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Introduction 
 
At the end of the 70s, the needs of the scientific and 
industrial communities to have access to models and tools 
to calculate phase equilibria, thermodynamic properties 
and chemical reactions in complex systems involved in 
metallurgy and materials science were met with the 
increase use of computer science by materials scientists 
interested in thermochemistry. The CALPHAD technique, 
which consists of modeling the thermodynamic properties 
of every phase in a chemical system by using statistical 
thermodynamic models calibrated on measured phase 
equilibrium and thermodynamic data, was just emerging 
from the minds of Himo Ansara and Larry Kaufman 
(Spencer, 2008). Professors Arthur D. Pelton, Christopher 
W. Bale (Ecole Polytechnique) and William T. Thompson 
(McGill University) were starting to develop algorithms to 
calculate E-pH and predominance diagrams using the 
thermodynamic properties of pure substances and ideal 
gas species stored in a databank. Their research work was 
part of a joint research project for treating thermodynamic 
properties and calculations in chemical metallurgy that 
was partially funded by a Cooperative Grant of NSERC, the 
Natural Sciences and Engineering Research Council of 
Canada. 

This lead to the birth in 1976 of the F*A*C*T / F*A*I*T 
System (Pelton and Bale, 1977; Pelton et al., 1977). The 
acronym was inspired by the famous M*A*S*H TV Show of 
the 1970s, and stands for “Facility for the Analysis of 
Chemical Thermodynamics / Formulation Analytique 
Interactive en Thermodynamique”. The initial programs 
were written in FORTRAN on punched cards and 
performed chemical thermodynamic calculations involving 
pure substances and ideal gases. In 1979, F*A*C*T On-Line 
was offered as an interactive program through the McGill 
University MUSIC system accessed via Datapac and Telenet 
telephone links. The F*A*C*T thermochemical system was 
now available to companies and universities across Canada 
and around the World. 

In 1984, Professors Bale and Pelton founded the 
Centre for Research in Computational Thermochemistry 
(CRCT, www.crct.polymtl.ca) at Ecole Polytechnique, with a 
mandate in research and development for: 

 
thermodynamic models and data for different types of 
phases and solutions; 
techniques for estimating phase diagrams of 
multicomponent systems; 
methods for representing and calculating complex 
chemical equilibria. 

F*A*C*T encapsulated all these aspects of the 
mandate, and brought them to the scientific and industrial 
communities. Over the years, F*A*C*T / F*A*I*T evolved 
from a suite of modules dedicated to phase diagram 
calculations (T-X, i-X, E-pH), then adding chemical 
reaction simulations, and finally integrating some process 
simulation capabilities, always keeping in the background 
the state-of-the-art solution models able to estimate the 
thermodynamic properties of multi-component solutions. 
The F*A*C*T system also evolved from a mainframe 
software suite, to a complete DOS package with modem 
interface, and then to a full Windows  program (FACT-
Win). Finally, the current system called FactSage was the 
merge of FACT-Win with ChemSage, a cousin program 
developed by GTT-Technologies in Aachen, Germany. The 
initial developers were Professors C.W. Bale, A.D. Pelton 
and W.T. Thompson, and then followed by Dr. G. Eriksson. 
Major contributions were added by Professors P. 
Chartrand, I.-H. Jung, K. Hack, and Y.-B. Kang, and also by 
Drs. S. Decterov, S. Petersen, J. Melançon, P. Spencer, C. 
Robelin, E. Jak, D. Lindberg and P. Waldner. Finally P.K. 
Talley and E. Belisle also contributed to the development. 

 

 
 

Figure 1. Professor Arthur D. Pelton (left) and Professor 
Christopher W. Bale (right) in May 1974 

 
The Canadian metallurgical scene, whether at 

academic, government or industrial facilities, benefited 
from the F*A*C*T system both in terms of phase diagrams 
and thermodynamic properties modeling, and particularly 
from their derived use in reaction chemistry and materials 
and process simulation. The 1999 Falconbridge Innovation 
Award was presented to the F*A*C*T Computational 
System “in recognition of the outstanding development of 
a computational technique for the calculation of 
thermochemical equilibrium.” 
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This paper reviews the historical and current 
developments in the F*A*C*T / FactSage System, and the 
impact of the System on the Canadian Metallurgy. 

 

F*A*C*T / F*A*I*T On-Line (1979-1999) 
 
The initial programs were written in FORTRAN on punched 
cards and performed chemical thermodynamic calculations 
involving pure substances and ideal gases. Solution models 
were added to new algorithms, forming with their 
interface a module, for optimizing (FITBIN), calculating and 
plotting binary (POTCOMP) and ternary phase diagrams 
(TERNFIG/RECIPFIG). At the CALPHAD Conference in 1979 
in Stockholm, Dr. Gunnar Eriksson, who created the 
SOLGASMIX Gibbs energy minimisation routine (Eriksson, 
1975), was invited to visit Ecole Polytechnique to integrate 
his algorithms into the F*A*C*T System in order to 
compute multicomponent heterogeneous phase equilibria 
involving complex solutions. Dr. Eriksson has been since an 
on-going collaborator to the system development at GTT-
Technologies (Aachen, Germany). As a result, the EQUILIB 
Module was developed, with access to compound and 
solution databases via the COMPOUND and SOLUTION 
Modules. 
 
The COMPOUND Module 
 
The COMPOUND Module allowed the user to manipulate 
the thermodynamic data of pure species in the databases. 
In the F*A*C*T System, COMPOUND databases were, and 
are still, for stoichiometric solid, liquid and gaseous species 
such as CaO(s), FeS(liq), SO2(g). Data for compounds 
included allotropes, for example graphite C(s1) and 
diamond C(s2), and isomers, for example ethylene 
C2H4O(liq1) and acetylene C2H4O (liq2). Depending upon the 
type of phase (solid, liquid, gas) and data availability, the 
stored properties included the enthalpy of formation from 
the elements ΔHo(298.15K), the absolute 3rd Law entropy 
So(298.15K), enthalpies and temperatures of transition, the 
heat capacity at constant pressure Cp(T), and Infinitely 
dilute aqueous solution data. Bibliographic references 
were also stored. 
 
The PREDOM Module 
 
The PREDOM Module was developed to calculate 
predominance type of phase diagrams (T-log10 Pi, log10 Pi – 
log10 Pj) for one or more metals that are of importance in 
roasting processes, corrosion and ceramic sintering. 

The algorithm consists, still today, of calculating the 
equilibrium partial pressures of the X- and Y-axis system 
components when equilibrated with 3 pure condensed 
species by solving the equilibrium constants calculated 
from the species data retrieved from the databanks (Bale 
et al., 1986; Bale, 1990). For example, for the Cu-S-O 
system at 1,000K, the partial pressures of O2 and SO2 at the 
Cu(s)-Cu2S(s)-Cu2O(s) equilibrium point in Figure 2 can be 

computed with the following reactions: 
 

2 Cu(s) + SO2 = Cu2S(s) + O2          Kequ1     (1) 
 

4 Cu(s) + O2 = 2 Cu2O(s)        Kequ2     (2) 
 

2 Cu2O(s) + 2 SO2 = 2 Cu2S(s) + 3 O2    Kequ3     (3) 
 

A check is then made, using the calculated equilibrium 
partial pressures of the system components, to be sure 
that the three evaluated condensed phases are the most 
stable phases at the triple point. For example, using the 
P(SO2) and P(O2) calculated for the metastable Cu2S(s)-
Cu2O(s)-CuSO4(s) triple point in Figure 2, the value of G 
for the following reaction would be negative: 

 
2 Cu(s) + SO2(g) + O2(g) = Cu2SO4(s)                    (4) 

 
G = Go + RTln(P(SO2) P(O2))                         (5) 

 

 
 

Figure 2. The Cu-S-O predominance diagram at 1,000K 
calculated using the PREDOM Module 

 
The EpH Module 
 
The EpH Module was developed to calculate Pourbaix type 
of diagrams for 1-, 2- or 3- base metals. As described in 
Thompson et al. (2000) for the Ag-H2O system presented in 
Figure 3, the following reactions are considered: 
 

Ag  Ag(s)                                     (6) 
 

Ag  Ag+ + e-                                                    (7) 
 

Ag + ½ H2O  ½ Ag2O(s) + H+ + e-                     (8) 
 

Ag + H2O  ½ Ag2O2(s) + 2H+ + 2e-                             (9) 
 

Ag + 3/2 H2O  ½ Ag2O3(s) + 3H+ + 3e-            (10) 
 

Ag + 2 H2O  Ag(OH)2
- + 2H+ + e-               (11) 
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The Gibbs energies of the ionic aqueous species are 
retrieved from the compound database, and must be 
modified by RT ln(mi) as the reference state for the 
aqueous species is 1.0 m in the database. The Gibbs energy 
of H+ is given by G(H+) = -2.303RT pH, and the Gibbs 
energy of e- is given by G(e-) = -F EH (where F is the 
Faraday constant). 
 

 

 
 

Figure 3. The Ag-H2O predominance diagram at 298.15K 
calculated in multiple steps by superimposing different 

ionic concentration from 10-6 m to 100 m 
(Thompson et al., 2000) 

 
The EpH Module can calculate the Pourbaix diagram of 

a metal when an additional non-metal element is included 
in the system. Figure 4 shows the calculation of the Cu-H2O 
system at constant 10-3 m NH3. 
 

 
 

Figure 4. The calculated Cu-H2O predominance diagram at 
298.15K (10-6 m) with 10-3 m NH3 

(Thompson et al., 2000) 

When two metals are calculated in the EpH Module, a 
range of the molar ratio of the 2 metals must be specified 
depending on the stoichiometries of the potential 
condensed products. For example, the calculated Pourbaix 
diagram for the Fe-Ni-H2O at 298.15K and 10-4 m is shown 
in Figure 5, for a Fe/Ni molar ratio greater than 2 (i.e. in 
the FeO-Fe3O4-NiFe2O4 oxide range rather than the NiO-
NiFe2O4 range). 
 

 
 

Figure 5. The calculated Fe-Ni-H2O predominance diagram 
at 298.15K (10-4 m) for a molar Fe:Ni ratio > 2:1 

(Thompson et al., 2000) 
 

Both the PREDOM and EpH Modules were using data 
for pure solids, liquids and gaseous species, and the EpH 
Module also used the data stored in the COMPOUND 
Databases for aqueous ions at 1 m, 298.15K and 1 bar. 
Properties for solutions, as solution models, were also 
added to the following modules. 
 
The FITBIN / FITQUAS Modules 
 
The FITBIN Module was developed to optimize by a least-
square technique the thermodynamic properties (enthalpy 
and entropy of formation, Cp, etc.) and the mixing Gibbs 
energy parameters of solutions (polynomial solution 
model) in order to simultaneously reproduce all critically 
assessed experimental data with a limited number of 
model parameters (Bale and Pelton, 1983). The Legendre 
polynomial expansion of the excess Gibbs energy was 
allowed (Pelton and Bale, 1986). This module was mainly 
used by academics to generate models for scientific 
evaluations (for example, see Figure 6, Talley et al., 1987) 
and industry related projects (for examples, see Pelton et 
al., 1979, among others). The FITQUAS Module (Pelton and 
Blander, 1988) was very similar to the FITBIN Module, 
except that it dealt with the Modified Quasichemical 
Model for ordered liquid solution (Blander and Pelton, 
1984). The FITBIN and FITQUAS Modules were at their best 
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when used with the POTCOMP Module to generate binary 
phase diagrams. 
 
The POTCOMP Module 
 
The POTCOMP Module was developed to calculate binary 
temperature-composition (T-X), and temperature-chemical 
potential or composition-chemical potential (T-RTln Pi or T-
log10 ai or Xi-log10 Pj) phase diagrams. The phase 
equilibrium calculations were performed isothermally 
using the chemical potentials. A Newton-Raphson 
algorithm was involved for solution-solution equilibria. An 
interpolation routine, in temperature or potential, 
determined the invariant points. For example, the 
calculated NaOH-LiOH temperature-composition phase 
diagram is shown in Figure 7 (Bale and Pelton, 1982). 
Figure 8 shows the calculated Fe-Cr-O2-SO2 P(O2)-
composition phase diagram at 1273K and for P(SO2) = 10-7 
bar (Pelton, 2001). 
 

 
 
Figure 6. The calculated pressure-composition diagram for 

hexane + acetone at 55oC and 45oC (Talley et al., 1987) 
 

 
 

Figure 7. The NaOH-LiOH calculated phase diagram using 
the POTCOMP Module (Bale and Pelton, 1982) 

The FITBIN, FITQUAS and POTCOMP modules were 
instrumental in establishing the early oxide and salt 
solution and compound databases in the F*A*C*T System 
(Eriksson et al., 1993; Pelton, 1988). The POTCOMP 
Module was replaced by the PHASE DIAGRAM Module 
starting with FactSage in 2001. FITBIN and FITQUAS were 
replaced by OPTISAGE in 2005, but another DOS-based 
optimizer, called SAD, was used at the Centre for Research 
in Computational Thermochemistry of Ecole Polytechnique 
years before that. 
 

 
 

Figure 8. The calculated Fe-Cr-O2-SO2 potential-
composition phase diagram at 1273K and P(SO2)=10-7 bar 

(Pelton, 2001) 
 
The TERNFIG and RECIPFIG Modules 
 
TERNFIG and RECIPFIG (Lin et al., 1980) were modules that 
calculated liquidus projections of ternary systems on a 
Gibbs triangle for metallic and ionic systems (TERNFIG), or 
on a reciprocal frame for ionic systems (RECIPFIG).  
 
 

 
 
Figure 9. The calculated Sn-Bi-Zn liquidus projection using 

the TERNFIG Module (Lin et al., 1980) 
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Both modules used calculated the liquidus point, for a 
pure compound or a solution, on grid points, and 
isothermal/univariant lines were intercepted by a binary 
search technique when the grid was scanned. The user had 
to manually draw the lines by connecting the points, as 
drawing was still a necessary thermodynamic skill at that 
time. Figure 9 shows the calculated Sn-Bi-Zn liquidus 
projection using TERNFIG with the disordered liquid phase 
being modeled with a polynomial expansion of the excess 
Gibbs energy. Figure 10 shows the calculated MgO-MnO-
SiO2 liquidus projection using TERNFIG, the slag solution 
being modeled with the Modified Quasichemical Model. 
Figure 11 shows the Mg,Ce//F,Cl ternary reciprocal liquidus 
projection calculated with RECIPFIG. 
 

 
 

Figure 10. The calculated MnO-MgO-SiO2 liquidus 
projection using TERNFIG (Pelton, 2001) 

 

 
 

Figure 11. The calculated liquidus projection of the 
Mg2+,Ce3+//F-,Cl- system using RECIPFIG (Pelton and 

Sharma, 1996). Note the use of molar fractions instead of 
charge equivalent fractions on the axis which results in a 

curved CeCl3-MgF2 join 

The TERNFIG and RECIPFIG Modules were replaced by 
the PHASE DIAGRAM Module starting with FactSage in 
2001. 
 
The REACTION Module 
 
Most of the computational capabilities of the REACTION 
Module of today’s FactSage are the same as for the older 
F*A*C*T version. The REACTION Module calculates 
changes in extensive thermochemical properties (H, G, V, 
S, Cp, A) for a single species, a mixture of species or for a 
balanced chemical reaction. The species may be pure 
elements, stoichiometric compounds or ions (both plasma 
and aqueous ions). When a user provides a new balanced 
reaction, their thermodynamic data are automatically 
retrieved from the pure substances databases. In the 
default mode, the reaction is taken to be isothermal with 
all pure reactants and pure products in their most stable 
states: 
 

reactantsproducts
j

o
jj

i

o
ii

o nn                       (12) 

 
where o = G, H, S, Cp, V, etc. Tabular or graphical outputs 
are given. 

Alternatively, the temperature, pressure, state and 
activity/partial pressure of each species may be 
independently specified and the path by which the 
reactants become the chosen products may be specified as 
non-isothermal (adiabatic, isentropic, etc.). For non-
standard states, G becomes: 
 

rQRToGG ln                           (13) 

 
where Qr is the reaction quotient, which is the ratio of the 
products of the activities or partial pressures of the 
products, each elevated to the power of their respective 
stoichiometries, to the products of the activities or partial 
pressures of the reactants, each elevated to the power of 
their respective stoichiometries. A user can then fix the 
value of G of the reaction to be 0, in order to compute 
the activity of a product (or a reactant) at equilibrium, 
while the activities and partial pressures of all other 
reactants and products are fixed by the user. 

In the REACTION Module, all reactants and products are 
known, and only pure phases are used. The EQUILIB 
Module was developed for the calculation of phase 
equilibria when products are unknown for a given set of 
reactants and final conditions (among T, P, V, H, etc.). 
 
The EQUILIB Module 
 
The EQUILIB Module integrated the SOLGASMIX Gibbs 
energy minimisation routines of Dr. Gunnar Eriksson 
(Eriksson, 1975) in F*A*C*T in order to calculate phase 
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equilibria and thermodynamic properties of multi-
component chemical systems including non-ideal 
solutions. The EQUILIB Module was, and still is today, the 
workhorse of F*A*C*T and FactSage, where single point (0-
D) and line (1-D) complex equilibrium calculations can be 
performed, including the calculation of target variables 
(unknown T, P or input amounts). The Gibbs energy 
minimization routine allows the user to calculate the state 
of equilibrium from a set of amounts of reactants at a 
given temperature and pressure, or for systems 
constrained in volume, enthalpy or chemical potential. 
That is, unknown products (phases, amounts and 
compositions) can be calculated from a set of known 
reactants. The SOLGASMIX algorithm uses Lagrange 
multipliers to find the minimum Gibbs energy of a chemical 
system, where the Gibbs energy function is expanded by 
using a Taylor series with the real first derivatives and ideal 
second derivatives of the Gibbs energy functions. The 
Lagrangian function of the system is expressed as: 
 

cmpntssyst
j

jj ncnGnL

.

,                    (14) 

where G(n) is the Gibbs energy of the system (function of 
the number of moles of the system components, j are the 
Lagrange multipliers, which at equilibrium correspond to 
the chemical potentials of the system components, and 
cj(n) is a mass balance matrix. The estimation of the second 
derivatives has no impact at the minimum of the Gibbs 
energy as they equal 0 at the minimum, but it provides a 
faster algorithm in most cases.  

A starting estimate is automatically obtained (Eriksson 
and Thompson, 1989), which permits evaluating whether 
demixing (immiscibility gap) is likely to occur in a real 
solution. This estimation routine has been improved over 
the years and today still constitutes an important asset of 
the FactSage system relative to other thermochemical 
packages. 

During a visit of Dr Gunnar Eriksson to the Centre for 
Research in Computational Thermochemistry at the end of 
the 1980’s, several solution models were added to 
SOLGASMIX. One important model was the Modified 
Quasichemical Model in the Pair Approximation of Blander 
and Pelton (1984), for application to silicate slags, which 
opened the door to advanced simulations of metal/slag 
multicomponent calculations (Figures 12 and 13, Blander 
and Pelton, 1987). 

Also, the Unified Interaction Parameter Formalism 
(Bale and Pelton, 1990) was coded, which supported the 
development of databases for the thermodynamic 
behaviour of solutes in molten steel (Bouchard and Bale, 
1995), molten lead (Dessureault and Pelton, 1993), and 
molten tin (Heuzey and Pelton, 1996). 

When coupled, these metal and oxide databases 
provided a powerful new tool to simulate metal/slag/gas, 
metal/slag/matte/gas equilibria for the simulation of 
reduction and oxidation processes, crucial to the Canadian 

metallurgical industry. For example, the calculation given 
in Pelton (1997) for the Noranda/Brunswick Smelting 
operation, shown in Figure 14, was performed in the 
EQUILIB Module and used several of the above 
thermodynamic models for the metal, matte/speiss and 
slag solutions. 
 
 

 
 

Figure 12. Calculated MgO-SiO2 phase diagram, from 
Blander and Pelton, 1987, with experimental curves 

(dotted lines) 
 
 

 
 

Figure 13. Activity of SiO2 in MgO-CaO-SiO2 melts at 1600oC 
from Rein and Chipman (1965) compared with calculated 

values (symbols from Blander and Pelton, 1987) 
 

The EQUILIB Module, in the mainframe version, was 
able to store several calculated points in order to plot the 
results as a function of the independent variable (T, P, 
amount of a reactant, etc.). In such a calculation as the one 
shown in Figure 14, the flux composition (input amounts of 
CaO and SiO2) can be optimized as a function of the 
operating temperature in order to avoid the formation of a 
solid phase, as CaSiO3 for example (Dessureault, 1993). 
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Figure 14. A calculation with the EQUILIB Module, for the 
equilibrium at 1,000oC of 27.4g Pb + 10.9g Zn + 3.2g Cu + 

19.2g Fe + 30.0g S + 0.5g As + 7.165g CaO + 11.056g SiO2 + 
118g of air with approx. 35 wt.% O2 + 0.65 wt.% N2 

(from Pelton, 1997) 
 
The SOLUTION Module 
 
As EQUILIB provided the new capability of using real 
solution models, their parameters had to be stored in 
specific databases, with a user interface. The SOLUTION 
Module was created to manage, on the MUSIC main-frame 
system, not only public access databases, but also private 
user databases containing the thermodynamic properties 
of the solution pure components (same data as for pure 
phases in the COMPOUND module), and the mixing 
parameters of the model. The model parameters were 
obtained from the FITBIN Module for polynomial-type of 
expansion of the Gibbs excess energy, while the FITQUAS 
Module (Pelton and Blander, 1988) was used for the 
Modified Quasichemical Model for ordered liquid solutions 
(molten silicates). 
 

FACT-DOS (1994-1999) 
 
The DOS version of F*A*C*T / F*A*I*T, FACT 2.1, (Bale, 
Pelton and Thompson, 1996) took advantage of the 
popularity of personal computers, and kept most of the 
modules and the interface features of the mainframe 
MUSIC version, except for the RECIPFIG, FIGURE and the 
FACTPACK Modules. The RECIPFIG Module of the DOS 
version differed from the main-frame version in its 

graphical interface. The FIGURE Module, the ancestor of 
the present homonym module in FactSage, was a graphical 
interface, in DOS, for editing figures (with labels, symbols, 
lines, etc.) including ternary Gibbs triangles and reciprocal 
squares. The FACTPACK Module (Bale and Melançon, 1990) 
managed the modem communications between F*A*C*T 
running on a personal computer and the MUSIC Systems at 
McGill and Ecole Polytechnique. FACT-DOS was coded in 
Fortran77 and Pascal programming languages.  
 

FACT-Win (1999-2001) 
 
FACT-Win 3.0 was the first introduction of F*A*C*T in the 
Windows  Operating System environment in 1999. FACT-
Win offered a fully integrated thermochemical database 
system that coupled proven software with self-consistent 
critically assessed thermodynamic data. By this time, 
F*A*C*T had expanded well beyond chemical metallurgy 
and was being employed in other fields of chemical 
thermodynamics by pyrometallurgists, hydrometallurgists, 
chemical engineers, corrosion engineers, inorganic 
chemists, geochemists, ceramists, electrochemists, 
environmentalists, etc. FACT-Win modules were coded in 
Fortran90, Visual-Basic and Delphi. 
 

FactSage (2001-present) 
 
FactSage was first introduced in 2001 with the 5.0 version, 
and is the fusion of the FACT-Win/F*A*C*T and 
ChemSage/SOLGASMIX thermo-chemical packages. 
FactSage is the result of over 20 years of collaborative 
efforts between Thermfact/CRCT (Montreal, Canada) and 
GTT-Technologies (Aachen, Germany). The current version 
is FactSage 6.2 (Figures 15 and 16). 
 

 
 

Figure 15. The FactSage Logo 
 

 
 

Figure 16. The FactSage 6.2 main interface 
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Most of the previously described modules are 
integrated in FactSage, with a new Windows  interface. 
With FactSage 5.0 and later versions, came new modules: 
DOCUMENTATION, VIEW DATA, RESULTS, MIXTURE, PHASE 
DIAGRAM, OPTISAGE, FACT-XML and VISCOSITY. Also, 
major improvements in the thermodynamic databases 
were done, as will be described in the following pages, 
together with the main new modules.  
 
The VIEW DATA Module 
 
The VIEW DATA Module permits one to view the 
compound and solution phases associated to a list of 
elements entered by the user (Figure 17) and visualize the 
thermodynamic properties of a specific compound or 
phase (Figure 18). VIEW DATA is also used for searching 
and connecting databases to the COMPOUND, EQUILIB and 
PHASE DIAGRAM modules. 
 

 
 

Figure 17. The VIEW DATA Module: compounds available 
in the FTmisc database for the Cu-Ni-Fe-S system 

 

 
 

Figure 18. The VIEW DATA Module: Thermodynamic data 
for the CuFeS2 solid compound in the FTmisc database 

 
The COMPOUND Module 
 
The COMPOUND Module in FactSage 6.2 has the same 
capabilities as its homonym module in the earlier F*A*C*T 
versions (see above), but was extended to include the 
following phase properties: 

Magnetic data (Curie or Néel temperature and 
average magnetic moment per atom); 
Densities (at 298.15K) coupled with expansivities, 
compressibilities and pressure derivatives of bulk 
modulus as functions of T; 
Non-ideal gas properties (Tcrit., Pcrit., Vcrit., the acentric 
factor, omega, and the dipole moment from which the 
first virial coefficient could be calculated by the 
Tsonopoulos equation); 
Real stoichiometries for solid compounds (i.e. Fe0.97O 
for “FeO” wustite). 

 
The COMPOUND Windows  interface (Figure 19) 

allows one to view and edit (copy/paste, add/delete, 
modify) the properties of a compound which contains one 
or a group of phases sharing the same stoichiometry 
(Figure 20).  
 
 

 
 

Figure 19. The COMPOUND Module: Data for the Ni3S2 
compound in the FACT53 Database 

 
 

 
 

Figure 20. The COMPOUND Module: Data for the -
corundum phase (“s4”) of Al2O3 in the FThall Database. “s1” 

is - Al2O3, “s2” is - Al2O3 and “s3” is - Al2O3 
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A “Fuel” sub-module takes advantage of the real 
stoichiometry option for generating a solid or liquid CxHySz 
phase for which the enthalpy of formation from the 
elements is adjusted to match the user-entered net or 
gross enthalpy of combustion (forming CO2, H2O and SO2) 
and the exact C, H and S composition of a given fuel. This 
allows a coupling between the experimentally measured C-
S-H composition (calculated x, y, z in CxHySz from the 
elemental mass composition) and the combustion enthalpy 
measured in a lab for a fuel. Using the CxHySz compound in 
a process where its combustion is involved, hence ensure a 
coupling between the mass and energy balance, in 
complex coals or high sulphur fuel oil (HSFO) for examples. 
 
The REACTION Module 
 
The REACTION Module, with the windows FactSage 
version, takes advantage of spreadsheets for its user 
interface. The user specifies the reactants and products of 
a balanced chemical reaction, like in Figure 21, and, if 
phases are specified, a non-standard reaction can be 
analyzed, for example: 
 

4 MgO(s) + Si(s,aSi)  2 Mg(g,PMg) + Mg2SiO4(s)     (15) 
 
with, if MgO(s) and Mg2SiO4(s) are assumed pure: 
 

solid
Si

Mgo

a
P

RTGG
2

ln                       (16) 

 
One can then calculate the partial pressure of Mg at 

equilibrium ( G = 0), when a silicon alloy (ferro-silicon of a 
given silicon activity) is used as a reactant (Figure 22). 
 
 

 
 

Figure 21. The REACTION Module: The user enters a 
balanced chemical reaction, with non-standard states 

(some reactant and product phases are specified with a 
non-unity activity X and partial pressure P) 

In Figure 22, one can see that the calculated G is 
positive for Reaction 15 between 1,100oC and 1,200oC 
when pure solid silicon is used as a reactant, and for a 1 
atm partial pressure of Mg (that is G = Go, reactants and 
products in their standard states). The reaction cannot 
proceed under these conditions. At 1,150oC and at 
equilibrium ( G = 0), when pure silicon is used as reactant, 
the resulting calculated partial pressure of Mg is 1.0901 x 
10-3 atm. If a 1 atm pressure of Mg is targeted, then the 
calculated activity of solid Si is 8.4157 x 105, which is 
beyond unity, and thus not possible at equilibrium. In all 
cases, the reaction is endothermic ( H > 0), as is often the 
case when a gas species is evolved as a product.  
 

 
 

Figure 22. The REACTION Module: spreadsheet-type 
output for several input values (bottom row, with 

corresponding columns) that are highlighted in yellow in 
the result rows 

 
Basic electrochemistry can also be performed, for 

balanced reaction, as shown with the following global 
reaction (Figure 23): 
 
2 Al2O3( ) + <3+½A> C(graphite)  4 Al(liq.) + <A> CO(g) + 
<3-½A> CO2(g) 

  (17) 
 
In this reaction, 12 moles of electrons are assumed to be 
transferred per mole of advance of the reaction, 
independently of the <A> molar input variable, which 
balances the CO and CO2 amounts. The standard reduction 
voltage, Eo, can be calculated for an isothermal reaction 
(Figure 24), by using the Faraday constant (F = 96,485 
J/mol e-): 
 

oo EFG 12                                        (18) 
 

The REACTION Module is very useful for a rapid 
analysis of a chemical reaction under different conditions, 
and for teaching reaction thermochemistry. 
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Figure 23. Input for the calculation of the standard 
reduction voltage in the REACTION Module of -alumina 

reduction when CO and CO2 are evolved 
 

 
 

Figure 24. Output for the calculation of the standard 
reduction voltage and of the enthalpy in the REACTION 
Module of -alumina reduction when CO and CO2 are 

evolved at 960oC 
 

The EQUILIB Module 
 
The EQUILIB Module is now much more powerful in 
FactSage 6.2 compared to the older F*A*C*T versions 
(MUSIC or DOS). Apart from the new Windows  interface, 
the EQUILIB Module is now improved in terms of: 
 

New thermodynamic models for solution: 
 

○ Compound Energy Formalism for ordered solid 
solutions (Sundman and Agren, 1981; Hillert, 
2001); 

○ Modified Quasichemical Model in the Quadruplet 
Approximation for reciprocal ionic melts (Pelton 
et al., 2001); 

○ Helgeson with extended Debye-Hukel (Davis) for 
aqueous solutions; 

○ Volumetric data for all models. 

New computational capabilities: 
 

○ Composition targets for solutions; 
○ Gulliver-Scheil non-equilibrium solidification with 

the tracking of phases between the 
microstructure constituents (primary phase, 
binary eutectic constituent, etc.) during 
solidification; 

○ Macro-processing, which is a simple ASCII batch 
file that permits the user to control a series of 
complex interdependent calculations; 

○ Adding henrian components to an existing 
multicomponent solution (Pelton et al., 2009). 

 
New input/output capabilities: 

 
○ Connecting to a new FIGURE Module for 

manipulating, printing and exporting calculated 
figures; 

○ Connecting to EXCEL to generate spreadsheets 
with output data on a series of calculations; 

○ Input streams, which are equilibrated mixtures 
calculated from a previous equilibrium 
calculation, then used as input for a next 
calculation; 

○ Input tables of reactant amounts from a 
spreadsheet; 

○ A new FACT-XML Module for manipulating and 
plotting results, with data stored under the 
Extensible Markup Language (XML), which is a 
simple but very flexible text format derived from 
SGML (ISO 8879); 

○ Importing and exporting ChemSage files for 
ChemApp or SimuSage. 

 
The EQUILIB Module calculates 0-D (point) or 1-D 

(line) phase equilibrium for a known set of reactants, a list 
of possible products, and defined final conditions, of which 
one may be targeted. The SOLGASMIX algorithm finds the 
equilibrium state by Gibbs energy minimization. 

The main input window of the EQUILIB Module is 
shown in Figure 25, in a point (0-D) example where a NiO 
laterite based calcine is injected in an electric furnace at 
1510oC with some C and S. In this example, the NiO calcine 
has been partially pre-reduced in a previous kiln with some 
carbon and sulphur. The furnace is operated with an 
olivine (Mg2SiO4 rich) lining, the corrosion of which should 
be minimized. 

Figure 25 shows the input “Reactant” window of the 
EQUILIB Module for such a calculation. Figure 26 shows the 
“Menu” window of the EQUILIB Module for the same 
calculation. In this “Menu” window, the possible phases 
forming at equilibrium are selected, together with the 
calculations conditions which need to be fixed. Figure 27 
shows the result of the equilibrium calculation, where one 
can see that 4 solutions are present at equilibrium: 

404

The Canadian Metallurgical & Materials Landscape 1960 to 2011



A gas phase (CO-rich) 
A slag (MgO-FeO-SiO2 rich) 
A matte (63.8% Fe, 28.3% Ni, 7.0% S, 0.9% Co) 
A small amount of olivine (Mg2SiO4-rich) 

 
 

 
 
Figure 25. The “Reactants” window of the EQUILIB Module: 

a pre-reduced NiO concentrate from laterites will be 
reacted with C and S in an electrical furnace 

 
 

 
 

Figure 26. The “Menu” window of the EQUILIB Module, 
where the potential phases forming at equilibrium are 

selected, and the calculations conditions (T, P) are fixed 
 

The quality of the thermodynamic models for the slag, 
matte and olivine in the public databases (FToxid, FTmisc) 
makes the calculated results very close to industrial values 
under similar conditions (Daenuwy et al, 1992), including 
the cobalt and iron distribution. The EQUILIB Module can 
then be used to evaluate the impact of small variations of 
the composition of the concentrate, its level of pre-
reduction, the added sulphur and carbon amounts, and the 
operating temperature (also a new VISCOSITY Module can 
compute the slag viscosity). 

 

 
 

Figure 27. The “Results” window of the EQUILIB Module, 
for the electrical reduction furnace (with an olivine lining) 

at 1510oC, where a NiO concentrate is reacted with C and S 
to form a Ni-rich matte 

 
As an example for a 1-D (line) calculation, the nature 

of non-metallic (oxide, nitrides, sulphides) inclusions in 
high strength steels can be predicted using the EQUILIB 
Module, when the Mg content of the steel is changed (1-D 
independent variable). The input to the EQUILIB Module is 
shown in Figure 28 (Fe + 0.1% C, 1.45% Mn, 0.1% Si, 
0.015% Ti, 0.0035% S, 0.0025% O and 0.03% N; some Mg is 
added 0-60 ppm wt.). The phase selection and the setting 
of the calculation conditions (amount of Mg, T and P) are 
done in the “Menu” window presented in Figure 29. Once 
the user clicks the “Calculate >>” button (Figure 29), and 
after waiting for a few minutes, 61+ calculations are shown 
in the “Results” window, each one on a single tab similar to 
that shown in Figure 27. The user can then click on the 
menu item “Output | Plot | Plot Results” to have access to 
the “Results” post-processor to select the variables for the 
X- and Y-axis of the figure, with the phases to be plotted. 
The figure produced by the post-processor is managed 
inside the FIGURE Module, where it can be edited, as 
shown in Figure 30. Experimental microstructure and 
phase analysis of the non-metallic inclusions in the high 
strength steel mentioned above for different amounts of 
Mg (2, 4, 16, 35 and 52 ppm wt.) are shown in Figure 30 
(Chang et al., 2005), which can be compared with the 
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calculations in Figure 31. Note that the pseudobrookite, Ti-
spinel and ilmenite in the calculations shown in Figure 31 
are not pure materials but are rather solutions with Mn, 
Mg, Fe and Ti in a sublattice model. Similar calculations 
were performed by Kang and Lee (2010) using the EQUILIB 
and PHASE DIAGRAM Modules of FactSage. 
 

 
 

Figure 28. The “Reactant” window of the EQUILIB Module, 
for a high strength steel with additions of Mg, cooled to 

1,300oC 
 

 
 
Figure 29. The “Menu” window of the EQUILIB Module, for 

a high strength steel with additions of Mg, cooled to 
1,300oC 

 
Many other examples of the use of the EQUILIB 

Module can be shown, with extensive explanations. Just to 
mention the solidification calculations and determining 
conditions for the annealing of alloys in alloy design 
projects, or the use of the “open” calculations in which the 
gas phase is removed for the next iteration in calculations 
simulating converter operations for example. EQUILIB can 
also be used to simulate electrochemical reactions at the 
electrode interfaces in alumina reduction cells in order to 
evaluate the thermodynamic behaviour of impurities such 
as P, Be, S, Fe and Ni for example. 

 
 

Figure 30. Microstructures of non-metallic inclusions in the 
high strength steel (Chang et al., 2005): (a) 2 ppm wt. Mg 
(Ti-Mn-O= Pseudobrookite); (b) 4 ppm wt. Mg (Mg-Mn-Ti-
O= Ilmenite); (c) 16 ppm wt. Mg (Mg-Mn-Ti-O= Ti-Spinel); 

(d) 35 ppm wt. Mg (Mg-Mn-Ti-O= Ti-Spinel); (e) 52 ppm wt. 
Mg 

 
 

Figure 31. The calculated amounts of non-metallic 
inclusions with the EQUILIB Module in a high strength steel 

at 1300oC as a function of the Mg-content 
 
The PHASE DIAGRAM Module 
 
The PHASE DIAGRAM Module permits one to calculate and 
edit several types of phase diagrams (2-D maps of phase 
equilibria). These includes unary, binary, ternary and 
multicomponents phase diagrams where the axis can be 
various combinations of temperature, pressure, enthalpy, 
volume, composition, chemical potentials (or log10 ai). The 
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classical T-P, T-Xi or ternary isothermal sections and 
liquidus projections can be plotted, but also more complex 
diagrams such as isoplethal sections, reciprocal liquidus 
projection or enthalpy-composition diagrams with 
superimposed isothermal lines (and many other types) are 
possible. This is possible because the interface and the 
algorithms are based on a thermodynamically consistent 
theory of generalized phase diagram mapping (Pelton, 
2001, and Hillert, 1997). 

The PHASE DIAGRAM Module uses the same 
SOLGASMIX Gibbs energy minimization algorithms as the 
EQUILIB Module, with all the same solution 
thermodynamic models. The user enters the system 
components as chemical formulas in the “Components” 
window (Figure 32). The user then selects the phases (pure 
solids, gas species and solutions) that may be part of the 
phase assemblage at equilibrium in the “Menu” window 
(Figure 33). 

The user defines the variables for the calculation in 
the “Variables” window (Figure 34), where a choice of 
rectangular or Gibbs triangle axis is presented, and where 
the temperature, the pressure, chemical potentials or 
composition variables can be selected either as X-axis, Y-
axis (or A-, B- or C- corners) or as constants for the 
upcoming calculation. In order to compute liquidus 
projections, the temperature can be selected as a 
“projected” variable (as in Figure 34). 
 

 
 

Figure 32. The “Components” window of the PHASE 
DIAGRAM Module: calculating the CaO-Al2O3-SiO2 system 

 
Once the components are defined, the phase selection 

is done, and the variables are all set, then the user can 
calculate the phase diagram, and the results are shown in 
real-time (point by point, line by line) in the FIGURE 
Module. The calculation technique of the PHASE DIAGRAM 
Module is based on the concept of the Zero-Phase Fraction 
Lines developed by John E. Morral and co-workers 
(Bramblett and Morral, 1986; Gupta, Morral and Nowotny, 
1986). The CaO-Al2O3-SiO2 liquidus projection is computed 
in this way, as shown in Figure 35. 

 
 

Figure 33. The “Menu” window of the PHASE DIAGRAM 
Module: the selection of phases 

 

 
 
Figure 34. The “Variables” window of the PHASE DIAGRAM 

Module: defining a liquidus projection calculation in a 
Gibbs triangle frame 

 
Several output options help the user to obtain a high 

quality picture for reports and scientific papers. 
Classical binary T-X diagrams can be easily computed, 

generally in a few seconds, using the PHASE DIAGRAM 
Module. The Fe-Zn phase diagram, from the FTlite 
Database is shown in Figure 36. 

Isothermal potential-composition diagrams can also 
be plotted, as shown in Figures 38 for the Fe-Cr-Ni-O2 
diagram at 1,100oC, computed for a Ni / (Fe+Cr+Ni) mass 
ratio of 0.10. The setup of the X- and Y-axis for the same 
system is shown in Figure 37. Note that a potential-
potential diagram could also be plotted in a similar way 
(i.e. log10P(O2) vs log10(aCr(s)). These types of diagram are 
important in the field of corrosion, but also in the sintering 
or preparation of cermets where a controlled atmosphere 
must be chosen to correctly fix the nature and the 
composition of the phases. 
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Figure 35. The calculated CaO-Al2O3-SiO2 liquidus 
projection in the FIGURE Module coupled with the PHASE 

DIAGRAM Module 

 
 

Figure 36. The calculated Fe-Zn binary phase diagram, 
using the PHASE DIAGRAM Module 

 

 
 

Figure 37. The “Variables” window of the PHASE DIAGRAM 
Module for the Fe-Cr-Ni-O2 system, as defined for the 

calculation of the 1,100oC potential-composition diagram 
log10P(O2) vs the Cr/(Fe+Cr+Ni) mass ratio 

 
 

Figure 38. The calculated Fe-Cr-Ni-O2 diagram at 1,100oC, 
computed for a Ni / (Fe+Cr+Ni) mass ratio of 0.10 

 
One of the new developments of the PHASE DIAGRAM 

Module is the capability to calculate enthalpy-composition 
diagrams, with superimposed isothermal lines, as shown in 
Figure 39 for the Al-Si-Mg system at 2.5 wt% Mg. The 
reference temperature for the enthalpy is 20oC. 

 

 
 

Figure 39. The calculated Al-Mg-Si enthalpy-composition 
phase diagram at constant 2.5 wt.% Mg with superimposed 

isothermal lines at every 50oC 
 

Multicomponent reciprocal liquidus projection can be 
computed. Using salt fluxes as an example, Figure 40 
shows the calculated liquidus projection of the Li, Na, Ca // 
F, Cl system for an equimolar ratio of Li and Na.  

The 4 input system components that must be entered, 
as in Figure 32, are Na0.5Li0.5, Ca, F and Cl. The “Variables” 
window, to set the necessary conditions for the 
calculations, including the definition of the X- and Y-axis, is 
shown in Figure 41. The X-axis is the equivalent fraction of 
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Ca, YCa. The Y-axis is the equivalent fraction of F, YF. Both 
are defined as: 
 

YCa = 2 nCa / (2 nCa + nLi0.5Na0.5)                      (19) 
YF = nF / (nF + nCl)                               (20) 

 

 
 

Figure 40. The calculated liquidus projection of the Li, Na, 
Ca // F, Cl system for an equimolar ratio of Li and Na 

 
An additional constrain is the charge balance, given by: 
 

2 nCa + nLi0.5Na0.5 = nF + nCl                             (21) 
( nF + nCl ) / (2 nCa + nLi0.5Na0.5) = 1                            (22) 

 
Using Equation (21), Equation (20) can now be rewritten: 
 

YF = nF / (2 nCa + nLi0.5Na0.5)                               (23) 
 
 

 
 

Figure 41. The “Variables” window of the PHASE DIAGRAM 
Module for the Li, Na, Ca // F, Cl system at an equimolar 

ratio of Li and Na 

 These equations explain the choice of the numerator 
and denominator coefficients in the “Compositions (mole)” 
variables defined in Figure 41. 
 
The OPTISAGE Module 
 
The OPTISAGE Module gives the user the possibility of 
performing a thermodynamic optimization of the model 
parameters of the Gibbs energy functions of one or more 
phases in a chemical system. The CALPHAD (CALculation of 
PHAse Diagrams) approach (Spencer, 2008) is used, in 
which critically assessed experimental points of the 
thermodynamic properties (homogeneous or 
heterogeneous, activities, enthalpies, Cp, etc.) and phase 
equilibria (TA, DTA, DSC, liquidus, solidus, solvus, eutectic 
and peritectic points, etc.) serve as input data for given T, P 
and compositions, and model parameters are found that 
best reproduce these experimental points. The input file 
contains all the pure and solution phases, with their 
thermodynamic model (Figure 42). The user provides a 
series of groups of experimental data (Figure 43), groups 
that correspond to one type of EQUILIB calculation (a 
precipitation target on the liquid phase for calculating a 
liquidus point, for example). 

The parameters to be optimized are selected by the 
user, with an initial value and an error for each parameter. 
The user can perform a series of iterations with the 
NOMAD Algorithm (http://www.gerad.ca/nomad) which 
narrows the range of each parameter. Then the user can 
optimize the parameters with a Bayesian technique 
(Königsberger and Eriksson, 1995), which is fast when 
given a good first estimate, which NOMAD usually gives. 
Experimental points and groups of points can be 
activated/de-activated by the user as the optimisation 
procedure progresses, since the trends of reproducing the 
points might put in evidence the conflicting nature of two 
sets of the same thermodynamic or phase equilibrium data 
obtained by 2 different authors. 

 

 
 
Figure 42. The OPTISAGE Module: Optimisation of the LiCl-

YCl3 system, with the liquid salt solution and 5 
stoichiometric solid phases 
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Figure 43. The OPTISAGE Module: Input of the 
experimental data for the LiCl liquidus (LiCl-YCl3 system) 

 
The optimized parameters (Figure 44) are then stored 

in the COMPOUND and SOLUTION databases as a subset. 
In order to be integrated in a larger thermochemical 
database, the new parameters must be integrated by the 
database manager in order to avoid errors or data 
conflicts. 

 

 
 

Figure 44. The OPTISAGE Module: Optimized model 
parameters for the liquid phase and calculated liquidus of 

LiCl in the LiCl-YCl3 system  
 

The DOCUMENTATION Module 
 
The DOCUMENTATION Module (Figure 45) provides to the 
user a maximum of information about the content of the 
databases available in FactSage. 

The DOCUMENTATION module contains most of the 
binary and some of the ternary calculated phase diagrams 
found in the different databases available in FactSage. 
They are easily available by clicking on a list, as seen in 
Figure 46. It also contains the list of stoichiometric phases 
and solutions associated to a thermodynamic database. 
Solutions are described and limitations in composition 
and/or temperature ranges for the most important of 
them are given (for example see FToxid-SLAG). 
 

 
 

Figure 45. The DOCUMENTATION Module 
 

 
 

 
 

Figure 46. The Al-Mg phase diagram of the FTlite database 
as retrieved from the DOCUMENTATION browser 
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Databases in FactSage 
 
Currently, many databases are available in FactSage. They 
are divided into 3 groups: the FACT Databases (FACT53, 
FToxid, FTsalt, FTlite, FThelg, FTpulp, FThall, FTmisc); the 
FactSage Alloys Databases (FScopp, FSstel, FSlead, FSupsi, 
FSnobl); the SGTE Databases (SGTE, SGPS, SGnobl, SGsold, 
SGnucl). Most of these databases are coupled COMPOUND 
databases and SOLUTION databases, for pure substances 
and solutions respectively. Every coupled database has 
data that are consistent with each other, and all of them 
use the elements in their stable form at 298.15K and 1 bar 
as their reference for the enthalpy, while the 3rd Law 
absolute entropy is used. This enabled, to a large extent, 
databases to be used jointly in a given calculation, but it is 
not always possible. Details on each of all databases are 
provided in an appendix at the end of this manuscript. 
 
New Database and Model Developments 
 
New databases are now being prepared for FactSage 6.3 
which will include: 
 

a FTfrtz fertilizer database for NH4NO3, (NH4)2SO4, 
NH4Cl, NH4H2PO4, KNO3, KCl, K2SO4, KH2PO4 based 
fertilizers with 0-50% mass of water. 
a FTocns database for oxy-carbo-nitrides with dilute 
sulfides, based on Al-, and Si- systems (incl. SiAlONs). 

 
Several additions to the existing databases will also be 

made, including a LiF-ThF4-UF4-PuF4-UF3-PuF3 database 
with dilute NiF2-CrF2-CrF3-MoF5 species in the liquid state 
(for Molten Salts Nuclear Reactor projects). 

In the last 6 years, several research projects by the 
main developers of the FactSage group have been oriented 
toward predicting the physical properties of solutions and 
mixtures. The properties are the volumetric properties 
(Robelin and Chartrand, 2007), including the lattice 
parameters c and a in Mg-hcp alloys (function of 
composition and temperature), the viscosity of 
homogeneous melts (liquid alloy, silicates and salts, 
Robelin and Chartrand, 2011), the electrical conductivity of 
the molten cryolite solution, the ionic mobility and 
transference numbers of its main ions. Thermal 
conductivity models are also being developed. 

Efforts are also done to improve the coupled long- and 
sort-range order with the order-disorder transitions in 
alloys. Diffusion in alloys is also being explored. 

As FactSage becomes more and more a source of 
reliable estimations for several properties in addition to 
phase equilibria and thermodynamic properties, the 
FACTOPTIMAL Module was developed in recent years 
(Gheribi et al., 2011), in order to respond to the demand of 
having an optimisation routine to find the best material or 
alloy composition that respect several constrains. For 
example, if a LiCl-NaCl-MgCl2-CaCl2-BaCl2 salt with the 
lowest eutectic point has to be found, that maximizes the 

density and minimizes the cost, the FACTOPTIMAL 
interface will look like Figure 47. Constrains on the 
composition can be given, as the moles of the different 
salts are the independent variables to be optimized (Figure 
48). The cost of the salts can be provided by the user 
(Figure 49). The FACTOPTIMAL interface is being developed 
and tested for Mg alloy design as part of a project to 
support the research in the NSERC Strategic Network 
MagNet. 
 

 
 

Figure 47. The FACTOPTIMAL interface: defining the 
properties to be optimized 

 

 
 

Figure 48. The FACTOPTIMAL interface: fixing constrains on 
the composition 

 

 
 

Figure 49. The FACTOPTIMAL interface: fixing the cost of 
the input salts 

 
ChemApp and SimuSage 
 
Process simulation tools have been developed by our 
partners at GTT-Technologies, which are based on exactly 
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the same SOLGASMIX algorithm as the EQUILIB Module of 
FactSage. The first of these tools is called ChemApp. It is a 
dynamically linked library (DLL) that can be used in a user 
application coded in several languages on both WindowsTM 
and Unix systems. Several applications are given in 
Petersen and Hack (2007). 

SimuSage is a component programming library for 
Delphi that encapsulates several unit operations (reactors, 
splitters, heat exchangers, etc.) that allows a user to 
quickly develop a flowsheet simulation where some 
reactors are using ChemApp and its thermodynamic 
models (the same as in EQUILIB) for the Gibbs energy 
minimization. More details are given in Petersen et al. 
(2007). 
 

The Impact of FactSage in Canadian 
Metallurgy 
 
The impact of the F*A*C*T / FactSage System in Canadian 
metallurgy over the years can be divided in both academic 
training and research, and in government and industrial 
research. 
 
Academic 
 
In the academic field, the F*A*C*T / FactSage System is 
used at several Canadian universities: Concordia, 
Dalhousie, Laurentian University, McGill, McMaster, Royal 
Military College, UBC, UQAC, Université Laval, University of 
Alberta, University of Calgary, University of Toronto, 
University of Western Ontario, University of Windsor, 
Université de Sherbrooke, Waterloo, and Ecole 
Polytechnique. The F*A*C*T / FactSage System was also 
important from its early debut in teaching 
thermodynamics to graduate students in materials science 
and metallurgy in Canada (Thompson, Bale and Pelton, 
1979). Many graduate students used, in the last decades, 
FactSage for their research project, often contributing with 
their questions and comments to improvements (and 
sometimes debugging) of the software. These students 
were often employed by Canadian metallurgical companies 
or government labs. This is also true for international 
students, studying in universities abroad, which learn to 
use FactSage in their home universities, and that ended up 
working for a Canadian metallurgical company, mixing 
their knowledge acquired abroad to the success of the 
Canadian metallurgy. It is also to be noted that several 
scientific papers written by graduate students who used 
extensively FactSage, received a Best Paper Award from an 
important scientific journal (Coursol et al., 2005). 
 
Canadian Metallurgical Industry 
 
F*A*C*T has been used and FactSage is being used in 
several industrial research and development centres of 
Canadian companies for the development of new 

processes and improvements to existing processes. Often 
the role of FactSage in the research results never passes 
the doors of industry, either due to secrecy reasons, or due 
to the fact that FactSage is a great tool to evaluate the 
thermodynamic aspects in the feasibility studies of ideas. 
Sometimes, a publication by industrial users will contain a 
hint that FactSage may have played an important role in 
the research (Tripathi, Peek and Stroud, 2011), or it will 
firmly divulge its role (Coursol et al., 2010). 

Several Canadian companies have supported research 
projects, where F*A*C*T or FactSage was involved, over 
the last decades. Among the large projects, Prof. A.D. 
Pelton piloted the NSERC-CRD Project “Thermodynamic 
Databases for Industrial Applications” 2000-2003 
supported by 15 companies, including Teck Cominco, Inco, 
QIT-Fer et Titane, Alcoa, Rio Tinto and Noranda Magnola. 
The goal of the project was to extend the thermodynamic 
modeling of chemical systems of industrial importance for 
a wide range of metallurgical companies. It obviously 
included high temperature oxides (slags, spinel solution, 
pyroxenes, olivines, etc.) but also alloys (light metals, 
steels, silicon, etc.) and salt systems (chlorides, cryolite, 
etc.). Following this project, Prof. P. Chartrand piloted the 
NSERC-CRD Projects “A Virtual Laboratory for the 
Aluminum Industry” (2004-2008) and “A Virtual Laboratory 
for Aluminum Reduction Cells” (2008-2011) both 
supported by Alcoa, Rio Tinto Alcan and Hydro Aluminium. 
In these projects, the extension of the database for Hall-
Heroult applications (cryolitic melts with additives and 
impurities) were extended, and models for physical 
properties (viscosity, density, electrical conductivity) were 
started to be developed and implemented in FactSage.  

The support of General Motors of Canada has been 
important in the recent years, in 2 projects: Prof. A.D. 
Pelton piloted the NSERC-CRD Project “Databases and 
Software for Mg Alloy Design” (2004-2008) and Prof. P. 
Chartrand directed the NSERC-CRD Project “Phase 
Relationship in Mg-alloys for automotive applications” 
(2008-2012) in collaboration with Concordia, McGill and 
CANMET-MTL. Both projects supported the research 
activities of the NSERC Strategic Network MagNet, directed 
by Prof. Warren Poole at UBC, for the development of Mg 
alloys in Canadian universities (UBC, McGill, Waterloo, 
McMaster, Ecole Polytechnique, Concordia) supported by 
General Motors of Canada, Novelis, Process Performance 
Technologies, Cosma Engineering (a division of Magma 
Intl., Meridian Technologies, Centerline, Huys Industries, 
Dana Canada, NRC-Chalk River and CANMET-MTL). 

 
International Impact 
 
FactSage is also a success on the international level. First it 
is now a reference in the world for the thermodynamic 
modeling aspects of process simulation involving slags, 
molten salts, corrosion and oxydo-reduction, in ferrous 
and non-ferrous metallurgy mainly, but also materials 
science, energy production, geology, etc. With more than 
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250 licenses in industrial and government research 
centres, and more than 250 licenses in universities around 
the world, it is an important player in supporting published 
and unpublished research activities in metallurgy and 
materials science. More than 600 scientific publications are 
reported on the www.factsage.com website, collected by 
the CRCT with simple means, and just for the period 2001-
2010, where FactSage is substantially used in the conduct 
of the research. 
 
Awards 
 
In 1999, the Falconbridge Innovation Award (now the 
Xstrata Innovation Award) of the Metallurgy and Materials 
Society (MetSoc) was attributed to the Facility for the 
Analysis of Chemical Thermodynamics (The F*A*C*T 
Computational System) “in recognition of the outstanding 
development of a computational technique for the 
calculation of thermochemical equilibrium.” The MetSoc 
website (www.metsoc.org) states that “the purpose of the 
award is to support the important role of innovation as a 
fundamental foundation to the development and growth of 
the Canadian metallurgical industry. The award recognizes 
outstanding innovation in the industry, specifically 
innovations which are implemented and practiced 
technology and to which a company or group of individuals 
are the prime contributors.” Also, the following criteria are 
given: “The innovation to be rewarded should have 
worldwide recognition. Recognizing the long lead-time to 
industrial acceptance of an innovation, a 15-year maximum 
duration from first demonstration should be used as a 
guideline.” 

In 2002, Prof. Pelton received the Biennal CODATA 
Award of the Committee on Data for Science & Technology 
of the International Council for Science, ISCU”, Paris 
(France) with the following mention: “Professor Pelton is 
recognized for his outstanding achievement in the area of 
scientific and technical data. Professor Pelton is widely 
acknowledged as an innovative leader in the field of 
computational thermodynamics, as applied to 
metallurgical and chemical systems of interest in industrial 
and academic research. He and his group have led the 
development of the widely used and acclaimed FACT 
system (Facility for the Analysis of Chemical 
Thermodynamics), comprising evaluated databases of the 
thermodynamic properties for thousands of substances and 
solutions together with sophisticated software that uses 
these data to calculate chemical equilibria information. 
Today this system provides the most versatile tool currently 
available for thermodynamic analysis of industrial 
processes and materials design. 

Professor Pelton has already received international 
recognition through a number of awards including the 
CALPHAD Gibbs Triangle Award, the EPD Extraction and 
Processing Science Award and the Falconbridge Innovation 
Award. Professor Pelton has over 200 publications and was 
a prime contributor to the ASM International/National 

Institute of Standards and Technology Alloy Phase Diagram 
Program.” 

In 2005, Prof. C.W. Bale and Prof. A.D. Pelton received 
the TMS 2005 AIME Extraction & Processing Distinguished 
Lecturer Award for their work on FactSage. 

In 2007, Prof. P. Chartrand received the Grand Prix 
Alcan of the Académie des Sciences de l’Institut de France 
for his work on the development of a thermodynamic 
model for cryolite melts with its additives and impurities 
using FactSage. 
 

Conclusion 
 
The F*A*C*T / FactSage System has been part of the 
Canadian Metallurgy scene for more than 30 years. From 
its beginnings at Ecole Polytechnique, and then 
collaboration with GTT-Technologies, it has grown and 
expanded into a system that has national and international 
recognition. There is a combination of reasons for its 
success. Foremost among them is due to the continuous 
efforts of its developers and their research groups to 
develop their tools and models in a way that their work 
could be packaged into a computer system relevant to the 
industry. This could have only been achieved by a strong 
support from our institutions, our industry and our 
governments. A younger generation of researchers is now 
taking over the responsibilities in the development such 
that the future growth of FactSage looks good. 

The new developments in first principles calculations 
and ab initio molecular dynamics may be seen, under the 
theoretical aura associated to them, as an alternative to 
FactSage. But it is very unlikely in the near future that 
these tools will be able to calculate all transition points in a 
8-components oxide system under a fixed partial pressure 
of oxygen, or to calculate the distribution of impurity 
elements between a matte, a slag and gas phase, at a given 
mineral saturation, in a manner that FactSage has 
demonstrated doing over and over again. 

The Canadian metallurgical industry is becoming more 
demanding, and FactSage must respond to its need. In 
return, the industry must be able to see that in supporting 
fundamental theoretical and experimental research on 
basic thermodynamic data, in the long term reliable results 
can came out of these efforts. 
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Appendix – FactSage Databases 
 
Currently, many databases are available in FactSage. They 
are divided into 3 groups: 
 

the FACT Databases (FACT53, FToxid, FTsalt, FTlite, 
FThelg, FTpulp, FThall, FTmisc) that were developed at 
the Centre for Research in Computational 
Thermochemistry (CRCT, Ecole Polytechnique, 
Montreal), 
the FactSage Alloys Databases (FScopp, FSstel, FSlead, 
FSupsi, FSnobl) which are a joint development 
between the CRCT, GTT-Technoogies (Aachen, 
Germany) and The Spencer Group (Trumansburg, N.Y.) 
the SGTE Databases (SGTE, SGPS, SGnobl, SGsold, 
SGnucl). 

 
The FACT Databases 
 
The FACT databases are the largest set of evaluated and 
optimized thermodynamic databases for inorganic systems 
in the world and have been under development for over 25 
years. During the period 2001-2003, major additions and 
modifications were made as part of the ``FACT Database 
Consortium Project'' with funding from the Natural 
Sciences and Engineering Research Council of Canada and 
15 industries (Noranda, INCO, Teck Cominco, Rio Tinto, 
Alcoa, Shell, Corning, Dupont, Pechiney (now Alcan), St. 
Gobain Recherche, Schott Glass, Sintef, Norsk Hydro, 
Mintek, IIS Materials). The updated databases were 
publicly released in 2004 such as the present databases are 
much expanded beyond what was available in the former 
FACT databases. 
 
The FACT53 Database 
 
The FACT53 Database is for stoichiometric solid, liquid and 
gaseous species such as CaO(s), FeS(liq), SO2(g). It contains 

more than 4500 different compounds. Compound data 
may include allotropes, for example graphite C(s1) and 
diamond C(s2), and isomers, for example ethylene 
C2H4O(liq1) and acetylene C2H4O (liq2). Data on a few 
compounds with non-integer stoichiometry such as FeOx (x 
= 0.947) are also stored. Depending upon the type of phase 
(solid, liquid, gas) and data availability, the stored 
properties include ΔHo

298.15K, So
298.15K, Cp(T), magnetic data 

(Curie or Néel temperature and average magnetic moment 
per atom), molar volumes (298.15 K) coupled with 
expansivities, compressibilities and pressure derivatives of 
bulk moduli as functions of T. Infinitely dilute aqueous 
solution data and non-ideal gas properties (Tcrit., Pcrit., Vcrit., 
the acentric factor, omega, and the dipole moment from 
which the first virial coefficient can be calculated by the 
Tsonopoulos equation) are also stored in the compound 
databases, as are bibliographical references.  
 
The FToxid Database 
 
The FToxid Database is for oxide systems, including slags, 
glasses, minerals, ceramics, refractory materials, magmas, 
has the following components: Al2O3, As2O3, B2O3, CaO, 
CoO, CrO, Cr2O3, Cu2O, FeO, Fe2O3, GeO2, K2O, MgO, MnO, 
Na2O, NiO, PbO, SiO2, SnO, TiO2, Ti2O3, ZnO, ZrO2. Not all 
binary, ternary and higher-order sub-systems have been 
evaluated and optimized, nor are all composition ranges 
covered. However, the system Al2O3-CaO-FeO-Fe2O3-MgO-
SiO2 has been fully optimized from 25oC to above the 
liquidus temperatures at all compositions and oxygen 
partial pressures. Components CoO, CrO, Cr2O3, Cu2O, 
MnO, NiO, PbO, SnO, TiO2, Ti2O3, ZnO and ZrO2 were added 
to this core six-component system and the relevant 
subsystems were optimized over the composition ranges 
important for applications in ferrous and non-ferrous 
metallurgy, production of ceramics, refractories and paint 
pigments. Currently we are working on the addition of 
B2O3, K2O and Na2O to the core six-component system for 
applications in the glass industry, combustion, coal 
gasification and waste management. Many subsystems 
with these three components are being re-evaluated and 
re-optimized using more advanced solution models that 
we have recently developed.  

The liquid/glass solution phase is called FToxid-Slag. As 
well as all the oxide components mentioned above, it 
includes dilute solutions of S, SO4, PO4, H2O/OH, CO3, F, Cl, 
I. A new model for the viscosity of oxide melts has been 
developed (Grundy et al., 2008a, 2008b), and a VISCOSITY 
Module is now available in FactSage for the calculation of 
molten oxide solution viscosities. It takes into account the 
information on the short-range ordering and formation of 
a silica network in liquid oxides obtained from the 
thermodynamic modeling of slags. The model uses many 
fewer adjustable parameters than the other viscosity 
models presently available and shows very good predictive 
ability. By critical evaluation of experimental viscosity data 
and optimization of the model parameters, a state-of-the-
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art viscosity database has been built and integrated in the 
VISCOSITY Module. 
 
The FToxid Database 
 
The FToxid Database also includes many solid solution 
models, the most important being the spinel solution 
AB2O4 (A on tetrahedral sites = Al, Co2+,Co3+, Cr2+,Cr3+, Fe2+, 
Fe3+, Mg, Ni2+, Zn; and B on octahedral sites = Al, Co2+,Co3+, 
Cr3+, Fe2+, Fe3+, Mg, Ni2+, Zn), the pyroxene solutions 
AM1BM2CT1SiT2O6 (A on M1 = Ca, Fe2+,Mg2+; B on M2 sites = 
Al, Fe2+, Fe3+, Mg; and C on T1 sites = Al, Fe3+, Si), and the 
olivine solution AM1BM2SiO4 (A on M1 = Ca, Co, Fe2+, Mg, 
Mn, Ni, Zn; B on M2 sites = Ca, Co, Fe2+, Mg, Mn, Ni, Zn). 
 
The FTsalt Database 
 
The FTsalt Database contains data for pure salts and salt 
solutions formed among various combinations of the 20 
cations Li, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, Mn, Al, Fe2+, Fe3+, 
Co, Ni, Pb, La, Ce, Nd and 8 anions F, Cl, Br, I, NO3, OH, CO3, 
SO4. The molten salt phase is called FTsalt-Salt and includes 
dilute solutions of O2- and OH-. FTsalt is by far the most 
extensive thermodynamic database available in the world 
on salt systems. 
 
The FTlite Database 
 
The FTlite Database contains data for light metal alloys (Al 
and Mg). The FTlite solution database contains data for 
114 solution phases, including the liquid alloy, FCC_A1, 
BCC_A2, HCP_A3, Diamond_A4, Laves phases (C14, C15, 
C36), L12 ordered phase, Alx(Fe,Mn), AlFeSi and AlFeMnSi 
solutions, and many others including some borides 
(Ti,Zr,Al,Hf)B2. The FTlite compound database contains 
data for 488 intermetallic and carbide and boride phases. 
 
The FThall Database 
 
The FThall Database has been developed for and in 
collaboration with the aluminum industry (Rio Tinto Alcan, 
Alcoa, Pechiney and Hydro Aluminium) and contains data 
for all pure substances and 17 solution phases formed 
among Al-Mg-Na-Li-Ca-F-O, especially for the alumina 
reduction process. The molten cryolite phase is called 
FThall-bath and the molten alloy phase is called FThall-liq. 
Calculations with NaF-AlF3-CaF2-Al2O3 electrolytes 
containing LiF, MgF2 and dissolved metal can be made for 
liquidus calculations, emfs, partial pressures, etc. With this 
database, accurate liquidus temperatures of Na3AlF6, CaF2, 
AlF3, Na5Al3F14, NaCaAlF6 and NaF among others can be 
calculated. Alumina solubility in standard cryolite-based 
electrolyte can be computed from low eutectic 
temperatures (> 690oC) up to 1,100oC. This is also valid for 
low concentrations of additives such as LiF, Li3AlF6 and 
MgF2. Cubic Na3AlF6 high temperature solid solution with 

excess AlF3, CaF2 and LiF has also been modeled. The 
gaseous species from the FACT53 database are consistent 
with phases found in FThall. 
 
The FThelg Database 
 
The FThelg Database is an aqueous (Helgeson) database 
that contains infinite dilution properties for over 1,400 
aqueous solute species taken from the GEOPIG-SUPCRT 
Helgeson public database and includes the Helgeson 
equation of state for temperatures up to 350oC and 
pressures up to 165 bar. The data are stored as 3 aqueous 
solutions FThelg-AQID, -AQDH, -AQDD. FThelg-AQID 
assumes an ideal dilute solution and is generally valid up to 
approximately 0.001 molal. FThelg-AQDH incorporates the 
Debye-Huckel equation, and is generally valid up to 
approximately 0.02 molal. FThelt-AQDD incorporates the 
extended Debye-Huckel (Davies) equation and is generally 
valid up to 0.5 molal. The FThelg pure compound database 
contains data for 185 pure solid compounds and gases 
which are thermodynamically consistent with the FThelg 
aqueous solution database. 
 
The FTpulp Database 
 
The FTpulp Database contains data for the pulp and paper 
industry (as well as for corrosion and combustion 
applications) for the system Na, K // Cl, SO4, CO3, O; OH, 
S2O7, S, S2...S8. The major solutions are the molten salt and 
the hexagonal Na2SO4-K2SO4-Na2CO3-K2CO3-Na2S-K2S 
solutions. The molten salt phase considers all sulphides, 
polysulphides (up to Na2S8 and K2S8), sulphates, 
pyrosulphates, oxides, peroxides and chlorides of sodium 
and potassium. The database covers calculations from very 
reducing to very oxidizing conditions. 
 
The FTmisc Database 
 
The FTmisc Database is a miscellaneous databases for 
copper, nickel, lead, zinc, etc. sulphides, alloys, etc. 
includes the following systems: the S-Fe-Ni-Co-Cr system; 
the matte smelting system S-Cu-Fe-Ni-Co-Pb-Zn-As; liquid 
Fe with dilute solutes Al, B, Bi, C, Ca, Ce, Co, Cr, Mg, Mn, 
Mo, N, Nb, Ni, O, P, Pb, S, Sb, Si, Te, Ti, V, W, Zn, Zr. 
[FTmisc-FeLQ]; liquid Sn with dilute solutes Al, Ca, Ce, Co, 
Cr, Cu, Fe, H, Mg, Mo, Na, Ni, O, P, S, Se, Si, Ti [FTmisc-
SnLQ]; liquid Pb with dilute solutes Ag, As, Au, Bi, Cu, Fe, 
Na, O, S, Sb, Sn, Zn [FTmisc-PbLQ]; light metal alloys rich in 
Al and/or Mg including the liquidalloy [FTmisc-LMLQ] Al-
Mg-Sr-Ca-Mn-Na-K-Be-Si and dilute solutes C, O, Cl, F, Fe; 
the Hg-Cd-Zn-Te system; alloy solutions FTmisc-ZnLQ, -
CdLQ, -TeLQ, -SbLQ, -SeLQ, -SeTe, -SbPb and –PbSb are 
alloy solutions of a limited number of components, valid 
over limited composition ranges; non-ideal aqueous 
solution of 96 solutes with Pitzer parameters [FTmisc-
PITZ]. 
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The FactSage Alloy Databases 
 
Several large databases for metallic alloys are the result of 
recent evaluations/optimizations by the FactSage groups 
(CRCT, Montreal; GTT-Technologies, Aachen; The Spencer 
Group, Trumansburg, N.Y.). For each group of systems 
there is a corresponding pair of databases - a solution 
database and a compound database - containing data for 
solutions and compounds which have been evaluated and 
optimized together. 
 
The FScopp Database 
 
The FScopp Database is a copper alloy database directed 
primarily to the liquid state of Cu-rich alloys (copper 
smelting) and includes the elements: Ag, Al, As, Au, Ba, Be, 
Bi, C, Ca, Cd, Ce, Co, Cr, Fe, Ga, Ge, In, Li, Mg, Mn, Nb, Nd, 
Ni, O, P, Pb, Pd, Pt, Pr, S, Sb, Se, Si, Sm, Sn, Sr, Te, Ti, Tl, V, 
Y, Zn, Zr and also includes data for Cu-rich solid phases. 
The database is generally valid for the temperature range 
of approximately 400-1600oC. 
 
The FSlead Database 
 
The FSlead Database is a lead alloy database directed 
primarily to the liquid state of Pb-rich alloys and includes 
the elements: Ag, Al, As, Au, Bi, C, Ca, Cd, Cu, Fe, Ga, Ge, 
Hg, In, Mn, Ni, O, Pd, S, Sb, Se, Si, Sn, Sr, Te, Tl, Zn, and Zr. 
It also includes data for Pb-rich solid phases. It permits the 
calculation of the complete Pb binary systems with all the 
above elements with the exception of the Pb-Fe, Pb-Mn, 
Pb-S, Pb-Se and Pb-Sr binary systems. It is intended to 
provide a sound basis for calculations relating to lead 
production and refining. 
 
The FSlite Database 
 
The FSlite Database is a smaller historical version of the 
FTlite database, and it is not extended anymore. 
 
The FSstel Database 
 
The FSstel Database is a steel database that contains data 
for 115 completely assessed binary alloy systems, 85 
ternary and 17 quaternary systems that include the 
elements: Al, B, Bi, C, Ca, Ce, Co, Cr, Cu, Fe, La, Mg, Mn, 
Mo, N, O, Nb, Ni, P, Pb, S, Sb, Si, Sn, Ti, V, W, Zr. It is 
intended to provide a sound basis for calculations covering 
a wide range of steelmaking processes, e.g. reduction of 
oxygen and sulphur concentration levels through 
deoxidation and desulphurization of the melt; constitution 
of a wide range of steels, including austenitic, ferritic and 
duplex stainless steels and including carbide and nitride 
formation; conditions for heat treatment operations to 
produce a desired constitution; conditions for scrap re-
melting to maintain as low concentrations as possible of 

undesirable ``tramp elements''; melt-crucible interactions. 
 
The FSupsi Database 
 
The FSupsi Database is ultrapure silicon database is 
directed primarily to the liquid state of Si-rich alloys, with 
the particular aim of enabling calculation of impurity 
concentration levels in ultrapure silicon. It includes the 
following elements as impurities in liquid silicon: Al, Au, B, 
C, Ca, Co, Cr, Cu, Fe, Ge, In, Mg, Mn, N, Ni, O, P, Pb, Sb, Sn, 
Te, Ti, V, Zn. The elements included in the Si-rich solid 
solution are B, C, Ge, N, Sn, Ti, Zn. All other elements are 
treated as insoluble in solid Si. 
 
 
The Scientific Group Thermochemistry Europe (SGTE) 
Databases 
 
The SGPS Database 
 
The SGPS Database is a pure species database containing 
data for 3411 pure compounds, and in that sense is very 
similar to the FACT53 Database described previously. 
 
The SGTE Alloy Database 
 
The SGTE Alloy Database contains data for over 300 
completely assessed binary alloy systems and 120 ternary 
and higher-order systems that include the 78 elements: Ag, 
Al, Am, As, Au, B, Ba, Be, Bi, C, Ca, Cd, Ce, Co, Cr, Cs, Cu, 
Dy, Er, Eu, Fe, Ga, Gd, Ge, Hf, Hg, Ho, In, Ir, K, La, Li, Lu, Mg, 
Mn, Mo, N, Na, Nb, Nd, Ni, Np, O, Os, P, Pa, Pb, Pd, Pr, Pt, 
Pu, Rb, Re, Rh, Ru, S, Sb, Sc, Se, Si, Sm, Sn, Sr, Ta, Tb, Tc, Te, 
Th, Ti, Tl, Tm, U, V, W, Y, Yb, Zn, Zr. The database focuses 
on alloys, carbides and nitrides. 
 
The SGnobl Database 
 
The SGnobl Database is a noble metal database that 
contains evaluated thermodynamic parameters for alloys 
of Ag, Au, Ir, Os, Pd, Pt, Rh, Ru alloyed amongst themselves 
and also in alloys with the metals: Al, As, Bi, C, Co, Cr, Cu, 
Fe, Ge, In, Mg, Ni, Pb, Sb, Si, Sn, Ta, Te, Ti, Tl, Zn, Zr. Noble 
metals and their alloys have a wide variety of applications, 
and calculations of relevant phase equilibria in a particular 
case are important e.g. for optimizing suitable alloy 
compositions or predicting reaction products in chemically 
aggressive environments. 
 
The SGsold Database 
 
The SGsold Database is a solder metal database intended 
for the development of solder materials to replace lead-
based solders. It contains evaluated thermodynamic 
parameters for alloys of Ag, Au, Bi, Cu, In, Ni, Pb, Pd, Sb, 
Sn, Zn alloyed amongst themselves. 
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The SGnucl Database  
 
The SGnucl Database is nuclear database includes the 
elements: O, U, Zr, Fe, Cr, Ni, Ar, H. Also included are 
systems formed among the six oxides UO2-ZrO2-FeO-Fe2O3-
Cr2O3-NiO. The database was generated by Thermodata 
(Grenoble, France: website http://thermodata.online.fr) as 

part of a much bigger database effort to cover many 
thermochemical aspects related to the field of nuclear 
reactors. The SGnucl database is specially made for the 
investigation of in-vessel chemical reactions. It is an SGTE 
approved database and has been converted for use with 
FactSage by GTT Technologies. 
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