-
sity of EVA/Al2O3 nanocomposites at 170 oC is shown
in Fig. 9. It is seen that the apparent viscosity of the
EVA/Al2O3 nanocomposites decrease along with an
increase of the shear rate. Compared to that of the pure
EVA, the flow curves of the EVA/Al2O3 nanocomposites
obviously shift downwards. This indicates that the
EVA/Al2O3 nanocomposite melts present pseudoplastic

flow characteristics of shear thinning, and the apparent
viscosity of EVA/Al2O3 nanocomposite melts is lower
than that of pure EVA, which effectively improves the
process fluidity of EVA/Al2O3 nanocomposites. 

Conclusions

Ethylene-vinyl acetate (EVA)/Al2O3 nanocomposites
were prepared by means of a “one-pot” process. Al2O3

nanoparticles with a size of about 20 nm are homo-
geneously dispersed in the EVA matrix, and linked with
EVA through chemical bonds. EVA/Al2O3 nanocom-
posites transform from brittleness to toughness when
fractured. The mechanical properties of EVA/Al2O3 nano-
composites are superior to that of the pure EVA. The
tensile strength and elongation at fracture of EVA/
Al2O3 nanocomposite material with 1.5% Al2O3 fillers
increase by 25.4% and 12.1%, respectively. The apparent
viscosity of EVA/Al2O3 nanocomposite melts is lower
than that of pure EVA, which effectively improves the
process fluidity of EVA/Al2O3 nanocomposites. 
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