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INTRODUCTION: Germanium (Ge) is 
considered as biocompatible and from the 
viewpoint of material science, Ge can refine the 
grain size of magnesium alloys, improve the 
mechanical property as well as corrosion 
resistance. Therefore, Mg-Ge(-Ca, Zn) alloys are 
designed and fabricated in the present study and 
their potential biomedical application are studied. 

 
METHODS: Five Mg-Ge(-Ca, Zn) alloys were 
melted and casted by pure element powers (Mg, 
Ge, Ca and Zn) under the protection of a mixed 
gas atmosphere of SF6 and CO2. Three kinds of the 
binary alloy ingots were further cut into 6 mm 
thick plates and hot rolled to about 2 mm thick 
sheets. Their microstructures were observed by X-
ray diffraction and optical microscopy. Uniaxial 
tensile testing was conducted with an Instron 5969 
universal testing machine at a crosshead speed 
of 1 mm/min. The biocorrosion properties 
were evaluated by electrochemical measurements 
and static immersion tests in Hank’s solution. 
Furthermore, fibroblast L-929 and human 
osteoblast-like MG63 cell lines were cultured 
and responses between cells and different alloy 
extracts were assessed. 

 
RESULTS: Mg-Ge(-Ca, Zn) alloys are composed 
of α-Mg and eutectic (α-Mg+Mg2Ge). The 
tensile testing indicates higher strength and 
lower elongation of as-rolled Mg-Ge alloys 
compared to that of as-cast Mg-Ge alloys. Mg-
2.5Ge and Mg-3Ge exhibit higher strength and 
elongation than Mg-1.5Ge. Ca reduces the 
strength and elongation of as-cast Mg-1.5Ge, 
while both of them are improved by the 
addition of Zn. Among these alloys, as-cast 
Mg-1.5Ge shows most rapid corrosion rate and 
severe corrosion morphology, and this is 
improved by hot-rolling and alloying with Ca 

and Zn elements. Mg-Ge(-Ca, Zn) alloys present 
non-toxicity for MG63 while a slight inhibiting 
effect is found for L-929 cell lines. 

Fig. 1: Cell viability expressed as a percentage of 
the viability of cells cultured in negative control 
after 1-, 3- and 5-day incubations in the Mg-Ge(-
Ca, Zn) alloy extracts: (a) L-929 and (b) MG63. 

Table 1. Corrosion rates of Mg-Ge(-Ca, Zn) alloys 
calculated by electrochemical measurements and 
hydrogen evolution tests. 

Alloy Vcorr(mm/y) Ph (mm/y) 
as-cast Mg-1.5Ge 4.32 5.06 
as-cast Mg-2.5Ge 0.03 0.16 
as-cast Mg-3Ge 0.02 0.22 
as-cast Mg-1.5Ge-0.2Ca 0.16 0.37 
as-cast Mg-1.5Ge-1.5Zn 1.55 0.76 
as-rolled Mg-1.5Ge 0.82 1.25 
as-rolled Mg-2.5Ge 0.31 0.58 
as-rolled Mg-3Ge 0.02 0.13 

Vcorr, calculated by electrochemical 
measurements; Ph, calculated by hydrogen 
evolution tests. 
 

DISCUSSION & CONCLUSIONS: Based on the 
results, Mg-Ge(-Ca, Zn) alloys show suitable 
mechanical properties, along with strong corrosion 
resistance and excellent biocompatibility in vitro, 
which means that it is of great potential to develop 
Mg-Ge(-Ca, Zn) alloys as a new kind of 
biodegradable material.  


