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How the Effective Bond Energy Formalism (EBEF) benefits
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Materials development and implementation relies nowadays on multiscale computational simulations
to efficiently design the experimental steps of materials/components from their production and life-
cycle to their reuse or recycle [1,2].

In the mesoscale range, materials simulations make intensive use of calculated phase diagrams and
thermodynamic properties with commercial and open-source thermodynamic software and encoded
thermodynamic information developed with the CALPHAD method (Calculation of Phase Diagrams
and Thermochemistry) [3]. The strength of this method is the excellent ability to make reliable ex-
trapolations in temperatures and compositions within the accuracy of experimental measurements.
Several models are used to describe all the stable and metastable phases in a given material system,
most of them are based on the Compound Energy Formalism that can greatly benefit from elec-
tronic methods, such as DFT (Density Functional Theory), incorporating energies of hypothetical
compounds (end-members). The Effective Bond Energy Formalism is a recently developed method
[4,5,6] which benefits from DFT calculated end-members to obtain effective bonding energies, and in
this way, improving the extrapolation behavior in high-order material systems and reducing model
parameters achieving lower computational effort and time.

We present examples of significant technological interest, sigma and mu phase in steel, Ni-based and
Co-based superalloys, where EBEF has been tested and validated against experimental measure-
ments, software where this method is already implemented and potential application cases.
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