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Fig.S1. The polarization curve (a) and alternating current (AC) impedance spectra (b) of ZX30, ZK30, 

ZKJ300 and ZKXQ3000 alloys 

Electrochemical experiments were carried out using Zahner electrochemical workstation 

(Zennium, Germany) in simulated body fluid at room temperature. A three-electrode cell assembly 

consists with magnesium alloys as the working electrode, graphite as an auxiliary electrode and 

saturated calomel as a reference electrode respectively. Prior to electrochemical impedance 

spectroscopy (EIS) and polarization testing, all the samples were allowed to stabilize for a period of 

3600 s to attain open circuit potential (OCP). EIS was performed after stabilization at OCP within 

the frequency range of 100 KHz - 0.1 Hz. Dynamic polarization experiments were conducted at a 

scan rate of 1 mV/s. Experiments were repeated for thrice to attain the accuracy and stability during 

the measurements. 

Figure S1(a) presents the potentiodynamic polarization curves of ZX30, ZK30, ZKJ300 and 

ZKXQ3000 alloys. It can be seen that the ZK30 alloy shows a positive shift in the corrosion potential, 

indicating that the addition of Zr reduced the driving force for corrosion. In addition, the ZXJ300 

alloy had a relatively high current density during cathodic polarization, so that the hydrogen 

evolution reaction on the surface of the ZXJ300 was relatively intense. In the anodic polarization 

process, the current density of the ZX30 alloy electrode was bigger at the same potential, having a 

larger growth rate with potential ennobled, manifesting that the addition of Ca made the anode 

dissolution relatively faster. It can be concluded that the corrosion current densities of ZX30, ZK30, 

ZKJ300, and ZKXQ3000 alloys were 107.4 μA/cm2, 44.8 μA/cm2, 85.8 μA/cm2, and 80.2 μA/cm2 

respectively according to the polarization curve using Tafel extrapolation, showing ZK30 had good 

corrosion resistance.  

Figure 5(b) shows the AC impedance spectra of ZX30, ZK30, ZKJ300, and ZKXQ3000 alloys. 

All the magnesium alloys showed  two capacitive loops in the high and middle frequency regions 

and an inductive loop in the low frequency region. The high-frequency and intermediate-frequency 

capacitive loops were related to charge transfer resistance and the magnesium hydroxide film 

covering on the electrode surface[1]. The larger capacitive loop turned out that the charge transfer 

was inhibited strongly[2]. The inductive loop in the low frequency region characterized the 

diffusion rate of the reactants or products of the electrode reaction, when the diffusion rate was 

slower, then larger, the inductive loop existed. Obviously, the ZK30 alloy had the largest 

capacitance loop in the high frequency and intermediate frequency regions, which indicated the 

electrochemical process of the ZK30 alloy was the slowest. 

It is known that the corrosion resistance of ZK30 is optimal among the four alloys from the 

polarization curve and AC impedance spectra. This is because the electrochemical behavior of 

magnesium alloys is not only related to the composition of the magnesium alloy but also related to 

the content and distribution of the second phase in the magnesium alloy. The second-phase 

precipitated phases are often nobler than the magnesium matrix, which could lead to micro-

galvanic corrosion acceleration and finally induce local corrosion damage [3,4]. It can be observed 
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from Fig. 1 that all other three magnesium alloys except ZK30 have more second phases distributed 

around the grain boundaries, which means fewer corrosion sites and uniform attack can be 

produced in the ZK30 alloy. 
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