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Abstract

A key challenge in producing superhydrophobic coatings (SHC) is to tailor the surface morphology on the micro-nanometer
scale. In this work, a feasible and straightforward route was employed to manufacture polystyrene/nickel oxide (PSN) nano-
composite superhydrophobic coatings on aluminum alloys to mitigate their corrosion in a saline environment. Different
techniques were employed to explore the influence of the addition of NiO nanoparticles to the as-prepared coatings. PSN-2
composite with~4.3 wt% of NiO exhibited the highest water contact angle (WCA) of 155° +2 and contact angle hysteresis
(CAH) of 5°.
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Graphic abstract

EIS Nyquist plots of 3 g of electrospun polystyrene coatings (a) without and with (b) 0.1, (c) 0.15, and (d) 0.2 g of NiO.
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1 Introduction

Some creatures possess the ability to construct morpholo-
gies that can be manipulated to resolve many challenging
industrial problems. For example, the lotus leaf’s hierar-
chical roughness and surface chemistry create water-repel-
lency properties with a water contact angle (WCA) higher
than 150° and sliding like beads under the mildest forces
[1]. Inspired by nature, scientists apply superhydropho-
bic coatings on metals and alloys to protect them against
corrosive environments. Many industries suffer from cor-
rosion problems resulting in higher maintenance costs,
lower efficiencies, and high-risk issues [2]. Aluminum
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(Al) and its alloys (AAs) are widespread and have sub-
stantial usage in many areas, e.g., packaging, electronics,
construction, aviation, and automotive industries [3]. The
diversity of aluminum alloy applications arises from the
different alloying elements added to pure aluminum, such
as copper, silicon, magnesium, manganese, nickel, and
zinc. This alloying process results in unique characteris-
tics such as high mechanical strength, excellent thermal
and electrical conductors, and corrosion resistance under
ambient conditions [4, 5]. However, aluminum alloys are
significantly corroded when exposed to corrosive envi-
ronments. Consequently, variable strategies have been
applied to mitigate Al alloys’ degradation, such as using
corrosion inhibitors, which are chemically or physically
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adsorbed to the metal surface, leading to a reduction in
the adsorbition/ingress of the hydrated chloride species
[6]. Nevertheless, inhibitors lose their efficiency with time;
s0, several protective coatings are explored to enhance the
inhibitors’ efficiencies and prevent corrosion of metallic
components [7]. Among these are organic coatings, which
display efficient protection against corrosion when metal
is placed in a corrosive environment [8]. However, the
permeation of aggressive electrolytes through the coatings
to the metal/coating interface will dramatically increase
the corrosion rate. Consequently, increasing the coating’s
water-repellency, i.e., using superhydrophobic coatings
(SHCs), can be an effective technique to enhance its pro-
tection efficiency. It is worth mentioning that two main
surface properties control the superhydrophobicity of a
coating: (i) minimizing the surface energy and (ii) increas-
ing the surface roughness [9].

The electrospinning technique is commonly used to pro-
duce superhydrophobic coatings due to its simplicity, high
efficiency, template synthesis, self-assembly, inexpensive,
and applicability for plenty of polymers to generate nanofib-
ers [1, 10]. Many parameters affect the production of elec-
trospun SHC coatings, such as solution properties (viscosity,
surface tension, and average molecular weight of the used
polymer) and electrospinning process properties, e.g., flow
rate, applied voltage, the distance between a needle and sub-
strates, and time [11-14].

Polystyrene (PS) and poly-functionalized polystyrene are
widely used in different applications [15]. PS is relatively
inexpensive and has a low melting point, which results in
the wide usage of PS [16]. Compositing polystyrene with
nanoparticles can significantly enhance the surface rough-
ness and, therefore, increase the air trapped in the coating
disparities, resulting in a high water contact angle (WCA)
[1, 15]. Different inorganic nanoparticles were exploited
with polystyrene to manufacture superhydrophobic coat-
ings, including Si0,, TiO,, MnO,, and Al,O;, leading to
hierarchical morphologies [15, 17—-19]. Zhao et al. [20] syn-
thesized SHC polyaniline (PANI)/polystyrene (PS) micro/
nanostructure (WCA =153°) on carbon steel using elec-
trospinning, showing a protection efficiency of 99.48% in
0.1 M H,SO,. Pawar et al. [21] prepared an SHC using the
spin deposition technique on mild steel from a mixture of
hydrophobically modified silica particles and polystyrene.
The as-prepared coating exhibited WCA and WCAH of 158°
and 9°, respectively, and corrosion resistance of 2 x 10° Q
cm? in saline water. Feng et al. [22] successfully grafted
polystyrene on Al alloy displaying a WCA and sliding angle
of 153.6° and 3°, respectively, which results in reducing the
ioor from 1.74x 107 A cm? for the uncoated substrate to
1.16x 107 A cm?.

We have recently shown that the difference in corrosion
resistance of the SHCs with the same WCA could not be

attributed to their superhydrophobic nature but to the low-
ering in the coating’s dielectric constant, which affects the
water permeability [23]. The corrosion resistance of the as-
prepared SHC is attributed to the combined effect of the
Cassie—Baxter approach and to the reduction of the dielec-
tric constant (¢') and the AC conductivity (¢') after the addi-
tion of nano-species. Thus, the electrospun nanocomposite
coating’s electrical dipoles became less dielectrically active
and lessened the corrosive electrolyte diffusion.

In the present work, the Al surface was modified using
new electrospun PS—NiO nanocomposite SHCs with differ-
ent NiO-to-PS ratios, which has not been reported earlier in
the literature. The new SHCs are characterized using various
techniques, including the water contact angle (WCA) and
contact angle hysteresis (CAH), Fourier-transform infrared
(FTIR), X-ray diffraction (XRD), and scanning electron
microscopy (SEM). The surface roughness is measured
using atomic force microscopy (AFM). Moreover, the ther-
mal properties of the samples and the corrosion resistance
are tested by differential scanning calorimeter (DSC) and
thermal gravimetric analysis (TGA), and the electrochemical
impedance spectroscopy EIS, respectively.

2 Experiment
2.1 Materials

Polystyrene (PS) with an average molecular weight (MW) of
250,000 was imported from Sigma-Aldrich with a specific
density of 1.05 g cm™. Nickel oxide (NiO) nanopowder with
particle size < 50 nm was also obtained from Sigma-Aldrich.
The solvents like N,N-Dimethylacitamide (DMAC), and Tet-
rahydrofuran (THF) were purchased from BDH chemicals.

2.2 Coating synthesis

A 3 g of polystyrene was dissolved in a 50 ml of mixture
which consists of 70 wt% DMAC and 30 wt% THF and
stirred overnight at 30 °C to get a sufficiently homogenous
solution with the required viscosity for electrospinning.
Simultaneously, different NiO nanoparticle powder amounts
were dispersed in 25 ml of THF under stirring for 90 min.
The NiO nanoparticle/solvent mixture was then gradually
added to the PS solution and stirred for 1 h at 50 °C. Table 1
shows the variation of the NiO loadings used to synthesize
the different nanocomposite PS-NiO SHCs. Aluminum sub-
strates with 3 x 3 cm? size and 2 mm thickness were used as
collectors and coated with the PS-NiO SHCs. Before elec-
trospinning the PS-NiO mixture, Al sheets were polished
using different emery papers up to 1200 and after that soni-
cated in acetone to remove any impurities.
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Table 1 Compositions and electrospinning parameters for pure PS
and PS/NiO nanocomposite coatings

Exp. code PS (g) NiO (g) Potential (kV) Flow rate
(mLh™h
PS 3 - 18 1.5
PSN-1 3 0.1 18 1.5
PSN-2 3 0.15 18 1.5
PSN-3 3 0.2 18 1.5

The electrospinning unit consists of a high voltage supply,
syringe pump, and a collector. The optimum distance used
to manufacture the superhydrophobic coatings was 15 cm
from the needle tip to the substrates with a cross-sectional
diameter of 0.7 mm. The electrospinning flow rate was
1.5 mL h™! at an applied voltage of 18 kV and an operating
temperature of 40 °C.

2.3 Characterization

A high field-emission scanning electron microscope,
HFESEM (FEI NOVA NANOSEM 450, Hillsboro, OR,
USA), was used to investigate the morphologies of the
as-prepared nanocomposite coatings. All SEM samples
were coated with a thin layer of gold to avoid charging and
increase the conductivity. WCAs were measured using opti-
cal contact angle measuring system (OCA 35, Dataphysics
Instruments, Filderstadt, Germany). AFM images were cap-
tured using (MFP-3D, Asylum Research, Santa Barbara, CA,
USA). AFM measurements were carried out using silicon
tip, which has a radius of 10 nm over a resonance frequency
of 70 kHz in addition to a spring constant of 2 Nm~" used for
non-contact tapping mode in air. Transmittance FTIR was
measured using (PerkinElmer Spectrum 400 FTIR, Perki-
nElmer, Waltham, MA, USA). The XRD analysis was car-
ried out using (Rigaku, Miniflex2 Desktop, Tokyo, Japan)
equipped with Cu K, radiations. The structural and phase
study of as-prepared catalyst at scanning step of 0.02° in the
20 range from 10° to 90°. The FTIR spectra of the coated
samples were recorded in the range of 4004000 cm™'.
TGA measurements were performed using (4000 Perki-
nElmer Pyris system). DSC analysis was conducted using a
differential scanning calorimeter (DSC 8500, PerkinElmer,
USA). The DCS test was carried out in Al crucible using
5 mg weight of specimen. Gamry Reference 3000 poten-
tiostat (Warminster, PA, USA) was utilized to measure the
electrochemical performance of PS/NiO superhydrophobic
coating in 3.5 wt% NaCl. Gamry Reference 3000 consists
of three electrodes, Ag/AgCl as a reference electrode, the
working electrode (the as-prepared coatings), and graphite
as a counter electrode. The coated samples with a surface
area of 0.785 cm? were exposed to 3.5 wt% NaCl solution.

@ Springer

EIS measurements were carried out at an open circuit with a
wave amplitude of 10 mV over a frequency range of 0.01 Hz
to 100 kHz at room temperature. Before conducting EIS
measurements, the samples were immersed 30 min in the
electrolyte to reach the steady-state and set the open circuit
potential. EIS data were analyzed using Gamry Echem Ana-
lyst software (Version 7.06, Gamry, Warminster, PA, USA).

3 Results and discussion
3.1 Scanning electron microscopy (SEM)

The different morphologies of the electrospun PS and
PS—NiO nanocomposite SHCs at different PS-to-NiO ratios
are summarized in the SEM micrographs shown in Fig. 1.
The formation of a beaded-fiber structure with different
diameters can be seen easily. These beads may be obtained
owing to low polystyrene concentrations [24]. Actually,
under the test conditions, the creation of spindle beaded fib-
ers has two reasons: (i) the low applied voltages of 18 kV
during the electrospinning process and the fast stretching
through the charged jet [24] and (ii) low polystyrene con-
centration, which leads to a significant decline in the elas-
ticity that provides the required resistance to overcome the
elongation caused by the electrostatic force [25]. In general,
there are three forces accountable for the construction of
beads consisting of coulombic, viscoelastic, and surface ten-
sion forces and the stretching of the charged jet during the
electrospun process. It is noteworthy that NiO nanoparti-
cles’ presence has no considerable influence on the surface
morphology of the electrospun polystyrene, as displayed
in Fig. 1b—d. It can be observed that the variation in the
diameter of the constructed beaded fibers is negligible. A
beaded-fibers’ texture is desirable since its structure contrib-
utes to the coating’s roughness, leading to increased trapped
air volume between the modified surface inequalities [24].

3.2 Contact angle measurement

Figure 2 shows the wettability of the electrospun PS and
PS-NiO nanocomposite SHCs. The static contact angle of
the as-prepared coatings was investigated using the sessile
droplet method at room temperature. Table 2 demonstrates
the measured water contact angles and sliding angles for
PS and PS—-NiO nanocomposite SHCs. The water contact
angles were measured for PS with and without NiO nano-
particles. The measured WCA of pure electrospun PS is
146° + 2. On the other hand, NiO nanoparticles’ addition
to PS significantly enhanced the wettability of the as-fab-
ricated coatings. The highest WCA of PS-NiO nanocom-
posite coatings was 155°+ 1 for PSN-2, and the lowest
contact angle was 150° +2 for PSN-3. As a function of
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Fig. 1 SEM images of electrospun PS and PS-NiO nanocomposite superhydrophobic coating for a PS, b PSN-1, ¢ PSN-2, and d PSN-3

NiO content, the measured WCA had an inflection point
due to two opposite effects. At low concentrations of NiO,
the increase in the surface roughness due to the addition of
the NiO is the dominant parameter. However, at a higher
concentration of NiO, the hydrophilic nature of the NiO
became the dominant factor, which lowered the WCA [20,
26]. The recorded WCA of neat was PS 146° +2; however,
the addition of the nanospecies significantly increased the
WCA to 153°, 155° £+ 1, and 150° +2 for PSN-1, PSN-
2, and PSN-3, respectively. The contact angle hysteresis
(CAH) for PS and PS-NiO nanocomposite SHCs is dis-
played in Table 2. The measured CAH of pure PS coating
nanoparticles was 25° + 3, which markedly reduced after

the addition of NiO nanoparticles to 8° +2, 5°+ 3, and
12° 42 for PSN-1, PSN-2, and PSN-3, respectively.

3.3 Atomic force microscopy (AFM)

AFM was performed to investigate the surface topogra-
phy of PS and PS-NiO nanocomposite SHCs, as illus-
trated in Fig. 3. The pure PS coating showed the lowest
value of surface roughness (114 nm). However, the surface
roughness of the PS-NiO nanocomposite SHC increased
by the addition of NiO nanoparticle up to specific con-
tent, beyond that limit R the value was lowered [27]. The
R, value of the as-prepared coatings were found to be
131+5,169+4, and 127 +2 nm for PSN-1, PSN-2, and

@ Springer



1610

Journal of Applied Electrochemistry (2021) 51:1605-1618

Fig.2 Snapshots of the meas-
ured water contact angle of the
pure PS and PS/NiO nanocom-
posite SHCs

()

PS, WCA=146°%2

(©) : (d)

PSN-2, WCA=155°%1

Table2 WCA and WCAH of the prepared PS and PS/NiO nanocom-
posite SHCs

Sample Water contact angle Water contact
(WCA) angle hyster-

esis
(WCAH)

PS 146°+2 25°+3

PSN-1 153°+2 8°+2

PSN-2 155°+1 5°+2

PSN-3 150°+2 12°+2

PSN-3, respectively. In general, AFM measurements draw
an attention to the impact of the composition ratio of PS
to NiO nanoparticle on the degree of roughness of the
prepared coatings. It is worth mentioning that the formed
microbeads and nanofiber structures greatly improve the
coatings’ surface roughness.

@ Springer

(b)

PSN-1, WCA=153°%+2

PSN-3, WCA=150°+2

3.4 XRD

X-ray diffraction patterns of polystyrene and polystyrene/
NiO nanocomposites are shown in Fig. 4a and b. Char-
acteristic diffraction peaks located at 20 =37.31°, 43.4°,
62.9°,75.3°, and 79.4° are corresponding to (111), (200),
(220), (311), and (222) planes of the crystalline NiO
nanoparticles, respectively [28, 29]. The observed broad
XRD peak at 20 =19.3° before and after the addition of
NiO is attributed to the (001) crystal plane, indicating the
amorphous halo structure of polystyrene [30]. This peak
is linked to the van der Waals space between neighboring
chains [31]. The amorphous PS structure could be attrib-
uted to the rapid phase change of liquid to solid during
the electrospinning process [31]. Two NiO nanoparticles’
peaks were identified at 20 =37.2° and 43.2° after the
addition of polystyrene. It is noteworthy that the addi-
tion of NiO has no significant influence on the amorphous
structure of PS.
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Fig.3 AFM images of surface of a PS, b PSN-1, ¢ PSN-2, and d PSN-3
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Fig.4 X-ray diffraction pattern of a NiO nanoparticles and b electrospun polystyrene before and after the addition of NiO nanoparticles

3.5 FTIR

FTIR spectra of PS and PS-NiO nanocomposite SHCs are

shown in Fig. 5. The spectra of PS coating before and after
the addition of NiO nanoparticles are similar. The strong
peaks located at 701 and 763 cm™! are attributed to —CH,
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Fig.5 FTIR spectra for PS and PS-NiO nanocomposite SHCs

rocking mode and C—H out-of-plane bend, respectively [32,
33]. The aromatic ring and C—C aromatic stretch vibra-
tions are observed at 1096 and 1493 cm™!, respectively
[34, 35]. The observed bands at 2923 and 2855 cm™! corre-
spond to the C—H stretching vibration of the -CH, and —-CH
groups on the main PS chain. However, the peaks located
at 3000-3100 cm™" are accredited to the C—H group on the
electrospun PS side chain and the aromatic C-H stretching
vibration [35]. It is worth mentioning that the typical absorp-
tion band of Ni—O stretching appeared at 430490 cm™! in
PSN-1, PSN-2, and PSN-3 [36, 37].

3.6 Differential scanning calorimetry (DSC)

Figure 6 displays the melting and crystallization curves of
PS and PS-NiO nanocomposite SHCs obtained from the
DSC’s second heating and first cooling steps. DSC measure-
ments’ temperature was raised from — 30 to 250 °C at a scan
speed of 10 °C min~!. The glass transition temperature (Ty)
is observed at 107 °C for PS and PS-NiO nanocomposite
SHCs. The existence of NiO nanoparticles did not change
the 7, of PS. The melting temperature of PS before and after
NiO nanoparticles’ addition is almost the same (110 °C), as
shown in Fig. 6a. Also, the crystallization behavior of PS
and PS—NiO nanocomposite SHCs is identical; no cold crys-
talline peak is observed, as shown in Fig. 6b. Therefore, PS
under these conditions is an amorphous polymer evidenced
by the degree of crystallization measured from Eq. (2). The
enhancement of the glass transition temperature, melting,
and crystallization temperature of polystyrene was very dif-
ficult because of phenyl rings’ rigidity [38]. The 7|, devel-
opment occurs when polymer components are strongly

Table 3 DSC data for pure PS and PS—NiO nanocomposite SHCs

Sample T, (°C) AH, (g™ Xory (%)
PS 107.5 2.159 4.06
PSN-1 107.7 1.664 3.13
PSN-2 108.2 1.3.61 2.55
PSN-3 107.48 1.412 2.65

adsorbed onto the surface of the nanospecies leading to
reducing the free space to move polymer macromolecules.
Consequently, behavioral progress in the 7, proposed a weak

(a)
PSN-3
o ”\/\—’—
> \J\"— PSN-2
=
(=]
= N I\ PSN-1
«< A e
L
= " PS

(b)
PSN-3
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e e

Heat flow (W/g)

Temperature (°C)
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60 80 100 120 140 160 180 200 220 240
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Fig.6 DSC analysis for PS and PS-NiO nanocomposite SHCs a Heating curves b Cooling curves
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Fig.7 Thermogravimetric

analysis for pure a PS, b PSN-1, 100 100
PSN-2, and d PSN-3
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Table4 TGA data of PS and PS/NiO nanocomposite coatings
Sample Tonset (OC) TSO% (OC) TMax (OC)
PS 354.7+0.3 405.52+0.2 440+0.1
PSN-1 371.0+0.2 412.63+0.1 450+0.2
PSN-2 375.4+0.1 415.05+0.4 470+0.1
PSN-3 375.6+0.1 417.42+0.2 470+0.3

Fig.8 The equivalent circuit used to fit the EIS data of the as-prepared coatings

interaction between NiO nanoparticles and PS polymer
chains [38]. The degree of crystallinity of the as-fabricated

coatings was evaluated before and after the addition of NiO
nanoparticles using the following formula [39, 40]:
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Fig.9 Nyquist plots of the
as-prepared coatings of a PS, b
PSN-1, ¢ PSN-2, and d PSN-3

100 150 5 200 250
Z,kQem")

1200
1000 |

800
=

o

C: 600

K400 |
200F s

0F

100 (d)

0 200 400 600 _,800 1000 1200
Z, kQcm")

Table 5 EIS parameters of the electrospun PS and PS-NiO nanocomposite SHCs

Sample WCA (°) R, R, Yo n Cun Yoo n, Cun w
kQ cm?)  (kQcm?)  (uQ'emZsn) (uF cm™) pQt em2 sn (uFem™)  (QS™'3
)

PS 148°+2 5.1 24 43 0.870 43 10 0852 73 -

PSN-1 151°+2 94 248 22 0720 1.7 1.4 0652 08 -

PSN-2 155°+2 179 750 0.8 0.621 0.6 0.2 0.524  35x102%  6x107
PSN-3 150°+2 12 81 15 0.765 15 6 0.681 43 4%107°

AH, 3.7 Thermogravimetric analysis (TGA)
Xery = INTC x 100, €))

where AH,, is the melting enthalpy of the electrospun PS
and PS-NiO nanocomposite SHCs and AH® is the melt-
ing enthalpy of the 100% crystalline PS (53.2 J g71) [41,
42]. The calculated values of T,, AH,, ,and X, for PS and
PS-NiO nanocomposite SHCs are summarized in Table 3.

@ Springer

Due to the thermal degradation that occurred during heat
treatment of the PS and PS—NiO nanocomposite SHCs, TGA
analysis was studied over a temperature range from 25 to
600 °C in the presence of N, as shown in Fig. 7. The calcu-
lated temperatures corresponding to the percent of weight
loss are listed in Table 4. The thermal decomposition of the
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Fig. 10 Bode plots of the as-prepared a PS, b PSN-1, ¢ PSN-2, and d PSN-3 coatings

prepared coatings was slightly varied for PS before and after
NiO nanoparticles’ addition. Pure polystyrene is degraded at
around 330 °C due to the destruction of polymer chains with
higher molecular weight [43]. However, at a temperature
higher than 500 °C, nothing of the polymer remained due to
the entire polymer’s decomposition [38]. Chain scission and
free radical diffusion are the dominant regimes of thermal
degradation of PS. The onset decomposition temperature
(Typser) and the temperature T, and T, are temperatures
at which 50 and 100% of weight losses occur. The T,
of the as-prepared coatings shifted by 20 °C to the higher
temperature of 354, 375, and 375 °C for PSN-1, PSN-2,

and PSN-3, respectively. This behavior was kept through the
thermal decomposition of the samples as the concentration
of NiO nanoparticles increased. Accordingly, the thermal
stability of polystyrene is enhanced by NiO nanoparticles’
addition due to the limitation of segmental mobility of the
polymer chain provides a physical barrier for free radical
diffusion [44, 45].

3.8 Electrochemical impedance spectroscopy (EIS)

EIS assessed the corrosion resistance of PS and PS-NiO
nanocomposite SHCs. Figure 8a and b shows the equivalent
circuit used to fit the EIS measured results that consist of the
electrolyte solution resistance R,, double-layer capacitances
CPEI and CPE2 indicating the coating/solution and metal/
solution interface non-ideal capacitances, respectively. The
pore resistance and charge transfer resistance are represented
by R,, and R, respectively. In the equivalent circuit, the
high impedance value of the frequency intercept (IZl,,, kHz)
corresponds to the solution resistance (R,), while the one at
the lowest frequency intercept (IZl, ,; Hz) corresponds to
the charge transfer resistances (R,,). The impedance of the
CPE is calculated using the Eq. 1/Zqpp=0,(,,)?, where Q-
(s Q1) equals the admittance (1/1Z]) at @ =1 rad/s, w is the
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Fig. 11 SEM images of Al alloys after removing the coating from a PS, b PSN-1, ¢ PSN-2, and d PSN-3 coatings

angular frequency of the AC signal (1/rad), and « is the CPE
exponent. The CPE behaves like an ideal capacitor when the
value of « is close to 1.

Besides, the double-layer capacity C,; can be determined
from the given equation [9, 46]:

Cy= \n/ % )

where Q, n, and R represent the admittance and exponent of
constant phase element and resistance, respectively.

Nyquist and Bode plots of PS, PSN-1, PSN-2, and PSN-3
are shown in Fig. 9 and 10, respectively. The dots represent
the measured points, while the solid lines represent the fitted
data. The calculated electrochemical parameters extracted by
the fitting EIS are summarized in Table 5.

The R, of the PS coating significantly increased from
24 kQ cm” to 248 and 750 kQ cm” for PSN-1 and PSN-2,

@ Springer

respectively. The pore resistance (R),,) of the PS was con-
siderably enhanced from 5.1 to 94 and 179 kQ cm? for
PSN-1 and PSN-2, respectively. On the other hand, the C
decreased with increasing the WCA of the as-prepared coat-
ings, which indicated the charged species’ low permittiv-
ity to and from the Al surface underneath the coating, see
Table 5. This increment in the R, and R,,, could be accred-
ited to the air confined inside the pockets of the rough nano-
composite coatings leading to alleviate the ingress of the
hydrated species such as CI™ and OH™. Interestingly, further
addition of NiO nanospecies results in a reduction of R,
and R, as a result of the aggregation of the nanoparticle on
the coating surface, which decreases the surface roughness
and the increase in the hydrophilicity due to the increased
amount of the metal oxide, which is hydrophilic, leading to
a decrease in the WCAH [47] (Fig. 10).

The surface morphology of Al alloys was explored after
removing the as-prepared coatings, as depicted in Fig. 11.
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A distinct variation in the construction of pitting corrosion
can be observed due to increasing the corrosion resistance
by increasing NiO content and, accordingly, the WCA.
However, further addition of NiO nanoparticles results in
alleviating the WCA and consequently developing pitting
corrosion, see Fig. 11d.

4 Conclusion

Polystyrene—nickel oxide (PS—NiO) superhydrophobic
nanocomposite coatings were successfully fabricated on
Al sheets via a one-step electrospinning technique. NiO
nanoparticles’ addition has a considerable effect on the
wettability, surface roughness, and thermal stability of
the polystyrene coating. The morphology of the prepared
coating was evaluated and proved the formation of beaded-
fiber structure. The combination of micro/nanoscale tex-
ture of the beaded fibers enhanced the surface roughness
of the as-prepared coatings and consequently increased the
WCA and reduced the CAH. PSN-2 recorded the highest
WCA of 155°+2 and the lowest WCAH of 5°+3 and
therefore achieved the maximum corrosion resistance in
saline water. Nevertheless, increasing the concentration
of NiO more than that amount reduces the performance
of corrosion protection of the as-prepared coating due to
the aggregation of NiO on the coating surface and the
increase of hydrophilicity due to the hydrophilic nature of
the metal oxides.
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