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Modeling the Hall-Héroult Cell

Currently, we can fit Hall Héroult mathematical models into three
broad categories:

stress models which are
generally associated with cell
shell deformation and cathode
heaving issues.

Magneto-hydro-dynamic (MHD)
models which are generally
associated with the problem of
cell stability.

Thermal-electric models which
are generally associated with the
problem of cell heat balance.




Modeling the Hall-Héroult Cell

MHD model: Thermo-electric model:

centered around the liquid zone no need to include the liquid zone




Thermo-Electric Design of a 300 kA cell
Using a Lump Parameter+ model
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Thermo-Electric Design of a 500 kA cell
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Using a Lump Parameter+ model (from 300 to 400 kA)
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Thermo-Electric Design of a 500 kA cell
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Using a Lump Parameter+ model (from 400 to 300 kA)
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Thermo-Electric Design of a 300 kA cell Using a
3D Full Cell Side Slice Thermo-Electric Model

500 kA Demonsiration Cell Eey Characteristics

Inside poishell size: 1TEmx435m

Anode size: 195 mx 0.8 m

MNumber of anodes: 40

Anodic current density:  0.80 Alem?

Cathode hlock size: 417 m x 066 m x 0,48 m
Cathode hlock type: HC10

Side hlock type: siC

MNumber of anodic risers: 6

3D Full Cell Side Slice T-E Model’s Key Resulis

Anode drop: 354 mV
Cathode drop: 3ld mV
Anode panel heat loss: 409 KW
Total cathode heat loss: 633 kW
Operating Eemperature: 063.1°C
Liguidus superheai: 0.4°C
Average ledge thickness at haih level: 2.42 cm
Average ledge thickness at metal level: 6.15 cm
Cell iniernal heat: 1043 KW

Energy consumption: 13.61 KWhikg




Thermo-Electric Design of a 300 kA cell Using a
Complete Full Cell Quarter Thermo-Electric Model




Thermo-Electric Design of a 300 kA cell Using a
Complete Full Cell Quarter Thermo-Electric Model

Current Density

Isotherms in metal pad
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Thermo-Electric Design of a 500 kA cell Using a
Complete Full Cell Quarter Thermo-Electric Model
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MHD Design of a 500 kA cell Using
Bojarevics’ Cell Stability Model
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Asymmetric bushar design




MHD Design of a 500 KA cell Using
Bojarevics’ Cell Stability Model

Asymmetric bushar design




MHD Design of a 500 kA cell Using
Bojarevics’ Cell Stability Model

Uniform current pickup
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MHD Design of a 500 kA cell Using
Bojarevics’ Cell Stability Model

Including busbar design impact
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MHD Design of a 500 kA cell Using
Bojarevics’ Cell Stability Model

Lewvel 1 4 [ 10 13 1
B -0.0028 -0.00M4 -0.0001 00013 00027 0.0040

Magnetic field including shell shielding effect




MHD Design of a 500 kA cell Using
Bojarevics’ Cell Stability Model
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MHD Design of a 500 kA cell Using
Bojarevics’ Cell Stability Model
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MHD Design of a 500 kA cell Using
Bojarevics’ Cell Stability Model
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Conclusions

® State of the art 3D thermo-eleciric and MHD models have been successfully
used to produce a demonstration design of a 500 kA Al electrolysis cell.

The aim of the present study was to start to investigate the impact of the
interaction of both models on the local ledge profile prediction of the thermo-
electric model and the current density field calculated by the MHID model and
the resulting MHD cell stability prediction.

As the initial step toward that goal, the metal pad current density field
predicted by the two independent models have been compared . As it can be
observed, the two metal pad current density field predictions are close but not

identical.




Future Developments

® The nexi step would be to use the MHD model fluid flow and especially
turbulent viscosity solution to solve a 3D full cell plus external bushar thermo-
electric model using local liquids/ledge heat transfer coefficients.

The local ledge profile obtained from the 3D full cell thermo-electric model
could in turn be used by the MHD model to compute its metal pad current
density. Depending on the geometry of that local ledge profile, this could have a
significant impact on the MHD model predicted cell stability.

After, hopefully, no more than a few iterations between the two models, both
solutions should converged producing a global (hopefully unique) weakly

coupled thermo-electric and MHD solution.




Full Cell + External Busbar Thermo-Electric Model

The 300 kA model has 423,296 elements
and could not be solved on a P I11 800
MHz computer with 384 Meg of RAM !
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