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INTRODUCTION: The current magnesium and 
its alloys degrade quickly and their corrosion 
resistance properties need to be further improved. 
Among the methods to improve the corrosion 
resistance of magnesium, alloying is a very 
effective way. Taking both the biocompatibility 
and the corrosion resistance property into 
consideration, alloy element such as Calcium(Ca), 
Strontium(Sr) and Zinc(Zn) were selected to 
fabricate Mg-1Ca-2Sr-xZn(x=2,4,6) alloys. In our 
present work, the microstructure, phase 
composition, mechanical properties, 
electrochemical properties in Hank’s solution and 
cytotoxicity in vitro of these three kind of as-
extruded alloys were studied. 

METHODS: Commercial pure Mg (99.9%) and 
Ca, Sr, Zn(99.5%) metal ingots were used as raw 
materials. After solution treated at 340°C for 4h, 
the as-cast alloys were extruded at the temperature 
of 325°C at an extrusion rate of 2mm/s. The 
microstructures of as-extruded alloys were 
examined by optical microscopy after etched. X-
ray diffraction analysis (XRD) was used to 
examine the phase composition. The Tensile tests 
were carried out with an Instron-5969 universal 
testing machine at a constant crosshead speed of 
1.00mm/min at room temperature. Electrochemical 
tests were conducted in Hank’s solution at 37°C. 
MC3T3-E1 cells were adopted to evaluate the 
cytotoxicity by the indirect assay.  

RESULTS: XRD data released that the Mg-1Ca-
2Sr-xZn(x=2,4,6) alloys mainly composed of α-
Mg, Mg2Ca and Ca2Mg6Zn3 phase. These 
secondary phases were found to be distributed both 
inside the grains and along the grain boundaries 
(Fig.1). Mechanical properties of experimental 
alloys were depicted in Fig. 2. Both the YS and 
UTS increased with the increasing Zn contents, 
while the Mg-1Ca-2Sr-4Zn alloy exhibited the 
significantly highest elongation rate about 20.91%. 
Moreover, Mg-1Ca-2Sr-4Zn alloy exhibited the 
lowest corrosion current density about 
1.315±0.079 μA/cm2. The Mg-1Ca-2Sr-4Zn alloys 
exhibited Grade I toxicity even after 7 days’ 
incubation by indirect assays. ALP tests showed 

that Mg-1Ca-2Sr-4Zn alloys exhibited higher ALP 
activity than other two alloys.  

 

Fig.1 Optical microstructure of experimental 
alloys 

 
Fig. 2 Mechanical properties of experimental 
alloys 

DISCUSSION & CONCLUSIONS: The 
increasing Zn contents in the alloys can both refine 
the grain size and increase the amounts of 
secondary Ca2Mg6Zn3 phase. Among the three 
alloys, Mg-1Ca-2Sr-4Zn alloys exhibited the best 
mechanical property, corrosion resistance property 
and in vitro biocompatibility, and would be a 
potential biodegradable metal for orthopaedic 
applications. 
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