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ABSTRACT: Magnesium alloy is a highly promising biodegradable metal material for biomedical use, with the advantages of
density and elastic modulus similar to those of human bone, reducing the stress-shading effect of bone implants, avoiding
osteoporosis and promoting new bone growth. In addition, magnesium alloy also has good machinability, castability and fracture
toughness at high temperature, which is more advantageous than other materials for biomedical materials. However, the defects
of magnesium alloy as an implant material are that its corrosion rate in body fluids is too fast. Therefore, degradation rate is not
easy to control, and the mechanical properties of the implant are greatly reduced, which is not enough to support human bone

healing. To address this issue, the surface treatment is necessary to achieve degradation control and improve mechanical
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properties, corrosion resistance, biocompatibility and antibacterial properties of magnesium alloys. Among the surface
technologies, micro-arc oxidation has the advantages of simple pretreatment, uniform film formation, high bonding strength
with matrix and enhanced biocompatibility of magnesium alloys.

Currently, there are few reviews on micro-arc oxidation technology of magnesium alloys. In this work, the formation
mechanism and structure of micro-arc oxide film on magnesium alloy were summarized from the perspective of spark discharge
theory. On this basis, from the classification of the affecting parameters of micro-arc oxidation, the effects of pretreatment,
electrolyte, additives, electrical parameters (voltage, current mode and pulse frequency) and sealing technology on the corrosion
resistance and biocompatibility of magnesium alloy micro-arc oxidation film were expounded combined with the research status
in China and abroad. Thus, the research progress of micro-arc oxidation technology for medical magnesium alloys was
introduced by studying the affecting parameters. Herein, the work mainly focused on the analysis of the type and concentration
of electrolytes and additives on the membrane and biological properties of the mechanism, in which electrolytes included
alkaline silicate and phosphate electrolyte and additives included glycerol, fluoride, hydroxyapatite and nanoparticles, etc. It was
found that the addition of alkaline phosphate electrolyte could reduce the corrosion rate of the film and promote the process of
bone integration and cell attachment. Besides, hydroxyapatite, Ca, P and other bioactive particles as additives could significantly
improve the corrosion resistance and biocompatibility of the film. Last but not least, according to the further research, it was
found that the affecting factors of process parameters on the micro-arc oxide film layer were not single linear. No matter the
process parameters were lower than the minimum value or higher than the maximum value, the performance of the film would
be damaged to some extent. From this perspective, it is necessary for researchers to strike an optimal balance between corrosion
resistance and biocompatibility.

At present, compared with other surface technologies, there is a lack of comprehensive and profound explanation of its film
formation mechanism due to the complexity of micro-arc oxidation. Therefore, it is urgent to establish a rich and scientific
mechanism research system. Finally, in view of the existing problems, the application of micro-arc oxidation in medical
magnesium alloys is prospected.

KEY WORDS: medical magnesium alloy; micro-arc oxidation; film formation mechanism; corrosion resistance; biocompatibility
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Tab.1 Comparison of basic properties of
common implant materials

Density/

Materials (g'cm73) E/GPa op/MPa Degradability
Mg alloys 1.85 41-45 290 Excellent
Titanium =y 51 410,117 686-1176 Poor
alloys

Stainless 570800 189205 520  Poor

steel

PGA 1.52 1.22x1072 110 Excellent
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Tab.2 Effects of the pretreatment on properties of MAO film

Substrate Pretreatment Corrosion resistance Biocompatibility
Mg-Gd-Y-Zn-Zr Laser surface texturing Improve the corrosion resistance of the matrix
Mg-0.06Cu Solution treatment Improve the corrosion resistance of the matrix Have high quality for killing the bacteria.

Mg-4.71Zn-0.6Ca Equal channel angular pressing specimens

AZ80
AZ31B

Laser shock peening

Ultrasonic shot peening

Corrosion resistance is better than as-cast Improve the biological activity of the

alloy

Improve the corrosion resistance of the matrix ~ Suitable as a degradable bone implant

Improve the corrosion resistance of the matrix

B - S - S Ve i, )
- - . -
-~

Substrate

a $A/MAOER

L |

IElement Ca P o &

% 21.16 13.40 6497

Substrate

b ECPA/MAOJRZ

Kl 4 $54/MAO Hl ECPA/MAO K JZ i 4% 1 1F 5 A 8% i )
Fig.4 Surface morphologies and cross section of as-cast/MAO (a) and ECAP/MAO films (b)?!
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Tab.3 Comparison of properties of common alkaline electrolyte films

Substrate MAO Electrolyte Concentration Corrosion resistance Biocompatibility
NaOH(0.05, 0.1, Best corrosion resistance The degradation rate is slow
AZ31 CaGP+NaOH 0.2, 0.4 mol/L) (0.2 mol/L NaOH) and the bioactivity is good
AZ31B  NaySiOs+KF+KOH+C3H,O; The corrosion resistance of

the film is improved

AZ31  Na;PO, 20, 30,40 g/L

Best corrosion resistance .
Low degradation rate

(30 g/L)
(CH3C00),Ca.H,0+ NH4HF,+ Best corrosion resistance The degradation rate is slow
Mg-Zn-Zr C;3;HgO;3+H,0,+Na,HPO,4 12H,0/ [(NaPOs)e] and the biocompatibility is
Na;P0,4.H,0/(NaPO;), 3J6 good
. The corrosion resistance of Phosphate film is the best
AZ31  Na;Si0y/Na,P,07+KOH+NaF the film is improved biocompatible
Mg-1Ca  KF+Si-/P-/Si-P- Phosphate film has the best Phosphate film is the best

corrosion resistance

biocompatible

5]

AR BE () NasPO, HLMFR il 4 1t MAO B2 R i 57+

Fig.5 Surface morphologies of the MAO films produced at various Na;PO, electrolyte concentrations

d 40 g/L
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Tab.4 Effects of the type and concentration of additives on properties of MAO film

Substrate Additives Concentration Corrosion resistance Biocompatibility
AZ91D C3HgO, good corrosion resistance
7K60 KF, NH4HF,, good corrosion resistance (7 g/L
C,;H;0,, H,0, NH,HF,+5 mL/L C5Hg05)
Mg-Zn-Ca HA 2 g/L good corrosion resistance Good biocompatibility
AZ91 TiO, Sol 5vol%,10vol%  good corrosion resistance
Me-1Ca Nano-TiO, 0, 4,8 g/L The film has the best corrosion

resistance (4 g/L)

Mg-2Zn-1Gd-0.5Zr Nano-CuO 1 g/L

good corrosion resistance

Improve the film resistance to
degradation, good biocompatibility
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electrolyte at the primary stages of the MAO treatment’®¥: a) without C;HgO5; b) with C;H5Os5
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Fig.8 Surface morphology and EDS analysis of MAO films produced by first step
and two-step process!®
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