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Effect of laser shock processing on surface morphology and
electrochemical corrosion resistance of AZ31 and AZ91 alloys
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Abstract: In order to study the effect of laser shock processing (LSP) on the surface morphology and electrochemical
corrosion resistance of magnesium alloys, the dynamic polarization curves and electrochemical impedance spectroscopy
(EIS) of specimens of hot rolled sheet of AZ31 alloy and AZ91-T6 cast alloy in 3.5%NaCl (mass fraction) solution were
investigated by electrochemical method and Nd:glass laser with the wavelength of 1064 nm and pulse width of 20 ns. The
3D surface morphology, macroscopic morphology of corrosion specimens, corrosion potential and electrochemical
impedance spectroscopy (EIS) were also examined and analyzed. The results show that the corrosion resistance of hot
rolled AZ31 alloy sheet and AZ91-T6 cast alloy are improved by LSP. When the laser power density is in the range from
0.6 GW/em? to 0.9GW/cn?’, the peaks and valleys of the corrosion potential and the current density of magnesium alloy
appear, respectively. When the power density is not less than 1.0 GW/cm?, the corrosion potential and current density of
magnesium alloy begin to move towards positive and negative directions, respectively, which are closely related to the
deformation, passivating film and morphology of the impact surface.
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Fig. 1 Polarization and EIS curves of hot rolled sheet of AZ31 alloy by LSP in 3.5% NaCl solution: (a), (c) Tafel curves; (b), (d)
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Fig. 3 Macrophologies of electrochemical corrosion specimens of AZ31 alloy hot rolled sheet in 3.5% NaCl solution after LSP at
different power densities: (a) Base material; (b) 1.0 GW/em?; (¢) 1.25 GW/em?; (d) 1.5 GW/em®
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Fig. 4 Local three-dimensional surface morphologies of AZ31 alloy hot rolled sheet after LSP at different power densities: (a) 0.7

GW/em?; (b) 1.0 GW/em?; (¢) 1.25 GW/em?; (d) 1.5 GW/em?
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densities in 3.5%NaCl solution: (a) Base
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Fig. 9 Three-dimensional surface topographies
of AZ91-T6 alloy after LSP at different power
densities: (a) Base material; (b) 1.0 GW/cm?;
(c) 1.25 GW/em®
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Fig. 10 Microstructures of magnesium alloy before and after LSP: (a) OM, AZ31 alloy without LSP; (b) OM, AZ91-T6 alloy after
LSP; (c) OM, AZ31 alloy after LSP; (d) TEM, AZ31 aged alloy after LSP
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