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Thermo-Calc Software

 Company dedicated to provide computational 
tools in the field of materials engineering

 Phase diagrams, thermodynamics, diffusion, 
kinetics of phase formation / transformation

 Founded in 1997

 Headquarters in Stockholm

 Total of ~40 employees worldwide

 > 1250 customers in 70+ countries



CALPHAD databases

Steel, cemented carbides, 
High Mn, stainless 

Nickel superalloys

Aluminium alloys
Magnesium alloys

Titanium and Ti-Aluminides

Nobel metals

Aqueous, corrosion

Nuclear materials

Also High Entropy Alloys, Copper alloys, Pure Silicon,
Molten salts, solder materials, and….. 
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TCOX5
(2014)

TCOX6
(2015)

TCOX7
(2017)

TCOX9
(2019)

❏ 25 elements
❏ 260 binaries
❏ 244 ternaries
❏ 118 pseudo-ternary MeO-MeO-MeO
❏ 32 Me-O-F, Me-O-S
❏ Many higher order systems
❏ Validation in multicomponent space

From Dec 2019 also physical properties
(viscosity, surface tension, density)

Al Ar C Ca Co Cr Cu F Fe

Gd La Mg Mn Mo Nb Ni O P

S Si Ti V W Y Zr

TCOX8
(2018)

Details of database development under www.thermocalc.com
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CALPHAD Database for Oxides: TCOX9

http://www.thermocalc.com/


Replaces SLAG database 
For process metallurgy (and many other things)

CALPHAD Database for Oxides: TCOX9
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Equilibrium steel composition

80% CaO
20% Al2O3

Reducing: 
De-sulf.
 LF

Oxidizing
De-phos.
 EAF

Applications of TCOX9

2[P] + 5[O]  (P2O5) or
2[P] + 5(FeO) + 4(CaO)  (Ca4P2O9) + 5[Fe]
 Oxidizing conditions!
(CaO) + [S]  2(CaS) + [O]
 Reducing conditions!

Nicholas Grundy – www.thermocalc.com

Liquid steel

 Isothermal calculations
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New easy to use interface to set-up steel-slag calculations



0.200 wt% C
1.000 wt% Mn
0.025 wt% P
0.023 wt% S
0.250 wt% Si
0.030 wt% Al
3E-5 wt% O
Balance: Fe

Al + O2 Al2O3

Si, Mn + O2 Oxide liquid

C + O2 CO-rich gas

Applications of TCOX9

Liquid steel

 Adiabatic calculations
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New easy to use interface to set-up steel-slag calculations





Applications for adiabatic calculations

Steelmaking in a BOF converter:
C (in steel) + O2 CO2
Or
2 C + O2 2 CO

 Example 1 in Thermo-Calc help



Thermite welding process:
Al + FeO Fe (liq) + Al2O3

Applications for adiabatic calculations
 Real requests coming from customers!



Exothermal mould powders at end of 
cast for continuous casting or for hot 
topping during ingot casting:
SiO2 + CaO + FeO + xxx
+ Fe, Al, Si powder or …
 Tuned energy release triggered by 
heat of Liquid steel

Applications for adiabatic calculations: hot topping



Applications for adiabatic calculations: 
Nanofoil® for bonding, Self-healing multilayers, nano-heaters, dot heaters…

Al + Ni  AlNi BCC_B2
 Adiabatic calculation for T increase
 Diffusion calculation for kinetics

Al Ni

Łukasz Maja, Jerzy Morgiela, Maciej Szlezyngera, Piotr Bałab, Grzegorz Ciosb, 
Mat. Chem. Phys. Volume 193, 2017, Pages 244-252

Indium corporation: www.indium.com



Applications for adiabatic calculations: 
Heat patches for back-ache

Reaction: 
Fe or FeO (powder) + O2(gas) 
 FeO, Fe3O4, Fe2O3





 Simulation of secondary steel 
making (Ladle Furnace)

 Present in every steel-plant

 Comparison with scientific study 
from M.-A. van Ende et al. (2017)

 Actual experimental data from K. 
J. Graham et al. (2009)

Kinetic model needed! 

Modelling of steel making / refining with TCOX9



Liquid steel

Slag

EE
RZ

Kinetic modelling using the Effective Equilibrium Reaction Zone

1. Transport to the reaction zone
2. Equilibrium within the EERZ
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Kinetic modelling of steelmaking with TCOX9



Liquid steel

Slag

EE
RZ

Kinetic modelling using the Effective Equilibrium Reaction Zone

1. Transport to the reaction zone
2. Equilibrium within the EERZ
Equilibrium steel-slag inferface2
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Kinetic modelling of steelmaking with TCOX9



Liquid steel

Slag

EE
RZ

Kinetic modelling using the Effective Equilibrium Reaction Zone

3

1. Transport to the reaction zone
2. Equilibrium within the EERZ, 
3. Transport away from the EERZ3
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Kinetic modelling of steelmaking with TCOX9



Liquid steel

Slag

EE
RZ

Kinetic modelling using the Effective Equilibrium Reaction Zone

4

1. Transport to the reaction zone
2. Equilibrium within the EERZ, 
3. Transport away from the EERZ
4. Mixing in the bulk slag / liquid 

steel
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Kinetic modelling of steelmaking with TCOX9



Kinetic modelling of steelmaking with TCOX9

Inclusion formation and flotation / modification

Heating / cooling



Kinetic modelling of steelmaking with TCOX9

Liquid steel composition Slag composition



Initial steel: 165 t, 1600°C
Fe-0.12 Mn-0.008 Si-0.001 Al-0.001Ti-0.06 S-0.01 O 

Initial slag: 4.95 t, 1600°C
50 CaO-31.2 Al2O3-8 MgO-6.0 SiO2-0.8 MnO-1.9 FeO-2.19 TiO2-0.01 S

Process parameters:
At tap: Al killing with 105 kg Al
20 min: 100 kg CaO, 140 kg Al, 50 kg FeMn added
27 min-34 min: Electric arc heating 
39 min: 46 kg FeTi added 

Ladle Furnace Refining

Manual simulation with 6 calculation steps in console mode 
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Python calculation set-up
Model configuration, kinetic parameters Materials compositions

Time stepping / material addition amounts and times

 Calculate (app. 10 min)

 Plot



Python calculation results



Release of Thermo-Calc’s Process Metallurgy Module!

Link processing steps
 Digital Twin of process



Thank you!
Contact: nicholas@thermocalc.com

…and please visit our booth
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