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ABSTRACT

A novel electrochemically integrated multi-electrode array namely the wire beam electrode
(WBE) in combination with noise signatures analysis has been designed to monitor pitting
corrosion of one of the best corrosion resistance ferrous alloys, stainless steel type 316L.
From the direct correlation of electrochemical potential noise signatures and galvanic current
distribution maps during pitting corrosion processes, two characteristic noise patterns were
observed prior to stable pit formation: (i) the characteristic ‘peak’ of rapid potential transient,
towards less negative direction, followed by recovery (termed noise signature I) was found to
correlate with the disappearance of unstable anode; (ii) the characteristic noise pattern of
quick potential changes towards less negative direction followed by no recovery (termed noise
signature I1) was found to correspond with the massive disappearance of minor anodes leading
to formation of highly localized major anodes in the galvanic current distribution maps.
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1. INTRODUCTION

Pitting corrosion usually occurs on the
passivated metal due to local weakness of the
passive film and often leads to catastrophic
failure because it is generally quite unpredicta-
ble with regard to the time of initiation.
Knowledge about the pitting mechanism is
therefore the prime necessity in order to
protect such a serious corrosion problem for
the engineering application of passive alloys.
Among the existing electrochemical cotrosion
monitoring techniques, the electrochemical
noise analysis is the most promising method
to study the localized corrosion which has
been regarded as a random (stochastic) pheno-
menon coupled to deterministic kinetics and
potential and current noises [1]. Several
researchers who have been studying the
application of noise signatures to the identifica-

tion of pitting mechanism usually only tried
to relate certain characteristic noise features to
pits those are identified visually or
microscopically after experiment is completed
[2-9]. The WBE [10, 11] can measure the
significant local potential fluctuations and
instantaneous local galvanic current distribution
[12]. The objective of this work is to better
understand pitting mechanism by correlating
the noise signatures from localized attack with
actual electrode process based on the
combined application of the WBE and noise
signatures analysis.

2. MATERIALS AND METHODS

The laboratory tests were carried out
applying stainless steel type 316L. WBE and
the experimental setup was as shown in Figure
1. The WBE acts both as the mini-electrodes
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Electrochemical Cell
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Figure 1. Schematic diagram showing an experimental set-up for detecting potential noise
over 2 WBE and also for mapping galvanic currents flowing into/out of each wire in the

WBE from pitting corrosion system.

and as the corrosion substrates. The WBE was
fabricated from 100 wires by embedding
wires in epoxy resin. The stainless steel wire
had a diameter of 0.15 cm and the working
area was approximately 2.25 cm?® (1.5 cm x
1.5 cm). The working surfaces of the WBE
were polished with 400, 800 and 1000 grit
silicon carbide paper and then it was cleaned
with deionised water and ethanol before being
positioned horizontal facing-up position. The
working surfaces were totally immersed in the
6% FeCl, solution under static conditions at
air-conditioned room temperature (about 20
°C) to allow pitting corrosion to occut. The
potential noise was obtained by measuring the

open circuit potential of each wire of a WBE -
against an SCE reference electrode using a -

AutoAC and a computer controlled automa-
tic switch device (Autoswitch). The galvanic
current distribution measurement over the
WBE surface was done while concurrently
monitoring potential noise of the electrodes.

An automatic zero resistance ammeter
(AutoZRA, ACM Instruments, England) was
connected in sequence between a chosen
individual wire terminal and all other terminals
shorted together using the Autoswitch to
measure galvanic currents. Corrosion rate
maps measured after different periods of the
exposure were used to calculate total cotrosion
depths over the whole experimental period
since this corrosion rate distribution gives the
instantaneous cotrosion dissolution rate of the
metal at the particular point in time. A
simplified method of corrosion rate calcula-
tion used in this work has been described in
detail [13]. Optical microscopes (Nikon
Epiphot 2000 and Nikon Epiphot 200) were
used to measure pit depth measurement.

3. RESULTS AND DISCUSSION

First Stage Noise Signature before Pitting
The first stage of pitting was characterised by
gradual potential shifting towards negative
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direction. Galvanic current maps were
measured simultaneously with potential
recording for 20 min intervals. It can be seen
that corrosion anodic sites existed at the very
beginning of electrode exposute to the
corrosion environment (Figure 2). The maxi-
mum anodic current density increased
significantly from 0.94 — 2.166 mA/cm?
during 3 h exposure. The continuous shifting
of electrode potential towards negative
direction was obviously not due to increase
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in anodic area, since the anodic area did not
change much during the first 3 h. Legat ez a/.
[14] also observed the same noise signature
after immediate immersion in stainless steel
pitting system. After correlating the potential
noise signature and galvanic current
distribution maps, it was clearly demonstrated
that the passive film on SS316L sutface was
etched with corrosive electrolytes within 20
min and that performed anodic sites at more
active areas.
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Figure 2. Correlation of potential noise signature and galvanic current (mA/cm?) distribution
map obtained from a stainless steel WBE showing the random distribution of anodes and
cathodes after exposure to 6% FeCl, solution for 3 h.
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3.1 Noise Signature from Pit Initiation and
Repassivation

After 6 h exposure, pitting initiation and
repassivation was featured with a characteristic
‘peak’ of rapid potential transient, towards
less negative direction, followed by recovery
(moise signature I) as shown in Figure 3. This
electrode noise pattern has been reported in
carbon steel and stainless steel pitting systems
[2, 6, 8]. However so far there is no evidence
to explain this pattern. In this particular
experiment, it was observed no new anode
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was formed; instead one anode disappeared.
This transition between active and passive
states would be possible only during state
when the mass transport limitation is not
sufficient to form the stable anode. This result
suggests that the origin of noise signature I was
not the conventionally believed passive film
rupture process, but the anode disappearance
process. The disappearance of a major anodic
site lead to decrease in anodic area and thus it
caused a sudden shift of electrode potential
toward less negative direction.

Rapid potential changes towards less negative direction followed by recovery (noise signature /)
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Figure 3. Cotrelation of potential noise signature and galvanic current (mA/cm?) distribution
map obtained from a stainless steel WBE showing disappearance of unstable anode after

exposure to 6% FeCl, solution for 9 h.
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3.2 Noise Signature from Stable Pit massive disappearance of minor anodes
Formation

leading the localized stable major anode in the
galvanic distribution maps. This process has
lead to the formation of a major stable anode
at location of wire no. 35 and two other
smaller anodes in the stainless steel WBE. The
galvanic current of the stable anode was
further increased from 3.05 mA/cm? to 3.418
mA/cm? Sato [15] has related the limit of

The stable pit formation was featured
with the characteristic pattern of rapid
potential transient towards less negative
direction followed by no recovery (noise
signature II). As shown in Figure 4, the noise
signature Il became visible after 87 h of
exposure. It was corresponded with the

Rapid potential changes towards less negative direction followed by no recovery (noise signature If)
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Figure 4. Correlation of potential noise signature and galvanic current (mA/cm?) distribution
map obtained from a stainless steel WBE showing massive disappearance of anodes leading
to stable anode formation after exposure to 6% FeCl, solution for 90 h.
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the stability of dissolution of pits to the
etching-brightening transition, stable pits can
grow as soon as brightening occurs. If his
explanation is true, the noise signature 11 should
be corresponding with the brightening stage
of the stable anode. As expected, the stainless
steel major anode at wire no. 35 became the
stable anode.

3.3 Stabilization of Pitting

The pitting stabilization was featured with
electrode potential fluctuating randomly in a
narrow range. The stabilized and continued
rapid anodic dissolution of major anode was
observed at the location of wire no. 35 of
stainless steel WBE. After 240 h exposure, the
galvanic current was already 11.686 mA/cm?
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3.4 Calculated Corrosion Depth and
Corroded Surface

The stainless steel WBE sample
undergoing pitting was kept in the 6% FeCl,
solution for 240 h. The maps showing pit
depth distribution over the corroded WBE
sutfaces were shown in Figure 5(a), together
with pit depth map in Figure 5(b), was
calculated by accumulating anodic dissolution
over the whole duration of exposure. The
maximum depth was approximately 2000 —
2500 pm. The photograph of the corroded
WBE surface was as shown in Figure 5(c).
There is a good correlation between the maps
and the photograph.

Total Depth Probe038

(b)

Figure 5. (a) Observed pitting corrosion depth map, (b) Calculated pitting corrosion depth
map values (Wm) and (c) the photograph showing a stainless steel WBE surface after exposure

to 6% FeCl3 solution for 240 h.
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4. CONCLUSIONS

The wire beam electrode (WBE) has been
applied for the first time in a novel experimen-
tal set-up to simultaneously measure electrode
potential noise and WBE cutrent distribution
maps for direct comparison and cotrelation
of electrode noise and corrosion behaviour.
Experiments have been carried out using a
stainless steel Type 316LWBE exposed to a
solution containing FeCl,. The noise signature I,
which was observed during initiation and
repassivation stage of pitting corrosion, was
featured with the disappearance of unstable
anodic site in the galvanic cutrent distribution
maps. The noise signature 1I was found to
correspond with the massive disappearance
of anodic sites leading to accelerated major
anodic dissolution. This work suggests that
the WBE method could be used in combina-
tion with the noise signatures to achieve eatly
recognition, detection and prediction of
localized corrosion.
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