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Introduction

¢ In 2000, the first author has presented the retrofit of a 300
kA cell design into a 350 kA cell design and then by
extending the length of the potshell, a new 400 ka cell
thermo-electric design.

® Then in 2003, by further extending the length and this time
by also slightly increasing the potshell width, the first author
has presented a new S00 kA cell thermo-electric design.

e Later in 2005, still extending the length of the S00 kA cell
potshell, the same author presented a new 740 kA cell
thermo-electric design and claimed that there is no
foreseeable limit to a cell size as far as the thermo-electric cell
heat balance aspect of the cell design is concerned.

¢ Finally in 2005-2006, the authors have presented both the
MHD and the potshell mechanical designs of the S00 and 740
kA cells claiming that there seems to be no foreseeable limit
to the cell size as far as the MHD and potshell mechanical
design aspects of the cell design are concerned.
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Base Case 300 kA Cell Design

Amperage 300 kA
4 Nb. of anodes 32
. Anode size 1.6 mX0.83m
J" '}| ml j :rl L]-Ll LLLI“ -! Nb. of anode studs 3 per anode
._‘ 8 l Anode stud diameter 18 cm
i : A il : Anode cover thickness 16 cm
Nb. of cathode blocks 18
Cathode block length 3.47 m
Type of cathode block 30 %o graphitic
Type of side block 30 % graphitic
Side block thickness 15 cm +
ASD and AED 35 cm
Inside potshell size 144mX435m
ACD 5 cm
Excess AlF, 10.9 %
Operating temperature 0733 °C
Liquidus superheat 6.8 °C
Current efficiency 94.0 %
Internal heat 628 kW
Energy consumption 13.75 kwh/kg




Retrofitted 350 kA Cell Design

Amperage 350 kA

Nb. of anodes 32

Anode size 1.7mX0.8m
Nb. of anode studs 3 per anode
Anode stud diameter 19 cm

Anode cover thickness 10 cm

Nb. of cathode blocks 18

Cathode block length 3.67m

Type of cathode block 100 % graphitized
Type of side block Silicon carbide
Side block thickness 10 cm +

ASD 30 cm

Inside potshell size 144mX435m
ACD 4 cm

Excess AlF, 13.5%
Operating temperature 960.4 °C
Liquidus superheat a7 ¢

Current efficiency 06.1 %

Internal heat 713 kW

Energy consumption 13.4 kWh'kg
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Greenfield 400 kKA Cell Design
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Amperage 400 kA

Nb. of anodes 36

Anode size 1.6 mX0.8m
Nb. of anode studs 3 per anode
Anode stud diameter 19 cm

Anode cover thickness 10 cm

Nb. of cathode blocks 20

Cathode block length 3.67 m

Type of cathode block 100 % graphitized
Type of side block Silicon carbide
Side block thickness 10 cm +

ASD and AED 30 cm

Inside potshell size 161 mX 435 m
ACD 4 cm

Excess AlF, 13.5 %
Operating temperature 962.4 °C
Liquidus superheat A

Current efficiency 96.0 %

Internal heat 834 kW

Energy consumption 13.6 kWhikg
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Greentfield 500 kA C

* DYNA/MARL 1.7 - [VAWm16]
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Demo example of a prebaked FPBF cell from VAW"a JOM papecr
liguidus superheat, 4 om ACD, 1.%95m ancde lenght, 13.5% ALF3, 500 kA
HC1D 4.17m cathode block, top l0cm bottem 16.5 cm 8iC aside block

1o ancdes, 17.5 stud diemeter;, 4 studs per arzds=

40 ancdea, Z4 cathode blocka, 17.8 m X 4.85 m inside potahell
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Busbar Design of the 500 kA Cell

Busbar design
inspired from the
Pechiney 1987

busbar patent




Greenfield 740 kA Cell Design
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Greenfield 740 kA cell MHD Model Results

BZ: -0.0014 -0.0010 -0.0005 -0.0000 0.0005 0.0009

- 1 m - Bx, By =0.200 (T)




740 KA Cell Potshell Mechanical Model Results
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Review of the 500 kA Cell Busbar Designs

I: 2.7E+03 8.0E+03 1.3E+04 1.8E+04 2 4E+04 2 9E+04 3.4E+04 4 0E+04

Design no 1:

“classical”
asymmetric




Review of the 500 kA Cell Busbar Designs

BZ: -0.0013 -0.000.9 -0.0004 D.ODOG 0.0005 0.0009 0.0014

Design no 1:

“classical”
asymmetric




Review of the 500 kA Cell Busbar Designs

1 4 7 10 13 16 19 22
Interface, dH(m)  -0.073 -0.061 -0.049 -0.037 -0.025 -0.012 -0.000 0.012

Design no 1:

““classical”
asymmetric




Review of the 500 kA Cell Busbar Designs
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Velo: 2.3E-03 2.5E-02 4.8E-02 7.0E-02 9.3E-02 1.2E-01 1.4E-01 1.6E-01 0.15 m/s

Design no 1:

“classical”™
asymmetric
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Review of the 500 kA Cell Busbar Designs

Design no 2:

inspired
from the
Pechiney
1987 busbar

patent




Review of the 500 kA Cell Busbar Designs

I R B 5 By=0.0200(T)

BZ: -0.0017 -0.0011 -0.0006 0.0000 0.0006 0.0011 0.0017

Design no 2:

inspired
from the
Pechiney

1987 busbar
patent




Review of the 500 kA Cell Busbar Designs
| | NEEEEES

4 7 10 16 19 22

1
Interface, dH(m)  -0.038 -0.031 -0.024 -0.018 -0.011 -0.004 0.003 0.010

Design no 2:

inspired
from the
Pechiney
1987 busbar
patent




Review of the 500 kA Cell Busbar Designs
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Velo: 2.5E-03 2.8E-02 5.3E-02 7.8E-02 1.0E-01 1.3E-01 1.5E-01 1.8E-01 0.15 m/s

Design no 2:

inspired
from the
Pechiney

1987 busbar
patent
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Review of the 500 kA Cell Busbar Designs

SO e eyosz0
BZ: -0.0015 -0.0010 -0.0005 0.0001 0.0006 0.0011 0.0016

Design no 3:

Alternative

compensation

busbar




Review of the 500 kA Cell Busbar Designs

1 4 7 10 13 16 19
Interface, dH(m) -0.059 -0.049 -0.040 -0.030 -0.020 -0.010 0.000 0.010

Design no 3:

Alternative
compensation
busbar




Review of the 500 kA Cell Busbar Designs

| L[ EREERRRT

Design no 3:

Alternative
compensation

busbar
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Review of the 500 kA Cell Busbar Designs

DHcorner1
DHcornerNA
v Pot.drop

Interface oscillations, (a)

Design no 3:

Alternative
compensation
busbar
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New Anode Stub Hole TEM Model
and Anode Design

029425
. 05885
088275
L1177

147125
17655
.205975
« 235399
264824

TEM model of
new anode stub
hole design
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.095055
.118818 half anode
142582
. 166346
.190109
.213873




New Cathode Collector Bar Slot TEM
Model and Cathode Design

TEM model of
new collector
bar slot design
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Full Cell Quarter Model
Including the Liquid Zone
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Full Cell Quarter Model
Including the Liquid Zone

Current Density
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Retrofitted 600 kA Cell Design
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Demo axample of a prebaked PEF cell inspired from VAW'as JOM paper
J..'i.l.'|l.;.'.-:il.|3 supercheat, 3.5 om ACD, € m anode lenght, 12.0% ALF3, 600 kA
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10 cm cover over anodes, 17.5 om stud dismeter, 4 studs per snode
48 anodes; 24 cathode blocks, 17.2 m X 4.85 m inside potshell size

Date Created : ase/99 Lagt Moditied : i0s12510 DYNASMARC: What I
List of Diesign Vasables
Steady Htate Jolutien Sel s
Dhesgn 'V alue Target
Cell amperage [ki] Anoda b Cathode Datancs [35 £

Ancde to cathode distance [cm] Cell Amperage [Ln) kA

Operating temperaturce [<l

Ledge thickneas, bath level 5. [em=] Corez. of Excess Abuminum Fluonde 12

Ledge thickness, metal level [e= Concentistion of Dissobved Aumna [75
Anode beam 5,'--3}-.3;':.1.!'.!:1 [e=) c sion of Calcium Pl |4_
Mass of metal [kgl

Maz= of bath [ka) Concertration of Libium Fluoiide [0

Ma=z=s of dissolwved aluminas [ka) Conc. ol M e P lji

Mass of dispersed aluminas [ka]

Mass of alumina aludge [ka) BathLevel [

Mass of dissolved aluminum flucride [kg] Biasth Lackoe Hisat Tearsles Ciosd. Fx‘—"
Maszs of disperasd aluminum flucride [kal

Maza of aluminum flusride sludge [kg) Matal Ledos Heat Tranedes Coel. [z

Mazs of calcium fluorides [kal HudLMwa

Ma==s of lithium fluoride [kal l:'_

Ma=zs of magnesium fluoride [ka]
Alumina feeding cate [kg/ he]) Canaty Lergth [17 42
Aluwminum fluoride feeding cate [kg/he] MFMHMLUIIIF
Target <ell resistance [micro-okhm]

Cofbwede Boltom Hesl Lot [0
Steady State derived Variables Eﬂﬂpumemtr:ﬁT—"

BAnode Vi ] Fl
Rate of change of: oktage Drop [315
ACD =0.02987 [cm/he] mmvmnmr

Operating temperature 0.0000 [Cfhe) A W#'M_
Ledge thickness, bath lesvel 0.000 [ewmihe] alals

Ledge thickneas, metal level 0.000 [em he] Carvity Width [ 55

Hass of Lii:pl.-l.sl.-l.l ALZCE 0.000 [kgfhe]

Hass of AlZ03 sludge 0.00000 [kglhel Bn | e |
Hans of dissolwed ALZOR 0.0000 [kgfhrc)

-

ooRom O BB oO®R O R R S =B B ® =

wrent ef
Internal h

¥ m W

Press F1 boe Heldp | Damo example of & prebaked FEF coll nspeed fom Yiw"s JOM papes 1210 PM




Verification of the Thermal Balance at 600 kA
Using the ANSYS® based TE Models
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Verification of the MHD Stability at 600 kA

| - — Bx, By =0.0200 (T)

1 0.0016

Design no 3:

Alternative
compensation
busbar




Verification of the MHD Stability at 600 kA

1 4 7 10 13 16 19 22
Interface, dH(m)  -0.100 -0.083 -0.066 -0.049 -0.033 -0.016 0.001 0.018

Design no 3:

Alternative
compensation
busbar




Verification of the MHD Stability at 600 kA

L . (. -
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Verification of the MHD Stability at 600 kA

DHcorner1
DHcornerNA
- Pot.drop

Design no 3:

Alternative
compensation
busbar
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Conclusions

® This demonstration retrofit study of a 10 years old “past
prime if not obsolete” 500 kA cell technology into an up-to-
date “innovative” 600 kA cell technology highlights the
huge capacity creep potential that is present in even fairly
recent cell designs.

® The authors also hope that this demonstration study
highlights the value of using mature state of the art
mathematical models to carry-up such studies.

® Those models, used by the majority of the groups actively
developing high amperage cell technology today, are
available to the whole aluminium industry through
GeniSim Inc.
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o
GENISIM

Clients list:

3D ANSYS® T/E models
Alcan Dyna/Marc cell simulator
Alumax MHD-Valdis
Reynolds Alcan
Hoogovens SAMI Alusuisse
Alcoa NEUI VAW
Noranda Dubal Alumax
Indal GAMI Reynolds
Nalco Rusal Hoogovens
SAMI Hydro Aluminium
Comalco
NEUI
Dubal

GAMI
o
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Dr. Marc Dupuis Experience Building

T/E Models

With Alcan
19584-1994: Alcan prototypes: A275, A265-H, A310

Alcan prebaked: A70, A140, A165

Alcan HSS

Alcoa P155

Pechiney AP1S
With GeniSim
1995-2011: Pechiney AP18, AP30

Alcoa: P155, A697
Reynolds prebaked: P-19, P-20S, P-235
Kaiser P69

SAMI 300 kKA

NEUI 300 kA

GAMI 300 kKA, 420 kA
Dubal DX, D20

VAW 240 kA
Comalco B32
Reynolds HSS
Pechiney HS5S

Alcan VS5
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