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Abstract: This study has focused on the effect of nano particle ¢-alumina on the mechanical properties of
polypropylene composite was studied. The nano composites containing 1-5 wt.% of q-alumina nano particles
were prepared by using a Haake mternal mixer. Mixing was performed at 170°C and 30 rpm was set for the rotor
speed. Some properties such as tensile strength, flexural strength, young modulus and the elongation to break
were tested and were found to decrease with the addition of 2-3 wt.% «-nano alumina into the polypropylene
matrix. However, with further addition of up to 3 to 5 wt.% of c-nano alumina, these parameters increased. In
contrast, flexural modulus increased with an increase in the amount of ¢-nano alumina loading. When the
weight percent was increased from 2 to 3 wt.%, the flexural strength was slightly decreased.
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INTRODUCTION

Polymeric nano composites have been recently
established as an existing new class of materials that are
particle-filled, with at least one dimension of the dispersed
particles being in the nanometer range. They exhibit
superior mechanical performance and have improved
barrier properties at very low loading levels compared to
conventional filler composites (Vladimirov et al., 2006).
The key issues in the polymer nanocomposites are:
uniformed dispersion of nanoparticles against their
agglomeration due to the vanderwaals bonding in the
processing of nanocomposites, alignment of nanotube in
the matrix, volume fraction, manufacturing rate and cost
effectiveness (Huang et al., 2006). Researchers have tried
many methods to make polymer nanocomposites such as
situ intercalative polymerization and situ polymerization
in the presence of nanoparticles. With regard to the cost
effectiveness and feasibility of the available processing
techniques, melt-blending of nanoparticles with polymer
is still the optimal technique for mass production
(Zhao and 1.1, 2003).

In this study, nano alumina is chosen as the filler
because of its special combined chemical and physical
properties such as excellent resistance to heat and wear,
high specific strength and good oxidation resistance.

MATERIALS AND METHODS

Materials: The polypropylene used was provided by
Petronas Polymer Marketing and Trading Division,

Malaysia. Tts density was 900 kg m™. Tts melting
temperature and melt flow rate were 165°C and 11 g min™,
respectively. The unprocessed PP had a tensile strength
of 34 MPa and a flexural modulus of 1275 MPa. Alumina
nano particles used had an average particle size of
20-30 nm. The titanium dioxide powder used had a
minimum assay of 98%.

Compounding and processing: The nano alumina
powders were dried in an oven at 80°C for 4 h to expel the
mixture before blending with PP. Mixing of alumina with
PP was carried out by an internal mixer manufactured by
Haake, Germany at 175°C. The rotation speed was set at
30 rpm. The first step of mixing mnvolved the PP during
preheating time for 4 min. After the preheating phase, the
speed was maintained at 30 rpm for another 8 min of
processing time to ensure uniformed heat distribution
within the materials. Nano alumina filler was added at
8 min of processing time and titanium dioxide powder was
then added 2 min later. The melt-compounded of nano
alumina/PP composites were then compression molded by
using HSINCHU hot press machine.

Mechanical testing: Tensile tests were carried out in
accordance to ASTM D 638 using Instron Universal
Testing Machine 4302. A load capacity of 1 KN at the
cross head speed of 1 mm min™' was used Specimens
were formed into dumbbell shape and cut from the 1 mm
compression molded sheet with a Wallace die cutter.
Flexural test was done under 3 point band configuration
following ASTM D 790- 03 on Instron Universal Machine
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5565. The samples were in rectangular shape of
(50x12.7%3) mm” and the cross speed of 3 mm min™ was
applied.

RESULTS AND DISCUSSION

The effects of nano-AlLO, on tensile strength,
young's modulus and percentage of elongation to break
are shown in Fig. la-c. Having added the content of
nano-Al,0,;, the tensile strength decreased up to 2.0%
and then increased. Also, the modulus values decreased
at 1 wt% of the filler loading but a positive effect up to
2 wt.% filler loading was observed. There are two reasons
for the poor mechanical properties of nano-Al,O,
composites with pp:

¢+ The nano particles easily caused the formation of
filler agglomeration site within the matrix body which
later may act as the failure mtiation sites which could
facilitate the propagation of the crack or fracture.
Consequently, it will cause the decrease in the tensile
strength value

*  The surface of nano-ALO; particles 15 polar and pp 1s
nonpolar so that with the addition of nano-Al,O; to
the pp matrix, the interface between them becomes
incompatible

In the other words, the strength and the modulus of
the composite cannot be greater than of the unfilled
version, because the filler particles could not bear the
extra fraction of the external load (Wu et ai., 2002).

Based on Fig. 1c, the percentages of elongation at
break for pp/nane AlLO,; composites decreased with an
mcrease in the percentages of nano ALQ; loading up
to 2 wt.% and then with rising up to 3 to 5 wt.% of nano-
ALO,, the elongation to break slightly increased.
According to Fatemeh (2006), the stiffer the material, the
lower the percentages of the elongation at break will be
suppressed. This was attributed to the reduction in
deformability of a rigid interface between fiber and the
matrix. The dramatic reduction in the elongation at brealk
implies that the ductility of pp has been suppressed by
the presence of nano ALO, (Jeefferie, 2008).

Flexural test: The results of the flexural test are shown in
Fig. 2a and b. The strength values show a decrease of
up to 3 wt.% followed by an increase at higher loading.
From the plot, it can be observed that the nano-Al,O,
improves the flexural strength by developing the maximum
fiber stress during the deformation in a specimen, just
before it cracks or breaks. The ability to resist the
deformation under the constant load given, umproves
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with the presence of nano-AlLO; in the pp matrix. The
improvement occurred is considered significant relative to
the higher amount of the filler used. It 1s anticipated that
the flexural strength will further increase with the addition
of more than 3 wt.% of nano-Al,0, loading, if and only if
the interfacial adhesion between nano-Al,O, and its
polymer matrix 1s very well compatible and adhered
between each other (Zhou et al., 2007).

Flexural modulus of nano-Al,Q./pp composites
showed a remarkable pattern of increasing in their plot,
drastically up to 2 wt.% of nano-Al,0, addition after it
slightly reduced at 3 wt.% of nano-Al,O, loading and then
improved up to 3 to 5 wt.% of nano-Al,0, loading. The
decreasing values of flexural strength and modulus
might be due to the structure non-homogeneity structure
of the mixture and/or existence of a weak bonding
interface between the nano-Al,0, and surrounding matrix
(Lau et al., 2003).

CONCLUSION

The ALO, nanoparticles were dispersed in the PP
matrix by mternal mixing method. The results of
mechanical measurements revealed that tensile, flexural,
impact strengths and elongation at break reduced
when 2-3 wt% of nano AlLO, loading were added.
However, when the weight of g-nano AlLO, mcreased
up to 3 to 5 wt%, these values were improved. Both
Young's and flexural modulus of nano ALO./pp composite
increased with the addition of e-nano Al,Q, compared to
untreated pp.
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