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Fig.1 Schematic of the corrosion mechanism of magnesium alloy in marine atmospheric environment: (a) adsorption of water vapor and

dissolution of corrosive gas and inorganic salts in water film®; (b) breakdown of the surface film of magnesium alloy under the attack of

CI'®: (¢) electrochemical reaction on the surface of magnesium alloys*!
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Table1l Corrosion rate of magnesium alloy in marine atmospheric environment

Exposure

Corrosion

Alloy Processing Exposure site . Environment/method Average corrosion products . Ref.
time rate/pum-a’
Anisland in 70%-75% RH
Mg 6 months Mg(OH),, MgO, MgCOs3 6.36 [34]
Xiamen 13-28 C
95% RH, 22 'C
Mg Laboratory 672 days 70 ug/cm? NaCl 239421 [76]

400 ppm CO,
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77% RH (average) Mgs(CO3)4(OH), xH,0
AZ31 Coldrolling  Xisha islands 4 years 27 °C (average) (x=4, 5, 8), 11.9 [17]
112.68 mg CI/(m? ) Mg(OH),
Shimizu city in 60%-85% RH, 10-29 ‘C MgCO3 xH;0 (x=3, 5),
AZ31B Hot extrusion 1 years ) 34.6 [32]
Japan 4.2 mg ClI'/(m* d) Mgs(CO3)4(OH), 4H,0, AI(OH);3
Roll Shimizu city in 60%-85% RH, 10-29 'C MgCO; xH,0 (x=3, 5),
AZ31B 1 years ) 32.6 [32]
compaction Japan 4.2 mg ClI'/(m* d) Mgs(CO3)4(OH), 4H,0, AI(OH);3
71% RH (average)
AZ31 Casting Qingdao 1 years 200 [66]
12.3 °C (average)
86% RH (average) MgCl,, Mg(OH),, MgCOs,
24 °C (average) MgSOs, MgSOy,
AZ31 Rolling Wanning 5 years 37.6 [26]
6.0 mg SO,/(cm? d) Mgs(CO3)4(OH); 8H,0
12 mg CI™/(cm? d) Mg2(OH)sCl 4H,0
67% (average)
MgCl,, MgCQOgs, MgSOs, MgSOs,,
] . 13 °C (average)
AZ31 Rolling Qingdao 5 years ) Mgs(COz)4(OH), 8H,0, 135 [26]
70.4 mg SO,/(cm* d)
) Mgz(OH)ch 4H,0
11 mg Cl'/(cm” €)
Atlantic shore in Mgs(CO3)4(OH), 4H,0
AM50 Die casting 1 years 125 C, 84% RH 8.8 [15]
Brest Mg(OH),
95% RH, 22 C
AM50 Die casting Laboratory 672 days 70 pg/em? NaCl 2541 [76]
400 ppm CO,
Anisland in 70%-75% RH Mg(OH),, MgO,
AM60 6 months 6.93 [34]
Xiamen 13-28 C Al;03, MgCOs
Anisland in 70%-75% RH Mg(OH),, MgO,
AZ91D 6 months 6.55 [34]
Xiamen 13-28 C Al;03, MgCOs
Atlantic shore in 84% RH (average) Mgs(COs3)4(OH), 4H,0,
AZ91D  Die casting 1 years 4.2 [15]
Brest 12.5 °C (average) Mg(OH),
95% RH, 22 C
i i 2 Mgs(COs)4(OH)2 4H:0,
AZ91D  Die casting Laboratory 4 weeks 70 pg/cm” NaCl 15 [51]
Mg(OH).
350 ppm CO;
71% RH (average) MgCOs3, AlOs3,
AZ91D Casting Qingdao 1 years 120 [66]
12.3 °C (average) MgAI,O4
Anisland in 70%-75% RH
ZE41 6 months 6.61 [34]
Xiamen 13-28 C
Mg-1.5Nd Casting South China Sea 2 years 28-30 'C 51.7 [33]
Extrusion
Multidirectional Qingdao—the
MgO, MgCl, surface
EW?75 forging and western 90 days [67]
) N ) Mg(OH), Cross-section
extrusion  pacific—Qingdao

surface
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Fig.2 Schematic diagrams of the dual-effect model of the secondary phase on the corrosion of Mg alloy™®: (a) distribution of a small amount of

discontinuous secondary phase in a magnesium alloy; (b) corrosion damage of a magnesium alloy with a small amount of discontinuous

secondary phase; (c) distribution of a large amount of discontinuous secondary phase in a magnesium alloy; (d) corrosion damage of a

magnesium alloy with a large amount of discontinuous secondary phase
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Fig.4 Schematic illustration of the corrosion of Mg-Al alloys in humid air with the presence of NaCl and ambient level of CO,
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Research Advances in Corrosion Behavior of Magnesium Alloy in Marine
Atmospheric Environment

Zhou Huimin®, Huang Xugiang®, Kong Lingfei*, Chen Jianxin', Gao Fei', Liu Shaohong®,
Chen Minfang?, Zhang Jin®, Tie Di®
(1. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)
(2. School of Materials Science and Engineering, Tianjin University of Technology, Tianjin 300384, China)

(3. Engineering Research Center of Continuous Extrusion, Ministry of Education, Dalian Jiaotong University, Dalian 116028, China)

Abstract: The research progress of the corrosion behavior of magnesium alloy in the marine atmospheric environment was reviewed and
summarized. The influencing factors on corrosion behavior were analyzed, and some perspectives on future research directions were given. In the
marine atmospheric environment, the electrochemical reaction of magnesium alloy coated with thin electrolyte layer on the surface is prone to
localized corrosion, and is also susceptible to the influence of environmental factors. Compared to the inland atmospheric environment, the marine
atmosphere is rich in aerosol particles, which promote serious pitting corrosion of magnesium alloys. Higher relative humidity can increase the
thickness of thin electrolyte layer, resulting in higher atmospheric corrosion rate of the alloy. Meanwhile, the atmospheric corrosion rate of
magnesium alloy increases linearly with the increase in temperature. CO; in the air can inhibit the erosion of NaCl to magnesium alloys. Future
research in this field may focus on the revelation of corrosion mechanism in specific environment and the synergistic effect of various
environmental factors on corrosion behavior, so as to guide the design and preparation of marine magnesium alloy materials.
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