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An AA-7475 is coated with superhydrophobic (SH) polymer nanocomposites (PNCs), emphasizing the coating’s manufacturing,
characterization, and anticorrosive qualities. Coating AA-7475 alloy with polyvinyl chloride (PVC), copper stearate (CS), and zirconium
oxide (ZrO,) nanoparticles produces the desired superhydrophobic. Using an X-ray diffractometer, field-emission scanning electron
microscopy, Fourier-transform infrared spectrometer, ZrO, nanoparticles, CS, and PVC PNCs are analyzed structurally and molecu-
larly. The atomic force microscope picture was analyzed to determine how the surface roughness affected the SH behavior reached by
changing the weight percentage of ZrO, nanoparticles from 0.6 to 3.0 wt%. PNC-5 with 3.0 wt% ZrO, nanoparticles is used as resistance
to corrosion coating for AA-7475 due to its water contact angle of 154°. In a 3.5% NaCl solution, uncoated and PNC-5-coated AA-7475
are examined using potentiodynamic polarization and electrochemical spectroscopy. PNC-5 coating reduces AA-7475 corrosion rate
from 23.75 to 0.2253 mpy. In this study, we use polarization resistance, corrosion resistance efficiency, double layer capacitance,
corrosion current density, and charge transfer resistance to demonstrate that the SH surface air trapping phenomena are responsible
for effective corrosion resistance.

1. Introduction

Except for the few noble metals, all other metals oxidize spon-
taneously in the atmosphere to reach a stable state, making
corrosion an inevitable part of their existence [1]. Atmospheric
moisture that makes its way to the surfaces of metallic struc-
tures promotes the creation of the necessary ions that ulti-
mately lead to the formation of the metal’s most stable oxide
[2, 3]. Climate change, thermal fluctuation (day and night),

environmental pollutants, and corrosive elements like acidic
or alkaline compounds all affect the corrosion process [4]. Still,
water molecules play the most important role. An oxide layer
formed by the spontaneous reaction of aluminum with oxygen
and water in the air to produce aluminum oxide can protect
the metal against corrosion even in the presence of water [5].
Despite aluminum’s inertness in water, its oxide coating
quickly deteriorates upon contact with chloride ions [6, 7].
Corrosion of metals occurs when chloride ions penetrate the
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oxide layer and catalyze a chemical reaction that forms alumi-
num chloride and other chemicals [8]. Pits are formed as
aluminum chloride dissolves into the water, creating a void
that facilitates further corrosion. Alloys of aluminum were
used to improve the mechanical and structural qualities
[9, 10]. Shipbuilding, coastal equipment, and saltwater desali-
nation are some of the most common applications for the
6xxx Al alloys [11]. For structural applications in the marine
industry, AA-7475 alloys are particularly popular. However,
aluminum alloys’ corrosion resistance is lower than that of
pure aluminum [12]. It is necessary to utilize proper coating
procedures due to Al-alloy corrosion. Because of its carcino-
genic effect on living creatures and high cost, heavy metal
chromium should be avoided [13]. Because of this, scientists
are searching for more cost-effective and environmentally
friendly coating solutions.

Recent years have seen a surge in interest in creating
superhydrophobic (SH) coatings among academics. When
droplets of water are deposited on SH surfaces, they form a
bead-like structure [14, 15]. This is because SH surfaces
exhibit assertive water-repellency behavior. A low surface
energy material must be deposited onto a substrate with an
appropriate roughness to have the SH property [15]. Low
surface energy provides hydrophobicity, amplified to a super-
hydrophobic type by air trapping-induced roughness. Metal
corrosion is improved by incorporating a metallic substrate
with an SH nature, which does not interact with corroding
ions and moisture [16, 17]. Moreover, the air retained on the
SH surface prevents the surface from coming into contact
with the corrosive chloride ions found in the aqueous medium
[18]. Many scientists have worked to build a water-repellent
SH coating that can protect metals from corrosion in the
chloride-ion-rich maritime atmosphere.

TiO, functionalized methyl hydrogen polysiloxane was
used by Gao et al. [19] to create SH surfaces on metal by
heating the steel first. Corrosion resistance in mild steel is
improved by cutting the coating’s i, value from 120.22 to
0.09 A and raising the contact angle with water from 160.7°.
To increase the corrosion resistance of the AZ91D alloy,
Yin et al. [20] employed thiol-based compounds in a TiO,/
copper/self-assembly approach. To create an SH surface,
Yin et al. [21] used a hydrothermal process to coat a dual
layer of ZrO,/SiO, over a zinc-based substrate. Using a chem-
ical etching approach, Sharma et al. [22] created SH CuO
microneedles to limit the corrosion of copper in the marine
atmosphere. By employing the thermal annealing process,
Yang et al. [23] produced a water contact angle (WCA)-
153° coating with a tilt angle of 5°. Similar to how numerous
methods are used in corrosion-resistant manufacturing mate-
rials with SH coating, many different approaches have been
developed [24]. The methods presented here, however, are
not simple enough to be used for SH coating on massive
buildings. In addition, the methods used to design SH envir-
onments are highly specialized and can only be applied to
certain small-scale structures [25]. A nonwettable feature
must be imparted to the substrate due to the need to develop
an SH mixture that can be applied to large constructions.
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2. Materials and Methods

2.1. Required Materials. We developed an SH combination
that uses polymer nanocomposite (PNC) strengthened with
nanosized ZrO, nanoparticles and CS molecules to inhibit
aluminum erosion in seawater. It is possible to alter the
number of ZrO, nanoparticles incorporated in the PNC
using PVC resin, a polymer binder. PVC resins are a
water-insoluble material with suitable properties, including
Young’s modulus, shock absorbance, and chemical resistance
for a corrosion-resistant coating. The ZrO, nanoparticles
concentration supplied to the PVC matrix can be adjusted
to improve the dried film’s surface roughness. The surface
energy of the composite is reduced by adding the reduced
surface energy substance CS to the PVC matrix. The super-
hydrophobicity of the chosen polymer is a result of decreased
surface energy and factors enhancing roughness. An AA-7475
aluminum alloy is used as a test specimen to determine the SH
mixture’s corrosion resistance. Ammonium hydroxide, zinc
acetate, and copper sulfate are some ingredients that make up
this mixture. By creating a coating resistant to corrosion for
AA-7475 aluminum alloy, ZrO, nanoparticles (which adds
roughness) and CS (which lowers surface energy) are mixed
into polyvinyl chloride (PVC) binder. We have AA-7475
plates that are 60 mm long, 10 cm wide, and only half a milli-
meter thick. The surfaces are cleaned using ultrasonication
and air dried to prepare the specimens for superhydrophobic
(SH) combination.

2.2. Preparation of ZrO, Nanoparticles. Using the same easy
precipitation method described in our previous research
[26], ZrO, nanoparticles can be easily made. Simply 50 mL
of distilled water was used to dissolve 0.05M of sodium
hydroxide and 0.01 M of Zn acetate. Drop by drop and rap-
idly agitated at 27°C, the zinc acetate is added to the sodium
hydroxide solution until both solutions are neutralized. Zinc
hydroxide begins to nucleate and develop, and white precip-
itate forms during stirring. After centrifuging, filtering, and
rinsing with distilled water three times, the residue was dried
in a hot air oven for 5 hr at 120°C. After drying, it is calcined
for 1 hr at 700°C to produce ZrO, nanoparticles, which are
then gathered and stored under a vacuum until needed.

2.3. Preparation of CS. The experimental method for prepar-
ing copper stearate (CS) is described in the literature [27]. In
two different beakers, you’ll dissolve 2.49 g of CuSO, (0.02 M)
and 4.98g of stearic acid (0.03 M) in 62mm of water and
42mm of ethanol, respectively. At 60°C for 30 min, while
constantly stirring, they are heated in a water bath to combine
the liquids. When NH,OH was added, the mixture’s pH
raised to 7. After prolonged stirring, a vivid blue precipitate
was obtained; this was then systematically washed and filtered
using a mixture of distilled water and ethanol at a 1:1 ratio.
This residue was stored in an airtight container after air-

drying.

2.4. Fabrication of Polymer Nanocomposites. ZrO, nanopar-
ticles and CS are bound to create SH material using polyvinyl
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TasLe 1: The PVC matrix contains ZrO, nanoparticles and CS compositions.
Polymer nanocomposites ZrO, nanoparticles (g) CS PVC (g) THF (mL)
PNC-1 (Sample-1) 0.30 1 0.30 60
PNC-2 (Sample-2) 0.60 1 0.30 60
PNC-3 (Sample-3) 0.90 1 0.30 60
PNC-4 (Sample-4) 1.20 1 0.30 60
PNC-5 (Sample-5) 1.50 1 0.30 60
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chloride (PVC). THF is first used to dissolve 0.30 g of PVC
(0.6 wt%), trailed by adding 1 g of CS (2wt%), which is agi-
tated while the mixture is stirred. After the mixture is uni-
form, different amounts of ZrO, nanoparticles are added,
such as 0.30, 0.60, 0.90, 1.20, and 1.50 g, for weight percen-
tages of 0.6, 1.2, 1.8, 2.4, and 3.0, respectively (Table 1). Soni-
cating the mixture with a probe-type ultrasonicator produces
a homogeneous suspension of ZrO, nanoparticles in PVC.
Sonication was performed for 30 min, with on-and-off inter-
vals of 30 s each. After sonication, the mixture is degassed in a
desiccator at a lower pressure of 0.2 bar for 20 min to reduce
the impact on air spaces. After the AA-7475 samples have
been ultrasonically cleaned, they are brush coated with the
resulting mixture, allowed to air dry for 24 hr, and then kept
until further characterization [28, 29].

2.5. Description. This ZrO, nanoparticles sample’s X-ray diffrac-
tion (XRD) pattern was measured using a Siefert XRD with Cu-
Ko radiation at a wavelength of 1= 1.5406 A and a =20°-80°.
The molecular vibrations of PNCs are recorded using an IR
spectrometer. Field-emission scanning electron microscopy
(FESEM) reveals the ZrO, nanoparticles’ morphological
features. To determine the average roughness of the 3D
atomic force microscope (AFM), the XE-70 AFM’s
topographical line profile analysis is used [30]. After 30s of
immersion in 10 L of water, a goniometer measures the coated
surfaces’ WCA. Potentiodynamic polarization (PDP) and

(b)

FiGure 1: (a) XRD pattern and (b) FESEM image.

electrochemical impedance experiments in a 3.5% NaCl
solution were used to evaluate the SH coating produced by
CH instruments for corrosion resistance.

3. Results and Discussion

It is necessary to increase the surface roughness of PNC by using
wet, chemically produced ZrO,. It depicts the XRD structure
of the ZrO, nanoparticles produced in the range of 20°-80° in
Figure 1(a). There are well-defined crystallization patterns in the
260 =31.7488°, 34.4094°, 36.2346°, 47.5557°, 56.5974°, 62.8460°,
66.4176°, 67.9315°, 69.0682°, 72.5721°, and 77.0375° peaks in
the XRD spectrum. Peaks (100, 002, 101, 102, 110, 103) are good
match for JCPDS No. 89-1397 (Figure 1(a)). A tetrahedral hex-
agonal wurtzite phase of ZrO, nanoparticles features Zn>"
ringed by four O, molecules. For the ZrO, nanoparticles were
created, Scherer’s formula [31] was used to calculate the average
crystallite size.

D = 0.94/(FWHM X cos 0). (1)

The FWHM is the whole breadth at half-maximal of the
deflected peak, and 6 is the XRD angle. ZrO, nanoparticles
have a crystallite size of 40 nm, according to the formula
above. ZrO, nanoparticles defects are to blame for the devi-
ation froom the conventional values of 3.253 A, 5.213 A, and
47.77 3 A? for the lattice parameters a to ¢, and volume of the
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FIGURE 2: (a) Fourier-transform infrared spectrum of ZrO, nanoparticles and (b) CS.

7rO,, which are 3.24915 A, 5.20673 A, and 47.6031 3 A’
correspondingly.

ZrO, nanoparticles secondary electron FESEM image as
shown in Figure 1(b). The ZrO, nanoparticles structures
depicted in the figure range in size from 100 to 200 nm
and are polydispersed. The ZrO, nanoparticles have a highly
crystalline character, confirming the results of XRD.

Figure 2(a) shows the Fourier-transform infrared spectra of
ZrO, nanoparticles produced between 500 and 4,000 cm™". ZrO,
vibrational has highest at 540 cm™" in extended-spectrum shown
in Figure 2(a). Copper precursor ions easily react with CH;(CH,)
16COO™ ions in stearic acid during the CS synthesis in the
occurrence of ethanol, resulting in Cu (CH;(CH,)16COO),
molecules. An illustrated in Figure 2(b), which depicts the char-
acteristic molecular vibrational patterns of each of its elements.
Stearic acid’s distinctive stretching frequency (1,512-1,520 cm™)
has vanished from Figure 2(b). The carboxylate group produced
by the interaction of stearic acid with the metal precursor resulted
in a strong signal at 1,762 cm™". The aliphatic C-H stretching
frequencies of the CS molecule are 2,846 and 2,910 cm ™", respec-
tively. Vibrations in the 1,441 and 717 cm™" range for C-C and
C-H show bending and asymmetric stretching.

ZrO, nanoparticles of 0.6, 1.2, 1.8, 2.4, and 3.0 are dis-
tributed with 2.4wt% copper stearate and various weight
percentages of ZrO, nanoparticles (PNC-1 to PNC-5) in
THF at a concentration of 0.6 wt%. The spectrum of PNC
in the region of 500-4,000 cm ™" is shown in Figure 3 (right).
The distinctive ZrO,, CS, and PVC bands were seen in all
spectra. The peak of the Zn—O vibrations can be located at
520cm™, and its intensity increases as ZrO, nanoparticles
wt% increases. Spectral peaks in the 500-1,500 cm™" range
suggest the presence of PVC. All of the PVC stretching pro-
cesses are attributed to the peaks at 1,306 cm™' (—CH scis-
soring of PVC), 1,433, 2,856cm™', and CH asymmetric
stretching of polyvinyl chloride.

With this research, we hope to create an AA-7475 corrosion-
resistant coating with a superhydrophobic characteristic.
Roughening components and low surface energy are
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FiGure 3: Fourier-transform infrared spectrum of polynanocompo-
sites: (a) Sample-1, (b) Sample-2, (c) Sample-3, (d) Sample-4, and
(e) Sample-5.

combined to form a superhydrophobic surface with a
WCA of more than 150° PVC binder in THF solvent
blended with roughening components. WCA of coating,
which is made of ZrO, nanoparticles and CS in PVC, has
been improved by using this material. The bigger the num-
ber of ZrO, nanoparticles in the coating, the greater the
WCA. Line profile analysis is a valuable technique in the
software used to interpret pictures to evaluate the coating
surface roughness. Using a WCA, the surface roughness
(Ra) of the PNC-1 was determined to be 12.74 nm at an
angle WCA of 124°, as indicated in Figure 4(a). ZrO, nano-
particles wt% 1is increased from 0.6 to 1.2, although the
WCA only increases by 128° (Figure 4(b)). WCA is not
significantly improved because the difference in Ra is just
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TAaBLE 2: Mean roughness and WCA of polymer nanocomposites.

Polymer nanocomposites ZrO, nanoparticles (wt%) Avg. roughness (nm) WCA (°)
PNC-1 (Sample-1) 0.6 11.82 125
PNC-2 (Sample-2) 12 15.36 126
PNC-3 (Sample-3) 1.8 25.81 134
PNC-4 (Sample-4) 2.4 29.96 136
PNC-5 (Sample-5) 3.0 60.52 154

WCA, water contact angle.

(c)
FIGURE 5: (a, b) SEM and (¢, d) EDX mapping images of bare and PNC-5-coated AA-7475.

16.47 nm. With ZrO, nanoparticles content rising to 1.8 and
2.4 wt%, the roughness value rises to 26.72 and 30.90 nm in
PNC-3 and PNC-4 accordingly (Figures 4(c) and 4(d)). Ra
values have increased. However, WCA does not reach super-
hydrophobic (about 150°) levels despite this. It turns out that
the Ra value is double for PNC-4 when 3.0 wt% of ZrO, nano-
particles (PNC-5) is added. This PNC-5 coating is classified as
SH because of its 154° WCA on such a roughened surface.

These results indicate a strong correlation between rough-
ness and SH activity, forming comparable nanoscale pillars
[32]. Due to its hierarchical structure, air molecules are trapped
between valleys and peaks of the PNC covering [33]. The
Cassie—Baxter model is a good fit for these SH surface
phenomena.

cos Ocp = fis cos by — fi. (2)

where Ocp is the WCA of PNCs, 6, is Young’s angle of
contact, fi, and fj, divides the projected area by the contact
region between liquid and solid and liquid and vapor. Surface

(d)

roughness is a crucial aspect that contributes to creating SH
surfaces in the current scenario. As a result, Peng et al. [34] is
substituted into the equation,

cosOcp = r¢f cos Oy — f — 1, (3)

where r¢ is the surface roughness, and f is the percentage of a
solid surface covered by water. There are varied ZrO, nano-
particle concentration percentages in Table 2 for PNC-1 to 5.

PNC-5-coated AA-7475 exhibits a WCA of 154°, indi-
cating that it has a superhydrophobic coating, as may be
deduced from Table 2. When it comes to corrosion protec-
tion, the PNC coated with AA-7475 alloy serves this purpose.

Images of AA-7475 coated with PNC-5, as shown in
Figures 5(c) and 5(b). Figure 5(a) depicts the AA-7475 sur-
face morphology without any holes. Porous structures are
formed on the surface of PNC-5 when it is applied. The
ZrO, nanoparticles induce the coating’s roughness, and the
porous structure may have been formed due to the coating’s
presence of CS [31, 35]. The porous structure of the coating’s
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TasLE 3: Details of corrosion parameters obtained from potentiodynamic polarization studies.

Sample

Corrosion potential Pitting corrosion potential Corrosion current density Protective efficiency Corrosion rate

Ecorr (V) Eplt (V) icorr (A) (%) Vcorr (mpy)
Bare AA-7475 —1.260 —-0.676 5.536x 107> - 2.376 x 10"
PNC-5-coated AA-7475 —0.397 5.362x 1077 99.06 2.252% 10!
0 —
-1 4
-2 4
-3
—~ -4
=
-6 —
] -1260v l Eopr
-8 4
91— " - E
| Sweep direction 0397 Vl corr
-10 T T T T T T T T T T
-1.5 -1.0 -0.5 0.0 0.5 1.0
Potential (V)
— Bare Al-7475
—— PNC-5-coated Al-7475
FIGURE 6: Potentio-dynamic polarization studies of (a) bare and (b) PNC-5-coated AA-7475.
surface may be responsible for the greater WCA. Figures 5(c) 2Al(OH); + in air — Al,O; - 3H,0. (7)

and 5(d) show the EDX mapping of the AA-7475 coated with
PNC-5 and naked samples. ZrO, and CS were found to be
present. Elemental maps of AA-7475 show a high concentra-
tion (>99%) of Al although there are also trace amounts of
Mg and Si and Fe, and Cu, as well as other elements. The
alloying ingredients in AA-7475 are thought to be responsi-
ble for the trace element presence [36]. PVC matrix consti-
tuents C, O, and Cl can be seen on the surface of AA-7475
coated with PNC-5 (Figure 5(d)). For this reason, trace
amounts of zinc, copper, and other metals can be found in
the completed product. Since Zn and Cu atoms are uni-
formly distributed across the PNC-5 surface, this supports
the presence of ZrO, nanoparticles and CS.

The corrosion resistance of superhydrophobic PNC-5
coated and uncoated Aluminum-7475 specimens are studied
using PDP and electrochemical impedance spectroscopy
(EIS) investigations. The cathode uses the electrons released
by the oxidation reaction on the working electrode’s surface
to perform the reduction. The following is a list of aluminum
corrosion reactions:

Al — APT + 3¢, (4)
0, + 2H,0 + 4e~ — 40H", (5)
AP + 30H™ — Al(OH)s;, (6)

Anode Al atoms consume the hydroxide ions produced
on the cathode, resulting in aluminum hydroxide, which is
then transformed into an aluminum oxide coating by the
anode. A barrier between hydroxides and our substrates
can prevent the formation of oxide layers. A layer of SH
material is applied to the AA-7475 to shield the substrate
from direct contact with the electrolyte [37]. The resulting
specimen is used as a counter and a reference electrode
because platinum and Ag/silver chloride are both acceptable
electrode materials [38, 39]. All tests are conducted with a
marine-like electrolyte solution of 3.5% NaCl. Samples are
stabilized in 3.5% sodium chloride for an hour before elec-
trochemical tests are conducted and the open circuit poten-
tial is determined.

Aluminum-7475 (ASTM standard) was bare and coated
with PNC-5 at a scan rate of 0.1667 mV/s to estimate corro-
sion potential (E.,,), corrosion current density (i.or,), polar-
ization resistance (Rp), (i'o) corrosion current density of
AA-7475 and other electrochemical parameters. These sam-
ples” corrosion behavior may be estimated and summarized
in Table 3 using anodic and cathodic polarization curves,
which are shown in Figure 6. PNC-5 was shown to reduce
the corrosion resistance of AA-7475 from 5.536 X 10 A to
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TaBLE 4: Resistance data in the linear polarization direction.

Specimen Slope at anode b, Slope at cathode b.  Corrosive current density ico,r (A) Polarized resistance R, (Q-cm?)

Bare AA-7575 2.370 11.341 5.538 %1077 14.135x 10°

PNC-5-coated AA-7475 5.031 5.524 5.253x 1077 20.682 % 10°

5.253x 1077 A, based on the data in Table 3. When alumi-
num-7475 was stacked on top of PNC-5, the E.,, voltage
dropped from —1.260 to —0.397 V after coated, with a positive
shift 0£ 0.863 V. The superhydrophobic surface produced with
PNC-5 effectively shields the metallic surface from corrosion,
preventing electrolytes from penetrating toward working
electrodes, as seen by the decrease in i, and increased Eq,,
values. AA-7475 surfaces are protected from erosion by lim-
iting hydroxide generation. To assess the PNC-5 coating’s
level of protection, apply the following formula to estimate P;:

Py(%) = [1 = (icops/#'corr)] X 100. (8)
Samples coated with PNC-5 had a P; that is 99.05% cor-

rosion-resistant. Corrosion rates (mpy) of AA-7475 coated

and uncoated can be determined using the formula [29].

i corr KE

ICOIT w
_ ) 9
Vcorr 1 ( )

where E,, is the metal’s equivalent weight to be tested for
corrosion rate, K is a constant that measures 1.288 x 10~
p is a representation of metal density, and A, which metal
surfaces in a PDP sample were immersed in the conductive
electrolyte during the test. AA-7475 corrosion rate is 23.75 mpy,
but PNC-5-layered AA-7475 is 0.2253 mpy, which is 100 times
less corrosion-resistant.

In this case, the pitting corrosion is responsible for the
appearance of the hump at —0.675V, which can be seen in a
typical PDP pattern on bare Al. The damaged aluminum
reacts with the electrolyte at higher anodic ranges, forming
aluminum salts and a pit in the specimen. “Pitting potential”
refers to that point in developing a pit where further develop-
ment is possible (Epit). During exposure to high Cl concentra-
tions, localized corrosion creates microscopic holes in the
aluminum surface, leading to pitting [40]. A small region
acts as an anode for the heavy corrosion that produces small
pits, influencing pitting corrosion. The start, metastable devel-
opment, and stable, autocatalytic growth stages of pit forma-
tion are described by Chang et al. [41]. To avoid pitting, an
appropriate coating must be applied to the areas that are sus-
ceptible to pitting, according to their findings. The breakdown
of aluminum in a chloride-rich atmosphere causes pitting cor-
rosion.

Al = APT + 3¢,
AP +4CI- = AlCI;.

Figure 5 demonstrates that the naked AA-7475 is pitting
corroded at a potential of —0.676 V. However, the sample

does not reveal any peak matching to Epit when coated with
superhydrophobic material, i.e., PNC-5. When an AA-7475
surface is coated with a PNC-5 electrolyte solution and cannot
migrate into the interior, anodic and cathodic islands are
prevented from forming. 3.5% NaCl solution did not produce
pits when PNC-5 was applied as the protective coating.

For the bare and coated AA-7475, the polarization resistance
(Rp) was calculated using an equation based on Stern—Geary
[42].

B
RP B iCOrf ’ (12)
bb
B — avc
23(b, + b))’ (13)

where b, and b, slopes of the anodic and cathodic conduc-
tors. Table 4 contains the values of R, and various other
factors. The results reveal that coating PNC-5 over AA-7475
enhances b, while decreasing b., demonstrating that corro-
sion slowed in the coated specimens. As a result, the coated
sample has a higher R, (21.682x 10> 2-cm®) than the bare
AA-7475 (15.135 % 103 2-cm?). It has been determined that
the SH coating on the PNC-5 provides adequate corrosion
protection in a maritime environment based on PDP data.
EIS analysis can determine electron transfer mechanisms
between the working electrolyte and the electrode. Recordings
of PNC-5 coated aluminum-7475 in 3.5% sodium chloride
solutions were plotted in Figure 7 from 0.01 to 100,000 Hz.
The R, of the specimens is measured using a capacitive loop at
high frequencies. As demonstrated in Table 5, the coated spec-
imen has an R value of 2.598 Q-cm ™2, which is significantly
greater than the untreated sample R, value of 51.29 Q-cm™.
As displayed in Figure 7(c), bode charts of magnitude
and phase angle can be seen in both naked and PNC-5-
coated samples. The PNC-5-coated sample demonstrated a
higher impedance than the bare AA-7475 in all frequency
bands. For bare AA-7475, plotting the phase angle shows
only one-time constant of roughly ~50Hz, owing to the
oxide coating produced on the Al surface. The maximum
frequency (~1,000,000 Hz) can increase by increasing the
time constant of PNC-5-coated AA-7475. The AA-7475 sur-
face has been protected from corrosion by the PNC-5 coat-
ing, which has altered the time constant significantly. For
evaluating electrochemical parameters through curve fitting,
we can use the EEC model for the Nyquist plot (Figure 7(d)).
Table 5 shows the calculated values for the circuit parame-
ters, which indicate solution resistance, resistance to charge
transfer two-layer capacitance, and the Warburg factor.
While AA-7475 with no PNC-5 coating has an R, of just
2.974 Q, the PNC-5-coated AA-7475 has an R of 7.187 Q2
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FiGure 7: (a) Nyquist plot for bare AA-7475, (b) polymer nanocomposites-5 coating with AA-7475 (c) magnitude plot and phase angle

(d) equivalent circuit.

TasLE 5: Equivalent circuit data.

Specimen R, (22) R, (£2-cm?) Cq (F-cm?) w
Bare AA-7475 2.974 51.79 7.05x107* 6.290 X 1072
PNC-5-coated AA-7475 7.187 x 10* 2.598 % 10° 3.932x 1071 1.748x107°

by the same order of magnitude. An increase in R, has been
attributed to an air-trapping phenomenon that successfully
repels the electrolyte from PNC-5-coated samples because of
their SH composition. This indicates that the PNC-5-coated
AA-7475 is an excellent conductor of electricity between
metallic surfaces and electrolytes because it has the highest
Cq), compared to bare aluminum [43]. It also shows that the

creation of compound W successfully limits the flow of elec-
trons in an electrochemical circuit. According to these data,
corrosion of AA-7475 is prevented by PNC-5’s SH surface.

Figure 8(a)-8(d) shows before and after PDP measures on
AA-7475 coated with PNC-5 and bare AA-7475 using scanning
electron microscopy (SEM). According to the SEM picture in
Figure 8(a), the AA-7475 surface is completely noncorrosive
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FiGure 8: SEM image of bare and PNC-5-coated AA-7475 before (a, ¢) and after (b, d) potentiodynamic polarization studies.

(Figure 8(a)). However, after PDP examinations, the surface is
eroded, with pits forming on all of its surfaces, confirming the
conclusions of the PDP graph. No cracks or delaminations were
found on the AA-7475 coated with PNC-5 compared to AA-
7475 untreated as a control. An unbroken and undamaged
PNC-5 shows that the underlying AA-7475 (Figures 8(a) and
8(d)) has been completely protected.

An X-cut tape testing, performed by ASTM D 3359-
96.4cm X-cut on a layer of the angle at 30° is used to
determine the observance of the PNC-5 coating. The X-cut
region is covered with adhesive tape and left for 60 s. During
the 60 s, an adhesive tape is applied and left in place on the
X-cut area. During the first 60 s of peeling, the peeling angle
should be close to 180°. The coating is classified as 5A
denotes the absence of peeling, and 0 A denotes the removal
of coating from the substrate. Using a screw gauge, the coat-
ing thickness is determined to be 160 um.

4. Conclusion

(i) To create a superhydrophobic polymer, nanocom-
posite PVC, copper stearate, and ZrO, are mixed in
the right proportions. Changing the weight percent-
age of ZrO, nanoparticles to 0.6, 1.2, 1.8, 2.4, and
3.0 wt% allows researchers to investigate the impact
of average roughness on SH behavior.

(ii) According to the WCA data, the PNC (PNC-5)
included in the 3.0 wt% ZrO, nanoparticles exhibits
SH character. The average roughness of the coating
has been found to significantly impact the SH

Journal of Nanomaterials

surface from the line profile analysis of the AFM
picture. After brush coating, an AA-7475 substrate
with the SH PNC-5 combination, electrochemical
workstations assess corrosion resistance in a 3.5%
NaCl.

(iil) Asa result of these findings, the PNC-5-coated A1-7475
has a higher E.,,=0.397V, the lowest ico,=5.513X
1077 A, the smallest V., is 0.2254 mpy, and a higher
R,=21.682%10°2-cm’ than bare AA-7475 (Eqom=
—1.260V, icorr=5.513X 107 A, Veorr = 23.76 mpy, and
R,=21.682x10° Q-cm”. Because of the nanocompo-
site’s SH property, pitting corrosion in PNC-5 high
corrosion-resistant performance on AA-7475 alloy is
greatly reduced.
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