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Magnesium (Mg) alloys are promising as resorbable implant materials, offering
biocompatibility and gradual degradation in biological environments. To accelerate the
development of these alloys for manufacturing processes such as Laser Beam - Powder
Bed Fusion (LB-PBF) additive manufacturing, simulation plays a crucial role. However,
the novel compositions of these alloys present challenges, as software such as
ThermoCalc cannot calculate certain specific physical properties needed for the
simulation of precipitation applying classical nucleation and growth theory (CNGT). The
aim of this study is the development of an in-house Python code that allows the
implementation of CNGT for a MgZnCa system, using TC-Python to access ThermoCalc’s
databases.

The developed code currently centers on ternary systems but allows for easy
modification to other configurations, such as binary systems. Two different methods
were used. The first method involves looping over a range of temperatures to obtain Gibbs
energies and molar volumes. The data is stored in text files per temperature mapping the
values in function of molar fractions. The second method extracts enthalpies and
entropies of melting for each stable phase using a fixed point configuration to find the
melting temperature of the system.

Key results include the determination of interfacial energies, nucleation rates,
viscosities, and effective diffusion coefficients. Some of these properties were
calculated in function of the grain size, allowing for further calculation of growth
parameters for a grain size distribution. These outputs formed the basis for constructing
Time-Temperature-Transformation (TTT) diagrams with CNGT, although the rapid growth
rates generated in the simulations showed that the precipitation kinetics need to be
improved.

In conclusion, by integrating ThermoCalc’s database with an in-house Python
code, limitations in calculating properties of MgZnCa were addressed. This approach
enables precise and controlled modeling of interfacial energies and nucleation rates,
supporting tools like TTT diagrams for optimizing the development of MgZnCa systems
with LB-PBF. Further refinement of precipitation kinetics is needed to apply the results
for real case processing.
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