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Abstract

Cellulose acetate (CA) and CA blended with molybdenum trioxide MoOz nanoparticle at concentration of (0.0, 0.25, 0.5 &
1.0 wt. %) prepared by casting method. Ac conductivity and dielectric properties were studied. Our results indicated that the
conduction mechanism of CA and CA blended with different concentration of MoOs nanoparticle is controlled by the correlation
barrier hopping (CBH) model. The ac conductivity was observed to increase by adding MoOs nanoparticle which explained by
the network formed as the nanoparticle gets closer to each other as the concentration increase. The maximum barrier height was
calculated and found to decrease by increasing MoOs nanoparticle from 0.15 t0 0.12 eV. The analysis of the dielectric constant
and dielectric loss suggested that their behavior can be explained by Maxwell-Wagner—Sillar type polarization at high
frequency. At low frequency the polarization is high as a result of interfacial polarization. Arrhenius equation was used to
calculate the activation energy of relaxation which found to decrease by increasing MoOs nanoparticle.

Keywords: Cellulose Acetate; MoOs; Ac conductivity; Nanoparticle; Dielectric properties.

1. Introduction

The blending of different polymers is one of the
most important ways to design a material with a wide
variety of characteristics [1]. CA own potential
compatibility, good dielectric constant and have
excellent optical and mechanical properties. CA is
used to manufacture fibers, films, laminates,
adhesives, coatings, plastic products, and tactile
actuators [2- 4]. The implementation of nanoparticles
inside the polymer matrix has proved to be very
helpful in manipulating different morphological,
physical, and chemical properties in the way of
supporting industrial applications. Blending polymer
with transition metal oxide nanoparticles enhancing its

properties remarkably. These materials are good for
applications in industry as catalysts, sensors,
lubricants, display devices, smart windows, battery
electrodes, etc. [5-8]. MoOs; is an n-type
semiconductor transition metal oxide which have a
band gap of 3.15 eV. It has a wide range of
applications such as in smart windows, gas sensors,
imaging devices, electrochromism, photochromism, ,
electrocatalysis, heterogeneous catalysis, , field-effect
transistors, electrodes of rechargeable batteries, and
supported catalysts [9, 10]. Dielectric studies in
relation to polymer films are of special interest
because of their possible technical applications for
insulation, isolation, and  passivation in
microelectronic circuits. The dependence of the
dielectric properties on temperature and frequency
give precious data on the chemical and physical state
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of the polymer [1]. Ac and dielectric properties for thin
film of pure CA and CA with different concentration
of erbium (II1) chloride (ErCI3) were studied and
reveal that Correlated barrier hopping model was the
dominant mechanism for study pure CA [12].
Influence of iron doping and its concentration on the
dielectric characteristic of cellulose acetate films was
studied. Doping with Fe was observed to decreases the
dielectric capacitance as well as the dielectric loss was
observed to increase by doping CA with Fe [13].
Molybdenum trioxide nanoparticle with different
concentration was used in blending PVA/PVP
polymer nanocomposites and it was seen that the
dielectric and electrical properties were improved with
the addition of MoOs- nanoparticle (NPs) [14].
Accordingly, the present study introduces the
influence of blending CA with various concentrations
of MoOs-NPs on ac conductivity and dielectric
properties of pure CA as a function of frequency and
temperature. The dielectric study of the blending is an
important step toward further application of this
important material.

2. Experimental

CA and MoOs-NPs were purchased from Aldrich
company, Inc., USA. Cellulose acetate with 39.7 wt.%
acetyl content. Meanwhile, dimethyl sulphoxide was
purchased from Labscan Ltd., Unit. However, CA and
CA/Mo00O3-NPs blend materials were prepared by
previously used casting technique [15]. Where, 1g of
CA powder was dissolved in 20ml of Dimethyl
Sulphoxide with MoO3s-NPs with concentrations
varying of (0.0, 0.25, 0.5and 1.0 wt %). The solution
was then stirred under a fixed mechanical stirring with
a moderate speed of spin for about two hours at 40°C
with continuous stirring in the way to form a
homogeneous solution and to assure that CA was
completely dissolved. The blended solutions were
casted carefully on glass plates and placed on a table
waiting for about two hours in air to get rid of the air
bubbles. The casting solution was then placed in a
dryer at 60 °C for about three days to be dried. Then
the dried samples were carefully taken off from the
glass plates using a sharp knife. AC electrical
measurements were performed by using a
programmable automatic LCR Bridge (model Hioki
3532-50 Hi-tester) in the frequency range of 42 HZ to
5MHz. The sample was placed in a gold holder
specially designed to minimize stray capacitance. The
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temperature of the sample was measured by a
thermocouple over a temperature range of 313 to 373
K. For the sample under investigation, the impedance,
Z, the capacitance, C, and the phase angle, @, were
measured directly. The total conductivity was
calculated from the following equation: ¢ (w, T) =
d/ZA., where d is the thickness of the sample and A,
is the cross-section area. The dielectric constant, €
(w), was calculated from the equation: & (w) =
dC/As,, where &, is the permittivity of free space. The
dielectric loss, £ (), was calculated from the equation:
€= ¢’ tan 8, where 5=90-@ [16].

3. Results and Discussions

Electrical conductivity is a prominent factor which
gives reliable data about the transport phenomenon in
materials. Figure 1 (a, b, ¢ & d) shows the natural
logarithm of the total electrical conductivity ¢ (o, T)
vs. In (o) at different temperatures for CA blended
with different concentration of MoOs3-NPs. The
figures indicate the typical characteristic of many
solids (semiconductors, glasses, ionic conductors and
organic materials) where ¢ (o, T ) is approximately
practically constant at low frequency and after a
specific frequency, it increases with power law by
increasing the frequency. The ¢ (®, T) for CA with
different concentration of MoOs-NPs. can be studied
under the consideration of Jonscher’s universal
dispersion relaxation (Jonscher’s UDR) mathematical
expression [16, 17, 18]:

2 (0, 1) =0dc (0, t) + oac (m, t) = 04c (t) + A ©° (D)

where oqc (T ) is the DC conductivity which is
resulted by the long-range motion of electrical charge
carriers which is independent of frequency and
dependent on temperature and determined from the
interception of the curve of the total conductivity with
y-axis, oa is the ac conductivity is resulted by the
relaxation or polarization conductivity which is
frequency dependent and weakly temperature-
dependent and is equal to A®®, A is a constant that
depends on temperature and composition and s is the
frequency exponent that can take the value range of
0<s<1. The frequency exponent s is very important in
investigating the dominant electrical conductivity
mechanism for the studied material [17, 19].
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Fig. 1. Frequency dependence of total conductivity ctot (w) for (a)
pure CA, (b) CA with 0.25wt.% MoO3-NPs (c) CA with
0.5 wt.% MoO3z-NPs and (d) CA with 1.0 wt.% MoOs-NPs
at different temperatures.
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Ac conductivity is calculated for CA with different
concentration of MoO3-NPs from total conductivity by
using equation (1). The values of the frequency
exponent, s, is calculated from the slope of the straight
lines of In o4 Versus In (o) which is illustrated in
figure 2 (a, b, c and d) as a function of temperature. As
found in figure 2 (a, b, ¢ & d). The ac conductivity was
found to increase upon adding MoOs-NPs and then
increased upon increasing its concentration which can
be attributed to that the metal oxide nanoparticle gets
closer to each other as its concentration increase and
make a conduction network which make the motion of
charge carrier getting easier within the polymer matrix
[20].
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Fig. 2. Frequency dependence of AC conductivity cac(o) for (a)
pure CA, (b) CA with 0.25wt.% MoO3;-NPs (c) CA with
0.5 wt.% MoOs-NPs and (d) CA with 1.0 wt.% MoO3z-NPs
at different temperatures.

The value of s was calculated from the slope of the
straight-line curve of In o, versus In . It is observed
that the value of s for pure CA decreases with
increasing the temperature from 0.66 to 0.45 which is
in a good agreement with the previous result of pure
CA[12]. Correlated barrier hopping model (CBH) was
found to be the most suitable mechanism to describe
the AC conductivity of CA in the studying range of
temperature [21]. The value of frequency exponent S
was found also to decrease with increasing the
temperature for CA with different concentration of
MoOs3-NPs as it decrease from 0.71 to 0.48, 0.73 to
0.49 and 0.75 to 0.5 for MoO3-NPs concentration of
0.25wt.%, 0.5 wt.% and 1.0 wt.% respectively which
indicate that also CBH model is also the dominant
mechanism for the blended samples. The variation of
the frequency exponent s with temperature for CA
with different concentration of MoO3-NPs is shown in
fig.3.
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Fig. 3. Variation of frequency exponent s with temperature for CA
with different concentration of MoOs;-NPs
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According to Elliott’s CBH model, the electrical
conductivity osc due to bipolaron hopping to a first
approximation is given by [21]:

0uc = N ) ) i @)

where ¢ is the dielectric constant of the material, e
is the electronic charge, t, is the effective relaxation
time which expected to have a value of the order of an
inverse phonon frequency (=10-13 s) and Wm is the
maximum barrier height over which the electrons hop
energy gap between valence band “m-band” and

conduction band “m*-band” and is given by:
6kpT

" @)

The value of Wm can be calculated from the slope
of the straight-line fitting of the relation between T vs

1-S and it was reported that Wm is equal to the
band gap Eg, for the material of conduction by
bipolaron hopping. For the case of single polaron
transport, the value of Wm in the CBH mechanism is
equal to one quarter of Eg [21, 22]. In our case the
value of Wm differ from the value of the energy gap
calculated in our previous work [15] may be owing to
many factors were not taken into consideration in
CBH model such as; the structure characteristics of the
material such as the average grain size, orientation,
defect distribution, phase content, and charge carriers
density. The values of Wm for CA with different
concentration of MoO3-NPs is shown in table (1).
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Fig. 4. Variation of maximum barrier height Wm with temperature
for CA with different concentration of MoO3-NPs

Table 1. The variation of maximum barrier height Wy, with
MoO,;-NPs concentration

Wit%

W, (eV
M003 (e )
0 0.2
0.25 0.14
0.50 0.13
1.00 0.11
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The temperature dependence of o, is represented
by the well-known Arrhenius equation:

AEqc
Ogc = Op exp(KbT) (4)

Where, g, is a pre-exponential factor and AE,, is
the thermal activation energy for ac conduction.
Activation energy for CA with different concentration
of MoOs-NPs was determined from the slope of the
relation between 1000/T vs In g, as shown in Fig. 6
(a,b,c,d).
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with 0.5 wt.% MoO3s-NPs and (d) CA with 1.0 wt.% MoOs-
NPs at different frequencies.

Figure 6 represent the thermal activation energy as
a function of frequency which indicate that the
activation energy decreases by increasing frequency in
the range (5 KHz—4.5 MHz) which attributed to the
increase in frequency which improve the electronic
jumps between localized states and therefore the
activation energy decreases with increasing frequency
which also indicate that the hopping conduction is the
dominant mechanism [23].
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Dielectric properties

The variations of real and imaginary parts of
complex dielectric constant at different temperatures
are analyzed by dielectric dispersion studies. The
dielectric constant is accompanied with the
polarization of the material under the influence of AC
field [24]. The frequency dependence of the real part
of the dielectric constant & (o) at different
temperatures for CA with different concentration of
MoOs3-NPs is shown in figure.7 (a, b, ¢ and d). The
figure shows a relatively high dielectric constant at
low frequency which is caused by interfacial
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polarization as a result of the orientation of polar group
C-OCOCH3 with varying electric field [13]. This
dielectric constant is observed to decrease with
increasing frequency reached a constant value at high
frequency which can be attributed to that the polar
group have sufficient time to align with the field at
low frequency before it changes direction. At very
high frequencies the dipoles do not have time to align
before the field changes direction. At intermediate
frequencies, the dipoles move but have not completed
their movement before the field changes direction and
they must realign with the changed field. This
behavior can be explained by the Maxwell-Wagner—
Sillars process [25]. It was observed from the figure
that dielectric constant increase with increasing
MoOs-NPs which is due to the enhanced polarization
occurs as a result of the dipole—dipole interaction
between the polymer and metal oxide nanoparticles.
Also, the efficient interfacial interaction between the
metal oxide nanoparticles and the polymer drive to the
uniform conformation of the macromolecular chain of
polymer, which is also responsible for the increasing
of dielectric constant value of the blend [26].

As shown in figure dielectric constant for all
samples was observed to increase with increasing the
temperature which can be occurred due to that at low
temperature segmental motion of polymer chain is
practically freeze and will keep low dielectric constant
but when the temperature increase, the intermolecular
forces between polymer chain will be broken which
will increase the segmental motion [25, 27].
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Figure 8 (a, b, ¢ & d) represent the variation of
dielectric loss €”'(®) as a function of In ®. The figure
shows a relaxation process for all samples. The
relaxation peak for CA was previously obtained [13].
It is also observed that the peak frequency was shifted
to higher frequencies with an increase in temperature.
This characteristic suggests the existence of relaxation
dipole in all samples.
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The activation energies of relaxation are calculated
from the relaxation peak of dielectric loss in figure 8
according to the following equation [28]:

O = woexp(2) (5)

Where w, is the frequency at the relaxation peak;
w,is a constant. The activation energy of relaxation is
calculated from the slope of the straight-line fitting of
the relation between In w,,, and 1000/T. The relaxation
activation energy was observed to decrease with
increasing MoOs-NPs concentration which is shown
in the onset figure.
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4. Conclusions

This work aimed to investigate the effect on ac
conductivity and dielectric properties of pure cellulose
acetate when blending with different concentration of
Molybdenum Trioxide nanoparticles. The AC
conductivity of the polymer was observed to increase
by adding the nanoparticle and again increase with
increasing its concentration. It was investigated that
the Correlated Barrier Hopping model is the dominant
mechanism in studying the AC conductivity of CA
with different concentration of MoOs-NPs. Activation
energy was calculated and observed to decrease with
increasing MoOs-NPs  concentration. The dielectric
constant continuously decreased with an increase in
frequency and reached a constant value at higher
frequency which explained by the Maxwell-Wagner—
Sillars process. The dielectric constant was observed
to be higher at low frequency for all samples due to
interfacial polarization. Dielectric loss was observed
to increase with increasing MoOs-NPs concentration
which is due to enhancing the polarization by dipole-
dipole interaction. A peak was observed in Dielectric
loss curve in all samples due to the existence of
relaxation process. Therefore, this study shows that the
enhancing in ac conductivity and dielectric property in
the blended film which make them as a promising
material which can be used in various applications
such as electromagnetic shielding, sensors and other
nan electronic devices.
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