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In-depth microstructural and mechanical characterisation of additively
manufactured biodegradable powder-mixed Zn-xMg alloys
Himesha Abenayake, Cecilia Persson, Francesco D'Elia

(Department of Materials Science and Engineering, Uppsala University, Sweden)

Zn has gained increasing attention as a biodegradable implant material due to its
intermediate degradation rate compared to Mg and Fe. However, its inherently poor
mechanical strength and ductility restrict broader biomedical use. Mg alloying is an
effective strategy for enhancing Zn’s mechanical performance, while additive
manufacturing (AM), particularly powder bed fusion-laser beam (PBF-LB), enables
microstructural control and patient-specific geometries. This study investigates the
microstructure and mechanical behaviour of Zn-xMg alloys (x = 0.06, 0.5, 1 wt.%)
produced via PBF-LB. Alloys were prepared through mechanical mixing of Zn and Mg
powders. Mechanical properties were evaluated through tensile tests and
microhardness measurements. SEM, EBSD, XRD, and EDS were employed to
characterise the microstructure. Optimised processing achieved >99.5% relative density
and homogeneous Mg distribution across all alloys. Zn-0.06Mg exhibited a 33% increase
in microhardness compared to pure Zn, attributed primarily to solid solution
strengthening. Rapid solidification promoted the formation of metastable MgZn, and
thermodynamically stable Mg.,Znq, intermetallic phases. With increasing Mg content,
intermetallic precipitates became more prevalent, contributing to strengthening but
compromising ductility. Zn-1Mg exhibited the highest ultimate tensile strength (284.21 &+
23.72 MPa) but the lowest ductility (1.90 + 1.08%), due to the highest Mg,Zn;,
intermetallic fraction (5.413 + 0.084%). Conversely, Zn-0.06Mg showed the highest
ductility (11.38 + 5.17%) but lowest strength (137.52 4+ 5.73 MPa) out of the three alloys.
Morphological analysis revealed a transition from planar to cellular and dendritic
features with Mg addition, and grain boundary strengthening (Figure 1). In conclusion, Mg
alloying enhances Zn’s mechanical performance via solid solution strengthening, grain
refinement, and intermetallic precipitation strengthening. However, Mg content above
0.5 wt.% leads to excessive intermetallic formation and substantial ductility loss. Future
work should focus on multi-component alloy design to optimise the strength—-ductility
balance for biodegradable implant applications.
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Figure 1: EBSD maps of L-PBF Zn-0.06Mg and Zn-1Mg alloys showing the grain refinement effect.
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