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Pitting Behavior of Aluminum in Acid Solution

J. C. Lin*, C. H. Chang, T. P. Teng, C. P. Lee, S. L. Lee
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ABSTRACT

Pitting behavior of pure aluminum foils (99.95%) in hydrochloric solution performed at
constant alternating current was investigated. A diagram of V-1 diagram was plotted from the
galvanodynamic voltammetry polarization (GVP) of the aluminum foil in the acid solution.
Corrosion morphology of the aluminum foil was examined through scanning electron microscope
(SEM). The relationship between the corrosion morphology and the corresponding profile of V-1
diagram for the aluminum foil was of interest. Morphology examination revealed that the size of
pits and the portion of pitting area decrease markedly with increasing the frequency of the
alternating current. Analyzing in the V-I diagram, we found that the breakdown potential(E, )with
its corresponding current density decreases with increasing the ac frequency. The effect of
additives indicated that an addition of sulfuric acid in the electrolyte results to intensify the size
difference of pits, thus size distribution becoming less homogeneous. The addition of aluminum
chloride (AICL,) in the electrolyte only intensified the pitting corrosion when high frequency ac ( >
60 Hz) was applied.
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Table 1. Major impurities in the aluminum foil.

Element Fe Cu S1

32 10 40

ppm
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Table 2. Notation for the etching solutions used.

No. Composition / Concentration
A NaOH (2N)
B HCl (4.5N)
C HC1 (4.5N)+H;SOy4 (0.4N)
D HC1 (4.5N)+H;SOy4 (0.4N) +
AICI5(0.1N)
6 |
9
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2
24 |
23 |
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Fig.1  Dependence of the weight-loss percentage

upon the ac-frequency applied to etch

aluminum foils in B solution.
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SEM morphologies (x 3000) of the aluminum

foils etched in HCI solution (B) at constant
current ac (1.5 kA/m?) in variety of frequency
(a) 10Hz, (b) 30Hz, (c) 60Hz and (e) 100Hz.
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Fig.3  Magnified SEM morphologies of Fig.2 (a) and
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Fig4 The E-I diagram obtained from GVP
technique through which the frequency varied.
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The SEM morphologies for the pits formed at
constant current ac (1.5 kA/m?) with frequency
10Hz in (a) B solution, (b) C solution.
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The SEM morphologies for the pits formed at

constant current ac (1.5 kA/m?) with frequency

100Hz in (a) B solution, (b) C solution.
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The E-I diagram of aluminum foil etched in B

and C solutions resulted from GVP technique.
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The SEM morphologies for the pits formed at
constant current ac (1.5 kA/m?) with frequency
10Hz in (a) C solution, (b) D solution.
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The SEM morphologies for the pits formed at
constant current ac (1.5 kA/m?) with frequency
60Hz in (a) C solution, (b) D solution.
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The SEM morphologies for the pits formed at
constant current ac (1.5 kA/m?) with frequency
100Hz in (a) C solution, (b) D solution.
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The E-I diagrams resulted from GVP
technique for Al-foil etched in C and D

Fig.11

solutions with applied constant current ac
varying its frequency at (a)l0Hz, (b)30Hz,
(c)60Hz and (d)100Hz.
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Fig.12 Schematic diagrams of current against time for

the triangle wave with (a) low frequency and

(b) high frequency.
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Fig.13 Schematic models in cross-sectional view for
Al foil etched in B solution with ac current at

(a) low and (b) high frequency.
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Schematic models in cross-sectional view for
Al foil etched in (a) B and (b) C solutions with

ac current at frequency of 10Hz.



