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A new type of electrochemical random signal (electrochemical noise) analysis technique was applied to
localized corrosion of anodic oxide film formed 1100 aluminum alloy in 0.5 kmol/m’ H;BO4/0.05 kmol/m’
Na,B;0; with 0.01 kmol/m’ NaCl. The effect of anodic oxide film structure, barrier type, porous type,
and composite type on galvanic corrosion resistance was also examined. Before localized corrosion started,
incubation period for pitting corrosion, both current and potential slightly change as initial value with time.
The incubation period of porous type anodic oxide specimens are longer than that of barrier type anodic
oxide specimens. While pitting corrosion, the current and potential were changed with fluctuations and
the potential and the current fluctuations show a good correlation. The records of the current and potential
were processed by calculating the power spectrum density (PSD) by the Fast Fourier Transform (FFT)
method. The potential and current PSD decrease with increasing frequency, and the slopes are steeper than
or equal to minus one (-1). This technique allows observation of electrochemical impedance changes during

localized corrosion.
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1. Introduction

Because of their high strength-weight ratio and high cor-
rosion resistance, aluminum and its alloys are widely used,
for example, automotive, containers and house wear etc.
In specific applications, they are sometimes joined to other
metals such as iron and cupper. Galvanic corrosion may
occur in such situations and this is a very severe problem
to the durability of some systems.

Aluminum and its alloys are sometimes used without
any surface treatment. However, aluminum and its alloys
are also used after surface treatment processing, such as
anodizing and painting. There are two types of anodic ox-
ide films, a porous type and a barrier type that can be
formed on aluminum.”” The barrier type anodic oxide
film has an amorphous structure® and the thickness de-
pends on the anodizing potential or voltage. The porous
type anodic oxide film has an outer porous layer and an
inner barrier layer.” The porous layer thickness increases
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linearly with anodizing time and the barrier layer thickness
is dependent on anodizing solution and current density.
Fig. 1 shows schematic representation of both type anodic
oxide film thickness change with potential and anodizing
time. Barrier type anodic oxide films are mainly used in
dielectric substance of electrolytic capacitors, and porous
type anodic oxide films as protective film for corrosion
resistance and for creating micro structures”"” or molds.
"M% Therefore anodic oxide film structure and dielectric
property are well investigated. There are few papers fo-
cused on corrosion of aluminum, especially effect of ano-
dic oxide film structure and thickness on corrosion pro-
tection of aluminum. The extent of the effect of the anodiz-
ing surface treatment on the galvanic corrosion of alumi-
num and its alloys joined to other dissimilar alloys has
not been established.

Recently, an electrochemical random signal (noise)
analysis technique has been applied in a number of corrod-
ing environments.'” " Bertocci et al."”*'® has reported a
electrochemical noise technique employing a corrosion
couple and FFT (Fast Fourier Transformation). Traditional
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Fig. 1. Schematic representation of both type anodic oxide film
thickness change with potential and anodizing time.

electrochemical impedance techniques are not suitable to
measure the impedance during galvanic corrosion, but, this
new noise technique can obtain the impedance even with
localized corrosion, because the impedance is calculated
using a power spectrum density (PSD) of the current and
potential. Sakairi et al reported influence of anodic oxide
film structure on electrochemical impedance which was
calculated by using FFT during galvanic corrosion of high-
ly pure aluminum and 6061 alloy.””*

The purpose of this study is to apply the new electro-
chemical noise technique to galvanic corrosion of anodized
1100 aluminum alloy and to examine the effect of anodic
oxide film structure, barrier, porous and composite types,
on the electrochemical impedance during galvanic corrosion.

2. Experimental

2.1 Specimen

1100 aluminum alloy sheets were cut to 20x30 mm’
with a handle. The specimens were cleaned in ethanol and
in doubly distilled water in an ultrasonic bath.

2.2 Anodizing

Barrier type anodic oxide films, Type I, were formed
by anodizing at 293 K in 0.5 kmol/m’ H;BO, / 0.05
kmol/m’ Na,B40; solutions with constant current density,

CORROSION SCIENCE AND TECHNOLOGY Vol.7, No.3, 2008

i=10 A/m’, and then with a constant potential, E, =50
V for 1.8 ks. Porous type anodic oxide films, Type II,
were formed by anodizing at 263 K in 3.72 kmol/m’
H»SO;4 solutions with a constant current density, i, = 100
A/m’ for 600 s. Composite type anodic oxide films, Type
11, were formed by anodizing initially in 3.72 kmol/m’
H,SO; solutions at 263 K and re-anodized in 0.5 kmol/m’
H:BO; / 0.05 kmol/m’ Na;B40; solutions.

After anodizing, specimen edges were sealed again by
silicon resin and the exposes area to the solution was 1

2
cm .

2.3 Electrochemical measurement

Specimens were dipped in 0.5 kmol/m’ H;BO; / 0.05
kmol/m’ Na;B40- solutions with 0.3 kmol/m’ NaCl, and
connected with a 16 cm’ Pt plate (artificial cathode) as
a counter electrode, to form a galvanic couple. The galvan-
ic current between specimen and counter electrode, and
the specimen potential during the test were measured by
a computer through an A/D converter and signal was
measured at one second intervals. The records of the cur-
rent and potential were processed by calculating the power
spectrum density (PSD) with the FFT method. To calculate
PSD, a rectangular window was used. The electrochemical
noise impedance was calculated from the current PSD and
potential PSD values.

A saturated Ag/AgCl electrode was used as the refer-
ence electrode in the measurements of the specimens po-
tential during galvanic corrosion tests.

2.4 Surface observations

The specimen surfaces were examined by confocal scan-
ning laser microscopy (CSLM; Laser Tech. Co. 1SA-21)
and scanning electron microscopy (SEM; JEOL, FE-
6500F) after the anodizing and the galvanic corrosion tests.

3. Results and discussion

3.1 Anodizing behavior

Fig. 2 shows changes in current and potential during
anodizing, Type 1, in 0.5 kmol/m’ H;BO; / 0.05 kmol/m’
Na;B4O7 solutions. While constant current anodizing, po-
tential increases with time and current decreases suddenly
after changing constant potential mode. The slope of the
potential curve of 1100 alloy was steeper than that of high-
ly pure aluminum. This result suggests that the almost
same barrier type oxide film of highly pure aluminum
formed on 1100 alloy, and the thickness is also almost
same as highly pure aluminum. The anodizing ratio nm/V
in this anodizing condition is about 1.5 nm/V, therefore
the oxide film thickness is about 75 nm. However, the
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Fig. 2. Changes in current and potential during anodizing, Type
L, in 0.5 kmol/m’® H3;BO4 / 0.05 kmol/m’ Na;B4O; solutions.

number of defects in the oxide film of 1100 alloy may
be larger than that of highly pure aluminum. The anodizing
behaviors for another oxide films, type II and III, were
almost same as highly pure aluminum, these results also
indicated that Type II and Type III films structure were
also same as these formed on highly purer aluminum.
Fig. 3 shows CSLM contrast images of specimens surface
after anodizing in each conditions. Because of oxide film
thickness and aluminum anodic oxide films are almost
transparent, the surface morphology of Type I film formed
specimen is almost same as before anodizing. On the other
hand, the morphology of Type II and Type III film formed
specimens have a lot of dark spot. These are may be sec-
ond phase particle inside the substrate. Some of the second
phase particle may be remain inside the oxide film.
Because of Type Il and Type III oxide films are also trans-
parent, these particles may be observed by CSLM.*?
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Fig. 4. Changes in the current and the potential with immersion
time during galvanic corrosion of Pt coupled to without anodized
specimen in 0.5 kmol/m’ H;BO; / 0.05 kmol/m’ Na,B,0; with
0.3 kmol/m’ NaCl.

3.2 Galvanic corrosion

Fig. 4 shows changes in the current and the potential
with immersion time during galvanic corrosion of Pt cou-
pled to without anodized specimen in 0.5 kmol/m’ H;BOs
/ 0.05 kmol/m’ Na,B,O; with 0.3 kmol/m’ NaCl. As speci-
men connected to the Pt electrode, the potential changes
to negative direction with fluctuation and the current in-
creases with fluctuations. These fluctuation may be related
to localized corrosion, pitting corrosion. After the test,
specimen surface was covered by corrosion products, and
after removed corrosion product, pits were existed.

Fig. 5 shows changes in the current and the potential
with immersion time during galvanic corrosion of Pt cou-
pled to Type II specimen in 0.5 kmol/m’ H;BO; / 0.05
kmol/m’ Na,BsO; with 0.3 kmol/m’ NaCl. During the in-
cubation period (< 500 s), neither current nor potential
changes from the initial values, however, after 500 s, there

Fig. 3. CSLM contrast images of specimens surface after anodized.
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Fig. 5. Changes in the current and the potential with immersion
time during galvanic corrosion of Pt coupled to Type III specimen
in 0.5 kmol/m’ H;BO3 / 0.05 kmol/m’ Na,B4O; with 0.3 kmol/m’
NaCl.
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Fig. 6. Magnification of the potential and current in Fig. 5 after
the localized corrosion has started.

are sudden changes as indicated by the electrochemical
random signal fluctuations. The incubation period in-
creased in the order of Type I specimen, Type II specimen,
Type 1II specimen. The localized corrosion and pitting cor-
rosion are stochastic phenomena, however, this behavior
is very similar in all experiments.

Fig. 6 is a magnification of the potential and current
in Fig. 5 after the localized corrosion has started, showing
that the potential and current move in opposite directions
with good correlation. The current and potential fluctua-
tions may be related to individual events in the generation,
growth, and extinction of localized or pitting corrosion.
The computed pit size using the current fluctuations sug-
gests pits of several tens pm, when the shape of a pit
is hemispherical and aluminum dissolves as Al’".

3.3 PSD of electrochemical random signal and impe-
dance

Fig. 7 shows the PSD of the a) potential and b) current
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Fig. 7. Power spectrum density (PSD) of the a) potential and
b) current in Fig 6.

in Fig. 6. The potential PSD decrease with increasing fre-
quency, and the slopes are steeper than or equal to -1.
The current PSD slightly decreases with increasing fre-
quency. A slope -1 indicates that each event, each pitting
corrosion event, occurs independent of other events.

The electrochemical impedance can be computed by us-
ing the potential and current PSD.

Fig. 8 shows the electro chemical impedance spectrum.
The impedance decreases slightly with increasing fre-
quency, as the slope of the current PSD is steeper than
-1. The mean value of the electrochemical noise im-
pedance decreased with time and the correlation co-
efficient also decreased with immersion time. This techni-
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Fig. 8. The electro chemical impedance spectrum.

que allow us to measure electrochemical impedance during
localized corrosion, which area of dissolution is changed.

4. Conclusions

A new type of electrochemical random signal analysis
was applied to galvanic corrosion of aluminum alloy speci-
mens with anodic oxide film. The following conclusions
can be drawn:

During the incubation period, the initial current and po-
tential values change only slightly with time. When lo-
calized corrosion has started, however, these values change
suddenly and continuously with fluctuations. The potential
and the current fluctuations show a close correlation.

The slope of the potential PSD spectra of the anodized
specimens is about minus one (-1) after the localized corro-
sion has started. The random signal technique employed
for makes it possible to measure the electrochemical im-
pedance during localized corrosion and the values do not
change with frequency.
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