
User-friendly access to complex equilibrium calculations

FactSage is one of the largest thermochemical software packages in the world. It is the result of many 
decades of collaboration between Thermfact/CRCT (Montreal, Canada) and GTT-Technologies. Today, 
FactSage has several thousand industrial, governmental and academic users in materials science, 
pyrometallurgy, hydrometallurgy, corrosion, glass technology, combustion, ceramics, geology, etc.
– anywhere where materials matter!

Because of its high degree of user-friendliness FactSage provides the proverbial fingertip access to 
Computational Thermochemistry. This makes chemical equilibrium calculations based on the CALPHAD 
technique completely accessible to engineers and scientists in industry, R&D and academia. With the 
various modules, it is possible to  perform a wide variety of calculations to solve even the most complex 
thermochemical problems! 

Computational Thermodynamics at Your Fingertips

• Alloy Development
• Pyrometallurgy
• Hydrometallurgy
• Heat Treatment
• Reduction
• Slag Treatment
• Inclusion control
• Hall-Heroult Process

• Nuclear Materials
• Cement
• Geochemistry
• Corrosion
• PVD/CVD Deposition
• Oxide and
• Non-Oxide Ceramics
• Combustion

Find Solutions –

FactSage comes with a self-teaching aid and 
several tutorials! Above that, GTT-Technologies 

regulary offers training courses.

Good to know!

– Where Materials Matter

• Phase Diagrams
- several variables
- (x, a, T, μ, P, H, V, ...)
- arbitrary sections
- projections
- univariants
- isobars/isoactivities
- Scheil-G phase form.
- new aqueous type

• EpH (Pourbaix)
• Viscosity

• Equilibrium
- fixed or variable
- properties
- precipitation target
- formation target
- composition target
- Scheil-Gulliver cooling
- paraequilibrium
- complex equilibria

• Reactions
• Database Management
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Figure 1. Paraequilibrium in the Fe-C system.

A356FactSage EquilibriumFactSage –Scheil-GulliverSi✓✓✓✓✓✓✓✓✓✓×✓✓✓✓615°C611°C611°C555°C562°C556°C

Non-Equilibrium Processing

Figure 2. Chromium partitioning in the Fe-C-Cr system.

[1] van Bohemen, S. M. C.,  Morsdorf, L. (2017). Predicting the
Ms temperature of steels with a thermodynamic based model
including the effect of the prior austenite grain size. Acta
Materialia, 125, 401-415.

Thermodynamic calculations can even be used for 
processes that are not in equilibrium. Consider the 
popular Fe-C system, for example. In order to properly 
reproduce the kinetic restrictions that supress graphite 
formation for low carbon steels, you simply omit graphite 
from the calculation. The resulting phase diagram 
corresponds to the gray lines in Fig. 1. You can however
even go further away from thermodynamic equilibrium 
by completely suppressing diffusion, meaning that the 
single phase with lowest Gibbs energy is formed. The 
result is a single line (T0) where the Gibbs energies of the 
austenite (FCC) and ferrite (BCC) are equal, as seen in 
Fig.1. Since martensite has a BCT structure that is similar in 
Gibbs energy to the BCC phase, we have now an upper 
bound for the marteniste start temperature (T0).
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When considering different kinectic restrictions between 
alloying elements, other non-equilibrium situations can 
occur. For the Fe-C-Cr system, for example, a pseudo-
binary equilibrium diagram is generated with gray lines in 
Fig. 2. In this case, the equilibrium approach shows 
chromium-containing precipitates are stable over a wide 
composition range. However, the substitutional alloying 
aspect of chromium highly inhibits its mobility in rapid 
heat treatments. In order to simulate this special situation, 
FactSage allows for the selection of diffusing elements in 
an alloy. The superimposed blue lines in Fig. 2 represent a 
non-equilibrium phase diagram where carbon is the only 
diffusing constituent. Chromium assumes now the same 
constant distribution as iron in the microstructure. These 
element partitioning considerations are key to the 
development of ultra-high strength steels.
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MS Model Based on FactSage
Recently, van Bohemen and Morsdorf [1] developed an 
improved martensite formation model relying on 
FactSage as the thermodynamic basis. The 
benchmarking to other models shows its excellent 
performance  in Fig. 3. Note the very low standard error 
(7 °C) on the MS temperature prediction for 121 alloys [1].

Figure 3. Overall MS model performance comparison.
Adapted from van Bohemen and Morsdorf [1].
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Figure 1. Lining of VOD ladle.
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Complex Oxide Systems

50% Less Refractory Wear

[1] Udagawa, E., Maeda, E., & Nozaki, T. (1993, October). Slag penetration into magnesia and alumina monolithic refractories. In
Unitecr'93 Congress. Refractories for the New World Economy. Proc. Conf. Sao Paulo (Vol. 31).

Figure 3. Calculated slag composition change.

Figure 2. Pseudo ternary phase diagram with 15% SiO2.

FactSage can also perform viscosity calculations 
in oxide systems containing Al2O3, B2O3, CaO, 
FeO, Fe2O3, K2O, MgO, MnO, Na2O, NiO, PbO, 

SiO2, TiO2, Ti2O3, ZnO, and F.

Good to know!

In the last decades, computational thermodynamics has 
assumed a major role in industry, making accurate 
thermochemical equilibrium calculations possible. A 
relevant example is the complex oxide system established 
between a slag and its surrounding lining refractories in a 
VOD ladle (Fig. 1) used for steel making. The calculation 
modules of FactSage and its extensive oxide databases 
have been successfully applied by several steel 
manufacturers.

Udagawa et al. [1] studied the subsystem CaO-SiO2-MgO-
Al2O3. Phase diagrams and equilibrium calculation results 
were compared with the observed microstructures of 
quenched slags, results from XRD analysis, and corrosion 
tests involving MgO crucibles. The combination of 
accurate theoretical calculations with experimental data 
provided the basis for a significant improvement of 
refractory wear.

MgO dissolution was identified as a key factor to 
refractory wear. Therefore, Udagawa et al. [1] focused 
on the saturation of MgO in slag. A suitable slag 
composition was determined by thermodynamic 
calculations (Fig. 2). The calculated compositions were 
checked in small scale tests involving MgO crucibles, 
confirming that the calculations were accurate. The 
results suggest that a specific amount of MgO must be 
added to the slag to correct its composition and reach 
saturation. The total amount however must take into 
account the change in silica and other oxides from the 
beginning until the end of the process (Fig. 3).  

X-ray diffraction results later confirmed that MgO
saturation in the slag was in fact possible. After making
the suggested changes to the process conditions, an
impressive reduction of approx. 50% in refractory wear
was achieved!

REFRACTORY IMPROVEMENT

FOR

After Slag Control
Before Slag Control



One of the many features included in FactSage is the 
ability to generate phase distribution diagrams to 
simulate a cooling process. When these diagrams are 
calculated using the Scheil-Gulliver model (as seen in 
Fig.1 for the AlSi7Mg0.3 alloy), excellent agreement with a 
real process can be observed.

The distinction between the Scheil-Gulliver and full 
equilibrium calculations is that the first consider 
segregation during cooling. That is why the precipitation 
of secondary phases like Mg2Si is missed by the 
equilibrium approach but not by the Scheil-Gulliver
model. This is also the reason why Scheil-Gulliver will 
provide better data for solidification problems than 
phase diagrams from the literature. Figure 1. Solidification based on the Scheil-Gulliver model.

Figure 2. Microstructure AlSi7Mg0.3 as cast. Courtesy of 
Moreira, M. (2017, May 22), mfmoreir@ipt.br.

A356FactSage EquilibriumFactSage –Scheil-GulliverSi✓✓✓✓✓✓✓✓✓✓×✓✓✓✓615°C611°C611°C555°C562°C556°CAl9MAl8FMg2SAl5FTlTs

FactSage:
Equilibrium

FactSage:
Scheil-Gulliver

Al9Mn2Si (α)
Al8FeMg3Si6 (π)
Mg2Si
Al5FeSi (β)
Tliquidus

Tsolidus

✓

✓

✓

✓

✓

615°C
555°C

✓

✓

✓

✓

×

✓

✓

✓

✓

✓

Si

611°C
556°C

✓

✓

611°C
562°C

✓

×

References:
[1], [2]

Table 1. Comparison of FactSage results for AlSi7Mg0.3.

The phases present in Fig. 1 for the aluminium alloy AlSi7Mg0.3 include the matrix (FCC) and the precipitates: pure 
silicon, Al8FeMg3Si6 (π), Al9Mn2Si (α), Al5FeSi (β) and the coherent Mg2Si. Some of these can easily be seen in the final 
microstructure of as cast AlSi7Mg0.3, as seen in Fig. 2. The comparison in Table 1 shows the excellent agreement 
obtained with the Scheil-Gulliver model also with regard to liquidus and solidus temperatures.

Phase Distribution

Microstructure Guide

The FactSage light metal database was proven to 
result in excellent accuracy in a benchmark of 

three thermodynamic databases by the 
Montanuniversität Leoben and ETH Zürich: Have a 

look at the paper by Kolb et al. [3]!

Good to know!
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