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Abstract: Mg-4Li alloys with the addition of Al, Si, Y elements were prepared by vacuum melting and
rolling process. The microstructure, electrochemical corrosion of the alloys are investigated. The re-
sults indicate that the grain size and the second phase are modulated with the addition of Al and Y
elements compared with the Mg-4Li alloy, the corrosion resistance is enhanced significantly. However,
the Si element is detrimental to corrosion resistance, attributing to the more negative potential of
Mg2Si phase. The oxidation product primarily consist of Mg(OH); and Li;COs, which protected the
Mg-4Li-3A1-1Si-0.5Y alloy effectively.
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1. Results and discussion

1.1 As-rolled microstructures observation and phase analysis

The a-Mg grains are rolled into thin strips and short rods. The a-Mg phase in the L4 al-
loy becomes significantly elongated, and the grain size of the LA43 alloy is refined, the num-
ber of precipitated phases increases significantly. The white B-Mgi7Ali2 phase precipitates
along the grain boundaries, which is diffusely distributed in the a-Mg matrix. LASW4310 al-
loy has a-Mg phase, MgLi2Al phase, AlLi phase, Mgi7Al12 phase, Mg2Si phase. The addition
of 0.5 wt.% Y increases the number of fine white particles in the alloy, which is consisted of
Mg24Y's phase and is distributed along the rolling direction. Meanwhile, the LASW4310 alloy
grains are notably refined. This suggests that the performance of the alloy is enhanced by fine
grain strengthening and dispersion strengthening.

1.2 Static corrosion

The LASW4310 alloy is immersed in 3.5 wt.% NaCl solution for 24 h. The corrosion
product film is tested by XPS. In general, alloys containing rare earth elements will naturally
form rare earth oxide surface film after a period contact with air, which has a positive impact
on the corrosion resistance. The formation of surface films is independent on micro-electro-
couple corrosion and depends only on the composition and structure of alloys. Figure (a) pre-
sents the full XPS spectrum of the oxide film formed in the aqueous NaCl solution. Diffrac-
tion peaks of the elements Mg, O, C, Al, Li were completely detected. Obviously, the diffrac-
tion peaks of the alloy elements Al and Li were weak in intensity, indicating their relatively
low elemental content. By precise measurement, the corrosion product layer of LASW4310
alloy are largely comprised of Mg(OH)a.

The Pilling-Bedworth ratio (PBR) is usually used to reflect the stress condition in the
oxide film. Compared with the high chemical activity of Li, the formation of Li2CO3 depends
on low standard enthalpy. The oxide film, formed on the HCP-structured Mg-Li alloys sur-
face, mainly consists of Mg(OH)2 and Li2COs. The Li2CO3 formed has a PBR value of 1.35,
which can efficiently inhibit the occurrence of pitting corrosion. The PBR value of Mg(OH)2
is 1.77, which could effectively protect the a-Mg phase during the initial stage of corrosion.
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1.3 Electrochemical tests

The open-circuit potential is the steady-state self-corrosion potential of the alloy without
applied current, consequences are given in Figure. Briefly, the more negative the steady-state
self-corrosion potential, the greater the tendency for electrochemical corrosion to occur.
Throughout the testing process, the self-corrosion potentials do not change drastically and the
distinction is not evident yet. In other words, the dynamic equilibrium is established between
the generation and dissolution of the corrosion product film, making the open-circuit potential
nearly at stable values.

The kinetic potential polarization curves reflect the instantaneous polarization response
of the alloys, and the corresponding results are exhibited in Figure. In the kinetic potential po-
larization curves, the cathodic branch usually represents hydrogen precipitation. In contrast,
the anodic branch usually indicates the dissolution of the substrate. There is no obvious fluc-
tuation in the cathodic branch, demonstrating that there is no obvious fluctuation in the hy-
drogen precipitation rate. The corrosion rate is constant, which is consistent with previous
open circuit potential test results.

The electrochemical impedance spectra are displayed in Figure. There exist high-frequency
capacitive-resistance arcs and low-frequency inductive-resistance arcs with large radii. Usually,
alloys of different types and states have various corrosion mechanisms. In general, the generation
of high-frequency capacitive arcs is associated with double-layer charge transfer between alloy
surface and electrolyte surface. The presence of low-frequency inductive resistance arcs implies
that mass transfer of ions occurs in the loose and porous corrosion product layer.

The Bode phase angle diagram and impedance modal diagram are fitted using ZSimp-
Win software. LASW4310 alloy has the largest phase angle peak and the broadest peak width.
This alloy has larger resistance, smaller capacitance and the slowest corrosion rate. The im-
pedance modulus Zmod for the experimental alloys is in the following order:
LASW4310>LAS431>LA43>L4. The greatest polarization resistance represents the alloy with
the best corrosion resistance. Bode plot results are consistent with the Nyquist curve above.

1.4 The activation energy of alloys

Generally, the activation energy (Ea) represents the resistance to the reaction. The high-
er the activation energy, the more difficult the reaction. The magnitude of the activation ener-

gy for different alloys can be determined from the following Arrhenius equation:

In/ =- £, +1n A.
RxT

The Lo of the alloy has been measured in kinetic potential corrosion experiments. The order
of magnitude of the activation energy Ea for different alloys is LASW4310 > LA43 > LAS431 > L4.

2. Effect of alloying elements on Mg-4Li alloy corrosion resistance

The addition of Al can increase the hydrogen precipitation overpotential. At the same
time, it can also make the surface film of Mg-Li alloy containing aluminum and promote the
formation of a more stable Mg(OH):2 protective layer. Mgi7Al2 compounds are formed in Mg-
Li alloys in media with high ion concentrations (especially C1°). Mgi7Al2 has two distinct
effects on the corrosion process. It plays a role as a barrier to hinder the corrosion of Mg-Li
alloys. From another aspect, it forms a corrosion cell with the matrix and acts as a cathode,
accelerating the corrosion rate. Clearly, the former has a stronger role than the latter. Thus, the
corrosion resistance of LA43 is significantly superior to that of L4 alloy.

The LAS431 alloy mainly contains the Mg>Si phase. In the early stages of corrosion,
Mg>Si acts as an anode for dissolution, which can be attributed to the more negative potential
than the matrix. Pitting pits or intergranular corrosion cracks can be observed on the alloy sur-
face. A point of interest is that Mg in the Mg>Si phase is preferentially dissolved in the pro-
cess of anodic dissolution. Si was also present as a eutectic phase, which can be easily dis-
lodged due to partial etching of the magnesium matrix in the vicinity of the Si phase.

The rare earth compounds have a pegging influence on the dislocation organization of the
alloy and will reduce the number of corrosion pits generated due to the hydrogen precipitation
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process. It also reduces the amount of non-rare earth compounds in the Mg-Li alloy, reducing the
cathode for micro-electro-couple corrosion. Y element makes the surface film of Mg-Li alloy
denser, due to the reaction with oxygen can generate a discontinuous passivation protective film.
The precipitated compounds containing Y are distributed near the phase boundaries and act as
sacrificial anodes. To sum up, these greatly intensify the corrosion resistance of Mg-4Li alloy.
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