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In 2000, the author Mr Dupuis already presentedetrefit of a 300 kA into a 350 kA cell design,
and then into a new 400 KA cell thermo-electricigie$l] by extending the length of the potshell.
Then in 2003, by further extending the length, #msl time by also slightly increasing the potshell
width, he presented a new 500 kA cell thermo-eledisign [2]. Later in 2005, still extending the
length of the 500 kA cell potshell, he presentesa 740 kA cell thermo-electric design, and
claimed that there is no foreseeable limit to 4giee as far as the thermo-electric cell heatrizsda
aspect of the cell design is concerned [3].

Finally in 2005/06, Mr Dupuis and Mr Bojareivs peesed the MHD and the potshell mechanical
design of the 500 and 740 KA cells claiming thar¢hseems to be no foreseeable design limit to the
cell size as regards the MHD and potshell mechbagyects [4-6]. The recent increase in cell
amperage in newly constructed smelters and pratstyipr example in China [7-9], confirms of

this point of view.

In the meantime, over the last ten years, cellgelsas continued to evolve, especially as regards
the cell lining design, so much so that a celninseen as best world practice ten years ago now
appears old-fashioned, if not obsolete. This ewautlearly warrants a second retrofit study in
order to incorporate the new best practice deslgas: using new or improved modelling tools, the
aim is to boost the 500 kA cell design into a 680ckll design, while still keeping the same
potshell and busbar.

Review of the 500 kA cell busbar designdn diverse publications, the authors have presente
three different busbar designs for the 500 kA Géik first one is a ‘classical’ asymmetric busbar
(Fig. 1) that auto-compensates for the return[lifig. The second one is a symmetric busbar (Fig.
2) with an external compensation busbar inspireBdshiney 1987 patent [6, 11]. The third one is
also a symmetric busbar (Fig. 3), but it uses feidiht configuration for the compensation busbar
[6].

All three busbar designs have been re-analysed asirupgraded version of MHD-Valdis, the
stability analysis code. This upgraded versiongak& account the presence of the open bath
channels, and is hence better at predicting theesbhthe bath-metal interface [12]. There isdittl
change in the calculated vertical component ohtlagnetic fields (B and in the stability
prediction as compared to previously presentedteeddut the predicted bath-metal interface
deformation is now significantly different.

New anode stub hole TEM model and anode desigihe new anode stub hole thermo-electro-
mechanical (TEM) model presented in [13] has besd do calculate what would be the anode
voltage drop of a 1.95 m long by 0.665 m wide anddhs anode has 4 stubs of 175 mm diameter
and incorporates a new type of stub hole desigardare 48 such anodes in the 500 kA cell design.
In Fig. 4, the 1/16 TEM anode stub hole model mtsda voltage drop of 214 mV from the bottom

of the anode carbon block to the top of the stuite dbtained average contact resistance is then fed
to the standard, half anode thermo-electric (TEgl@howhich in turn predicts 265 mV for the total
anode voltage drop from the clamp connection tdothteom of the anode carbon block (Fig. 5).

New cathode collector bar slot TEM model and cathoeldesign:The new cathode collector bar
slot TEM model presented in [14] has been usedliutate what would be the cathode voltage
drop of a 4.17 m long by 0.665 m wide and 0.58 ghtiully graphitized cathode block. That
cathode block has two collector bar slots and @28smm high by 140 mm wide collector bars



each containing a big copper insert [15]. There2dreuch cathode blocks in the 500 kA cell
design. The TEM model predicts that the cathodeagel drop will only be 87 mV, as can be seen
in Fig. 6.

The resulting average contact resistances areféldento the standard cathode side slice TE model
of the same electrical design. Of course suchfardifit design requires some adjustment of the
thermal lining in order to prevent the top edgéhef block becoming too cold and hence being
covered by ledge way past the anode shadow. Thedmaside slice TE model is the perfect tool to
work on those adjustments.

Another change has been made to the cathode lil@sign to accommodate a still longer anode:
the 100+ mm thick silicon carbide sidewall was aepld by a now standard 70 mm thick silicon
carbide sidewall. As we can see from the calculaetherms in Fig. 7, the model predicts a ledge
profile that is quite acceptable at a typical selberheat.

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 mo@ele for example Fig. 2 of [3]). In the current
study, that step was bypassed in order to devateptly a full cell quarter model including the
liquid zone (see model mesh in Fig. 8). This madlelws us to predict the ledge profile all around
the perimeter of the cell, but letting the modeatwerge to predict the ledge profile requires afot
CPU time. In the current study, we used the quagkmodel including liquid zone to compute
what the current density would be in the metal ipage used big copper inserts in the collector
bars, assuming the initial ledge profile (see BjgWith these copper inserts, there is practiaadly
horizontal current in the metal pad, even in thigly wide cathode design.

Calculation of the retrofitted cell amperage usingdyna/Marc: There are many ways to carry out a
retrofit study. In [1-3], each incremental step \@asoperable design at the quoted amperage. This is
the standard way to work when using Dyna/Marc ‘Whatanel as each solution is by definition in
perfect thermal balance.

In the current study, the procedure is differeEMImodels were used so as to reduce the anode
and cathode electrical resistance, but withoutidenismg how this affects the cell thermal balance.
Then the half anode and cathode side slice TE madele used to assess that thermal impact and
to calculate what would be the total cell heat laisa typical cell superheat. So at this stagbef t
study, a 1.95 m long anode is expected to opetate average of 265 mV of voltage drop at 500
kA and the total anode panel should loose 420 kidraing to the half anode TE model.

According to the cathode side slice TE model, titbade is expected to operate with a 87 mV of
voltage drop and to loose 665 kW if operated atl®@nd 7°C of superheat. Yet, no calculations
were done up to now to predict the internal hedhefcell, so as to verify whether the cell can
really be un perfect thermal balance under thesditions (500 kA and 7°C of superheat, with a
typical 4 cm of anode to cathode distance (ACD)e@&mple, which was considered the best
practice value ten years ago). In fact, even witlmoaking any calculations, it should be obvious to
any experienced cell designer that this will nottmecase!

Since that time, slotted anodes have become comamointhese have allowed cells to operate at 3.5
cm ACD, as calculated by the same voltage breakndeyuations [16]. So, not only have the anode
and cathode electrical resistances decreasedhvatretrofitted cell design, but the bath electrical
resistance is now significantly lower as well. Rermore, by reducing the thickness of the silicon
carbide sidewalls to 70 mm, we have made roomadoramodate 2.0 m long anodes while still
maintaining a comfortable 280 mm wide anode towsadedistance (ASD).



The task at this stage is to enter all that infaromainto Dyna/Marc and to ask: at what amperage
does that cell design need to operate in ordee tio perfect thermal balance at a typical cell
superheat? As can be seen in Fig. 10, the Dyna/Mewer to that question is 600 kKA.

Verification of the thermal balance at 600 kA usinghe ANSYS® based TE modelsDyna/Marc

is the perfect tool to get a quick answer to diffiquestions like the one asked above; but this
answer cannot be accepted as final. It is saf@latdrpractice to double check this Dyna/Marc
prediction using the more accurate ANSYiite element based TE models. The model can be
either a full cell slice model or, as in this cuntretudy, can combine models of separate half anode
and cathode side slice.

The half anode model predicts that 48 2.0 m loraglas in a cell operated at 600 kA will have an
average anode drop of 318 mV, and they will digsigad9 kW with a 10 cm thick cover. The
cathode side slice model predicts that if operate®@D0O kA and 7°C of superheat, then the cathode
drop would be 104 mV and the cathode would dissipab kW, while maintaining a comfortable
ledge profile.

Since the internal heat at 600 kA, (which correstsoio an anodic current density of 0.94 Afcm
and 3.5 cm ACD), according to Dyna/Marc will bedQkW, the cell should be in perfect thermal
balance quite close to those assumed operatingtimored Note that Dyna/Marc also predicts 96.4%
current efficiency (CE) and 4.29 V, which corresgeto a energy consumption of 13.3 kWh/kg Al.

Verification of the the MHD stability at 600 kA using MHD-Valdis: The final verification to

make is that the cell will still be stable when @ed at 600 kA without any modification of the
busbar. The answer may depend on the type of bdsglsagn selected for the base case 500 KA cell
technology. An asymmetric busbar designed to aatopensate a 500 KA return line will not be
able to perfectly compensate a 600 kA return kamal that will for sure reduce the cell stability.

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

Nevertheless, a busbar design incorporating indigrgrcompensation busbars is more flexible as it
allows separately adjustment of the current runmrtpe compensation loop(s). Suitable
adjustments can perfectly compensate for increatacdh line current. Fig. 11 shows results for the
third busbar design, this time with a cell opergian 600 kA instead of 500 kA . This demonstrates
that, despite the amperage increase this Blill more or less the same once the ampelagbe
compensation loops are adequately readjusted.

Note that the ACD has not been readjusted betwezbQ@0 kA and the 600 KA runs of the MHD
cell stability analysis. This is because we asstiraeit is the use of slotted anodes that leads to
smaller calculated ACD and so changes the intdreal generation. The physical ACD that matters
in terms of cell stability we assume remains thraesan the 500 kA cell design (using the old
conventional unslotted anodes) as in the 600 kAdesign (using slotted anodes).

Conclusions



This demonstration study shows how to retrofitraytears old ‘past prime if not obsolete’ 500 kA
cell technology to make it an up-to-date ‘innovati@00 kA cell technology. It highlights the huge
potential capacity creep that is present in evetyfieecent cell designs. A more concrete examgple i
the recently published results of the DX cell teabgy, which now operates at 370 kA, while
designed only a few years ago to operate at 34[1KA18].

The authors also hope that this demonstration stuidiighlight the value of using mature state-
of-the-art mathematical models to carry out suakiss. Those exact same models, used by the
majority of the groups actively developing high @rgme cell technology today, are available to the
whole aluminium industry through GeniSim Inc.
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Figure 1: MHD-Valdis results for thesymmetridousbar design of the 500 kA cell
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Figure 2: MHD-Valdis results for theechiney 1987 inspiredusbar design of the 500 kA cell
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Figure 3: MHD-Valdis results for the alternativengmensation busbar design of the 500 kA cell
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Figure 4: Predicted anode voltage drop from thelarstub hole TEM model at 500 kA
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Figure 5: Predicted anode voltage drop from thédradde TE model at 500 kA
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Figure 6: Predicted cathode voltage drop from #teade collector bar slot TEM model at 500 kA
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Figure 7: Predicted isotherms from the cathode slide TE model at 500 kA



Figure 8: Mesh of the full quarter cell TE modetluding the liquid zone



Figure 9: Current density close to the centerliredljzted by the full cell quarter model at 500 kA



Figure 10: Dyna/Marc steady-state solution as ¢aied using the “What if” panel



Figure 11: MHD-Valdis results for the alternativentpensation busbar design of the 600 kA cell



