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Magnesium (Mg) alloys are gaining significant interest in biomedical applications, particularly as 
biodegradable implants. Mg alloys naturally dissolve in the body, eliminating the need for a second 
surgery to remove implants after healing [1]. Additionally, Mg is biocompatible and has mechanical 
properties close to that of human bone, which reduces stress shielding and promotes better bone 
regeneration. However, the main challenge lies in controlling the rapid corrosion rate of Mg alloys, 
which can lead to premature degradation. Their corrosion behaviour must be tailored to allow 
controlled degradation in sync with bone healing. Current research focuses on tuning of microstructure 
and alloying strategies, including eliminating the use of rare-earth elements (REEs) in the most recent 
studies[3], while maintaining the alloy’s biodegradability. 

Additive manufacturing has potential for increased corrosion resistance through design of 
unique microstructures, while enabling additional flexibility in designing complex, patient-specific 
implants [2]. AM of Mg alloys is challenging due to the narrow processing window available to maintain 
the Mg between its melting and boiling temperatures, especially considering that oxides are also 
present in the initial powder. The aim of the present study is to accelerate the development and 
parameter optimization for the laser powder bed fusion (L-PBF) processing of a novel Mg-Ca-Zn-based 
alloy. 

A finite element code implemented on Python was used to model the laser interaction with the 
material. The melt pool shapes were calibrated with experimental single tracks on printed samples. In 
addition, the application of the CALPHAD method and ThermoCalc databases were employed to predict 
the nucleation of stable phases during the solidification process with the classical nucleation and growth 
theory (CNGT). 

Steady state nucleation of three main phases (Mg-hcp, Ca2Mg6Zn3 and MgZn) was obtained 
using two different interfacial energies calculation methods. Local thermal history of single tracks 
calculated with the FE model were used to run the CNGT code. Growth parameters were also calculated 
with a first non-supersaturated approach. 

This work represents the initial steps toward developing a comprehensive layer-by-layer 
simulation. Currently, the model remains semi-empirical, highlighting the need for further refinement. 
Future improvements should focus on leveraging experimental data for validation rather than 
calibration, ensuring a more robust and predictive simulation framework. 

 
Figure 1. FEM for a single track on MgZnCa. 
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