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The thermal part of the problem with surface-to-surface radiation 
benefits from the 120° sector symmetry. The frequency domain 
formulation of AC electrical equations with the Joule effect is resolved 
in a complete 3D geometry in all electrically conducting parts of the 
furnace. Liquid-solid phase change in slag is modeled with the 
Apparent Heat Capacity method. Fluid flow is not directly modeled but 
is considered with help of convectively enhanced conductivity. The 
electrical boundary conditions on the heating rod terminals are 
defined by the transformer that powers up the furnace and by the 
type of 3-phase electrical connection: either delta or star. Spatial 
discretization with a quadrilateral mesh results in approximately 
1.1x106 finite elements, resulting in 2.5x106 degrees of freedom.
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Optimizing the silicon production in Europe by using 
a carbon-emission friendly technology. Numerical 
testing of new thermal and electrical designs of a 
ladle furnace for aluminothermic reduction.

Present work is done in the framework of the SisAl Pilot EU 
project, which aims at optimizing the silicon production in 
Europe by recycling materials and using a carbon-emission 
friendly technology. Silicon is produced in different types of 
furnaces, including ladle furnaces used as chemical reactors for 
molten slag-metal mixtures. Besides experimental work, the 
process optimization relies on the numerical modeling. With 
help of COMSOL Multiphysics®, new thermal and electrical 

designs of the ladle furnace are tested by simulating its 
preheating and charge heating in it with three graphite heating 
rods powered by a three-phase alternating current transformer. 
The model predicts that available electrical equipment is 
sufficient for preheating the empty ladle furnace up to 1600°C 
in less than 4 hours. The heating rods geometry was optimized 
to keep their temperature below 2500°C. Heating furnace 
charge with heating rods submerged into it is analyzed. 

Introduction & Goals

Methodology

FIGURE 1. Left: 3D computational domain and materials [1-4]. 
Right: Heating rod terminals and connection types.

Model predicts that available electrical equipment (𝑈! = 105 V) is 
sufficient for preheating empty ladle furnace up to 1600°C in less 
than 4 hours. The geometry of heating rod was optimized to keep 
its temperature below 2500°C. It is found, however, that the 
electrical functioning of the furnace is strongly affected by the 
presence of the furnace charge, as both slag and metal conduct 
electricity. The reduction of line voltage down to 40 V is found to be 
sufficient to avoid electrical and thermal damage of the furnace in 
the configuration with heating rods submerged into the melt. A 
numerical study with no electrical power input shows that the 
aluminothermic reduction power alone is sufficient to maintain the 
melt in a liquid state during at least 30 minutes of the process. 

Results

FIGURE 2. Temperature and electric current fields. Thick black 
line represents 1540°C, the slag melting temperature isoline.
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