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Abstract

A unique approach for customizing nanowire zinc oxide thin films on nanoporous anodic Al203 (nPAA) was developed in this
study, which included the use of an electrochemical procedure to manufacture nanowire zinc oxide thin films on nanoporous
anodic Al203 (nPAA). With a single step of anodization at 25 °C and low voltage, we were able to produce a conventional
nPAA template. The embedding of ZnO arrays in nPAA pores was a subsequent step in the process of creating the device.
During the electrodeposition process, the techniques of cyclic voltammetry, linear sweep voltammetry, and chronoamperometry
were used to determine whether zinc oxide was being electrode deposited on the nPAA. The results of these measurements were
compared to the results of the other measurements. For the investigation of ZnO/nPAA assemblies, field emission scanning
electron microscopy (FE-SEM) and dispersive X-ray spectroscopy (DXS) was used to determine the morphological structures
and chemical compositions of the assemblies, as well as to determine their mechanical and electrical properties (EDX). Several
developing sectors have the potential to profit from the materials that have been discovered so far, including electronics, battery

energy storage, and photocatalysis.
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1. Introduction

In addition to molten salt separation and
catalysis, nanoporous anodic aluminum oxide (nPAA)
has several applications in electronics, photonics
(including sensing and drug administration), photonics
(including sensing and drug administration), and
template creation, to mention a few [1,2]. Anodization
of aluminum is a straightforward, low-cost method
that produces nanoporous structures that are vertically
aligned and highly organized [3,4].

Using this method, nanoporous constructs
may be created and used in a variety of applications
[5,6]. Different characteristics of NPAA may be seen
in terms of its chemical, optical, mechanical, and
electrical properties. Hardness, chemical resistance,
biocompatibility, thermal stability, and a substantial
quantity of exterior space are some of the
characteristics of this material. Because of its
exceptional photosensitive and  electrochemical
capabilities, nanoporous nPAA has been extensively

researched as a platform for developing low-cost
applications [7,8].

The anodization of the Al,O; membrane acts
as a superb template to produce highly organized
nanowire clusters, and it is effective [9,10]. A self-
organized process that occurs during the anodization
of aluminum in acidic media has emerged over the past
few years as one of the most important and extensively
utilized methods for the generation of highly planned
nanowires [11,12]. ZnO is regarded to be one of the
most promising oxide semiconductor materials due to
its exceptional optical, electrical, and piezoelectrical
capabilities [13,14].

The construction of appropriately designed
nanowire collections is a vital milestone in the
development of micro-optoelectronic devices [15,16].
In the past, ordered ZnO nanowire arrays implanted in
AAM  templates have been created by
electrodepositing Zn into AAM nanopores to form
metallic nanowire arrays and then oxidizing them, and
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these arrays have been demonstrated to be successful
in a variety of applications [17,18]. While the method's
applicability is limited by the considerable period
(about 35 hours) required for thermal oxidation at 300
°C, its application is not achievable [19,20].

A unique technique has been established for
the creation of the zinc oxide film, which has now been
used in the development of the CdO film as well
[21,22]. This technology has also been applied to the
preparation of the CdO film. DMSO solution
containing zinc chloride and a molecular oxygen
precursor was used to fabricate ZnO nanowire arrays
[23,24]. A DMSO solution containing zinc chloride
and a molecular oxygen precursor was used to create
ZnO nanowire arrays, which were then studied
[25,26]. ZnO nanowire arrays that have been put in an
AAM template have been studied in terms of their
morphological structures and photoluminescence
capabilities by researchers [27,28].

The use of non-agqueous baths enables the use
of greater deposition temperatures since they do not
dissolve in water [29,30]. We have been able to
characterize the material produced using an
electrodeposition manufacturing technique of zinc
oxide nanowire on nonporous anodic alumina
templates (nPAA) and factors affecting nonporous
anodic alumina templates (nPAA) [31,32]. The
influence of electrolyte content (HsPO, acid) and
anodizing period on the morphology of nPAA
produced will be examined in this work, which will
use the chronoamperometric approach [33,34].
Scanning electron microscopy (SEM) will be used to
analyze the morphology of the nPAA [35,36]. Here,
we will look at the impact of several factors on the
morphology of the ZnO films that have been formed,
including bath agitation, anodization time, and
electrode potential value, among others. A scanning
electron microscope (SEM) and an electron density
imaging (EDX) technique were used to examine the
morphology of the films that were deposited [37,38].
2. Experimental

The samples used in the anodizing procedure
were made from pure aluminum coupons (99.999 %
pure aluminum) given by Helwan Co. for Non-Ferrous
Industries FAC63, which measured 2 cm? cm 0.01 cm
in size. The samples were physically cleaned using
600-1000m diamond paste type Metadi-USA to
remove any surface irregularities and scratches [39,
40]. This was done to remove any surface
imperfections and scratches on the surface of the
samples. It was decided to employ the chemical
polishing technique as a pretreatment step because it
was more easily available, easier, safer, and quicker
than electropolishing, and it was a feasible alternative
to electropolishing.

The effects of anodizing voltages and current
densities on the conscience of nonporous and porous
anodic alumina anodized in Oxalic and Sulfuric Acids
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were studied in this study, as well as the results of
other studies. Chemical polishing was used to regulate
surface roughness on the samples, which were
polished for 5 minutes in a 1:14 solution of perchloric
acid and ethanol for a total of 15 minutes. Following
that, a second washing with pure ethanol and then
distilled water are carried out on the samples. Pure
aluminum samples were potentiostatically anodized at
2 volts in H3PO4 acid solutions for 20 minutes at 25 °C
and 100 revolutions per minute under mechanical
stirring conditions. Phosphoric acid concentrations of
20 and 30 % (by volume) were used to
electrochemically anodize the aluminum anode and
platinum cathode, which had a combined surface area
of 1 cm? and were immersed in phosphoric acid at
concentrations of 20 and 30 % (by volume).

This experiment used two electrodes linked
to the +Ve and -Ve poles of a computer-controlled
potentiostat (Volta-lab 21) PGP 201 potentiostat,
Galvanosatate 20V, 1A with a general generator
(France), with the findings being recorded. Following
the anodizing technique, the aluminum was exposed
for 30 minutes to a chemical solution containing 5 wt.
% H3PO4 to open the pores in the metal. The surface
microstructures of anodized samples (nPAA) and
energy dispersive x-ray analysis (EDX) were explored
using a Scanning Electron Microscope SEM (JEOL
SEM Model 5040) equipped with field emission
analysis capabilities.

The sizes of the pores, as well as cross-
sectional images, were measured using a scanning
electron microscope (SEM) of type ULTRAS5 Zeiss
field emission, which was used for the experiment. As
a cathode, a platinum sheet served as the anode (1
cm?), and as a reference electrode, a silver/silver
chloride (Ag/AgCl) reference electrode served as the
cathode (HANNA Instruments, Italy). 0.1 M Zn(NOs)
and 0.05 KNOs solutions are used in combination with
one another as electrodeposition electrolyte solutions
for electrodeposition. The resulting film was
completely cleaned with bi-distilled water and ethyl
alcohol after it had been electrodeposited, and it was
then dried at 80 °C. We carried out anodization of
aluminum, electrodeposition of zinc oxide, and
voltammetric tests on aluminum and zinc oxide with
the use of a Volta-lab 21) PGP 201 potentiostat and
Galvanosatate.

3. Results and discussion
3.1. Effect of Duration time

A series of chronoamperometric curves for
Al anodization at chronoamperometric potential 2 V
were recorded during anodization duration of 10 min,
20 min, and 30 min for the nPAA template in Fig. 1.
The electrolytic solution contained 20 % phosphoric
acid and was agitated at a rate of 100 revolutions per
minute. Fig. 1a shows that a greater value of anodic
current density (35 mAcm) at the beginning of the
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oxide formation (from 1 to 40 seconds) suggests a
lower resistance to pore formation than later in the
formation process. A decrease in current density (20
mA cm?) occurs after 40 to 100 seconds, indicating
that the film width is small, and that pore formation
has begun.

The development of the hole generation
begins after 40 to 100 seconds, indicating that the film
width is small, and that pore formation has begun. The
barrier-type nPAA film was formed within the first
few seconds of the anodization process; the current
density decays within a few seconds after the start of
the procedure (A and B). The current density rises to
its maximum value at this point, and the formation of
porous type nPAA films is commenced. After then, it
begins to progressively decline again.

Finally, until all the aluminum film has been
anodized, a steady current density persists throughout
the process (curve A, B, C). At the beginning of the
oxide generation process, the transients of curve A and
curve B exhibit similar behavior in terms of behavior.
As shown in Fig. 1b, the current density is lower (20
mA cm?) at the start of the oxide production (after 2
seconds), indicating that the pore film has a lower
resistance. This is consistent with the lower resistance
of the pore film. After then, the process of creating the
hole begins in earnest.

The anodization curve (c) differs somewhat
from curves A and B in several ways. During the early
stages of the oxide development, the current density is
smaller (5 mA cm), as shown by Fig. 1c. As a result,
the expansion of the pore formation begins at a faster
rate (2 seconds) than in curves A and B after that. The
current density of curve C (5 mA cm?) is lower than
the current density of curves A and B, indicating that
the resistance of the created porous film is high,
regular, and more ordered in its holes than the

resistance of the formed porous film.
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Fig. 1: Anodizing an aluminum sample at 2 V anode
potential at 100 rpm at 20% phosphoric acid for 10
minutes, 20 minutes, and 30 minutes results in a
typical current transient.
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As compared to curves A and B, curve C
required less time for nPAA film nucleation and
growth for the second anodization, showing that it was
more efficient. Consequently, the time it took for curve
c to reach a steady-state was shorter than the time it
took for curve b to reach the same condition (A and
B). Figs. 2a,b,c show SEM pictures that may be used
to verify this assertion. Anodization time influences
the surface geomorphology of the oxide that forms on
a pure aluminum substrate during the anodization
process, as seen in the field emission SEM images.

In addition, the hole range predictions may be
seen in the SEM photographs. Samples were assessed
after being anodized in phosphoric acid concentrations
of 10 and 30 % by volume in a phosphoric acid
solution, respectively. It was necessary to provide a
voltage of 2 V.

Fig. 4a shows the picture of the duration of
30 minutes. A highly uniform nanoporous
arrangement with a top view of nearly cylindrical
pores of narrow hundreds of nanometers (201, 308
nm) wide, organized structure, was observed.
Generally, the oxide layer of Al comprises the barrier
layer, which acts as an interlayer between the porous
layer and the Al base. The porous layer thickness is
higher than the barrier layer. The absence of parallel
lines suggests that the anodization of the superficial is
started and the corrosion of the hurdle cover has
occurred which is followed by a thin, porous film with
a nanoporous structure.
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Fig. 2: FESEM images represent the top view of the
anodized aluminum surface after electro-anodizing
shows the pore size calculations of the initial porous
aluminum oxide film formed during first anodization
at 20% acid and the anodization is carried out at
different periods (a) 30 min, (b) 10 min, (c) Pure Al
not anodized.

Fig. 1b shows pictures of the nPAA, which
was formed on pure Al substrate in the issue of 20%
by duration time 10 minutes. A porous configuration
with nearly parallel lines of non-organized porous is
shown. Non-uniform porous arrangement along with
nearly cylindrical pores of hundreds of nanometers
(501, 666 nm) wide structure, was observed. This
implies that 10 minutes is not enough for the
development of well deep ordered nanoporous layer.
SEM image of pure Al substrate is demonstrated in
Fig. 2c whereas no anodization was performed.

Fig. 3 shows the chronoamperometric curves
for Al anodization at anode potential 2 V in a bath
containing 30 % H3PO, with stirred bath at 100 rpm.
Fig. 3 shows the chronoamperometric curves for Al
anodization at chronoamperometric anodic potential 2
V using 30% phosphoric acid with the same similar
conditions. It is noticed from Fig. 3 that, both
chronoamperometric curves A and B have an identical
behavior at the initiation of the oxide formation (from
1 to 60 seconds) (Curve (a)). This suggests that the
progression of the hole creation starts after 2 minutes
and represents that, the resulted film is the less porous
surface with lower resistance film. After 10 minutes,
the decline in the current density (80 mA cm?)
indicates the start of pore formation. Similar behavior
is noticed in Fig. 3b.

At the starting of the oxide formation ((from
1 to 60 seconds)) the current density was (60 mA cm-
2). This recorded current density value (60 mA cm) is
lesser than the current of the curve (A) by 20 mAcm™.
The evolution of the hole creation is continuous with
an increasing anodization time of more than 13
minutes. The current density is highly decreased from
80 to 20 mA cm suggests that the development of the
regular form of the thin, porous film and represents the
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establishment of a regular porous film with a steady-
state. The anodization curve (c) shows some
differences from curves A and B.

Especially in transient behavior. Curve (c) of
30 minutes shows an extremely low current density
value (5 mA cm?) at the starting of the oxide
formation. After that, the progression of the hole
configuration starts at earlier seconds than curves A
and B. Transient of curve C is lower in its current
density (5 mA cm) value than transient of curves A
and B which indicts that the resistance of the created
film is high, the pore formed is regular and more
ordered in its holes. The time for nPAA nucleation,
nPAA film growth, and reaching a steady state was
shorter for anodization at 30 minutes curve (c) than
curves A and b. This may be confirmed by comparing
the SEM images as displayed in 4 A and B.
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Fig. 3: For various periods (a) 10 minutes (b) 20

minutes (c) 30 minutes, a typical current transient was

measured during the anodizing process of Al Sample

at anode potential 2 V for 100 rpm in 30 % phosphoric

acid

obk

Fig. 4ab illustrate the consequence of
duration time on the SEM pictures of surface
morphology for porous anodic Al,O3 formed anodized
at 30 % acid 10 and 30 minutes. Fig. 4a shows the
picture of the duration of 10 minutes. A porous
configuration with nearly non-organized porous as
demonstrated in image 4.a. Non-uniform porous
composition with nearly cylindrical pores of hundreds
of nanometers (543, 879 nm) wide structure, was
observed. This reveals that 10 minutes is not enough
for the development of well deep ordered nanoporous
layer.

Alternatively, Fig. 4b shows a more uniform
nanoporous composition with acceptable cylindrical
pores of narrow hundreds of nanometers (543, 827
nm) wide with an organized structure, which was
observed with 30 minutes. The hole configuration
becomes more regular and ordered.
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Fig. 4: Electro anodized Al surface with FESEM
photos showing the pore size computation at 30 %
acid for various periods of exposure (a) 10 minutes
of anodization; (b) 30 minutes of anodization.

3.2. Role of Acid concentration

The electrolyte composition largely whether
the oxide coating formed is either barrier or porous.
Barrier oxides are insoluble in the electrolyte or
dissolve at a much slower rate than it is deposited.
Furthermore, the impediment coat tends to grow in
absence of acid and form an amorphous protective
layer over the surface of the Al electrode. The
influence of acid load on one-step anodization is
displayed in Fig. 5. The nPAA films were formed
using one-step anodization in 20 and 30% phosphoric
acid using chronoamperometric mode (2 Volt). During
the first time of the anodization process, curve (B) of
30% acid shows a higher current density (70 mAcm2)
value than 5 mA cm? of the curve (A).

The barrier-type nPAA film was grown; after
that, while porous-type nPAA film growth was
initiated, the current density increases to reach a
maximum value (curve B, 70 mAcm?) and (curve A,
5 mA cm?). Subsequently, it slightly decreases again.
Finally, a steady current density continues while
waiting for all Al layers to be entirely anodized (Curve
A and B). Curve (a) of 20% acid shows a lower current
density value (5 mA cm) at the opening of the oxide
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formation. After that, the increase of the hole creation
starts at earlier seconds (2 seconds) than curve B of
30% acid.

Transient of curve A is lower in its current
density (5 mA cm2) value than transient of curve B
(30% acid) which indicts that the resistance of the
created film is high. The chronoamperometric
behavior of curve (A) signifies that the pore formed is
regular and more ordered in its holes. The lower
current density of the transient represents higher film
resistance. The time for nPAA nucleation and nPAA
film development for the second anodization of curve
A was shorter than the first anodization of curve B.
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Fig. 5: Recorded during anodizing of Al sample at 2
V anode chronoamperemetric potential and 100 rpm at
20% and 30% phosphoric acid solution concentrations
for 30 minutes at anode chronoamperemetric potential
2V.

Therefore, the period for reaching a steady-
state was then shortened for anodization at 20% acid
concentration. The resistance of the established PAA
film using 20% acid is higher than that of 30% acid
samples. Also, the weight loss of 20 % acid sample is
higher than samples of 30% acid and the formed layer
of nanoporous samples is thinner than samples of 30%
acid. Field emission SEM images in Fig. 6a,b illustrate
the influence of acid loads on the superficial
geomorphology of porous anodic Al,O; formed on
pure Al substrate. Specimens were tested after
anodizing in 20 and 30 % by volume H3POs. The
applied voltage was 2 V with a duration of 30 minutes.

Fig. 2a shows an impression of the nPAA
which was formed in the argument of 20% by volume
acid. A highly uniform porous configuration with
nearly ordered pores of hundreds of nanometers (201,
308 nm) wide, organized in an almost hexagonal
structure, was observed. Fig. 2b shows an impression
of the nPAA which was formed in the argument of
30% by volume acid. A slightly uniform porous
composition with near pores of wider hundreds of
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nanometers (543,590 nm) wide, organized in an
almost less ordered structure, was observed.

Generally, the oxide cover of Al comprises
the barrier layer, which acts as an interlayer between
the porous layer and the Al base. The porous layer
thickness is higher than the barrier layer. The cell
structure surrounding the pore is composed of
randomly oriented crystallites. From Fig. 3b the
measure pore size formed on pure Al substrate was
113-386nm.

Fig. 6: The pore size estimates generated on Al
substrate at chronoamperometric 2 V and 30 min at
various acid concentrations (a) 20% (b) 30% are
shown in FESEM images for top view in (nPAA).
3.3. ZnO deposition using cyclic voltammetry
studies.

3.3.1. Consequence of anodization time: -

ZnO nanowire arrays have also been
synthesized by one-step electrodeposition based on
nPAA templates conducted in aqueous zinc nitrate
solutions [20]. Al Samples are electro anodized in 20%
phosphoric acid for different times (10-40 minutes)
and followed by one-step ZnO deposition in its
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nanoporous alumina. In Fig. 7a we compare the
electrochemical behavior of ZnO voltammogram with
anodized and not anodized Al samples (CV 1, CV 2).
Fig. 7a displays the cyclic voltammograms recorded in
the deposition blend of 0.1 M Zn (NOz3), + 0.05 M
KNO3 for anodized and non-anodized Al samples.

For non-anodized samples, CV1 confirms
that the cathodic deposition current begins at -1.2 V
(Ag/AgCl) recording an extremely low current value -
2 mA cm™. At the cathode potential of -1.2 V, vertical
growth of the cathodic current takes place up to -10
mA cm? corresponding to low ZnO deposition on the
minimal cover zone (non-porous) Al substrate [21].
For the anodized Al sample, CV2 the Al sample is
electro anodized in 20% phosphoric acid for 30
minutes, followed by ZnO deposition in its porous
Al,O3. The recorded voltammogram CV2 verifies that
the cathodic deposition of a current starts at -0.9 V
recording the current value of -10 mA cm. At the
cathode potential of -1.2 V, a steep escalation of the
cathodic current takes place up to -55 mA cm?
corresponding to a high rate of ZnO deposition on high
surface area (porous) Al substrate. For both
voltammograms (Fig. 7a CV1, CV2), the zinc
dissolution peak during the anodic reversing direction
is absent in the nitrate bath, suggesting that the route
of formation of metallic zinc does not occur using zinc
nitrate solution. Experimental observations from CV
studies (Fig. 7a) reveal that a potential window
between -0.8 and -1.2 V (Ag/AgCl) is suitable for the
formation of ZnO films. Fig. 7b displays the cyclic
voltammograms recorded with ZnO deposition on
nPAA templates. Al samples are electro anodized in
20% phosphoric acid for different durations (10-40
minutes), followed by one-step ZnO deposition in its
nPAA.

It is noticeable that during the negative-going
scan a cathodic peak is observed at approximately -0.9
V and can be attributed to the metallic zinc oxide
deposition for 4 voltammograms. As the potential goes
to a more negative value (more than -1V), a diminution
in the cathodic current can be detected since the nPAA
electrode is covered by ZnO, and it behaves now as a
ZnO electrode with different catalytic activity
compared to the nPAA electrode. After -1.4 V, the
cathodic current escalations again due to the decline of
water molecules. The current density of ZnO
deposition for 4 voltammograms (CV1, CV2, CV3,
CV4) increases gradually with anodization time and
attained a supreme value of -55 mA cm? for 30
minutes sample which designates a high deposition
reaction proportion of ZnO on this nPAA porous
sample and high growth rate within this high surface
area. Alternatively, with the growth of anodization
time to 40 minutes, the cathodic current of the ZnO
deposition  voltammogram  (CV4)  decreases
significantly to -45 mA cm2. This may be caused by
the probability that, the Al template with of 40 mints
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was totally dissolved and had been thoroughly eroded
or failed so that a too low growth ratio of ZnO was
observed. Excess anodized duration also harms nPAA
quality [43, 44].
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Fig. 7: Voltammograms of ZnO deposition on porous
aluminum anodized for 30 minutes and non-porous
aluminum anodized for 20 % phosphoric acid are
shown in (A).

Voltammograms of ZnO deposition on
nanoporous Al cathode anodized in 20% phosphoric
acid for (1) 10 min, (2) 20 min, (3) 30 min, (4) 40 min
are shown in (B).
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3.4. ZnO deposition Stirring effect LSV curve.
3.4.1. LSV rpm effect

ZnO dep on porous Al,O3, 20 ml 0.1 M
Zn(NO3)2 + 20 ml 0.05M KNOs, Anodized porous
Alumina cathode 1 cm? 20% phosphoric acid for 30
mint Ag/AgCl, Pt anode 1cm?, 10mVs, 25C.
3.4.2. Influence of agitation

Fig. 8 demonstrates the linear sweep
voltammetric curves recorded at various agitation
rates in a 0.05 M Zn(NOg3); and 0.05M KNOs solution.
Al samples are electro anodized in 20% phosphoric
acid for 30 minutes followed by one-step ZnO
deposition in its nanoporous Al,Os. The curve
demonstrates that the cathodic current of ZnO
deposition increases with increasing agitation rates
from 0 to 1400 rpm. The thickness of the neighboring
cathodic layer is reduced when the solution agitation
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rate is increased, which shortens the diffusion route of
ZnO deposition inside the nPAA substrate.

The thin film of electrodeposition of ZnO
from concentrated Zn(NQs), baths is constrained by
the sluggish kinetics of charge transfer and the mass
transfer limitation of the current with dilute
concentrations. Although the results show that the
greatest increase in current density towards a more
negative value is combined with the upsurge in
agitation rate from O rpm to 1000 rpm, the deposited
film resulting at O rpm is more compact and
homogenous. With the growth of the speed of agitation
to 200 rpm, the deposit becomes poor and uncovered
areas of the surface are observed. At a high agitation
rate, 1000 rpm, the film is likely depleted or damaged
which is generated from a bad quality cathode deposit.
Therefore, the production of the ZnO film in a stagnant
solution (0 rpm), in the current study, is advantageous
for obtaining a better film quality.
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Fig. 8: NPAA cathode in Zn(NO3)2+0.05 M KNO3
solution was used to measure linear sweep voltages at
agitation speeds as low as zero and as high as 500
revolutions per minute (rpm) in 0.1 M Zn(NOs), +
0.05 M KNO:s. It takes 10 mV-1 to sweep the potential.
The current temperature is a balmy °C.

3.4.3. Potentiostatic deposition ZnO

Fig. 9 displays the chronoamperometric
curves recorded with nPAA substrate in the deposition
medium of 0.1 M Zn (NO3); and 0.05 M KNOa. All
nPAA samples are anodized at 20% acid for 30
minutes with stirred bath. The data shows the
corresponding current density behaviors from the
potentials -0.9, -1 and -1.2 V applied to the electrode
arrangement of nanostructured ZnO with identical
electrodeposition periods (600 s).

Three distinct transients were detected for the
three tested potentials, -0.9, -1 and 1.2 V. Immediately
after potential application, the cathodic current rapidly
increases because the nucleation starts, and the three-
dimensional growth of each crystal rapidly increases
the active surface area. Generally, the inflection point
around 80 s indicates the transient from nanotubes to
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nanorods that, steady-state of the transient with time
up to 600 s as a result of complete nanorods
formations. At lower potential (-0.9 V) the
corresponding current stabilized after a slight current
drop, maintaining a relatively smaller current drop (-
1.25 mAcm?), as signaled in Fig. 9a. This result
implies that the nucleation of ZnO takes place at
numerous sites in the holes and then deposited small
grains from along layer walls. The shape is typical of
the electro-crystallization growth process for the three
tested potentials.

The current tosses through a maximum
during the coalescence process curve (a-c). The
emergence of the peak when potential increases can be
attributed to a higher density of nucleation sites as
confirmed from SEM views. Further increase in
deposition period (100 to 600 s) causes a reduction in
the current density to a constant plateau value.
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Fig.9: Curves obtained with a nPAA substrate in an
aqueous solution of Zn(NOs), + 0.05 M KNOs at -0.9,-
1,-1.2 v/IAg/AgCl potentials.

This may be confirmed by the SEM picture
and EDX indicated in Fig. 10a for -0.9 V. At relatively
higher potential (-1 V) the corresponding current
stabilized after a slight current drop, maintaining a
relatively high current drop (-1 mAcm2), as shown in
Fig. 10b. At higher potential (-1.2 V) the
corresponding current stabilized after a slight current
drop, maintaining a relatively high current drop (-2.25
mAcm2), and indicating a high deposition rate. At a
potential of -1.2 V, ZnO nanowires are uniform and
smoother than that of ZnO deposited at -0.9 V.
Deposition ratio of ZnO with -1.2 V is higher than with
-0.9 V, as seen in (EDX study Fig. 10b). High cathodic
deposition current transient (-2.25 mA cm?) is
observed with -1.2 V. The rate of ZnO deposition is
higher than -0.9 V. This may be confirmed by
comparing the SEM images and EDX shown in Fig.
10a,b. Fig. 10b shows the SEM pictures of the
underside of the ZnO nanowires on nPAA. Bright
regions show nanowires with filled pores and dark
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regions show unfilled pores. Fig. 10 (-0.9 V) shows the
surface image of ZnO nanowires with the nPAA
template partly filled. Fig. 10b also shows the EDX
spectra obtained for ZnO film deposited at -0.9 V and
-1.2 VV on nPAA for 600 s. The ZnO was deposited
from a bath containing 0.1 Zn(NO3);+0.05M KNOs.
EDX data reveals that the elemental percentage of Zn
and oxygen are 9.62 and 1.36 for ZnO deposited at
potential -1.2 V (Fig. 10b). In contrast, the elemental
percentage of Zn and oxygen are 1.96 and 3.67 for
ZnO deposited at a potential -0.9 V (Fig. 10a). The
deposition ratio of ZnO as seen is high with -1.2 V than
-0.9 V. High cathodic deposition current transient is
observed with -1.2 V. The ratio of ZnO deposition is
higher than -0.9 V [45].

3.5. Characterization of synthesized ZnO/Al2O3

The surface layer of the created samples was
examined using scanning electron microscopy (SEM),
and the chemical composition of the surface layer was
examined using energy-dispersive X-ray spectroscopy
(EDXS) to determine its chemical composition (EDX)
[46]. The results of the research demonstrated that the
structural arrays of nanowires employed in the studies
were of good quality. According to the images
supplied, the ZnO nanowires have grown uniformly
and evenly across the lowest region of the structure,
including the space between the nanowires, according
to the photographs provided [47]. The length of the
ZnO nanowires was reported to be around 500
nanometers, while the diameter of the wires was
revealed to be between 30 and 50 nanometers. Based
on the images, it can be observed that the surface is
smooth, which is supported by superb crystallization
and crystal orientation that is uniform throughout the
sample [48, 49]. By increasing smoothness, electronic
conduction is improved, which in turn improves the
photocatalytic activity of the material. (See Fig. 1).
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Fig 10: (A and b) FESEM pictures and EDX spectra
at potentials (a) -0.9 V (b) -1.2 V for 11 minutes
illustrate the deposition of ZnO nanowire within an
nPAA template.
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4. Conclusion

nPAA generated by electrochemical
anodization of commercial aluminum will be
discussed on this page concerning the acid load
applied to the anode. The morphology of the PAA was
categorized using the following criteria: (SEM). The
electrochemical deposition of nanowire ZnO on
nanoporous alumina was also discussed at the meeting
(nPAA). Also investigated and addressed where the
impacts of anodization time, deposition potential, and
stirring rate on the development of ZnO on nPAA,
among other things.

All the integrated experiments were
categorized based on their use of EDX, or field
emission scanning electron microscopy, as their
primary imaging technique (FESEM). Given the bulky
superficial zone, which has the greatest effect on
improving catalytic performance, the results given
revealed that ZnO nanotubes were able to absorb more
light, resulting in an increased photolysis efficiency,
which was proved by the data presented. This means
that these nanowires and the features connected with
them have the potential to be employed in
photocatalysis, as well as other fields like solar energy
and a range of sensor applications.
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