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Electrochemical Micromachining Microstructure Lattice on
Magnesium Alloy Surface

JIANG Li-Min*** CHENG Ze-Yu! DU Nan* LI Wei* TIAN Zhong-Qun? TIAN Zhao-Wu?
(*School of Material Science and Engineering, Nanchang Hangkong University, Nanchang 330063, P. R. China; Z2State Key
Laboratory for Physical Chemistry of Solid Surfaces, College of Chemistry and Chemical Engineering, Xiamen University,
Xiamen 361005, Fujian Province, P. R. China)

Abstract: Micromachining of magnesium alloy by confined etchant layer technique (CELT) was investigated. The
variation of hydrogen ion concentration on the electrode surface during the electrochemical process was explored for
some thermodynamically available’ etchant-scavenger” systems, and their corrosion rate to magnesium alloy was
measured. An effective electrochemistry* etching-scavenging” system was selected. Using NaNO, as precursor for
electrochemically generating etchant HNO,, NaOH as scavenger, and small amount of Na,SiO; as inhibitor, 3-D
microstructure lattice on a mold was replicated onto the magnesium alloy surface. The microstructures processed were
approximately the negative copy of the ones on the mold. Sub-micrometer scale resolution was reached. The result
suggested that CELT could be applied to machine the 3-D microstructure on magnesium alloy surface, which had
potential to be used for the fabrication of micro electromechanical systems (MEMS).
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Table 1 Corrosion rate of magnesium alloy in four corrosion systems with different precursors and
corresponding etchants

. 0.1 mol L* NaNO.+ 0.1 mot L* NaClOz+ 0.1 mot L* NaCIO+ 0.1 mot L* NH.CI+
Corrosion system
0.1 mot L HNO, 0.1 mol L* HCIO, 0.1 mot L* HCI 0.1 mot L* HCIO,
r/(mg h? 3 32 5 23
Experimental phenomena evolving hydroge.n slowly evolvirlg hydrogen  evolving h.ydrogen slowly but evolvi_ng hydrogen
and deceleratively violently faster than in the NaNO,+HNO; violently

T=32 , Mg plate area: 1 cmx1 cm, thickness: 1 mm
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Fig.2 pH as a function of electrolyzing time
at 200 nm+R away from the Pt electrode surface
1=0.208x107* A-cm™. solutions: 1) 0.2 mol+ L™ NH,CI, 2) (1.2 mol-L"'
NaClO;, 3) 0.2 mol+ L™ NaNO;, 4) 0.2 mol- L™ NaClO
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Fig.3 SEM images of the mold used for etching magnesium alloy (a) and the microstructure etched on the
magnesium alloy surface (b)
solution: 0.5 mol - L= NaNO+0.1 mol+L"' NaOH+0.01 mol-L~" Na,SiO; I=1x107 A-cm™. 1=30 min
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Fig.4 AFM image and cross section analysis of the microstructures lattice on the mold
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Fig.5 AFM image and cross section analysis of the microstructures lattice etched on the magnesium alloy surface
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