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|. Background — Motivations — Objectives

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
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: Fundamentals

* French Numerical modelling consultancy Y COMSOL

e Leader in France of the COMSOL Certified
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Motivations ~
» Modelling support of the pilot campaign of MINTEK SisAl Pilot
» Numerical testing of a new design of TBRC 5 ﬁ
MINTGE K
Objectives

» 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
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ll. Methodology and Numerical Model

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
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Numerical Model
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ll. Methodology and Numerical Model

Geometry
» TBRC geometry is based on MINTEK technical drawings

MINTEK technical drawings Numerical model geometry
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Castable refractory

Refractory bricks
- Insulation fibre
[ slag (500 kg)

[ ] Metal (150 kg)
Air gaps
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Material properties

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

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

Insulation fibre 1260 ST-RB

October 2024
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Material properties

» Properties of furnace materials are based on the data provided by MINTEK
Castable refractory L-Cast 18 Refractory bricks VR 90B

RMS

Insulation fibre 1260 ST-RB

Tl g

» Slag viscosity is extracted from...
CALPHAD: Computer Coupling of Phase Diagrams and Thermochemistry 77 (2022) 102421

log-vis (Pa.s)

Rheological properties of Al,03-CaO-SiO, slags
Kai Tang ™ , Casper van der Eijk %, Sylvain Gouttebroze °, Qiang Du ", Jafar Safarian,

Gabriella Tranell ©

& SINTEF Industry, N-7465, Trondheim, Norway

b SINTEF Industry, N-0314, Oslo, Norway
¢ Department of Materials Science and Engineering, Norwegian University of Science and Technology, Trondheim, Norway
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ll. Methodology and Numerical Model

Material properties

» Properties of furnace materials are based on the data provided by MINTEK
Insulation fibre 1260 ST-RB Castable refractory L-Cast 18 Refractory bricks VR 90B

RMS

e o

» Slag viscosity is extracted from...

CALPHAD: Computer Coupling of Phase Diagrams and Thermochemistry 77 (2022) 102421 12
10
Rheological properties of Al,05-Ca0O-SiO, slags ¢ £
‘2
= F: D . D . 2 g‘
Kai Tang ™ , Casper van der Eijk“, Sylvain Gouttebroze L, Qiang Du L, Jafar Safarian ©, 8
Gabriella Tranell © -4
® SINTEF Industry, N-7465, Trondheim, Norway 26()3300
® SINTEF Industry, N-0314, Oslo, Norway : 2200
¢ Department anxiatcriais Science and En;inccring Norwegian University of Science and Technology, Trondheim, Norway 0 92 0.4 06 140}]800/\\@
Y3 08 1000
» 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

» Heat transfer with phase change
» Surface-to-surface radiation

» Fluid mechanics (k-w model)
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Meshing
2D axisymmetric

October 2024 15
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Meshing

2D axisymmetric

» 27 600 finite elements

» 220 700 degrees of freedom

October 2024 16



Q
SiIsAl Pilot

l1l. Main Results



Q
SisAl Pilot
l1l. Main Results

TBRC preheating



Q =
SisAl Pilot - =

I1l. Main Results

TBRC preheating

Temperature field (first 30 min)
Time=0.00 h degC Average temperatures (first 30 min)
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I1l. Main Results

TBRC preheating

Temperature field
Time=0.50 h degC Average temperatures (first 30 min)
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—— Average temperature of the bricks surface
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- Input power : 600 kW

- TBRC preheating up to 1650°C is possible
in less than 30 min
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TBRC preheating
Temperature field
Time=250h degC Average temperatures (first 25 h)
2400 | >
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1600 1585 O
< 1400 t — oo
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400 —— Average bricks temperature
200 —— Average temperature of the bricks surface |7
0 -
0 5 10 15 20 25 00
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- Input power : 600 kW

- The average temperature of the bricks surface is

October 2024 almost constant after ~ 12 h of preheating 21
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TBRC preheating

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

Power balance
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TBRC preheating
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October 2024

The project has received funding from the European Union’s Horizon 2020

research and innovation program under Grant Agreement N°869268. j
Power balance
I | I T I I
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TBRC preheating
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The project has received funding from the European Union’s Horizon 2020

research and innovation program under Grant Agreement N°869268. j
Power balance
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TBRC preheating
Power balance
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TBRC preheating
Power balance
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TBRC preheating
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October 2024

The project has received funding from the European Union’s Horizon 2020

research and innovation program under Grant Agreement N°869268. j
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TBRC preheating

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

Power balance

- .600.0 O
t — 00 |

487.1 O]
t > oo

= (1) Input power

—— (2) Power loss : natural convection
——— (3) Power loss : radiation from external surface 7
- (4) Power loss : radiation from internal surface 4

(5) Rate of furnace heating
B (1)-(2)-(3)-4)==()7?

t > oo

B 97.32 O7
i 15.57
i I I I 1 1 |UUUU 8_
0 5 10 15 20 25 0o
time (h)

- 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

October 2024
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I1l. Main Results

TBRC preheating

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

- Initial condition for TBRC in a vertical position

2D axisymmetric model

Time=0.50 h
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—> Initial condition for TBRC in a horizontal position
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lll. Main Results

Influence of the rotation frequency

Slag

2D plane model
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I1l. Main Results

Influence of the rotation frequency

> P =P, (600KkW)
» 5 RPM
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I1l. Main Results

Influence of the rotation frequency
> P =P, (600KkW)

» 5 RPM

Slag temperature (°C)

1860

— min T slag
1840

— max T slag | |

1820
1800
1780} 5
1760 rpm
1740}
1720
1700

1680

1660
1640+

0 50 100 150 200 250 300
Time (s)




Q
SisAl Pilot - -/

I1l. Main Results

Influence of the rotation frequency
> P =P, (600KkW)

» 5 RPM
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I1l. Main Results

Influence of the rotation frequency
» P =P, (600kW)

» 5 RPM
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I1l. Main Results

Influence of the rotation frequency
> P =P, (600KkW)

» 10 RPM
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I1l. Main Results

Influence of the rotation frequency
> P =P, (600KkW)
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I1l. Main Results

Influence of the rotation frequency
> P =P, (600KkW)

> 5,10, 15, 20 RPM
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I1l. Main Results

Influence of the rotation frequency
» P =P, (600kW)

» 0 RPM
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I1l. Main Results

Influence of the rotation frequency
» P =P, (600kW)

| Max Vg (V) Slag temperature ( C)
B A 52104x107 i | 0 rpm
2200r
;iggi — min ‘I:rsITg
T (OC) ;gggi —— max T slag | |
A 16825 1950
1900~
2000 izgg nm
10 rpm L
1500 o 5 rpm\— 1P .
1650+
1600 Slag solidification temperature 7
500 1550 b o o o o e e e e e e e e e s
1500 J
' 20 1450 7, . | . | |
0 50 100 T'150( ; 200 250

E==3 Solid fraction
50%



Q =1
SisAl Pilot - =

I1l. Main Results

Influence of the rotation frequency
> P =P, (600KkW)
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I1l. Main Results

Influence of the rotation frequency

Slag

2D axisymmetric model

October 2024 42
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l1l. Main Results

Influence of the rotation frequency

> P =P, (600 KW)
» 10 RPM
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Influence of the rotation frequency
> P =P,,, (600kW)
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I1l. Main Results

Influence of the rotation frequency
> P =P,,, (600KkW)
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I1l. Main Results

Influence of the burner power and angle

» For the Slag + Metal configuration, determination of the state of
the system (stays liquid or not?)...
kKW

-> ... depending on the burner power NN

- ... depending on the TBRC inclination angle

at 10 RPM
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Influence of the burner power and angle

—> Consider all possible inclination angles of TBRC
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I1l. Main Results

Influence of the burner power and angle
The case of both slag and metal charged into TBRC

P=0 P = Pygjustea (164 KW) P =P, (600 kW)
Vertical
b N\
x Risk of slag Risk of slag Risk of slag
| solidification solidification solidification

Horizontal

x Risk of slag
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after
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reaction is
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liquid
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Influence of the burner power and angle

Angle 6
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Influence of the burner power and angle
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I1l. Main Results

Influence of the burner power and angle

The case of only slag charged into TBRC
P = Pagjusted (164 kW) P = Ppax (600 kW)

Vertical
§ ¢

x Risk of slag solidification x Risk of slag solidification

Horizontal

X Risk of slag solidification
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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
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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) 953514560
sergey.semenov@simtecsolution.fr
patrick.namy@simtecsolution.fr
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