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1. Basic Thermodynamics

( Definition and experimental determination of an equilibrium phase diagram

Temperature = f (time) curves, diffusion measurements, phase characterization methods…

( Thermodynamic study of phase diagrams and minimisation of the Gibbs free energy

From the Gibbs free energy variations of the phases, G(X,T), to the determination of the phase diagram (X: Composition, T: Temperature)

- Pure compounds: melting points (Tm) determinations

- Binary systems: liquidus and solidus lines determinations 


Chemical potentials and common tangent construction
2. Introduction to “CALPHAD” formalism

CALPHAD = CALculation of PHase Diagrams

From experimental thermodynamic data to G(X,T) polynomial functions

( Thermodynamics models for solutions and compound phases ( G(X,T)
- Stoichiometric compounds: G = G(T) polynomial functions

- Solution Models: G(X,T) polynomial functions and model parameters

Ideal mixing, non ideal mixing: regular and non regular models (Redlich-Kister equation),...
( Refinements of the model parameters based on selected experimental thermodynamic data 


Experimental determination of thermodynamic quantities: calorimetric methods

G(X,T) evaluation by assessment technique ( thermodynamic databases

3. Introduction to Thermo-Calc software. Demonstrations and examples

( Thermo-Calc software = CALPHAD formalism + Thermodynamic databases of G(X,T)
Calculation of phase equilibria by Gibbs energy minimisation process

( Demonstrations and examples: Two cases

1) First case: all the phases of the studied phase diagram are well described in the databases in all the range of temperature and composition

Examples: Calculations of the Cu-Ni and Fe-Cr phase diagrams

- Features of the experimental known phase diagram

- Description of the phases in the database. Models and values of the parameters

- Plotting the calculated phase diagram and the thermodynamic functions

- Comparisons of the experimental and the calculated phase diagrams

2) Second case: all the phases of the studied diagram are not or only partially described in the databases. Introduction to the assessment technique and discussion
Technical support

PC with Thermo-Calc software installed for the course
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