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Abstract: Pure Al, Al-6Si, and Al-12Si coatings were deposited on HSLA-100 low-carbon steel substrates using wire arc spraying. 

The corrosion and wear behaviors of the Al and Al-Si coatings were investigated. It was observed that corrosion occurred preferentially 

in the aluminum matrix, and Si remained. The pit nucleation resistance decreased as the Si content increased. An immersion test 

revealed that the Al-12Si coating exhibited the lowest average weight loss. Wear tests were conducted on the uncorroded and corroded 

surfaces of the coatings to investigate the wear performance with complex corrosion characteristics. The Al-12Si coatings exhibited 

the highest wear resistance under both uncorroded and corroded conditions. The wear mode of the Al-Si coatings transitioned to fatigue 

wear caused by significantly high local shear stress applied to the edges of the pits. 
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1. Introduction 
Low-carbon steel is widely used in vehicle parts, building ma-

terials, and subsea construction owing to its good mechanical 

properties and low price compared with high-alloyed steel. How-

ever, in marine environments, contact with seawater significantly 

increases the risk of corrosion by Cl ions and dissolved oxygen. 

This causes early destruction. Most materials used in marine en-

vironments undergo wear owing to the waves and sand, which 

results in mechanical and chemical interactions. This interaction 

causes steel to corrode more rapidly than in static environments. 

To prevent surface damage, the addition of alloy elements or sur-

face processing is required for low-carbon steels to ensure corro-

sion and wear resistance. 

Thermal spraying is a process in which a powder or wire-type 

material is melted using a heat source and then, sprayed onto the 

surface of a substrate material at a high speed to form a coating 

layer [1]-[2]. It is one of the most widely used coating processes 

because it is environmentally friendly and simple, and improves 

the corrosion and wear resistance of the material [3]-[5]. Thermal 

sprayed aluminum is a durable coating material used in arc wire 

spray, high-velocity oxygen fuel (HVOF), and flame spray.  

Aluminum is primarily used as a spray coating material to pre-

vent corrosion. It is lightweight and has a low melting point, 

which is suitable for use as a spray material [6]. In particular, 

when aluminum is exposed to low-carbon steel, it generally has 

a lower corrosion potential than steel and functions as a sacrifi-

cial cathode to protect the steel [7]-[8].  

An oxide film naturally forms on an aluminum surface and 

protects the aluminum from corrosion damage [9]-[10]. However, 

pitting corrosion is a major issue in the use of aluminum under 

subsea conditions where Cl ions exist. Chloride ions can destroy 

the oxide film on the aluminum surface and thereby, cause pitting 

corrosion [11]. However, the use of pure Al as a coating material 

is limited because of its low mechanical strength [12]. Alloying 

elements are required to overcome this problem. Al-Si alloys are 

the most commonly used commercial aluminum alloys. Si has 

the advantage of improving the castability and bonding proper-

ties by improving the flow of molten metal [13]-[14]. It has a  
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significantly low solubility of 0.1 at. % at 150 °C to form a eu-

tectic system. Moreover, the shape and distribution of eutectic Si 

vary depending on the Si content. The content, size, shape, dis-

tribution, and the like of Si in the Al alloy are a few main factors 

that affect the mechanical characteristics. In particular, when Si 

is spherical, it has an anisotropic microstructure. This increases 

the wear resistance [15]-[16]. 

Several studies have been conducted on the effects of adding 

Si to Al alloys, on corrosion and wear. It is established that an Al-

Si coating forms dense corrosion products from Al and Si. Thus, 

it exhibits corrosion resistance through a barrier effect. Accord-

ing to Reynier I. Revilla, when Al-Si alloys with different Si con-

tents are deposited, the Si eutectic network can protect the Al ma-

trix from corrosion and increase the corrosion resistance [17]-

[18]. In addition, Si prevents the generation of FeAl intermetallic 

compounds in the intermetallic layer of the coating and reduces 

the layer thickness by delaying the diffusion rate of Al into the 

steel in the solid phase [19]. However, according to K.M. Flem-

ing, Si can exist as an anode in the Al matrix. This results in gal-

vanic or local corrosion [20]. The main causes of wear in Al-Si 

alloys are the size of the dendrites, aspect ratio, and distribution 

of the Si phases [21]. A study investigating the variation in the 

wear characteristics of Al alloys according to the Si content, dis-

tribution, and shape revealed that the size and distribution of Si 

significantly affected the wear mechanism [22]. Mahato and 

Warmuzek noted that the addition of Si particles improved the 

wear characteristics of hypereutectic Al-Si alloys [23]-[24]. 

The dependence of the electrochemical properties on the Si 

content of the Al coating prepared using WAS has not been iden-

tified clearly. In addition, although corrosion is accompanied by 

wear in marine environments, most studies on the corrosion and 

wear resistance of Al-based coatings have been conducted inde-

pendently. Therefore, this study investigated the wear and corro-

sion characteristics of wire arc-sprayed Al-Si coatings. Electro-

chemical experiments were conducted on pure Al, Al-6Si, and 

Al-12Si coatings to evaluate the corrosion resistance of the coat-

ing materials. Wear tests were conducted on the uncorroded and 

corroded surfaces of the coatings to compare and analyze the ef-

fect of the corrosion reaction on the wear phenomenon. 

2. Experimental Procedure

2.1 Material 
HSLA-100 steel was used as the substrate material. Its chemi-

cal composition is listed in Table 1. Prior to coating, the substrate 

alloys were grit-blasted using white alumina powder with a grit 

size of 20 mesh. Pure Al, Al-6Si, and Al-12Si wires were used as 

feedstock materials. Al and Al-6Si were coated using the 

ARCJET 99/600 PL SPRAY SYSTEM. Meanwhile, Al-12Si 

was coated using the Metco SMART ARC SYSTEM. Table 2 

lists the parameters of the coating process for each specimen. The 

average surface roughness was calculated by measuring the sur-

face roughness three times in the same area using a high-resolu-

tion optical 3D surface analyzer (VHX-7000, KEYENCE). The 

surface roughness Ra of the Al, Al-6Si, Al-12Si coatings was 

14.00 μm, 19.93 μm, and 14.37 μm, respectively. 

Table 1: Chemical composition of HSLA-100 (wt. %) 

Elements Fe Ni Cu Cr Mo Mn Si C 
HSLA-100 
(substrate) 

Bal. 3.5 1.3 0.6 0.5 0.5 0.2 0.05

Table 2: Parameters for wire arc spraying of metallic coatings 

Al Al-6Si Al-12Si 
Voltage (V) 32 32 38 

Arc current (A) 150 150 280 
Air pressure (psi) 72.5 72.5 80 

Spray distance (mm) 130 130 150 

2.2 Electrochemical measurements 
The corrosion resistance of the coatings was determined via 

electrochemical testing. Electrochemical cyclic potentiodynamic 

polarization measurements and galvanic corrosion tests were 

conducted in a 3.5% NaCl solution using a potentiostat (Interface 

1010E Potentiostat, Gamry Instruments, USA). Cyclic poten-

tiodynamic polarization was performed using a three-electrode 

cell with a saturated calomel electrode (SCE) as the reference 

electrode, platinum counter electrode, and coating working elec-

trode. The area of the working electrode exposed to the solution 

was 1 cm2. Cyclic potentiodynamic polarization was conducted 

from -500 mV to 1100 mV at a scan rate of 0.1 mV/s after stabi-

lization for 60 min.  

2.3 Immersion tests 
The Al-, Al-6Si-, and Al-12Si-coated specimens were im-

mersed in a 3.5 wt. % NaCl solution for 14 days. The surface area 

exposed to the solution was 6.36 cm2. It was polished to #2400 

grit prior to the immersion. Three test specimens were prepared 

for each coating composition and immersed under identical con-

ditions. After the immersion tests, the surfaces were rinsed with 
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distilled water and dried. The weight before and after immersion 

was measured using a digital balance. 

2.4 Mechanical tests 
A Vickers hardness test was performed on the surface of the 

coatings to analyze the hardness of the coating layer according to 

each composition. A micro-Vickers hardness tester (HM-122, 

Akashi, Japan) was used for the hardness tests. Before the test, 

the surfaces of all the coatings were polished to #2400 grit using 

SiC sandpaper. The specimens were pressed for 10 s with a load 

of 0.1 kgf, and the hardness was calculated by measuring the in-

dentation area. To evaluate the wear resistance of the coating de-

pending on whether it was corroded, wear tests were conducted 

on the uncorroded coating surface and the coating surface after 

14 days of immersion experiments. The experiment was con-

ducted using the ball-on-disc dry sliding method with a wear 

tester (102 PD; R&B, Korea). The wear tests were conducted 

three times for each condition. The experimental conditions are 

listed in Table 3. A stainless steel 304 ball with a diameter of 6 

mm was used as the counter material. The uncorroded coating 

surfaces were polished to #2400 grit using SiC sandpaper, and a 

wear test was performed. 

Table 3: Wear test experimental condition 

Parameter Condition 
Temperature (°C) 25 (Room temperature) 

Load (N) 30 
Sliding speed (rpm) 100 

Time (min) 30 
Rotation diameter (mm) 11.5 

Archard's equation was used to measure the specific wear rate, 

k = V / (F∙L). V is the volume of the worn material, F is the nor-

mal load, and L is the sliding distance. The wear tests were 

conducted under identical conditions on three test specimens for 

each composition and corrosion occurrence. The weights before 

and after wear were measured and divided by the density accord-

ing to the composition to obtain the worn volume. Then, the wear 

rate was calculated. 

2.5 Microstructure analysis 
The microstructure of the coatings was observed on the cross-

section using field-emission scanning electron microscopy (FE-

SEM, CLARA) with energy-dispersive X-ray spectroscopy 

(EDS, EDAX). At least ten fields were averaged to measure the 

porosity area fraction using an image analyzer. To measure the 

wear depth, 3D profiling was performed in the depth direction 

from the worn surface using a high-resolution optical 3D surface 

analyzer (VHX-7000, KEYENCE). 

3. Results and discussion

3.1 Characterization of the coatings 
SEM micrographs of the cross-sections of the Al, Al-6Si, and 

Al-12Si coating layers are shown in Figure 1. The Al and Al-6Si 

coating layers had relatively uniform morphologies compared 

with the Al-12Si coating. As shown in Figure 1 (c), the Al-12Si 

coating layer consisted of a large number of oxides, pores, and 

cracks.  

Figure 2: Average porosity area fraction of Al, Al-6Si, and Al-

12Si coatings 

Figure 1: Cross-sectional micrographs of (a) Al, (b) Al-6Si, and (c) Al-12Si coating 
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Figure 2 shows the average porosity area fraction in the cross-

sections of the Al, Al-6Si, and Al-12Si coatings. The standard de-

viations are represented by error bars. The porosity increased sig-

nificantly as the Si content increased. The average porosity area 

fractions of the Al, Al-6Si, and Al-12Si coatings were approxi-

mately 0.79%, 3.85%, and 9.17%, respectively. During the coat-

ing process, when the arc current is insufficient or the spray dis-

tance increases significantly, the temperature of the spray parti-

cles decreases to form a splat. This causes an insufficient plastic 

deformation. When the plastic deformation is insufficient, the in-

terfacial bonding between the splats weakens. This results in po-

rosity. 

Figure 3 shows the SEM micrographs of the surface micro-

structure observed after etching the surfaces of the Al, Al-6Si, 

and Al-12Si coatings. After etching using the Keller solution, a 

distinction between the splats present on the coating surface was 

evident. The formation of eutectic Si was verified in the Al ma-

trix. As shown in the micrographs of the Al-Si coating in Figure 

1 (b) and (c), eutectic Si with a relatively high brightness was 

finely distributed in a net-like form. In addition, the distribution 

differed depending on the Si content. Eutectic Si was more 

densely distributed on the Al-12Si coating surface than on the Al-

6Si coating. Moreover, the distribution of Si differed between the 

splats constituting the coated layer. A few splats had a fairly 

dense net-like shape, whereas the others had a relatively larger 

net-like form of eutectic Si. The forms of Si distribution differed 

depending on the splat. The cooling rate of each splat was influ-

enced by its thickness, the sprayed surface state, and the thermal 

characteristics of the material [25]. Moreover, the Si distributions 

of different forms were caused by the difference in cooling rate 

that occurs naturally during the coating process. 

3.2 Corrosion performance 

3.2.1 Open circuit potential 

Figure 4: Open circuit potential of Al, Al-6Si, and Al-12Si coat-

ings 

Figure 4 shows the open-circuit potentials of the Al, Al-6Si, 

and Al-12Si coatings. The test was conducted for 24 h to observe 

the initial corrosion behavior. The Al coating exhibited the lowest 

initial corrosion potential of -0.719 V. Then, its potential in-

creased dramatically. It again revealed a decreasing trend. This is 

attributed to the barrier effect of the initially generated oxide film 

[30]. The corrosion potential increased to -0.687 V, displayed a 

weak fluctuation until 34 min, and then decreased steadily. Al-

6Si also exhibited a behavior in which the corrosion potential in-

creased and then decreased marginally in the initial stage, and 

started to increase gradually after 8 h. In the case of the Al-12Si 

coating, the corrosion potential was highest in the early stage. 

However, it decreased gradually. Then, the corrosion potential 

began to decrease rapidly after 12 h. The Al-12Si coating had a 

relatively large number of pores in the coating layer. These were 

exposed as the corrosion progressed. When pores exist, the sur-

face area becomes larger owing to the porosity, and the area that 

reacts with the electrolyte increases. Therefore, the corrosion po-

tential is likely to decrease rapidly. Moreover, the pores can func-

tion as a passage through which the electrolyte may pass, and the 

electrolyte may contact the substrate material to form a galvanic cell. 

Figure 3: Surface microstructure of (a) Al, (b) Al-6Si, and (c) Al-12Si coatings 
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3.2.2 Cyclic potentiodynamic polarization 

Cyclic potentiodynamic polarization (CPDP) was conducted 

to investigate the pitting corrosion behavior of the coatings. Fig-

ure 5 shows the CPDP curves of the Al, Al-6Si, and Al-12Si coat-

ings. The corrosion potential shifted in the positive direction as 

the Si content increased. It is considered that Si has a relatively 

electronegative property with a noble corrosion potential, which 

affects the corrosion potential of the Al-Si coating layer. The Al 

and Al-Si coatings revealed that the repassivation potential was 

located in a negative direction compared with the corrosion po-

tential. This implied that the three types of coatings were vulner-

able to pitting corrosion owing to the unstable repassivation. 

Figure 5: Cyclic potentiodynamic polarization curves of Al, Al-

6Si, and Al-12Si coatings 

Table 4: Cyclic polarization corrosion parameters 

Ecorr (mVSCE) Icorr(μA/cm2) 
Epit-Ecorr 
(mVSCE) 

Al -1110 13.3 398 
Al-6Si -953 15.8 341 

Al-12Si -897 22.1 247 

 Table 4 shows the corrosion parameters derived from the cy-

clic polarization curves. Based on the results presented in the ta-

ble, the corrosion potential of each of Al, Al-6Si, and Al-12Si 

coatings was -1110 mVSCE, -953 mVSCE, and -897 mVSCE. 

The current density of the Al coating was the lowest (13.3 

µA/cm2), and those of the Al-6Si and Al-12Si coatings were 15.8 

µA/cm2 and 22.1 µA/cm2, respectively. As the Si content in-

creased, the current density increased. Corrosion is generally 

considered to occur gradually at low current densities. However, 

the corrosion rate determined from polarization with Tafel ex-

trapolation is unreliable because of the anodic hydrogen 

evolution [26][33]. Furthermore, in the case of the Al-Si coating 

with a higher porosity, the actual surface area in contact with the 

electrolyte increased. Epit - Ecorr in Table 4 is the difference be-

tween the pitting potential and corrosion potential, which is an 

indicator of the pit nucleation resistance [30]. The pit nucleation 

resistance decreased as the Si content increased. This indicated 

that corrosion in the Al-12Si coating is highly likely to cause pit-

ting corrosion. Similarly, the cyclic polarization curve of the Al-

12Si coating in Figure 5 shows that the pitting potential was not 

evident after the passive region. 

Figure 6: EDS mapping results of Al coating after cyclic polari-

zation 

The EDS mapping results for the Al, Al-6Si, and Al-12Si coat-

ings after the CPDP test are presented in Figures 6-8, respec-

tively. The round corrosion products on the Al coating surface 

agglomerated (Figure 6). These contained O and Cl, as detected 

by EDS mapping. The chloride constituent is considered to have 

been caused by the NaCl solution. The Al-6Si coating was char-

acterized by a pitting attack, as shown in Figure 7. Al functioned 

as a preferential site susceptible to corrosion, whereas Si re-

mained with O and Na. Similarly, the corroded Al-12Si coating 

morphology reveals preferentially corroded Al (Figure 8). It can 

also be observed that the Al-6Si coating experienced more severe 

corrosion than the Al-12Si coating with a deeper corroded mor-

phology. The corrosion products of Al-Si alloys contained SiO2. 

Furthermore, protective films with corrosion resistance obstruct 

the penetration of Cl- ions [31][32]. The distribution of eutectic 

Si affects the corrosion properties of Al alloys. Eutectic Si as a 

cathode results in the formation of a microgalvanic cell, which 

accelerates the corrosion of the Al matrix [34]. However, the 

dense network of eutectic Si prevents corrosion from spreading  
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Table 5: Weight loss of Al, Al-6Si and Al-12Si coatings 

Average weight loss (g) 
Al 0.1767 ± 0.0206 

Al-6Si 0.2667 ± 0.0544 
Al-12Si 0.0300 ± 0.0082 

into the matrix [26]. It was revealed that the finer Si structure in 

the Al-12Si coating resulted in a corrosion resistance better than 

that of the Al-6Si coating.

3.2.3 Immersion test 

Table 5 shows the average weight loss values of the specimens 

immersed in a 3.5 wt. % NaCl solution for 14 days. 

The standard deviations are indicated by the plus-minus sym-

bol in Table 5. The average weight loss of the Al, Al-6Si, and Al-

12Si coatings was 0.1767 g, 0.2667 g, and 0.0300 g, respectively. 

That is, the Al-12Si experienced the smallest weight loss. Figure 

9 demonstrates the microstructure of the Al, Al-6Si, and Al-12Si 

coatings after immersion in the 3.5 wt. % NaCl solution for 14 

days. For the Al coating, most of the coating layer corroded away. 

Only a sponge-like structure remained (Figure 9(a)). The Al-O 

corrosion products were placed between the corroded structure. 

This was also observed in the Al-6Si coating (Figure 9(b),(d)).  

Figure 7: EDS mapping results of Al-6Si coating after cyclic polarization 

Figure 8: EDS mapping results of Al-12Si coating after cyclic polarization 
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The corrosion products did not exist uniformly and stably in 

the form of small particles. Thus, the corrosion of the coating 

layer could not be prevented from proceeding. Similarly, in the 

Al-6Si coating, a sponge-like structure remained after the corro-

sion attack (Figure 9(c)). The immersed Al-12Si coating was ob-

served to be covered with corrosion products (Figure 9(e),(c)). 

An EDS analysis was performed to clearly verify this in Figure 

10. The corroded surfaces were composed of Al, Si, and O. It was 

verified that the components of O were high at 49.07 at. %. Al, 

O, and Si were detected in the locations appearing as rigid corro-

sion products. It was observed that Si existed in the cracks be-

tween the corrosion products. This indicated that the α-Al matrix 

corroded rapidly. 

3.3 Microhardness 
The Vickers hardness test was conducted to investigate the 

Figure 9: SEM Micrographs of coatings after immersion test for 14 days in 3.5 wt. % NaCl solution: (a), (b)Al; (c), (d) Al-6Si; and 

(e), (f)Al-12Si coatings 
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hardness properties of the Al and Al-Si coatings. Table 6 shows 

the average hardness values and their standard deviations. The 

hardness increased with an increase in the Si content. The aver-

age hardness of the Al coating was the lowest (approximately 

57.7 HV). As the Si content increased, Al-6Si and Al-12Si dis-

played hardness values of 121.9 HV and 179.0 HV, respectively. 

The hardness of the Al-12Si coating was approximately three 

times higher than that of the Al coatings. 

Table 6: Vickers hardness value of Al, Al-6Si and Al-12Si coat-

ings 

Average Vickers hardness (HV) 
Al 57.77 ± 3.32 

Al-6Si 121.85 ± 2.42 
Al-12Si 178.96 ± 3.69 

3.4 Wear performance 
Figure 11 shows the average wear rates of the coatings under 

each condition. For the uncorroded Al, Al-6Si, and Al-12Si coat-

ings, the wear rate decreased linearly as the Si content increased. 

The wear test was conducted after immersing the Al, Al-6Si, and 

Al-12Si coatings in a 3.5 wt. % NaCl aqueous solution for 14 

days. It was observed that as the Si content increased, the wear 

rate decreased. After 14 days of immersion, the wear rate in-

creased in the Al, Al-6Si, and Al-12Si coatings. This tendency 

was most significant in the Al-6Si coatings. The wear rate of cor-

roded Al-6Si coating increased by the most as compared to un-

corroded coatings. This is considered to be mostly a result of the 

damage caused by corrosion. However, in the case of the Al coat-

ing, the difference in the wear rate depending on the corrosion 

was relatively small. Additionally, the Al-12Si coating displayed 

a marginal difference in the wear rate after the immersion test.  

Figure 11: Average wear rate of uncorroded and corroded coat-

ings after immersion for 14 days 

Figure 12: Depth profile of wear track of Al, Al-6Si and Al-12Si 

coatings 

Figure 10: EDS results of immersed Al-12Si coating surface for 14 days in 3.5 wt. % NaCl solution 
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Figure 13: Depth profile of wear track of corroded Al, Al-6Si 

and Al-12Si coatings after immersion in 3.5 wt. % NaCl solution 

for 14 days 

Wear depth profiling of the coatings was performed. Figure 

12 shows the profiling results for the uncorroded coatings. It was 

visually verified that the wear depth decreased as the Si content 

increased. This displays a tendency similar to that of the decrease 

in the amount of wear in the order Al, Al-6Si, and Al-12Si coat-

ings. It can also be observed that the wear track width decreased 

with an increase in the Si content. Figure 13 shows the results of 

wear depth profiling of the corroded coatings. The wear depth of 

the Al-12Si coating was the smallest. The wear depth increased 

in the order of Al and Al-6Si. For the corroded Al-6Si coating, 

the wear depth increased significantly. This coincides with the 

increased wear rate after corrosion.  

To analyze the wear mechanism of the Al and Al-Si coatings, 

the coating surface was observed after the wear test using a scan-

ning electron microscope. Figure 14 shows a micrograph of the 

worn surfaces of the uncorroded and corroded coatings after the 

wear tests. Adhesive wear occurred on the worn surface of the 

non-corroded Al coating (Figure 14(a)). This was verified by the 

adhesive traces identified in the surface micrographs. The Al 

coating had the lowest hardness value (57.7 HV). Moreover, the 

coating layer appeared to have fallen off rapidly owing to the 

wear phenomenon on the surface with the counter material at a 

load of 30 N. Meanwhile, after immersion for 14 days, no adhe-

sive trace was observed (Figure 14(d)). When the coating layer 

was damaged by corrosion, relative motion occurred, the coating 

microstructure was damaged significantly, and cracks were ob-

served on the remaining surface. 

As shown in Figure 14(b), weak adhesive traces, wear debris, 

and fragments were observed on the worn surface of the Al-6Si 

coating. The worn surface of the corroded coating exhibited in 

Figure 14(e) contained small tear debris, traces of cracks, and 

delamination. Cracks occurred along the delamination trace ow-

ing to fatigue wear. Cracks occurred straightforwardly owing to 

the pitting corrosion generated during immersion. Moreover, a 

local shear stress was applied strongly to the corresponding part 

during the wear test, thereby propagating the cracks and causing 

delamination. In Figure 14(c), in the case of the uncorroded Al-

12Si coating, deep grooves can be observed. This indicates the 

occurrence of abrasive wear. High-hardness materials exhibit a 

Figure 14: Worn surface of uncorroded coatings: (a)Al, (b)Al-6Si, (c)Al-12Si; and corroded coatings: (d)Al, (e)Al-6Si, (f)Al-12Si 
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reduced resistance to abrasive wear. The Al-12Si coating had the 

highest hardness value of 179 HV. Meanwhile, its resistance to 

abrasive wear was lower than those of the Al and Al-6Si coatings. 

As shown in Figure 14(f), grooves were also observed on the 

worn surface of the coating layer immersed for 14 days. In addi-

tion, the pits, delamination, and cracks generated by pitting cor-

rosion existed in conjunction. Microcracks and small delamina-

tion traces were observed on the edge of the pit. Therefore, it is 

considered that fatigue wear occurred owing to the rapid propa-

gation of cracks owing to pitting corrosion, similar to the cor-

roded Al-6Si coating. 

4. Conclusion
This study investigated the corrosion and wear behaviors of 

wire arc-sprayed Al and Al-Si coatings on low-carbon steel for 

application in marine environments.   

(1) The coating layers had a microstructure consisting of alu-

minum oxide and porosity. Microstructural analyses 

showed that the porosity area fraction of the coatings in-

creased with the Si content. On the Al-Si coating surface, 

different distributions of eutectic Si were observed in dif-

ferent splats owing to the cooling rate during the coating 

process. 

(2) The cyclic potentiodynamic polarization test indicated that 

the Al-Si coating was less resistant to pitting corrosion than 

the Al coating. The Al-12Si coating exhibited a better cor-

rosion resistance than the Al and Al-6Si coatings based on 

immersion tests. It is attributed to the dense eutectic Si, 

which obstructs corrosion from permeating through the α-

Al matrix.  

(3) For the Al-12Si coating, the wear rates were the lowest 

under both uncorroded and corroded conditions. The cor-

roded Al-Si coatings exhibited fatigue wear. The pits gen-

erated during the immersion test weakened the coating sur-

face, thereby causing crack propagation. Consequently, fa-

tigue wear occurred.   
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