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Abstract. The aim of the present study is to investigate the effect of deformation conditions on the corrosion
behavior of AZ31 (Mg-3Al-1Zn, % wt.) in 0.9% NaCl (wt.%) solution. The AZ31 alloy was hot rolled at 360 °C to
20 and 50% of thickness reduction. Electrochemical measurements were used to study the corrosion behavior of
AZ31 alloy. Analysis of corrosion products after immersion test was performed using optical microscopy, X-ray
diffraction and Raman spectroscopy. The mechanical properties of corroded samples were investigated using
tensile test at room temperature. Results indicated that the corrosion rate was strongly affected by the hot
rolling level. A lower corrosion potential and reduced polarization resistance was observed after hot rolling
compared to the as received AZ31 alloy. The corrosion product was evidenced mainly as Mg(OH), compound
exhibiting a filiform-like morphology. Apparently, the corrosion improved the room temperature ductility of

AZ31 alloy.
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1 Introduction

Magnesium alloys containing Aluminum and Zinc, known
as the AZ series magnesium alloys, have been and are
widely used in automotive and aerospace industries due to
their low density and high specific strength [1,2]. Alumi-
num, as alloying element improves the sheet formability by
modification of the final texture [3], enhances the strength
through solid solution effect and develops the corrosion
resistance of Magnesium matrix [4]. Usually, Zinc as
addition alloying element is used as a grain refiner [5].
Nowadays, AZ series alloys are receiving increasing
attention in biomedical engineering as potential biode-
gradable implant materials for orthopedic applications [6—
8]. Wen et al. [9] investigated the corrosion behavior of pure
Mg, AZ31, AZ61 and AZ91 alloys in a modified simulated
body fluid (m-SBF) using electrochemical testing. They
reported that the microstructure and the Al content in the
Mg matrix significantly affected the corrosion properties.
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Moreover, the corrosion resistance of the samples was
improved with increasing Al content. On the other hand,
high content of Aluminum in Mg based alloy are not
advisable due to toxicity issues [10]. Therefore, AZ31 (Mg-
3Al-1Zn, % wt.) alloy, a common structural material with
low Aluminum content could be a good candidate for
biomaterial applications [11]. However, Mg-based alloys
generally suffer from poor corrosion resistance and their
degradation occurs faster than expected [12]. Atrens and
his co-authors [13-17] have provided an extensive review of
recent works on the Mg corrosion field and the multiple
aspects that determine the corrosion of Mg alloys.
According to these authors, the poor corrosion resistance
of Mg alloys could be attributed to:
— the internal galvanic corrosion by second phases or
impurities elements such Fe, Ni, Cu and Co and;
— the instability of the hydroxide film formed on the Mg
matrix surface.

In order to improve the corrosion resistance, several
strategies have been proposed such as element alloying [18]
and anodic coatings surface treatments [19,20]. However,
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some additives could cause serious concerns for the
potential toxic effects [8,18,21]. Furthermore, it was found
that thermo-mechanical processing such as extrusion [22],
rolling [23-25] or recent severe plastic deformation (SPD)
techniques [10,26,27] could be used to improve the
mechanical properties and control the corrosion behavior
of Mg based alloy, simultaneously. Published data suggest
that reducing the grain size to micro or nano-scale may
affect the surface roughness parameters, which, in turn,
affect the degradation of Mg based alloys [10,26]. Ren et al.
[28] reported that the corrosion rate of as-forged high-
purity Mg increased after heat treatment at 500 °C for 10 h,
due to grain growth and coarsening. Indeed, the improved
corrosion resistance was explained by the uniform
distribution, the decrease of the volume fraction of second
phase and the relieving of the internal stress [29]. The
crystallographic orientations of the grains were thought as
another parameter that strongly influences the corrosion
anisotropy [30,31]. For example, the surface of hot rolled
AZ31 sample, with dominant (0001) basal planes, was
found more corrosion resistant than the cross-section
surface, which mainly consisted of {1010} and {1120}
prismatic crystallographic planes [30]. It is well known that
deformation conditions like processing type, temperature
and strain rate could significantly affect the mechanical
properties of the metals and alloys. Nevertheless, the
relationship between deformation conditions and corrosion
behavior in Mg based alloys is not well established yet.
Thereby, the aim of the present work is to investigate the
effect of hot rolling at 360°C on the microstructural
evolution and corrosion behavior of a commercial AZ31
alloy.

2 Experimental procedure
2.1 Materials and plastic deformation conditions

The AZ31 sheets with 2.2mm of thickness were kindly
supplied by MaglC — Magnesium Innovations Center,
Germany, with the chemical composition shown in Table 1.
The rolling experiments were conducted at a nominal
rolling temperature of 360°C. The total reductions in
thickness were 20 and 50 with 10% reduction per pass.

2.2 Optical microscopic observation

Microstructural examination was performed in the rolling
plane at mid-thickness of the rolled sheets by optical
microscopy. Surface preparation consisted of grinding with
progressively finer SiC paper followed by mechanical
polishing using diamond solution with particle sizes ranging
between 3 and 1pm. The grain structure revealing was
achieved by subsequent etching in a solution of acetic picral.

2.3 Vickers microhardenss measurement

Vickers microhardness (Hv) measurements were taken
with a load of 2 N maintained for a dwell time of 10 s using a
SHIMADZU type HMV-2 tester. At least five indentations
were used to obtain the average hardness values.

Table 1. Chemical composition of AZ31 alloy.

Al 7n
3.45  0.98

Mn
0.28

Ca
0.002

Cu Fe
0.002  0.004

Mg

Balance

2.4 Tensile test

Tensile tests were carried out using Zwick Roell tester at
room temperature to failure with strain rate of 107 *s™".
Flat specimens with gauge dimensions of 6 mm x 12 mm
were machined from the rolling plane of the samples.

2.5 X-ray diffraction measurement

X-ray diffraction (XRD) patterns were recorded using
X’PERT PRO MPD diffractometer operating at 40 kV and
40mA, using Cu-Ka radiation and fitted with the
X’Celerator detector. The data were collected over a range
of 20-120° in 26 with a step size of 0.026° and scan speed of
0.18°/sec, using the scanning X’Celerator detector.

2.6 Raman spectroscopy

The Raman spectra of corroded samples were obtained
using Horiba LabRAM HR Evolution Spectrometer. The
laser power was 17mW, using the 633 nm line of a He-Ne
laser. The spectra were recorded over the range of 100 to
4000 cm ™.

2.7 Electrochemical measurements

Electrochemical tests were conducted using an AUTO-
LAB PGSTAT302N electrochemical work station and a
standard three-electrode cell, where the sample is the
working electrode, a platinum plate as the counter
electrode, and a calomel electrode (SCE)(0.24vs.SHE)
as the reference electrode. The samples were embedded in
an epoxy resin to isolate a 1 cm? area from the non-studied
surfaces, and were then immersed in a 0.9% NaCl (wt. %)
solution at ambient temperature. The open-circuit
potential (OCP) was measured for at least 60 minutes
for all samples. The polarization curves were recorded in
the range of —2.6 to 0V vs. SCE with scan rate 2mV.s .
The impedance measurements were performed after the
open circuit potential with a sinusoidal potential signal
with amplitude of 10mV in the frequency range from
10"%Hz to 10° Hz. Experimental curves were fitted using
the Zview software.

3 Results and discussion

Figure 1 illustrates the microstructure of the as received
AZ31 alloy and after hot rolling to 20 and 50% thickness
reduction. The mean grain size of AZ31 alloy is presented in
Table 2. The microstructure of the as received AZ31 alloy is
typical of equiaxed granular with an average size about
18 pm. The rolling microstructure revealed equiaxed grains
with the presence of significant amounts of lenticular twins
after 20% of thickness of reduction (see arrows in
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Fig. 1. Optical micrograph of AZ31 alloy: a) as received, b) hot rolled of 20% of thickness reduction and c¢) hot rolled to 50% of
thickness reduction.

Table 2. Mean gain size (d) and microhardness (Hv)
values of the as received and hot rolled AZ31 alloy.

As received 20% 50%
d (pm) 18.0 10.8 8.2
Hv 69.3 80.2 75.6

Figure 1b). The microstructure of AZ31 after hot rolling to
50% thickness reduction exhibits a bimodal microstructure
in which small grains appeared after dynamic recrystalli-
zation process. Quiet similar microstructure was reported
by Abdessameud et al. [32] in dynamically recrystallized
AZ31 alloy after hot rolling at 450°C to 20% thickness
reduction. As shown in Table 2, the grain size decreased
from 18 to 8 wm after 50% of thickness of reduction. Table 2
lists the evolution of Vickers microhardness of as received
AZ31 and after hot rolling to 20 and 50% of thickness
reduction. The microhardness increases from 69 Hv in the
as received state to 80 Hv after 20% of thickness reduction.
The improvement of the hardness could be attributed to
the strain hardening effect and grain refinement. However,
the microhardness seems to decrease (75Hv) after hot
rolling to 50% of thickness reduction. This decrease could
be attributed to the complex competitive mechanisms of
generation and annihilation of dislocation by recovery
phenomenon and dynamic recrystallization as corroborat-
ed by microstructure evolution as shown in Figure lc.

Figure 2a presents the open circuit potential (OCP)
plots of the as received and hot rolled to 20 and 50% of
thickness reduction AZ31 alloy in 0.9% NaCl solution. It
can be noticed that the three samples exhibit the same
OCP evolution which increases rapidly and reaches a
steady state at —1.55'V after about 360 sec of immersion.
The steady state condition indicates that dynamic balance
has been established between the anodic and catholic
reactions (development of the corrosion activity and the
deposit of the corrosion products on the surface of the alloy)
[33]. Some researchers reported that of OCP plot exhibits
fluctuation during the measurement in Mg based alloys
immersed in NaCl solution [22,34-37]. It was suggested
such fluctuations resulted from the fact that no equilibrium
has been achieved at the electrode/solution interface [34]
and that no dense and effective anticorrosion film was
created on the surface [38,39].

w2

The polarizations curves of as received and hot rolled to
20 and 50% of thickness reduction AZ31 alloy in 0.9% NaCl
solution are shown in Figure 2b. Resulting electrochemical
parameters from the fitting and the correlated corrosion
rates are listed in Table 3. The corrosion potential, (E.,..)
and the corrosion current density (I...) values were
determined by extrapolating the linear Tafel segments of
the anode and cathode polarization curves. As shown in
Figure 2b, the polarization curves for three samples exhibit
very similar trends where the anodic and cathodic branches
are not symmetrical. This similarity translates the
identical hydrogen evolution in the cathodic polarization
curve and the formation of Mg®" due to the dissolution of
Mg in the anodic polarization curve [40,41].

It can be observed from Table 3 that the polarization
resistance (R,) decreases with increasing reduction of
thickness and the corrosion current density (1) increases
with increasing deformation strain. According to the Stern-
Geary equation, a better corrosion resistance is obtained
when I, is lower, following the equation [42]:

_ BB
B = 530308, + BT

(1)

where B, and B. are the anodic and cathodic slopes,
respectively.

As can be noticed in Table 3, the corrosion potential
E.,,.. of AZ31 alloy is shifted towards negative value with
increasing deformation level. So, the as received AZ31 is
nobler than hot rolled samples. Similarly, the corrosion rate
of hot rolled AZ31 alloy increases more from 0.19 mm /year
for the as received AZ31 alloy to 2.34 mm/year after 50% of
thickness reduction. However, it has been stated that
corrosion rate values estimated from Tafel extrapolation
are not often in good agreement with those measured by
weight loss or hydrogen evolution [17,43]. In fact, the value
of the corrosion rate from the polarization curves may be
orders of magnitude too small [17,43]. However, it is worth
noting that these values fall within tabulated data range for
AZ series (see Table 2 in [14]). Atrens et al. [16] have
pointed out the importance of impurity elements such as
Fe, Ni, Cu, Co that are harmful to pure Mg and Mg alloys.
These authors stated that high corrosion rates may occur
for Mg containing any of these elements at a concentration
above their tolerance limit. Among these elements, Fe
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Fig. 2. a) Open circuit potentiel (OCP), b) Potentiodynamic polarisation curves of as received AZ31 alloy and hot rolled to 20 and

50% of thickness reduction in 0.9% NaCl solution.

Table 3. Electrochemical parameters obtained from the potentiodynamic polarization test.

Eeorr (Volt) Lor (wA.cm™?) R, (Q.cm?) Corr. rate (mm/year)
As received —0.88 4.20 2603.4 0.19
20% —1.21 5.46 1055.4 0.28
50% —1.36 49.30 398.1 2.34

content is determinant. Its tolerance limit is ~ 180 ppm Fe)
[16]. From Table 1, it is obvious that the Fe content is far
above the tolerance limit and hence may lead to galvanic
acceleration of the corrosion of the alpha-Mg matrix by the
Fe-rich BCC phase. Moreover, the corrosion rate of
immersed alloys depends strongly on the duration of
immersion test. For example, Wen et al. [9] have
established a hierarchy of the corrosion rates of four alloy
samples in m-SBF as follows AZ91D < AZ61 < AZ31 <
pure Mg after immersion for 1 day. This order changed to
AZ91D < pure Mg < AZ61 < AZ31 after immersion for
24 days [9].

The present results indicate that the as-received AZ31
alloy has better corrosion resistance than deformed ones.
Similar result has been reported [44-47] which demon-
strated that deformation and grain refinement do not
improve the corrosion resistance of Mg based alloy.
However, Silva et al. [47] have shown that deformation
processing could change the corrosion behavior. Especially,
High pressure torsion (HPT) processing led to general
corrosion compared to localized corrosion in the as cast and
hot rolled pure Mg [47]. Saikrishna et al. [46] reported that
the decrease in the corosion resistance of the deformed Mg
based alloy could be attributed to the texture effect and
large variations in grain size which resulted in non-uniform
galvanic intensities. This suggestion fit well with the
microstructures found in the present work. Unifomity of
grain size distibution can obviously be noticed in the
microstructure of as received AZ31 alloy as shown in

Figure la. While a bimodal grain size distribution with a
high fraction of twins can be noticed in hot rolled alloy
samples (Figs. 1b-c). Ralston et al. [48] reported that the
effect of grain refinement on the corrosion resistant
depends on the corrosion current values. When the
corrosion current was higher than 107> A.cm?, the grain
refinement can lead to a substantial corrosion rate of the
material. While, if the corrosion current was lower than
107° A.cm?, the grain boundaries could help to develop a
passive layer in the materials surface. This suggests that
grain refinement may improve the corrosion resistance [48].

Figure 3 shows the Nyquist plots following 1h OCP
immersion in 0.9% NaCl solution of as received AZ31 alloy
and hot rolled to 20 and 50% of thickness reduction. All
three samples display one large capacitive loop at high
frequency extending to an inductive loop characterized by
data in the second quadrant in the region of low
frequencies. Such analogy means that the as received
and as rolled AZ31 alloys have similar corrosion mecha-
nisms but different rates. Usually, the area of high
frequency is used to detect the surface defects, whereas
the medium and low frequency detect the processes within
the corrosion product at the metal/corrosion product
interface, respectively [49]. Furthermore, the presence of
inductance loop is characteristic of Mg based alloy and is
widely observed in Nyquist plots in various immersion
solutions [9,11,18,36,37,40,50,51]. The inductance loop
suggests the occurrence of pitting corrosion, dissolution of
the protective film and sample surface destruction [50]. On
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Fig. 3. Nyquist plots in NaCl solution of as received AZ31 alloy
and hot rolled to 20 and 50% of thickness reduction.
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Fig. 4. Equivalent circuit for as received AZ31 alloy and hot
rolled to 20 and 50% of thickness reduction in 0.9% NaCl solution.

the other hand, it was ascribed to the existence of
metastable Mg" during the dissolution of Mg alloy [11]
or to the relaxation of surface adsorbed species like Mg
(OH)" and Mg(OH), [48].

It is obvious from Figure 3 that the impedance values
decrease with increasing deformation strain. Moreover, the
diameter of capacitive loop, which represents the polariza-
tion resistance of the sample, in as received AZ31 alloy was
larger than that of as rolled sample, implying that the as
received AZ31 alloy has higher corrosion resistance. This
finding confirms the result obtained from polarization
curves.

In order to analyze the corrosion mechanisms of the
present AZ31 alloys, the corresponding equivalent circuit
and the fitting data of the EIS curves are presented in
Figure 4 and Table 4, respectively.

In the equivalent circuit, R, is a solution resistance of
bulk electrolyte between reference and working electrodes.
Actually, the R, values depend on the conductivity of
testing medium and the geometry of employed cell and do
not contribute in the electrode process [35]. CPFE is a
constant phase element that represents the capacitance in
the high frequency area of the corrosion products formed on
the alloy surface. The CPF is defined by two values, Y and
n. If n=1, CPE will be identical to a capacitor and if n=0,
CPE represents a resistance. It is to be noted that the CPE
is generally employed instead of the capacitance in case of
the non-homogeneity of the sample surface [52]. R, is the
charge transfer resistance of the corrosion process. L and
R; are inductance and inductance resistance of the
inductance loop in low frequency, respectively.

Data from Table 4 shows that the R, value of as
received AZ31 alloy (453.8 Q.cm ™ ?) is higher than those of
the as rolled AZ31 alloy for 20% (280.9 Q.cm™?) and 50% of
thickness reduction (133.8 .cm™?). This result confirms
that the oxidation film formed at the surface of as received
AZ31 alloy has better capacity to protect the alloy against
corrosion. The diameter of the inductive loop depends on
the size and intensity of the localized corrosion in the
sample surface [53]. It was observed that the small
corrosion pits resulted in a strong induction loop, and
more the corrosion was severely localized, more the
induction loop became less pronounced [53].

Figure 5 illustrates the XRD patterns of as received
AZ31 alloy and hot rolled to 50% thickness reduction after
3h immersion in 0.9% NaCl solution, respectively. It can
be observed that the as received AZ31 alloy presents only
the Mg matrix peaks (Fig. 5a). Small peaks appeared
around 26 = 18.6, 37.7 and 68.7° in both samples after 3h
of immersion in 0.9% NaCl solution and were assigned to
the magnesium hydroxide Mg(OH), compound (Figs. 5b
and c). Saikrishna et al. [46] found that the amount of Mg
(OH); on AZ31 samples processed by friction stir
processing (FSP) was more profuse comparatively to
the unprocessed AZ31 sample. It is well known that the
corrosion reaction of Mg based alloys lead to the formation
Mg(OH), accompanied by hydrogen evolution, following
the equations [13]:

Anodic reaction:

M, — Mg® + 27, (2)

Cathodic reaction:
HQO + 267 — 2OH7 + HQ, (3)
The total reaction:

Mg + HQO — Mg(OH)2 + HQ, (4)

However, it has been reported that the corrosion product
film on the Mg surface is multilayered and consisted of a thin
inner MgO layer covered with Mg(OH), [54-57]. Upon
hydration, the MgO oxide forms soluble species and could
gradually transform to Mg(OH), [55,57]. Moreover, the
thickness of MgO oxide layer was found to decrease with
increasing Al content in Mg-Al alloys [58].

For more details on the corrosion product, a Raman
spectrum was acquired from the as received and hot rolled
to 50% thickness reduction AZ31 samples corroded in
potentiodynamic measurement in 0.9% NaCl solution as
shown in Figure 6. Two disguised peaks can be noticed in
both samples around 440.5 and 3650.26 cm ™. A third one
with a weak intensity can be observed around 1643.9 cm ™"
According to the literature [59] the peaks around 440.5 and
3650.26cm ™" could be attributed to the Mg(OH)s.
Frankly, the peak observed at 1643.9cm™" could not be
assigned to any possible corrosion products in Mg based
alloy such as Mg(OH),, MgO or MgCl, [60].

In order to evidence the corrosion morphology, optical
micrographics have been taken from the surface of as
received and hot rolled AZ31 alloy after 3 h of immersion in
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Table 4. Electrochemical parameters obtained from the fits of the experimental EIS data.

R, (Q.cm™?) CPE (F.cm™?) Rie (Q.cm™) L (H.cm™?) Ry, (Q.cm™?)
Yn
As received 14.5 8.0107° 0.813 453.8 179.4 186.6
20% 20.1 7.1107° 0.825 280.9 197.2 192.6
50% 15.4 1.3107* 0.866 133.8 69.25 70.57
30 30 30
@ l.L ® § © & = Mg
o Mg(OH),

20+

Square root intensity (courts)

1 1 1 1
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Fig. 5. XRD patterns of: a) as received AZ31 alloy and after 3 h of immersion in 0.9% NaCl solution, b) as received AZ31 alloy and ¢)
hot rolled to 50% thickness reduction.

x 10° the alloy surface with increasing deformation strain.
25 Furthermore, it can be noticed that the pitting corrosion
B As received increases with increasing deformation strain (thickness
g hot rolled 50 % reduction). Similar filiform-like corrosion morphology has
20 2 been reported in many Mg based alloys [36,53,61]. Such
<

filiform-like corrosion morphology is associated with the
reported scenario whereby local anode and cathode sites
dynamically evolve [36,62,63]. Moreover, it was reported
that initiation and propagation of the filiform corrosion are
related to crystallography texture of the sample, and their
propagation is influenced by changes in orientation at grain
and twin boundaries [53,64]. The correlation of the
propagation and morphology of the corrosion products
with microstructure and texture of the alloy samples is an
0~ 10'00 ' 20'00 ' 30'00 ' 2000 ongoing research activity of the present authors. Figure 8
; shows the true stress-strain curves of as received and hot
Wave number (cm ) rolled AZ31 alloy and after 3h of immersion in 0.9% NaCl
solution. The mechanical properties extracted from the
plots of all samples are listed in Table 5.

As can be noticed before the immersion test the tensile,
yield strength (TYS) and ultimate tensile strength (UTS)
0.9% NaCl, they are illustrated in Figure 7. As already of AZ31 alloy increase with increasing thickness of
observed by Atrens et al. [17], the corroded areas are reduction. In contrast, the elongation to failure decreases
typically dark, attributed to increased surface roughness from 14.4% to 10.6% after 50% of thickness reduction. Such
that no longer provides a shiny reflective metallic values arein good agreement with those already reported in
appearance. The macrographs of all samples show that pure Mg and Mg based alloys [65].
the corrosion started from the edges of the samples and was The immersion test for 3 h in 0.9% NaCl results in a big a
inhomogeneous. The corrosion of all AZ31 samples reveals dropin TYS and UTS for the three AZ31 samples. However,
a typical “filiform-like” morphology that propagates allover Reddy et al. [66] reported that the TYS of friction stir welding

_
(9]

U)i
e

1645 cm’

Intensity
>

3652.5 cm™

-

Fig. 6. Raman spectra of asreceived and hot rolled to 50% thickness
reduction AZ31 samples after electrochemical measurement.
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Fig. 8. True stess-true strain curves of AZ31 alloy before and
after 3h of immersion in 0.9% NaCl solution.

Table 5. Mechanical properties of AZ31 alloys obtained
from tensile test: tensile yield strength (TYS), ultimate
tensile strength (UTS) and elongation to failure (El).

Sample TYS UTsS El
(MPa)  (MPa) (%)
As received 94.2 299.6 14.4
Hot rolled 20% 112.7 355.4 10.7
Hot rolled 50% 161.1 363.2 10.6
As received corroded 3 h 32.9 211.5 17.1
Hot rolled 20% corroded 3h 26.3 139.6 12.3
Hot rolled 50% corroded 3h 39.1 116.3 9.5

(FSW) AZ31 alloy after corrosion in 3.5% NaCl for 24 h was
slightly higher than the FSW deformed AZ31 alloy. Table 5
consigns quite interesting results where the elongation to
failure increases in corroded samples compared to the non-
corroded one. Except, for rolled to 50% thickness reduction
samples were very close (10.6 before immersion test vs. 9.5%
after immersion test). Apparently, the corrosion of AZ31
alloy improves the room temperature ductility compared to
the non corroded samples.

The present findings are in line with many works that
have demonstrated the pertinence of performing tensile
test on Mg-based alloys as biomaterials, in order to
correlate the mechanical properties with the corrosion
features mainly degradation rate [66-68].

4 Conclusion

From the results of the present investigation, following

conclusions have been drawn:

— grain refinement down to 8 pm of the AZ31 alloy led to
lower resistance corrosion in 0.9%NaCl solution;

— the corrosion rate of AZ31 alloy increases with the
increase of thickness reduction by hot rolling;

— the distribution of grain size and uniform microstructure
are key factors of corrosion improvement resistance of the
alloys;

— XRD and Raman spectra confirm the formation of Mg
(OH), film with filiform-like structure on surface of the
immersed sample in 0.9% NaCl solution;

— tensile test before immersion revealed that the TYS and
UTS of AZ31 alloy increase with increasing thickness of
reduction. However, the immersion test in 0.9% NaCl for
3 h conducts to a big drop in the mechanical properties for
three AZ31 samples. However, the elongation to failure
was higher in corroded samples than non-one. Obviously,
corrosion improves the room temperature ductility of
AZ31 alloy after immersion tests in 0.9% NaCl solution.

The authors are deeply grateful to Dr-Ing. Norbert Hort and Dr.
DietmarLetzig from MaglC — Magnesium Innovations Center,
Germany, for kindly providing the AZ31 alloy. Thank you to Prof.
N. Bouaouadja from Sétif 1 University, Algeria, for the help and
assistance during tensile tests.
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