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Abstract

In this study, we investigated the effect of aluminum content and precipitation on the corrosion behavior of the
AZ31 and AZ80 magnesium alloys. The investigated alloys were received in the as-extruded condition in order
to retain comparable grain size and texture. First, solid solution treatment was performed on the samples of
both alloys. Subsequently, the samples were isothermally aged at 200 °C for 20 hours. The scanning electron
microscopy was used to study the grain size and microstructure. The corrosion properties of samples were
studied by potentiodynamic polarization measurements and the AE signal was concurrently recorded. Solution
treated AZ80 and AZ31 samples exhibited similar behavior. The aged AZ80 sample showed lower corrosion
rate. Also, a strong breakdown appeared in the later (compared to other samples) stage of the potentiodynamic
test. The breakdown was found to be easily recognized by AE parameters.
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1. INTRODUCTION

Magnesium alloys are well known for their unique mechanical properties such as low density and high specific
strength. For example, they are commonly used in the automotive industry in order to reduce weight of
components [1]. On the other hand, their application is significantly limited due to low corrosion resistance
[2,3]. The most commercially used magnesium alloys are of type AZ (Mg-Al-Zn), typically AZ31, AZ61, AZ80
and AZ91. These alloys exhibit good strength, good castability and relatively good corrosion resistance [3-5].
Nevertheless, magnesium is usually very susceptible to galvanic corrosion, which often occurs in these alloys
[6]. More noble B-phase, Al12Mg17, typically acts as a cathode and increases corrosion rate. On the other hand,
it was found that B-phase may also act as a barrier against corrosion propagation [7,8]. Therefore, the
microgalvanic corrosion and, consequently, the corrosion resistance of the alloy strongly depends on the size
and distribution of the B-phase [9,10].

Corrosion behavior is usually studied by the standard electrochemical tests, e.g. potentiodynamic polarization
(PD) test. However, PD test does not provide comprehensive information about the underlying corrosion
process. It was shown that analysis of the acoustic emission (AE) signal, which can be recorded in-situ during
the PD test, can provide additional information regarding corrosion process. This method was found to be very
sensitive to the rupture of the protective film and pitting corrosion (see Ref. [11] and references therein).

In this paper, the AE analysis was used to study corrosion behavior during the PD test on two AZ-type
magnesium alloys with different content of aluminum and different distribution of precipitates.

2, MATERIAL AND EXPERIMENTAL METHODS

Two commercial magnesium alloys AZ31 and AZ80 were supplied in the form of extruded rods. Their chemical
composition is listed in Table 1. The as-extruded condition was selected in order to suppress possible effect
of different grain size and texture on the corrosion behavior. Microstructure investigation revealed that 8-
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Al11Mg17 secondary phase particles were present in both as-received materials. Therefore, the first step was
the solid solution treatment. Annealing was performed for 1 hour at 430 °C with subsequent quenching into
water, according to Ref. [12]. Afterwards, samples from both alloys were aged at 200 °C for 20 hours.
Hereafter, the samples are denoted as AZ31-ST and AZ80-ST, representing the solid solution treated samples
and AZ31-An and AZ80-An, representing the artificially aged (annealed) samples.

Table 1 Chemical composition of magnesium alloys

Content of alloying elements in wt. %
Alloy
Al Zn Mn
AZ31 3.0 1.0 0.3
AZ80 8.5 0.5 0.12

Microstructure of the aged samples, particularly distribution of the B-phase, was investigated by the scanning
electron microscope (SEM) ZEISS Auriga Compact. Samples for SEM were mechanically polished down to
1 um and subsequently electropolished using Struers Lectropol and Struers AC2 solution.

Corrosion tests were performed using a standard three-electrode setup. In addition, the AE response was
concurrently recorded. A specially designed corrosion cell was used, see the schematic diagram in Figure 1
and detailed description in [11]. Surface area of samples exposed to corrosion agent was 0.5 cm?.
Potentiodynamic polarization tests were performed from -0.15 to 0.2 V (with respect to the open circuit
potential, step 0.001 V-s-') after 1 hour of stabilization at the room temperature. The 3.5% NaCl solution (of
pH 7) prepared using deionized water was used as the corrosion medium. Before each test, the sample was
ground using FEPA P1200 sandpaper, rinsed with ethanol and dried with compressed CO-. At least three tests
were performed for each sample.

The AE signal was collected using a computer-controlled acquisition board Physical Acoustics Corporation
(PAC) PCI-2. Piezoelectric AE sensor (PAC Micro30S) was attached to the sample with a screw. Good
acoustic contact between the sensor and the sample was facilitated using the Apiezon vacuum grease. The
signal was preamplified (PAC 2/4/6 preamplifier, gain of 60 dB) and recorded at a sampling rate of 2 MHz. The
threshold was set to 23 dB, i.e., slightly above the noise level. The AE events and their parameters, such as
amplitude and cumulative counts, were extracted using standard threshold-based event individualization.
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1 - Corrosion cell 7 - AE sensor
2 - Working electrode (sample) 8 - AE preamplifier
3 - Counter electrode 9 - AE acquisition board
4 - Reference electrode 10 - AE acquisition PC
5 - Potentiostat 11 - Magnetic stirrer

6 - Potentiostat acquisition PC

Figure 1 Experimental set-up for the PD tests with concurrent AE recording [11]
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3. RESULTS AND DISCUSSION

3.1. Microstructure

The solid solution treatment at 450 °C was found to be effective in dissolving the B-phase. The SEM
observation did not reveal any residual particles, regardless of a relatively short annealing time. It was shown
that much longer annealing should be typically used for a cast material, where large particles are present
[10,13]. Subsequent aging at 200 °C resulted in homogenous formation of fine Al12Mg+7 precipitates in the
AZ31 alloy, whereas simultaneous occurrence of continuous and discontinuous precipitation was observed in
the AZ80-An sample [13]. Consequently, a significant difference in the secondary phase distribution occurred
after the aging, as depicted in Figure 2.

Figure 2 SEM micrographs (BSE signal) of the investigated samples after solution treatment and aging
a), b) AZ31 and c), d) AZ80

3.2. Corrosion tests

The polarization curves of all four samples are presented in Figure 3. Corresponding values of the corrosion
potential Ecor and corrosion current density icor were evaluated by Tafel analysis and the results are listed in
Table 2. The data show that there is a negligible difference in the corrosion current density and corrosion
potential between the two investigated alloys in the ST condition. Moreover, aging of the AZ31 alloy did not
significantly affect these values. On the other hand, in case of the AZ80 alloy, aging lead to a significant
decrease of corrosion current density and a slight shift of corrosion potential to more noble values. The
improvement of the corrosion resistance could be associated with the formation of protective layer and
passivation during stabilization. The break-down potential was observed at -1.4 V vs. SCE.
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Figure 3 Polarization curves of the investigated samples

Table 2 Corrosion potentials and current densities

Sample AZ31-ST AZ31-An AZ80-ST AZ80-An
Ecor (V) -1.49 -1.50 -1.48 -1.46
icor (A-cm?) 1.7-10°% 3.2.10° 2.4-10° 7.8-107

The AE event parameters evaluated from the raw AE signal recorded during corrosion tests are shown in
Figure 4. Analogous to the polarization curves, evolution of the AE parameters as a function of time
(polarization) was comparable for both alloys in the ST condition and the AZ31-An sample. Prior to reaching
the corrosion potential, the AE signals were discrete and intermittent, as reflected by a marginal increase of
cumulative counts while the signal amplitudes were rather high. This behavior is related to the cathodic
overpotential, which is relatively high in the beginning of the test and decreases towards E.... Therefore, due
to the decreasing tendency of Hz formation, less bubbles are being formed, but variation in their size increases.
Consequently, as depicted in Figure 4, variation in amplitudes increases towards E.,. Significant increase of
the corrosion current density right from the beginning of the anodic part of the PD scan, together with a
significant increase of both AE parameters, indicate that all three samples (AZ31-ST, AZ80-ST, AZ31- An) are
not protected by a protective layer despite 1 hour of stabilization. As was shown in the previous study, a rapid
increase in the AE amplitudes and counts can be associated with active corrosion process [11]. Pitting
corrosion, which is often observed in this class of magnesium alloys, initiates and increases its intensity with
rising anodic overpotential. Consequently, both AE parameters, namely amplitude and cumulative counts
increase accordingly [11]. On the other hand, the AZ80-An sample exhibited different corrosion development.
The breakdown potential was shifted to a more positive value (-1.40 V vs. SCE). This breakdown clearly
recognized also from the PD polarization curve was accompanied by a sharp increase of continuous AE
activity. It is worth noting that in this sample the AE activity practically diminished before the breakdown
potential. All these observations, therefore, bear evidence that passivation of the AZ80-An sample was much
more pronounced compared with the other three samples. These results are in agreement with other studies,
where formation of finely distributed B-phase precipices was found to have a positive effect on the stability of
the protective layer, especially within the first hours of immersion [10,14].
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Figure 4 Acoustic emission data collected during the PD polarization test on
a) AZ31-ST, b) AZ31-An, c) AZ80-ST, and d) AZ80-An samples

4, CONCLUSION

The PD polarization tests and concurrent AE recording were used to monitor the corrosion behavior of AZ31
and AZ80 magnesium alloy samples in two conditions: (i) solution treated samples and (ii) solution treated and
artificially aged (200 °C, 1 hour) samples. The solution treated AZ31, aged AZ31, and solution treated AZ80
samples showed similar response in terms of the electrochemical tests and also the AE parameters. On the
other hand, the aged AZ80 sample exhibited different behavior. The distinction could be clearly seen in the
corrosion rate (lowered by annealing) and the shape of the corrosion curve, as a strong breakdown could be
recognized only it the later stage of the PD test, reflecting significant surface passivation during the test. On
the other hand, the breakdown in the other samples took place already around the corrosion potential. The
breakdown is related to the activation of stable pitting corrosion and was also recognized by AE by means of
the occurrence of strong continuous signals in all the samples.
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