
52 ALUMINIUM · 1-2/2011

A L U M I N I U M  S M E L T I N G  I N D U S T R Y

52 ALUMINIUM · 1-2/2011 ALUMINIUM · 1-2/2011 53

In 2000, the author Marc Dupuis already 
presented the retrofit of a 300 kA into a 
350 kA cell design, and then into a new 
400 kA cell thermo-electric design [1] by 
extending the length of the potshell. Then 
in 2003, by further extending the length, 
and this time by also slightly increasing 
the potshell width, he presented a new 
500 kA cell thermo-electric design [2]. 
Later in 2005, still extending the length 
of the 500 kA cell potshell, he 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 [3]. Finally in 
2005/06, Mr Dupuis and Mr Bojareivs 
presented the MHD and the potshell me-
chanical design of the 500 and 740 kA 
cells claiming that there seems to be no 
foreseeable design limit to the cell size as 
regards the MHD and potshell mechanical 
aspects [4-6]. The recent increase in cell 
amperage in newly constructed smelters 
and prototypes, for example in China [7-
9], confirms of this point of view.

In the meantime, over the last ten years, cell 
design has continued to evolve, especially as 
regards the cell lining design, so much so that a 
cell lining seen as best world practice ten years 
ago now appears old-fashioned, if not obsolete. 
This evolution clearly warrants a second retro-
fit study in order to incorporate the new best 
practice design ideas: using new or improved 
modelling tools, the aim is to boost the 500 kA 
cell design into a 600 kA cell design, while still 
keeping the same potshell and busbar. 

Review of the 500 kA cell busbar designs: In 
diverse publications, the authors have present-
ed three different busbar designs for the 500 
kA cell. The first one is a ‘classical’ asymmetric 
busbar (Fig. 1) that auto-compensates for the 
return line [10]. The second one is a symmetric 
busbar (Fig. 2) with an external compensation 
busbar inspired by Pechiney 1987 patent [6, 
11]. The third one is also a symmetric busbar 
(Fig. 3), but it uses a different configuration for 
the compensation busbar [6]. 

All three busbar designs have been re-
analysed using an upgraded version of MHD-
Valdis, the stability analysis code. This upgrad-
ed version takes into account the presence of 
the open bath channels, and is hence better at 
predicting the shape of the bath-metal inter-
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face [12]. There is little change in the calcu-
lated vertical component of the magnetic fields 
(Bz) and in the stability prediction as compared 
to previously presented results. But the pre-
dicted bath-metal interface deformation is 
now significantly different.

New anode stub hole TEM model and an-
ode design: The new anode stub hole thermo-
electro-mechanical (TEM) model presented in 
[13] has been used to calculate what would 
be the anode voltage drop of a 1.95 m long 
by 0.665 m wide anode. This anode has four 
stubs of 175 mm diameter and incorporates 
a new type of stub hole design. There are 
48 such anodes in the 500 kA cell design. In  
Fig. 4, the 1/16 TEM anode stub hole model 
predicts a voltage drop of 214 mV from the 
bottom of the anode carbon block to the top 
of the stub. The obtained average contact re-
sistance is then fed to the standard, half anode 
thermo-electric (TE) model, which in turn pre-
dicts 265 mV for the total anode voltage drop 
from the clamp connection to the bottom of 
the anode carbon block (Fig. 5). 

New cathode collector bar slot TEM model 
and cathode design: The new cathode collector 
bar slot TEM model presented 
in [14] has been used to calcu-
late what would be the cathode 
voltage drop of a 4.17 m long 
by 0.665 m wide and 0.58 m 
high fully graphitized cathode 
block. That cathode block has 
two collector bar slots and uses 
220 mm high by 140 mm wide 
collector bars each containing 
a big copper insert [15]. There 
are 24 such cathode blocks in 
the 500 kA cell design. The 
TEM model predicts that the 
cathode voltage drop will only 
be 87 mV, as can be seen in 
Fig. 6. 

The resulting average con-
tact resistances are then fed 
into the standard cathode side 
slice TE model of the same elec-
trical design. Of course such a 
different design requires some 
adjustment of the thermal lin-
ing in order to prevent the top 
edge of the block becoming too 
cold and hence being covered 
by ledge way past the anode 
shadow. The cathode side slice 

TE model is the perfect tool to work on those 
adjustments.

Another change has been made to the 
cathode lining design to accommodate a still 
longer anode: the 100+ mm thick silicon car-
bide sidewall was replaced by a now standard 
70 mm thick silicon carbide sidewall. As we 
can see from the calculated isotherms in Fig. 7, 
the model predicts a ledge profile that is quite 
acceptable at a typical cell superheat.

Full cell quarter model including the liquid 
zone: At this stage of a retrofit study, it would 
be common practice to develop a full cell slice 
model (see for example Fig. 2 of [3]). In the 
current study, that step was bypassed in order 
to develop directly a full cell quarter model 
including the liquid zone (see model mesh 
in Fig. 8). This model allows us to predict the 
ledge profile all around the perimeter of the 
cell, but letting the model converge to predict 
the ledge profile requires a lot of CPU time. 
In the current study, we used the quarter cell 
model including liquid zone to compute what 
the current density would be in the metal pad 
if we used big copper inserts in the collector 
bars, assuming the initial ledge profile (see Fig. 

Fig. 1: MHD-Valdis results for the asymmetric busbar design of the 
500 kA cell
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9). With these copper inserts, there is practi-
cally no horizontal current in the metal pad, 
even in this fairly wide cathode design.

Calculation of the retrofitted cell amper-
age using Dyna/Marc: There are many ways 
to carry out a retrofit study. In [1-3], each in-
cremental step was an operable design at the 
quoted amperage. This is the standard way to 

work when using Dyna/Marc ‘What if’ panel 
as each solution is by definition in perfect ther-
mal balance.

In the current study, the procedure is differ-
ent: TEM models were used so as to reduce the 
anode and cathode electrical resistance, but 
without considering how this affects the cell 
thermal balance. Then the half anode and cath-

ode side slice TE models were 
used to assess that thermal 
impact and to calculate what 
would be the total cell heat loss 
at a typical cell superheat. So at 
this stage of the study, a 1.95 m 
long anode is expected to oper-
ate at an average of 265 mV of 
voltage drop at 500 kA and the 
total anode panel should loose 
420 kW according to the half 
anode TE model.

According to the cathode 
side slice TE model, the cath-
ode is expected to operate with 
a 87 mV of voltage drop and 
to loose 665 kW if operated 
at 500 kA and 7°C of super-
heat. Yet, no calculations were 
done up to now to predict the 
internal heat of the cell, so as 
to verify whether the cell can 
really be un perfect thermal 
balance under these conditions 
(500 kA and 7°C of superheat, 
with a typical 4 cm of anode 
to cathode distance (ACD) 
per example, which was con-
sidered the best practice value 
ten years ago). In fact, even 
without making any calcula-
tions, it should be obvious to 
any experienced cell designer 
that this will not be the case!

Since that time, slotted an-
odes have become common, 
and these have allowed cells 
to operate at 3.5 cm ACD, as 
calculated by the same voltage 
break down equations [16]. So, 
not only have the anode and 
cathode electrical resistances 
decreased with the retrofit-
ted cell design, but the bath 
electrical resistance is now 
significantly lower as well. 
Furthermore, by reducing the 
thickness of the silicon carbide 
sidewalls to 70 mm, we have 
made room to accommodate 
2.0 m long anodes while still 
maintaining a comfortable 280 

mm wide anode to sidewall distance (ASD). 
The task at this stage is to enter all that in-

formation into Dyna/Marc and to ask: at what 
amperage does that cell design need to operate 
in order to be in perfect thermal balance at a 
typical cell superheat? As can be seen in Fig. 
10, the Dyna/Marc answer to that question is 
600 kA.

Verification of the thermal balance at 600 
kA using the ‘ANSYS’ based TE models: 

Fig. 2: MHD-Valdis results for the Pechiney 1987 inspired busbar de-
sign of the 500 kA cell

Fig. 3: MHD-Valdis results for the alternative compensation busbar 
design of the 500 kA cell

Fig. 4: Predicted anode voltage drop from the an-
ode stub hole TEM model at 500 kA

Fig. 5: Predicted anode voltage drop from the half 
anode TE model at 500 kA
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Dyna/Marc is the perfect tool to get a quick 
answer to difficult questions like the one 
asked above; but this answer cannot be ac-
cepted as final. It is safe standard practice to 
double check this Dyna/Marc prediction us-
ing the more accurate ‘ANSYS’ finite element 
based TE models. The model can be either a 
full cell slice model or, as in this current study, 
can combine models of separate half anode 
and cathode side slice.

The half anode model predicts that 48 2.0 
m long anodes in a cell operated at 600 kA will 
have an average anode drop of 318 mV, and 
they will dissipate 449 kW with a 10 cm thick 
cover. The cathode side slice model predicts 

that if operated at 600 kA and 7°C of super-
heat, then the cathode drop would be 104 mV 
and the cathode would dissipate 676 kW, while 
maintaining a comfortable ledge profile.

Since the internal heat at 600 kA, (which 
corresponds to an anodic current density of 
0.94 A/cm2 and 3.5 cm ACD), according to 
Dyna/Marc will be 1,140 kW, the cell should 
be in perfect thermal balance quite close to 
those assumed operating conditions. Note that 

Dyna/Marc also predicts 96.4% current effi-
ciency (CE) and 4.29 V, which corresponds to 
a energy consumption of 13.3 kWh/kg Al.

Verification of the MHD stability at 600 
kA using MHD-Valdis: The final verification 
to make is that the cell will still be stable when 
operated at 600 kA without any modification 
of the busbar. The answer may depend on the 
type of busbar design selected for the base 
case 500 kA cell technology. An asymmetric 

Fig. 6: Predicted cathode voltage drop from the 
cathode collector bar slot TEM model at 500 kA

Fig. 7: Predicted isotherms from the cathode side 
slice TE model at 500 kA

Fig. 8: Mesh of the full quarter cell TE model in-
cluding the liquid zone Fig. 10: Dyna/Marc steady-state solution as calculated using the ‘What if’ panel

Fig. 9: Current density close to the centerline predicted by the full cell quarter model at 500 kA
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busbar designed to auto-compensate a 500 kA 
return line will not be able to perfectly com-
pensate a 600 kA return line, and that will for 
sure reduce the cell stability.

Yet a very good busbar design is able to 
accommodate a lot of amperage creep, as we 
learned from the evolution of the AP30 cell 
technology over the last 20 years. The busbar 
was initially designed to operate at 280 kA, 
and yet that same busbar now supports cell 
operation at 360-380 kA, still without major 
impact on the cell stability. Clearly there is 
some built-in robustness in a good busbar de-
sign!

Nevertheless, a busbar design incorporat-
ing independent compensation busbars is more 
flexible as it allows separately adjustment of the 
current running in the compensation loop(s). 
Suitable adjustments can perfectly compen-
sate for increased return line current. Fig. 11 
shows results for the third busbar design, this 
time with a cell operating at 600 kA instead 
of 500 kA. This demonstrates that, despite the 
amperage increase the Bz is still more or less 
the same once the amperages in the compen-
sation loops are adequately readjusted.

Note that the ACD has not been readjusted 
between the 500 kA and the 600 kA runs of 
the MHD cell stability analysis. This is because 
we assume that it is the use of slotted anodes 
that leads to a smaller calculated ACD and 
so changes the internal heat generation. The 
physical ACD that matters in terms of cell 
stability we assume remains the same in the 

500 kA cell design (using the old conventional 
unslotted anodes) as in the 600 kA cell design 
(using slotted anodes).

Conclusions

This demonstration study shows how to retro-
fit a ten years old ‘past prime if not obsolete’ 
500 kA cell technology to make it an up-to-
date ‘innovative’ 600 kA cell technology. It 
highlights the huge potential capacity creep 
that is present in even fairly recent cell designs. 
A more concrete example is the recently pub-
lished results of the DX cell technology, which 
now operates at 370 kA, while designed only a 
few years ago to operate at 340 kA [17, 18]. 

The authors also hope that this demonstra-
tion study will highlight the value of using 
mature state-of-the-art mathematical models 
to carry out such studies. Those exact same 
models, used by the majority of the groups 
actively developing high amperage cell tech-
nology today, are available to the whole alu-
minium industry through GeniSim Inc. 
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