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 Conclusion and Outlook

The internal Gibbs energy calculation and Gibbs energy minimization provides theoretical advantages 

over current methods. No external software has to be used next to the phase-field software and a 

lightweight internal energy minimization scheme can be employed.

● An internal implementation of a *.TDB database-reader to construct the Gibbs energy. 
● The results of the internal minimizer have to be validated with proven external minimizers.
● Performance tests have to be conducted, benchmarking internal and external minimizers.

 Introduction 

The liaison between phase-field methods and CalPhaD modeling has been going on for more than 8 

years, but it became easily available with the first sophisticated coupling introduced in the MICRESS code 

[1], obtaining Gibbs energies and diffusion potentials from external thermodynamic energy minimizers and 

using them for interface and diffusion kinetics.

Since then, constant improvements have been added to multiple-phase multiple-component cases [2,3]. 

The most recent improvement uses an internal energy for calculating correct Gibbs energy densities and 

diffusion potentials [4].

 Energy minimization

In the CalPhaD framework, the energy of thermodynamic phases are often modeled using a sub-lattice 
approach, with reserved positions for different elements, i.e. (A,B)

1
(C,Va)

1
 typically for an alloy with 

substitutional lattice for elements A and B and for interstitial element C. Here exists a direct relation 
between the simulation parameter, the concentration c

A
 of element A and the site-fraction in the first 

sublattice y
A

(1) which is important for calculating thermodynamic properties. More complicated sub-lattice 

approaches like (A,B)
1
(A,B)

1
 with no direct relation between concentration and site-fraction require the 

use of energy minimization to determine the correct relation between the different site-fraction y
A

(1) and 

y
A

(2) for element A as it is done in the CalPhaD framework. Using external tools for energy minimization 

does require  computing resources, which could otherwise be used for faster or bigger simulations when 
minimizing the resources with an internal energy minimization.
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 Multiple component & multiple phase-field formalism with finite interface dissipation

The change of the phase-field and the concentration-field are both governed by partial derivatives of the 

Helmholtz free energy with respect to concentration and phase-field:

Apart from the curvature contribution Iα, the equations are significantly dependent on the Gibbs energy 

density fα and the diffusion potential       .

The Gibbs energy density can be calculated from the Gibbs energy provided from thermodynamic 

databases, assuming a constant molar volume of the phase. The diffusion potential can be calculated by 

taking the derivative of the Gibbs energy with respect to concentration or site-fraction [4].

 Modeling the Gibbs energy in CalPhaD formalism 

The Gibbs energy is stored in an array of parameters in a thermodynamic database, where each 

parameter G
p
 consists of a Taylor series dependent on temperature and pressure. The overall Gibbs 

energy of a phase α can be calculated using following equation:

EG
m
 is the excess Gibbs energy:

with the parameter L
p
, often expressed by a Redlich-Kister equation.

With the Curie temperature and magnetic moment

calculated similarly to the excess Gibbs energy:

The equation for calculating the diffusion potential can be reduced to:

The only thermodynamic properties for a phase-field simulation that need to be calculated are the Gibbs 

energy and the analytic derivatives for the diffusion potentials.

Values for the G
p
, L

p
, T

C
 and B parameter are stored as character strings in *.TDB textfiles and need to be 

extracted before calculating the Gibbs energy.

 Sublattice distribution 

To ensure an internal equilibrium, the lattice configuration with minimum Gibbs energy has to be found 

first - in cases where a one-to-one relation between concentration and site-fraction cannot be predicted. 

This is normally done by external energy minimizers. In the general case, where the Gibbs energy 

equation is known, the minimum energy can be found by varying the site-fractions according to [4,5]:

with the Lagrange parameter dependent on the diffusion

potential:

This minimum solution has to be found for every

differing concentration. Measures can be taken

to reduce necessary minimization steps by

intelligent Gibbs energy calculation.

 

Figure 2: Visual representation of the Gibbs energy in the Fe-V-C system (a) and the partial Gibbs energy wrt. vanadium (b) and carbon (c). 

 Visualizing the Gibbs energy and its derivatives
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Figure 1: Sub-lattice representation of the model. With two sub-lattices 
where the distribution has to be calculated; When interacting with 
other phases, only the concentration is the determining parameter.
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