How Phase diagram can be a tool for designing thermoelectric materials?

A Calphad contribution to multicomponent antimonide-based systems
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Abstract:
The efficiency of a solid-state thermoelectric engine primarily depends mainly on the chemical compositions of materials and then of phases stabilities present in this materials. Some examples will be given to point out this aspect of the state of the art in thermoelectric materials. Generaly these materials are multicomponent systems and a thermodynamic approach is necessary to study such systems.
The phase transformations and process modelling of the new materials presently studied for thermoectricity are still unknown and a thermodynamic study of these systems is needed for an enhancement of the properties.

We will show in this communication how the Calphad methodology can be used to study multicomponent materials and for the determination of the best processes for their synthesis:  single crystals growth and powder metallurgy.
The development of thermodynamic and kinetic databases of such practical materials is important for the microstructural evolution of the materials during processing and service.
Advanced thermoelectric materials are semi-conductors as: CeyFe4-xCoxSb12, CeFe4Sb12, TiNixCo(1-x)Sb and (CdZn)4Sb3. They are studied in that objective and we will show some interesting relationships between calculated phase diagram and constitution.
Cobalt-Antimony, Iron-Antimony, Zinc antimony, Cerium-Antimony and Cerium-Iron systems are five relevant systems of the previously quoted semi-conductors. We will show in this study the methodoly used for studying the ternaries related to those systems.
· determining the best processes for their synthesis: growing single crystals and powder metallurgy,

· and finally for building a database usefull for understanding physical properties and environmental behaviour.
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