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Abstract

In the recent years, the Chinese aluminum indusdsy started to
extensively use irregular top surface cathode tdackts new cell
designs. The increase popularity of these new ¢fpeell designs
in China is explained by the fact that they canoperated at a
much lower cell voltage.

The cell voltage can be reduced because irregofarcathode
surface designs seem to increase the MHD cell Igyabihich
allows the cell to be operated at a reduced ACD shtisfactory
explanation as to why the usage of irregular tojhade surface
promotes MHD cell stability has been presentedoupotv.

The present work concentrates on the influencehef dathode
surface geometry on the metal pad current densitpaential
cause of the change in the MHD cell stability bebav

Introduction

A typical cell retrofit story involving the replacent of a
standard flat top surface cathode design by agutee top surface
cathode design has been presented in [1]. Figuteldw, a
reproduction of Figure 5 presented in [1], is shayan example
of geometry of the irregular cathode block surfadss is not the
only design used, since references [2, 3] presdernative
irregular top surface cathode designs.
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Figure 1. Example of irregular top surface cathdesign

For the retrofit study presented in [1] using tmeedular top
surface cathode design presented in Figure 1,eheatage was
reduced from 4.17 V to 3.85 V which is a reductaiB320 mV.

Out of that 320 mV reduction, 274 mV came from duition of

the cell ACD (see Table 7 of [1]), clearly indicagithat the new
cell design increased the cell stability as comgaoethe previous
one.

Yet, the cell stability analysis based on MHD-Valdcode
presented in [4] predicted that adding such trarssVeridges,
while keeping the same metal level, hence, redutimgmetal
volume, will decrease the cell stability. At begt the metal
volume is kept constant, the presence of thosevtanral ridges is
predicted to have a negligible impact on the delbiity.

The discrepancy between the cell stability analysigl the
observations was not addressed in [4]. It is imgodrto notice that
for standard flat top surface cathode design theDMFldis code
was observed to be quite reliable in [5], so cleariore research
work was required.

Study of the Impact of Cathode Surface Geometry othe
Cathode Surface Current Density

The local variation of the thickness of carbon abthe collector
bar(s) has, among other parameters, an impact enctirent
density field on the cathode surface and henceuhent density
field in the metal pad. This effect was recogniasda key to the
prediction of the acceleration of the erosion raftehe cathode
reported in [6].

Yet this effect was not considered when the optmefine the
geometry of the top cathode was added to the MHRl¥aode

in order to produce the cell stability analysisgemted in [7]. This
was the case simply because the deformation ofahecathode
surface like the one presented in Figure 2 (Figudd [7]), was

caused by the global deformation of the cell. Obsiy, as can be
seen in Figure 3 (Figure 9 of [8]), the global defation of the

cell due to the cathode panel swelling do affeet geometry of
the cathode surface but is not affecting the thesknof the carbon
above the collector bar(s), and hence is not affgdhe current
density field on the top cathode surface.

Since the usage of an irregular top surface cattdmsign do
affect the local variation of the thickness of earbabove the
collector bar(s), this variation must be consideried the
calculation of the cathode surface current denSitgce no study
has been presented yet on that specific subjeidt, séction is
presenting the result of such a study using adell side slice
thermo-electric 300 KA cell model.



Cathode surface vertical deflection
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Figure 2. Metal pad bottom profile input for an iaaep of
cell deformation cell stability study
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Figure 3. Cathode panel displacement results fremto-
mechanical potshell and lining modeling

Study of the Impact of Longitudinal Ridges

Figure 4 presents the first model geometry casenh vidur
longitudinal ridges. This is similar to the georgepresented in
Figure 5 of [2].

Figure 4. Full cell side slice thermo-electric mbgeometry
with four longitudinal ridges

Since the cathode carbon material is far more tresishan the
metal, the current has no incentive to enter ihtosé ridges in
order to reach the collector bar. This is indeectthe full cell
side slice thermo-electric model solution is indiltg. See Figure
5 for the cathode top surface current density soiut
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Figure 5. Current density in the cathode block ImA

The resulting current density in the metal pad riespnted in
Figure 6, this time using a vector representationoider to
distinguish between the horizontal and vertical ponents of the
current density.

ANSYS 12.0.1
JUL 5 2013
09:57:49

L IRMN[CRA ||

z
Mekal pad current Density

Figure 6. Current density in the metal pad in A/m

As it is the horizontal component of the currennhgity that is
promoting cell instability, it is pertinent to coaue the horizontal
current density in the middle of the metal pad vatid without
those four longitudinal ridges (keeping the saméairievel). As
can be seen in Figure 7, the four longitudinal eglgre adding
local gradient of current density as the currerg ttago around
those ridges in order to enter the cathode blocthénlower flat

sections between them.

The next step would be to analyse the impact of thange on
the cell stability by using a cell stability anadl/sode like MHD-
Valdis, but unfortunately the required version o tode was still
under development when this study was carried out.



Horizontal Current Density at the Middle of the Metal Pad
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Figure 7. Comparison of the current density inrtiegal pad,
with and without ridges, in A7m

Study of the Impact of Transversal Ridges

The second case studied is the case of the addititnansversal
ridges like the ones presented in Figure 4 of fjure 8 presents
the model temperature solution with the transvergije. That

geometry is not that different from the geometrggented in

Figure 1.
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Figure 8. Full cell side slice thermo-electric mbitiermal
solution with a transversal ridge

Figure 9 shows that, as for the previous case,ciibode top
surface current density is quite affected by thesence of the
ridge.

Figure 10 shows the resulting current density i thetal pad.
This time the ridge introduces a horizontal curret@nsity
component in the third dimension (the X directiortie model).

Again, the next step is to analyse the impact af thange on the
cell stability by using a cell stability analysiede like MHD-
Valdis, and again required version of the code wiib under
development at the time this study was carried out.

But for this very specific case, the flexibility tife available code
is permitting the user to build and hence analyse ¢ase. That
work is presented in the next section.
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Figure 9. Current density in the cathode block ImA
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Figure 10. Current density in the metal pad in A/m

Study of the Impact of Cathode Surface Geometry othe Cell
Stability

500 kA Flat Cathode Surface Base Case Model

The base case of that cell stability comparisodystsi the 500 kA
cell design presented in Figure 1 of [9]. The ‘“slaal”
asymmetric busbar layout is presented in Figure 11.

The current density on the top surface of the aghand at the
middle of the metal pad is presented in Figure Sihce the
busbar network is perfectly balanced and the ledgeposition
has been optimized, there is essentially no hot&aturrent in
the longitudinal direction (JX) in the solution.

Since the magnitude of the vertical component ef tiagnetic
field (BZ) is key to the cell stability, that solon is presented in
Figure 13. Finally the evolution of the interfacesjgion during
the transient analysis is presented in Figure fo fwhich that
cell design is predicted to be stable.



Figure 11. Geometry of the 500 kA base case mduriisig
the current intensity solution in each conduatoh
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Figure 13. Vertical component of the magnetic figddution
in the middle of the metal pad in T
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Figure 14. Evolution of the interface position (m)

500 kA with Transversal Ridges Case Model

As in the previous study [4], the geometry of tlog ttathode
surface must be entered in MHD-Valdis’ BOTTOM ingdile.
This ensures that the code will account for thaingetry in the
calculation of the metal pad current density anel shbsequent
CFD solution of the metal flow.

But in the available version at the time of thisdst, this doesn’t
ensure that the geometry of the top cathode suidaafiecting the
current density on that top cathode surface. Fatgly, in that
specific case, it is possible to ensure that bjntaladvantage of
the code user input flexibility.

The procedure to follow to achieve that is:

1. Replace each double bars block in the model by 3
single bar block

2. Change the flex to network busbar connections
accordingly in MHD-Valdis’ BUSNET input file

3. Manually disconnect all the flexes of the middled¥,
(so block 2,5,8 etc) in MHD-Valdis’ BARSIN inputidi

4. Run MHD-Valdis with the option to use input from
BARSIN activated

Figure 15 presents the cell geometry obtained Hgviing this
procedure. Figure 16 presents the current densitytisn
obtained following this cell geometry setup. Thidusion is only
an approximation of the correct solution as no entrat all can
enter in the ridges.

Figure 17 presents the resulting magnetic fieldt tisa also
affected. Finally, Figure 18 presents the resultiransient cell
stability results using the same metal pad depth the same
ledge toe position.

As for the cell stability study presented in [4hetcell with
transverse ridges is predicted to be less stabie tie base case
cell with flat bottom when keeping the same metghttl, hence,
decreasing the metal volume.
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Figure 15a. Geometry of the 500 kA with transvershjes
case model (BARSIN and BUSNET files)



Figure 15b. Geometry of the 500 kA with transvergides
case model (BOTTOM file)

Figure 16. Current density solution on the top acefof the
cathode in A/fh

Figure 17. Vertical component of the magnetic figddution
in the middle of the metal pad in T

Figure 18. Evolution of the interface position (m)

500 kA Base Case Model with Less Metal and Moregeed

This leaves intact the discrepancy between the swlbility
analysis results and the observations in Chinghiff time, it is
assumed that the model represents in totality tleeteof adding

transversal ridges on the cell stability and tH#gog is negative or
in the best case, where the metal volume is coadddi, neutral,
something else must be responsible for the obsegaéd of cell
stability.

In Figure 19 (Figure 4 of [1]), it can be seen thafore the
retrofit, the ledge toe is extending a lot on ta¢ ¢athode surface.
This is no longer the case in Figure 1 after theofie. It is well
known that ledge toe extension under the anodeoshadbad for
the cell stability. In order to illustrate that,etthase case flat
cathode surface model will be rerun this time tarenaccurately
represent the conditions of operation of cells in@ before the
retrofit.

Figure 19. Typical ledge toe extension in cell®ptd retrofitted
cathode with ridges in China

Compared to the base case model, this case hasl&snmetal
and about 20 cm more ledge toe extension. Thetimegudurrent
density solution is presented in Figure 20.

Figure 20. Current density solution on the top acefof the
cathode in A/fh

The excessive ledge toe extension introduces aofoextra
horizontal current particularly increasing the JXthe end of the
cell where none were present in the base caseopttmum ledge
toe position. Figure 21 presents the correspondiagnetic field
solution. Finally, Figure 22 presents the obtaitehsient cell
stability results.



Figure 21. Vertical component of the magnetic figddution
in the middle of the metal pad in T

Figure 22. Evolution of the interface position (m)

In a short time after the beginning of the simwlatithe bath-
metal deforms and touches the anode, stoppingitingdation so
that configuration is predicted to be unstable.

Thus clearly, despite the fact that on their ovae, introduction of
ridges on the surface of the cathode has a negativat best
neutral impact on the cell stability, it appearsatththe
improvement of the ledge toe position between EdL# and 1 is
the main reason responsible for the gain of calbity observed
in the industrial cells in China.

Conclusions

In the first part of the paper, it was demonstrateat ridges on
cathode surface affect the top cathode surfaceemumiensity.
This influences the metal pad current density io ways, the first
one by locally changing the depth of metal andstheond way by
affecting the top cathode surface current density.

Depth of the metal variation is taken into accouarthe available
version of MHD-Valdis at the time this study wagriad out by
providing the geometry of that top cathode surfasethe
BOTTOM input file.

Changed to
automatically taken into account in the availatdesion of MHD-

Valdis but for the specific case of transversageisl it has been
taken into account by performing the appropriatgigtthents to
the MHD-Valdis input files.

the cathode surface current density da$ n

The cell stability analysis that was performed &orcell with
transversal ridges on its cathode surface takibg account the
two ways those ridges affect the metal pad curdemisity. The
conclusion of the study is that those ridges deserethe cell
stability if the metal height is kept the same gletetal volume).

A new version of the program (see the accompanyaggr in this
volume) not available when the present study wasechout is
accounting for the effect and is bringing very $amigeneral
conclusions.

Since the new results confirm the results of trevijous study [4],
the discrepancy between the cell stability analysisl the
observations still needed to be explained.

The last part of the paper addresses this by stiggebat it is the
improvement of the ledge toe position that improtresl observed
cell stability not the impact of the ridges on thetal pad current
density or the metal pad flow pattern.
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