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CALPHAD modeling of properties of individual 
phases in multicomponent materials 
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Scaling of parameters in 
multicomponent systems  

• Typical binary system: 10-30 parameters 
• Al-Co-Ni-Y: ~200 parameters 
• NIST Superalloy database (10 components): 

2000+ parameters! 
• What if one binary is remodeled? 

– Everything is connected 
– The entire parameter set may have to be re-

optimized to be self-consistent 
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Inverse data pyramid of 
multicomponent materials 

4 

Ternary and multi-
component systems 
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ESPEI:  Extensible, Self-optimizing Phase 
Equilibrium Infrastructure 

Shang, Wang, Liu, Magnesium Technology 2010, p. 617 

GUI 
Databases 

Database 
Automation 

Input Data 

Model Data 

• Crystallographic: 
atomic positions 

• Thermochemical: 
heat capacity, 
enthalpy, free 
energy 

• Phase equilibrium: 
phase boundary 

• Gibbs energy 
models linked to 
input data used in 
evaluation of model 
parameters 
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ESPEI: integration of input data, 
model, and model parameters  

• Input data 
– Thermochemical data from first-principles calculations 
– Thermochemical data from experiments 
– Phase equilibrium data from experiments 

• Models 
– Stoichiometric phases: pure elements and end-members in 

sublattice models 
– Solution phases 

• Model parameters 
– Coefficients of functions for stoichiometric phases 
– Interaction parameters of solutions phases in and between 

sublattices 

6 



Live Demo (Al-Mg) 
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ESPEI: Starting Window  

8 



Al-Mg: Collect Thermodynamic Data 
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Al-Mg: Collected thermodynamic data  
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Al-Mg: ESPEI single phase optimization 
model and model parameters  
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Al-Mg: Results of single phase 
optimization 
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Al-Mg: Automation window 
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Al-Mg: Results of automation  
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Al-Zn 



Mg-Zn 
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