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The effects of Sm on the corrosion behaviours and electrochemistry of Mg-5Y-2Nd-0.5Zr magnesium 

alloy were studied by the static weight loss method, electrochemical analysis, scanning electron 

microscopy and XRD. The results showed that the addition of Sm increased the open circuit potentials 

of the tested alloys, decreased their self-corrosion current densities, and improved their corrosion 

resistances. As the Sm content increased, the corrosion rate of the alloy first decreased and then 

reached a minimum at 3 wt.% Sm. At 3 wt.% Sm content, the corrosion rate of the alloy decreased to 

0.2121 mg.cm-2.h-1, which was 57% of that of the original alloy. At the same time, the Sm formed a 

new Mg41Sm5 phase in the alloy, which changed the quantities and distributions of the second phases 

in the Mg-5Y-2Nd-3Sm-0.5Zr alloy. Adding a proper amount of Sm refines the precipitates and makes 

the components and tissues uniform. The uniform, fine second phases could provide a good barrier 

against the generation and expansion of corrosion, thereby significantly improving the corrosion 

resistance of the alloy. 
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1. INTRODUCTION 

Magnesium alloys are lightweight, have high specific stiffnesses, high damping, remarkable 

shock absorption and noise reduction, good electrical and thermal conductivities and are widely used 

in the transportation, communications, aerospace and other fields[1-6]. However, due to the poor 

corrosion resistances of magnesium alloys, their further promotion and application are limited[2-9]. 

Improving the corrosion resistances of magnesium alloys has become a hot topic in the field of 

materials research. Studies have shown that rare earth elements and mixed rare earths affect the 

corrosion properties of magnesium alloys[4-11]. The effects of La, Ce and Y on the corrosion 

resistance of magnesium alloys have been studied, and the corrosion resistance of magnesium alloys 
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has been improved to varying degrees[5-16]. At present, the mechanisms of the influence of Sm on the 

properties of magnesium alloys need further study. 

Sm has a high solid solubility in a Mg matrix and can reach 5.8 wt.%. In addition, Sm2O3 has 

the lowest price among the single rare earth oxides, which is expected to greatly reduce the costs of 

Sm-containing alloys[7-19]. Sm has broad application prospects in Mg alloys. On this basis, we chose 

to replace a portion of the Nd in a more mature commercial WE series (Mg-4Y-3Nd-0.5Zr and Mg-

5Y-4Nd-0.5Zr alloys) magnesium alloy with the more solid-soluble Sm, developing new Mg-5Y-2Nd-

xSm-0.5Zr (x=0, 1, 3, 5) alloys with lower costs and superior mechanical properties[20]. However, no 

research exists regarding the corrosion resistance and electrochemical performance of Sm in the Mg-

5Y-2Nd-xSm-0.5Zr (x=0, 1, 3, 5) alloys. In this paper, the effects of rare earth Sm on the corrosion 

resistances and electrochemistry of Mg-5Y-2Nd-xSm-0.5Zr (x=0, 1, 3, 5) alloys[20] were studied by 

weight loss corrosion and electrochemical methods, and the optimal amount of Sm for a Mg-Y-Nd 

magnesium alloy was determined. 

 

 

2. EXPERIMENTS 

2.1 Materials 

The raw materials used in the experiments were pure magnesium ingot (99.98 wt.%) and 

intermediate alloys Mg-30Y, Mg-30Nd, Mg-30Sm and Mg-30Zr (mass fraction, %). Alloys with 

compositions of Mg-5Y-2Nd-xSm-0.5Zr (wt.%) x=0, 1, 3, 5 were formed through a melt process. All 

raw materials were dried before installation in the furnace. The alloy smelting was carried out in a type 

ZG.JL0.01-40-4 electromagnetic medium frequency induction furnace using a high-purity corundum 

crucible. During the smelting process, a mixture of SF6 and CO2 at a volume ratio of 1:99 was 

introduced for protection. The alloy was melted, stirred and allowed to stand. When the alloy had 

cooled to 700 ℃-710 ℃, it was poured into a steel mould that had been preheated to 250 ℃. The alloy 

test piece obtained was covered with MgO powder and heat-treated in a box-type electric resistance 

furnace. The heat treatment process for the alloy was solid solution (heating at 525 ℃ for 10 h and 

then water quenching at 80 ℃) and ageing (heating at 225 ℃ for 12 h and then air cooling). 

 

2.2 Corrosion experiments 

The alloys were cut into cubes sized 10 mm × 10 mm × 10 mm using a wire cutting device. 

After grinding all the surfaces of the samples with 2000-grit sandpaper, they were cleaned with 

alcohol. The samples were soaked in 3.5 wt.% NaCl solution for 24 h and then placed in a 20% CrO3 + 

1% AgNO3 solution at 90 °C for 10 min to clean the corrosion products. The mass of the sample before 

and after corrosion was measured on an analytical balance, and the corrosion rate of the alloy was 

calculated according to formula (1): 

ST

mm
c

)( 0   (1) 

where c is the corrosion rate, m0 is the mass of the alloy before corrosion, m is the mass of the 
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alloy after corrosion, S is the surface area of the alloy, and T is the corrosion time. 

 

2.3 Electrochemical experiments 

The electrochemical performances of the alloys were tested by a CHI660E electrochemical 

workstation. A three-electrode system was used where the counter electrode was a graphite electrode, 

the auxiliary electrode was a saturated calomel electrode (SCE), and the sample and the auxiliary 

electrode were connected by a salt bridge. Each test specimen had a working area of 1 cm2. After the 

open circuit potential (OCP) stabilized, an AC impedance test was conducted. The frequency test range 

was 105-10-1 Hz, and the voltage amplitude was 5 mV. Then, the polarization curve of the sample was 

measured, and the constant potential scanning method was used. The scan range was -2 to -1 V, and 

the scan rate was 1 mV/s. 

 

2.4 Analysis and characterization methods 

The microstructure of the Mg-5Y-2Nd-xSm-0.5Zr alloy was characterized by scanning electron 

microscopy (JSM-5610LV). The alloy was subjected to EDS spectroscopy and X-ray diffraction 

spectroscopy (D8 ADVANCE) analysis to determine the phases present; the XRD experimental 

conditions were as follows: a Cu Kα source, scan angle from 15°~90°, and scan speed of 2°/min. When 

the immersion tests were complete, the corrosion products on the surface of different samples were 

calibrated and analysed by XRD. The corrosion surface topographies of the samples with the corrosion 

products removed were observed by SEM (JSM-5610LV). 

 

Table 1. Chemical compositions of the Mg-5Y-2Nd-xSm-0.5Zr alloys (wt.%) (x=0, 1, 3, 5) as 

determined by ICP. 

Nominal composition 
Actual composition (wt.%) 

Y Nd Sm Zr Mg 

Mg-5Y-2Nd-0.5Zr 5.13 2.04 0 0.53 Bal. 

Mg-5Y-2Nd-1Sm-0.5Zr 4.95 1.92 1.12 0.56 Bal. 

Mg-5Y-2Nd-3Sm-0.5Zr 5.07 2.11 3.09 0.45 Bal. 

Mg-5Y-2Nd-5Sm-0.5Zr 5.21 2.09 4.97 0.47 Bal. 

 

3. RESULTS AND DISCUSSION 

3.1 The microstructure of samples 

Fig. 1 shows the X-ray diffraction analyses of the aged Mg-Y-Nd-Sm-Zr alloys. The analysis 

results show that the main phases of the Mg-5Y-2Nd-0.5Zr alloy are the α-Mg, Mg24Y5 and Mg41Nd5 
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phases. With the addition of Sm, a new Mg41Sm5 phase is produced, and at the same time, the 

characteristic diffraction peak for the Mg41Nd5 phase becomes increasingly prominent. These results 

show that the addition of Sm promotes the precipitation of the Mg41Nd5 phase. Therefore, Sm atoms 

and Nd atoms can replace each other in the β' phase (β'-Mg41Nd5) crystal structure precipitated over the 

ageing time, making the phase composition more complicated[11-26]. 

 

 
 

Figure 1. X-ray diffraction spectra of peak-aged Mg-5Y-2Nd-xSm-0.5Zr alloys (x=0, 3) (wt.%). 

 

Fig. 2 and Table 2 show SEM images and EDS analysis results, respectively, for four aged Mg-

Y-Nd-Sm-Zr alloys. Table 2 shows that Mg, Y, Nd and Zr are detected in the alloys without rare earth 

Sm additions. As can be seen in Fig. 2, the alloy essentially consists of black α-Mg matrix and white 

second phases. The Mg-5Y-2Nd-0.5Zr alloy mainly accumulates coarse second phases, which is 

shown in Fig. 2(a). With the addition of Sm, a new, fine-grained second phase with a relatively 

uniform distribution appears in the alloy, as shown in Figures 4(b)-(d). As the Sm content increases, 

the number of second phases gradually increases. When the amount of Sm reaches 5%, a continuous 

network distribution occurs. According to the analysis of EDS spectra from different forms of the 

white second phase as shown in Table 2, the mass fraction of Sm in the eutectic phase increases with 

increasing Sm content, and the mass fractions of Y and Nd decrease. The amount of the compound 

containing Sm increases. At the same time, the relatively fine grained second phase distributed in the 

grains inside the alloy consists mainly of regions rich in Y, Nd, or Sm. Combined with the XRD 

calibration in Fig. 1, we can infer that the fine grained second phase comprises a mix of Mg24Y5, 

Mg41Nd5 and Mg41Sm5 phases. When Sm is added, the Sm displaces a portion of the Y and Nd, 

dissolves in the α-Mg matrix, promotes the precipitation of the second phase containing Y and Nd, and 

changes the alloy morphology and the distributions of the second phases [13-27]. 
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Figure 2. SEM morphologies of peak-aged Mg-5Y-2Nd-xSm-0.5Zr alloys (wt.%) before corrosion: (a) 

x=0, (b) x=1, (c) x=3 and (d) x=5. 

 

Table 2. EDS results for the points marked in Figure 2 (wt.%). 

 

Elements 

(wt.%) 
x(Mg)/% x(Y)/% x(Nd)/% x(Sm)/% x(Zr)/% 

Figure 2(a), A 44.14 25.29 11.81 __ 18.76 

Figure 2(b), B 42.14 14.12 13.55 23.97 6.22 

Figure 2(c), C 34.31 16.71 12.23 36.54 00.21 

Figure 2(d), D 20.56 13.79 16.97 47.03 01.65 

 

3.2 Weight loss rates 

Fig. 3 shows the average corrosion weight loss rates of the Mg-5Y-2Nd-xSm-0.5Zr alloys after 

soaking for 24 h in 3.5 wt.% NaCl solution at 25℃. This figure shows that as the Sm content 

increases, the corrosion rate first decreases and then reaches a minimum at 3 wt.% Sm, which indicates 

the best corrosion resistance. When the Sm content is greater than 3 wt.%, the corrosion rate sharply 

increases. This increase may occur due to an excessive amount of Sm consuming the α-Mg matrix, 

which results in a decrease in the Mg content, and magnesium-poor regions have decreased corrosion 

resistance. The alloy series in increasing order of corrosion resistance is 0 wt.% Sm, 1 wt.% Sm, 5 

wt.% Sm, and 3 wt.% Sm, and a proper amount of Sm can improve the alloy corrosion resistance. The 

weight loss rate of the Mg-5Y-2Nd-3Sm-0.5Zr alloy in the corrosive medium is the lowest, which 

indicates that this content of Sm is the most beneficial for the corrosion resistance of the alloy. This 
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result is mainly due to the fine grained second phases dispersed in the matrix, which can block the 

generation and expansion of corrosion and improve the corrosion resistance of the Mg-5Y-2Nd-3Sm-

0.5Zr alloy[11-29]. 

 

 
 

Figure 3. Weight loss rates for the peak-aged Mg-5Y-2Nd-xSm-0.5Zr alloys (x=0, 1, 3, 5) (wt.%) after 

24 h of immersion in 3.5% NaCl solution. 

 

3.3 Corrosion products and surface morphologies 

3.3.1 Corrosion products 

To further study the effects of Sm on the corrosion resistance of the Mg-5Y-2Nd-xSm-0.5Zr 

alloys, the corrosion products on the surface of the alloys were analysed by XRD. No significant 

differences are found in the corrosion products of the alloys with different Sm contents. The corrosion 

products are mainly composed of Mg(OH)2 (see Fig. 4). Magnesium alloys are unstable and are 

susceptible to corrosion. First, MgO is formed in the surface layer. MgO becomes Mg(OH)2 after 

immersion for a long time by: 

MgO+H2O→Mg(OH)2 (2) 

Mg(OH)2+2Cl-→MgCl2+2OH- (3) 

In addition, only a very small amount of compounds containing rare earth Sm are found in the 

corrosion products of the alloy. This result indicates that the second phase containing Sm in the alloy 

has good corrosion resistance[16-28]. 
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Figure 4. XRD of corrosion products formed on peak-aged Mg-5Y-2Nd-xSm-0.5Zr alloys (x=0, 3) 

(wt.%) after 24 h of immersion in 3.5% NaCl solution. 

 

3.3.2 Corrosion product surface morphologies 

Fig. 5 shows the corrosion morphologies of the Mg-5Y-2Nd-xSm-0.5Zr alloys immersed in 3.5 

wt.% NaCl solution for 24 hours. Fig. 5 shows that as the Sm content increases, the degree of 

corrosion in the alloy first decreases and then increases. For the alloy without Sm, the entire surface of 

the alloy is corroded, the size of the corroded particles is not uniform, and corrosion pits appear in 

some areas (see Fig. 5(a)). When the Sm content is 3 wt.%, the alloy is slightly corroded, the particles 

of the scale are small, and only a few points appear (see Fig. 5(c)). As the Sm content further increases, 

the degree of corrosion becomes severe. These corrosion patterns are consistent with the corrosion rate 

test results (see Fig. 3). 
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Figure 5. Surface morphologies with corrosion products removed for peak-aged Mg-5Y-2Nd-xSm-

0.5Zr alloys (wt.%) after 24 h immersion in 3.5% NaCl solution: (a) x=0, (b) x=1, (c) x=3 and 

(d) x=5. 

 

3.4 Electrochemical characterizations 

3.4.1 Open circuit potential test 

 
Figure 6. Open circuit potential (OCP) curves for peak-aged Mg-5Y-2Nd-xSm-0.5Zr alloys (x=0, 1, 3, 

5) (wt.%) in 3.5% NaCl solution. 

 

Fig. 6 shows the open circuit potential curves for the Mg-5Y-2Nd-xSm-0.5Zr alloys in 3.5 

wt.% NaCl solution. First, the open circuit potential has the same trend with time, then fluctuates with 

time, and finally fluctuates around a certain value. The Mg-5Y-2Nd-xSm-0.5Zr alloys are immersed in 

3.5% NaCl solution, and the chemical reaction begins. The surface of the magnesium alloy dissolves to 

form MgO and Mg(OH)2 products, covering the surface of the magnesium metal, which partially 

hinders the magnesium dissolution and results in a positive shift in the open circuit potential. When the 
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solution contains Cl-, the surface corrosion products adsorb Cl-, which gradually penetrates the 

corrosion product layer and forms soluble chloride (MgCl2 + Mgx(OH)yClz), destroying the protective 

effect of the corrosion product layer[14-27]. The surface of the fresh magnesium alloy is again exposed 

to the aqueous solution, the open circuit potential shifts negatively, the dissolution rate accelerates, and 

the corrosion product layer re-forms on the surface, causing the open circuit potential to fluctuate 

around a certain value. The greater the fluctuation, the worse is the stability of the surface layer[18-

30]. The open circuit potentials are high, and they thermodynamically show that the addition of rare 

earth Sm can improve the stability of the surface layer on Mg-5Y-2Nd-xSm-0.5Zr magnesium alloys. 

However, excess rare earth Sm causes the alloys to have negative potentials and decreases the thermal 

stability[19-31]. 

 

3.4.2 Dynamic polarization curve 

Fig. 7 shows the effects of Sm content on the polarization curve of Mg-5Y-2Nd-xSm-0.5Zr 

alloys. According to the Tafel formula (4)[17-33]: 

)/lg( ckkk iiBE   (4) 

The corrosion potential Ecorr is extrapolated in the Tafel area, and the corrosion current density 

Icorr is obtained. The results are shown in Table 3. Fig. 7 shows that the cathode hydrogen evolution 

reaction curves of the alloys are basically the same, indicating that adding Sm has little effect on the 

cathode reaction.  

 

 
 

Figure 7. Polarization curves for peak-aged Mg-5Y-2Nd-xSm-0.5Zr alloys (x=0, 1, 3, 5) (wt.%). 

 

However, on the anode branch, the corrosion current densities of the alloys with Sm are lower 

than that of the Mg-5Y-2Nd-0.5Zr alloy at the same potential. These lower current densities indicate 
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that the corrosion rate of the Mg-5Y-2Nd-xSm-0.5Zr series alloys is lower than that of the original 

alloy at the same potential and that the addition of Sm has a protective effect on the passivating film on 

the surface of the alloy. As shown in Table 3, the self-corrosion current densities of the alloys with Sm 

are lower than that of the Mg-5Y-2Nd-0.5Zr alloy. The corrosion rate of an alloy is proportional to its 

self-corrosion current density, which also reflects the lower corrosion rate of the alloys with Sm. 

However, excessive Sm causes the uneven second phase distribution in the alloy, which reduces the 

compactness of the alloy surface film, resulting in a decrease in the local corrosion resistance of the 

passivating film on the alloy surface[16-34]. As shown in Table 3, when the corrosion resistance of an 

alloy is increased or a corrosion inhibitor is added, the Tafel slopes of the anode and cathode are 

larger. By comparison, the Bc and Ba of the Mg-5Y-2Nd-3Sm-0.5Zr alloy are significantly greater than 

those of the other alloys. In summary, the Mg-5Y-2Nd-3Sm-0.5Zr alloy has the best corrosion 

resistance of the alloys tested. 

 

Table 3. Specific values for Mg-5Y-2Nd-xSm-0.5Zr alloys (x=0, 1, 3, 5) (wt.%) derived from 

polarization curves. 

 

Samples 
Ba 

(mV/decade) 

Bc 

(mV/decade) 
Icorr (A.cm-2) Ecorr (V) 

Mg-5Y-2Nd-0.5Zr 58.17 42.71 2.671×10-3 -1.673 

Mg-5Y-2Nd-1Sm-

0.5Zr 
64.21 48.41 9.254×10-4 -1.681 

Mg-5Y-2Nd-3Sm-

0.5Zr 
115.65 53.66 1.396×10-4 -1.744 

Mg-5Y-2Nd-5Sm-

0.5Zr 
73.44 52.56 2.062×10-4 -1.691 

 

3.4.3 AC impedance test 

 
 

Figure 8. EIS spectra of peak-aged Mg-5Y-2Nd-xSm-0.5Zr alloys (x=0, 1, 3, 5) (wt.%). 
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To study the effects of Sm on the corrosion resistance of Mg-5Y-2Nd-xSm-0.5Zr magnesium 

alloys, impedance analysis was carried out on the Mg-5Y-2Nd-xSm-0.5Zr alloys in 3.5% NaCl 

solution. The Nyquist diagrams are shown in Figure 8. Fig. 8 shows that in 3.5 wt.% NaCl solution, the 

impedance spectra of the Sm-containing and Sm-free magnesium alloys are similar in shape, and all 

have a high-frequency capacitive anti-arc and a low-frequency capacitive anti-arc. Each high-

frequency capacitive arc is due to the electric double layer generated by the Mg substrate and the 

solution interface. Each medium-low-frequency capacitive arc is mainly due to the mass transfer 

process in the corrosion product layer on the alloy surface[19-29]. Many magnesium alloy researchers 

study the Nyquist curves of different magnesium alloys. It is believed that the larger the radius of the 

high-frequency capacitive arc, the lower is the corrosion rate of the alloy, that is, the better the 

corrosion resistance[9-34]. Therefore, when the alloy Sm content is 3 wt.%, the corrosion resistance of 

the alloy tends to be optimal in the same corrosive environment; this result is consistent with the 

weight loss corrosion results. 

Based on the shape of Nyquist and Bode plots, the equivalent circuit is shown in Figure 9, 

where Rs is the solution resistance, Rt is the charge transfer resistance, CPE is the constant phase angle 

element. Table 4 shows the equivalent circuit parameters for the experimental alloys after software 

fitting. Analysis of the data in Table 4 shows that the Rs values for all the alloys are very small, 

indicating that the solution resistance has little effect on the experimental process and can be ignored. 

The Rt of Mg-5Y-2Nd-3Sm-0.5Zr alloy is greatly improved compared with other alloys, while its CPE 

is significantly reduced. Mg-5Y-2Nd-3Sm-0.5Zr alloy also has a high inductive value, indicating that 

adding 3% Sm can effectively improve the surface condition of the Mg-Y-Nd-Sm alloy reduces the 

corrosion tendency of the alloy and hinders the transfer of charge at the interface between the electrode 

and the electrolyte solution, thereby hindering the progress of the electrode process and improving the 

corrosion resistance of the alloy. 

 

 

Figure 9. Equivalent circuit of EIS for the Mg-5Y-2Nd-xSm-0.5Zr (x=0, 1, 3, 5) (wt.%) alloys. 

 

Table 4. Fitting results of the EIS of the Mg-5Y-2Nd-xSm-0.5Zr (x=0, 1, 3, 5) (wt.%) alloys. 

 

Samples 
Rs/ 

Ω·cm2 

CPE/ 

×10-5μF·cm-2 
n 

Rt/ 

Ω·cm2 

Mg-5Y-2Nd-0.5Zr 9.088 2.897 0.8860 360.2 

Mg-5Y-2Nd-1Sm-0.5Zr 8.896 2.767 0.8849 383.9 

Mg-5Y-2Nd-3Sm-0.5Zr 8.987 1.887 0.8986 524.1 

Mg-5Y-2Nd-5Sm-0.5Zr 9.269 2.165 0.9267 396.6 
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3.5 Corrosion Mechanism.  

When the alloy is in air, it forms a layer of MgO. When the magnesium alloy is immersed in 

NaCl solution, the oxide film layer has a certain corrosion resistance at positions protected by the 

oxide film, thereby protecting the magnesium matrix, but the protective effect is weak, and the oxide 

film is gradually dissolved. The reaction is shown in formula (5)[19-35]: 

MgO+H2O→Mg(OH)2 (5) 

In sodium chloride solution, Cl- adsorbed on the surface of the material can convert part of the 

Mg(OH)2 into MgCl2, which is soluble in water, causing the oxide film on the surface of the 

magnesium alloy to rupture and stop protecting the matrix. Therefore, the magnesium matrix is directly 

exposed to the NaCl solution, and the reaction is shown by formulas (6-9)[11-35]: 

Anodic reaction: Mg→Mg++e- (6) 

2Mg++2H2O→2Mg2++2OH-+H2↑ (7) 

Cathodic reaction: 2H2O+2e-→H2↑+2OH- (8) 

Total reaction: Mg+2H2O→Mg(OH)2+H2↑ (9) 

The magnesium matrix dissolves as an anode, forming the corrosion product Mg(OH)2, which 

further enters the corrosion pit. The Cl- continues to convert the Mg(OH)2 into soluble MgCl2, which 

re-exposes the magnesium matrix to the corrosive medium. The pits are deepened and their size 

increases, eventually forming localized corrosion and even overall corrosion. At places not protected 

by the oxide film, the Mg-5Y-2Nd-xSm-0.5Zr alloy matrix directly contacts the NaCl solution and 

dissolution of magnesium and reduction of water occur as shown in formulas (5-9). Second phases and 

impurities easily form at grain boundaries, which are sensitive areas where corrosion occurs. The 

number, morphology and distribution state of precipitated phase particles in an aged alloy determine 

whether these particles play a role in improving the corrosion resistance of the alloy. When the number 

of precipitated phases is high, the particles are fine, and the particles are dispersed in the matrix, the 

corrosion resistance of the rare earth-containing precipitates is improved, and the dispersion is 

distributed on the substrate around the corrosion pit, which promotes the expansion and extension of 

the corrosion pit to a certain extent. The blocking effects improve the corrosion resistance of the alloy. 

When the number of precipitated phases is small, the particles are coarse and segregated in the matrix; 

since the potential of the rare earth compound is more positive than that of the α-Mg matrix, galvanic 

corrosion of the matrix easily forms, which increases the corrosion rate of the magnesium alloy and 

weakens its corrosion resistance[14-36]. 

 

 

 

4. CONCLUSION 

(1) With increasing Sm content, the large, coarse second phase in the alloy disappeared. A new, 

fine grained secondary phase appeared in the alloy, and its distribution was relatively uniform. The 

alloy structure was mainly composed of α-Mg, Mg24Y5, Mg41Nd5 and Mg41Sm5 phases. 

(2) A proper addition of Sm can improve the amount of second phases in the Mg-5Y-2Nd-

0.5Zr alloy and make the microstructure and composition more uniform. The uniform, fine second 



Int. J. Electrochem. Sci., Vol. 13, 2018 

  

11514 

phases can prevent corrosion and increase corrosion resistance. 

(3) With the addition of rare earth Sm (0 wt.% - 5 wt.%), the corrosion rate of 3.5 wt.% NaCl 

solution first decreased and then increased, reaching a minimum at 3 wt.% Sm content. 

(4) The open circuit potentials and polarization curves of the alloys showed that the corrosion 

rate is related to the Sm content in the alloy. A proper amount of Sm can positively shift the open 

circuit potential of the Mg-5Y-2Nd-0.5Zr alloy, decrease the corrosion current density, and improve 

the corrosion resistance; similar conclusions were also reached through AC impedance analysis. 
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