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ABSTRACT: Chromate-based corrosion protection, such as that on aluminum (Al), magnesium (Mg), 
titanium (Ti), and other alloys, has often been used with some success. Considering the pollution problem 
associated with chrome, it is necessary to search for an alternative process to conventional chromate coating 
technology. Plasma electrolytic oxidation processing (PEO) is an emerging, environmentally friendly 
surface engineering technique. The study in this article was to utilize the PEO technology to deposit 
aluminate coatings on magnesium alloy AE44 for corrosion protection. Potentiodynamic polarization 
measurements and electrochemical impedance tests were performed to investigate corrosion behaviors of 
coated and uncoated AE44 alloy samples immersed in 3.5 wt% NaCl solution. The surfaces of coated and 
uncoated samples before and after corrosion tests were observed by scanning electron microscopy (SEM). 
SEM and energy dispersive spectroscopy (EDS) and X-ray diffractometry (XRD) were used to study the 
effect of PEO coatings on the surface morphology change of the alloy in association to their corrosion 
behaviors. The differences in corrosion behaviors under different electrical parameters of aluminate-based 
coatings on Mg alloy AE44 were elucidated through potentiodynamic polarization measurements, 
complemented by SEM and EDS analysis. 
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1. Introduction 

Magnesium exhibits a high strength-to-weight ratio along with other advantageous properties, such as 
high thermal conductivity, excellent dimensional stability, and ease of recyclability [1–3]. With the 
increasing demand for lightweight vehicles, the automotive industry has been actively pursuing the use of 
magnesium and its alloys to reduce overall vehicle weight, thereby lowering fuel consumption in response 
to both limited fossil fuel reserves and environmental concerns associated with harmful emissions [4–8]. 
The application of magnesium alloys in automotive components allows for weight reduction without 
compromising structural integrity [9]. 

In the past decade, there has been a growing demand for lightweight structural components such as 
shock towers, subframes, engine cradles, and crossmembers in the automotive industry [1]. These 
components often endure high mechanical loading at both room and elevated temperatures during service. 
Among magnesium alloys, AE44 with alloying elements of aluminum, cerium, and lanthanum has become 
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particularly attractive due to its excellent die castability and favorable balance of strength and ductility [2]. 
It has shown significant potential as a leading magnesium die-casting material, especially for structural 
automotive applications. Compared with AM and AZ series Mg alloys, AE44 offers a higher eutectic 
volume, which improves its overall castability. Furthermore, the lamellar structure of its eutectic phase 
plays a critical role in deflecting crack propagation, thereby enhancing ductility. Despite these superior 
properties and its application in the production of large-scale automotive structural components, concerns 
remain regarding the performance of AE44 in corrosive and erosive environments, particularly for exterior 
automotive parts. This is because magnesium has a high chemical reactivity. Mg alloys, including AE44, 
suffer from poor corrosion resistance, which significantly restricts its broader use [10–13]. To address this 
limitation, it is necessary to apply appropriate surface treatments to produce protective films that serve as 
barriers between the substrate and its environment. Several coating technologies have been explored for 
magnesium and its alloys, including electrochemical plating, conversion coatings, anodizing, gas-phase 
deposition, laser surface alloying, and organic coatings [11]. Among these, chromate-based coatings have 
historically provided effective corrosion protection [12,13]. Nevertheless, environmental and health 
concerns associated with hexavalent chromium demand the development of alternative, environmentally 
friendly technologies. 

Plasma electrolytic oxidation (PEO) has emerged as a promising solution to address these challenges 
and extend the broader use of AE44 in vehicles. In PEO, plasma micro-discharges or sparks generated in 
an aqueous solution ionize the gaseous medium, enabling plasma-assisted chemical reactions that 
synthesize complex oxide compounds on the metal surface [12,13]. As a result, PEO coatings have a strong 
adhesion to the substrate of Mg alloys and enhance their corrosion resistance. However, inherent PEO 
coatings have a porous structure, which limits their capacity of surface protection for metallic substrates. 
To surmount this challenge, Kaseem et al. [14,15] generated MoO2 and/or TiO2-containing hybrid PEO 
coating on Al-Mg-Si alloys to mitigate the porosity content. They incorporated the Co3O4, TiO2, and 
hydroxyapatite into the PEO coating on Mg alloy AZ31 for enhanced corrosion resistance [16–18]. It was 
suggested that polymers could be used to improve the protection efficiency of PEO coatings on various Mg 
alloys such as AZ31, AZ91 and WE43 [19]. Xi et al. [20] investigated the wear resistance of AE44 with 
PEO coatings sealed using a polytetrafluoroethylene (PTFE) polymer layer. Their results showed that due 
to the higher hardness of the Mg2SiO4 phase compared to Mg3(PO4)2, the Vickers hardness of silicate-based 
PEO coatings was generally greater than that of phosphate-based coatings on AE44. This finding 
demonstrated that silicate-based PEO coatings were particularly effective for improving wear resistance. 
However, publicly available studies on the influence of specific PEO processing parameters on the 
corrosion resistance of AE44 remain limited, highlighting the need for further investigation in this area. 

The present study aims to extend this approach to magnesium alloy AE44 by using PEO technology to 
deposit protective MgO coatings on magnesium-based substrates with different electrical parameters under an 
alternating current (AC) power supply. To evaluate the corrosion behaviors of aluminate coatings under 
different conditions on Mg alloy AE44, potentiodynamic polarization tests were carried out. A comparative 
assessment of the surface morphology of the different coatings was performed using scanning electron 
microscopy (SEM), while elemental compositions were examined through energy-dispersive X-ray 
spectroscopy (EDS). The novelty is evident since the PEO coating would be able to provide an environmentally 
friendly and cost-effective solution for surface protection of the emerging Mg alloy AE44. The usage of the 
alloy in the automotive industry can be expanded significantly with the help of the PEO technology. 
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2. Experiment Procedures 

2.1. Materials and Specimen Preparation 

Stadium-shaped bars shown in Figure 1 of magnesium alloy AE44 with the composition of 4 wt% Al, 
4 wt% (La+Ce), 0.4 wt% Nd, 0.35 wt% Mn were used as the matrix alloy for the deposition of PEO coatings. 
Before the PEO process, all samples were prepared from the same area of a cast ingot to reduce variations 
in their compositional and microstructural characteristics. After polishing the samples to a relatively smooth 
level, the samples are cleaned with ethanol. 

 

Figure 1. Illustration of stadium-shaped bar (all dimensions in mm). 

2.2. PEO Treatment 

Electrolyte solutions were prepared by dissolving 8 g/L of NaAlO2 and 1 g/L of potassium hydroxide 
in distilled water. To examine the influence of electrical parameters on the formation of aluminate-based 
coatings, treatment duration, current, and duty cycle were varied, as summarized in Table 1. Given that the 
duty cycle directly affects the effective discharge time, an efficiency constant was determined as the product 
of these four parameters, allowing for meaningful comparison of results. During the PEO treatment, the 
samples were connected to an AC power supply operating in unipolar pulse mode, with a stainless-steel 
plate serving as the cathode. Coating experiments were conducted for durations of 10 and 12 min at current 
densities of 114 and 190 mA/cm2, with duty cycles of 80% and 40% at 1000 Hz, respectively. 

Table 1. Experimental parameters of the PEO process. 

Experiment 
A 

Treatment Duration 
(min) 

B 
Current Density 

(mA/cm2) 

C 
NaAlO2 Concentration 

(g/L) 

D 
Duty Cycle 

(%) 

Efficiency Constant 
(=A × B × C × D) 

1 10 114 8 80 729,600 
2 12 190 8 40 729,600 

2.3. Potentiodynamic Polarization Tests 

To assess experimental outcomes, corrosion resistance was employed as a quality characteristic of the 
PEO coatings. The quality characteristic was evaluated using potentiodynamic polarization tests conducted 
with the EC-LAB SP-150 electrochemical device, complemented by data analyses through the EC-LAB 
software V11.34, at room temperature (25 °C, 298 K). During corrosion tests, a three-electrode cell setup 
was employed, featuring the samples as the working anode, an Ag/AgCl saturated with KCl as the reference 
electrode, and a platinum rod serving as the counter electrode. The ratio of the volume of the 3.5 wt% NaCl 
solution to the surface area of the samples was 350 mL/cm2. Potentiodynamic polarization scans were 
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performed at a scan rate of 10 millivolts per second (mV/s), starting from −0.75 volts relative to the open 
circuit potential (OCP) in a high direction, and continuing up to −0.15 volts relative to the reference 
electrode. At the beginning of the corrosion testing, the samples were grounded by SiC paper with fine 
grade and held in a salt solution, allowing the open circuit potential to settle to a constant value. 

The corrosion resistance (Rp) of the samples was calculated using the corrosion potential (Ecorr), 
corrosion current density (icorr), and the anodic/cathodic Tafel slopes (ba and bc) obtained from the 
polarization curves. Based on the approximately linear region near the corrosion potential (Ecorr), Rp was 
determined using the following equation: 

R୮ ൌ
bୟbୡ

2.3iୡ୭୰୰ሺbୟ ൅ bୡሻ
 (1)

Electrochemical impedance spectroscopy (EIS) was also used, through a frequency response analyzer, 
which enabled the scan to be generated automatically under computer control. A three-electrode cell with 
the PEO coated samples as the working electrode, exposing 1.0 cm2 of area to the solution during 
electrochemical measurements, an Ag/AgCl/sat KCl reference electrode, and platinum as a counter 
electrode, was used in the experiments. The EIS technique was employed using a 3.5 wt% sodium chloride 
solution, and the impedance spectra were acquired over the frequency range between 10 mHz and 106 Hz 
with an AC signal amplitude of ±10 mV with respect to the open circuit potential (OCP). 

2.4. Microstructure Examination 

The microstructures of the PEO treated samples were examined using a TM3030 scanning electron 
microscope (SEM) (Hitachi, Tokyo, Japan) equipped with energy-dispersive spectroscopy (EDS) for 
analyzing elemental composition. An X-ray diffractometer was used with Cu Ka radiation at a glancing 
angle of 2° for the phase structure analysis. Porosity was measured the SEM images by using ImageJ 1.54p. 
The thickness of the coatings was measured by using PociTector 6000 (DeFelsko, St Lawrence, New York, 
NY, USA). The average thickness was calculated from the results of 10 measurements. The roughness of 
the coating was characterized using a Mitutoyo SJ 210P (Mitutoyo, Sakado, Japan) based on the results of 
5 measurements. 

3. Results and Discussion 

3.1. Process Voltage Characteristics 

Figure 2 presents the voltage profiles recorded during PEO treatment under different electrical 
conditions. Both curves exhibited similar behavior: the voltage rose rapidly at the beginning, then slowed 
once it reached a relatively high level, eventually showing only minor changes. The critical voltage for both 
experiments was approximately 450 V. Beyond this point, the voltage continued to increase but at a reduced 
rate compared to the initial stage. Notably, Experiment 2, which was conducted with a longer treatment 
duration and higher current density but a lower duty cycle, reached a higher final voltage than Experiment 
1, which used a shorter duration and lower current density but a higher duty cycle. Under the same 
efficiency constant, the operating voltage appeared to be influenced by the current density and duty cycle. 
This observation suggests that Experiment 2 was conducted at a higher operating voltage, which may have 
influenced the resulting properties of the aluminate-based coatings. 
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Figure 2. Curves of voltage changes during PEO treatment in electrolytes with different electrical parameters. 

3.2. Morphology and Thickness of Coatings 

The surface morphologies of the generated PEO coatings on Mg alloy AE44 are shown in Figure 3. 
Both samples exhibited some craters, with spark discharge channels appearing at their centers in the form 
of small pores (indicated as A). The average crater diameter for both coatings was approximately 8–12 μm. 
Nevertheless, a difference in crater density was evident between the two surfaces. The crater amount of 
Experiment 1 was obviously higher than that of Experiment 2. Given that the efficiency constant of the 
coatings and the concentration of electrolyte solutions remained the same, the effects of treatment duration, 
current density, and duty cycle might be regarded as secondary. Consequently, voltage was considered to 
exert a more significant influence on the observed differences between the two coatings, particularly with 
respect to morphology parameters (thickness, surface roughness, and porosity). 

 

Figure 3. SEM micrographs of the coatings: (a) PEO coating from Experiment 1; (b) PEO coating from Experiment 2. 

The cross-sectional images of the PEO oxide films formed in the two experiments are presented in 
Figure 4. Combined with the cross-sectional images with the measurement results from PociTector 6000, 
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the average thickness of the oxide film from Experiment 1 was about 16.21 ± 0.72 μm, and that from 
Experiment 2 was about 25.40 ± 1.42 μm. The growth rates of oxide films were ~27.02 nm/s and ~35.28 
nm/s, respectively. The oxide film appeared to have two layers, the outer and inner layers (shown in Figure 
4). The outer layer was relatively porous, while the inner layer was compact. 

 

Figure 4. Cross-sectional images showing the outer and inner layers of the oxide films formed on AE44 via PEO in the aluminate 
electrolyte: (a) from experiment 1; (b) from experiment 2. 

The data presented in Table 2 indicated that the coating of Experiment 1 formed at a lower voltage 
exhibited greater thickness, higher porosity, and lower surface roughness. In contrast, the coating produced 
in Experiment 2 at a higher voltage showed reduced porosity and increased roughness. This behavior might 
be attributed to the more intense discharges generated at higher voltage during the PEO process, which 

romoted the formation of a denser and more compact surface layer. 

Table 2. Thickness, porosity and surface roughness of coatings. 

Experiment Thickness (μm) Porosity (%) Ra (μm) Rpk (μm) 
1 16.21 ± 0.72 2.934 ± 0.121 1.98 ± 0.08 3.75 ± 0.11 
2 25.40 ± 1.42 1.919 ± 0.063 2.79 ± 0.14 4.67 ± 0.23 

Roughness Ra: average roughness; and Roughness Rpk: reduced peak height. 

3.3. Chemical and Phase Composition of the Oxide Film 

To further verify the elemental composition indicated by EDS, XRD analysis was performed to 
determine the phase constituents of the oxide films formed in Experiments 1 and 2, as shown in Figure 5. 
The diffraction patterns revealed that all coatings predominantly consisted of MgAl2O4 and MgO, together 
with a minor amount of residual Mg. The comparable peak intensities observed for both experiments 
indicated that their phase compositions were nearly identical, which was likely attributable to the identical 
electrolyte concentrations used. Previous work by Yang et al. [21] reported that the MgAl2O4 phase played 
a critical role in enhancing the corrosion resistance of PEO coatings produced in aluminate-based 
electrolytes. These findings further suggested that aluminate-based coatings on Mg alloys relied largely on 
the formation of MgAl2O4 to achieve improved corrosion resistance. 
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Figure 5. XRD results of the oxide films formed in PEO coatings on AE44 via PEO in Experiments 1 and 2. 

3.4. Reaction Mechanism 

Figure 6 illustrates the growth mechanism of the PEO coatings and the formation pathways of MgO 
and MgAl2O4 in aluminate-based coatings on AE44. As shown in Figure 6a, AlO2

− anions were uniformly 
distributed in the electrolyte prior to the application of current. Once the anodic current is applied, 
magnesium is dissolved into the electrolyte as Mg2+ cations, and a thin, non-conductive MgO layer is 
formed on the surface, providing initial passivation. As this native oxide layer thickened, the voltage 
between the substrate and electrolyte increased rapidly, reaching several hundred volts within minutes and 
triggering numerous short-lived, localized plasma discharges. Concurrently, oxygen diffusion and oxygen 
evolution occurred at the oxide–electrolyte interface as indicated in Figure 6b. 

Meanwhile, AlO2
− anions migrated toward the anode surface, where they react to form an aluminum 

hydroxide (Al(OH)3) layer on the Mg alloy, as depicted in Figure 6c. During the PEO process, various types 
of plasma discharges were produced. The heat generated within discharge channels promoted metallurgical 
transformations within the growing oxide layer. Molten oxide was expelled from the coating/substrate 
interface toward the surface, where it rapidly solidified and recrystallized upon contact with the electrolyte. 
As a result, Al(OH)3 underwent thermal decomposition, leading to the formation of aluminum oxide (Al2O3) 
and eventually to the development of complex phases such as MgAl2O4 alongside MgO, as illustrated in 
Figure 6d. The direction and intensity of these reactions were governed by the discharge density and energy, 
which were strongly influenced by the evolving thickness of the oxide layer. 
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Figure 6. Schematic illustration of the aluminate-based PEO coating on AE44: (a) The system before applying current; (b) 
dissolution of magnesium into the electrolyte, migration of AlO2

− anions towards the anode after applying current and formation 
of MgO passive oxide layer; (c) formation of Al(OH)3 film on the AE44 surface and the initiation of plasma discharge sparks; 
(d) growth of the MgAl2O4-MgO composite ceramic coating. 

3.5. Potentiodynamic Polarization Tests 

Figure 7 presents the polarization curves of the substrate (Mg alloy AE44, Curve 1) and the coated 
specimens prepared under different electrical conditions. The coating from Experiment 1 (Curve 2), 
produced with a shorter treatment duration, lower current density, and voltage, but a higher duty cycle, 
exhibited a more negative corrosion potential (−1.4158 V) compared with the substrate (−1.3668 V). In 
contrast, the coating from Experiment 2 (Curve 3), obtained under longer duration, higher current density, 
and voltage, but lower duty cycle, showed a corrosion potential of −1.3918 V. Although the corrosion 
current density of the coating from Experiment 1 (3.93302 × 10−6 A/cm2) was reduced to less than half that 
of the substrate (8.62168 × 10−6 A/cm2), its corrosion potential remained 49 mV lower than that of the 
substrate. The data presented in Table 3 implied that the coating of Experiment 1 produced under these 
conditions was relatively thin and incapable of being developed into a compact and protective oxide film. 

Table 3. Results of the potentiodynamic corrosion tests in 3.5 wt% NaCl solutions. 

Samples 
ba 

(V/Decade) 
bc 

(V/Decade) 
icorr 

(μA/cm2) 
Ecorr 

(V) 
Rp 

(kΩ/cm2) 
AE44 0.02867 0.11692 8.62919 −1.3668 1.161 

Experiment 1 0.10567 0.09012 3.93302 −1.4158 5.377 
Experiment 2 0.23177 0.12774 3.71510 −1.3918 9.638 
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Figure 7. Potentiodynamic polarization curves of the substrate, coating from Experiment 1, and coatings from Experiment 2. 

The corrosion potentials, corrosion current density, and anodic/cathodic Tafel slopes (ba and bc) were 
derived from the test data given in Figure 7. Based on the approximate linear polarization at the corrosion 
potential (Ecorr), polarization resistance (Rp) values were determined by Equation (1). 

A summary of the potentiodynamic corrosion test results is presented in Table 3. The displayed data 
manifested that the corrosion resistance of the coated Mg alloy AE44 was significantly improved. Both 
coated samples exhibited lower corrosion current densities and higher polarization resistances compared 
with the uncoated substrate. Among them, the coating produced under longer treatment durations, higher 
current densities and voltages, but lower duty cycles, demonstrated the most pronounced enhancement in 
corrosion resistance. Relative to the AE44 substrate, the coating from Experiment 2 showed approximately 
an eightfold increase in corrosion resistance, corresponding to an improvement of 8.477 kΩꞏcm2, while its 
corrosion current density was reduced by nearly half (Table 3). 

Large corrosion craters were observed on the uncoated magnesium surface after the corrosion test. This 
degradation should be attributed to the breakdown of the thin, naturally formed magnesium hydroxide film, 
which serves as the primary protective barrier on the bare magnesium substrate [20,22]. Furthermore, it 
was observed that, under comparable efficiency conditions, coatings produced at higher voltages exhibited 
superior corrosion resistance compared with those obtained at lower voltages. 

3.6. Electrochemical Impedance Tests 

To elucidate the corrosion behavior of the oxide films generated in the two experimental conditions, 
electrochemical impedance spectroscopy (EIS) measurements were conducted during immersion of the two 
PEO coated samples in a 3.5 wt% NaCl solution at room temperature. The corresponding Nyquist plots are 
presented in Figure 8. 
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Figure 8. Nyquist plots of the oxide films formed on AE44 from experiments 1 and 2 in 3.5 wt% NaCl solution, and the fitting 
results of the electrochemical plots based on the equivalent circuit model considering the role of the interface. 

The electrochemical response of the oxide films was consistent with the trends observed in the 
potentiodynamic polarization measurements. To quantitatively interpret the impedance behavior, the 
equivalent circuit model illustrated in Figure 9 was employed to simulate the EIS data. In this model, R0 
represents the solution resistance, while R1 and R2 correspond to the resistances of the outer and inner layers, 
respectively, each arranged in parallel with their associated constant phase elements (CPE1 and CPE2). 

 

Figure 9. An equivalent circuit model to analyze the electrochemical impedance data of the oxide films formed on AE44 from 
experiments 1 and 2. 
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The impedance of the CPE is expressed by the following equation: 

Zେ୔୉ ൌ 1 ሾYሺjωሻ୬ሿ⁄  (2)

In this model, j denotes the imaginary unit, ω is the angular frequency, and n and Y are the defining 
parameters of the CPE. The exponent n varies between 0 and 1, where n = 0 corresponds to purely resistive 
behavior and n = 1 represents an ideal capacitor. The fitted parameters obtained from the equivalent circuit 
analysis for the oxide films produced in the two experiments are summarized in Table 4. Notably, the resistances 
R1 and R2, corresponding to the outer porous layer and inner compact layer, respectively, were higher for the 
aluminate-based oxide films generated in Experiment 2 than for those from Experiment 1, indicating that the 
corrosion resistance of the coating formed in Experiment 2 surpassed that of Experiment 1. These findings were 
consistent with the potentiodynamic polarization results obtained in 3.5 wt% NaCl solution. 

Table 4. Results of the electrochemical impedance tests of the oxide films immersed in 3.5 wt% NaCl solution in Experiments 
1 and 2. 

 
R0 

(Ωꞏcm2) 
R1 

(Ωꞏcm2) 
n1 

Y1 

(F/cm2ꞏs1−n) 
R2 

(Ωꞏcm2) 
n2 

Y2 

(F/cm2ꞏs1−n) 
AE44 7.19 × 101 - - - 1.89 × 103 0.78 2.01 × 10−6 

Experiment 1 1.11 × 102 2.35 × 104 0.72 2.09 × 10−7 1.91 × 105 0.61 2.99 × 10−7 
Experiment 2 1.67 × 102 4.51 × 104 0.91 5.47 × 10−7 2.72 × 105 0.73 5.95 × 10−7 

3.7. SEM and EDS Analysis 

Figure 10 presents SEM micrographs of the AE44 substrate and the coatings produced at low and high 
voltages, both before and after corrosion testing. As shown in Figure 10b, the surface morphology of the 
bare AE44 substrate (Figure 10a) was severely degraded after corrosion, with the tested region almost 
completely destroyed and covered with extensive corrosion craters. In contrast, under the same 
magnification, the coated surfaces exhibited significantly improved integrity compared with that of the 
substrate. The coating from Experiment 1 (Figure 10d), prepared with lower treatment duration, current 
density, and voltage but a higher duty cycle, displayed only localized damage. By comparison, the coating 
from Experiment 2 (Figure 10f) showed minimal surface deterioration, with nearly no visible breakdown. 
These SEM observations clearly demonstrate that PEO coatings effectively protect the substrate against 
corrosion and enhance its corrosion resistance, with the coating obtained in Experiment 2 exhibiting 
superior performance compared to that of Experiment 1. 

Figure 11 presents the EDS spectra of the uncoated AE44 substrate and the coatings from Experiments 
1 and 2, both before and after corrosion testing. To highlight the variation in the principal alloying elements 
of AE44, only magnesium and aluminum were considered, as the contents of other elements were negligible. 
Compared with the uncorroded substrate (Figure 11a), the corroded substrate (Figure 11b) revealed the 
presence of oxygen, sodium, and chlorine on the surface. In contrast, since the two coatings were prepared 
from the solution of NaAlO2, the coatings already contained oxygen and sodium prior to corrosion (Figure 
11c,e). After corrosion, only chlorine was additionally detected on the coated surfaces (Figure 11d,f). 
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Figure 10. SEM micrographs of the coatings and AE44 substrate before and after corrosion testing: (a) AE44 substrate before 
corrosion testing; (b) AE44 substrate after corrosion testing; (c) PEO coating from Experiment 1 before corrosion testing; (d) 
PEO coating from Experiment 1 after corrosion testing; (e) PEO coating from Experiment 2 before corrosion testing; (f) PEO 
coating from Experiment 2 after corrosion testing. 
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Figure 11. EDS spectra for the uncoated AE44 and coatings before and after corrosion testing: (a) AE44 substrate before 
corrosion testing; (b) AE44 substrate after corrosion testing; (c) PEO coating from experiment 1 before corrosion testing; (d) 
PEO coating from Experiment 1 after corrosion testing; (e) PEO coating from Experiment 2 before corrosion testing; (f) PEO 
coating from Experiment 2 after corrosion testing. The EDS spectra correspond to the SEM micrographs in Figure 10. 

Table 5 summarizes the atomic percentages of five elements (O, Al, Mg, Na, and Cl) in the AE44 
substrate and in the coatings from Experiments 1 and 2, both before and after corrosion testing. For the 
AE44 substrate, a pronounced reduction in Mg content was observed after corrosion, with the atomic 
percentage dropping to 72.8 at% (95.77–22.97 at%). Simultaneously, oxygen increased markedly by 69.3 
at%, becoming the most abundant element, while the contributions of other elements remained minor. A 
significant reduction in the magnesium and a considerable increase in oxygen inferred that substantial 
dissolution of Mg occurred during corrosion. 

Table 5. Variation of chemical elements for AE44 substrate and coatings before and after corrosion testing. 

Samples 
Oxygen  
(at%) 

Aluminum  
(at%) 

Magnesium  
(at%) 

Sodium  
(at%) 

Chlorine  
(at%) 

Substrate (before) 0 4.23 95.77 0 0 
Substrate (after) 69.3 1.57 22.97 2.39 3.25 

Coating 1 (before) 58.28 21.16 20.11 0.45 0 
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Coating 1 (after)  71.41 1.76 23.39 1.59 1.84 
Coating 2 (before) 60.43 21.00 18.08 0.49 0 
Coating 2 (after) 63.66 12.72 19.52 1.49 2.62 

For the coating from Experiment 1, the initial composition consisted of 58.28 at% O, 21.16 at% Al, 
20.11 at% Mg, and 0.45 at% Na, which was comparable to that of the coating from Experiment 2 under the 
same efficiency constant and aluminate solution concentration. After corrosion, the coating from 
Experiment 1 exhibited increases in O and Na, a significant decrease in Al, and a minor change in Mg. The 
reduction of Al suggested that Al dissolution might contribute to the formation of corrosion craters on the 
coating surface. Furthermore, the elemental composition of the corroded region in the coating of 
Experiment 1 closely resembled that of the corroded AE44 substrate, implying that some parts of the coating 
were broken away, exposing the underlying substrate. 

In contrast, the elemental composition of the coating produced in Experiment 2 remained largely stable 
after corrosion. The only notable change was a decrease in Al from 21.00 at% to 12.72 at%. Consistent 
with the microstructural observations in Figure 10f, the surface showed minimal visible degradation. 
Compared to the significant Al loss and breakdown observed in the coating of Experiment 1, the relative 
chemical stability of the coating obtained from Experiment 2 showed that limited Al depletion took place 
during corrosion testing due to the presence of a strong aluminated-based PEO coating on the AE44 
substrate. The relatively small change in Al content rationalized the almost intact surface morphology of 
the coating in Experiment 2, whereas the coating in Experiment 1 experienced localized failure. 

4. Conclusions 

Two sets of electrical parameters were applied to fabricate PEO coatings on Mg alloy AE44 under a 
constant efficiency. In Experiment 1, the treatment was carried out at a lower current density and shorter 
duration but with a higher duty cycle, while Experiment 2 employed a higher current density and longer 
duration with a lower duty cycle. The two conditions produced coatings with distinct voltage responses, 
surface morphologies, and properties. Experiment 1 operated at a lower voltage, whereas Experiment 2 
reached higher voltages during processing. Despite the identical efficiency, the coatings from Experiment 
2 exhibited superior performance, characterized by greater thickness, lower porosity, and better corrosion 
resistance than those of Experiment 1. These findings indicated that higher voltage promoted the growth of 
denser, thicker, and more compact coatings with improved protective capability under the same efficiency 
constant and the same concentration of electrolyte solutions. Furthermore, the EDS analysis revealed that 
the aluminum content served as a critical indicator of coating degradation on the AE44 substrate in 
aluminate-based PEO systems. 
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