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Corrosion behavior of AZ91 magnesium alloys with yttrium under
immersion and dry-wet cyclic environments
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Abstract: The corrosion behavior of AZ91 magnesium alloys with different additions of rare earth yttrium under
immersion and dry-wet cyclic environments was studied. The results show that the differences in corrosion morphologies
can be found between AZ91 alloy and the alloys with Y additions. The corrosion morphology of the original AZ91 alloy
is featured with localized corrosion morphology while the corrosion morphologies of the alloys with Y additions are
characterized by filiform corrosion feature. The corrosion extends along the same “line” when the alloys with Y addition
are exposed to the immersion environment. However, the corrosion just initiates and develops in wet cyclic period, and
suspends during the dry cyclic period when they are exposed to dry-wet cyclic environment. Besides, when the
magnesium alloys with Y additions are exposed to the wet environment again, the original filiform corrosion does not
extend any more, but new filiform corrosion can be found in other location. With the increase of dry-wet cycles, the
number of filiform corrosion on the surface of magnesium alloys increases. The effect of rare earth Y on refining the
grain of secondary phase and decreasing the Al distribution along the grain boundaries of the secondary phase leads that
hydrogen evolution can not be impeded easily, and corrosion develops in the way of continued hydrogen evolution along

the end of corrosion location. This is the reason why the filiform corrosion morphologies form. Electrochemical
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impedance spectra measurements indicate that the charge transfer resistance tested in dry-wet cyclic environment is much

lower than that in immersion environment, suggesting that the magnesium alloys suffer heavier corrosion in dry-wet

cyclic environment, which is relate to that the time of hydrogen evolution is prolonged under thin electrolyte layers and

the integrity of the surface film of magnesium alloy is broken because of the drying effect under dry environment.

Key words: magnesium alloy; corrosion; dry-wet cyclic; rare earth; electrochemical impedance spectroscopy
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Fig. 1 Schematic diagrams of wet environment and dry-wet

cyclic environment methods
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Fig. 2 Corrosion morphologies of AZ91

Mg alloys with different Y contents in
continuous immersion for 49 h: (a) 0;
(b) 03% Y; (c) 0.6% Y; (d) 0.9% Y;
(e)1.2%Y
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Fig. 3 Corrosion morphologies of AZ91Mg

alloys with different Y contents after two
dry-wet cycles: (a) 0; (b) 0.3% Y; (c) 0.6% Y;
(d)0.9%Y; (e) 1.2%Y
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Fig. 4 Corrosion morphologies of Alloy 3 under different dry-wet cycles: (a) 1 dry-wet cycle; (b) 2 dry-wet cycles
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Fig. 5 Corrosion morphologies of Alloy 3 in different environments: (a) 4 dry-wet cycles; (b) Continuous immersion for 96 h
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Fig. 6 Distribution of element Al in AZ91 alloy(a) and Alloy 1(b)
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Fig. 7 Corresponding corrosion morphologies of Alloy 3 by laser confocal microscopy under solution immersion for different time:

(a) 0 min; (b) 10 min; (¢) 15 min; (d) 30 min; (¢) 60 min; (f) 90 min
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Fig. 8 Filiform corrosion morphologies of Alloy 3 after
immersion for 2 h(a) and 49 h(b)
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Fig. 9 EIS results of Mg alloys after continuous immersion

for 49 h: (a) Nyquist diagram; (b), (c) Bode diagram
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Fig. 10 EIS results of Mg alloys after 2 dry-wet cycles:
(a) Nyquist diagram; (b), (c) Bode diagram
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Table 2 R, Fitted values of equivalent circuit

RJ/(Q-cm?)
Material [mmersed Immersed 1 dry-wet Immersed 2 dry-wet
forlh for25h cycle for49h cycles
AZ91 1647 1230 1017 888 721

Alloy 1 4113 3918 3599 3484 2327

Alloy 2 3722 3726 2738 2724 1985
Alloy 3 3632 3451 2599 2617 1666
Alloy 4 3461 2931 2122 2289 1321
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