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Plan of the Presentation

® Introduction

® Dupuis’ Thermo-Electric Models
— Previous works: Lump Parameters+, Full Cell Slice, Full Cell (uarter
— Full Cell Cathode Thermo-Electric Model

— Full Half Cell QJuarter Thermo-Electric Model

— Complete Cell Thermo-Electric Model

Bojarevics® Cell Stability Model
— Previous works: Simple Shell, Simple Neighhors Representation
— Complex Shell and detailed Meighhors BEepresentation

® First Interaction Trial Between Models

Conclusions
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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.
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Modeling the Hall-Héroult Cell

MHD model: Thermo-electric model:

centered around the liquid zone no need to include the liquid zone
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Thermo-Electric Design of a 300 kA Cell
Using a Lump Parameter+ Model

" EFAMARL 1.7 - [T ]

B i
alie| O

SN 3 W
prebakssd FRF

Dewn sxample of ®

liguidies suparhest, Al 1.
moll 4.1"m owthods block, top
10 o @ 17.5
4l Bloczks,

il
=]
10w
OFEr ancdes, L
—nthods

=
arodam, <A 1T.E
Cetes Cocamted

Stasdy State =molution
Cell wmperagm
Ancde o0 gathode distanae
COperating Comperatuse
Ledge thicknsss, basth Lavsl
mETal lewal

pPoElTIiC@m

Lpdge thickpass,
Ancdm bawm
of mertal

af bath

of dimsolved slumins

of dispersed slumina

ot mlumine aludips

af diasalved aliminum fluccide
of dipperpsd &l i flucrids
af slisdge
af
af

ot

Ha=a
HMuxn
Haza
Huxy
Ha=a
Huza
Haap
Hass
He=p
Has3
Haxn

alunibun flusside
saloim ftlucrides
lickhivh fluseide
magrismilgs Tluorids
Aluminag fesdirsy rate
Aliminum £luorids fasding rate
Target oull reslstancs

Htandy ed War

Atata dariv Lakhlaa

1niapaTed

25m ancsde ledght
cm Hail

bBottom 185
dLlametak
m X

Lawt Modifimd

500, 0

&, OG0
9E3. €6
§. 485008
0. 1&550
0. 0ot
JATER, T
Li0Z0.16
75,309

2.9966
LABT.
1,008
0.000%F
10, G0
0,002
[P ai];
310, 010
3.070148
5., 31686

from

VAR =
13.5
midse b

SEAS PRl

4.85 nm inmids pobahall mJ.

IFLE 2002

JEm |
{&m]
l=m]
1Eg]
kgl
k]
kgl
el
kgl
‘el
kgl
tkmq]
k]
.F-'I
Ty
kg / '\.:I

(mboro-alds]

Fate of chamgs of:

AL

Cparsting tampsTaturs
Ledge thickmess

'.p'ld_ra- shaickrne=n,

Mess of dispersed A1243

-0.0Z224

0.oo0

0.000

P F1l bt Hey | Dearad gasrapls of & pistisiosd PHF ol mapdsd o' 10N paped

[=ihe]
[{=rl T 4]

[ he]
==y hrx]
[Rgdht]

T pRpsE
b AIF3,

500 k&
Locik

it o D s Vamisbies
Dipign ok
fode o Coade Diterce [ oo
T T
Con of [ scasga Bluraraan, Fhaade I—
al [ IF_,— X
Coreenision o Calcan Puonds I—

Corcenision of Lihaan Fuonds [

o ik

Cane. of Hagramin Fuads [,
By Lol [ 71,
Blafh Lisdge Heet Trsmsbs Coel [755
Mstal Lisdge Hest sl Coel [7ec
Mt Lovel [0
AruieLeregh [T°F
CaeyLangh |*—
e P gl Heal Lier | _I
Cafhode Baiors Heal Lost |— R e
Ol Dpsisdeg Tomprsbe [62 om0
g Vialtage Dyog |7 ¥ Advarcad J
Caitade Valhage Diog I— ™ faleistuend I
ke [T I r
Loy Wwhilth I"?'— =

! atin tFI[LI
Liguidus

-

B




Thermo-Electric Design of a 5300 kKA Cell Using a
3D Full Cell Side Slice Thermo-Electric Model

500 kA Demonsiration Cell Key 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 e x 0,48 m
Cathode hlock type: HC10

Side hlock type: siC

MNumber of anodic risers: 6
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3D Full Cell Side Slice T-E Model's Key Resulis
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]

Anode drop: 354 mV
Cathode drop: 314 mV
Anode panel heat loss: 409 KW
Total cathode heat loss: 633 kW
Operating Eemperature: 963.1°C
Liguidus superheat: 0.4°C
Average ledge thickness at haihlevel: 2.42cm
Average ledge thickness at metal level: 6.15 cm
Cell iniernal heat: 1043 KW

Energy consumption: 13.61 KWhikg




Thermo-Electric Design of a 5300 kA Cell Using a
Complete Full Cell Quarter Thermo-Electric Model




Thermo-Electric Design of a 5300 kA Cell Using a
Complete Full Cell Quarter Thermo-Electric Model

Current density

Isotherms in metal pad
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Thermo-FElectric Design of a 500 kA Cell Using a
Complete Full Cell Quarter Thermo-Electric Model
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MIDDLE OF METAL PAD Current density in metal pad




Thermo-Electric Design of a 300 kA Cell Using a
Full Cell Cathode Thermo-Electric Model
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Thermo-Electric Design of a 300 kA Cell Using a
Full Cell Cathode Thermo-Electric Model

Setup of the local heat
transfer coefficients at the
liquids/ledge interface




Thermo-Electric Design of a 300 kA Cell Using a
Full Cell Cathode Thermo-Electric Model

A P432 GHz computer
took 16.97 CPU hours to
build and solve that model
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Thermo-Electric Design of a 300 kA Cell Using a
Full Cell Cathode Thermo-Electric Model
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Thermo-Electric Design of a 300 kA Cell Using a
Full Half Cell Thermo-Electric Model

290,410 finite elements




Full Half Cell Thermo-Electric Model
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MHD Design of a 500 kA Cell Using
Bojarevics’ Cell Stability Model
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First version of the model




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

First version of the model: current density

w




MHD Design of a 500 kA Cell Using
Bojarevics’ Cell Stability Model
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First version of the model: magnetic field including shell shielding effect
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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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MHD Design of a 500 kA Cell Using
Bojarevics’ Cell Stability Model

Second version of the model

with detailed neighhors representation




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

Second version of the model with detailed shell representation
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MHD Design of a 500 kA Cell Using
Bojarevics’ Cell Stability Model
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Second version of the model: magnetic field including shell shielding effect
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MHD Design of a 500 kA Cell Using
Bojarevics’ Cell Stability Model
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Second version of the model: magnetic field including shell shielding effect




MHD Design of a 500 kA Cell Using
Bojarevics’ Cell Stability Model
T —
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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

1 4 7 10 13 16 19 22
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NewS500 kA : DH t= 995.0s Second version of the model: baith/metal interface




Thermo-Electric Design of a 500 kA Cell Using a
Full Cell Cathode Thermo-Electric Model
First Interaction 1rial Between Models

setup of the local heat transfer
coefficients at the liquids/ledge
interface hased on the velocity
fields calculated by the MHD

model _
; ,!' h
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Thermo-Electric Design of a 500 kA Cell Using
Full Cell Cathode Thermo-Electric Model
First Interaction Trial Between Models
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Full Cell + External Busbar Thermo-Electric Model

The 300 kA model has 423,296 elements The 300 kA mnﬂel has 385,016 elements
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Conclusions

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

The MHI) model has been improved to hetter represent the shielding effect
of the potshell.

A 3D full cell cathode and external bus-bar thermo-electric model was
developed and successfully used in interaction with the MHID model to
converge the ledge profile all along the cell perimeter. The ledge profile
convergence calculations took 32 CPU hours on a P4 3.2 GHz computer.

A 3D full cell and external bus-bar thermo-electric model could not be used
to do the same.
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