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ABSTRACT

One of the goals of current technology is to miniaturize
electronic, operational, sensing and optical devices and their
components. Thus, nanotechnology is an advanced
technology favored by the scientific and industrial
communities for its ability to exploit the unique properties of
nanomaterials on a large scale. This study examined the
polyaniline (PANI) solution with (ZnO) in different volume
ratios through depositing (PANI: ZnO) on glass and silicon
substrates. Alkalis were prepared and cleaned in a specific
method and kept in tanks until they were used in a
precipitation process using distillation casting techniques,
which were carried out on silicon. The results showed that the
as-prepared material has the characteristic of electrochemical
performance. The synthesis test showed the consistency and
compatibility among the materials used in the study with a
maximum elapse time of (7.72 sec) and a maximum voltage
of (0.203 V). The highest intensity for ZnO was at (36.3008°)
with a Miller coefficient of (101) and for PANI was at (25°)
with a Miller coefficient of (200). The X-ray diffraction
results showed a successful matching procedure. When ZnO
and PANI were mixed, the Miller coefficient (100) at (350)
angle provided the highest intensity. This proved that the
materials used in the precipitation process were compatible.
As for scanning electron microscopy, the results showed
homogeneity and diffusion in the prepared material, where the
grain volume decreased with the increase in ZnO. The best
mixing ratio was (5:5) of (ZnO/PANI).
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Introduction

Nowadays, the development of ternary nano
fibers based on new materials can provide higher
specific capacitance and supercapacitor.
Nanostructure-retaining composites with larger
surface areas and relatively shorter ion diffusion
paths than the bulk exhibit higher energy storage
properties [1,2]. According to the charge storage
mechanism, supercapacitors can be divided into
electric double layer capacitors (EDLCs) and
pseudocapacitors [3]. Double-layer supercapacitors
are realized by forming a double layer on the
surface of electrode materials, while in
pseudocapacitors, charges are stored both on the
surface of the material through a double-layer
mechanism and in the bulk of the material through
Faradaic reactions. Therefore, it is clear that the
charge stored in a pseudocapacitor is almost 10 to
100 times that of an electric double layer
capacitance [4]. So far, the main material studied
for supercapacitor electrodes is carbon material,
which is unique to EDLCs and has excellent
electrical and mechanical properties, but with low
capacitance [5, 6]. Pseudocapacitors (i.e., transiting
metal oxides and conducting polymers) have high
specific capacitance, but are expensive due to their

low conductivity.[8 ,7]

Thin films have attracted a lot of attention for
making many components of thin electronic
devices and detectors. Interference filters are used
in various optical fields, such as studying the
properties of material in the form of thin films.
They have attracted the attention of physicists since
the second half of the 17th century and have been
electrochemical behavior of the resulting PANI/GO

nanostructures.[11]

In 2020, Farah et al. synthesized zinc oxide (ZnO)
nanoparticles in the form of nanoparticles. The
electron and optical characterization of samples
was performed via standard techniques, such as X-
ray diffraction (XRD), scanning electron
microscopy (SEM), photoluminescence, and visible
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the subject of numerous studies. As a significant
field of research, films are known to produce
matrix-based substances in the form of controlled
deposition of one or more layers of molecules,
atoms, or ions, and must not exceed 1 micron in
thickness. Nano-zinc oxide is a non-toxic
semiconductor material that can be used to make

environmentally friendly coatings.[9]

There are a number of previous studies related to
the topic of the current study. In this regard, Zhu et
al. (2015) prepared polyaniline nanoparticles by
utilizing hydrothermal method in the presence of
CTAB oxidation. The results of (FTIR), (XRD),
(FESEM) and (UV-Vis) showed that the
composition of pure polyaniline consists of three
different formulations depending on the variation of
aniline and CTAB concentrations. In addition, the
temperature and time of reaction have a significant

effect on the form of a PANI polymer.[10]

In 2018, Amin et al. conducted a traditional
approach to the preparation of polyaniline/graphene
oxide (PANI/GO) nanoparticles. They added
aniline monomer and ammonium sulfate (APS) to
an acidic solution of graphene oxide (GO) in a state
where (GO) is first dispersed in acidic media
containing (APS). Then, an aniline monomer was
added for aniline polymerization at the site. They
also investigated the effect of acid type including
sulfuric acid (H2SO4), hydrogen chloride (HCI),
perchloric acid (HCIO4) and p-toluene sulfonic
acid (PTSA) on the morphology and

ultraviolet (UV-Vis) spectroscopy. The point defect
structures specific to each morphology were
investigated in terms of their perception and
location via the latest electron magnetic resonance

spectroscopy (EPR).[12]

The current study aims to use the prepared Nano
composites in electronic devices capacitors.
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2.Experimental Details
2.1 Material

TJPS

Table (1-3) Solid and liquid chemicals used in this study and their origins with their purity

Materials Assay: Minimum

Zinc Acetate 97%
Aniline 99%
Ethanol 99.8%
Ammonium 98%
Stannous 97%
Hydrochloric acid 99%

2.2 Preparation Method

e Preparation of PANI

Polyaniline (PANI) was prepared by taking
(0.095g) of aniline with a concentration of
(13.5mM) and then dissolving it in (76mL) of
distilled water. The solution was mixed using a
magnetic mixer for (10min). Then, another solution
(0.237g) of ammonium sulfate was prepared with a
concentration of (026M) and dissolved in (4mL) of
distilled water. Then, it was placed in a magnetic
mixer for (10min). After that, the two solutions
were mixed (using gradual addition) to ensure that
the reaction process was completed. Then, (1.4mL)
of hydrochloric acid was added in the form of drops
to the solution for a period of (10min). The solution
was then covered and left for 24 hours at room
temperature. After that, the solution was placed in a
centrifuge to separate the precipitate. The
polyaniline (PANI) precipitate formed was washed
with distilled water and ethanol for several times,
and then dried in the oven at a temperature of (70
°C) for a period of (4h). Then, it was melted in
(40mL) of ethanol in order to be ready for the
sedimentation process.

e Preparation of ZnO

In this part, (0.9269¢) of zinc acetate (CH, COO),
Zn.2H,0 was dissolved in (100mL) of ethanol. The
solution was rotated on a magnetic starrier for half
an hour. After that, drops of acetic acid were
distilled until the solution became very clear, i.e.
zinc acetate was completely dissolved. Then, the
pH value was adjusted to (9) by distilling drops of
ammonia. The resulting solution was filtered and
then the resulting material was washed with ethanol
and distilled water three times. After washing, it
was placed inside the furnace at a temperature of
(400 °C) for an hour.

Origin Chemical Formula
Germany (CH, C0O0), Zn.2H,0
Germany CeHs.NH,

Germany Non

Germany (NHy),S,04

India SnCl,.2H,0

India HCI
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e Preparation of Blended PANI/ZnO
Volumetric ratios (5/5) of (polyaniline (PANI:
Zn0O) were then placed in the ultrasonic device for a
period of (2h) to ensure that the solution was mixed
well and was ready for sedimentation on the glass
and silicon substrates. These substrates were
prepared and cleaned in a certain way to be used in
the sedimentation process using the distillation
casting technique.

2.3 X-Ray - Diffraction

An analysis of the prepared models was carried out
to identify and follow up the structure of the
materials and the phase transitions that can occur.
The target used in the X-ray tube was copper with
wavelength of (1.54060 A).

2.4 Scanning Electron Microscope SEM

Scanning electron microscope (SEM) of the type
(TESCAN) model (MIRA3) of French origin was
used for observing the morphology of the samples
surfaces, as well as following up the effect of the
material when deposited on silicon substrate. SEM
gave a three-dimensional, magnified and detailed
image. This examination clarified the topography of
the surface, defects and pores in the sample through
the image given by the device.

3. Results and Discussion
3.1 Structural Analysis

e XRD
Figure (1) shows the results of X-ray diffraction of
the prepared materials for both ZnO and PANI after
depositing them on silicon. Distance data (d) and
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(20) were obtained by ray intensities. The Miller
indices of the materials used in the prepared model
were determined using the international map. While
the phases formed were obtained by comparing the
distance values between the individual planes (d)
and diffracted ray intensities using the American
Standard Table (A.S.T.M). Calculated values

appeared specifically for phases of (PANI, ZnO).
Since the highest intensity of ZnO was at an angle

TJPS

of 36.3008 degrees, the Miller coefficient was
(101). In PANI, the highest intensity was at an
angle of 25 degrees, and the Miller coefficient was
(200). Then, ZnO and PANI were mixed. As for
silicon, the highest intensity was at an angle of 35
degrees and the Miller coefficient was (100). This
indicates that there is a match between the materials
used in the settling process [13].
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Fig. 1: XRD of PANI/ZnO

Scanning electron microscope (SEM)

Figure (2) shows the microscopic topographic
images of the surfaces of the harmful models and
the examination of electron microscopy at
magnification. Here, (lpm) was observed,
indicating a distribution and diffusion of molecules
of the materials forming the conglomerates and
clusters at some possible parts of mixing with

SEM MAG: 50.0 kx
WD: 5.23 mm
View field: 4.15 pm

Det: InBeam
BI: 7.00
Date(m/dly): 09/11/22

MIRA3 TESCAN

PANI and depositing on silicon. This led to
porosity distances between the molecules of the
material bonding and homogeneity of the molecules
with each other. The grain size was (123.43nm).
Hence, increasing the ratio leads to a decrease in
the granular size.

SEM MAG: 50.0 kx

Det: inBeam MIRA3 TESCAN

WD: 5.34 mm BI: 7.00

1 pm

View field: 4.15 um  Date(midly): 09/11/22

Fig. 2: SEM micrograph of a) (1:9) PANI/ZnO b) (5:5) PANI/ZnO
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3.2

Electrochemical Characterization

The electrochemical properties of PANI/ZnO and
multi-layer structures were investigated using
galvanic discharge and cyclic voltametric
measurement. PANI and ZnO were mixed and
deposited on silicon. Annular voltammogram
diagrams of these layers showed three peaks in the
anode region and three peaks in the cathode region
as shown in Fig. 3. These peaks were associated
with proton and anion doping, as well as changes in
polyaniline (PANI) shapes during possible surveys.
The transformation of colorless emeralds into
emerald-shaped polyaniline (PANI)  was
responsible for the first oxidation peak, which
appeared at about (+0.2 V). The second wide peak
at approximately (0.5 V) might be the result of
head-to-tail dimerization and polyaniline (PANI)
sealing. The conversion of emeralds to
pernigranelin led to a third peak at (0.8 V) [14,15].

Static charging of galvans under different applied
currents was explored in order to better study the

0.20

potential (V)

0.05

0.00
0.00 10.00 20.00

Time (Sec)

Ak
T
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charge discharge behaviors of the electrochemical
functions of PANI - ZnO electrodes. The
electrostatic charge discharge of PANI-ZnO films
was carried out in a potential window from (0 V) to
(0.8 V). Figure (4) shows the typical charge
discharge characteristics of multiple layers in
different applied currents (0.190, 0.185, 0.180). The
internal resistance of the electrodes might be
reflected in the rapid decline of the first discharge
[16]. The following formula was used to obtain the
specific capacity of the electrode material [16]:

Cip,=1X at
SP 7 7 (AV.m)

Where | represents the discharge current (A), t
represents the discharge time (s), V represents the
potential window (V), and m is the mass of the
active component.

—PANI
—PANI-Zno-9/1
—PANI-Zno-5/5

30.00 40.00 50.00

Fig. 3: Charge-discharge properties of multilayer films made of PANI/ZnO at various applied currents
(0.190, 0.185, 0.180).

As shown in Fig. 4, the voltages were (50, 100,
150)V multilayer. The charge-discharge properties
of the multilayer films PANI-ZnO revealed that the
discharge time lengthens with falling current. The
inner electrode received a complete electrolyte ion
diffusion at low currents, improving the accessible

surface area and specific capacitance. At greater
current densities and finite diffusion times, this
lowered the capacitance to the inner surface [17].
The highest and lowest values were obtained for
both time and potential, as shown in table (2).

Table (2): The highest and lowest values for elapsed time and potential

Max Time N.“n Max Potential Min Potential
Content Time
(sec) (se0) ) )
PANI 49.60 3.68 0.209 -0.00326
9%PANI -1%Zn0O 32.7 4.3 0.202 -0.00045
5%PANI -5%Zn0O 7.72 3.6 0.203 -0.000407
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——PANFIIe/1
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150V PANI
bo4 ——PANI-Zno-9/1
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4, Conclusion

PANI was prepared by chemical method and mixed
with prepared zinc oxide nanoparticles. The properties
of nanocomposites prepared to be used in electronic
devices applications, such as electrochemical
applications and photovoltaic applications, were
examined. The results showed that the prepared
materials were homogeneous with each other when
mixed. This was evidenced by results of X-ray
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