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ABSTRACT: Magnesium alloy is an important engineering material with many excellent physical and chemical properties,
which has broad application prospects in the fields of aerospace, transportation, electronic communications, biomedicine,
energy, etc. However, the application of magnesium alloy is limited by its high chemical activity, so surface treatment is required

to avoid corrosion. Micro-arc oxidation (MAO) leads the working area from the Faraday area to the high-voltage discharge area,
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which overcomes the defects of anodic oxidation and greatly improves the overall properties of magnesium alloys. Based on the
research status in China and abroad, the effects of electrolyte, particle additives and electrical parameters (current mode, voltage,
current density, duty cycle, frequency and oxidation time) on the corrosion resistance, wear resistance and biological properties
of the films were introduced emphatically. Then, key issues such as regulation orientation, ceramic film toughening,
performance matching optimization and energy utilization were proposed. In addition, the solutions adopted by the researchers
to the above problems were discussed, and the rationality was analyzed accordingly. Finally, in view of the existing problems,
the future development of MAO technology of magnesium alloys was discussed.

MAQO films are known for higher thickness, dense structure and ceramic phase, which usually shows excellent corrosion
resistance and wear resistance compared to other types of films. However, due to the film-forming characteristics of MAO
process, there is inevitably a certain porosity in the ceramic films. To increase film density, researchers have explored the use of
nanoparticles in the electrolyte, which can be deposited onto the film by electrophoretic adsorption or electromigration under a
strong electric field. In fact, ceramic films can be brittle and prone to fatigue and peel off during wear. To address this issue,
increasing the toughness can enhance the energy absorption capacity of the films and prevent the rapid crack propagation. At
present, there has been little research on the toughening of magnesium alloy ceramic films, which can be deepened in the future.
Studies were also made to introduce a lubricating phase, such as graphite, to enhance anti-friction performance of the films. It
has been found that the single factor experiment may not accurately capture the influence of process parameters on films, which
is due to the interaction between variables. Therefore, the relationship between the process parameters and the film properties is
nonlinear, and when a certain critical value is exceeded, the film properties will deteriorate. In addition, magnesium alloys are
commonly used in biological applications, where there are also checks and balances between biological properties, such as
degradation rates and bacterial inhibition. Therefore, optimizing the matching between properties is key to improving the overall
performance of the films.

Due to the complexity of MAO process, there is no complete explanation of the film formation mechanism. Thus, basic
research should be further strengthened to explore the thermodynamics and kinetics of film formation. In recent years, the
research direction tends to solidify, and there is little research with substantial innovation. Therefore, it is urgent to establish a
richer and more scientific research system on the basis of the previous work. Last but not least, energy consumption is also an
important factor that can hardly be ignored in future industrialization. Reducing energy consumption without sacrificing the
quality of the film will both reduce costs and uphold the concept of sustainable development.

KEY WORDS: magnesium alloy; micro-arc oxidation; corrosion resistance; wear resistance; biological properties
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Tab.1 Effect of electrolytes on the properties of film
Substrate Base electrolyte Additives Results Ref.
. 10 g/L Na,SiOs, 3 g/L NaOH, Corrosion resistance is improved by three orders of
Mg-Li 10 mL/L TEA 0.1 gL CeNOs)s | onitude [8]
Mg-2Zn-  Na,HPO,, NH,HF,, KOH, _ . o .
1Ca-0.8Mn  CH;05, H,0, (CH;C00),Ca The coatings exhibit better apatite inducing ability [9]
. The corrosion current density is nearly two orders of
AZ4l Na,Si0;, KOH KF magnitude lower than PEO treatment without additives [10]
. The sample shows the best electrochemical behavior,
LA103Z 8 /L. Na,8i0;, 0.5 g/ NaF 4 g/L KOH which resulted in high corrosion resistance (1]
Mg-8.5Li ng/inLKI;Ia281O3, 2 ¢/L KOH, 5 g/L (NaPO;)s With higher thickness, hardness, and wettability [12]
0.07 mol/L KOH, 0.1 mol/L The breakdown voltage, spark density and intensity
Mg Na,Si03-9H,0 0.2 mol/L NaF decrease. [13]
AZ9] 10 /L NaAlO,, 2 /L KOH 5 g/L NasPO, dEnhancn}g resistance against chemical and mechanical [14]
egradation
AZS0 Na,SiOs, NaF, HA K, TiF, ;rélirl)irt(;vmg the bioactivity and long-time protective [15]
Na,Si0;, NaOH, NakF, Improving hardness, corrosion resistance and thermal
AZ31 C5;HzO5 . KNaC,4H,04-4H,0 0.4 g/L CoSO, shock resistance [16]
AZ31 0.03 mol/L CaGP 0.2 mol/L NaOH Prompting corrosion resistance and decreasing [17]

degradation rate
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Fig.3 Optical images of wear tracks®*!: a) AZ31 substrate; b) AZ31-1 (including fluoride and
phosphorus); ¢) AZ31-2 (no fluoride); d) AZ31-3 (no phosphorus)
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Tab.2 Effect of particleson the properties of film

Substrate  Particles Results Ref.
AZ31 2 g/L WO, Reducing the size and proportion of tiny defects [30]
Mg 2 g/L CeO, The film has a self-sealing effect, which leads to a remarkable improvement in corrosion resistance [31]
AZ31 2 g/L SisN, Exhibiting the best corrosion resistance, high hardness, good adhesion and low friction coefficient [32]
Mg-Ca 4 g/L TiO, The hydrophobicity, corrosion resistance and hardness are improved [33]
AZ91 Zr0O, The densification of the film reduces the corrosion current density [34]
Mg HA The film thickness and porosity decrease, but the corrosion resistance increases [35]
MAS 4 g/L TiN The microhardness increased, but the wear resistance decreased [36]
AZ31 GO Prevent corrosive medium from penetrating into the substrate [37]
AMS50 SiO, The abrasion resistance is improved, but the corrosion resistance is slightly reduced [38]
AZ31 SiC The friction coefficient is greatly reduced, showing excellent self-lubricating performance [39]
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a) volumetric method; b) gravimetric method
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