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ABSTRACT

In this work, a pure (PVA) polymer film reinforced with magnesium oxide, graphene
oxide poly (o-phenylene diamine) (GO-MgO-PoPDA) was created utilizing the solution
casting process in various weight ratios (0, 2, 4, 6, 8, 10 wt%). It was investigated how
varied weight ratios of the nanoparticles magnesium oxide (MgO) and graphene oxide
(GO) affected the Dielectric Properties of nano composite filims. FTIR, SEM,X-RAY
were used to characterized the nanocomposite. The results of the dielectric properties
showed that the values of the alternating electrical conductivity of the prepared films
increase when adding (GO-MgO-PoPDA) nanoparticles and with the increase of the
frequency of the applied electric field and the increase of the particle content, while
the values of the dielectric constant increase with the increase of each of the content
of (GO-MgO- PoPDA) nanoparticles, but it decreases with increasing frequency.
Whereas, the dielectric loss coefficient of the prepared films decreases when
nanoparticles are added and with increasing frequency.

KEYWORDS

Dielectric Properties, Nanopatrticles, Triple hybrid, Nanocomposite, Dielectric
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1. INTRODUCTION

The research on polymer dielectrics (PD) For the past two decades, research has
focused mostly on materials with high energy-storage density for dielectric
applications due to their affordability, biocompatibility, flexibility, straightforward design,
and ease of processing[1-6].This method of expansion employed insulating
ferroelectric polymers, such as polyvinylidene fluoride and polyvinylidene fluoride
tetrafluoroethylene. Polymer nanocomposites have recently attracted interest as
energy storage materials [1-19], uses for electromagnetic interference shielding [20,
21] different kinds of nanofillers, such as CNT, CB, graphite, etc., are incorporated into
the ferroelectric polymer matrices during the construction of these PNC [1-26]. These
PNC fillers use a variety of fillers with various conductivities, sizes, forms, and co-
functionalization [1-26]. These PD are made using either the classic mixed technique,
which involves solution casting followed by heat molding, While most recently, our
team created the cold pressing method, which safeguards the ferroelectric polymers'
spherulites [9-12]. Since they have more interfaces in the PNC, the spherulites also
store electrical charge, this causes increased interfacial polarization and raises the
effective dielectric constant value. For enforcement in a more general scenario and
the associated commercialization, we were competent to demonstrate the value of
ferroelectric polymer matrices, the influence of filler surface area, the high value of
(eff) of 2400 in these PNC based on nanocrystalline nickel (n-Ni) filler, and the value
of cold pressing in the development of PD. [9-12]. Polymer/metal composites,
polymer/conductor composites, and polymer/ceramic composites are three examples
of PNCs, are being developed as part of the development of these PD [7-26].
Interesting percolation behavior is displayed in one class [27].

2. EXPERIMENTAL PART

2.1. SYNTHESIS OF BINARY NANOCOMPOSITE

The (GO) prepared by the modified Hummer method [28].The(MgO) prepared
through (sol-jel) method. The binary nanocomposite (GO-MgO) was synthesized by
dispersing (0.5 g) of (GO) in 100ml of non-ionic water using an ultrasonic water bath
at 25°C for 1 hour to form a GO solution.(0.5g) of MgO added to the GO solution.
Moving for two hours at 25°C and then dispersing for another one hour, the precipitate
was separated by centrifugation and dried at 80°C for two hours.[29].

2.2. SYNTHESIS OF THE TERNARY NANOCOMPOSITES

The triplet nanocomplex was prepared by dispersing (0.5g) of the GO-MgO binary
complex in 50ml of non-ionic water by an ultrasonic bath at 25°C for 1 hour and then
mixing with (1.62g) of o-PDA dissolved in 100ml of 0.1M (HCI) acid with constant
stirring for 1 hour in an ice bath. The oxidizing agent solution was synthesized by
dissolving (6g) of(APS) in 100 ml (HCI) at a concentration of 0.1M. It was gently
added dropwise to the main mixture with vigorous moving. Then the new mixture was

- https://doi.org/10.17993/3ctic.2023.121.15-27
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kept in an ice bath under stirring for 4 hours and then removed from the ice bath.
Then, moderate stirring for 20 hours at 25°C then the precipitate filtered washed with
acetone and distilled water several times and dried in the oven at 80°C for 2
hours[29].

2.3. SYNTHESIS OF THE QUATERNARY COMPOSITES

The following six concentrations are used to create pure PVA polymer membranes
that are reinforcement by the triple nanolayer (GO-MgO-POPDA):

GO-MgO-PoPDA PVA The ratio
Zero 1 0 %
0.02 0.98 2%
0.04 0.96 4%
0.06 0.94 6 %
0.08 0.92 8 %
0.10 0.90 10 %

The triple composite was dispersed in 3 ml of non-ionic water and gently added to
PVA solution after the PVA had been thoroughly dissolved in (15 ml) of non-ionic water
with constant stirring at (60 °C). The mixture heated to a temperature of (50°C) while
being agitated for an additional hour and a half to create a homogenous solution.
Transferred to a petridish and dried at (25°C). Finally, the nanocomposites' films were
peeled off in order to examine their physical characteristics.

3. RESULTS AND DISCUSSION

3.1. INFRARED SPECTRUM OF THE TRIPLE COMPOSITES (GO-
MGO-POPDA)

The infrared spectrum of the triple compound is depicted in the figure. It reveals the
presence of several distinct bands for the triple hybrid compound, with the absorption
bands at the region (3440.8 cm ! - 3110 cm-1) belonging to the group (NH-,NH2) and
the appearance of the band (1680.7cm-1) connected to the stretching vibrations of the
(C=0) group (which is connected to graphene oxide). Two bands that are centered at
(1617.7 cm' - 1531 cm-1) are a result of the group's stretching vibrations. (C=C)
Regarding the absorption bands, they are (C-N) in the quinoid and benzoide groups,
together with the bundles (1137.3 cm-1-1393 cm -1) that belong to the alkoxy and
epoxy groups, and the bundle at (436.29 cm-1) that belongs to the magnesium oxide
group MgO.

https://doi.org/10.17993/3ctic.2023.121.15-27
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Figure 1. Infrared spectrum of the triple composite (GO-MgO-PoPDA).

3.2. SCANNING ELECTRON MICROSCOPE (SEM) OF TRIPLE
COMPOSITE (GO-MGO-POPDA)

Scanning electron microscope with three composites (GO-MgO-PoPDA) SEM
images of (GO-MgO-PoPDA) with magnification powers of (1 mu), (500nm), (200nm)
and are shown in Figure (2).The investigation reveals that all of the photos contain
asymmetrical structures, both in terms of shape and size. It should be highlighted that
the polymerization of the monomer oPDA on the surface of the binary compound is
the reason why graphene oxide and magnesium oxide did not appear clearly in this
test (GO-MgO) and that these asymmetrical forms are the result of the monomer's
haphazard diffusion across the oxide surfaces in the first step, which is followed by
polymerization when APS is added to it in the second step.

https://doi.org/10.17993/3ctic.2023.121.15-27
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Figure 2. SEM of Triple Composites (GO-MgO-PoPDA).

3.3. X-RAY DIFFRACTION OF THE TRIPLE COMPOSITES (GO-
MGO-POPDA).

The X-ray of the (GO-MgO-PoPDA) nanocomposite is depicted in Figure (3). The
image below shows that the created triple nanocomposite can differentiate the peaks
of magnesium oxide, and it is noteworthy that the maximum values of diffraction
angles were obtained (26=26.7460, 27.9421,19.7250). The diffraction angles clearly
overlap the PoPDA polymer, and no graphene oxide peaks are seen as a result of the
overlap of the polymer and graphene oxide peaks.
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Figure 3. X-ray diffraction of the Triple Composites (GO-MgO-PoPDA).

4. DIELECTRIC PROPERTIES:

4.1. DIELECTRIC CONSTANT (¢)

The dielectric constant was calculated for the pure (PVA) polymer film and the
(PVA:PoPDA-GO-MgO) nanocomposite films varying the weight ratios (2,4,6,8,
10wt%) at room temperature (25 °C) as shown in figure (4), when it can be seen from
the graph that the dielectric constant drops as the frequency increases and for the
films of all hybrid nanocomposites [30]. Dipolar groups in insulating polymers can
arrange themselves in the direction of the electric field at low frequencies, but it is
difficult for this group (Dipoles) when it is large to arrange itself towards the fast and
time-varying electric field at high frequencies because the time period is short less
than the time it takes for the molecules to be able to arrange themselves in the
direction of the outgoing electric field, the electronic polarization occurs within a very
short but longer period of time than the ionic polarization, while the dipole polarization
takes a relatively long time compared to all polarizations, therefore the dielectric
constant of non-polar polymers remains almost constant at high frequency and
therefore (¢) values decrease dramatically and sharply with increasing frequency in
low frequency regions [31], this may be the reason for the decrease in (€) values with
increasing frequency. Another reason for this decrease may be attributed to the
decrease in the polarization of the space charges to the total polarization [32]. We
also note from figure (4) that the dielectric constant (¢) of the hybrid composite
(PVA:PoDA-GO-MgO) at the same frequency range rises with increasing weight ratios
of the nano-oxides (Magnesium Oxide and Graphene Oxide) added. The insulation
was recorded at the weight ratio (2 wt%) and its lowest value at the weight ratio (8
wt%), and all of these dielectric constant values are higher than the value of () for pure

21| https://doi.org/10.17993/3ctic.2023.121.15-27
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(PVA), and generally speaking, this rise in the dielectric constant value An increase in
polarity and an increase in charge carriers are thought to be the causes of electricity
[32].

Table 1. Dielectric constant of hybrid nanocomposite with different weight ratios of (GO,
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Figure 4. Dielectric constant as a function of hybrid nanocomposite films with different weight
ratios of (GO, MgO).

4.2. DIELECTRIC LOSS FACTOR ("g)

The energy dissipation in insulating materials is directly proportional to the dielectric
loss factor, hence, understanding the importance of this component offers huge
advantages in the use of composite materials. So that the behavior of polar polymers
in an alternating electric field depends on the position of the dipoles, whether they are
within the polymeric chain or in its side groups. The insulating loss factor was
calculated for the prepared samples pure PVA polymer film and hybrid
nanocomposites films (PVA:PoPDA-GO-MgO) varying the weight ratios (2, 4, 6, 8, 10
wt%)) at room temperature ( 25 °C) and within the frequency range (1MHz-5MHz),
from figure (5), It is evident that for all prepared samples, the dielectric loss factor
decreases with increasing frequency. Additionally, we observe that as applied
frequency rises, the dielectric loss first starts to decline at low frequencies, due to the
decrease in the polarization of the vacuum charges (Space Charge Polarization) [32].
There is another reason for this decrease in (¢") values with increasing frequency,
which is because of the decrease of dipoles in nanocomposites [33]. The dielectric
loss factor is characterized by a high level of polarization of space charges for the
nanoparticles of oxides (Magnesium Oxide and Graphene Oxide), which leads to a
decrease in the values of (¢") with increasing frequency [34]. There is another reason
for (¢") to change with frequency because the dipoles absorb energy from the electric
field in the system in order to overcome the resistance of the viscous materials that
surround them during rotation, and this absorbed energy reduces the charge carriers

https://doi.org/10.17993/3ctic.2023.121.15-27
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moving between the limits in the widening with the increase in the frequency of the
applied field Thus, these dipoles require high energy that is higher than the system to
obtain relaxation and thus decreases (¢") with increasing frequency [31]. Figure (5)
note that the value of the dielectric loss factor (¢") at the same frequency range
increases when the weight ratios of nano-oxides (GO, MgO) increase, and that the
highest value of (¢") for the weight ratio (6 wt%) and the lowest value of the weight
ratio (2 wt%) and the cause for this is due to the increase in the number of electrons in
the nano-oxides used, and thus the dipole charge increases, which leads to an
increase in electrical conductivity, thus increasing the value of (¢") [32]. Table (2)
shows the dielectric loss factor values for hybrid compounds with different weight
ratios.

Table 2. Dielectric loss factor of hybrid with different weight ratios of (GO, MgO).

Frequency Dissipation Factor (g")

(MHz) PVA 2wt% Awt% 6wt% 8wt% 10wt%
1 0.31 0.36 0.52 0.55 0.42 0.39
2 0.28 0.33 0.44 0.48 0.39 0.36
3 0.26 0.29 0.41 0.45 0.35 0.33
4 0.24 0.27 0.36 0.41 0.32 0.3
5 0.21 0.25 0.33 0.35 0.31 0.29

—a—PVA
0.55 4 ——2 wt%
(—ah— 4 wt%
0.50 —¥—6wt%
- (~—8— 8 wt%
% 10 wt%
= 0.45 4
S
|3}
= 0.40
=
k=
= 035
s
2 030
0.25 -
0-20 T ~ T - T T T
1 2 3 4 5
Frequency (MHz)

Figure 5. Dielectric loss factor as a function of frequency of hybrid nanocomposite films with
different weight ratios of (GO, MgO).

4.3. ELECTRICAL CONDUCTIVITY (oa.c)

Electrical conductivity is defined as the process of moving electric charge from one
place to another through a medium when an electric field is applied. Alternating
electrical conductivity (oa.c) was calculated for the membrane of pure PVA polymer
and hybrid nanocomposites films (PVA: POPDA-GO-MgO) at room temperature (25
°C) and varying the weight ratios (2,4,6,8,10wt %) and in the frequency range (1MHz -

https://doi.org/10.17993/3ctic.2023.121.15-27
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5MHz). As shown in figure (6), where we notice from the figure that the AC electrical
conductivity (oa.c) increases with the rise in frequency and for all the prepared
compounds, this increase in (oca.c) is attributed to the increase in the applied
frequency to the polarization and the charge carriers (Carriers Charge) that It is
transmitted by hopping process between electronic levels, and these hoppings of
charge carriers across the voltage barrier and quantum tunneling increase the value
of AC electrical conductivity [32]. From the figure, we also notice the absence of
relaxation peaks, which indicates that the increase in (oa.c) is due to the rise in the
density of ions (lonic density) rather than the structural relaxation process in order to
rearrange the dipoles in the system or molecular relaxation for polymer chains [35].

Alternating electrical conductivity (a.c.) in insulating materials is determined by power

lost as a result of applying an alternating electric field, which appears as heat and
rotates dipoles in their positions or causes charges to vibrate by changing the
direction of the alternating electric field. For this reason, the amount of power lost
determines the frequency of the applied field [36]. By increasing the weight ratios of
the reinforcement with nano-oxides (MgO, GO), it is noted that the alternating
electrical conductivity is high compared to the alternating electrical conductivity of the
pure PVA membrane, which is few, as well as the formation of a continuous network in
the form of agglomerates when the weight ratio of nano-oxides is increased, which it
leads to the formation of a continuous path inside the hybrid nanocomposite films
material as the weight ratio increases, Because of the formation of a continuous
conductive path, this leads to an increase in the AC electrical conductivity, and its
value is determined by the effect of polarization and electron movement in the
substrate [32]. Table (3) shows the AC electrical conductivity values for all the
prepared hybrid nanocomposites films.

Table 3. Electrical Conductivity values of the hybrid nanocomposites films with different
weight ratios of (GO, MgO).

Frequency (A.C) Electrical Conductivity (oa.c( (S/m)
(MHz) PVA 2 wt% 4 wt% 6 wt% 8 wt% 10 wt%
1 7.65x10°6 1.06x107° 1.7x10°  2.27x10°  2.97x10®°  3.59x10™°
2 3.21x10™° 3.67x10™°  4.18x10°  5.03x10°  5.43x10°  5.98x10™
3 5.29x10°5 5.95x10°  7.02x10°  8.05x10™°  8.55x10°  9.36x10°
4 7.38x10°0 7.98x10°  9.79x10°  1.08x104  1.18x104  1.27x10*%
5 9.5x10°® 1.08x104  1.27x10%4  1.38x104  1.58x10%  1.65x10%

https://doi.org/10.17993/3ctic.2023.121.15-27
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Figure 6. Electrical Conductivity as a function of frequency of hybrid nanocomposite films with

different weight ratios of (GO, MgO).

REFERENCES

(1)

(2)

3)

(4)

)

(6)

(8)

Dang, Z. M. (Ed.). (2018). Dielectric polymer materials for high-density
energy storage. William Andrew.

Pan, H., Ma, J., Ma, J., Zhang, Q., Liu, X,, Guan, B., ... & Nan, C. W. (2018).
Giant energy density and high efficiency achieved in bismuth ferrite-based
film capacitors via domain engineering. Nature communications, 9(1), 1813.

Thakur, V. K., & Kessler, M. R. (2014). Polymer nanocomposites: New advanced
dielectric materials for energy storage applications. In Advanced Energy
Materials (pp. 207-257). Wiley Blackwell.

Jiang, P., & Huang, X. (2017). Dielectric materials for electrical energy
storage. IEEE Transactions on Dielectrics and Electrical Insulation, 24(2),
675-675.

Gao, J.,, Wang, Y., Liu, Y., Hu, X, Ke, X,, Zhong, L., ... & Ren, X. (2017).
Enhancing dielectric permittivity for energy-storage devices through
tricritical phenomenon. Scientific reports, 7(1), 1-10.

Zhang, L. I. N., & Cheng, Z. Y. (2011). Development of polymer-based 0-3
composites with high dielectric constant. Journal of Advanced Dielectrics,
1(04), 389-406.

Kumar, T. V., & Kumar, G. R. (2016). Recent Progress on Ferroelectric
Polymer-Based Nanocomposites for High Energy Density Capacitors:
Synthesis, Dielectric Properties, and Future Aspects.

Zhang, L., Bass, P,, & Cheng, Z. Y. (2014). Revisiting the percolation
phenomena in dielectric composites with conducting fillers. Applied
Physics Letters, 105(4), 042905.

https://doi.org/10.17993/3ctic.2023.121.15-27



26

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N.

Panda, M., Mishra, A., & Shukla, P. (2019). Effective enhancement of
dielectric properties in cold-pressed polyvinyledene fluoride/barium
titanate nanocomposites. SN Applied Sciences, 1, 1-7.

Panda, M., Srinivas, V., & Thakur, A. K. (2015). Non-universal scaling
behavior of polymer-metal composites across the percolation threshold.
Results in Physics, 5, 136-141.

Panda, M., Srinivas, V., & Thakur, A. K. (2014). Universal microstructure and
conductivity relaxation of polymer-conductor composites across the
percolation threshold. Current Applied Physics, 14(11), 1596-1606.

Li, Q., Chen, L., Gadinski, M. R., Zhang, S., Zhang, G., Li, H. U., ... & Wang, Q.
(2015). Flexible high-temperature dielectric materials from polymer
nanocomposites. Nature, 523(7562), 576-579.

Yang, M., Zhao, H., He, D., & Bai, J. (2016). Largely enhanced dielectric
properties of carbon nanotubes/polyvinylidene fluoride binary

nanocomposites by loading a few boron nitride nanosheets. Applied
Physics Letters, 109(7), 072906.

Dang, Z. M., Yuan, J. K, Yao, S. H., & Liao, R. J. (2013). Flexible
nanodielectric materials with high permittivity for power energy storage.
Advanced Materials, 25(44), 6334-6365.

Li, Q., Yao, F. Z,, Liu, Y., Zhang, G., Wang, H., & Wang, Q. (2018). High-
temperature dielectric materials for electrical energy storage. Annual
Review of Materials Research, 48, 219-243.

Nan, C. W, Shen, Y., & Ma, J. (2010). Physical properties of composites near
percolation. Annual Review of Materials Research, 40, 131-151.

Dang, Z. M., Yuan, J. K., Zha, J. W., Zhou, T., Li, S. T., & Hu, G. H. (2012).
Fundamentals, processes and applications of high-permittivity polymer—
matrix composites. Progress in materials science, 57(4), 660-723.

Chen, Q., Shen, Y., Zhang, S., & Zhang, Q. M. (2015). Polymer-based
dielectrics with high energy storage density. Annual review of materials
research, 45, 433-458.

Gargama, H., Thakur, A. K., & Chaturvedi, S. K. (2016). Polyvinylidene
fluoride/nanocrystalline iron composite materials for EMI shielding and
absorption applications. Journal of Alloys and Compounds, 654, 209-215.

Gargama, H., Thakur, A. K., & Chaturvedi, S. K. (2015). Polyvinylidene
fluoride/nickel composite materials for charge storing, electromagnetic
interference absorption, and shielding applications. Journal of Applied
Physics, 117(22), 224903.

Bertolazzi, S., Wlnsche, J., Cicoira, F., & Santato, C. (2011). Tetracene thin
film transistors with polymer gate dielectrics. Applied Physics Letters, 99(1),
126.

Dang, M. T., Hirsch, L., & Wantz, G. (2011). P3HT: PCBM, best seller in
polymer photovoltaic research.

Toker, D., Azulay, D., Shimoni, N., Balberg, I., & Millo, O. (2003). Tunneling and
percolation in metal-insulator composite materials. Physical review B, 68(4),
041403.

https://doi.org/10.17993/3ctic.2023.121.15-27



Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.42 | Iss12 | N.

(24) Bai, Y., Cheng, Z.Y., Bharti, V., Xu, H. S., & Zhang, Q. M. (2000). High-
dielectric-constant ceramic-powder polymer composites. Applied Physics
Letters, 76(25), 3804-3806.

(25) Yamada, T., Ueda, T., & Kitayama, T. (1982). Piezoelectricity of a high-content
lead zirconate titanate/polymer composite. Journal of Applied Physics, 53(6),
4328-4332.

(26) Stauffer, D., & Aharony, A. (2018). Introduction to percolation theory. Taylor &
Francis.

(27) Hummers Jr, W. S., & Offeman, R. E. (1958). Preparation of graphitic oxide.
Journal of the american chemical society, 80(6), 1339-1339.

(28) Mohammed, L. A., Majeed, A. H., Hammoodi, O. G., Prakash, C., Alheety, M. A,
Buddhi, D., ... & Mohammed, I. K. (2022). Design and characterization of
novel ternary nanocomposite (rGO-MnO2-PoPDA) product and screening
its dielectric properties. International Journal on Interactive Design and
Manufacturing (IJIDeM), 1-15.

(29) Rabee, B. H., & Hashim, A. (2011). Synthesis and characterization of carbon

nanotubes-polystyrene composites. European Journal of Scientific Research,
60(2), 247-254.

(30) Mohammed, M. I. (2022). Controlling the optical properties and analyzing
mechanical, dielectric characteristics of MgO doped (PVA-PVP) blend by
altering the doping content for multifunctional microelectronic devices.
Optical Materials, 133, 112916.

(31) Agool, I. R., Ali, M., & Hashim, A. (2014). The Dielectric Properties of (PVA-
PEG-PVP-MgO) and (PVA-PEG-PVP-Co0) Biomaterials. /nternational Journal
of Science and Research (IJSR) Volume, 3.

(32) Habeeb, M. A. (2013). Effect of Nanosilver Particles on Thermal and
Dielectric Properties of (PVA-PVP) Films. International Journal of Applied and
Natural Sciences, 2(4), 103-108.

(33) Rasheed, H. S. (2021). Study and Synthesis of Polymer-Blend PVA-PEG
Doped with 5wt% Mgo and Different wt% of Co304 Thin Film. Egyptian
Journal of Chemistry, 64(9), 5093-5099.

(34) Cyriac, V., Noor, I. M., Mishra, K., Chavan, C., Bhajantri, R. F., & Masti, S. P.
(2022). lonic conductivity enhancement of PVA: carboxymethyl cellulose
poly-blend electrolyte films through the doping of Nal salt. Cellulose, 29(6),
3271-3291.

(35) Popielarz, R., Chiang, C. K., Nozaki, R., & Obrzut, J. (2001). Dielectric
properties of polymer/ferroelectric ceramic composites from 100 Hz to 10
GHz. Macromolecules, 34(17), 5910-5915.

. https://doi.org/10.17993/3ctic.2023.121.15-27



