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Effect of La on microstructure and
corrosion electrochemical performance of Mg-Hg-Ga anodes
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Abstract: The effect of La on the microstructure of Mg-Hg-Ga anodes was analyzed by scanning electronic
microscopy(SEM) and X-ray diffractometry(XRD). The effect of La on electrochemical performance of Mg-Hg-Ga
anodes was investigated by potentiodynamic polarization, galvanostatic test, electrochemical impedance spectroscopy,
anodic efficiency test and chemical immersion method. The results show that the La addition can refine the grain of
Mg-Hg-Ga alloy, large amounts of Mg;;La, and LaHg phases accumulate in grain boundary and distribute reticularly.
The electrochemical activity of alloys declines with the increase of La content, while the corrosion resistance and anodic
efficiency firstly reduce and then increase. The H, evolution rate of Mg-Hg-Ga-2%La alloy is 17.92 mL/(cm®h) and the
anodic efficiency is 50.3%. While the H, evolution rate of Mg-Hg-Ga-6%La is 0.45 mL/(cm®h) and the anodic efficiency
is 82.5%. The reason is that the newly formed Mg;;La, and LaHgg phases are weakly cathodic phase with the increase of
La content. The driving force of the corrosion cell forming between these phases and a-Mg is small, which will inhibit
the corrosion of Mg matrix.
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Table 1 Chemical compositions of experimental alloys

Mass fraction/%
Sample
Hg Ga La Mg
Mg-Hg-Ga 0.10 0.19 0 Bal.
Mg-Hg-Ga-1%La  0.10 0.19 091 Bal.
Mg-Hg-Ga-2%La  0.10 0.20 1.97 Bal.

Mg-Hg-Ga-4%La  0.10 0.19 3.92 Bal.
Mg-Hg-Ga-6%La  0.10 0.20 5.89 Bal.
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1 AF La %% Mg-Hg-Ga &4/
SEM %
Fig. 1 SEM images of Mg-Hg-Ga alloys

with different contents of La: (a) Mg-Hg-
Ga; (b) Mg-Hg-Ga-1%La; (c) Mg-Hg-Ga-
2%La; (d) Enlarged view of (c); (e)
Mg-Hg-Ga-4%La; (f) Mg-Hg-Ga-6%La;
(g) Enlarged view of (f)
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Table 2 EDS analysis results of compositions of different points shown in Fig. 1
Mole fraction/%
Sample Point Phase composition
Mg Hg Ga La
A 98.94 0.38 0.52 0.16 a-Mg
Mg-Hg-Ga-2%La
B 66.84 20.83 8.45 3.88 Mg,Hg
C 99.23 0.15 0.45 0.17 o-Mg
Mg-Hg-Ga-6%La
D 71.66 8.52 10.30 9.52 Mg;,La,+LaHgg
s N Mg-Hg-Ga & <AL BURA i AL I 5 1R 1A
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Fig.2 XRD patterns of Mg-Hg-Ga-La alloy samples
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Fig. 3 Galvestonian potential-time curves of Mg-Hg-Ga
alloys with different contents of La at current density of 180

mA/cm?
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Table 3 Performance parameters of Mg-Hg-Ga alloys with different contents of La

Sample ®mean (Vs SCE)/V ®eon(vs SCE)/V Jeord(MA-cm?) sz/(mL'cmfz'h’l)
Mg-Hg-Ga -1.932 -1.813 0.073 0.20
Mg-Hg-Ga-1%La —1.558 -1.784 0.872 15.01
Mg-Hg-Ga-2%La -1.512 -1.768 2.487 17.92
Mg-Hg-Ga-4%La —1.405 -1.625 0.290 1.81
Mg-Hg-Ga-6%La -1.327 -1.597 0.133 0.45
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Fig. 4 Nyquist figure((a), (c)) and Bode figure((b), (d)) of different alloys: (a), (b) Mg-Hg-Ga; (¢), (d) Mg-Hg-Ga-4%La
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Table 4 Electrochemical parameters obtained by fitting analysis of different alloys
Sample R /(Qrcm?) RJ/(Q-cm?) Cy.r/(F-em™?) RL/(Q-cm?) L/(Q-cm?s) n
Mg-Hg-Ga 8.49 67.2 1.9%X107° 204.2 2.379 0.91
Mg-Hg-Ga-4%La 10.82 297.4 1.4%X107° - - 1
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Fig. 6 Polarization curves of Mg-Hg-Ga alloys with different

contents of La
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Fig. 7 H,evolution curves of Mg-Hg-Ga alloys with different

contents of La
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Fig. 8
(a) SEM image of Mg-Hg-Ga-6%La surface; (b) Cross-section
BESEM image of Mg-Hg-Ga-2%La; (c) Cross-section BESEM
image of Mg-Hg-Ga-6%La

Corrosion morphologies of Mg-Hg-Ga-La alloy:
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Fig. 9 SEM images on surface of different alloys at current
density of 180 mA/ecm® for 1 h after removing discharge

products: (a) Mg-Hg-Ga-2%La; (b) Mg-Hg-Ga-6%La
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Table 5 Anodic efficiencies of Mg-Hg-Ga alloys with different contents of La at current density of 180 mA/cn’ (n, %)

Mg-Hg-Ga Mg-Hg-Ga-1%La

Mg-Hg-Ga-2%La

Mg-Hg-Ga-4%La Mg-Hg-Ga-6%La

83.5 57.9 50.3

58.2 82.5
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