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Abstract Electrical and mechanical properties of the blend un saturated polyester — poly methyl methacrylate (UPE —
PMMA) after consolidation nanoscale zinc oxide in terms of weight percentage have been studied. Mechanical — layup
Liquid mixture method to prepare polymer blend coupled with ultrasonic technique to distribution and dispersion of the
nanoparticles within the polymeric blend to get the best homogeneity was used. Impedance analyzer device for a range of
frequencies (5-50 MHz) for the purpose of making electrical tests have been used. Micro hardness device was used to
examine the micro hardness, as well as Universal Machine device was used to the examination the bending strength. The
results of the examination of the electrical properties of a clear improvement in the values of capacitance, dielectric constant,
resistance, resistivity, electrical conductivity with increasing the weight ratio of zinc oxide. Mechanical properties test results
also showed a positive increase in the hardness and durability of bending and a clear increase in the values of the elastic

modulus values with increasing the percentage of zinc oxide at room temperature.
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1. Introduction

Zinc oxide (ZnO) is a technologically important
semiconducting material having unique physical and
chemical properties. A wide and direct band (0.37eV), large
exciton binding energy (60 meV), high electron mobility
and high thermal conductivity makes it suitable for a wide
range of device applications [1]. The study of the electrical
properties of ZnO nanostructures developed their future
applications in nanoelectronics. The electrical properties of
ZnO resulting from point native defects as oxygen
vacancies (Vo) and zinc interstitial (Zni+) [2]. Generally,
the electrical properties of a nanostructure material depend
on high surface to volume ratio of grains, small size,
enhanced contribution from grain and grain boundaries,
band structure modification, defect and quantum
confinement of charge carriers [3]. A relatively small
change in concentration of native point defects and
impurities (down to 10-14 cm-3 or 0.01ppm) significantly
affect the electrical and optical properties of ZnO [1].
Doping is a suitable and facile method to tune the electrical,
optical, magnetic, piezoelectric and electronic properties of
ZnO [4].

Composites have attracted attention of material
scientists as it can combine advantages of different
materials. In recent years, material scientists are looking for
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nanocomposites based on polymer matrix due to several
added advantages. The advantages include balanced
physical and mechanical properties, ease of process ability
and low production cost [5]. Many previous works have
been carried out to improve the optical and electrical
properties of polymers through suitable doping [6, 7].
Polymer based dielectric materials can give flexible and
light weight electrical devices. It is discovered that
nano-particles like AlI203, TiO2, SiO2 ZnO etc.
heterogeneously distributed within the polymer matrix can
enhance dielectric properties [8]. The effects of inorganic
fillers on properties of the composites strongly depend on
filler size and shape, type of particles, the fraction surface
characteristics, and degree of dispersion [9]. Various
nanoscale fillers, including montmorillonite, silica, calcium
carbonate, and some metal oxides have been reported to
enhance the mechanical properties, thermal stability,
electrical properties, gas barrier properties, and flame
retardancy of the polymer matrix [10]. Among various
metal oxide fillers, nano zinc oxide (ZnO), zirconium oxide
(Z2rO2) and cerium oxide (CeO2) fillers have attracted
considerable attention because of the unique physical
properties as well as their low cost and extensive
applications in diverse areas [11]. The Electrical properties
of polymer have been studied by Baker and Thomas. They
studied the effect of the addition of Ag+ ions to cellulose
acetate. The result showed that the addition of ions not only
increases conductivity but also increases the glass transition
temperature. They studied the activation energy of
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conduction and the effects of the ionic concentration of the
ion on the electrical conductivity [12].

2. Theoretical Approach

The electrical properties of the neat and nanophase
polymer blend were measured by using an Agilent 4294-A
precision impedance analyzer. The nanocomposites were cut
into disc with dimension of 20 mm x4 mm (diameter, and
thickness). The measurement was carried out at frequencies
from 50 Hz to 5 MHz at room temperature. In the
measurement, the impedance of the sample at each
frequency was measured and recorded. The resistivity of the
nanocomposites was calculated using the measured
impedance and the geometry of the sample [13]. The
impedance is given by the Equation:
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Where R is resistance, C is the capacitor’s capacitance and

f is frequency. The resistance and capacitance are given by:
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Where ¢ is the permittivity of the dielectric and p is the
resistivity. Both of them are material parameters. A, and V
are area and volume of sample, respectively [14].

Flexural tests were performed according to ASTM
D790-86 under a three-point bend configuration. The tests
were conducted in a 10 KN servo-hydraulic testing machine
equipped with a test was data acquisition system. The
machine was run under displacement control mode at a cross
head speed of 2.0 mm/min. All the tests were performed at
room temperature. Test samples were cut from the panels
using saw fitted with a diamond coated steel blade. Five
replicate specimens from four different materials were
prepared for static flexure test. For linear elastic materials,
the stress, o is related to the strain, ¢ by Young’ modulus, E
(Hook’s law) [15]:
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Where, |, engineering bending momentum, w, width of
samples, x, thickness of sample, g, gravity, I, sample length.

Flexural modulus is calculated from the slope of the stress
against deflection curve. Bending strength test ASTM D
-790 [15]:
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F, the ultimate load at fracture, |, the distance of the

supports.

The hardness tests involve the use of a static diamond tip
under a specific load, over a tested material and over a
specific period of time, which forms an indent after removal
of the load. This indent is microscopic and in a Vickers

hardness test, the shape resembles a pyramid-square shaped
impression. Vickers hardness number (VHS) of materials is
obtained by dividing the applied force L, in Kgf, by the
surface of the pyramidal depression yielding the relationship
ASTM E-92 -82 [16]:

HY, = (1.8544) @

Where, S is the average length of diagonals in mm. Due to
the shape and hardness of indenter the method is applicable
to metals and alloys with wide variety of hardness. Test load
is selected between 1 and 120 Kgf depending on the hardness
of materials. It is also possible to apply micro hardness
testing by keeping the force between 5 grf and 2 Kgf in
Vickers scale.

3. Materials and Methods

The polymer UPE is supplied by Don Construction
Products (DCP), commercially in the form of liquid, low
viscosity, good adhesion. The ratio between resin and
hardener for this study is 100g: 2g by weight. The polymer
blend prepared 80% UPE with 20% PMMA. Nano ZnO is 52
nm diameters and its purity is 99.5% manufactured by
(Nanjing Nano technology). Nanocomposites samples have
been prepared by adding well dispersed nanoparticles to the
polymer blend. The zinc oxide nanoparticles have been
dispersed in acetone using ultrasonic technique for 30 min.
Then the suspension was added to the polyester resin
blended with 20% PMMA. The mixtures have been further
ultrasonicated for another 30 min. and cold casted in Teflon
molds (d=10mm, 1=30mm). For curing, the samples have
been placed in oven for 8 hr. at 100 <C to be ready for various
tests and measurements.

4. Results and Discussion

The application of conductive nanoparticles to an
insulating polymer matrix is supposed to induce an electrical
conductivity, when the volume fraction exceeds the
percolation threshold. The results in Figures (1, 2 and 3) are
shown the resistivity of the neat and nanophase polymer
blend at frequency 1MHz. In this Figures, the impedance
results of each specimens are consistent, even some
specimens are not very uniform. A dramatic decrease in
resistivity has been found in nanocomposites, with only 1
wt. % ZnO, resistivity of polymer blend decreased from 10*
Q.m of neat to 3x10° Q.m for nanocomposites. From
experimental results resistivity, permittivity, and capacity of
nanocomposites were ploted them as function of ZnO
content. As we expected, resistivity decreased, and
permittivity with capacity increased with increasing of ZnO
percentages. The effect of frequency on resistivity
impedance of the sample decreases significantly with
frequency at frequencies higher than 100 KHz, of nanophase
polymer blend. It is interesting that the indicating that at high
frequency the impedance of the sample is dominated by the
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capacitance of the polymer matrix. Therefore, it is possible
to determine a broad frequency of the electrical connectivity
between the nano- ZnO and polymer blend by using the
complex resistivity of the sample at different frequencies
over range as shown in Figure 4. Figure (5) showed the
electric resistance at LMHz decreases with increases weight
percentage of nano — ZnO.

Experimental results of bending strength behaviour from
the flexural tests shown in Figures (6). All specimens failed
immediately after the stress reached the maximum value.
The stress curves showed considerable non-linearity before
reaching the maximum stress, but no obvious yield point was
found in the curves. Five specimens were tested for each
condition. The bending strength — weight percentage
relationship displays a clear mechanism according to the
kind of additives. Where, it can be observed rupture
mechanism with respect to nano-additives. It is shown, that,
there are two kind of bonding between the matrix and the
additives; weak — bond and strong - bond. The
nanocomposites were broken through shearing fracture
mechanism with brittle fracture kind and this good
agreement with [17].
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A considerable improvement of hardness is observed by
the nanophase UPE/PMMA in comparison to pure blend
resin sample. Pure blend resin samples show hardness of 16
MPa while nanocomposites have hardness value of 52 MPa
which is 68.3% more than of blend resin sample as shown in
Figure 7. The continuous increase of the nanoparticle content
results in increasing the number of high strength
reinforcements inside the nanocomposites, it thus increasing
their hardness property. High strength reinforcements may
result in forming a network structure that improves the
hardness of the nanocomposites, this result is in agreement
with that obtained by [18].

5. Conclusions

Ultrasonic cavitation is an efficient method of infusing
ZnO nanoparticles into UPE/PMA blend resin when ZnO
weight percentages are lower than 4 wt. %. Above the 4
wt. %, ZnO agglomerated. The frequency dependent
behavior of nano ZnO /UPE - PMMA can be described by
using as R-C circuit model. The resistivity of polymer blend
decreased with nano ZnO content, and permittivity increased
with increasing of fillers. Compared to neat UPE-PMMA
blend, mechanical properties results indicated a 93%

improvement in storage modulus in 4 wt. % nanocomposites
at room temperature. Flexural modulus steadily increases
with higher ZnO weight percentage. Modulus improved by
15% with an addition of a 0.4 wt. % of a ZnO. Flexural
strength peaked in a 4 wt. % nanocomposites.
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