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Tablel Salt spray corrosion parameter standard

Parameter Content
Temperature /°C 35
Ingredient NaCl
Mass fraction /% 5
pH 6.5-7.2
Placement angle /() 30

Salt spray sedimentation rate per 80 cm” area /(mL+h™") 1.5
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Table2 Laser process parameters and contact angles

No. Power /W Spacing /pm Velocity /(mm-s ') Contact angle /() Sliding angle /(°)
0 48.84
17 9 50 1800 85.06
2" 16 100 1000 113.69
3 9 100 1200 151.19
47 9 50 800 153.33 3.51
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Fig.3 Surface SEM morphologies and static contact angle of specimens with different wettability states. (a) 07 original specimen;

(b) 17 hydrophilic specimen; (¢) 27 hydrophobic specimen; (d) 37 Wenzel specimen; (e) 47 Cassie specimen
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Table3 Surface composition of AZ91D magnesium alloy before

and after heat treatment

Elemental mass fraction /%
C 0 Mg Al
37, before heat treatment 5.94 7.26 78.49 7.73
37, after heat treatment 12.01 8.31 76.82 7.11
47, before heat treatment 5.71 9.56 77.00  6.85
47, after heat treatment 14.72 11.56 68.34 6.05
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Fig.4 Surface topography of specimen after corrosion
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Fig.5 SEM surface morphologies of 07 original specimen before and after corrosion. (a) Before corrosion; (b) after corrosion (30 h)
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Table 4 Comparison of elemental composition before and after

corrosion of 07 original specimen

Position in Elemental mass fraction /%

Fig.5 ¢ Mg Al Fe
A 1.02 86.57 7.57 0.11
B 34.72 21.28 0.44 0.04
C 12.88 77.04 2.76 0.09
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Table 5 Comparison of elemental composition of 0* original and

17 hydrophilic specimens before corrosion

Elemental mass fraction /%

Specimen
O Mg Al Fe

07 original specimen 1.02 86.57 7.57 0.11
17 hydrophilic specimen 17.48 74.13 4.06 0.22

F 6 OTRIAEURES 172 KRR fil 20 hisf (39 50 2 1043 %o 1L
Table 6 Comparison of elemental composition of 07 original and

17 hydrophilic specimens after 20 h corrosion

Elemental mass fraction /%

Specimen
O Mg Al Fe

07 original specimen 31.43 28.55 3.26 0.03
17 hydrophilic specimen 28.45 31.23 1.88 0.02
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Fig.6 Cross-sectional morphologies of specimen after 30 h corrosion. (a) 07 original specimen; (b) 1°hydrophilic specimen; (c) 2

hydrophobic specimen; (d) 3 Wenzel specimen; (e) 4” Cassie specimen
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Abstract

Objective Magnesium alloys have been widely used in aerospace, ship transportation, automobile parts, electronic equipment, and
other fields because of their high specific strength, good specific stiffness, good machinability, and castability. However, owing to
the extremely low electrode potential of magnesium alloy, it is easily corroded in a humid environment. Therefore, its poor corrosion
resistance is one of the problems that prevent magnesium alloy from being further promoted and used, and improving the corrosion
resistance of magnesium alloys is extremely important. The traditional methods to improve the surface corrosion resistance of
magnesium alloys are micro-arc oxidation, rapid solidification, organic coating, ezc. The production of superhydrophobic surfaces on
magnesium alloy substrates is a simple and efficient method that has been used in recent years. However, the fabrication of
superhydrophobic surfaces is often accompanied by etching with chemical reagents and modification with low-surface-energy
substances, which increases the complexity and cost of the process. In this study, we used nanosecond laser processing of AZ91D
magnesium alloy surfaces to form laser surface texturing, create periodic pits and dotted projections, and then supplemented them
with low-temperature heat treatment to successfully modulate the surface of magnesium alloy from hydrophilic to hydrophobic to
superhydrophobic. We investigated the effect of laser-processing-induced transformation of surface wettability on the salt spray

corrosion resistance of magnesium alloys.

Methods Magnesium alloys were used for this study. First, regular micro- and nanostructures were created using a nanosecond
laser on the surface of magnesium alloy. Subsequently, they were placed in an ethanol solution, cleaned with ultrasonic waves, and
placed in an oven for one hour of heat treatment at 150 ‘C. Next, static contact angle and rolling angle measurements were performed
on individual specimens using a contact angle measuring instrument to determine the wettability of the different specimens. Second,
scanning electron microscopy was used to photograph the surface morphology and test the surface elemental composition of the
magnesium alloys with different wettabilities, and salt spray corrosion experiments were performed on the magnesium alloys with
different wettabilities, with corrosion times of 6, 12, 20, and 30 h. In addition, the surface morphology of the specimens after 30 h of
salt spray corrosion was photographed using a confocal microscope, and the surface height and average height of corrosion layer were

measured to calculate the thickness of the corrosion layer, which was used as a criterion to determine the corrosion resistance.

Results and Discussions The surface contact angles of the prepared samples with different wettabilities are clearly differentiated
(Table 2), among which the contact angle of the superhydrophobic Cassie state surface is 153. 33 and the rolling angle is 3.51°. The
elemental composition of the surface of the superhydrophobic specimens of magnesium alloy was tested before and after heat
treatment, and it was found that the elemental content of C had an effect on the surface wettability (Table 3), and salt spray corrosion
experiments were performed on each sample for different periods. The corrosion resistance of the superhydrophobic surface improved
significantly with the increase in corrosion time (Fig. 4). The confocal surface morphology of the samples with different wettabilities
after 30 h corrosion was photographed. Then, the average height of the corrosion layer was measured in combination with the contour
method to calculate the thickness of the corrosion layer on the surface of the magnesium alloy (Fig. 8). The corrosion layer of the
superhydrophobic Cassie state was the thinnest, measuring 20 um, whereas the corrosion layer thickness of the original sample at this

time was over 158 pm.

Conclusions In this study, a nanosecond laser is used to texture the surface of AZ91D magnesium alloy, supplemented by low-
temperature heat treatment, to obtain surfaces with different wettability states. After heat treatment, a superhydrophobic surface with
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excellent performance was obtained, with a contact angle of 153. 33" and a roll angle of 3. 51°. The laser modulation of wettability on
the surface of magnesium alloys, as well as the mechanism of corrosion resistance improvement, were investigated by testing and
characterizing the surface morphology and composition, static contact angle, and corrosion resistance of magnesium alloys with
different wettabilities. The following are the main conclusions:

(1) Laser process parameters have an important influence on surface topography; laser processing and subsequent low-temperature
heat treatment contribute to an increase in surface C element content; and surface topography and surface C element content can
regulate surface wettability.

(2) The surface corrosion effect is determined by the corrosion capacity of the salt spray, corrosion resistance of the surface, and
residence period of the salt spray on the surface. Laser processing can induce the formation of oxide films on the surface of magnesium
alloys, which helps to improve their resistance to salt spray corrosion. The corrosion resistance of the laser-woven hydrophilic
surfaces is higher than that of the original surface. Cassie surfaces with a small rolling angle and a superhydrophobic state have the
best resistance to salt spray corrosion because of the short residence period of salt droplets on them. The dense and intact surface of
the superhydrophobic Wenzel state with a contact angle greater than 150° and a large roll is one of the most important reasons for the

good corrosion resistance of the surface.

Key words laser technique; laser surface texturing; wettability; salt spray corrosion; heat treatment; corrosive layer
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