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Abstract In order to investigate the effects of addition of 1M sulfuric acid to the etching solution of 1M hydrochloric
acid on the etching behavior of aluminum foil for electrolytic capacitors, the changes in the density of etch pit, the
length and diameter of etch tunnels and the capacitance were analyzed using SEM, TEM, LCR meter etc. Sulfate ton
as a corrosion inhibitor was contributed te the increase of the surface area comparing with chloride ion. By adding sul-
furic acid the density of etch pit and the length of etched tunnel increased and the diameter of the tunnel decreased,
resulting in the increase of capacitance. It was also shown that the capacitance decreased when the current density
was below 0.9A/cl, while remarkably increased in the other case.
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Fig. 1. Schematic diagram of the appratus for D.C. etching.
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Fig. 2. SEM micrographs showing the etch pit distributions in different types of etching solutions.
{a} etching current density of 0.1A/cnt in 1M HCI (b) etching current density of 2.0A/cd in 1M HCI
{c) etching current density of 0.LA/arf in 1M HCl+ 1M H.S0, (d) etching current density of 2.0A/ed

in 1M HCl+ 1M H.S0,

(a)

(b)

Fig. 3. SEM micrographs of the oxide replicas of aluminum foil etched at 2.0A/ i for 13 sec.
(a} IM HC1 (b} 1M HCl+ 1M H,S0.
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Fig. 4. TEM micrograph of the cross section of aluminum foil
etched in M HCl+ 1M H.SO, solution. — : etch tunnel

Unelchod aluminum foil

Alter otching
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Fig. 5. Schematic diagram of the etched atuminum foil for elec-
trolytic capacitors.
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Fig. 6. Effect of etching current density on etched pit density
assuming that etch tunnel morphology is uniform.
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Fig. 7. Effect of etching current density on tunnel length, A
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Fig. 8. Effect of etching current density on tunnel diameter, 2p
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Fig. 9. CV values according to the change of current density
when etched in 1M HC] with and without 1M H,S0,, at the an-
odizing voltage of 100 V.
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Fig. 10. CV values according to the change of current density
when etched in 1M HC1 with a*nd without 1M H,SC,, at the an-
odizing voltage of 140 V.
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