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Fig. 1 Common corrosion morphologies of Mg-Li alloys: (a) Filiform corrosion; (b) Pitting corrosion; (c) Galvanic

corrosion''”; (d) Intergranular corrosion!!~!2
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Table 1 PBR, solubility (at 20 ‘C) and standard enthalpy

of related compounds!!!- 17!

Compound PBR Solubility/g ggﬂrﬁlggg
MgO 0.80 8.6X107 —601.7
Mg(OH)2 1.80 9.6X10™ —924.66
MgCO; 2.04 3.9X1072 —1096
Li2O 0.57 6.67 -597.9
LiOH 1.26 12.8 —484.93
Li2CO;3 1.35 1.33 —1216.04
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Fig. 2 Cu coating prepared by electroplating!?*(a) and Ni-P coating prepared by electroless plating!*’!(b)
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Table 2 Preparation methods and properties of chemical conversion coatings

. .\ Corrosion
Type Of chemlc.al Conversion condition Composltlon of current Ref.
conversion coating conversion film . )
density/(A-cm ™)
Phosphate conversion 25 g/L Ca(NOs3)2+25 g/L NHsH2POs CaHPOs-2Ha, 1.07%10°5 [30]
coating pH=3,40 C Ca3(P0O4)2Mg3(PO4):2 '
20 g/L Na2HPOs+4 g/L NaNOx+
Zn- hosph Zn3(P -4H
COL‘ stimozgaf‘if 4 g/L Zn(NO3):+1 g/L NaF+1 g/L Ca(NOs) m(CaO(‘% ) 0, 1.74X10°5  [31]
v £ pH=3, 55 °C, 20 min e
50 g/L Zn(H2PO4)2+20 g/L NaH2PO4+
Zn-Mn phosphate 30 g/L 50% Mn(NOs)2+5 g/L CsHsO7+ Zn, Zn3(PO4)2, 5.004X10° [32]
conversion coating 0.2 g/L CisH20NaOsS MnHPO4 '
pH=2,45 °C, 15 min
Permanganate 0.1 mol/L KMnO4 MnO:, MgO, 55%10° [33]
conversion coating pH=1.5,40 °C, 10 s Mg(OH)2 ’
+
Phosphate/permanganate 40 g/L KMn§)4 50 g{L KH>PO4 Mn:0s, MnO: 316X 10°5 [34]
conversion coating 55 °C, 20 min
0.2 mol/L Na>SnOs-3H20 + 0.1 mol/L
Stannate conversion NasP207-10H20+0.125 mol/L NaOH+
. . X -5
coating 0.08 mol/L CH;COONa-3H:0 MgSn0s:3H0 128210 [33]
80 ‘C, 60 min
Vanadate conversion 30 g/L NH4VO3+3.75 g/L K3(Fe(CN)s) Mg(OH)2, V20s, s
) \ . ; 1.841X 10 [36]
coating 80 C, 10 min LiO
Molybdate conversion 14 g/L (NH4)sM07024-4H20 MgO, Mo0Oz, MoOs, 1.843X10°° [37]
coating pH=3, 50 ‘C, 10 min (M003)x(P205s), '
MgO, MoO2, MoOs,
Molybdate/permanganate 3.5 g/L KMnO4+14 g/L (NH4)sM07024:4H20 Mn:03, MnOs, 1276 X 105 [37]
conversion coating pH=3, 50 C, 10 min Mn;3(PO4)2, ’
(M003)+(P20s)y,
5 g/L La(NOs)3 4
X
La pH=5, 25 C, 20 min La(OH)s 1.02X10 [38]
0.05 mol/L La(NO3)3 ~
L o . . . La(OH 1.95X10°¢
Rare-earth a 40 C, 10 min, microwave-assisted a(OH)s 9510 [39]
conversion 0.05 mol/L Ce(NO3)3 Ce(OH)4, Ce203 ~
. £ 9 . >< 6
coating Ce 35 °C, 20 min Ce(OH)3, CeOn 1.0810 [40]
2 g/L Ce(NOs)3+2 g/L La(NO3)s+
Ce+La 2 g/L KMnOs 1\];[12%3’ i;l?é’ 3.061%10°  [41]
pH=4, 40 C, 5 min i ?
Phytic acid conversion 20 g/L phytic acid solution MgRHi1o, AIRHo 2633X10°6 [42]

coating

pH=6, 35 C, 10 min

R=CsHsOs(PO3)s




6 hEA ORI

202241 H

B3 B AIRECY, BRI PR B LRI AHRRER AL AR, La i A H A0 RSO VRIAE R e AL )

Fig. 3 Phosphate conversion coating®®"l(a), stannate conversion coating®*!(b), vanadate conversion coating**/(c), molybdate

conversion coating®’(d), La rare-earth conversion coating®**(e), and phytic acid conversion coating?(f)
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Fig. 4 Ordinary oxidation coatings and micro-arc oxidation coatings prepared with different electrolytes: (a) Chromate

electrolyte!; (b) Silicate electrolytel®®; (c) Silicate electrolyte with KoTiFe®'; (d) Silicate electrolyte with aluminate!*’);

(e) Silicate electrolyte with tungstatel®”; (f) Silicate electrolyte with titania soll>¥
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Table 3 Advantages and disadvantages of surface treatment methods for Mg-Li alloys

Surface treatment methods

Advantages

Disadvantages

Electroplating and electroless

plating

Chemical conversion

Anodizing

Organic coating

Plasma spraying

Vapor deposition

Hot working

Simple process; wide application range;
good bonding strength between film and

substrate; low cast; recyclable solution

Simple operation; low cost; uniform film

Thick film; the film has high hardness, high

strength and wear resistance

Simple process; low cost; controllable film
thickness

High efficiency; dense film; high bonding
strength and high temperature oxidation
resistance
The deposition temperature is low and the
deposition rate is high
Simple process; environmental protection;

low cost

Thin film; pretreatment is required

Thin film; weak bonding strength;
accompanied by complex chemical,
electrochemical and physicochemical
processes
The film is rough and porous, and it
needs to be sealed and organic coating
Poor mechanical properties; poor bonding
strength; easy to fall off; easy to be

penetrated by oxygen and water vapor

Poor spraying environment; the film has

directivity, porosity and residual stress

Large investment in equipment; high cost
of film preparation
Mechanical bonding; poor bonding

strength

IR RE P AEREE — RPN ks, 55
TR SN B L 3 L RS AT LR R T ) R e
iz E R, SBOLRRNIEESVIATEE.

2) WM AR N AT ZE RN Mg-Li &4
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M 5 J 2 FR) TR RS 4R 30, 32 T2 MBS 2 ) Dt
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T
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S Al BT R AR A Hom i i AR T2 R R
BRI
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RPEL BKMESE . B2 B K P T ek 2 S 7K
TR KT (A1 F Ak, A 20 20 6 2 0 J e A o o 1
Z B e R R R S B A, AR
BHAS S th A B FIRNAR . R, Mg-Li A&
AR T2 Th e Ak AT A 2R TS 1 6 i R
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Mg-Li && MMM, Kt Mg-Li & & 1R
PUESARE, & FHE WM E AR Z AR N
Fo
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Corrosion mechanism and surface protection of Mg-Li alloy

PENG Xiang, WU Guo-hua, LIU Wen-cai, XU Shi-hao, LIU Hong-jie

(National Engineering Research Center of Light Alloy Net Forming,
School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: As the lightest metal structural material, Mg-Li alloy has a good development prospect in the fields of
aerospace, military, and electronic industry. However, the poor corrosion resistance seriously limits the wide
application of Mg-Li alloy, so it is important to study the corrosion mechanism and surface protection of Mg-Li
alloy. Based on the research progress at home and abroad, the corrosion mechanism of Mg-Li alloy was reviewed.
The surface protection methods for Mg-Li alloy, including electroplating, electroless plating, chemical
transformation, anodic oxidation, overlay coating, and other methods, were systematically summarized. It is
suggested that the protection mechanisms of various surface treatment methods on Mg-Li alloy should be further
studied, and the anti-corrosion effects of coatings on Mg-Li alloy can be improved by the compositing, self-healing,
and hydrophobing of coating.

Key words: Mg-Li alloy; corrosion mechanism; electroless plating; chemical transformation; anodic oxidation
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