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Abstract: We describe the technologically simple route for the fabrication of the superhydrophobic
coatings on top of wrought magnesium alloy MA8 based on nanosecond laser processing followed
by the chemical vapor deposition of fluorosilane. The chemical and phase composition, surface
morphologies, and variation of the coating wettability during prolonged contact with 0.5 NaCl
solution or with salt aerosol were characterized using X-ray diffraction, FT-IR spectroscopy, scanning
electron microscopy measurements, and the wettability analysis. The as-prepared coatings demon-
strate corrosion current of more than eight orders of magnitude lower, while after 30 days of sample
immersion into corrosive solution, the current was four orders of magnitude lower than that obtained
for a polished sample which was for only 2 h in contact with electrolyte. The mechanisms of the
protective activity of fabricated coatings were discussed.

Keywords: superhydrophobicity; magnesium; corrosion resistance; nanosecond laser treatment;
durability; EIS; salt spray

1. Introduction

The increasing applications of wrought magnesium alloys in electronics, biomedical,
aerospace, and defense industries with their simultaneous limited corrosion resistance in
various environments cause concern in the scientific community, which has researched
corrosion-protective coatings.

During recent decades the numerous approaches to cost-effectively increase the corrosion
resistance of magnesium alloys based on the surface modification have been discussed in the
literature [1–24]. As examples of these approaches, here we would like to mention the modifi-
cation of the magnesium surface by sol-gel precoatings [5], anodization followed by different
postanodization treatments [6], cold spray layers [7], various conversion coatings [5–8] including
Mg-Al layered double hydroxide, hydroxide, and magnesium phosphate layers. Particular at-
tention was paid to the application of the water-repelling coatings, such as superhydrophobic or
slippery liquid-infused porous coatings, to protect the magnesium coatings against electrolytic
and microbiologically induced corrosion [12–24].

Although several of the presented studies are technologically attractive and their
resistance in the corrosive media looks promising, the studies, where the detailed analysis
of the evolution of the surface properties in prolonged contact with aggressive liquids,
remain scarce. Besides, the mechanisms of degradation of the anticorrosive properties upon
continuous contact with chloride-containing solutions require further discussion.

In this study, we present the technologically simple route for preparing the super-
hydrophobic coating on top of wrought magnesium alloy and discuss the behavior of
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the surface and electrochemical parameters of the fabricated coating during its prolonged
and continuous contact with the corrosive medium. We will show a high potential of a
hierarchically organized layer of magnesium oxide covered by a layer of fluorooxysilane to
significantly protect the magnesium alloy surface against corrosion.

2. Materials and Methods
2.1. Sample Preparation

In this study, we prepared the superhydrophobic samples from the wrought magne-
sium alloy MA8 and studied the properties and the electrochemical behavior of obtained
samples in corrosive solutions and the conditions of the salt spray chamber. The nominal
composition of MA8 alloy (in weight %) is given in Table 1.

Table 1. The composition of magnesium alloy MA8.

Element Cu Al Mn Fe Si Ce Ni Cu Zn Mg

Content, wt.% <0.05 <0.1 1.3–2.2 <0.05 <0.1 0.15–0.35 <0.007 <0.05 <0.3 Balance

To fabricate the superhydrophobic samples for studies, we used flat coupons (3 mm
thick) with a size of 20 × 80 mm2. The pretreatment of the samples included grinding
and polishing with a set of SiC abrasive papers, ultrasonic washing in deionized water
and air-drying. For each sample, an area of 20 × 30 mm2 at one end of the sample was
subjected to laser treatment to get the hierarchical roughness. Such design of the samples
matches well for the measurements of the electrochemical properties of the textured part of
the sample. A set of preliminary experiments allowed selecting the following parameters
of laser treatment resulted in the textures with prolonged resistance to corrosive media:
the laser beam waist of 40 µm, the peak fluence of 1.8 J/cm2, pulse duration of 4 ns, the
repetition rate of 1 MHz, the linear scanning rate of 100 mm/s, and the scanning line
density of 400 mm−1.

Laser system Argent-M (Saint-Petersburg, Russia) with an IR ytterbium-fiber laser
YLPM (IPG Photonics, wavelength of 1.064 µm, nominal power 30 W) and a RAYLASE
MS10 two-axis laser beam deflection unit (Wessling, Germany) was used for laser process-
ing the samples. The laminar upward airflow around the sample with a velocity of 16 cm/s
was applied to avoid the problem of gradient texture formation due to the gradual sample
heating during the texturing process [21]. To remove surface micro- and nanoparticles
weakly adhered to the sample’s surface, the laser-processed samples were thoroughly
washed with the deionized water jet.

To get the superhydrophobic surface, two conditions should be satisfied. The surface
should have the hierarchical roughness and low surface energy is required. The hier-
archical roughness of the magnesium alloy surface was achieved by laser texturing, as
described above. To decrease the surface energy, we used the chemical vapor deposition
(CVD) of fluorosilane CF3(CF2)7CH2O(CH2)3Si(OCH3)3 at a temperature of 105 ◦C. Prior
to CVD processing, the samples were subjected to 10 min air plasma treatment using a
PCE-6 plasma cleaning machine (MTI Corporation, Richmond, CA, USA) to improve the
chemisorption of the hydrophobic agent to the metal surface. Such treatment resulted in
the enrichment of surface hydroxyl and carboxyl groups, which served as the chemical
active centers for the fluorooxysilane adsorption. For the comparison of the corrosion
resistance of the fabricated superhydrophobic sample with that of the hydrophobic one,
we prepared the hydrophobic sample by chemical vapor deposition of fluorooxysilane
onto a polished coupon of MA8 sample without laser texturing. After chemisorption of
the fluorooxysilane, both hydrophobic and superhydrophobic samples were heat-treated
at T = 150 ◦C for the crosslinking of the neighboring fluorooxysilane molecules with the
formation of siloxane bonds.
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2.2. Surface Characterization

The wettability of fabricated samples was characterized by the contact and roll-off
angle measurements. These angles were measured using the home-made setup [25,26] for
the 15 µL deionized water droplets. The data on the wettability presented below were
obtained as an average for five different droplets deposited at different locations of a
studied sample.

To study the surface chemical composition of the sample without its destruction,
we used Fourier-transform infrared (FTIR) reflectance spectroscopy with a Smart SAGA
(Specular Apertured Grazing Angle) accessory with the angle of light incidence on the
studied sample of 80◦. The infrared spectra were recorded at a resolution of 4 cm−1 in
the spectral range of 650–4000 cm−1 using a Nicolet 6700 spectrometer (Thermo Scientific,
Waltham, MA, USA) equipped with a mercury cadmium telluride detector cooled with
liquid N2. All the spectra were obtained by averaging over 128 scans.

The electrochemical properties of the fabricated coatings were studied in 0.5 M aqueous
solutions of NaCl using an electrochemical workstation Elins P50x + FRA-24M (Elins,
Russia). The measurements were performed in a three-electrode electrochemical cell (PAR
K0235, Princeton, NJ, USA) with a magnesium alloy sample used as the working electrode
(apparent circular area exposed to the electrolyte was 1 cm2), a platinum mesh as the counter
electrode, and an Ag/AgCl electrode filled with saturated KCl solution as the reference
electrode. A sweep rate of 1 mV/s was applied during recording the potentiodynamic
polarization curves, while the electrochemical impedance spectroscopy (EIS) measurements
were conducted using a 10 mV amplitude in a frequency range from 500 mHz to 100 kHz.

Additionally, we tested the corrosion resistance of our superhydrophobic samples
in the salt spray chamber (Weiss SC/KWT 450, Balingen, Germany). During this type of
testing, the 5 wt.% NaCl aqueous solution was cyclically sprayed onto the tested samples
at T = 35◦ for a prolonged period of time. Each cycle contained 15 min of solution spraying
and 45 min of exposure to a humid water vapor atmosphere with RH > 95%. To catch the
appearance of the corrosion damage, the samples were visually inspected.

The surface morphology of fabricated superhydrophobic samples was studied by
field-emission scanning electron microscopy using an FIB-SEM Nvision 40 workstation
(Zeiss, Germany) in the secondary electron detection mode. The chemical composition was
defined using an X-MAX energy-dispersive detector (Oxford Instruments, Abingdon, UK)
with an accelerating voltage of 10 kV.

A D8 ADVANCE X-ray Diffractometer (Bruker, Madison, WI, USA) with Cu-Kα
radiation source was used to perform XRD analyses of the crystallographic structure of
the samples. The samples were scanned in 2θ range from 10 to 60 degrees with the step of
0.05 degree, and 5 s exposition time for each step.

3. Results and Discussion
3.1. The Wettability of Superhydrophobic Samples

The fabricated samples just after laser texturing demonstrated the superhydrophilic
state with rapid imbibition of the water droplet, which is related to the hierarchical rough-
ness (Figure 1a,b) of intrinsically hydrophilic magnesium alloy surface. The observed
texture is formed by the aggregates of magnesium oxide nanoparticles, deposited onto the
surface from the laser plume in the course of laser ablation. The as-formed magnesium
oxide layer has a low density, which results in an inappropriate Pilling–Bedworth ratio of
0.81 [27,28] and porous layer structure. Thus, for a hydrophilic sample such a porous layer
does not hinder access of corrosive media to the magnesium/oxide interface.
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Figure 1. Typical SEM images of the superhydrophobic surface of MA8 alloy at two different
magnifications before (a,b) and after (c,d) contact with 0.5 M NaCl solution.

However, after chemisorption of the fluorosilane, the as-prepared samples transformed
to the superhydrophobic state with a very high contact angle and low roll-off angle (Table 2).

Table 2. The wettability parameters of the superhydrophobic magnesium sample before and after 30 days
of electrochemical tests under continuous contact of the sample with 0.5 M aqueous solutions of NaCl.

Sample Contact Angle, ◦ Roll-Off Angle, ◦

As prepared 171.5 ± 0.7 2.6 ± 0.7
After 30 d of electrochemical tests 168.2 ± 0.5 13.9 ± 4.4

The repetitive measurements of polarization curves and impedance spectra on the
same sample, continuously fixed inside the electrochemical cell in contact with 0.5 M
sodium chloride solution, causes a weak degradation of the sample. As seen from Table 2,
after 30 days of contact with the corrosive liquid and periodic polarization of the sample
surface, the sample preserved the superhydrophobic state. The values of contact and roll-off
angles of the samples withdrawn from chloride solution, rinsed with water and dried in an
oven for 1 h at T = 150 ◦C are given in Table 2. These data indicate good chemical resistance
of the superhydrophobic layer to the surface polarization and continuous contact with
an aqueous solution. To study this point in more detail, we monitored the variation of
the water droplet contact angle and roll-off angle in continuous contact with 0.5 M NaCl
for 36 days. After 14 and 36 days, the samples were withdrawn from the solution, rinsed
in water, and heat-treated in an oven at T = 150 ◦C for 1 h. The idea behind washing
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and drying was the following: contact with brine or salt spray may lead to adsorption of
individual salt crystals to the surface. Even if those crystals didn’t cause corrosion (e.g., in
the salt spray chamber), they could cover part of the surface, and during measuring of the
wettability on unwashed sample instead of measuring the wettability of the coating we
would measure the wettability of the salt, which is quite good, but irrelevant. That is why
we introduced mild washing with water. The necessity of the subsequent heat treatment
was related to weak hydrolysis of the siloxane bonds in fluorooxysilane with formation
of the terminal silanol groups, during prolonged contact with brine [29]. The hydrolysis
reaction is reversible, and the inverse reaction is promoted at higher temperatures. Thermal
treatment of a layer of chemisorbed fluorooxysilane molecules with terminal silanol groups
causes the formation of siloxane bonds, leading to the crosslinking of the neighboring
chemisorbed molecules. We choose 1 h at 150 ◦C for unification, as the same temperature
and time interval was used during the fabrication of the coating.

To perform the experiments on prolonged contact with brine, two samples were
fabricated following a similar protocol. Although the contact and roll-off angles were
almost the same for as-prepared samples, the data presented in Figure 2 indicate a slightly
different degree of the sample’s degradation upon contact with the aggressive liquid. At the
same time, the similar features in the behavior of both samples included a sharp increase in
water contact angle and a decrease in roll-off angle after 1 h of heat treatment at T = 150 ◦C
(note that for 14 and 36 days, two measurements (before and after the heat treatment)
were displayed in the graphs). Thus, after 36 days of contact with corrosive NaCl solution
followed by heat treatment, both samples demonstrated relatively weak deterioration of
the contact angle and increase in the roll-off angle compared to the values characteristic
of as-prepared samples. The results of the above wettability experiments confirmed the
high stability of the chemisorbed layer of the fluorosilane on the textured magnesium
alloy surface.

Coatings 2022, 12, x FOR PEER REVIEW 5 of 14 
 

 

tinuous contact with an aqueous solution. To study this point in more detail, we moni-

tored the variation of the water droplet contact angle and roll-off angle in continuous 

contact with 0.5 M NaCl for 36 days. After 14 and 36 days, the samples were withdrawn 

from the solution, rinsed in water, and heat-treated in an oven at T = 150 °C for 1 h. The 

idea behind washing and drying was the following: contact with brine or salt spray may 

lead to adsorption of individual salt crystals to the surface. Even if those crystals didn’t 

cause corrosion (e.g., in the salt spray chamber), they could cover part of the surface, and 

during measuring of the wettability on unwashed sample instead of measuring the wet-

tability of the coating we would measure the wettability of the salt, which is quite good, 

but irrelevant. That is why we introduced mild washing with water. The necessity of the 

subsequent heat treatment was related to weak hydrolysis of the siloxane bonds in fluo-

rooxysilane with formation of the terminal silanol groups, during prolonged contact 

with brine [29]. The hydrolysis reaction is reversible, and the inverse reaction is promot-

ed at higher temperatures. Thermal treatment of a layer of chemisorbed fluorooxysilane 

molecules with terminal silanol groups causes the formation of siloxane bonds, leading 

to the crosslinking of the neighboring chemisorbed molecules. We choose 1 h at 150 °C 

for unification, as the same temperature and time interval was used during the fabrica-

tion of the coating. 

To perform the experiments on prolonged contact with brine, two samples were 

fabricated following a similar protocol. Although the contact and roll-off angles were 

almost the same for as-prepared samples, the data presented in Figure 2 indicate a 

slightly different degree of the sample’s degradation upon contact with the aggressive 

liquid. At the same time, the similar features in the behavior of both samples included a 

sharp increase in water contact angle and a decrease in roll-off angle after 1 h of heat 

treatment at T= 150 °C (note that for 14 and 36 days, two measurements (before and after 

the heat treatment) were displayed in the graphs). Thus, after 36 days of contact with 

corrosive NaCl solution followed by heat treatment, both samples demonstrated rela-

tively weak deterioration of the contact angle and increase in the roll-off angle compared 

to the values characteristic of as-prepared samples. The results of the above wettability 

experiments confirmed the high stability of the chemisorbed layer of the fluorosilane on 

the textured magnesium alloy surface. 

  
(a) (b) 

Figure 2. The variation of the water droplet contact angle (a) and roll-off angle (b) for two differ-

ent superhydrophobic samples (1 and 2) subjected to continuous contact with 0.5 M NaCl for 36 

days. The red arrows indicate the times (14 and 36 days) when the samples were washed with 

values given for both prior and after washing. 

3.2. Corrosion Resistance 

Figure 2. The variation of the water droplet contact angle (a) and roll-off angle (b) for two different
superhydrophobic samples (1 and 2) subjected to continuous contact with 0.5 M NaCl for 36 days.
The red arrows indicate the times (14 and 36 days) when the samples were washed with values given
for both prior and after washing.

3.2. Corrosion Resistance

As it was mentioned in the Section 2.2, the resistance of the fabricated coatings to
corrosion processes was studied by the analysis of the evolution of corrosion current and
impedance modulus during prolonged immersion of coatings into the 0.5 M aqueous
solution of NaCl. Besides, the behavior of the sample in the salt spray chamber was studied.
Some of the potentiodynamic polarization curves obtained during continuous contact of
the fabricated samples with electrolyte and the evolution of the corrosion current derived



Coatings 2022, 12, 74 6 of 13

from the polarization curves after Tafel extrapolation are shown in Figure 3a,b, respectively.
In the first stage of contact, the corrosion potential somewhat decreased. However, from
6 days of contact to 15 days, a continuous shift of potential of corrosion toward more noble
values was detected. Further, the subsequent change in potential ceased.
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Figure 3. The evolution of potentiodynamic polarization curves (a) and corrosion current density (b)
for the superhydrophobic sample subjected to continuous contact with 0.5 M NaCl for 30 days. The
dashed line in (b) shows the value of the corrosion current density for the polished MA8 sample after
2 h of contact with the same electrolyte.

The initial value of corrosion current density after 2 h of sample equilibration in
the solution was as low as 7 × 10−12 A/cm2. This value is more than eight orders of
magnitude lower than the characteristic current density for the polished MA8 sample.
Subsequent contact with sodium chloride led to gradual and smooth current growth till
8 × 10−8 A/cm2 after 30 days of sample immersion into corrosive solution. It is worth
noting that the latter value is still four orders of magnitude lower than that obtained for
the polished sample which was in contact with electrolyte for 2 h only.

The impedance modulus, which characterizes the barrier property of the surface layer
of coating, was simultaneously studied for the same sample during 30 days of contact. The
behavior of the impedance modulus spectra (Figure 4) shows to be in line with the behavior
of the corrosion current.
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Figure 4. The evolution of the frequency dependence of the electrochemical impedance modulus for
the superhydrophobic sample subjected to continuous contact with 0.5 M NaCl for 30 days.

Data presented in Figure 4 indicate continuous deterioration of the impedance mod-
ulus |Z|(ω) for the whole range of studied frequencies. Although the low-frequency
modulus |Z|f = 0.05 decreased during 30 d from 5 × 109 to 6 × 105 Ω/cm2 indicating
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notable degradation of the barrier properties, the retained barrier properties are still sig-
nificantly superior to those of the bare alloy. To confirm the high protective potential of
the developed coating, we exposed our sample to a salt spray chamber. In this experi-
ment, we compared the protective activity of the developed coating and the hydrophobic
coating. Since it was shown earlier [15] that the hydrophobization of bare metal provides
a notable degree of corrosion inhibition, the comparison performed here would allow
a better understanding of the anticorrosion potential of our superhydrophobic coatings.
Before the exposure of the superhydrophobic sample to the salt chamber, the sample was
characterized by EIS and by polarization curve measurement. It is worth noting that using
the three-electrode electrochemical cell, where the test sample is pressed to the cell wall
through the rigid PTFE gasket was accompanied by some deformation of the surface tex-
ture of a superhydrophobic sample. The trace of such deformation is typically visualized
through the appearance of a white circle on the surface of the sample.

This series of experiments has shown that the first signs of corrosion damage on the
surface of polished MA8 sample appeared on the surface already after 15 min of exposure
to salt spray; on the hydrophobized surface dark spots appeared after 107 min. An optical
image of the hydrophobic (left) and the superhydrophobic samples (right) after 25 h of
exposure in the salt spray chamber is shown in Figure 5a. The water contact angle, less
than 90◦, and the traces of corrosion damage are easily seen on the hydrophobic sample.
In contrast, easy roll-off of salt droplets from the surface and absence of damage spots
were detected for the superhydrophobic coating. After 250 h of the salt spray test, the
surface of the hydrophobic sample was completely covered by the corrosion products,
and several deep pittings were formed on top of this coating. For the superhydrophobic
coating, the situation was different. The notable area of its surface remained visually intact.
Several white patches of magnesium hydroxide of limited area, which mainly occupied
the areas of contact between the sample, the PTFE gasket and/or NaCl solution under the
electrochemical tests, can be deduced from the image inspection for the sample after 250 h
of the salt spray testing. To quantitatively characterize the degradation of both samples in
the salt spray chamber, we measured the contact angle formed by the water droplets with
the sample’s surface. For the initially hydrophobic sample, the droplet spread along the
surface with forming a poorly defined asymmetric shape (indicated by the red arrow in the
image, Figure 5c) and the contact angle less than 20◦. For the superhydrophobic coating,
the contact angle varied from the value close to 90◦ along the circle formed by PTFE gasket,
to 140 ± 10◦ inside the circular zone, and to 154 ± 5◦ outside the circle. Here we would
like to remind that the circular contact between the PTFE gasket and the sample during the
preliminary EIS characterization of the sample leads to some deformation of the surface
texture, and in some cases can be seen by the naked eye. The behavior of the measured
values of the contact angles indicated that although the EIS measurement itself did not
cause significant corrosion damage, the nuclei of the hydroxide phase as a product of the
corrosion process did appear on the surface during the above experiment.
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Figure 5. Corrosion of hydrophobic (left) and superhydrophobic (right) samples upon salt fog
exposure: (a) after 25 h, (b) after 250 h, (c) after 250 h with subsequent mild washing and drying.

3.3. The Analysis of Protective Mechanisms, Responsible for the Corrosion Resistance of Fabricated
Superhydrophobic Coatings on Magnesium Alloy

Data on the prolonged behavior of the fabricated coatings in corrosive environments,
presented above, indicated notable resistance of coatings to corrosion damage. The main
characteristic feature of these coatings is the superhydrophobic state of their surface. Earlier,
the possible mechanisms of corrosion protection by the superhydrophobic coatings on
metals were thoroughly discussed in our studies [30,31]. Among the most important
mechanisms, the following four should be mentioned:

1. The formation of surface texture with good barrier properties during the process of
imparting a hierarchical roughness to the surface;

2. The minimization of the liquid/solid interaction due to the decrease in the area of
real contact between the corrosive liquid and the solid, which is a consequence of the
water-repelling properties of coating;

3. Chemisorption of the fluorosilane molecules onto the surface-active centers used
to decrease the surface energy simultaneously blocks these sites and suppress the
adsorption of the corrosive ions onto the surface. Note that such adsorption of
corrosive-active ions on the surface is considered as one of the necessary stages of a
corrosion process;

4. Surface charging and the formation of a double electric layer. Such charging con-
tributes to the depletion of a surface layer of liquid with corrosive ions, thus leading
to a decrease in the corrosiveness of a liquid layer adjacent to the surface.

Now let us consider which of the above mechanisms used to be responsible for the
anticorrosion activity of coatings fabricated in this study.

We will begin with the analysis of the barrier properties of the textured layer. Surface
heating during laser processing and ablation leads to magnesium oxidation. Thus, it was
expected that the main chemical components of the surface layer after laser texturing
and hydrophobization are magnesium, magnesium oxide, and fluorosilane. Indeed, this
expectation shows to be in agreement with the data of energy dispersion spectroscopy
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(Figure 6a), IR spectroscopy (Figure 6b), and XRD (Figure 6c) for the as-prepared sample.
From the above data, we can conclude that the surface texture is mainly constituted by
magnesium oxide, which has Pilling–Bedworth ratio of less than 0.8 and thus, is porous (see
Figure 1a). So, such a layer does not hinder access of corrosion media to bare magnesium
which can interact with water with the formation of hydroxide. IR-spectroscopy data,
presented by the reflectance spectrum (Figure 6b), also indicate the presence of absorption
bands in the range 3620–3470 and 2960–2820 cm−1 (shown by red arrows). The former can
be attributed to the stretching O-H vibrations in silanol groups formed as a result of the
interaction of O-CH3 terminal groups of the fluorosilane molecule with water molecules.
Besides, stretching vibrations in water molecules that form the hydration shells around
silanol groups, show the IR activity in the range of 3550–3470 cm−1 [32]. The vibrations in
the spectral range of 2960–2820 cm−1 are associated with the C-H stretching vibrations [31]
in the fluorosilane molecule.
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Figure 6. Characterization of the composition of the surface layer for the superhydrophobic coating:
(a) EDS spectrum; (b) Fourier-transform infrared reflectance spectra; (c) XRD spectrum. Blue lines in
(a,b) correspond to the as-prepared sample, red lines to the sample after immersion in 0.5 M NaCl
solution for 30 d; XRD spectra (c) were the same for the samples before and after the immersion.

However, after 30 days of contact of the superhydrophobic sample with corrosive
brine, the surface composition somewhat changed. The first evidence for this conclusion
comes from the data of scanning electron spectroscopy. A thorough inspection of the
surface after prolonged immersion in NaCl solution allowed finding the patches of a new
phase (Figure 7), which we assigned as magnesium hydroxide.
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For confirmation of this hypothesis, we compared the EDS, XRD, and IR spectroscopy
data for the coatings before and after 30 days of immersion.

The grazing reflectance FTIR spectra (Figure 6b), which are sensitive to the variation
of the very top surface layer, indicate the appearance of the band ~3700 cm−1, which is
attributed to O-H stretching vibration in hydroxides [5,32]. The XRD patterns (Figure 6c)
indicated the same phase composition for the coating before and after immersion, which
can be explained by the weak sensitivity of the method for the variation of the very top
monolayers composition. The analysis of energy-dispersive spectra (Figure 6a) before and



Coatings 2022, 12, 74 11 of 13

after immersion in salt solution led to the conclusion of an increase in the oxygen content,
which well agrees with the appearance of traces of the surface hydroxide in IR spectra
and SEM images (Figure 7). Besides, the peaks of sodium and chloride in EDS can be
considered as an indication of the partial penetration of components of solution inside
the texture. At the same time, the small amount of newly formed magnesium hydroxide
and the low intensity of Na and Cl peaks convincingly point out the significant impact
of the water-repelling properties of the superhydrophobic coatings to the suppression of
magnesium dissolution in the corrosive medium, the preservation of the heterogeneous
wetting regime, and hindering of the solution imbibition into the coating.

Now let us consider the impact of superhydrophobic surface charging in sodium
chloride solution. The sign of the surface charge acquired by the surface in contact with
the electrolyte is dependent on the chemical composition of the electrolyte, composition
of the very top surface monolayer, and the pH of a solution. Generally, the chemical
properties of the surface monolayer of a superhydrophobic coating are determined by
the structure and composition of the deposited hydrophobic agent. Careful studies of
the solid surface with adsorbed fluorosilane in chloride solutions had shown that in a
neutral and alkaline environment the surface is negatively charged [33]. The value of zeta-
potential is the higher the lower is the concentration of ions. Thus, according to this study,
the surface charge of a superhydrophobic magnesium surface will be negative and will
repulse the aggressive chloride anions from the surface. The latter promotes the stronger
corrosion resistance of the coatings, the lower is the bulk concentration of ions. This point
is significant for explaining the more rapid degradation of fabricated coatings in salt spray
chamber compared to continuous contact with the corrosive solution in electrochemical
tests. Since in the chamber the sprayed brine droplets deposited onto the surface evaporated
due to elevated temperature inside the chamber, the salt could accumulate on the surface.
Hence, the concentration of droplets of the electrolyte continuously grew in the course of
sample exposure. The latter resulted in the decrease in surface zeta-potential, weakening of
chloride ions repulsion from the surface, and increase in the concentration of these ions in
the close proximity of the metal surface, thus increasing the probability of ion adsorption
to it.

Finally, let us discuss the role of an adsorbed layer of fluorosilane in the suppression
of chloride ions adsorption on the coating as a stage of the corrosion process. The efficiency
of this mechanism for our system is clearly demonstrated by the inhibition of the corrosion
process on the hydrophobic sample compared to the polished one in conditions of the
salt spray chamber. As discussed in Section 3.2, the time required for the appearance of
the first signs of corrosion damage on the polished MA8 was seven times lower than that
for the hydrophobized MA8. However, the main difference between these two surfaces
in conditions of periodic deposition of concentrated salt droplets and their drying with
the formation of salt deposits was related to the occupation of surface sites, available for
chloride ions adsorption, by the molecules of fluorosilanes.

Thus, the analysis performed above, clearly shows that among four mechanisms gen-
erally responsible for the corrosion protection by the superhydrophobic coatings, only the
mechanism related to the enhanced barrier properties of the surface texture was ineffective
for our coating, while the three others provided prolonged chemical and corrosion stability
in the corrosive medium.

4. Conclusions

Here we described the technologically simple route of fabrication of the superhy-
drophobic coating on top of wrought magnesium alloy MA8 based on nanosecond laser
processing followed by the chemical vapor deposition of fluorosilane. We have shown
that for this alloy, which is intrinsically characterized by very poor corrosion resistance,
the corrosion protection in continuous contact with sodium chloride solution or in peri-
odic contact with a salt spray can be achieved by the deposition of the chemically stable
superhydrophobic coating. The behavior of the surface and electrochemical parameters
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of the fabricated coating during its prolonged and continuous contact with the corrosive
medium was studied by the combination of physicochemical methods. It was shown that
such coatings are appropriate for the protection of magnesium alloy surfaces in corrosive
environments for many days.

Despite the simple route of preparation of coatings reported here, their efficiency
shows to be comparable with the best discussed in the literature coatings having complex
structure and composition [12,13]. Since the reliability of the anticorrosion systems is
critically dependent on their complexity, the coatings fabricated in this study look very
attractive for practical applications.
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