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➢ Phase diagrams have always been an important source of 

information for the development and design of new materials.

❑ Experimental measurements of thermodynamic quantities, by 

different experimental methods, in a multi-phase system, are not 

always easy to perform and require a lot of very expensive 

material means.

❖ The use of numerical modeling is the approach that meets the 

current need to characterize complex thermodynamic systems. It 

was made possible by developments in computer science and by 

the development of thermodynamic calculation software.
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1 General information on BP
General information on binary 
phase diagrams
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1 General information on BP
interests of phase diagrams

3 4 52 FSA - AGADIR

ICCECIP’2023

✓ Understand the relationships between chemical compounds;

o Understand how to form intermetallic compounds from pure elements

▪ Design new materials with interesting properties.
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1 General information on BP
the choice of pure elements
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1 General information on BP
Areas of application for pure 
elements
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MetalloidsCE TE

Alloy
Ce-Te

• alloy;

• glass polishing

• additive in fuel

• cracking catalyst

➢ alloy;

➢ Optoelectronics and pyrotechnics

➢ Catalysts, in flame retardants, in the 

manufacture of glasses, optical disc 

players;

➢ Semiconductor;

➢ structural applications;

Rare Earth
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1 General information on BP
the experimental phase diagram
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Figure 1. Experimental phase diagram of the Ce-Te system [1]

[1] H Okamoto, TB Massalski. Alloy Phase Diagrams.  ASM handbook, volume 3. (1990)
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1 Thermodynamic models
Gibbs energy calculation
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1 Thermodynamic models
Gibbs energy calculation
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3-Modeling of the liquid phase
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1 Thermodynamic models
Gibbs energy calculation
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For a solution made up of the elements Ce and Te i jiCe jTe CeTe+ 

liq ref form id exG G G G G= + + + ( )
,

1

C
exG y y L y y

i j i j i j
i A j i

 


= −  

=  =

ln
C

id

i i

i A

G RT y y
=

= 

0form C

CG y G= 

 0 0(298.15) (298.15) ( ( ) )ref liq SER liq SER

Ce Ce Ce Te Te Te A C BG x G H x G H y i j y y   = − + − + + +   

Associated species model



12/20

1 Thermodynamic models
Gibbs energy calculation
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Objectives of modeling

➢ Determine the values of thermodynamic and energy quantities inaccessible to the 

experiment

❑ Test the consistency of thermodynamic quantities measured experimentally;

❖ Calculate the phase transformation temperatures and the domains of their existence;

✓ Establish an equilibria phase diagram based solely on the laws of thermochemistry;

o Treat complex systems or n> 2
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1 CALPHAD &Thermo-
Calc software 
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Theory

Quantum mechanics 

Statistical thermodynamics

Estimate
Experience

(Calorimetry, vapor pressure, X-

ray diffraction, ATD ...)

Adjustment of parameters

Model

Adjustable parameter
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Phase diagram Graphic 

Representation

Applications
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Results and discussion
Results

Figure 3. Phase diagram calculated in this work compared with the 

experimental results drawn in the literature.
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Results and discussion
Results

Figure 4. Comparison between the enthalpies of formation of the intermetallic 

compounds calculated in this work with the experimental data.
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Results and discussion
Results

Figure 5 Calculated Gibbs free energy of mixing (in j /mol.at) of the liquid phase at 

different temperatures (6000  K, 8000 and  10000 K).
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Results and discussion
Results

Figure 6. The enthalpy curve of integral formation of the liquid 

phase calculated at T = 1600 K, using the associated model.
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Results and discussion
conclusion 

➢  We note a satisfactory agreement between the experimental diagram and the 

calculated one. 

❑ The values of the enthalpies of formation calculated in this work are in 

agreement with the experimental values.

✓ Our calculations allow access to enthalpies, entropies and the energies of 

formation of all intermetallic compounds.

❖ we have reproduced the phase diagram well, and we have calculated for the 

first time the enthalpies of the liquid phase and all intermediate phases
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