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Abstract

Electrochemical noise data in the presence of pitting corrosion were analyzed. A correlation between the intensity of the observed

noise and mass loss of steel electrodes was recognized. The registered noise was decomposed into a set of band limited components

using wavelet transform. It has been observed that the standard deviation of the chosen component was more strictly correlated with

mass loss of electrodes than the standard deviation of the other components. The frequency band of the chosen component was

adequate to the band where energy of transients, typical for pitting corrosion dominated. The measurement results were obtained

only for the limited number of electrodes due to a very long time of noise observation. � 2002 Published by Elsevier Science B.V.
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1. Introduction

Corrosion processes can be investigated by observa-
tion of electrochemical noise. The mentioned fluctua-
tions are usually measured in a three-electrode setup
(Fig. 1) [1]. The current iðtÞ and voltage uðtÞ noise can be
observed.

The character and intensity of the observed noise can
be explored for a measure of corrosion intensity and
identification of corrosion type. In the case of pitting
corrosion, a localized kind of corrosion attack, very
popular method of noise data analysis is investigation of
its pitting index [2] and power spectral density [3–5].

The value of pitting index is based on the measured
mean current whereas the observed current noise is
mainly caused by one of the two partial currents (anodic
or cathodic). This fact significantly limits utilization of
pitting index for localized corrosion recognition and
evaluation.

When characteristic for pitting corrosion transients
are present in data record, the power spectral density of
the noise has different slopes in some frequency regions.

The mentioned fact assures a detection of the pitting
corrosion existence but does not give any information
about its intensity.

Another method is based on wavelet transform,
which decomposes recorded noise into parameters re-
lated to the band-pass filtered noise components. The
energy or standard deviation of the following compo-
nents can be easily calculated [6]. Distribution of the
estimated standard deviation of noise components can
be characteristic for different corrosion processes. It is
important to recognize, which components are the most
valuable for evaluation of pitting corrosion intensity
and which are mainly caused by the other noise sources
like measurement instrumentation or outside distortion.
In this paper the authors try to find an answer to the
mentioned problem.

2. Signal decomposition by wavelet transform

Time record of discrete signal xðtnÞ ðn ¼ 1; 2; . . . ;NÞ
can be decomposed by wavelet transform into a set of
band limited components called approximations and
details that are low-frequency and high-frequency
components of xðtnÞ. Mallat [7] proposed an algorithm
of the discrete wavelet transform that performs such
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decomposition. A broadband signal is decomposed into
a collection of successively more bandlimited details by
repeatedly dividing the frequency range by two at each
level of decomposition, that assures logarithmically de-
creasing frequency intervals. The structure of the filter
banks applied in Mallat algorithm is presented in Fig. 2.
At each level of decomposition, the analyzed signal is
filtered by highpass (HP) and lowpass (LP) digital filter
pair, called quadrature mirror filters [7]. After filtering,
the outputs are down-sampled (# 2), that means deleting
one of every two consecutive samples of the filtered
components. Each subband of the two outputs is half
the bandwidth of the input to that level.

The lowpass and highpass filters are finite impulse
response filters and their coefficients lðkÞ, hðkÞ are ob-
tained by applying relationships [8]:

WðtÞ ¼ 2
X

k

hðkÞUð2t � kÞ; ð1Þ

hðkÞ ¼ ð�1ÞklðN � kÞ; ð2Þ
where WðtÞ, UðtÞ are adequately the assumed mother
wavelet function and its dual function, N is the length of
the filter. The functions WðtÞ, UðtÞ are basis functions of
wavelet transform [6,8,9]. At the level ith, the filtered
outputs xA;iþ1, xD;iþ1 of the input signal xA;i are [8]:

xA;iþ1ðnÞ ¼
ffiffiffi
2

p X

k

lð2n� kÞxA;iðkÞ; ð3Þ

xD;iþ1ðnÞ ¼
ffiffiffi
2

p X

k

hð2n� kÞxA;iðkÞ; ð4Þ

where k ¼ 1; 2; . . . ;N=2iþ1 and i ¼ 1; 2; . . . ; I :

The necessary calculations for decomposition of the
analyzed signal were performed using function wavedec
that was included in Matlab Wavelet toolbox [9]. The
orthogonal function WðtÞ, called Daubechies of the fifth
order was applied. The main property of the chosen
orthogonal WðtÞ is that energy of the analyzed signal
xðtnÞ is equal to the sum of energies of all components
obtained by wavelet transform.

3. Experimental

The corrosion processes in 0H18N9 steel were mon-
itored by electrochemical noise measurements. The
electrodes were immersed in 0.5 or 1 M solution of
FeCl3 at room temperature. The surfaces of the working
electrodes were mechanically polished with sandpaper to
grade 1000 and degreased with acetone just before the
measurements.

Described conditions assured the onset of pitting
corrosion within minutes after electrode immersion in
the electrolyte. The current and voltage fluctuations at a
sampling frequency fs ¼ 9 Hz were recorded starting 30
min after the electrodes were dipped in the electrolyte
solution. The time of data collection was the same for all
the data records and amounted 18 h.

The loss of mass of working electrodes was measured
just after finishing the noise measurements and drying of
the electrodes. The surfaces of the working electrodes
had visible pits. A dozen of identically prepared elec-
trode sets was used.

4. Results and discussion

The characteristic transients for pitting corrosion
were observed in current fluctuations (Fig. 3). The
shapes of the recorded transients can be characterized
by a rapid increase in the instantaneous value and ex-
ponential decay to the previous state. If exponential
decay (�e�t=s) is assumed for the transients, the char-
acteristic roll-off around frequency fc ¼ 1=ð2psÞ in the
shape of electrochemical noise power spectral density
should be observed. Fig. 4 presents current noise power
spectral density of a few noise records with a visible roll-

Fig. 1. Measurement setup.

Fig. 2. Algorithm of discrete signal xðtnÞ decomposition by discrete wavelet transform.
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off around frequency f 	 10�2 Hz that can be explained
by the observed transients in data.

When pitting corrosion prevails, the measured loss of
electrode mass Dm within time interval T can be treated
as a parameter that represents intensity of pit generation
process. According to the mentioned remark, depen-
dence between Dm and parameters, that represent noise
intensity, can be expected. The obtained results of
electrochemical noise measurements confirm that there
are some frequency components around f ¼ 10�2 Hz
characteristic for pitting corrosion. It can be expected
that standard deviation of details limited to the fre-
quency band around 10�2 Hz are more strictly corre-
lated with intensity of pitting corrosion than the
standard deviations of the remaining details and ap-
proximations.

A linear correlation between values of Dm, measured
after the same for each electrode set time interval
T ¼ 18 h, and the standard deviation rD;i ði ¼ 1; 2; . . . ; IÞ
of different details of the decomposed current and voltage
noise was investigated. The most significant value of
correlation coefficient q was obtained for Dm and the
standard deviation rD;10 of the 10th component of current
noise (Fig. 5) [10]. The mentioned 10th component rep-
resentsmainly intensity of the observed transients around
frequency f ¼ fs=2=210 	 0:4
 10�2 Hz. Lower correla-
tion was observed between Dm and standard deviation r
of the recorded current noise.

Greater values of q were observed for a 0.5 M solu-
tion of FeCl3 than for the higher concentration of
FeCl3. The recognized fact can be explained by increase
in Faradaic current at higher concentration of FeCl3
that is also partially responsible for metal dissolution
into electrolyte.

5. Conclusions

The results of electrochemical noise analysis enabled
us to propose a new parameter rD;i for characterization
of pitting corrosion intensity. The parameter is obtained
by decomposition of the observed current fluctuations
into I details using wavelet transform. The number i of
the detail corresponds to the characteristic for the ob-
served transients frequency fc ¼ 1=ð2psÞ:

The strongest correlation between Dm and rD;i can be
rationally best explained by the fact that rD;i represents
the intensity of transients related to pitting corrosion
processes and excludes other noise components. Such

Fig. 5. Relationship between mass loss of working electrodes Dm and

noise parameters at different FeCl3 concentrations and the time of

experiment equal to T ¼ 18 h: r is standard deviation of current noise,

rD;10 is standard deviation of the 10th detail of current noise decom-

posed by applying Daubechies mother wavelet of the fifth order.

Fig. 3. Time record of current noise iðtÞ with characteristic for pitting

corrosion transients.

Fig. 4. Power spectral densities Siðf Þ of current noise versus frequency
f.
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conclusion does not assume any conditions on the pro-
cess of characteristic transient generation. It can be also
suspected that similar correlation can be found when
pitting corrosion occurs in other metals. It is worth
adding that rD;i can be calculated automatically by
finding the roll-off frequency of the current noise power
spectral density Siðf Þ.
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