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DETECTION OF PITTING CORROSION OF ALUMINIUM ALLOYS BY
ACOUSTIC EMISSION TECHNIQUE

H. IDRISSI, J. DERENNE, H. MAZILLE
Laboratoire de Physico-chimie Industrielle, INSA de Lyon. Villeurbanne, France

ABSTRACT

Aluminum and its alloys are widely used in chemical, aeronautical and food industries. However, in-situ
control of their localized corrosion remains a problem, especially when pitting corrosion is concerned.
In this work, Acoustic Emission (AE) is used as an evaluation method to detect and study the behavior
and development of pitting corrosion on aluminum alloy 2024 T351. Pits are developed by potentiostatic
polarization in a neutral Na2SO4 solution with a precise quantity of Cl- ions (10 to 200 ppm). The
initiation and the propagation steps of the pits were studied versus Cl- concentration through AE
monitoring. It appears that the initiation step of pitting corrosion is not significantly emissive, whereas
the propagation step is characterized by two waveforms: one of impulse type, the other of resonant type.
These two kinds of AE signals are representative of the development of the pits, within which the
evolution of hydrogen bubbles appears to be the emissive phenomenon.
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INTRODUCTION

Acoustic emission (AE) is based on the rapid release of energy within a material generating a transient
elastic wave propagation. Many microscopic deformations such as crack propagation, phase
transformation or fracture processes have been studied with this technique in laboratory and it is now
widely used as a non-destructive evaluation method. However, the first publications dealing with in situ
corrosion monitoring by AE technique only appeared in 1983-84 [1,2], followed by several
investigations conducted by various authors [3,9]. Among them, the exhaustive work of Arora [2],
performed in various well-controlled experimental conditions on aluminum alloys, especially
emphasizes the potential linked to this technique if adapted to the detection and identification of active
corrosion processes such as galvanic corrosion and pitting. For the first time, this author insisted on the
importance of AE parameters and careful analysis of the recorded AE signals. Following studies have
developed this point using computerized AE data acquisition devices and subsequent statistical
processing. Most of them concerned stress corrosion cracking [3,4], but also abrasion (or erosion)
corrosion [5,6] and pitting corrosion [7-9]. However, few have succeeded in confirming the origin and
nature of AE sources in the corresponding corrosion process.

This work deals with the AE characterization and detection of pitting corrosion of one commercial grade
aluminum alloy 2024 T351. Pits are developed by potentiostatic polarization in a neutral Na2SO4

solution at room temperature and with chloride Cl- ions addition (10 to 200 ppm).

The characteristics of AE activity detected during the different steps of pitting corrosion were studied
and correlated to Cl- concentration. Particular attention has been paid to the AE waveform evolution
during pits development and to the influence of the AE parameters of the recorded AE signals.
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EXPERIMENTAL PROCEDURE

AE instrumentation consists of a transducer, a preamplifier and an acquisition device (MISTRAS from
Physical Acoustic Corp.) (Fig. 1). The transducer is resonant R15 type from PAC. It has been selected
because of its high sensitivity in a bandwidth of 100-500 kHz. The acquisition system is completely
computer controlled. The waveforms and the classical AE parameters (events, amplitude, rise time, AE
counts) are stored on a hard disk as soon as detected, and are available for treatment under the form of
ASCII files, as well as the electrochemical parameters.

Fig. 1: Experimental device The chemical composition of aluminum 2024 T351 alloy is given in Table 1.
The specimens are cut from a 2-mm thick rolled sheet. Before each experiment, the exposed surface is
wet ground to 1200 grit silicon carbide paper and polished using 6 µm diamond suspension. The
specimens are rinsed with de-ionized water, then acetone, and finally dried in a stream of cool air, before
being placed in the sample holder.

Table 1: Chemical composition of Al 2024 T351 alloy (wt %)

Elements Al Si Fe Cu Mn Mg Cr Zn Ti
2024 T351 Base 0.06 0.17 4.54 0.63 1.51 0.01 0.08 0.03

All the studies reported here are conducted at room temperature in a neutral Na2SO4 0.5 M solution, with
chloride ions. The experimental operating procedure used to promote pitting corrosion includes a
stabilization step, during which the sample is left at free potential in Na2SO4 0.5 M solution for about 2
hours, followed by the addition of a small amount of Cl- ions (10, 50, 100, or 200 ppm) to the solution.
After each corrosion test, the pitted surface is observed by optical microscopy and SEM. Recorded AE
signals are analyzed statistically using 3D correlation graphs relating two AE parameters and the corres-
ponding number of signals. The signals are studied through waveform records and Fourier transforms.
AE activity is determined with Mistras software graphs of activity versus time.
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Table 2: Characteristic parameters values of population A for alloy 2024 T351 tested in
Na2SO4 0,5M solution with chloride addition less than 50 ppm.

Characteristic parameters Population A
Rise time (µs) 10-15
Duration (µs) <100
Amplitude (dB) 50-55
Signals number <20
Energy (arbitrary units) <40

Fig. 2: Duration-rise time correlation graph for alloy 2024 T351 immersed 10 hours in Na2SO4 0.5M solution containing
50 ppm Cl-, with anodic polarization of 100 mV/ ECorr. Chloride addition to the solution for more than 50 ppm, leads to a

stronger activity.

RESULTS AND DISCUSION

After 10 hours of the immersion in Na2SO4 0,5 M solution with a chloride addition of less than 50 ppm,
either at the free corrosion potential or with an anodic polarisation of 100 mV/Ecor, a very low AE
activity is recorded. The signals are of “impulse” type (very short in rise time and duration) named (A).
3D correlation graph (Fig. 2) enabled us to present this population according to the most discriminating
AE parameters, of which  characteristics are given in Table 2. The characteristics in this table, as well as
in the following tables, are average values of the different parameters calculated from all recorded
signals during the test.

Chronologically, three activity regimes are observed during the test for all Cl- concentrations : low (a),
high (b) and medium (c) (Fig. 3). The activity rate for each regime increases as Cl- concentration
increases.
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Fig. 3: Cumulated signals vs time for alloy 2024 T351 immersed in Na2SO4 0.5M solution containing 150 ppm Cl-, with
anodic polarization of 100 mV/ ECorr.

The analysis of the signals with respect to various acoustic parameters gave two populations of signals,
one also of impulse type named (B) and one of resonant type named (C) (Fig. 4). The characteristics of
these populations are available in Table 3. Population (B) presents the same waveform as the population
quoted (A) detected previously in solution with chloride addition less than 50 ppm but with a slightly
higher amplitude, rise time and duration. Population (C) appears mainly in the middle and at the end of
the test. The signals of this population differ essentially from previous ones by their duration and rise
time (Fig. 5). Since for population (B), signals duration and rise time were shorter than (C), but with a
higher amplitude, population (B) is referred to as a population of impulse type, whereas (C) is referred to
as a population of  resonant type (i.e., it has more long-lasting echoes).

Table 3: Values of the characteristic parameters of populations A, B and C for alloy
2024 T351 tested in Na2SO4 0,5M solution, with 100 ppm Cl- addition.

Characteristic parameters Population B Population C

Rise time (µs) <50 <300

Duration (µs) <200 <800

Amplitude (dB) <60 <50

Number of signals <45 <50

Energy (a.u) <40 <40
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Fig. 4:Waveform of impulsional (B) and resonant type (C).

Fig. 5: Signals vs time and duration correlation graph for alloy 2024 T351 immersed in Na2SO4 0.5M
solution containing 100 ppm Cl-, with anodic polarization of 100 mV/ ECorr. (B): Population of impulse type

signals, (C) : population of resonant type signals.
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SEM observation, after one hours in these test conditions, shows the presence of a layer of corrosion
products and several corrosion craters around the precipitates. This indicates the formation of micro cells
for which aluminum matrix is anodic site. Cathodic sites are constituted by the alloy cathodic elements :
Fe, Mn, Cu, etc. or by the corresponding intermetallic compounds (Fig. 6). Thus small open pits are
observed on this alloy surface.  When Cl- concentration is more than 100 ppm, the pits are more
numerous, but non-occluded. In a 150 ppm Cl- solution, larger pits appear surrounded by several small
pits (Fig. 7). The same tendency is observed for a 200 ppm Cl- solution.

Fig. 6: Scanning electron micrograph of the surface of aluminum alloy 2024 T351 immersed 10 hours in Na2SO4 0.5M
solution containing 50 ppm Cl-, with anodic polarization of 100 mV/ ECorr .

Figure 7 : Scanning electron micrograph of pitting corrosion of aluminum alloy 2024 T351 tested in Na2SO4 0,5M
solution containing 100 ppm Cl-, with anodic polarization of 100 mV/ ECorr .

Anodic polarization and chloride additions facilitate local depassivation of this alloy, particularly on the
precipitates present on the surface. This local depassivation leads to the creation of micro-cells, which can
promote the germination of micro-pits.  Energy developed  during this step of germination is probably too
weak to be an emissive source.  Under these conditions AE does not allow to highlight the initiation step
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of this pitting phenomenon. On the other hand, when the pit is initiated, the reactivity of its surface
increases involving the release of hydrogen micro-bubbles (Fig. 8a) which result from the reduction of
protons H3Ó

+. This phenomenon of gas bubbles release constitutes a potentially detectable source of
energy by AE as we already observed during tests carried on cathodically polarized on steel in acifidied
solution.

The evolution of these hydrogen bubbles leads to two types of signal populations: an impulse type and a
resonant type. The impulse type is attributed to the micro-bubbles coalescence and bursting whereas the
resonant type can be linked to localized evolution of the hydrogen macro-bubbles at the pit surface (Fig.
8b) or to simultaneous detachment of a significant number of micro-bubbles or, even, to their friction
along the pit walls. Emergence of resonant type population increases with Cl- concentration. SEM
observations show also that these waveforms can be linked to pit morphology. For instance, when the
population of impulse signals is predominant, a majority of small, non-occluded pits is observed and the
release of the hydrogen micro-bubbles is weak. On the other hand when the pits are larger or the release
of hydrogen bubbles is high the proportion of resonant type signals increases

This analysis also clearly links the impulse signal type to the critical step of the pits when their initiation
is sufficiently advanced. Other physical phenomena, such as the crystallization of corrosion products
and/or stress releases may also generate such signals.

Fig. 8: Phenomenon of coalescence and release of the hydrogen bubbles during the pitting corrosion of alloy 2024 in a
Na2SO4  0,5M solution containing 100 ppm Cl-, with anodic polarization of 100 mV/ ECorr.

CONCLUSION

Three important points come out of the present study:
•  The initial step of pits germination does not constitute a emissive source detectable by

acoustic emission.
•  The liberated energy during the gaseous release of micro or macro-bubbles from a metal

surface is an emissive source detectable by acoustic emission.
•  The phenomenon of aluminum alloys pitting is immediately detectable by acoustic emission

as soon as the first hydrogen micro-bubbles are formed due to H3O
+ reduction.

•  The hydrogen bubbles release from the bottom of the pits generates two signals types : one of
impulse type and the other of resonant type.
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