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Behavior of increasing diameter of tunnels on high voltage Al foil by
anodic electrolysis

BAN Chao-lei, HE Ye-dong

(Beijing Key Laboratory for Corrosion, Erosion and Surface Technology, University of Science and

Technology Beijing, Beijing 100083, China)

Abstract: The relationship between anodic polarization of etched Al foils and performance in increasing tunnel diameter
in both HCI and HNO; etchants was studied. The essential condition to increase tunnel diameter by anodic electrolysis is
to control both interior and exterior surfaces of tunnels under passivation. The anodic polarization curves in HCI solution
are characteristic of a pitting potential and a narrow passivation range. When the etching current in HCI solution is above
the critical pitting current density, pitting corrosion will occur again, leading to tunnel-clusters and tunnel-mergers and
decrease in thickness and special capacitance of Al foil. The anodic polarization curves in HNO; solution are
characteristic of a wide passivation range. It is more convenient to control tunnel widening in HNOj3 solution than in HCI
solution, without pitting again. Increasing the temperature and concentration of both solutions can enhance the maximum
passivation current density for tunnel widening and production efficiency.
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Fig.1 Polarization curves of Al foil in different solutions:

(a) 5%HCl at 85 C; (b) 3%HNO; at 70 C
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Fig.3 Effects of HNO; concentrations and temperatures on

maximum passivation current density
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Fig.4 SEM images of Al foil surfaces etched in 5%HCI at 85 “C with different current densities: (a) 100 mA/cm?; (b) 75 mA/cm?;
(¢) 50 mA/cm?; (d) 25 mA/em?
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Fig.5 SEM images of Al foil surfaces etched in 3%HNO; at 70 ‘C with different current densities: (a) 100 mA/cm?; (b) 75 mA/cm?;
(¢) 50 mA/cm?; (d) 25 mA/em?
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Tablel Effects of etchants and current densities on mass loss, thickness and special capacitance

Etchant Current density/(mA-cm %) Mass loss rate/% Thickness/um 520 V special capacitance/(uF-cm2)
HCI 100 25.0 105 0.272 6
HCI 75 26.4 106 0.307 4
HCl 50 28.2 107 0.444 3
HCI 25 30.3 108 0.605 5
HNO; 100 21.8 109 0.475 6
HNO; 75 229 109 0.568 4
HNO; 50 23.4 109 0.5858
HNO; 25 24.5 108 0.612 4
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