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Fig.1 Applications of magnesium alloy in vascular stent (a, c) and bone repair (b) (23]
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Fig.2 3D (a-c) and SEM (d-i) images, EDS (j) and FTIR (k) spectra of the MAO/CIP-PMTMS coating after immersion for 75, 250 and
500 h in Hank’s solution®®"!
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Table 1 Corrosion current density of magnesium alloy with different electrolytes or additives

Substrate Electrolyte Additive Corrosion solution  lcor/A €m? Ref.
AZ31B KOH, Na,SiOs, Na;B40; - NaCl 2.86x107  [33]
Mg-5Y-7Gd-1Nd-0.5Zr  NH4VOj3, Na,SiOs, NaOH, (NaPOs)s - NaCl 1.029x10°  [34]
AZ91 Na,SiO3;, KOH, graphene oxide - SBF 2.4x10™ [35]
Mg-3Zn-0.5Sr CHsCOOAg - SBF 1.208x10°  [36]
Mg-2Zn-1Ca-0.8Mn Na;HPO4, NH4HF;, KOH, C3HgO3 (CHs07).Cas 4H,0 SBF 5.243x10°® [38]
Mg-2Zn-1Ca-0.8Mn Na,HPO,, NH4HF2, KOH, C3HgO3 (CHsCOO0),Ca SBF 6.133x10°  [38]
Mg-2Zn-1Ca-0.8Mn Na;HPO4, NH4HF;, KOH, C3HgO3 Ca(CeH1107), H20 SBF 3.296%107 [38]

Mg-2Zn-1Gd-0.52Zr HA, KF, (NaPO3)s Cu NPs Hank’s 1.68>107  [39]
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Fig.3 SEM images of cross section (al-a3) and surface (b1-b3) of the coating formed under 350 V (al, bl), 450 V (a2, b2), and
500 V (a3, b3); surface (c1-c3) and cross section (d1-d3) morphologies of MAO coating under unipolar (c1, d1), bipolar (c2, d2)

and mixed (c3, d3) current modes!***!
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Table 2 Corrosion current densities of magnesium alloy under different current modes or electrical parameters

Substrate Current mode Current density/A ¢m™ Voltage/V Corrosion solution loor/A €M™ Ref.
Mg Direct - - HBSS 1.1x10° [42]
AZ91D Unipolar NaCl 1.5910°° [43]
AZ91D Bipolar NaCl 9.68x107 [43]
Mg-Zn-Ca Unipolar Hank’s 1.94x10° [44]
Mg-Zn-Ca Bipolar Hank’s 2.40x10° [44]
Mg-Zn-Ca Mixture - Hank’s 1.62x10° [44]
AZ31B - 0.026 NaCl 9.085%10™° [46]
AZ31B - 0.046 NaCl 7.798x10™"° [46]
AZ31B - 0.067 NaCl 3.420%10°° [46]
AZ31 - 0.06 NaCl 1.17x10° [471
AZ31 - 0.08 NaCl 5.67>107 [471
AZ31 - 0.10 - NaCl 1.34x10™ [47]
AZ31 - 250 Hank’s 2.56x10° [48]
AZ31 300 Hank’s 8.54x10° [48]
AZ31 350 Hank’s 4.23x107 [48]
AZ31 400 Hank’s 1.06x107" [48]
AZ31 450 Hank’s 5.23x107 [48]
AZ31 500 Hank’s 1.12x10° [48]
Mg-0.8Ca 350 NaCl 1.8x10° [45]
Mg-0.8Ca 450 NaCl 7.2x107 [45]
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Table 3 Corrosion current densities of magnesium alloy under different treatment processes

Substrate Treatment process Corrosion solution leorrl A €M™ Corrosion rate/mm a* Ref.
AZ31 cc SBF 1.18x10° - [50]
AZ31B UCFT SBF 1.96x10° - [51]
Mg-0.06Cu Solution treatment Hank’s - 0.32 [53]
AZ91 Heat treatment NaCl 1.6191x10°® - [54]
Mg 0 g/L CeO; Hank’s 4.49x107 10.26x10° [55]

Mg 1 g/L CeO; Hank’s 3.20x107 7.31x10° [55]

Mg 2 g/L CeO, Hank’s 1.87x107 4.27x10° [55]

Mg 3 g/L CeO; Hank’s 2.51x107 5.71x10° [55]
Mg-5Sn-1Zn SA NaCl 7x10® - [56]
AZ31 Steam treatment NaCl 1.269%107 - [57]
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Fig.6 Surgical photos (a-c), radiography images (d-i), and histological images (j-o0) of AZ91 (a, d, g, j, m), MAO (b, e, h, k, n) and
nanocomposite coated (c, f, i, I, 0) samples; change in implant volume (p), mass loss (q), percentage of bone formation (r), and

inflammation (s) for AZ91, MAO and nanocomposite samples!’”
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Table 4 Corrosion current density of composite coated magnesium alloy

Substrate Coating Corrosion solution cgrﬁgg:iitzncgl;;irﬁgf ?i:/s,iatiﬁqf-z C&Z‘gig? ;Eger;:j?;sé%gf Ref.
AZ31 MAOQ/CIP-PMTMS Hank’s 7.13x10° 3.54x107 [37]
Mg-4Li-1Ca MAO/CS Hank’s 6.714x10° 9.326x10° [65]
Mg-Zn-Ca MAO/CS SBF 4.899%10°® 9.416>10° [66]
Mg-4Li-1Ca MAO/ZnSA NaCl 7.68x10® 8.36x10° [67]
AZ31 MAO/LDH Hank’s 6.81x10° 3.94x107 [69]
MA8 PEO/EPD MEM 7.6x107° 5.4x10° [70]
AZ91 PEO/BSP SBF 0.07x10°® 0.89x10°® [71]
AZ31 PEO/LDH NaCl 2.13x10°® 8.63x107 [73]
AZ91 MAO-PGS PBS 2.5x107 3.6x107 [75]
Mg-Zn-Ca MAO/CS SBF 3.104x10° 4.698x10° [76]
Mg-3Zn-0.5Sr MAO/HPs-1 SBF 2.493x107 3.723x10° [78]
Mg-3Zn-0.5Sr MAO/HPs-3 SBF 2.776x107 3.723x10°® [78]
Mg-3Zn-0.5Sr MAO/HPs-6 SBF 7.584x107 3.723x10° [78]
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Research Progress on Preparation and Degradation Behavior of Micro-arc Oxidation
Coatings on Medical Magnesium Alloys
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(1. Key Laboratory of the Ministry of Education for Modern Metallurgy Technology, North China University of Science and Technology,
Tangshan 063210, China)
(2. State Key Laboratory for Advanced Metals and Materials, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Recently, magnesium alloy as a “degradable medical metal material” is more and more favored by researchers. However, the
rapid corrosion degradation of magnesium alloys leads to significant mechanical attenuation and weakened suitability of the materials for
bone healing, which is a bottleneck limiting its clinical application at present. As an effective measure to slow down the degradation rate of
magnesium alloys, micro-arc oxidation has the advantages of simple process, high film forming efficiency and good overall performance
index of the film, and realizes the dual functions of regulating the degradation rate and improving biocompatibility. In this study, based on
the formation mechanism and degradation mechanism of micro-arc oxidation coatings, the research progress of micro-arc oxidation (MAO)
coatings on biomedical magnesium alloys was reviewed. The formation/rupture mechanism of micro-arc oxidation coating magnesium
alloy was described in detail. The essential relationships between micro-arc oxidation process parameters and biocompatibility and coating
degradation performance were systematically summarized. The growth mechanism of the self-sealing porous oxide film, the deposition
process of the porous material and the reason of its retention in the micro-pores were revealed. The phase characteristics of composite
surface treatment film and its degradation behavior in bionic solution environment were summarized. Finally, the future development
direction of micro-arc oxidation coating for medical magnesium alloy was prospected.
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