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I. Background – Motivations – Objectives 



The project has received funding from the European Union’s Horizon 2020 
research and innovation program under Grant Agreement N°869268.

October 2024 4

Background

► EU Horizon 2020 project SisAl Pilot

► Optimization of the silicon production in Europe

► Recycling materials and using a carbon-emission 

friendly technology

► Silicon production experiments are conducted on 

laboratory and pilot scales

► Different types of furnaces

► The process optimisation relies on both the 

experiments and the numerical modelling

www.sisal-pilot.eu

I. Background – Motivations – Objectives 

http://www.sisal-pilot.eu/
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: Fundamentals
• French Numerical modelling consultancy

• Leader in France of the COMSOL Certified

Consultants, key partner worldwide

• 9 members Eng.D. + Ph.D.

• Main partners:

• big international companies

• laboratories

• Involved in the Research projects like EU FP

(SHARK, SisAl Pilot) / PhD supervision

I. Background – Motivations – Objectives 
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Motivations

I. Background – Motivations – Objectives 

Objectives

► Modelling support of the pilot campaign of MINTEK

► Numerical testing of a new design of TBRC

► Numerical modelling of a Top-Blown Rotary Converter

► Optimise the TBRC rotation frequency

► Determine the optimal burner power for TBRC operation

► Determine the optimal inclination angle of TBRC

kW

𝜃

RPM
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II. Methodology and Numerical Model 
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Methodology

► Developing a numerical model / digital twin of new TBRC design 

with help of COMSOL Multiphysics®

► Performing multiple simulations to determine the best TBRC 

configuration

II. Methodology and Numerical Model
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II. Methodology and Numerical Model

Numerical Model
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Castable refractory

Refractory bricks

Insulation fibre

Air gaps

Slag (500 kg)

Metal (150 kg)

Geometry

II. Methodology and Numerical Model

► TBRC geometry is based on MINTEK technical drawings

MINTEK technical drawings Numerical model geometry
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Material properties

II. Methodology and Numerical Model

Insulation fibre 1260 ST-RB Castable refractory L-Cast 18 Refractory bricks VR 90B

► Properties of furnace materials are based on the data provided by MINTEK
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Material properties

II. Methodology and Numerical Model

Insulation fibre 1260 ST-RB Castable refractory L-Cast 18 Refractory bricks VR 90B

► Properties of furnace materials are based on the data provided by MINTEK

CALPHAD: Computer Coupling of Phase Diagrams and Thermochemistry 77 (2022) 102421

► Slag viscosity is extracted from…
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Material properties

II. Methodology and Numerical Model

Insulation fibre 1260 ST-RB Castable refractory L-Cast 18 Refractory bricks VR 90B

► Properties of furnace materials are based on the data provided by MINTEK

CALPHAD: Computer Coupling of Phase Diagrams and Thermochemistry 77 (2022) 102421

► Slag viscosity is extracted from…

► Slag thermal conductivity = 1 W/m/K                ► Other slag properties → Ken Mills model
K. C. Mills et al., “Estimating the physical properties of slags,” 

J. S. Afr. Inst. Min. Metall., vol. 111, no. 10, pp. 649-658, 2011
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Physics

II. Methodology and Numerical Model

► Heat transfer with phase change 

► Surface-to-surface radiation 

► Fluid mechanics (k-𝜔 model)
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Meshing

II. Methodology and Numerical Model

2D axisymmetric
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Meshing

II. Methodology and Numerical Model

► 27 600 finite elements

► 220 700 degrees of freedom

2D axisymmetric
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III. Main Results 
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TBRC preheating

III. Main ResultsIII. Main Results
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TBRC preheating
III. Main Results

Temperature field

Average temperatures

(first 30 min)

(first 30 min)

→ Input power : 600 kW

October 2024
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TBRC preheating
III. Main Results

Temperature field

Average temperatures

→ Input power : 600 kW

→ TBRC preheating up to 1650°C is possible

in less than 30 min

(first 30 min)

October 2024
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TBRC preheating
III. Main Results

Temperature field

Average temperatures (first 25 h)

→ Input power : 600 kW

→ The average temperature of the bricks surface is

almost constant after ≈ 12 h of preheating

𝑡 → ∞

𝑡 → ∞

∞

October 2024
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TBRC preheating
III. Main Results

Power balance

𝑡 → ∞

∞

October 2024
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TBRC preheating
III. Main Results

Power balance

𝑡 → ∞

∞

𝑡 → ∞

October 2024
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TBRC preheating
III. Main Results

Power balance

𝑡 → ∞

∞

𝑡 → ∞

October 2024



The project has received funding from the European Union’s Horizon 2020 
research and innovation program under Grant Agreement N°869268.

October 2024 25

TBRC preheating
III. Main Results

Power balance

𝑡 → ∞

𝑡 → ∞

∞

𝑡 → ∞

October 2024
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TBRC preheating
III. Main Results

Power balance

𝑡 → ∞

𝑡 → ∞

∞

𝑡 → ∞

October 2024
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TBRC preheating
III. Main Results

Power balance

𝑡 → ∞

𝑡 → ∞

∞

𝑡 → ∞

October 2024
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TBRC preheating
III. Main Results

→ Perfect power balance

→ Most of the power is lost in form of thermal radiation from the internal surface of TBRC towards

ambient environment through the opening at the top of the furnace

Power balance

𝑡 → ∞

𝑡 → ∞

∞

𝑡 → ∞
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TBRC preheating
III. Main Results

→ Initial condition for TBRC in a horizontal position

2D plane model

→ Initial condition for TBRC in a vertical position

2D axisymmetric model 

Initial condition for further computations with slag and metal

→ The TBRC state after 30 min of preheating at 600 kW serves as initial condition for further computations

October 2024
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III. Main Results

Influence of the rotation frequency
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Influence of the rotation frequency
III. Main Results

2D plane model

Slag
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Influence of the rotation frequency
III. Main Results

► 𝑃 = 𝑃𝑚𝑎𝑥 (600 kW)

► 5 RPM

Slag temperature (°C)

5 rpm

Max Vslag (m/s)

T (°C)

600 kW

5 rpm
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Influence of the rotation frequency
III. Main Results

► 𝑃 = 𝑃𝑚𝑎𝑥 (600 kW)

► 5 RPM

Slag temperature (°C)

5 rpm
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Influence of the rotation frequency
III. Main Results

► 𝑃 = 𝑃𝑚𝑎𝑥 (600 kW)

► 5 RPM

Turbulent viscosity of slag 

:

Intrinsic viscosity of slag :

Slag temperature (°C)

5 rpm

Laminar slag flow
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Influence of the rotation frequency
III. Main Results

► 𝑃 = 𝑃𝑚𝑎𝑥 (600 kW)

► 5 RPM

Slag temperature (°C)

5 rpm

Laminar slag flow Turbulent flow

Turbulent viscosity of slag 

:

Intrinsic viscosity of slag :
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Influence of the rotation frequency
III. Main Results

► 𝑃 = 𝑃𝑚𝑎𝑥 (600 kW)

► 10 RPM

Slag temperature (°C)

10 rpm

Max Vslag (m/s)

T (°C)

600 kW

5 rpm

10 rpm
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Influence of the rotation frequency
III. Main Results

► 𝑃 = 𝑃𝑚𝑎𝑥 (600 kW)

► 5, 10 RPM
Slag temperature (°C)

5 rpm

10 rpm
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Influence of the rotation frequency
III. Main Results

► 𝑃 = 𝑃𝑚𝑎𝑥 (600 kW)

Slag temperature (°C)

5 rpm

10 rpm
15 rpm

20 rpm

► 5, 10, 15, 20 RPM
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Influence of the rotation frequency
III. Main Results

► 𝑃 = 𝑃𝑚𝑎𝑥 (600 kW)

0 rpm

Max Vslag (m/s)

T (°C)

Solid fraction 

50%

600 kW

Zoom

Solid fraction 

50%

► 0 RPM
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Influence of the rotation frequency
III. Main Results

► 𝑃 = 𝑃𝑚𝑎𝑥 (600 kW)

0 rpm

Max Vslag (m/s)

T (°C)

Solid fraction 

50%

600 kW

► 0 RPM

Slag temperature (°C)

5 rpm
10 rpm15 rpm20 rpm

0 rpm

Slag solidification temperature 
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Influence of the rotation frequency
III. Main Results

► 𝑃 = 𝑃𝑚𝑎𝑥 (600 kW)

Slag temperature (°C)

5 rpm
10 rpm15 rpm20 rpm

0 rpm

Slag solidification temperature 

► 0, 5, 10, 15, 20 RPM
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Influence of the rotation frequency
III. Main Results

2D axisymmetric model

Slag
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Influence of the rotation frequency
III. Main Results

► 𝑃 = 𝑃𝑚𝑎𝑥 (600 kW)

► 10 RPM

T (°C)

Max Vslag (cm/s)

10 rpm

600 kW

90%

Liquid fraction

50%

10%

Max Vslag (cm/s)

𝑟

𝑧

𝑟

𝜑

Slag temperature (°C)

Slag solidification temperature 

10 rpm

10 rpm

October 2024
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Influence of the rotation frequency
III. Main Results

► 𝑃 = 𝑃𝑚𝑎𝑥 (600 kW)

► 0 RPM

T (°C)

Max Vslag (cm/s)

0 rpm

600 kW

90%

Liquid fraction

50%

10%

Max Vslag (cm/s)

𝑟

𝑧

𝑟

𝜑

Slag temperature (°C)

Slag solidification temperature 

0 rpm

0 rpm

October 2024
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Influence of the rotation frequency
III. Main Results

► 𝑃 = 𝑃𝑚𝑎𝑥 (600 kW)

► 0, 5, 10, 15, 20 RPM

Slag temperature (°C)

Slag solidification temperature 

0 - 20 rpm

0 - 20 rpm
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III. Main Results

Influence of the burner power and angle
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Influence of the burner power and angle
III. Main Results

► For the Slag + Metal configuration, determination of the state of 

the system (stays liquid or not?)…

→ … depending on the burner power

→ … depending on the TBRC inclination angle

at 10 RPM
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Influence of the burner power and angle
III. Main Results

→ Consider all possible inclination angles of TBRC 

𝜃

𝜃 = 90° 0° < 𝜃 < 90° 𝜃 = 0°

cross 

section

𝜃
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Risk of slag 

solidification
Risk of slag 

solidification
Risk of slag 

solidification

Influence of the burner power and angle
III. Main Results

The case of both slag and metal charged into TBRC

𝑃 = 0 𝑃 = 𝑃𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 (164 kW) 𝑃 = 𝑃𝑚𝑎𝑥 (600 kW)

Vertical

Horizontal 

Slag is 

liquid✓
Slag is 

liquid✓

Risk of slag 

solidification 

after 

chemical 

reaction is 

finished



October 2024
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Influence of the burner power and angle
III. Main Results

Angle 𝜃

Power

90°

(Vertical)

0°

(Horizontal)

Pmax0W Padjusted

SLAG + METAL

Solid

Liquid
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Influence of the burner power and angle
III. Main Results

Pmax0W

Angle 𝜃

Power

0°

(Horizontal)

Padjusted

90°

(Vertical)

SLAG + METAL

Could be known 

by interpolation 

October 2024

Solid

Liquid

51
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Influence of the burner power and angle
III. Main Results

The case of only slag charged into TBRC

𝑃 = 𝑃𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 (164 kW) 𝑃 = 𝑃𝑚𝑎𝑥 (600 kW)

Vertical

Horizontal

Slag is liquid✓
Risk of slag solidification

Risk of slag solidification Risk of slag solidification

October 2024
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Influence of the burner power and angle
III. Main Results

Pmax0W

Angle 𝜃

Power

0°

(Horizontal)

Padjusted

90°

(Vertical)

SLAG only

October 2024 53

Solid

Liquid
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IV. Conclusions
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Conclusions

► Aim: Numerical testing of a new design of TBRC

► Creation of an efficient decision-making tool to:

→ Determine the best angle

→ Compute the necessary power

→ Optimise the rotation speed

IV. Conclusions
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To finish…

Thank you!

Q&A?

Our question: What about a 
coffee to discuss your topic? ☺

Sergey Semenov, Patrick Namy

SIMTEC (+33) (0) 9 53 51 45 60

sergey.semenov@simtecsolution.fr

patrick.namy@simtecsolution.fr


