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Abstract: The corrosion behavior and corrosion resistance of WE43 and AZ80 immersed in NaCl
and Na;SOy solutions were investigated, respectively. Two alloys were immersed in 0.6 M NaCl
and NapSOy solution to observe the corrosion morphologies. Hydrogen evolution and weight
loss experiments were conducted to obtain the corrosion rates. Electrochemical tests were used to
characterized detailed corrosion situation. The results show that, when immersed in Na,SOj, solution,
WEA43 alloy shows a unique micro-galvanic corrosion behavior. On the other hand, the corrosion rate
of WE43 in NaSO; solution is much faster than that in NaCl solution, which is the direct opposite
of AZ80 and most magnesium alloys. The protection of the surface film maybe the key factor to the
unexpected phenomena.

Keywords: magnesium alloys; rare earth elements; micro-galvanic corrosion; surface film;
corrosion resistance

1. Introduction

Magnesium and its alloys have excellent mechanical properties, high specific strength
and high thermal conductivity [1,2]. As a result, magnesium alloys are used in various
industries [3,4]. Magnesium can be doped with many elements to form magnesium alloys
to improve mechanical properties, such as Al, Zn, rare earth elements and so on [4-8].
AZ series was the most widely studied and used in daily life, especially AZ31 [9] and
AZ80 [10]. Nevertheless, the mechanical property of AZ alloys declines rapidly with the
temperature increasing [7]. As the result, the magnesium rare earth alloys were born at
the right moment. Sanchez et al. [11] came to the conclusion that the addition of Y and
Ca could improve the properties of the alloys under high temperature. Y and Ca could
also improve the microstructure and mechanical properties of magnesium alloys [3]. WE
series was a representative because of its low strain rate sensitivities and high yield stress.
The alloying elements of AZ and WE are different: the elements doped in AZ are Al, Zn
and Mn, while the alloying elements in WE are mainly rare earth elements including Y, Gd,
Nd, Zr and so on [12]. The different elements lead to different corrosion behavior [10,13].
The heat treatment may influence the corrosion behavior. Chu [1] researched that the
second phase, especially after heat treatment, could improve the corrosion resistance of
WE43. Moscicki [14] compared the corrosion situation in Na;SOy solution between WE43
alloys and AE44 alloys which indicated that the intermetallic phases formed by Al and
rare earth elements would cause negative influence on corrosion performance. Michal [15]
found that WE43 formed a protective film on the surface compared with pure magnesium.
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Cao [16] also found that Y-containing film formed by corrosion products could improve the
corrosion resistance. To further improve the corrosion resistance of WE43, Kharitonov [17]
found Aqueous molybdate could provide the alloy effective corrosion inhibition. While
Jin [2] found ion implantation could improve the corrosion resistance also. Heat treatment
is also an efficient way to influence corrosion resistance. Wang [18,19] studied the corrosion
and mechanical phenomenon of magnesium alloys contain Zn Y, Zr elements after heat
treatment, due to the existence of Zn, the precipitates of MgzZngY could improve the
corrosion resistance, especially in NaCl solution. In the research [20,21], Wang studied the
influence of heat treatment on as-forged Mg alloys, the results indicated that heat treatment
was effective in improving the corrosion and mechanical properties. In study [22], the
effective way to improve corrosion and mechanical performance also works. The corrosion
of magnesium alloys has been studied for several years, and the effect of second phases
had been revealed preliminarily [23].

Due to the difference of electric potential of second phases and magnesium matrix,
when immersed magnesium alloys in solution, the micro-galvanic corrosion happens and
then influences corrosion behavior. The second phases of AZ series alloys are mainly
Mgi7Alj> and MnAl, phases, and the existence of these phases trigger the micro-galvanic
corrosion in solution between them and Mg matrix [10]. On the other hand, the existence
of these phases retards the extension of the corrosion as barriers. Ubeda et al. [8] found
Mgi7Al;; phase might decrease the dissolution rate of Mg matrix under anodic polarization.
Likely, the second phases in WE43 can also influence the corrosion behavior. Interestingly,
Feng [24] and Liu et al. [25] found that the second phases in magnesium rare earth alloy
participate in micro-galvanic corrosion as anode. The corrosion behavior of WE and AZ
series in solution were found to be different [26].

It is well known that NaCl solution is the typical corrosion media in corrosion research.
Most metals including Mg alloys show very poor corrosion resistance in CI~ solution.
Traditional Mg alloys such as AZ80 showed high corrosion rate in C1~ solution, and pitting
corrosion appeared widely in the corrosion process. On the contrary, SO~ was not that
much of a threat. SO42~ is always known as a kind of corrosion inhibitor, AZ80 and other
Mg alloys showed better corrosion resistance in SO42~ than in Cl~ solution. However,
magnesium rare earth alloy WE43 showed unique micro-galvanic corrosion phenomenon
in this work. In the same immersion time, the hydrogen evolution rate of WE43 in SO~
solution was about five times as much as that in Cl~ solution. It meant that WE43 alloy
corroded much faster in SO4%~ solution than in CI~ solution. Meanwhile, it was found that
the second phases of WE43 alloy were dissolved in SO42~, which means second phases
acted as anode; on the contrary, when immersed in Cl~ solution, the magnesium matrix
around the second phases dissolved because the second phases acted as cathode.

In this research, the differences of corrosion behavior and micro-galvanic phenomenon
in solution between WE43 and AZ80 were studied. The reason why hydrogen evolution
rate had such considerable difference was studied.

2. Materials and Methods
2.1. Sample Preparation

The as-cast WE43 alloy used in this work were provided by Yueyang, China, Yuhua
Metallurgical New Materials Co., Ltd. Before all the experiments, the specific composites of
AZ80 and WE43 were measured by ICP, the result was presented in following Tables 1 and 2.
In the immersion experiments, the samples were all cubic, whose three-dimensional sizes
were 10 x 10 x 10 mm?. While in the Hydrogen evolution experiment, the sizes of samples
were 30 x 30 x 10 mm3. All samples were prepared by grinding on the SiC abrasive
paper from P200 to P5000, and then the samples were polishing on the polishing cloth.
The whole grinding and polishing stage was conducted on machine-YMP-2A produced by
Shanghai, China Metallographic Machinery Co., Ltd. During grinding and polishing, the
samples were usually washed by absolute ethyl alcohol, to avoid metal granule impacting
the polished surface. The compositions of the alloys are shown in the Tables 1 and 2.
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Table 1. The compositions of the WE43 alloys.

WE43 Gd Y Nd Zr
wt.% 1.55 3.79 243 0.5

Table 2. The compositions of the AZ80 alloys.

AZ80 Al Zn Mn
wt.% 8.5 0.4 0.2

2.2. Immersion Test

The solution used were prepared in beakers with deionized water, and reagents were
provided by Shanghai, China Aladdin Biochemical Technology Co., Ltd. All the reagents
used in this work were A.R. grade. Then samples were, respectively, soaked in solution
of 3.5 wt.% sodium chloride or 3.5 wt.% sodium sulfate for 10 h at room temperature to
observe the dissolve situation of second phase. Meanwhile, a 7 d immersion was conducted
to obtain macro corrosion rate. The cross-section morphology illustrates whether the second
phases are dissolved or not. After being soaked in the solution, the corrosion products
needed to be removed and immersed in a chromic acid solution containing 180 g/L CrO3
for 5 min. Then, the samples, after being immersed in solutions, needed to be sealed in
resin to observe their transversal section. The samples for cross-section were also grinded
and polished.

2.3. Microstructure Characterizations

The microstructure images and elements distribution of the surface were all character-
ized by field emission scanning electron microscopy (SEM; Hillsboro, OR, USA, FEI Quanta
250 FEG) equipped with energy-dispersive spectrometry (EDS) with an acceleration voltage
of 20 kV. The cross-section morphologies were investigated by SEM-BSE and EDS. The SEM
images were intended to characterize the elementary composition of magnesium alloys,
and cross-section morphologies were used to illustrate the corrosion situation of the second
phases in the alloys. In cross-section images, the relatively height between second phases
and magnesium matrix were clear.

2.4. Hydrogen Evolution

To get the macro corrosion rate for 7 days, hydrogen evolution experiments were
essential. The hydrogen evolution experiments were conducted in a beaker with 1.8 L
solution of 0.6 M NaCl and Na,SOj, respectively, the samples were hanged up with a cotton
thread in funnel so that the samples could be suspended in the solution. The gas collection
device was a burette connected with funnel by rubber hose, the amount of hydrogen could
be gotten from the scale of the burette. After being immersed in the solution for 7 days,
the corrosion products were removed by immersing in the solution of CrOs; for half an
hour. Then, we weighed the samples by digital balance-JA3003 produced by Shanghai,
China, Precision Instrument Co., Ltd. Compared with the weight before immersion, the
weight loss could be calculated with the formula P, = (3.66 X AWy,)/p, which could stand
the corrosion situation to a certain degree. Then, the corrosion rate could be calculated by
means of hydrogen evolution data.

2.5. Electrochemical Measurements

We used a CHI660D electrochemical workstation with a standard three electrodes
to conduct electrochemical measurements in this work. The standard three electrodes
system used a platinum sheet as the counter electrode, an R232 saturated calomel electrode
(SCE) (+0.242 V vs. standard hydrogen electrode (SHE)) as the reference electrode, and
the samples were sealed in epoxy resin with an area of 1 cm? exposed to the solution as
the working electrode. When we measured the open-circuit potential, the measurement



Crystals 2023, 13, 506

4 of 14

Intensity/a.u.

700

600

500

400

300

200

100

needed to last for at least 5 min to obtain more accurate results. After confirming the OCP
value, cathodic polarization could be measured begin at the OCP value and terminated
at —250 mV vs. OCP. The anodic polarization started at the OCP value as well and
stopped when current density reached 1 mA /cm?. Before cathodic and anodic polarization
measurement, we stabilized the working electrode for 5 min. During the whole polarization
measurement stage, the scan rate was 0.5 mV/s. After the polarization experiments, the
Ecorr and iqorr could be obtained. Then, the Pi, which means corrosion rate, could be
calculated by icorr with the formula: P; = (3.28 X M X icorr)/(n X p). The P; could be
compared with Pp,, to get a rough corrosion tendency. In virtue of polarization curves
and tafel extrapolation, the polarization resistance could be obtained by the equation
Leorr = (ba X bc)/[2.303(ba + be)Rp] [27,28].

The immersion time of EIS (electrochemical impendence spectroscopy) were 5 min to
ensure a stable testing system in 0.6 M NaCl and 0.6 M NaSO; solution, respectively. The
EIS parameters were setting AC voltage disturbance and frequency ranged. The AC voltage
disturbance and frequency range were 5 mV and 100 kHz to 0.01 Hz. After measuring the
EIS spectra, we used the ZSimpWin 3.20 software (AMETEK SI, Berwyn, PA, USA) to fit.

3. Results and Discussion
3.1. Microstructure Characterization

The XRD patterns of representative magnesium alloys AZ80 and WE43 are shown in
Figure 1. The second phases in WE43 were mainly Mgp4Ys, Mg41Nd5 and MgsGd. The
second phases in AZ80 were mainly Mgj7Alj; and MnAl, [8,10]. Although MnAl, was too
little to be expressed by XRD, by combining SEM images and EDS with formers’ research,
the existence of MnAl, could also be verified. Surface morphologies of WE43 and AZ80 are
shown in Figure 2, which exhibited that the morphologies of second phases were similar.
They were both reticular. However, the elements were different, which led to different
dissolving behavior.
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Figure 1. The XRD pattern of (a) WE43 and (b) AZ80.

The darker area in Figure 2a is Mg matrix which is x-Mg phase, while the lighter area
are second phases in WE43. As shown in the high magnification Figure 2b, the second
phases in WE43 were reticular in the eutectic structure, and there were some square phases
around the second phases. As the amounts of the square phases were very little, the study
mainly focused on the eutectic phases. Then, the second phases in AZ80 are shown in
Figure 2¢,d. A few white sphere phases also appeared around the reticular phases in AZ80.
The reticular eutectic second phases were Mg;7Al;;, and the white sphere phases were
MnAl, [17].
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Figure 2. The surface morphology of (a,b) WE43 and (c,d) AZ80.

The EDS mapping of second phases in WE43 are shown in Figure 3. As shown in
the figures, the alloying elements were Nd, Y, Gd. The matrix of WE43 alloy was mainly
magnesium, and the rare earth elements mainly concentrated in the second phases. The
EDS mapping of AZ80 alloy is shown in Figure 4. The composites of second phases were
mostly Mg and Al, Mn and Zn and were too little to be expressed in the mapping. The
existence of Mn and Zn were verified by ICP before the experiments.

Figure 3. The EDS mapping of the second phases in WE43.
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Figure 4. The EDS mapping of the second phases in AZ80.

3.2. Immersion Tests
3.2.1. Surfaces Characterization

After immersion in NaCl and NaySO; solution, WE43 and AZ80 alloys showed dif-
ferent morphologies, which are shown in Figure 5. When WE43 was immersed in NaCl
solution for 10 h, micro-galvanic corrosion was severe, as expressed in Figure 5a. The
bright second phase in WE43 still existed, and the adjacent Mg matrix was corroded, so that
a gully could be found along the second phase. Similarly, in NaCl solution, as presented
in Figure 5c the Mg matrix of AZ80 was corroded severely, the surface was full of holes
and the second phase was left. In NaCl solution, the micro-galvanic corrosion between the
second phase and Mg matrix dominated the corrosion process. The second phase acted as
the cathode, and the Mg matrix acted as the anode. Of course, the second phase in AZ80
could also block the extension of corrosion, which is shown in Figure 5c.

Interestingly, when these two alloys were immersed in NaySO; solution, as shown in
Figure 5b,d, different phenomena were presented. In Figure 5b, the bright aera should be
the eutectic structure, including the second phase and Mg. After immersion in Na;SOy
solution for 10 h, the second phase was missing, and the Mg matrix in the eutectic structure
was left. It was a typical galvanic corrosion phenomenon. Thus, it could be concluded that,
in NapSOy solution, the second phase in WE43 acts as the anode and dissolves preferentially.
The Mg in the eutectic structure and the Mg matrix adjacent to the second phase has been
protected as the cathode. As for AZ80, although the corrosion phenomenon in Figure 5d
had some difference with that in Figure 5c, they followed the same micro-galvanic corrosion
mechanism. In NaCl and Na;SO; solution, the second phase in AZ80 always acted as the
cathode and accelerated the dissolution of Mg matrix.

3.2.2. Cross-Section Morphology Characterization

To get a clearer view of the dissolution situation, the cross-section morphology was
necessary. In this way, the situation of dissolution could be presented more directly. The
surface of WE43 and AZ80 samples were etched by chromic acid to get rid of corrosion
products layer. As shown in Figure 6a, it can be found that, in WE43 alloy, the second phase
was higher than the adjacent Mg matrix, which means that Mg matrix around the second
phase was dissolved because of the micro-galvanic corrosion. Nevertheless, in Figure 6b,
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the second phase was lower than Mg matrix, and the Mg in the eutectic structure was left
in the corroded area, which suggests the dissolution of second phases. The phenomenon
indicated that in NaCl solution, due to the micro-galvanic corrosion, the second phase was
protected as cathode with Mg matrix as anode. On the contrary, in NapSOy solution the Mg
matrix was protected as cathode with the second phase as anode.

50 pm

Figure 5. WE43 immersed in: (a) NaCl solution for 10 h, (b) NaySOy solution for 10 h; AZ80 immersed
in: (c) NaCl solution for 10 h, (d) NaySOy solution for 10 h.

Figure 6. The cross-section morphology of WE43 immersed in NaCl (a) and NaySOy (b) for 10 h.

The cross-section morphologies of AZ80 are shown in Figure 7a,b. The figures show
that the second phases in AZ80 alloys were both higher than Mg matrix. The phenomenon
indicates that the second phases were protected by matrix. The reason is that the second
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phases in AZ80 played a role of cathode in NaCl and Na,SOj solution, so that magnesium
matrix would dissolve preferentially.

Figure 7. The cross-section morphology of AZ80 immersed in NaCl (a) and NaySOy (b) for 10 h.

Most metallic materials are sensitive to Cl~, including AZ80. However, WE43 is
special, as was revealed, it showed more sensitivity to 8042’ than C1~. The different
roles of second phases in micro-galvanic corrosion were caused by different components.
The rare earth elements in WE43 were more sensitive in certain solutions, which could
be attributed to the surface oxide film. The property of surface oxide film would affect
the corrosion resistance of alloy, which are shown in the hydrogen evolution and weight
loss experiments.

3.3. Hydrogen Evolution and Weight Loss Measurements

Hydrogen evolution experiments can characterize the corrosion rate of alloys. As
shown in Figure 8, WE43 and AZ80 were immersed in NaCl and Na;SOy solution for
7 days, respectively. It can be clearly observed that the hydrogen evolution rates were
different. The hydrogen evolution amount of AZ80 in NaCl solution was about 8 times
as much as AZ80 immersed in Na,;SO; solution, while WE43 is at opposite poles. The
hydrogen evolution amount of WE43 in NaySOy solution was 4.6 times as much as that in
NaCl solution. The hydrogen evolution indicates that the corrosion resistance of these two
alloys in different solutions were different. The corrosion resistance of AZ80 in NaySOy
solution was much better than that in NaCl solution, and the corrosion resistance of WE43
in NaCl solution was much better than that in Na,SO4 solution. Meanwhile, at the initial
immersion term (marked as (I) in Figure 8), the hydrogen evolution amount of WE43 in
NaCl solution was more than that in Na;SO; solution. Then, the hydrogen evolution of
WE43 in Na;SOy solution clearly increased and the total hydrogen evolution in Na;SOy4
solution was much larger than in NaCl solution. It should be attributed to the situation
that the surface film of WE43 alloy loses protection. This phenomenon could also happen
in polarization experiments.

The weight loss results are shown in Figure 9, they also indicate the same conclusion
that WE43 alloy was corroded more severely in Na,SO; solution than in NaCl solution.
The weight loss rate of WE43 in NaySOy solution was about 1.3 mm/year, which was about
2 times more than that in NaCl solution. While the weight loss of AZ80 in NaCl solution
was about 1.55 mm/year, which was 2.6 times more than that in Na,SO4 solution.
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Figure 8. The hydrogen evolution of AZ80 and WE43 in NaCl and NaSOy.
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Figure 9. The weight loss rate (Pn) of AZ80 and WE43.

3.4. Electrochemical Measurements Results
3.4.1. Potential Dynamic Polarization Curves

The electrochemical measurements mainly contain polarization curves and EIS (electro-
chemical impedance spectroscopy). The cathodic and anodic polarization were measured
from the OCP separately and plotted together. Figure 10 shows the polarization curves of
WE43 and AZ80 in NaySO4 and NaCl solution, respectively. When WE43 was immersed
in NaCl solution, the inflection point could be found in the anodic curve, which means
the breakdown of film formed on WE43 alloy in solution. While in NaySOy solution, the
anodic curve showed the active dissolution of the alloy, which indicates poor protection
of the surface film. Without a protective surface film in Na;SO4 solution, WE43 corrodes
much faster than in NaCl solution, shown by the results of hydrogen evolution and weight
loss tests. The fitting results of the polarization curves are shown in Table 3. According
to the fitting results, the value of the icorr in NaCl solution was higher than in NaySO4
solution, which agrees with the hydrogen evolution test at the initial immersion term. The
anodic curves of AZ80 show the inflection points in both solutions. Considering the results
of immersion tests in Figures 5-7, it can be found that the alloy showed a poor protective
surface film when the second phase acted as anode in the micro-galvanic corrosion. In
Tables 3 and 4, the P; was calculated by icorr and the formula mentioned in Section 2.5. In the
case of AZ80 alloy, the P, and P; in NaCl solution was higher than in the Na;SO;, solution.
While the P; in Table 4 were different with the Py, of WE43 in Figure 9. The calculated
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results P; of NaCl solution were larger than Nap;SOj4 solution which was in accordance with
the phenomenon (I). Ry, is polarization resistance which could be calculated by equation,
and the value of Ry, could express the corrosion situation to some extent. The R of the
alloys in two solutions showed a similar rule. The R;, of AZ80 in NaCl solution was smaller
than in the NaySOy solution, which was same as WE43 alloys. Electrochemical methods,
especially polarization experiments, reflect the initial stage of corrosion. As a result, the
corrosion rate of WE43 in NaCl solution was faster than that in Nay;SOy solution at the
beginning. While, as the immersion time increased, the corrosion film generated in Na;SO4
solution was no longer protective, which finally caused the larger Py, in Nay;SO;4 solution
than in NaCl solution.
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Figure 10. Comparison of polarization curves of WE43 and AZ80 alloys in 0.6 M NaCl and NaySO,
solution. The anodic and cathodic polarization curves were scanned from the OCP separately.
Table 3. The fitting result of the AZ80 cathode polarization curve.
Solution Ecorr (Vscg) icorr (WA-cm—2) b, (mV/dec) b, (—mV/dec) Rp (Q-cm?) P; (mm/Year)
NaCl —1.581 12.21 153.6 203.4 22.31 2.762
NaySOy —1.664 12.18 187.7 196.5 149.42 2.755
Table 4. The fitting result of the WE43 cathode polarization curve.
Solution Ecorr (Vscg) icorr (UA-cm—2) b, (mV/dec) b, (—mV/dec) Ry (Q-cm?) P; (mm/Year)
NaCl —1.721 65.91 135.5 189.6 3.12 1.491
NaySOy —1.823 50.33 156.7 178.3 11.16 1.138

3.4.2. EIS Test

The Nyquist plots are shown in Figure 11. Figures 12 and 13 are amplitude diagram
(1Z1 vs. f) and phase angle diagram (phase angle vs. f), respectively. In the Nyquist plots,
the high frequency capacitance loop is on the left, which is related to the electric double
layer, while the low frequency capacitance loop is on the right, which is in connection with
the surface film. The equivalent circuit shown in Figure 14 was used to fit the results. As
shown in Table 5, R; is the impendence of solution; R is the charge transfer resistance;
Qg is the double layer capacitance; R is the impendence of film; Qy is the surface film
capacitance; L is the inductance at the interface of film and substrate; Ry, is impendence
of inductance. It can be found that both AZ80 and WE43 presented a larger Nyquist plot
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scale and Rt and R values. This means that, at the initial immersion time, the corrosion
resistance of two alloys in NaySO4 solution were better than that in NaCl solution. The
Rt value of WE43 in NaySOy solution was much larger than that in NaCl solution. On the
other hand, the R¢ value of WE43 in Na,SOy solution was smaller. In accordance with the
results of polarization curves, the surface film of WE43 in NaySO; solution lacked enough
protective effect. Bode plots, which are presented in Figures 12 and 13, were divided into
two parts, amplitude diagram and Phase angle diagram. They showed the same rule
as Nyquist curves. As shown in Figures 11 and 12, when immersed AZ80 in NapSOy
solution, the radius of the blue curve was larger than that of pink curve. The value of | Z|
in Figure 12 had the same rule: the blue one is higher than pink one. The rules between the
curves of WE43 were similar with AZ80. The blue curves in EIS and Amplitude diagram
of WE43 were both higher than pink curves, which means that the corrosion resistance of
AZ80 in Na,SO, solution was better than in NaCl solution.

0 Na,SO, 0 Na,SO
1400 + AZ80 4 1400 | WE43 4
/A NaCl /A NaCl
fitted curves fitted curves
1200 - fitted curves 1200 - —— fitted curves
1000 1000
o
E g
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Figure 11. Nyquist curves of AZ80 and WE43 alloys in 0.6 M NaCl and Na;SO; solution.
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Figure 12. Amplitude diagram (1Z| vs. f) of AZ80 and WE43 alloys in 0.6 M NaCl and NaySOy solution.



Crystals 2023, 13, 506

12 of 14

100 100
0 Na,S0, AZ80 0 NaSO, WE43
/A NaCl A NaCl
fitting cureves e fitting cureves
80 fitting cureves 80 fitting cureves
5 S
3 60 3 60
2 5]
on
g g
2 40 2 40
20 20
8- 01 0.1 10 100 1000 10,000 100, 000 8 01 0.1 1 10 100 1000 10,000 100, 000
Frequency(Hz) Frequency(Hz)
Figure 13. Phase angle diagram (Phase angle vs. f) of AZ80 and WE43 alloys in 0.6 M NaCl and
Na,SOy solution.
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Figure 14. Equivalent circuit of EIS spectra.
Table 5. The fitting EIS results of AZ80 and WE43 alloys immersed in NaCl and Na;SOy solution.
. Rs Qai n Ret Qs n R¢
Alloy Solution 2 pS.em-2.5-1 ! Qem?  pS-cm-2.5-1 f Q-cm?
AZ80 NapSOy4 0.89 6.45 x 107° 0.98 1689 6.47 x 1074 0.86 2155
NaCl 0.51 3.67 x 1074 0.99 202.1 6.40 x 107° 0.98 820
WE43 NaySOy 3.99 1.11 x 107> 0.96 764.1 255 x 1073 0.88 311
NaCl 0.81 6.42 x 1074 0.86 171.6 9.27 x 107° 0.95 363

In this work, by comparing the corrosion behavior of WE43 and AZ80 in NaCl and
NaySOy4 solution, two unexpected phenomena have been exhibited. One is the micro-
galvanic corrosion behavior of WE43 alloy in NaySO4 solution, in which second phase
acted as the anode and dissolved preferentially. The other one was the better corrosion
resistance of WE43 alloy in NaCl solution than in Na;SO;4 solution, which was different
from AZ80 and most of the magnesium alloys.

The electrochemical measurements results indicate that the surface film of WE43 in
NaySOy solution did not have enough of a protective effect. The P; of WE43 in NaCl
solution was larger than in NaySOy, but Py, was to the contrary. The higher weight loss rate
in NaySOy indicates a worse protective film than the film in NaCl solution. The different
roles of the second phase led to different micro-galvanic corrosion behavior shown in the
immersion tests. Due to the not protective surface film and unique micro-galvanic corrosion
behavior, the corrosion rate of WE43 alloy in Na;SO; solution was much faster than that
in NaCl solution, shown in the hydrogen evolution and weight loss measurements. The
unexpected phenomena were explained.
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4. Conclusions

WE43 and AZ80 showed different micro-galvanic corrosion behavior when immersed
in NaCl and Na;SO;, solution, respectively. The second phase in WE43 acted as the
anode and dissolved preferentially when immersed in Na;SO; solution, while in AZ80
it showed a cathodic role. WE43 would be corroded more severely in Nay;SO4 solution
than in NaCl. While at the beginning of the corrosion, two alloys were more fragile to
Cl~ than SO,42~. However, as the immersion time increased, WE43 showed different
phenomenon compared with AZ80 because of there being no protective film on WE43 in
SO42~, which can be observed in hydrogen evolution and electrochemical measurements.
The reason is that the film of WE43 immersed in NaySOj solution was not protective. The
characterization of the relationship between rare earth elements and product film on WE43
needs to be strengthened, which may explain the corrosion mechanism of magnesium
alloys in different solution.
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