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Abstract: In recent years, considerable attention has focused on the use of Mg-Zn-Ca as a bioalloy for bone implantation.
The microstructures, compositions and phases of the as-cast Mg-4Zn-xCa (x=1, 2, 3, wt.%) alloys were characterized with
high precision via differential thermal analysis (DTA), X-ray diffraction (XRD) and scanning electron microscopy (SEM)
with an energy dispersive spectrometer (EDS). The macroscopic corrosion rates of the three alloys were measured via
hydrogen precipitation experiments, and the corrosion order of the phases in the alloys was determined via dynamic
corrosion observation techniques. The intrinsic connections among the phase composition, phase corrosion order and
corrosion rate of the alloys were further analysed, and the effects of different Ca contents on the phase changes, phase
forms and corrosion mechanisms of the alloys were explored via energy spectrum analysis. The results demonstrate that the
microscopic corrosion order of the alloy is Mg,Ca phase > a-Mg matrix > Ca,MgsZn; phase. In the presence of the
Ca,MgZn; phase at the grain boundaries, corrosion of the a-Mg matrix is effectively blocked by the Ca,MgsZn; phase.
However, when the Mg,Ca phase and the Ca,Mg¢Zn; phase are distributed alternately at the grain boundaries, the
preferential corrosion of the Mg,Ca phase destroys the reticulation structure of the second phase at the grain boundaries,
thereby preventing the corrosion extension of the a-Mg matrix. Consequently, from a macroscopic perspective, the
corrosion rate of the alloy containing the Mg,Ca phase is higher. The microscopic composition of the second phase and its
distribution at the grain boundaries are therefore identified as the key factors determining the differences in the macroscopic
corrosion rates of the Mg-Zn-Ca alloys.
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Tab.1 Reagent composition of the SBF solution (1 L)

Order Reagent Purity specifications Amount
1 NaCl 99.5 wt.% 8.035¢g
2 NaHCO; 99.0 wt.% 0.355¢g
3 KCl 99.5 wt.% 0225¢g
4 K,HPO,-3H,0 99.0 wt.% 0231g
5 MgCl,-6H,0 98.0 wt.% 0311g
6 HClI 1 mol/L 39 mL
7 CaCl, 96.0 wt.% 0.292 g
8 Na,SO, 99.5 wt.% 0.072 g
9 Tris 99.0 wt.% 6.118 g

0.5 mV/s, 32 i BELC I BT I aE 5% S g E 0 10 mV,
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T 1% 2 AU i K (B8 ) €8 B AR A
Fa-Mg M, ZAEMIRIXIR Ca 5 Zn )75 H
i 2:3, 454 XRD ] A df A AR 5 1 @A
Ca,MgZn; # ;24 Ca & &~ 2%, M A A A 22

&l 1 Mg-4Zn-xCa 15 4 WOW L LRI AH 2387 (a) 2=1 5 (b) x=2;(c) =3 ;(d) XRD i
Fig.1 Microstructures and phase analysis of Mg-4Zn-xCa alloys: (a) x=1; (b) x=2; (c) x=3; (d) XRD patterns
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2 Mg-4Zn-xCa & 4 WAL ZURMGE IS ML 2R . (a, b) a=1;(c, d) x=2; (e, 1) x=3;(g) AE i Ml i X 3k A HLARAT 5 (h) BEi 5 AT
Fig.2 Microstructures and EDS results of the Mg-4Zn-xCa alloys: (a, b) x=1; (c, d) x=2; (e, f) x=3; (g) marked area and points of EDS
analysis; (h) EDS results of the alloys
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Fig.3 The DSC curves of the Mg-4Zn-xCa alloys
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Fig.4 The Hydrogenation curves of the Mg-4Zn-xCa alloys
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Fig.5 Microstructures of Mg-4Zn-3Ca alloys with different corrosion time: (a) 0 s; (b) 10's; (¢) 20 s
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