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Effect of Ultrasound During Pretreatment on the Electrochemical Etching
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Aluminum was electrochemically etched in acid solution and the surface area was magnified by the formation
of etch pits. Etched aluminum was covered with a compact and dense dielectric oxide film by anodization and
applied to the aluminum electrolytic capacitor electrode. Capacitance of aluminum electrolytic capacitor is closely
related with surface area, which depends on size and number of etch pits. Size of etch pits need to be controlled
because inside of the pits can be buried by the formation of dielectric oxide film. In this work, the effect of
ultrasound pretreatment on the aluminum etch pit formation and capacitance were investigated. Additionally, the
relationship between the second etching effect on pit size and capacitance was studied.
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Fig. 1. Initial potential transients for different conditions of
pretreatment. Ultrasound is applied from the front of the electrode.
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Fig. 2. Top view SEM images showing Al etch pits for different
pretreatment conditions. (etching time: 25sec) (a) silent, (b) 28
kHz, (c) 68 kHz. Ultrasound is applied from the front of the
electrode.
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Fig. 3. Top view SEM images showing Al etch pits for different
pretreatment conditions. (etching time: 100sec) (a) silent, (b)
28 kHz, (c) 68 kHz. Ultrasound is applied from the front of
the electrode.

E]—_15)_17)

250 7Pl uhE Y-S FAlalr] sl gHelA
25 Qhsle] AALE AR F A=) RE] o
gto] oju|x] AE A Fig. 60 Wbt

A7} WS Al el AHEL Fig. 49} A3kl on 28
kHz17} Al RIE A7]7}F S7FF3 AW 68 kHzolM &= Aol
BEE 2hs 3719 S7ks JAAAN BEA717F 0.8 mo]
e B A% AA S7F8ISIH. Fig. 5(b) o 438
F A 2595 UkskA ok Aol 7 Akl
o] QroflA] =23k v} o] #2 A7]9] JETL 8

39



INSOO JUNG, YONGSUG TAK, KANGYONG PARK, HYUNGI KIM, AND SUNGSOO KIM

—A—silent
- B - 28kHz
--C - 68kHz

Number of pits

1.0 15 2.0 25
Mean diameter of pit (um)

1000
(b)
—~ 900 |
o
s +
3
~ T~
= 800}
3 \\\\\ }
o= ~m
(=] R
S 0l }
S
«
—
=
2 600
=
500 1 1 1
silent 28kHz 68kHz
Frequency

Fig. 4. Analysis of SEM images for different pretreatment conditions. Ultrasound is applied from the front of the electrode.

(a) size distribution of etch pits, (b) total area of etch pits.
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Fig. 5. Capacitance for different pretreatment conditions. (a) Ultrasound is applied from the back of the electrode, (b) Ultrasound

is applied from the front of the electrode.
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Fig. 6. Size distribution of etch pits formed when ultrasound
is applied from the front of the electrode.
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Fig. 7. Top view SEM images showing Al etch pits for different
second etching time. (a) 5 min, (b) 10 min, (c) 15 min. 28 kHz
of ultrasound is applied from the front of the electrode during
the first etching.
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Fig. 8. Analysis of SEM images for different second etching
time. (a) mean diameter of pits, (b) number of pits. 28 kHz
of ultrasound is applied from the front of the electrode during

the first etching.
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Fig. 9. The effect of second etching time on capacitance. 28
kHz of ultrasound is applied from the front of the electrode
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