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1 Introduction
Magnesium alloy is a light engineering material, used 
in aerospace, automotive and electronics industries due 
to its high damping capacity, good electromagnetic 
shielding characteristics, high thermal and electrical 
conductivity, favorable dimensional stability and 
machinability [1-3]. Unfortunately, the poor corrosion 
resistance of Mg alloys is still a key factor restricting its 
wide application. Therefore, it is vital to prepare the Mg 
alloys with high strength and corrosion resistance. 

Mg-RE-Zn alloys with long-period stacking ordered 
(LPSO) phase have received considerable attention 
owing to their unique microstructures and outstanding 
mechanical properties. It is proved that LPSO phase 
can significantly improve the strength, ductility, and 
creep and corrosion resistance of Mg alloy [1, 4-8]. Cheng 
et al. [9] revealed that Mg-Zn-Y-Ti alloys with rod-like 
LPSO phases exhibited a more uniform corrosion mode 
and better corrosion resistance. Wang et al. [10] reported 
that Mg98.5Y1Zn0.5 alloys containing LPSO phase 
presented higher corrosion resistance compared with 
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WE43, ZK60 and ZX60 alloys. Nevertheless, research 
on the corrosion resistance of the Mg-RE-Zn alloy 
system is still insufficient, especially for the alloy with 
SiC addition. SiC is often used as the reinforcing phase 
of magnesium matrix composites due to its low density, 
high strength and high hardness, good thermal stability, 
and so on. Research shows that adding an appropriate 
amount of SiC particles to Mg alloys can enhance the 
mechanical properties and corrosion resistance [11-13]. 
Ganguly et al. [13] investigated the effect of SiCnp (0.5, 
1.0, 2.0, wt.%) addition on corrosion reaction of AZ91-
2.0Ca-0.3Sb alloy and reported that all the AZ91-
2.0Ca-0.3Sb+xSiCnp (x=0.5, 1.0, 2.0, wt.%) composites 
demonstrated a superior corrosion resistance over the 
matrix alloy. Also, an ultrahigh strength Mg97Zn1Y2-
1wt.%SiC with LPSO phase was successfully prepared 
by our group [14], and the corrosion resistance of the 
alloy was further studied in this work. 

Normally, gases such as SO2, O3, NOx, HCl and 
organic acids exist in the atmosphere, and dissolve into 
the rain to form compounds [15, 16]. Mg alloys exposed 
to air are corroded due to the presence of anions 
such as Cl-, NO3

- and SO4
2- [17]. Thus, it is necessary 

to discuss the corrosion of magnesium alloy under 
those three different anions. Consequently, in this 
work, the microstructure, corrosion mechanism, and 
electrochemical behaviors of Mg97Zn1Y2-1wt.%SiC in 
0.2 mol·L-1 NaCl, Na2SO4 and NaNO3 solutions were 
characterized and investigated.
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Fig. 2: XRD spectral analysis of Mg97Zn1Y2-1wt.%SiC

Fig. 1: Microstructure of Mg97Zn1Y2-1wt.%SiC: (a) OM; (b) SEM

2 Experimental procedure
In this experiment, Mg97Zn1Y2-1wt.%SiC was prepared by 
high purity Mg (99.99%) and Zn (99.9%), Mg-Y (25wt.%Y) 
master alloy and SiC particles by conventional casting method. 
Pure Mg was placed in a crucible preheated to 350 °C and 
heated to 720 °C in an electric furnace with the heating rate 
10 °C·min-1. After holding for 15 min, Mg-Y master alloy, 
pure Zn and SiC particles were added and kept at 720 °C for 
another 20 min. The melt was stirred for approximately 3 min 
when the alloy elements were completely melted, then the 
molten alloy was poured into the steel mold for air cooling. 
All samples were cut into 10 mm×10 mm×10 mm cube from 
prepared Mg97Zn1Y2-1wt.%SiC.

The corrosion behavior of Mg97Zn1Y2-1wt.%SiC alloy in
0.2 mol·L-1 NaCl solution, Na2SO4 solution, and NaNO3 
solution was studied by immersion testing. The corrosion rate 
of the magnesium alloy is obtained by Eq. (1):

VH = Vg / t (1)

VH is the corrosion rate of metal hydrogenation, mL·cm-2·h-1; 
Vg is the volume of gas collected, mL; and t is corrosion time, h.

The polarization curve and impedance spectrum of 
magnesium alloys corrosion were studied by electrochemical 

analysis. The three-electrode system was adopted for the 
electrochemical test [14], the saturated calomel electrode and 
platinum electrode were taken as reference electrode and 
auxiliary electrode, respectively, and the exposed size of 
samples of 10 mm×10 mm as the working electrode. The test 
was performed on the electrochemical workstation with a 
scanning rate of 0.5 mV·s-1 for 400 s at the frequency of 1 Hz. 
The optical microscopy (OM), scanning electron microscopy 
(SEM) and X-Ray Diffraction (XRD) were used to analyze the 
microstructure and phase constitution of the samples.

3 Results and discussion
3.1 Microstructure analysis and corrosion rate
Figures 1 and 2 show the microstructure and XRD spectrum 
of Mg97Zn1Y2-1wt.%SiC alloy, respectively. The Mg matrix 
and the secondary phase can be clearly seen from Fig. 1(a). 
Combining Fig. 1(b) and Fig. 2, the microstructure of 
Mg97Zn1Y2-1wt.%SiC alloy is composed of α-Mg, LPSO 
(Mg12ZnY) phase and SiC phase. The LPSO phase is thin strips 
and distributes at the grain boundaries. Spherical SiC particles 
are distributed inside the matrix, which could improve the 
corrosion resistance of the material to a certain extent [13, 19].

100 μm

The corrosion rate curves of Mg97Zn1Y2-1wt.%SiC in 
different corrosion solutions are shown in Fig. 3. The corrosion 
rate of the sample in NaCl solution increases rapidly within 
1 h to 2 h and then increases slowly. In the Na2SO4 solution, 
the corrosion rate increases in 1 h to 2 h, but then subsequently 
decreases. In the NaNO3 solution, the corrosion rate of the 
sample is the slowest, which decreases gradually with time. 
Therefore, it can be concluded that the corrosion rate of 
Mg97Zn1Y2-1wt.%SiC in 0.2 mol·L-1 NaCl, Na2SO4 and NaNO3 
solutions decreases successively.

3.2 Corrosion morphology
Figure 4 shows the SEM morphology of Mg97Zn1Y2-1wt.%SiC 
corroded in 0.2 mol·L-1 NaCl solution for 1 h to 6 h. As the 
corrosion time extends, the corrosion products on the sample 
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on the surface increase [Fig. 4(c)], the corrosion products 
accumulate continuously, become loose and fine [Fig. 4(f)]. 
The surface of the sample is dominated by pitting corrosion, 
and the corrosion morphology is granular, loose, and porous, 
which cannot well block the external solution and protect the 
matrix.

Figure 5 shows the SEM morphology of Mg97Zn1Y2-
1wt.%SiC corroded in 0.2 mol·L-1 Na2SO4 solution for 1 h to 
6 h. In Fig. 5(a), there are strip-shaped secondary phase and 
a small amount of flake corrosion product after the sample is 
corroded for 1 h. In Na2SO4 solution, local corrosion occurs 
preferentially in the region adjacent to the secondary phase, 
and gradually spreads from the edge of the matrix to the center, 
which is shown in Figs. 5(b) and (c). From Figs. 5(e) and (f), 
it can be seen that the corrosion products increase, and cracks 
deepen. According to Fig. 5, the corrosion product extends and 
finally covers the whole matrix as the corrosion progresses. 
However, the corrosion products are not completely spalling 

Fig. 4: SEM images of Mg97Zn1Y2-1wt.%SiC alloys immersed in NaCl solution: (a) 1 h; (b) 2 h; (c) 3 h; 
(d) 4 h; (e) 5 h; (f) 6 h

(c) (d)

(e) (f)

(a) (b)

Fig. 3: Corrosion rate curves of Mg97Zn1Y2-1wt.%SiC in 
different corrosion solutions

surface increase. It can be seen from Fig. 4(a) that fewer 
corrosion products are produced on the surface of matrix 
after the sample was corroded for 1 h. As the corrosion time 
increases, the degree of corrosion deepens, cracks and holes 
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Fig. 5: SEM images of Mg97Zn1Y2-1wt.%SiC alloys immersed in Na2SO4 solution: (a) 1 h; (b) 2 h; (c) 3 h; 
(d) 4 h; (e) 5 h; (f) 6 h

The SEM morphology of Mg97Zn1Y2-1wt.%SiC after 
corrosion in 0.2 mol·L-1 NaNO3 solution for 1 h to 6 h is 
shown in Fig. 6. Like the corrosion behavior in Na2SO4 
solution, it spreads from the edge of the matrix to the center 
and eventually covers the entire surface, and the corrosion 
products increase with corrosion time. In Fig. 6(f), it is found 
that the corrosion products have deep cracks and etch pits. 
Different from the corrosion behavior of alloys in NaCl and 
Na2SO4 solutions, the corrosion product of NaNO3 solution 
does not become granular and isolated, and the corrosion film 
is not seriously damaged. This indicates that the ability of 
NO3

- to penetrate and destroy the corrosion film is weaker than 
that of Cl- and SO4

2-, which have weaker corrosion effect on 
Mg97Zn1Y2-1wt.%SiC alloys.

The corrosion products on the surface of magnesium alloy 
are mainly formed by Mg matrix. The more the corrosion 
products, the more the magnesium matrix consumed, the worse 
the corrosion resistance. Comparing the corrosion morphology 
of Mg97Zn1Y2-1wt.%SiC in three corrosion solutions, it can be 
found that the surface of the alloy is completely corroded in 
NaCl solution, there are many cracks and holes in the corrosion 
products. In Na2SO4 and NaNO3 solutions, Mg97Zn1Y2-
1wt.%SiC is partially corroded, while the corrosion products 
in Na2SO4 solution are more and denser than those in NaNO3 
solution. Hence, the corrosion resistance of Mg97Zn1Y2-
1wt.%SiC is the worst in NaCl solution, followed by Na2SO4 
and NaNO3 solutions.

(c) (d)

(e) (f)

(a) (b)

after corroding for 6 h, which can provide a good protective 
barrier for magnesium matrix. By contrast, the corrosion layers 
of Mg alloys in NaCl solution are completely spalling and the 

fine particle products remain on the matrix surface. It can be 
considered that the corrosion ability of SO4

2- is less than Cl- for 
the Mg matrix.
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Fig. 6: SEM images of Mg97Zn1Y2-1wt.%SiC alloys immersed in NaNO3 solution: (a) 1 h; (b) 2 h; (c) 3 h; 
(d) 4 h; (e) 5 h; (f) 6 h

and |Z | can be obtained according to |Z |2=Z '2+Z  ''2, where Z ' 
is the real part of the impedance, Z '' is the imaginary part of 
the impedance. With the increase of the value of impedance 

Fig. 7: Polarization curves of Mg97Zn1Y2-1wt.%SiC 
in different corrosion solutions

3.3 Electrochemical testing
As can be seen from the polarization curves of Mg97Zn1Y2-
1wt.%SiC in different corrosion solutions in Fig. 7, the 
corrosion potential in NaCl and Na2SO4 solutions is much more 
negative than that in NaNO3 solution. Related research shows 
that negative corrosion potential improves the driving force 
of corrosion [20], so the corrosion driving force of Mg97Zn1Y2-
1wt.%SiC in NaCl and Na2SO4 solutions is greater than that 
in NaNO3 solution. Moreover, the corrosion driving force of 
Na2SO4 solution is slightly greater than that in NaCl solution. 
The corrosion current density of Mg97Zn1Y2-1wt.%SiC in 
corrosion solutions follows the declining order of NaCl solution 
> Na2SO4 solution > NaNO3 solution, which is consistent with 
the results of hydrogen evolution measurements.

Figure 8 shows the Nyquist plots of impedance spectrum 
analysis of Mg97Zn1Y2-1wt.%SiC in 0.2 mol·L-1 NaCl, Na2SO4 
and NaNO3 solutions. The value of impedance modulus |Z | can 
reflect the electrode activity and charge-transfer resistance [21-23], 

(c) (d)

(e) (f)

(a) (b)
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Fig. 8: Nyquist plots of impedance spectra of Mg97Zn1Y2-
1wt.%SiC in different corrosion solutions

modulus |Z | , the electrode activity decreases, while the 
charge-transfer resistance increases [24]. It can be seen from 
Fig. 8 that the arc diameter of NaCl, Na2SO4 and NaNO3 
solutions increases successively, implying that the activity of 
Mg97Zn1Y2-1wt.%SiC decreases sequentially in NaCl, Na2SO4 
and NaNO3 solutions, and the charge-transfer resistance 
increases in turn.

Mg → Mg2+ + 2e-  (anode reaction)

 2H2O + 2e- → H2 + 2OH-  (cathode reaction)

Mg2+ + 2H2O = Mg(OH)2 + 2H+ (hydrolysis reaction)

(2)

(3)

(4)

than Cl-; they are less liable to penetrate the corrosion film [17], 
resulting in a weaker and less broken effect on the membrane, 
so the corrosion degree is weak. As can be seen from Fig. 5(f) 
and Fig. 6(f), the large cracks are generated on the surface of 
the matrix in NaNO3 and Na2SO4 solutions, and the corrosion 
products are relatively stable and do not fall off. 

The deposi t ion of hydrogen ion and soluble sa l ts 
greatly increases the conductivity of the film on the metal 
surface, resulting in higher corrosion currents [28]. In the 
electrochemical test, the polarization curve of Mg97Zn1Y2-
1wt.%SiC shows the corrosion potential in NaCl and Na2SO4 
solutions is much lower than in NaNO3 solution. At the same 
cathode potential, the cathode current density in NaCl solution 
is higher than that in Na2SO4 solution, which indicates that the 
hydrogen evolution reaction of Mg97Zn1Y2-1wt.%SiC is more 
likely to occur in NaCl solution. As the reinforcing phase, SiC 
can well combine with the matrix interface, refine α-Mg grains 
and strengthen grain boundaries [29, 30], which improves the 
corrosion resistance of the alloy to a certain extent.

4 Conclusions
Corrosion and chemical behavior of Mg97Zn1Y2-1wt.%SiC in 
0.2 mol·L-1 NaCl, Na2SO4 and NaNO3 solutions was studied. 
The following conclusions can be drawn:

(1) The corrosion rate and degree of Mg97Zn1Y2-1wt.%SiC are 
the greatest in NaCl solution, second in Na2SO4 solution, and the 
smallest in NaNO3 solution.

(2) The corrosion current density of Mg97Zn1Y2-1wt.%SiC 
increases successively in NaNO3 solution, Na2SO4 solution and 
NaCl solution, while the charge-transfer resistance shows the 
opposite trend and decreases in turn.

(3) Cl- has the strongest ability to penetrate and destroy 
corrosion products and accelerate the corrosion of Mg97Zn1Y2-
1wt.%SiC, while SO4

2- and NO3
- are relatively weak. The 

damage of NO3
-, SO4

2- and Cl- to the corrosion products increases 
in order.  
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