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Zinc alloys are increasingly recognized for their potential in bioabsorbable implant applications due to their 
excellent biocompatibility and favourable corrosion behaviour. However, their mechanical performance, 

corrosion resistance, and biological response must be simultaneously optimised to meet the demanding 
requirements of biomedical devices. In this study, we investigated advanced zinc-based composites with pseudo-
harmonic structures, prepared through a combination of mechanical alloying, spark plasma sintering, and hot 
extrusion. This processing route enabled the formation of a distinctive microstructure characterised by a ductile 
zinc-rich core enveloped in a continuous, ultrafine-grained hard shell. However, due to some irregularities, the 
structure is considered as a pseudo-harmonic rather than a fully harmonic structure. Two alloy systems, Zn-1Mg 
and Zn-1Mg-1Si, were examined, incorporating biologically acceptable alloying elements with the potential to 
strengthen the zinc matrix. The blending of pure zinc with Zn-1Mg powder produced regions of ductile zinc 
and finely grained Zn-1Mg, while the addition of silicon further contributed to microstructural refinement. 
The resulting materials exhibited relatively homogeneous nanograined structures and significantly improved 
mechanical properties. In particular, the presence of the Mg₂Zn₁₁ intermetallic phase enhanced tensile strength. 
On the other hand, the oxide shells, initially detrimental to mechanical integrity, were effectively removed 
through hot extrusion. This process improvement led to a marked increase in tensile strength, especially in the 
optimised Zn-1Mg-1Si composition. These findings highlight the synergistic effect of chemical composition 
and advanced powder metallurgy techniques in optimising the structural and functional performance of zinc-
based alloys. This study presents a viable pathway for developing next-generation bioabsorbable materials with 
a balanced combination of mechanical strength, corrosion behaviour, and biocompatibility.
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