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ELECTROCHEMICAL RANDOM SIGNAL ANALYSIS DURING GALVANIC CORROSION OF
ANODIZED ALUMINUM ALLOY

Masatoshi SAKAIRI and Yukiya SHIMOYAMA

Graduate School of Engineering, Hokkaido University, Sapporo 060-8628, Japan

ABSTRACT

A new type of electrochemical random signal analysis
technique was applied to galvanic corrosion of anodic
oxide films formed on 6061-T6 aluminum alloy in NaCl
containing 0.5 kmol/m’ H;BO, / 0.05 kmol/m® Na,B40
solutions. The effect of the anodic oxide film structure on
the galvanic corrosion resistance was also examined.
During incubation (before localized corrosion started),
both current and potential change slightly from the initial
value. The incubation period of porous type anodic oxide
specimens is longer than that of barrier type anodic oxide
specimens. During localized corrosion, the current and
potential changing with fluctuations, and the potential and
the current fluctuations show good correlation. The slope
of the PSD of both potential spectra of anodized specimens
1S about minus one ( -1 ), after the localized corrosion has

started. This technique allows observation of
electrochemical impedance changes during localized
corrosion.
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INTRODUCTION

Aluminum and its alloys are widely used because of their
high strength-weight ratio and good corrosion resistance.
Aluminum and its alloys are sometimes joined to other
metals in specific applications; galvanic corrosion may
occur in such situations and this is a serious problem for
the durability of some systems.

Aluminum and its alloys are usually used after surface
treatment processing, such as anodizing. There are two
types of anodic oxide films that can be formed on
aluminum, a porous type and a barrier type [1-4]. Barrier
type anodic oxide film has an amorphous structure [5] and

the thickness depends on the anodizing potential or voltage.

Porous type anodic oxide film has an outer porous layer
and an inner barrier layer [6]. The porous layer thickness
increases linearly with anodizing time and the barrier layer
thickness is dependent on anodizing solution and current
density. Barrier type anodic oxide films are commonly
used in electrolytic capacitors, and porous type anodic
oxide films are used as insulators to create both 2D and 3D
structures [7-10] or molds [11]. However, the extent of the
effect of the anodizing surface treatment on the corrosion
resistance of aluminum has not been established.

Recently, an electrochemical random signal
(electrochemical noise) analysis technique has been
applied in a number of corrosion environments [12-18].

Bertocci et al. [12, 13] has reported a electrochemical
noise technique combined with FFT (Fast Fourier
Transformation) employing a corrosion couple. Sakairi et
al. has applied electrochemical random signal analysis to
galvanic corrosion of anodized pure aluminum [19]. They
reported that the impedance of porous type anodic oxide
films were larger than that of barrier type anodic oxide
film. Traditional electrochemical impedance, EIS,
techniques are not suitable to measure the impedance
during galvanic corrosion, but, the electrochemical random
signal analysis technique can obtain the impedance even
with localized corrosion, because the impedance is
calculated using the power spectrum density ( PSD ) of the
current and potential.

The purpose of this study is to apply the new
electrochemical random signal analysis technique to
galvanic corrosion of anodized aluminum alloys and to
examine the effect of the kind of anodic oxide film on
galvanic corrosion resistance.

EXPERIMENTAL

Specimen

First, 6061-T6 aluminum alloy sheets (0.1 mm thickness)
were cut to 20 x 20 mm with a handle. The specimens
were cleaned in ethanol and in doubly distilled water in an
ultrasonic bath.

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; solution with constant current density, 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, solutions
with a constant current density, i, = 100 A/m? for 600 s.
After anodizing, specimen edges were sealed by silicon

resin and the exposes area was 1 cm”.

Electrochemical measurements

Specimens were dipped in 0.5 kmol/m’ H;BO, / 0.05
kmol/m’ Na;B40; solution 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. Fig. 1 shows
a schematic outline of the experimental setup. The
galvanic current between specimen and counter electrode,
and the specimen potential during the test were measured
by a computer through an A/D converter and
electrochemical signals were measured at one second
intervals. The records of the current and potential were
processed by calculating the power spectrum density
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Fig. 1 Schematic outline of the experimental setup.

(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
reference electrode in the measurements of the potential.

Surface observations

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

RESULTS AND DISCUSSION

Anodizing behavior

Figure 2 shows the changes in current, i;, and potential, E,,
with time during anodizing in 0.5 kmol/m’ H;BO, / 0.05
kmol/m’ Na,B;0; at 293 K. The potential change of
capacitor grade pure aluminum is also shown in the figure.
With the 6061 alloy specimen, the potential increases with
anodizing time while the current is constant, and after the
change to constant potential, the current decreases steeply
with time before flattening out to an almost constant value.
The slope of the potential, the anodic oxide film growth
rate, of the 6061 alloy is one tenth that of aluminum. This
may be due to dissolution of alloying elements, such as
magnesium and copper, by the high electric field during
anodizing. This result suggests that the number of defects
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Fig. 2 Changes in current, i,, and potential, E,, with
time during anodizing in 0.5 kmol/m’ H;BO, / 0.05
kmol/m? Na,B40O- at 293 K.
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Fig. 3 Changes in potential, E,, with time during
anodizing in 3.72 kmol/m’ H,S0, at 263 K.

in the film formed on the 6061 alloy may be larger than
that formed on the aluminum specimens. However, the
result also suggests that the anodic oxide film structure and
thickness of the 6061 specimen are very similar to those of
aluminum. The anodizing ratio of aluminum anodic oxide
film is about 1.5 nm/V. Therefore the estimated oxide film
thickness is about 75 nm.

Figure 3 shows the change in potential, E,, with time
during anodizing in 3.72 kmol/m’ H,SO, at 263 K. The
potential increases through a transient region at about 30 V
and subsequently deceases to an approximately constant
potential of about 22 V. The rate of increase and constant
potential of the 6061 alloy were almost the same as those
of aluminum. This suggests that the alloying elements do
not affect the anodizing behavior in H,SO, solutions. The
estimated barrier layer thickness is about 25 nm and the
estimated porous layer thickness is about 1.8 um. Fig. 4
shows a schematic outline of both type I ( barrier ) and
type Il ( porous ) anodic oxide films.

Electrochemical random signal
Figure 5 shows the changes in the potential and current
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Fig. 4 Schematic outline of the anodic oxide films

with immersion time, t;, during galvanic corrosion of Pt
coupled to 6061 alloy covered with type I anodic oxide
film in 0.5kmol/m® HsBO; / 0.05 kmol/m® Na,B,0, with
0.3 kmol/m’ NaCl. During the incubation period (t; <5 s ),
nether the current nor the potential changes from their
initial values, however, after 5 s the potential decreases
with immersion time and the current increases through a
maximum at about 50 s and subsequently decreases. With
longer immersion time, the potential reached a constant
value of -800 mV and the current increased again to show
almost constant value of 900pA. After the galvanic
corrosion test, the specimen surface was covered by
corrosion products.
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Fig. 5 Changes in the potential, and current with
immersion time, t;, during galvanic corrosion of Pt
coupled to 6061 alloy covered with type I anodic
(barrier) oxide film in 0.5kmol/m’ H;BO; / 0.05
kmol/m’ Na,B40; with 0.3 kmol/m’ NaCl.

Figure 6 shows the changes in the potential and current
with immersion time during galvanic corrosion of Pt
coupled to the 6061 alloy covered with type II anodic
oxide film in 0.5kmol/m® H;BO; / 0.05 kmol/m® Na,B,0,
with 0.3 kmol/m’ NaCl. During the incubation period ( <

M. SAKAIRI and Y. SHIMOYAMA

300 —r—r—v—v—

250

[T

5 - : Potential ; -ZII]'D
<wmf i |/
22%F
< s E g "ib LR <
S
,g L Incubation _ | 1 Al g
i A | BR[G0S
= 3 | @]
=
- X Current
S s
= i .

OF

i b -l | i | N i " '.:}

0 500 1000 1500

Time, t/s

Fig. 6 Changes in the potential and current with
immersion ftime during galvanic corrosion of Pt
coupled to 6061 alloy covered with type II (porous)
anodic oxide film in 0.5kmol/m’ H;BO; / 0.05 kmol/m’
Na,B40; with 0.3 kmol/m’ NaCl.

150 s ), neither current nor potential changes from the
initial values, however, after 150 s, there are sudden
changes as indicated by the electrochemical random signal
fluctuations, related to localized corrosion. The incubation
period of the type II film specimen is more than ten times
longer than that of the type I film specimen. The localized
corrosion and pitting corrosion are stochastic phenomena,
however this behavior is very similar in all experiments. If
only the barrier layer affects the corrosion resistance of the
sample, the incubation period of the type I film specimen
should be longer than that of the type Il film specimen.
Because, the barrier layer thickness of the type I film is
about three times thicker that of the type II film. This
difference in incubation periods indicates that the porous
structure 1s more effective than the barrier layer in
Improving corrosion resistance.

Figure 7 is a magnification of the potential and current
in Fig. 6 after the localized corrosion has started, showing
that the potential and current move in opposite directions,
with good correlation. The current and potential
fluctuations 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 suggests pits of several tens um, when the
shape of a pit is hemispherical and aluminum dissolves as
AP,

Figure 8 is a schematic outline of a) pit growth with
elapsed time, b) anodic and cathodic partial current, and c)
current and potential transient at a pitting events. During
pitting corrosion, the rate of cathodic reaction and anodic
reaction do not change, but area of dissolution and the
anodic reaction site changes, a). This area expansion
causes the increase in the anodic polarization curves, b).
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After some time, the alloy surface would be covered by
corrosion products and the anodic current returns to the
previous value. The measured potential and current during
the test are the points where the anodic and cathodic
curves cross. Once pitting or localized corrosion starts on
the specimen surface, the current and potential are changed
over time as in Fig. 8 ¢).

PSD of electrochemical random signal and impedance
The electrochemical results of the Type [ film specimen
are not suitable for impedance analysis. This new
electrochemical random signal technique can be applied to
measure the impedance as the amplitude of potential
random signals of about several tens of mV. The
electrochemical data in Fig 6 contains the DC component
and minus the averages of the trend in the potential and
current changes before compute PSD. The DC component
and trend of the signal must be subtracted, otherwise PSD
has a large error. Figure 9 shows the potential and current
random signals selected after the 512 s point in Fig. 6 after
the DC component and trend were removed.

Figure 10 shows the PSD of the a) potential and b)
current in Fig. 9. The potential and current PSD decrease
with increasing frequency, and the slopes are steeper than
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Fig. 7 Magnification of the potential and current iIn
Fig. 6 after the localized corrosion has started.

or equal to -1. A slope -1 indicates that each event, each

pitting corrosion event, occurs Independent of other
events.
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Fig. 8 Schematic representation of a) pit growth, b) polarization curves and c) current, and potential transients.
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Figure 11 shows the electro chemical impedance = 7
. . . —~— 3
spectrum. The impedance decreases slightly with s WE E
increasing frequency, as the slope of the current PSD is - .
steeper than -1. The mean value of the electrochemical Ej )
noise impedance decreased with time and the correlation S
coefficient also decreased with immersion time. 10" 3
CONCLUSIONS
A new type of electrochemical random signal analysis was 10" T
a]:fplied to ‘galva:nic corrosion of alu::ﬂinum allD}: specimens 107 107 m"_l 10°
with anodic oxide film. The following conclusions can be Frequency, f/s

drawn:

During the incubation period, the initial current and
potential values change only slightly with time. When
localized 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 current and potential PSD spectra of
the anodized specimens is about minus one (-1) after the
localized corrosion has started. The random signal
technique employed for makes it possible to measure the
electrochemical impedance during localized corrosion and
the values do not change with frequency.
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