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Equilib is a powerful tool for computing complex 

chemical equilibria but it can be a challenge when 

used for processing modeling. 

Users want to perform a series of equilibrium 

calculations using a user-friendly graphical interface.

Introduction to Tools in FactSage 8.4 for process 

modeling – Equilib, FactFlow and FactProSim
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macro processing

Example of an interactive process 

simulation of the desulfurisation of 

hot metal by the top slag.

Marie-Aline Van Ende and In-Ho Jung, 2016

Macro stored in \MACROS\Ex_Streams\EquiEx_Streams.mac
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macro processing

Marie-Aline Van Ende and In-Ho Jung, 2016

Macro stored in \MACROS\Ex_Streams\EquiEx_Streams.mac

A Kinetic Ladle Furnace Process Simulation Model:

Effective Equilibrium Reaction Zone Model (EERZ model) 

Using FactSage Macro Processing. - Metallurgical and 

Materials Transactions B, 2017. 

EERZ Approach for EAF: the research extends the EERZ 

approach to other units like the Electric Arc Furnace (EAF), 

bridging the gap between melting and refining stages.

Development of the FactProSIm process simulation package.

Example of an interactive process 

simulation of the desulfurisation of 

hot metal by the top slag.
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Databases:   FactPS (mainly gas) + FToxid (slag) + FTmisc (matte)

Equilib #1

process modeling of copper production  

2 CuFeS2 + 3.25 O2 →   Cu2S–0.5FeS(matte-liq) + 1.5 FeO + 2.5 SO2(g)

2 FeO +  SiO2 →   Fe2SiO4(slag-liq)

kgs: 920 CuFeS2 + 80 H2O + <0.4324 A> O2 + <0.5676 A> N2 + <B> SiO2

Input: CuFeS2  (8 wt.% H2O)  + enriched air (40 vol.% O2)  + SiO2 flux

Overall reactions:
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kgs:  920 CuFeS2 + 80 H2O + <0.4324 A> O2 + <0.5676 A> N2 + <B> SiO2
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This Equilib example is stored in your computer 

in the file Cu-without-E-waste.equi.
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1000 kg feed  +  <A> kg enr-air  +  0 kg SiO2 , 1250 C    

gas

476 kg matte

spinel

680 kg enr-air

page 69/101
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1000 kg feed  +  <A> kg enr-air  +  0 kg SiO2 , 1250 C    

476 kg matte

680 kg enr-air

page 69/101
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680 kg air

476 kg matte                                    

+  <0> SiO2                                    

12



Fact-XML

13



Matte Equilib #1 (smelter) is input for Equilib #2 (slag forming)                              

Cu2S–0.5FeS(matte-liq)   +  SiO2(s)   +  O2(g) 

=> Cu2S(while metal) +  Fe2SiO4(slag-liq) + SO2(g)

Matte (white metal) from Equilib #2 (slag forming) is input for Equilib #3

(copper making)                              

Cu2S(while metal)  +  O2(g)  =>  2Cu(blister copper)  + SO2(g)

process modeling of copper production  

Equilib #1 Equilib #2 Equilib #3

1000 kg                                    

100 kg                                    

680 kg                                    
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Matte Equilib #1 (smelter) is input for Equilib #2 (slag forming)                              

Cu2S–0.5FeS(matte-liq)   +  SiO2(s)   +  O2(g) 

=> Cu2S(while metal) +  Fe2SiO4(slag-liq) + SO2(g)

Matte (white metal) from Equilib #2 (slag forming) is input for Equilib #3

(copper making)                              

Cu2S(while metal)  +  O2(g)  =>  Cu(blister copper)  + SO2(g)

process modeling of copper production  

Equilib #1 Equilib #2 Equilib #3

Equilib #3

Cu2S(liq) 

white metal                                    

Cu(liq)                                    
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Matte Equilib #1 (smelter) is input for Equilib #2 (slag forming)                              

Cu2S–0.5FeS(matte-liq)   +  SiO2(s)   +  O2(g) 

=> Cu2S(while metal) +  Fe2SiO4(slag-liq) + SO2(g)

Matte (white metal) from Equilib #2 (slag forming) is input for Equilib #3

(copper making)                              

Cu2S(while metal)  +  O2(g)  =>  Cu(blister copper)  + SO2(g)

process modeling of copper production  

Equilib #1 Equilib #2 Equilib #3

Sequentially executing stream-related tasks in Equilib can be done by macro 

processing. But this is time-consuming and difficult to automate.

Let us employ the process simulation packages FactFlow and FactProSim.

16



FactProSim

FactFlow

precursor for FactFlow and FactProSim
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Summary of Equilib .equi files in FactProSim

This summary is stored in  C:\FACTSAGE84\FactProSim\Projects\Summary_EQUI.txt

Summary of Equilib .equi files in FactProSim \FactProSim\Projects\*.equi
==============================

1.1 **** Equi-file  BOF_database.equi:           (BOF_database.cst)
Path:  C:\FactSage84\FactProSim\Projects\BOF_simulation\BOF_database.equi:

Reactants:  Fe  +  C  +  Mn  +  Si  +    CaO  +  FeO  +  SiO2  =  

Compound databases: FactPS FTmisc FToxid

Solution databases: FTmisc FToxid

2.1 **** Equi-file  BOF_database.equi            (BOF_database.cst):
Path:  C:\FactSage84\FactProSim\Projects\BOF_simulation2\BOF_database.equi:

Reactants:  Fe  +  C  +  Mn  +  Si  +    CaO  +  FeO  +  SiO2  =  

Compound databases: FactPS FTmisc FToxid

Solution databases: FTmisc FToxid

3.1 **** Equi-file  DeOx_database.equi:

Path:  C:\FactSage84\FactProSim\Projects\DeOx_simulation\DeOx_database.equi:

Reactants:  Fe  +  Al  +  C  +  Mn  +    Si  +  O  +  Ca  +  Mg  +    CaO  +  Al2O3  +  SiO2  

+  FeO  +    MnO  +  MgO  =  

Compound databases: FactPS FTmisc FToxid

Solution databases: FTmisc Ftoxid

4.1 **** Equi-file  DeS_database.equi:

Path:  C:\FactSage84\FactProSim\Projects\DeS_simulation\DeS_database.equi:

Reactants:  Fe  +  C  +  Si  +  S  +    CaO  +  SiO2  +  Al2O3  =  

Compound databases: FactPS FTmisc FToxid

Solution databases: FTmisc FToxid

FactProSim
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Summary of Equilib .equi files in FactProSim

This summary is stored in  C:\FACTSAGE84\FactProSim\Projects\Summary_EQUI.txt

Summary of Equilib .equi files in FactProSim \FactProSim\Projects\*.equi
==============================

1.1 **** Equi-file  BOF_database.equi:           (BOF_database.cst)
Path:  C:\FactSage84\FactProSim\Projects\BOF_simulation\BOF_database.equi:

Reactants:  Fe  +  C  +  Mn  +  Si  +    CaO  +  FeO  +  SiO2  =  

Compound databases: FactPS FTmisc FToxid

Solution databases: FTmisc FToxid

2.1 **** Equi-file  BOF_database.equi            (BOF_database.cst):
Path:  C:\FactSage84\FactProSim\Projects\BOF_simulation2\BOF_database.equi:

Reactants:  Fe  +  C  +  Mn  +  Si  +    CaO  +  FeO  +  SiO2  =  

Compound databases: FactPS FTmisc FToxid

Solution databases: FTmisc FToxid

3.1 **** Equi-file  DeOx_database.equi:

Path:  C:\FactSage84\FactProSim\Projects\DeOx_simulation\DeOx_database.equi:

Reactants:  Fe  +  Al  +  C  +  Mn  +    Si  +  O  +  Ca  +  Mg  +    CaO  +  Al2O3  +  SiO2  

+  FeO  +    MnO  +  MgO  =  

Compound databases: FactPS FTmisc FToxid

Solution databases: FTmisc Ftoxid

4.1 **** Equi-file  DeS_database.equi:

Path:  C:\FactSage84\FactProSim\Projects\DeS_simulation\DeS_database.equi:

Reactants:  Fe  +  C  +  Si  +  S  +    CaO  +  SiO2  +  Al2O3  =  

Compound databases: FactPS FTmisc FToxid

Solution databases: FTmisc FToxid

FactProSim

BOF_database.equi and BOF_database. cst files are coupled.

The cst file is a mini database that contains the data on all the 

species and phases selected in the equi file. 

The cst file will be used by ChemApp

when running FactFlow and FactProSim .
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This summary is stored in  C:\FACTSAGE84\FactFlow\Equi-Cst-Flow\Summary_EQUI.txt

Summary of Equilib .equi files in FactFlow             \FactFlow\Equi-Cst-Flow\*.equi 
==============================

1.1 **** Equi-file  Cu-without-E-waste.equi:   (Cu-without-E-waste.cst)
Path:  C:\FactSage84\FactFlow\Equi-Cst-Flow\Examples\Cu-without-E-waste.equi:

Reactants:  920 CuFeS2  +  80 H2O  +  <0.4324A> O2  +  <0.5676A> N2  +    <B> SiO2 =  

Compound databases: FactPS FTmisc FToxid

Solution databases: FTmisc FToxid

.....

1.3 **** Equi-file  Ferrosilicon.equi:          (Ferrosilicon.cst) 
Path:  C:\FactSage84\FactFlow\Equi-Cst-Flow\Examples\Ferrosilicon.equi:

Reactants:  SiO2  +  C  +  Fe  +  Al2O3  +    CaO  +  MgO  +  TiO2  =  

Compound databases: FactPS FTlite Ftoxid

Solution databases: FTlite FToxid

1.4 **** Equi-file  MIDREX.equi:

Path:  C:\FactSage84\FactFlow\Equi-Cst-Flow\Examples\MIDREX.equi:Reactants:  H2  +  CH4  +  Fe2O3  +  N2    

Compound databases: FactPS FSstel FToxid

Solution databases: FSstel FToxid.

.....

1.6 **** Equi-file  Titanium-production-C-Cl-Mg.equi:

Path:  C:\FactSage84\FactFlow\Equi-Cst-Flow\Examples\Titanium-production-C-Cl-Mg.equi:Reactants:  TiCl4  

+  <A> Mg  +  O  +  C  =  

Compound databases: FactPS FToxid FTlite

Solution databases: FToxid FTlite

-------------------------------------------------------------------------

1. Summary of Equilib .equi files in C:\FactSage84\FactFlow\Equi-Cst-Flow\Examples\

   6 files found                                14:36:59  2025-12-23

-------------------------------------------------------------------------

 

Summary of Equilib .equi files in FactFlowFactFlow
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Open Cu-without-E-waste.equi stored in 

\FactFlow\Equi-Cst-Flow\Examples\
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This system is identical to the Equilib example on process 

modeling of copper production that we created earlier.

We will create a new folder Equi-Cst-Flow\Montreal-

Workshop\

and save this example as Cu-smelting.equi
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Create a new folder Equi-Cst-Flow\Montreal-Workshop

and save both Cu-smelting.equi and Cu-smelting.cst in it.
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The cst file will be used by ChemApp when 

running FactFlow and FactProSim.

Create a new folder Equi-Cst-Flow\Montreal-Workshop

and save both Cu-smelting.equi and Cu-smelting.cst in it.
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Click Add-ons to open the FactFlow process simulation package 
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Demonstration of 

FactFlow
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Click Help to display the User Manual as shown below.
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Equilib #3
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Equilib #2Equilib #1



Equilib #3
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Equilib #3
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slag                                    

gas 

Cu2S(liq) 

white metal                                    

Cu(liq)                                    

Equilib #3
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Ti primary metal production from rutile  TiO2.

FactPS, FToxid, FTlite databases
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Modeling of an electric arc furnace to produce 

ferrosilicon  using recycling loops

FactPS
FToxid
FSstel
databases
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MIDREX direct iron reduction process

FactPS, FToxid, FSstel databases
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In addition FactFlow

• has a dedicated Analysis Module for viewing, plotting and comparing results 

across runs or recycling iterations from within the interface.

• has a graphical interface for defining custom variables that vary across 

parametric runs and recycling iterations to easily perform parameter studies. 

• has a powerful Function Builder enabling the use of mathematical 

expressions, conditional logic, and looping structures to control node behavior 

and variable values. 

• can define runs and recycling iterations and maximum iterations; define 

new run variables and recycle iteration variables by importing them from an 

Excel file; define variables names for temperature or pressure fields of 

Equilib Reactors, for quantities in Input nodes, for percentage splits in 

splitter nodes 
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Click Add-ons to open the FactProSim process simulation package 
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FactProSim process simulation package
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Click Help to display the Installation Guide and Program description
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1. First copy \Cu-smelting.cst file from

FactFlow\Equi-Cst-Flow\Montreal-Workshop\ to

FactProSim\Projects\Montreal-Workshop\

2. Then load Cu-smelting.cst

3. Then save FactProSim

flowsheet Cu-smelting.ppf

FactProSim process simulation 
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FactProSim process simulation 
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FactProSim process simulation 
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FactProSim process simulation 
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FactProSim process simulation 
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FactProSim process simulation 
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FactProSim process simulation 
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FactProSim examples

- Simulation of Al addition in the ladle.

- Desulfurization of Hot Metal.

- Process simulation of the BOF process.

- Process simulation of the BOF process with post-

combustion and heat recovery.

All examples are associated with development of complex 

industrial process simulations, some using the Effective 

Equilibrium Reaction Zone (EERZ) model approach.

FactPS, FToxid, FTmisc databases
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Liquid iron:
Fe-4% C-0.5% Mn-0.5% Si

slag slag

O2

Flux

Phase Amount Composition Temperature

Metal 100 ton 95% Fe

4% C

0.5% Mn

0.5% Si

1300 °C

Slag 2 ton 55% CaO

25% FeO

20% SiO2

1300 °C

Gas 0.57 ton/min 100% O2 25 °C

Flux 0.25 ton/min

1 to 10 min

100% CaO 25 °C

Scrap 2 ton/min

1 to 9 min

100% Fe 25 °C

Process duration : 15 min
All reactions under adiabatic conditions

Scrp

FactProSim process simulation of the BOF process 
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Kinetic 

factor

1 ~ 5 

min

6 ~ 15 

min

A 10% 30%

B 50% 80%

C 50% 80%

R1

R2

R3

FactProSim process simulation of the BOF process 
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FactProSim process simulation of the BOF process 
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R1

R2

R3

R4

R5

R6

R7

R8

Heat exchanger 

#2

Heat exchanger

#1

FactProSim process simulation of the BOF process

- with post-combustion and heat recovery



FactProSim process simulation of the BOF process

- with heat exchangers
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Input data and process 

conditions saved in Excel 

file BOF data.xlsx

FactProSim process inputs in Excel file



Results of the process simulatiom – composition of the 

hot metal saved in the Excel file BOF data.xlsx
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In particular, FactProSim:

• enables the simulation of batch processes, incorporating time-dependent 

conditions and parameters.

• allows for the creation of custom equations where elements from the flowsheet 

can be incorporated.

• is designed for the development of complex industrial process simulations 

using the Effective Equilibrium Reaction Zone (EERZ) model approach.

FactProSim was initially developed for the Steelmaking Consortium at Seoul 

National University, which comprises 14 industrial partners around the world. It has 

been employed by consortium members to develop their own process simulations. 

Continuous enhancements and new functionalities, including more user-friendly graphic 

outputs, will be introduced to enhance its versatility and flexibility, and to meet users' 

needs.
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Flowsheets - similar look and feel

FactFlow

FactProSim
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FactFlow is designed for users to execute a series of 

stream-related Equilib tasks without having to save 

equilibrated streams (*.mixt files) and recycle them. 

FactFlow is particularly useful for simulating high 

temperature pyrometallurgical processing operations under 

equilibrium conditions.     

FactProSim is primarily designed for the steelmaking 

industry, for example the simulation of additions in the 

ladle, desulfurization of hot metal and the BOF process 

with post-combustion and heat recovery.  It is associated 

with the development of complex industrial process 

simulations involving kinetics and some using the Effective 

Equilibrium Reaction Zone (EERZ) model approach.

FactFlow and FactProsim simulation packages 

- have been developed in parallel and offer user-friendly graphical interfaces

- access the same databases FactPS, FToxid, Ftlite … SGPS, SGTE2024 … etc.

- employ the same Gibbs energy minimization algorithms (ChemApp)

- calculate the same chemical equilibria 

- but they have different applications.

Conclusions

59

 



60

 

Thank you!

Chris Bale  and  Eve Bélise

For more info on the process simulators visit 

www.factsage.com

https://factsage.com/process-simulation

http://www.factsage.com/
https://factsage.com/process-simulation
https://factsage.com/process-simulation
https://factsage.com/process-simulation
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