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Characterization for Alkaline Dissolution of Anodic Oxide Films Formed on Aluminum by EIS
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Abstract: Anodic oxide films formed on aluminum by anodizing in alkaline solution is generally
recognized to show higher protective performance against dissolution under alkaline environment.
In this study, electrochemical impedance spectroscopy (EIS) was applied to evaluate the time
variations of charge transfer resistance, Act for the anodically oxidized aluminum during the
immersion in alkaline environment. Also SEM, FIB-SIM, and TEM observations were employed to
investigate pit morphology at each stage of the dissolution process. It was found that the films
formed by anodizing in sodium carbonate(Na>COgz, pH=11.5) solution showed higher resistance
against alkaline dissolution than the films formed in ammonium tartrate((NH4)2C4H406, pH=6.7)
solution or sulfuric acid (HoSO4, pH=0.0), because of the high corrosion performance of the barri-
er layer. The Act increased as the thickness of the barrier layer increased.
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Table 1 Electrolytic bath composition, anodizing process conditions, and obtained film thickness.

Bath Anodizing process Film thickness (nm)
No. |Electrolyte| Concentration Temp Currgnt Fma! Potentpstahc Seg ling Barrier Porous
M) pH “c) density | potential period Time laver laver Total
(A/dm?) (V) (s) (min) y y
a 214 300 300
b Na>CO3 0.3 11.5 25 2 15 0 0 20 0 20
Cc (NH4)2C4H405 0.17 6.7 25 2 214 0 0 300 0 300
72 HoSO4 1.6 0.0 25 2 15 30 300 20 280 300
f 0.01 11.0
g 0.03 11.2
h 0.1 1.4
i Na>CO3 03 15 25 2 71 240 0 100 200 300
i 0.5 11.7
k 1 12.0
| 0.01
m 0.03 11.5
n 0.1
[¢] Na>COs3 0.01
T) (+NaOH) 0.03 25 2 71 240 0 100 200 300
q 0.1 12.0
r 0.3
s 0.5
t 7 240 10 200 210
u 35 240 50 200 250
\% 71 0 100 0 100
w 71 240 100 200 300
x | NazCOs | 03 1.5 25 2 143 240 0 200 200 400
y 214 0 300 0 300
z 214 240 300 200 500
aa 71 600 100 610 710
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Fig.1 Potential control procedures for anodizing in 0.3 M
Na>CO3 solution.
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Fig.2 Time variations of the Act(a) and open circuit potential(b) during the immersion in 0.1 M NaOH solution for the anodic

oxide films formed with the procedure of a~e.
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Fig.3 Relationship between barrier layer thickness and
corrosion resistant period, T for the anodic oxide
films formed with the procedure of a~e.
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Fig.6 TEM images for cross section of the films formed
with the procedures of w and y shown in Table 1
and Fig.1.
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resistant period, T (b) for the anodic oxide films formed with the procedures of t ~z shown in Table 1 and Fig.1.
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Fig.8 Nyquist impedance plots after 300 s immersion(a)
and 1200 s immersion(b) in 0.1 M NaOH solution
for the anodic oxide film formed with the procedure
aa shown in Table 1 and Fig.1.
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Fig.9 Time variations of Act during the immersion in 0.1 M
NaOH solution for the anodic oxide film formed with
the procedure aa shown in Table 1 and Fig.1.
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Fig.10 SEM images for the surface of the anodic oxide
films formed with the procedure aa shown in Table
1 and Fig.1 after each period of immersion in 0.1 M
NaOH solution.
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Fig.12 FIB-SIM 45° tilt images for the cross section of
the pits on the anodic oxide films formed with the
procedure aa shown in Table 1 and Fig.1 after
each period of immersion in 0.1 M NaOH solution.
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Fig.13 TEM images for the cross section of the anodic
oxide films formed with the procedure aa shown in
Table 1 and Fig.1 after each period of immersion in
0.1 M NaOH solution.
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Fig.14 Stages of the dissolution process for anodic oxide
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