
Easily integrated thermodynamic programming library

ChemApp is a programmer’s library consisting of a comprehensive set of subroutines to calculate thermochemical 
equilibria. The software allows calculation of complex, multicomponent, multiphase chemical equilibria and their 
associated extensive property balance. It is therefore an ideal tool for Integrated Computational Materials 
Engineering (ICME).

Interface (ChemApp subroutines)

Data handling and phase
equilibrium calculation routines

Process parameters ResultsCalls to
ChemApp

Install and use ChemApp on a large variety of computer platforms and use your favourite programming language. A 
few lines of easy-programmable code will convert ChemApp into a powerful computational tool that will improve 
existing capabilities and enhance your efficiency and competitiveness.

Applications

Programming Library

ChemApp opens up new horizons for the use of 
thermochemical calculations across a wide spectrum 
of applications. It offers you great flexibility to design 
and implement computational thermodynamics in 
whichever way you want and is therefore the perfect 
tool to include robust thermodynamics in process 
simulation software or Integrated Computational 
Materials Engineering (ICME) approaches.

How to Use
Only three stages of simple programming are necessary 
to proceed from initialisation of the ChemApp routine
to collection of results:

1. Initialise the interface, read a thermodynamic data-
     file, and adjust the chemical system.
2. Set initial conditions for the equilibrium calculation.
3. Perform the calculation and collect results:

• Total pressure, total volume, temperature
• Equilibrium amount of phases, phase constituents,

and system components
• Chemical potential and activity
• Heat capacity, enthalpy, entropy, and Gibbs

energy of the equilibrium state
• Mass or mole fraction of a system component or

phase constituent

ChemApp can also calculate the thermodynamic 
properties, Cp, H, S, and G, of a phase and its 
constituents.

• Compatible Programming Languages
- Fortran
- C / C++
- Visual Basic
- Pascal (Delphi / Lazarus)
- Java
- Python

• Compatible Applications
- Aspen Plus
- Pro / II
- Fluent
- Balas
- Excel (as ChemSheet)
- COMSOL (under development)
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ChemApp can be used in any application as an add-
on library to calculate thermochemical equilibria. In 
2011, Auinger et al. [1] published a model called 
Applied Simulations of Thermodynamic Reactions and 
Interphase Diffusion (ASTRID) which links ChemApp to 
the numerical tool COMSOL. The concept enables the 
use of complex geometries and testing of the oxidation 
behaviour in "real-life" microstructures. Fig. 1 shows the 
smallest periodic unit adopted by the model. Such a 
demanding two dimensional diffusion modelling 
approach is only possible due to the reliable and fast 
calculation routines of ChemApp.

Figure 2. SEM image of the oxidised alloy.

The phenomena of internal oxidation are not yet fully 
understood, even when it comes to the corrosion 
properties of well-defined model systems. Therefore, the 
use of ChemApp in algorithms such as ASTRID can help 
elucidate the competing mechanisms involved in bulk 
and grain boundary oxidation.

Auinger et al. [2] have investigated internal oxidation by 
theory and experiments for many binary and ternary 
alloys. One of their results can be seen in Fig. 2. In this 
case, the cross section was prepared with a 10° tilt 
angle, in order to enlarge the vertical view of the 
oxidised zone, which results from very narrowly 
controlled conditions of the experiments.

Fig. 2 shows the enhanced oxide formation along grain 
boundaries as well as finely dispersed oxides inside the 
grains (grey shaded area). The results from this and 
other alloys are then compared to ChemApp-based 
simulations, such as the one in Fig. 3. Auinger et al. [2] 
concluded that elevated temperatures favour fast 
oxygen transport along (but not across!) grain 
boundaries. This valuable discovery arose in part from 
acknowledging that the limit for diffusion seen in 
ChemApp-based simulations (theoretical value) is never 
exceeded by experiments.

Figure 3. ChemApp-based simulation results. The scale 
bar relates to the total amount of each species.
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Thermodynamics for any Application

Auinger et al [2] received the TP Hoar Award 
2016 for their work including ChemApp for 

corrosion modelling!

Good to know!

Figure 1. Microstructure and boundary conditions.
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