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Article history: This study analyzes the effect of anodizing conditions on nanopore formation on
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Single and multiple nanopores

concave base-pattern. Occasionally, multiple nanopores are formed on a single
base-pattern. However, to control the diameter and interpore distance precisely,
single nanopores are required. In this study, the ratio of the number of single
nanopores to the total number of nanopores was investigated by varying anodizing
conditions such as electrode area, electrolyte concentration, and rotation speed of
the roll mold. The areal ratio of the counter-electrode to the working electrode
(aluminum), electrolyte concentration, and the roll-mold rotation speed were

Nanopore shape varied from 0.4% to 42%, 0.07 M to 0.3 M, and 5 rpm to 75 rpm, respectively. The
experimental results showed that the single-nanopore ratio increased with
increasing counter-electrode area and electrolyte concentration. However, the

rotation speed had no significant effect on nanopore shape.
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Fig. 1 Schematic of multiple nanopores and single nanopore in
concave-shaped base-pattern
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Fig. 2 Schematic of cylindrical aluminum roll anodizing system
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Table 1 Fixed and changed process conditions of anodizing process such as electrode area, electrolyte concentration and rotation

speed of roll mold

Fixed process Electrolyte Rotation speed Voltage Alumina depth (target)
conditions 5°C, 0.3 M oxalic acid 60 rpm 180 V 150 nm
® Changed process Areal ratio of counter-electrode to working electrode
condition 0.4%, 0.7%, 7%, 14%, 21%, 42%
Fixed process Areal ratio of counter-electrode Rotation speed Voltage Alumina depth (target)
conditions 42% 60 rpm 180 V 150 nm
® Changed process Electrolyte concentration (5°C, oxalic acid)
condition 0.07 M, 0.15 M, 0.3 M
Fixed process Electrolyte Areal ratio of counter-electrode Voltage Alumina depth (target)
conditions 5°C, 0.3 M oxalic acid 2% 180 V 150 nm
© Changed process Rotation speed
condition 5 pm, 15 rpm, 30 rpm, 45 rpm, 60 rpm, 75 rpm
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Fig. 3 Current curves of secondary aluminum anodizing

according to areal ratio of counter-electrode to working
electrode (0.4% and 42%)
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Fig. 4 SEM images of fabricated nanoporous alumina according
to areal ratio of counter-electrode to working electrode;
(@) 0.4%, (b) 42%
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Fig. 5 The ratio of single nanopore against overall base patterns
according to area of counter-electrode
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Fig. 6 Current curves of secondary aluminum anodizing at each
concentration of electrolyte
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Fig. 7 SEM images of fabricated nanoporous alumina according
to concentration of electrolyte (oxalic acid) (a) 0.07 M,

(b) .3 M
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Fig. 9 SEM images of concave-shaped base-pattern according to
rotational speed of cylindrical roll; (a) 5 rpm, (b) 75 rpm
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Fig. 10 Inter-pore distance according to rotational speed of
cylindrical roll
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