Retrofit of a S00 kA Cell Design
into a 600 kA Cell Design

Marc Dupuis G EN [SIM

Valdis BOJ arevics University of Greenwich,
School of Computing and Mathematics

w
o



Plan of the Presentation

¢ Introduction
¢ Review of the 500 kA Cell Busbar Designs
¢ New Anode Stub Hole TEM Model and Anode Design

® New Cathode Collector Bar Slot TEM Model and Cathode
Design

¢ Full Cell Quarter Model Including the Liquid Zone

¢ Calculation of the Retrofitted Cell Amperage Using
Dyna/Marc

e Verilication of the Thermal Balance at 600 kA Using the
ANSYS® based TE Models

e Verilication of the MHD Stability at 600 kA Using
MHD-Valdis

¢ Conclusions

e —— Y
o



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
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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
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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:
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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)
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Design no 2:

inspired
from the
Pechiney

1987 busbar
patent




Review of the 500 kA Cell Busbar Designs
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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
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BZ: -0.0015 -0.0010 -0.0005 0.0001 0.0006 0.0011 0.0016

Design no 3:

Alternative

compensation

busbar


























































