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Abstract

In this study, a systematic investigation on the effect of both aging temperature (250 °C and 330 °C) and time (chosen based
on aging curves) on the distribution and volume fraction of the Mg,,Al,, precipitates and subsequently on the corrosion
behavior of the AZ80 magnesium alloy was carried out by conducting both immersion and dynamic polarization test in a
freely aerated 3.5% NaCl solution. The analysis of corrosion products using Raman spectroscopy and X-ray diffraction and
investigation of corrosion morphologies using scanning electron microscopy suggested galvanic corrosion of the anodic
a-Mg matrix in contact with the cathodic Mg,,Al,, precipitates. The higher corrosion resistance of the alloy aged at lower
temperature (250 °C) was attributed to the higher number density of the Mg,,Al,, precipitates than that at higher tempera-
ture (330 °C). In the peak aged condition, the average number densities of precipitates (1/um?) were measured to be ~0.74
and ~0.32 and average corrosion rates (mm/y) were measured to be ~ 3.0 and ~5.0 at the aging temperatures of 250 °C
and 330 °C, respectively. At a particular aging temperature, the corrosion resistance increased to a maximum at peak-aged
condition followed by a decline in the over-aged condition and further increase with prolong aging, which was correlated

with the number density, size and distribution of the Mg,,Al,, precipitates.
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1 Introduction

Magnesium alloys have the potential to be used in automo-
bile, aerospace, and electronic sectors because of their excel-
lent properties, such as castability, high specific strength,
and good damping ability [1]. However, lack of the room
temperature ductility and high susceptibility to corrosion
limit their applicability [2]. Among various magnesium
alloys, the AZ series (magnesium—aluminum-zinc) alloys,
in particular, the AZ80, have gained interest over the years.
As the solubility of aluminum in the AZ series magnesium
alloys decreases with the decrease in temperature, they can
be precipitation hardened by performing high temperature
aging [3-5]. The microstructure of an aged magnesium alloy
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consists of a-Mg matrix and Mg,,Al,, precipitates. The dis-
tribution and volume fraction of the precipitate depend upon
the aging temperature and time [4, 5].

The Mg,Al,, precipitates have been reported to affect
the corrosion behavior of the AZ series magnesium alloys
[6-9]. For instance, Song et al. [6] observed the presence
of Mg,,Al,, precipitates during aging increases the corro-
sion resistance as compared to the as-cast AZ91 magnesium
alloy. Fukuzaki et al. [7] also indicated that the Mg,,Al,,
precipitates act as barrier and decrease the corrosion resist-
ance of AZ91 alloy after aging. Further, the work of Song
et al. [8] discussed the dual role of the Mg,;Al,, precipitates
on the corrosion response and observed that the corrosion
rate of the as-cast AZ91D magnesium alloy first decreases
followed by an increase with the aging time at a constant
temperature of 160 °C. Raman et al. [9] observed a decrease
in the corrosion resistance of AZ91 alloy with increase in
aging time at aging temperature of 200 °C and attributed
this behavior to the increase in the ratio of the Mg,,;Al,,
phase to the a-Mg phase. Zhao et al. [10] investigated the
role of different morphologies of the Mg,,Al,, phase on the
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Table 1 Chemice}l composition Elements Al Mn Si Fe Me

of AZ80 magnesium alloy

measured by OES wt% 9.1 0.45 0.15 0.025 0.007 Remaining

corrosion behavior of the AZ91 alloy. Li et al. [11] have
compared the corrosion behavior of the as-cast, peak-aged
and homogenized AZ63 magnesium alloys, where the T4
condition possesses the lowest corrosion resistance. Among
the as-cast, solutionized and aged AZ61 alloys, Dai et al.
[12] observed that the corrosion resistance of solutionized
AZ61 was the lowest at the same impurity level (Fe content)
and attributed this to be due to the dissolution of Mg;,Al,,
precipitates.

Only a handful of studies [13, 14] have reported the
effect of Mg,,Al,, precipitates on the corrosion behavior
of the AZ80 magnesium alloy. Liao et al. [13] have studied
the effect of aging time at 170 °C on the corrosion behav-
ior of the as-forged AZ80 magnesium alloy. A decrease
in the corrosion rate at the initial stage of aging followed
by an increase in the corrosion rates at the later stage was
observed. In another study by Zeng et al. [14], the effect of
TS5 treatment (177 °C for 16 h) on the corrosion behavior of
an extruded AZ80 alloy has been investigated, where the
network of the Mg,,Al,, phase along the grain boundaries
has been attributed to the observed pitting and intergranular
corrosion (IGC).

The above findings suggest that the Mg;,Al,, phase has
a critical role in determining the corrosion behavior, and
any change in the distribution of this phase would result in
a dramatic change in the corrosion resistance of the mag-
nesium alloys. Although studies have been conducted to
understand the effect of the Mg;,Al,, precipitates on the
corrosion behavior of aged magnesium alloys [13, 14], most
of them have been performed at lower aging temperatures
(<200 °C). Further, a systematic investigation on the effect
of both aging temperature and time on the microstructure
and subsequently on the corrosion response has not been
carried out, and hence it needs attention. This is important
as the distribution and volume fraction of the Mg,,Al,, pre-
cipitates depend on both the aging temperature and time.

Hence, in this work, the effect of higher aging tempera-
tures (250 °C and 330 °C) and durations (chosen based on
the aging curve) on the microstructure, and subsequently
the effect of microstructure on the corrosion behavior of a
AZ380 magnesium alloy have been investigated by conduct-
ing immersion and dynamic polarization test in a freely aer-
ated 3.5% NaCl solution.

Table 2 Selected aging temperatures and durations for the evaluation
of corrosion behavior of the AZ80 alloy

Aging temp./time 250 °C 330 °C
4h Under-aged Under-aged
8h NA Peak-aged
16 h Peak-aged Over-aged
30h Over-aged Over-aged
48 h Highly over-aged Highly over-aged
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Fig.1 Aging curve of the AZ80 magnesium alloy at 250 °C and
330 °C [5]

2 Experimental Methods
2.1 Initial Alloy and Heat-Treatment

As-cast AZ80 magnesium alloy was used as a starting
material. The nominal chemical composition of the alloy,
measured by optical emission spectroscopy (OES), is pro-
vided in Table 1. These as-cast samples were first solution-
ized at 390 °C for 24 h, then quenched in water and finally
aged at 250 °C and 330 °C for different durations, as listed
in Table 2. The aging temperatures and durations were
chosen to cover all the aging conditions at a particular
temperature, i.e., under-aged, peak-aged and over-aged.
The aging curves of the AZ80 alloy at 250 °C and 330 °C,
obtained in our previous study, are shown in Fig. 1 [5].
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2.2 Microstructural Characterization

For microstructural characterization using a scanning elec-
tron microscope (SEM, Carl Zeiss EVO 50), samples were
first polished till 0.05 um alumina solution. At every polish-
ing step, ethanol was used instead of water to avoid corro-
sion of the samples while polishing. Finally, these polished
samples were ultrasonically cleaned in ethanol solution for
7-8 min followed by etching in a 10% Nital solution.

2.3 Corrosion Tests

To perform the immersion and potentiodynamic polarization
tests, samples (15 mm X 15 mm X 5 mm) were cut from the
ingot using wire electric discharge machining (EDM) and
polished using the procedure mentioned above.

2.3.1 Immersion Test

Except for one polished surface, all other surfaces of the
samples were first covered with the paint (lacquer) and then
with the Teflon tape. The samples were then completely
immersed into a freely aerated 3.5% NaCl solution for 7 days
with the help of wires, which were also covered with the
paint and the Teflon tape to avoid the formation of a galvanic
couple between the sample and wire. For each condition, at
least three samples were exposed to check the repeatability.
After exposure, samples were immersed in chromate acid
(200 g/L CrO5;+ 10 g/L AgNO;) [13] at room temperature
for ~7-8 min to remove the corrosion products. The sam-
ples were then cleaned with tap water, dried with blower
and weighted to measure the weight loss. Corrosion rates
were calculated from the measured weight loss by using the
formula provided in ASTM G1-03 [15]:

AW
AXpXt)
where, A is the exposed area in cm?, AW is the weight loss

in g, p is the density of each alloy in g/cm?, and ¢ is the
immersion time in /.

Corrosion rate(mm/y) = x 8.76 x 10* (1)

2.3.2 Electrochemical Test

Potentiodynamic polarization tests were conducted by using
PARSTAT 2263 Model potentiostat (Princeton Applied
Research, USA) as per the ASTM standard (G3-14) in a
freely aerated 3.5% NaCl solution [16]. The samples were
polished using the same procedure till the final polishing
of 0.05 um alumina followed by cleaning in an ultrasonica-
tor for 10 min followed by air drying. The NaCl solution
was kept in an electrochemical cell consisting of a standard
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three electrode system. The saturated calomel electrode
and a platinum mesh were used as the reference electrode
and counter electrode, respectively. An area of 1 cm? of the
sample was exposed to the solution in a standard flat bot-
tom cell. Polarization tests were performed at a scan rate of
0.5 mV/s in cathodic and anodic ranges of OCP —250 mV
and OCP + 1000 mV, respectively. For each condition, at
least three tests were conducted to check the repeatability.
The corrosion rate was calculated according to the following
formula [17]:

i
Corrosion rate(mm/y) = 3.27 x 107> x =% x EW )
p

where, EW and p are the equivalent weight (g) and density
of the alloy (g/cm?), respectively. i, is the current den-
sity (uA/cm?) which is measured using Tafel extrapolation
method [16].

2.4 Post Corrosion Characterization

To understand the corrosion mechanism, both the cross-sec-
tion and top surface of the corroded samples were observed
using a scanning electron microscope (Carl Zeiss EVO 50).
Corrosion products were investigated using X-ray diffraction
(XRD) followed by Raman spectroscopy after immersion
tests. XRD (Panalytical XPert) was carried out using a Cu
(Kor) radiation at a scan rate of 2°/minute in the range of
10°-90°. The Raman spectroscopy (LabRam HR800) was
conducted at a range of 200-2700 cm™".

3 Results and Discussion

The backscattered electron (BSE) images of the cast and the
solutionized AZ80 alloy are shown in Fig. 2a and b, respec-
tively. The as-cast microstructure contains a-Mg (matrix)
and two second phase particles, which are eutectic Mg;,Al,,
and AlgMnj; particles shown by arrows. Due to the difference
in the contrast, both the second phase particles are clearly
visible in the BSE image (Fig. 2a). The white particles are
AlgMn;s type, while the gray particles are the Mg;,Al,, type.
The compositions of these particles are provided in Table 3.
The compositions of the second phase particles were meas-
ured by EDS (energy dispersive spectroscopy) using the
procedure mentioned in [18, 19]. These particles have also
been reported in the previous studies [18, 20, 21]. Further,
itis evident from Fig. 2b that the Mg,,Al,, eutectic precipi-
tates dissolved during solution heat treatment, whereas, the
AlgMnj; particles were still present. This could be attributed
to the fact that AlgMn; particles do not dissolve into the
matrix and are stable at the solutionization temperature as
used here [22, 23].
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Fig.2 BSE images of a as-cast and b solutionized at 390 °C for 24 h
AZ80 magnesium alloy

Figure 3 shows a typical representative microstructure of
the AZ80 magnesium alloy after aging treatment (250 °C,
4 h), where the Mg,,Al,, particles formed due to precipita-
tion from the supersaturated matrix can be observed. Figure 3
also indicates different microstructural features formed due
to aging, namely continuous and discontinuous precipitates;
grain boundary precipitates; and precipitates free zone (PFZs).
Depending on the way these precipitates form, they can be
predominately divided into two categories: continuous and
discontinuous [24]. Discontinuous precipitates are formed
from the grain boundaries, as shown by the arrows in Fig. 3.
It has been shown in the previous studies that discontinuous
precipitation is favored over continuous precipitation when the
grain boundary diffusion is dominant, whereas the continuous
precipitation is favored when volume diffusion is dominant
[25]. Further, the formation of discontinuous and continuous

precipitates has been found to be preferred at lower and higher
aging temperatures, respectively [25, 26]. At the intermediate
temperatures, both discontinuous and continuous precipitates
are formed. Figure 3 also shows grain boundary precipitates
and precipitate free zones (PFZs). As the precipitation process
is related to diffusion, the size, distribution and volume frac-
tion of the Mg;,Al,, precipitates depend upon both the aging
temperature and time. On the basis of general observations in
Fig. 3, detailed analysis of the microstructure of the alloy at
two different aging temperatures with varying durations has
been carried out.

Figure 4a—d and e—i show the microstructures of the alloy
after aging treatment at 250 °C and 330 °C for different dura-
tions as mentioned in Table 1, respectively. Qualitatively,
as temperature increases from 250 to 330 °C, the size of the
precipitates inside the grains as well as the distance between
the neighboring precipitates appear to increase. It suggests
that the number density of the precipitates (number per unit
area) decreases with increase in temperature. Furthermore,
the extent of discontinuous precipitation decreases as the
temperature is raised from 250 to 330 °C. For the case of
sample aged at 250 °C-4 h (Fig. 4a), the microstructure con-
tains both the discontinuous lamellar Mg,;Al,, precipitates
along with the continuous precipitates. However, at higher
temperature (330 °C), the precipitation nature is predomi-
nantly continuous. The size of the PFZ and grain boundary
precipitates also tend to increase with an increase in both
the aging temperature and time. A similar trend for the grain
boundary precipitates and PFZ has been observed in the pre-
vious study on the same alloy [5].

Figure 5 shows the variation of number density of the
precipitates inside the grains with aging conditions. At least
one thousand precipitates were taken into consideration to
obtain the number densities. The number density of the pre-
cipitates increases with the aging time at 250 °C and reaches
to a maximum at 16 h (Fig. 4b), which also corresponds to
the peak-aged condition at 250 °C. After 16 h of aging, the
number density of precipitates decreases and then remains
almost constant even at highly overaged condition. A similar
trend was observed at 330 °C, where the precipitate density
first reaches to a maximum at 8 h followed by a decrease in
over-aged condition and finally remains almost constant with
the prolong aging. It should be noted that the highest number
density of the precipitates is associated with the peak-aged
condition for both the aging temperatures.

The corrosion rates, calculated from the measured weight
loss during immersion tests, at different aging temperatures

Table 3 Compositions (at%) of

El t M Al 7 M F
the second phase particles in ements g n n e
as-cast AZ80 magnesium alloy  White particles - 59.16+087 - 39224130 051045
Gray particles 60.19+£0.51 38.69+0.52 01.8+0.03 - -
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Fig.3 SEM micrograph of an
aged alloy (250 °C, 4 h) illus-
trating the typical distribution of
precipitates post aging
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and durations, are shown in Fig. 6. For comparison, the cor-
rosion rate data for the solutionized condition has also been
included. It can be observed that all the aged conditions are
better corrosion resistant than the solutionized condition.
The alloys aged at 250 °C were found to be more corrosion
resistant than the alloys aged at 330 °C. At both the aging
temperatures, the corrosion rate first decreases with aging
time followed by an increase in the over-aged condition.
However, the prolong aging (highly over-aged) results in
further decrease in corrosion rate. The maximum corrosion
resistance in both aging temperatures corresponds to the
peak-aged conditions. A similar trend of decreasing corro-
sion rate with an increase in the aging time during initial
aging, at lower aging temperatures, has also been observed
in the as-cast AZ91 [6] and as-forged AZ80 magnesium
alloys [13]. However, in both the studies the corrosion rates
continue to increase with extended aging time as opposed
to the observed decrease in the corrosion rates at the later
stage of aging (highly over-aged) in the present study. The
observed trends in the corrosion resistance of the alloy can
be attributed to the distribution of Mg,;Al,, and aluminum
content in the matrix, which will be discussed in the later
section.

Electrochemical tests were conducted only on the
peak-aged and the over-aged conditions, i.e., 250 °C-16 h,
250 °C-30 h, 330 °C-8 h and 330 °C-30 h. Figure 7a shows
the polarization curves for these aging conditions. At both
the aging temperatures, the curves moved toward more
negative potential and to the right with an increase in aging
time, indicating peak-aged conditions to be more corrosion
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resistant than the over-aged conditions. Similarly, with an
increase in aging temperature from 250 to 330 °C at a con-
stant aging time of 30 h, the curve moves towards the right
indicating that increasing the aging temperature leads to the
decrease in the corrosion resistance. The corrosion rates for
both the peak-aged and the over-aged conditions, at both
the temperatures, have been shown in Fig. 7b. These results
corroborate with the results obtained from the immersion
tests and confirm that the peak-aged conditions exhibit the
highest corrosion resistance.

In chloride solution, the Mg;;Al,, phase has been
observed to be cathodic with respect to the matrix [18].
According to Song et al. [6, 8], the corrosion resistance of
magnesium alloys depends upon the distribution and volume
fraction of Mg,;Al,, phases in the alloy. If the volume frac-
tion of Mg,,Al,, phases is low and their network is disrupted
(not continuous) then the Mg;,Al,, acts as a local galvanic
couple and the corrosion resistance decreases. However,
if the volume fraction is high then these phases will form
a continuous network, acting as a barrier, resulting in the
increase in the corrosion resistance of the alloy. In this study,
after aging, the volume fraction of the Mg,,Al,, phase is
in the higher regime and they form continuous networks
(Fig. 4), as opposed to the as-cast microstructure where
the volume fraction of the Mg,,Al,, is in the lower regime.
Therefore, the Mg,,Al,, phase in the aged conditions is
expected to increase the overall corrosion resistance of the
alloy in contrast to the observed decrease in the corrosion
resistance of the as-cast alloy from the solutionized condi-
tion, as reported in our previous study [18]. Furthermore,
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Fig.4 SEM images of the
AZ80 alloy after aging. a—d are
at250°Cfor4h, 16 h, 30 h,

48 h, respectively and e-i are at
330°Cfor4h,8h,16h,30h,
48 h, respectively
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Fig.6 Corrosion rates at different aging temperatures and times from
immersion tests. For comparison, solutionized condition has also
been included

apart from the microstructural changes (Fig. 4), the alu-
minum concentration in the a-Mg also changes with the
aging time. The precipitation of the Mg,;Al,, results in the
decrease in aluminum concentration in the matrix and this
could lead to the manifestation of decrease in the corro-
sion resistance of the matrix. In summary, two competitive
mechanisms would determine the corrosion resistance of the
AZ80 magnesium alloy in the aged conditions: (a) increase
in the corrosion resistance of the alloy due to the forma-
tion of a continuous network of Mg, ,Al,, precipitates, and
(b) decrease in the corrosion resistance due to decrease in
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of precipitates. These two competing mechanisms will also
be influenced by the inherent galvanic coupling between the
precipitate and the matrix with depleted Al as well as the
morphology, size and number density of the precipitates in
the matrix as well as along the grain boundary.

Figure 8a, b and c, d show the SEM images of the top
surfaces of the 250 °C-48 h and 330 °C-15 h, respectively,
after corrosion. Figure 8e, f shows the SEM image of the
cross-section of the 250 °C, 15 h. Figure 8b, d, and f are
the magnified versions of the selected areas (red rectangles)
in Fig. 8a, c, and e, respectively. It is to be noted that the
corroded samples have been cleaned before taking these
images. All these images clearly reveal the dissolution of
the a-Mg matrix leaving behind the Mg,,Al,, precipitates
(shown by arrows) due to the formation of local galvanic
couples and micro-galvanic effect. Furthermore, this also
suggests that the corrosion proceeds with the dissolution of
the matrix between precipitates and would inhibit as soon as
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Fig.8 SEM images of aged alloy after corrosion: top surfaces a, b 250 °C, 48 h, ¢, d 330 °C, 16 h and cross-section e, £ 250 °C, 16 h

more corrosion resistant Mg,;Al,, precipitates would come
in contact with the corrosion front, the probability of which
is higher when the network is highly continuous, i.e., when
the number density of precipitates is high. This is clearly vis-
ible in Fig. 8e, where the corrosion has slowed down when
it approaches the area of high density of precipitates (a con-
tinuous network inside red rectangle) as opposed to the other
area of the sample, where the precipitate density is lower.

The increase in number density with the aging time is clearly
visible for both the temperatures in Fig. 5 till the peak aging.
Interestingly, with the increase in number density, the cor-
rosion rate has also decreased suggesting the cohesiveness
with the mechanism as stated here.

The observed increase in the corrosion resistance in the
aged conditions at both 250 °C and 330 °C (Fig. 6) com-
pared to the solutionized condition is attributed to the

@ Springer



3290

Metals and Materials International (2021) 27:3282-3292

presence of high number density and continuous Mg,,Al,,
precipitates in the aged conditions. Also, the higher number
density of the Mg,,Al,, precipitates in 250 °C aged alloy
than in 330 °C aged results in the observed higher corrosion
resistance of the samples aged at 250 °C. In both the cases,
the presence of large number density of cathodic precipitates
appears to dominate over the negative effect of the matrix
with the depleted aluminum towards corrosion. It is inter-
esting to note that the trend of corrosion rates (Fig. 6) at a
particular temperature also follows the observed trend for the
precipitate density (Fig. 5). The observed lowest corrosion
rates in the peak-aged conditions at both the aging tempera-
tures have resulted from the highest number densities of the
Mg,,Al,, precipitates.

The increase in the corrosion rates in the slightly over-
aged condition can be attributed to the decrease in the num-
ber density of the precipitates, resulting in an increase in
the distance between precipitates and therefore reducing the
extent of continuity. Further decrease in the corrosion rates
with the increase in the aging time (over-aged and highly
over-aged conditions) can be attributed to the change in
morphology of the grain boundary precipitates, since there
is negligible change in the number density of the precipi-
tates. It can be noted that the grain boundary precipitates
in the under-aged as well as the peak-aged conditions are
nearly continuous with narrow breaks (Fig. 5a, b, e, f). How-
ever, once the samples have been over-aged, the network of
precipitates along the grain boundary breaks down heavily
for aging temperature of 250 °C (Fig. 5c and d as well as
Fig. 5g, h and i) for aging temperature of 330 °C. The extent
of this breakdown increases with prolong aging. Even peak
aging shows a signature of breaking of continuous network
of the grain boundary precipitates (Fig. 5b and f) to a slight
extent. However, highly over-aged conditions (Fig. 5d and
1) at two different aging temperatures show globularization
and growth of the grain boundary precipitates. This prob-
ably would allow the grain boundary to face the lesser effect
of precipitate free zones in the highly overaged conditions,
since the grain boundary precipitates are not continuous
as compared to the samples with slightly over-aged con-
ditions. The just overaged condition lies in between the
competing factors for the corrosion in the alloy, where the
precipitates are losing the continuous features as well as the
area of the matrix with depleted Al increases. However, at
highly over-aged condition, the effect of globularization
of the grain boundary precipitates comes into picture and
slight improvement in the corrosion resistance is observed.
It should be noted that the AlgMn; particles have also been
reported to affect the corrosion behavior of the alloy [18].
However, their volume fraction and morphologies are not
affected at the aging temperatures, i.e., 250 °C and 330 °C.
Therefore, the observed changes in the corrosion behavior
of the alloy in this study can only be due to the changes
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in the morphologies and volume fraction of the Mg;,Al,,
precipitates.

XRD and Raman spectroscopy were performed to analyze
the corrosion products formed during the immersion test.
XRD was carried out before chemical cleaning of the sam-
ples and the patterns are shown in Fig. 9. Peaks correspond-
ing to a-magnesium, Mg;;Al,, and Mg(OH), are clearly
visible in the XRD patterns, indicating that the main cor-
rosion product formed during the immersion test is brucite
(Mg(OH),). For better understanding of the peaks, the peak
intensity ratio (I/1,,,) for each condition has been shown in
Table 4 following the procedure mentioned in [27, 28]. Sev-
eral studies have also reported Mg(OH), as the predominant
corrosion product in the magnesium alloys [14, 29]. Raman
spectra (Fig. 10) showed peaks corresponding to both bru-
cite and magnesite (MgCO;). The formation of both brucite
and magnesite have also been reported previously [18]. The
commonly reported corrosion product in magnesium alloy is
brucite, which would form according to the following reac-
tions [14]:

Mg — Mg?* 4 2e~(anodic reaction)
2H,0 + 2e~ = H, + 20H™ (cathodic reaction)
2Mg>* + 40H~ — Mg(OH),(product formation)

It has been also reported that brucite gets converted to mag-
nesite with time in the presence of CO, in the air [29]. In
our case, the XRD was performed soon after immersion tests
were finished, whereas, the Raman spectroscopy experi-
ments were conducted after few days of immersion tests,
which might have resulted in the conversion of brucite to
magnesite.
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Fig.9 XRD patterns of samples after immersion tests in a 3.5 wt%
NaCl solution
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Fig. 10 Raman spectra of samples after immersion tests in a 3.5 wt%
NaCl solution

4 Conclusions

The corrosion resistance of the alloy in the aged conditions
has been found out to be higher than that of the solution-
ized condition due to the formation of continuous cathodic
Mg ,,Al,, precipitates in the matrix in the aged conditions.
Decreasing the aging temperature from 330 °C to 250 °C has
increased the corrosion resistance of the alloy, which indi-
cated that the presence of higher number density of cathodic
Mg,,Al,, precipitates dominated over the negative effect of
the matrix with the depleted aluminum towards corrosion.
Moreover, the peak aged condition at both the temperatures
has the higher corrosion resistance than the other conditions
due to higher number density and continuous network of
cathodic Mg ,Al,, precipitates. The increase in the corro-
sion resistance with prolong aging, i.e., highly over-aged
conditions were attributed to the size and distribution of the
precipitates at the grain boundaries.
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