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Fig.1 Schematic illustration of the hydroxylation of MgO (111)
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Fig.2 E-pH diagram for the Mg in water system at 25 C B3]
(label 0, -2, -4, -6 are the log of soluble ion activity for the

indicated line)
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Table 1 Influence of alloying elements on properties of Mg
alloys at ambient temperaturels’zo’m
Alloying UTS Ductility Graln Corrosmn
element refinement resistance
Al + + +
Ca + +
Ce +
Mn + + + +
Sr + + +
Y + +
/n + +
Zr + + ++

Note: UTS: ultimate tensile stress, ++: excellent, +: good, -: bad,

*: only in combination with Al, **: at high Zn concentration

o 7 S e 0T
0.0 AuZn. C € e La,Ga Minor effect
I AuZn,Cu In**, ] X X
. Ti.Ni Ge L Nd, Ti, anodic kinetics
b “ Gd, S
0.5 F cendla Li*** Al Zn,Sc !
Gd, Pt, Bi - - Hg,Be Sn, Pb,
1.0F miuwve Reduce anodic kinetics Fe, Li, Bi, Sb, Zr, Ca*
»S¢, Ga Enhance anodic kinetics
e e
a-1.5F T
T b Enhan ce cathodic kinetics
@ s
e 2.0 Z6.Pb Reduce cathod ic kinetic® Mn*,_ Ce,Cu
N Sn. Ho As,  Sb, . Bi .
250 e Ge, Be, H Li* Si,Nd, Ag, Zr, Fe,
Ca.Cd Pb,Sn, Y, Au,
B30F e c Tb, Ti, Gd, Sr,
. g Minor effect on G, In*, Ga, Pr, Pd,
35k cathodic kinetics | Zn Dy
* Denotes for orly above the sofid solubility
-4.0 | **Dendesf w the solid solubility
* Dertes. ration only > 11wt %
_4 5 PETT EERTTT EERTITT BRI BERETT BRTITT BRI BT BERETT BARTITT BT

710" 1010 10° 107 10" 10° 10" 10
i/A-cm”

10

K3 G 030 S BRI AL I 1t 10 5 Wi 34
Fig.3 Schematic representation of electrochemical impacts of
alloying elements studied!" > 2 (plot depicts the ability
of alloying additions to modify anodic or cathodic kinetics
(or both), leading to changes in the resultant corrosion rate

(icorr), along with changes in corrosion potential (Ecor))
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Fig.4 Potentiodynamic polarization traces of secondary phases
in Mg alloys along with pure Mg for comparison in 0.1
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Fig.5 Relationship between corrosion current density and grain
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current densities (b)[43'48]
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F2 $%E RN Ca,Zn, Mn TR) FIEBRENM R NFEMN
BEFNPE AR IR R
Table 2 Mechanical and corrosion properties of Mg-xCa
based alloys[“'w]
Alloy uts) s/ Rer i viver
MPa MPa mmea”! pA-cm
Mg 1.94/0.36 86.06/15.98
Mg 0.84/0.32 37.24/9.58
Mg-0.5Ca 4.08/2.79
Mg-1Ca 71.38 40 12.56
Mg-1Ca 105 39 3.2/0.66
Mg-2Ca 1152 473 6.89 301.9
Mg-4Ca 77.4 345 9.04 395.7
Mg-0.5Ca-0.5Zn 6.8/2.3
Mg-0.5Ca-1.2Zn 121.3  60.3 8.2 695
Mg-0.5Ca-1.2Zn 150.7 84.3 4.8 420
Mg-0.5Ca-0.5Mn 4.2/0.83
Mg-1Ca-1Zn 4.3/1.6
Mg-1Ca-1Mn 4.02/2.82
Mg-2Ca-0.5Mn-2Zn 168.5 78.3 1.78 78.3
Mg-2Ca-0.5Mn-4Zn 189.2 83.1 2.27 99.6
Mg-2Ca-0.5Mn-7Zn 140.7 454 3.98 174.1
Mg-0.5Ca-0.25Zn-0.25Mn 6.9/0.62
Mg-1Ca-0.5Zn-0.5Mn 4.05/2.09
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Research Progress in Effect of Alloying on Electrochemical Corrosion Rates of
Mg Alloys

Liu Yuxiang

(National Key Laboratory for Remanufacturing, Academy of Army Armored Force, Beijing 100072, China)

Abstract: The great potential for applications in automotive, aecrospace and electronic industries of magnesium alloys can be attributed to
their desirable properties such as low density, high specific strength and stiffness, superior damping capacity and good electromagnetic
interference shielding. Meanwhile, the alloys also have broad medical applications and receive extensive scientific research due to their
biocompatibility and biodegradability in physiological media. However, the Achilles heel of magnesium is that it corrodes too fast in
solutions. Alloying is one of the most important approaches to slow down corrosion rates of magnesium alloys. It facilitates the creation of
new Mg alloys by optimizing the composition and content of alloying elements in the stage of materials design, so that the new alloys

acquire desired properties to meet the requirements of various applications. During alloying, the elements, secondary phases, gain size and
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defects greatly influence corrosion kinetics and electrochemistry of magnesium alloys. In terms of corrosion kinetics, most alloying
elements can affect the activity of anodic and/or cathodic reactions of Mg, though they have negligible effects on the chemical stability.
The secondary phases always serve as cathodes in the micro-corrosion couples, so that the micro-galvanic corrosion is possible and the
dissolution of Mg is accelerated. Microstructural homogeneity and grain refinement are responsible for the decrease of corrosion rates of
Mg alloys. It is believed that alloys with relatively high grain boundary densities tend to exhibit an analogous relationship between grain
size and corrosion rate like the Hall-Petch relationship, which can quantitatively reveal the relationship between corrosion rates and grain
size. In addition, the defects including dislocations, pores, cracks and stresses are ready to trigger the dissolution of Mg since these
locations have high free energy. In this article, the influences of alloying on the corrosion rates of Mg alloys were reviewed from the
electrochemical viewpoint, on the basis of the corrosion nature of magnesium metal. Then the possibility of an improved anti-corrosion
performance of Mg alloys by some alloying-related methods such as multi-elemental alloying, micro-alloying and alloying control was
analyzed. At last, the future development directions of electrochemical corrosion of magnesium alloys under the influences of alloying
were pointed, to contribute broader applications in the future.
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