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ABSTRACT 

A previously developed mathematical model wa$ used to study the effect 

of various design or operating changes on the performance of the Hall-Heroult 

cell. Performance was judged from the flatness of the interface between-the 

aluminum and molten salt electrolyte and from the current efficiency. The 

former was found to be particularly sensitive to horizontal currents in the 

aluminum and a novel cell design was suggested wherein the minimization of 

such currents leads to a nearly flat interface. Current efficiency was found 

to be relatively insensitive to the horizontal currents but to be dependent 

on riser design. Computations were carried out for end cells in potlines, 

for potlines of different spacings and for cells containing different levels 

of aluminum. 
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INTRODUCTION 

In view of the large amounts of electrical energy consumed in the 

production of aluminum there is considerable incentive for improvement of 

the Hall-Herault cell. The energy consumed per unit of aluminum produced 

may be decreased by reducing the distance from the mrbon anode to the molten 

salt electrolyte-molten aluminum interface which forms the cathodic surface. 

Unfortunately this procedure is made difficult by the fact that electro­

magnetic forces within the cell distort the electrolyte-aluminum interface 

from its otherwise horizontal position and may, under some circumstances, 

cause an oscillation of this interface. These electromagnetic forces have 

a second impact on energy consumption by the cell in that they cause a circu­

lation of both aluminum and electrolyte, predominantly in the horizontal 

direction, with velocities of the order of 10 em/sec. The current efficiencies 

of typical commercial cells fall in the range 85-95% and it is generally 

accepted (1) that the inefficiency is due to a partial reoxidation of the 

aluminum into the electrolyte at the interface between the two, followecl by 

transport of the dissolved aluminum to the anode region where reoxidation 

takes place. Such transport is effected by the flow of the electrolyte, in. 

particular by the turbulence of this flow. In this way there is ,an effect 

of the electromagnetic fields of the cell on its current efficiency. 

A mathematical model for the Hall-Herault cell has recently been 

presented (2). In this model the current and voltage distribution within 

the cell are calculated. Then follows the calculation of the magnetic 

field within the cell due both to internal currents and to currents in 

surrounding cells and bus bars. The electromagnetic force distribution can 
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then be.calculated leading to the.computation of velocities and turbulence 

levels in the molten salt electrolyte (henceforth "cryolite") and aluminum. 

Pressure distributions in the cryolite and aluminum also result from these 

calculations and enable the calculation of the interface topology. Finally 

the turbulence level in the cryolite is used to calculate a mass flux of 

dissolved aluminum and consequently the current efficiency. Tarapore (3) 

has described a similar model although his model does not yield interface 

topography or current efficiency. 

The cbjective of the present paper is to use the mathematical model to 

predict the effect of various changes in cell design or operating parameters 

on the performance of the cell, as measured by the current efficiency and 

the flatness of the cryolite-aluminum interface. It should be recognized 

at the outset that there is no significance to the absolute values of these 

predictions; while the model does not employ adjustable parameters, it does 

entail physical properties whose values are not precisely known. Nevertheless, 

it is believed that credibility can be attached to relative predicted 

performances and, as will be seen, it is possible to draw,from the computed 

results, generalizations that may lead to better cell designs. 

1HE MA1HEMATICAL MODEL 

The model employed here has been summarized above and described ~ 

detail in the previous paper (2). It was improved by the incorporation 

of the following modifications. 

The original model employed an equation by Levich to predict the mass 

flux of aluminum across an interface (the cryolite-metal interface) damped 

by surface tension. Turbulence is also damped at such interfaces by the 
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effect of gravity (e.g. ref. (4)) and an allowance was made for such an effect 

in the updated model. In the prior version of the model it had been assumed 

(unrealistically) that aluminum transport occurred across this interface only 

in the areas beneath the anodes while in the revised version transport was 

pennitted over the whole cryolite-aluminum.interface. 

The prior version of the model assumed that the anode surface was an 

isopotential surface,while in some of the results presented below computation 

of the current distribution within the anodes was carried out. Additional 

software changes included the incorporation of translation and reflection 

subroutines to facilitate the description of bus bars around several identical 

cells. Finally considerable graphics output software was developed for ready 

presentation of computed results. 

COMPUTED RESULTS AND DISCUSSION 

The basic cell employed in the computation was one of 185 k amps. 

measuring 4.2 m. by 8.5 m. by 1.2 m. high (steel shell dimensions) 

equipped with eighteen pre baked anodes. A variety of bus bar and collector 

bar arrangements were tested and compared to a "base case" which is the 

"quarter riser" design depicted in Fig. 1. This figure shows the conductors 

aratmd six cells in two potlines (cathode and anode buses, anode !ods and 

risers) with other cell components left out for clarity. The current 

efficiency is computed to be 92.7% and the cryolite-metal interface is 

depicted in Fig. 2 with a trough to peak distance of 8.9 em. The cell for 

which the computations are carried out is the one marked with an arrow in 

Fig. 1. The interface is more distorted than is observed in most cells 

which is probably a consequence of the fact that the potlines are closer 
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(12.0 m. center to .center) than is usual practice. Figs. 3-6 present the 

current density distribution, horizontal forces in the cryolite, velocities 

in the cryolite and velocities in the aluminum for this base case. 

Fig~ 3. shows the current density vectors in ·a vertical plane through the 

cell (the cell is symmetric and therefore only half of the cross section is 

depicted) • The large horizontal currents in the aluminum should be noted. 

These horizontal currents interact strongly with vertical magnetic field 

components in the aluminum to cause horizontal forces which are responsible 

for deformation of the aluminum-cryolite interface and circulation of the 

aluminum. These vertical magnetic field components are produced by horizontal 

currents in and around the cell, notably the collector bar current, the 

current in the aluminum itself, the currents in anode and cathode buses of 

the cell in question and its neighbors. In contrast, the current flow in 

the cryolite is predominantly downward and at much lower current density. 

Horizontal forces in the cryolite are therefore the result of horizontal 

magnetic fields arising from vertical current flows (notably those in the 

anode rods and risers) and horizontal current flows (notably those in the 

aluminum pool and collector bars). 

The effect of spreading the potlines apart (to a center to center 

distance of 14m.) is depicted in Fig. 7. ' The current efficiency is 

essentially unchanged but the deformation of the interface is less with a 

trough to peak distance of 6.8 em. An effect on the interface deformation 

without a corresponding effect on the current efficiency may at first seem 

paradoxical since both are functions of the electromagnetic forces. However, 

the interface shape is determined by absolute values of the forces whereas 

flow of the cryolite (and consequently its turbulence and the aluminum 

.. 
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reoxidation flux) is determined by variations in the forces, or, in mathematical 

terms the curl of the forces. The (relatively) distant adjacent potline makes 

little contribution to the variation of the forces i.e. there is little 

difference from one end of the cell to the other in the magnetic fields due 

to currents in the adjacent potline, compared to large variations in magnetic 

fields within the cell due to risers or internal currents. However, the 

adjacent potline does have an effect on the absolute value of the magnetic 

field in a cell and thereby on the trough to peak distance. 

The effect of spreading apart the individual pots in a potline (larger 

separation in y direction) is practically zero. On spreading the pots from 

a center to center spacing of 7 m. in the base case to a spacing of 8 m. the 

current efficiency fell from 92.7% to 92.5% (a negligible amount) and the 

trough to peak distance changed slightly from 8.9 to 9.1 em. This is to be 
····•··· 

expected since for a particular cell magnetic fields due to currents in an 

"upstream" cell are largely cancelled out by corresponding currents in the 

"dO\mstream" cell. The result may have economic significance; substantial 

additional bus bar costs are associated with more separated cells and it is 

seen that there is no advantage to such separation beyond the point where 

there is sufficient clearance for cell operation. 

Fig. 8 depicts the effect of operating the cell with less alUminum in 

the pot, 12.4 em. versus the base case depth of 16.4 em. The computed 

current efficiency is 92.8% (essentially unchanged) while the interface is 

more distorted with the trough to peak distance increasing from 8.9 to 11.0 em. 

As discussed in connection with Fig. 3 the major part of the cell current 

flows horizontally in the aluminum pool. This is true also in the case of 

the reducedaluminum depth,but now because of the shallower pool the current 
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density :in the aluminum is higher resulting in stronger electromagnetic forces 

in the aluminum and more interface deformation. 

Fig. 9 depicts a quarter riser cell where the two sections of the anode 

bus are more widely spaced (1. 428 m. versus 1. 028 m. for the cell of Fig. 1) . 

The anode rods are now offset ~~th respect to the center of gravity of the 

anodes which may pose operat:ing difficulties but the interface defonnation 

is thereby reduced to 7.0 am at a small price in current efficiency (90% versus 

92.7%). The explanation is that the region of horizontal current flow in the 

alt.nninlirn is much diminished, as can be seen by comparing Fig. 10 with Fig. 3. 

As stressed already, these horizontal currents are a major cause of forces on 

the aluminum. It should be recognized that in practice the connection between 

the anode rod and the anode is made via several anode stubs, but the more 

accurate representation of the current flow through such a connection would 

be likely to make only minor differences to the computed results. .An offset 

of the anode rods :in the other direction, such that the two anode buses were 

separated by 0. 628 m. resulted, as e:x."Pected, in a greater interface defonna­

tion (9.6 em. trough to peak). 

At the end of a potline there is no "balancing" of an upstream pot by 

a downstream pot and such pots can therefore be expected to display a poorer 

· perfonnance than pots within the line. This is consistent with the computer 

predictions, as can be seen from Figs. 11-14. The effect on trough to peak 

distance is much more marked than the effect on current efficiency again 

indicating that the latter is largely determined by currents within the cell ~ 

and in its innnediate vicinity, while the fo'nner is also affected by adjacent 

cells or potlines. 

The other common design is the end riser cell and one such design is 
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depicted in Fig. 15. The low current efficiency is at first paradoxical. 

The design appears to have a greater symmetry (e.g. in the currents in the 

anode bus) than the quarter riser design, and therefore superior performance 

might be expected. A closer examination of the end riser cell with the quarter 

riser cell of Fig. 1 reveals the following deficiencies in the former. In 

the quarter riser design the vertical currents ·in the risers bringing the 

current to a cell are approximately balanced by vertical currents in the 

risers downstream from the cell. No such compensation exists for the end 

riser design and in this design the risers generate strong horizontal fields 

which, interacting with the vertical currents in the cryolite, cause strong 

forces and considerable motion in the cryolite, thereby diminishing current 

efficiency. Another detrimental feature of the end riser design is the 

horizontal section of the bus bar from the cathode bus of the upstream cell 

to the vertical section of the riser. Part of this section runs alongside 

the cell in close proximity to the aluminum and cryolite pools and contributes 

significantly to magnetic fields in these pools. There is no corresponding 

horizontal current in the quarter riser design. As might be expected, the 
" 

end riser cell also shows a severely distorted interface, as depicted in 

F~g. 16. 
Quite small changes in the design of end risers appear to be able to 

overcome the difficulties mentioned above, as can be seen in Fig. 17. By 

incorporation of an inclined section into the riser (presumably at some 

saving in bus bar costs) the current efficiency is significantly increased. 

The corresponding computed trough to peak distance is a low 5.1 an. The 

success of these small changes may be ascribed to the fact that the vertical 

components of the currents in the risers bringing current to a cell are now 

partially balanced by those in the downstream cell. Furthermore, the 
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horizontal (y direction) current component in the riser close to the cell is 

now effectively well above the level of the melts and partly balanced by the 

current in the y direction in the cathode bus. 

Fig. 18 depicts cells with multiple risers. The corresponding computed 

trough to peak difference is 9.1 em and neither this distance nor the current 

efficiency are significantly different from those of the quarter riser cell •. 

At first these results appear surprising since it was expected that using 

four, rather than two, risers per cell would yield smaller and more uniform 

magnetic fields within the cell. The explanation is that for the quarter 

riser cell of Fig. 1 the risers on the upstream side of the cell are in 

balance with those on the downstream side and therefore increasing their 

number has little effect. The pots depicted in Fig. 18 are in line with 

each other i.e. they have common center planes. The effect of offsetting the 

pots_ iii one line such that their center planes fell between those-of the adjacent 

potline. Negligible· changes_ in current efficiency and .interface 

deformation resulted. This indicates that although a cell is affected by 

.the adjacent potline, even at the relatively close potline spacing used in 

these calculations, the detailed geometry of the adjacent potline is not 

significant.· 

An additional computation carried out for the multiple riser design was 

one where the length of the anode rods was increased from 1. 81 m. to 2. 31 m. 

with concomitant increase in riser length and anode bus height. The current 

efficiency decreased somewhat (to 91.2%) which can be rationalized ~s follows. 

Forces, and resultant flow, in the cryolite are due to vertical currents and 

horizontal magnetic fields. If the risers are well-balanced around the cell, 

the latter are due primarily to horizontal currents in the aluminum and 



'' ~··. 

-~ 

9 

collector bars, and vertical currents in the anodes, carbon lining and anode 

rods_. Only the last named contribution is effected by lengthening the anode 

rods and the effect is likely to be small, as computed. However, the computed 

effect on the interface is large, resulting in a trough to peak distance of 

12.2 em. A rationalization of this effect has so far escaped the authors. 

Ntunerous other riser designs were tried, including some with substantial 

asymmetry. None proved better than the quarter riser or modified end riser.· 

designs discussed above and designs with asymmetric risers proved significantly 

worse. 

The discussion above has made much of the fact that deformation of the 

cryolite-aluminum interface is greatly effected by horizontal currents in the 

aluminum.. It follows that cell designs which minimize such currents should 

yield flat interfaces. One_such cell design is depicted in Fig. 19 with the 
~ . ~ 

corresponding cell current densities depicted in Fig. 20. The cell employs 

horizontal collector bars akin to those of the conventional cell; connection 

to the collector bars is, however, not made at the ends of the bars but 

rather by means of two vertical steel pieces projecting from the bottom of 

the cell. As depicted in Fig. 20, horizontal current components in the 

aluminum are substantially reduced from those of Fig. 3. Furthermore, 
' 

horizontal currents in the collector bars are reduced and now so directed as 

to cause partial cancellation of the fields therefrom. The computed 

interface shape (Fig. 20) is now quite flat with a trough to peak distance 

of 1.8 em. The current efficiency of this novel design is computed as 92.2%, 

not significantly better than many of the alternative designs studied above. 

This is a consequence of the fact that horizontal currents in the aluminum 

contribute much to horizontal forces acting on the cryolite but little to 
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their variation (and consequently cryolite circulation and current efficiency). 

The calculated cryolite velocities in the novel cell are depicted in Fig. 22 

and are seen to be comparable in magnitude to those in Fig. 5. An ability 

to control interface shape and cryolite circulation independently is significant. • 

While cryolite circulation adversely effects current efficiency, it is the 

mechanism by which dissolved alumina is brought into the interpolar gap. 

Consequently a cell with no circulation, if this could be achieved, is likely 

to be inoperable. The calculations reveal that a nearly flat interface is 

possible without jeopardizing alumina distribution within the cell. 

CONCLUDING REMARKS 

The results presented in this paper are likely to be inexact. Within 

the Hall-Herault cell there are many complex phenomena taking place some of · 

which_.are ignored or poorly represented in mathematical models available at 

present. In addition our knowledge of the physico-chemical properties 

required in the mathematical models is presently uncertain. 

Notwithstanding these difficulties, mathematical models can be a valuable 

adjunct to more traditional methods of cell development, and it is believed 

that relative or semi-quantitative information can be obtained from such 

modeling. In the present case the modeling has pointed to the v~ry significant 

role played by horizontal currents in the aluminum and collector bars, on the 

bowing of the aluminum in the cell. An alternative cell design is suggested 

that does not appear impractical and wherein such bowing is substantially 

reduced. 

Such horizontal currents appear to have little effect on circulation of 

the cryolite and current efficiency. It is more difficult to make generaliza-

.. 
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tions concerning cryolite circulation since these arise from variations in 

electromagnetic forces and these are less clearly perceived than the forces 

themselves. It does appear~ however, that cryolite circulation and current 

efficiency are effected by riser designs lacking the ''balance'' of mi..lltiple 

qr quarter risers. 

The mathematical model has indicated that more widely separated potlines 

may be beneficial but that separating cells within a potline will have little 

effect on cell performance. The model successfully predicts the inferior 

performance of cells at the end of potlines and suggests that performance of 

a cell would be impaired by a practice that minimizes the amount of aluminum 

in the pot. 
' 

It is .hoped that the use of this or similar mathematical models will 

contribute to the development of cells consuming less electrical energy per 

unit of aluminum produced. The computer programs, having been produced with 

public funds, are available to interested parties. 
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FIGURE CAPTIONS 

Six 185kA quarter riser cells in two potlines. Only the anode 
and cathode bus, risers and anode rods for each cell are shown. 
Subsequent calculations are for the cell marked with an arrow and 
take account of the currents in all the conductors shown. The 
drawing is to scale. 

13 

2 The interface between alwnim.nn and cryolite computed for the cell 
indicated in Fig. 1. Straight lines indicate a horizontal plane. 
The vertical scale is exaggerated by a factor of 40. Current flow 
in the potline is from upper right to lower left. 

3 Current densities within a half section of the cell depicted in 
Fig. 1. Units are A/m2

• 

4 Horizontal electromagnetic forces acting on the cryolite in the cell 
of Fig. 1 as seen from above. The direction of the potline current 
is from top to bottom of the picture. Units are N/m3

• 

5 Velocities in the cryolite in the cell of Fig. 1 as seen from above. 

6 Velocities in the aluminum in the cell of Fig. 1 as seen from above. 

7 _ .. Computed current efficiency for the case where the pot lines are more 
widely separated (14m center to center versus 12m in Fig. 1). 

8 Computed shape of the cryolite-aluminum interface for the cell 
indicated in Fig. 1 but with less aluminum in the pot (average 
depth of 12.4 em versus 16.4 em in the case of Fig. 2). 

9 A quarter riser design employing a larger y direction spacing between 
anode rods. 

10 Current density vectors for the cell of Fig. 9. Un..i.ts are A/m2
• 

11 Current efficiency computed for the end cell in a potline (indicated 
by the arrow) . 

12 Computed interface shape for the cell of Fig. 11. 

13 ~ Current efficiency computed for the other end cell in a potline 
(indicated by the arrow). 

14 Computed interface shape for the cell of Fig. 13. 

15 An end riser cell design and the current efficiency computed for 
the cell indicated by the arrow. 

16 Interface shape for the end riser cell of Fig. 15. 
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17 A modified end riser design. 

18 A multiple riser cell design and the current efficiency computed for 
the cell indicated by the arrow. 

19 A novel cell design (wherein current is taken out through the bottom 
of the cell) and the current efficiency computed for the cell indicated • 
by the arrow. 

20 The computed current density distribution forthe cell indicated in 
Fig., 19. Units are Nm2

• 

21 The computed interface shape for the ·cell: indicated in Fig. 19. 

22· The computed cryolite velocities for the cell indicated in Fig. 19. 
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Fi~. 1: Six 135kl. nu.:~.rt:cr riser cells in two ?Otlines. Only the anode 
a.ml cathode bu::, riscrz and Cln,:;.de rods for a<'lch c3ll o'!.:Oe· ahown. 
Sub~cqucnt calcul.::tions are for th~ cell r.:.::rk~t; with an arro,., 
and take account of the cur~entc in ~11 thg con~~cto=~ sh~1n. Th3 
C.:ra~:ing is to sc.:1lc. 

L. 

Fig • 2: 

TROUGH-PEAK DISTANCE 8.9 CM. 
INTERFACE TOPOLOGY 

1,ETCHOS,~A~EIJ•'A~C[20/Vl~S2/XOUA~T,J4112. 11 
I'ITCHOI,TA,II4•TACT20/Vtiii2/XOUAIIT,l4112.11 SJJIIOJ 

Th~ interface between aluminum and cryolite computed .fol.': the 
c~ll indicated in Fig. 1. Straight lines indicate a horizontal 
~l~nc. Th~ v~=tical ::calc i~ ~xagggrated by a factor of 40. 
Currr.:nt flow .i.n the potline is fror.1 upper right to lower left. 
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L I'N THE CRYOLITE FLOW 
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Fig. 5: Velocities in the cryolite in the cell of Fig. 1 as seen from above. 
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F.'ig. 7: COic.putcd current efficiency for the case where the potlines are 
rnor~ widely separatad (14m center to center v~rsus 12m in 7ig. 1). 

TROUGH-PEAK DISTANCE= 11.0 CM. 
INTERFACE TOPOLOGY 

1F'ETCHOiiTAPEI)•F'AitC(20/~Eiti2/ALQUAitT,34112.11 
L ariTCHGI, TAPEI4•TACT20/V(Iti2/ALQUUT, 34112 ·II 1331104 

Fie:;. 3: Cor .. ":Juted shape of the cryolite-aluminum lnterfac~ for the cell 
inc:icatct'. in Fig. 1 but with less aluminum in the pot (average 
depth of 12.4 em versus 16.4 c;:. in the cas~ of ~ia. 2}. 
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1 "TCHOI 1 TM111J•rAIICUO/VIItU/XQUAitTI 1 Hl11.1& 
L.. I HTCHOI I TA,II4-TACT20/VIItU/XOUAIITI, ~4111. II 
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~ 
y X 
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Fig. 9: A quarter riser design employing a larger y direction spacing 
between anode rods. 
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I'ITCHOI,TA,I1~•rAitCI20/VIIti2/XQUAitT2,J4111.J& 
L. IHTCHOI, TA'I14•TACTIO/VIIti2/XOUAIITI,J41U,I& 
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IJJIIOI 

iig~ 10: Current density vectors ior the ceil of Fig; 9. Units are A/m
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91.3% EFFICIENT 

iHTCHOI, TAIIIU•rUCUO/VII'I2/XrtltCII ,J4tl2.; 11 
L ariTCHOI,TAIII14•TACT20/VIItll/Xrti'CII,J4tll.ll 

~ 
y X 

UIIOH 
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.J 

··Fig. 11: Current efficiency computed for the end cell· in a potl{'he (indicated 
by the arrow) • 

TROUGH-PEAK DISTANCE = 13.5 CM. 
INTERFACE TOPOLOGY 

lrtTCHCI,TA,t13•fA~CE20/Vf~S2/Xri~C[t,34tt2.11 
~ lriTCHOI,TA,II4•TACT20/VI~I2/XrJ~C£1,34112.tl X311001 

Fig. 12: Computed interface shape for the cell of Fig. 11. 
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:riTCHOS,TA,I1l•rA~CI20/VI~S2/Xri~C[2,34t12.1: 
~- lriTCHOI~TA,I14•TACT20/VI~I2/Xri~CI2~l4111.11 

~ 
y X 

xrt,.cn 
Xlll c;oe 
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Fig. 13: Current efficiency computed for the other end cell in a potlind 
(indicat~d by the arrow). 

TROUGH-PEAK DISTANCE = 12.4 CM. 
INTERFACE TOPOLOGY 

lriTCHOI,TA,I13•rA~CI20/V["I2/Irl~CI2,34112.tl 
~ lriTCHOI,TA,I1+-TACT20/VI"I2/Xri"CI2,34t12.1l XliiOOI 

Fig. 14: Computed interface shape for the cell of Fig. 13. 
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84.4% EFFICIENT 

1HTCHCS, T~.PETJ•F'.ARC[20/VERS2/XWEHO,J4112.; 1 
~ aF'ETCHOS,TAPE14•TACT20/VEft52/XWtNO,J4112.al 

22 

............... 
y X 

5331101 

Fig. 15: l'.n ::md :~:·iszr c.~ll de:.:ign ana th.~ current ~fficiency comput:;:d for 
tlt.: c-:.11 indicated by the arrou. 

TROUGH-PEAK DISTANCE = 10.9 CM. 
INTERFACE TOPOLOGY 

:rETCHOI,TAP[tJ•F'ARCE20/VERS2/XWEND,J4112.11 
L ,,,TCHOI,TAPEI4•TACT20/VERS2/XWEND,J4112.;; SJJilOt 

Fig. 16: Interface shape for the end riser cell of Fig. 15. 
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87.2% 

Jf!TCHOi,TAP£1l•'AACE20/V[~I2/XW21NO,J4tiZ.;; 
L ,,rTcHOI,TAPE1+-TAcT20/VE"I2/XM2CHD,J4tl2.:a 

Fig. l"i: A i .. odif.:_~d ~nd ris,~r a~sign. 
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EFFICIENT 

92 . .3% EFFICIENT 

1'ETCHCS,TAP[IJ•'A~CE20/VE~12/XW4Ntw,J4112,JI 
L I'ITCHCI,TAP!I4•TACT20/VE~I2/XM4HEW,J4t12.11 
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......-...... 
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SJJIIOO 

Fig. 13: A multiple ris~r cell design and the current efficiency computed 
for the c~ll indicated by the arro\>r. 
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9202% EFFICIENT 

lfiTCHOioTA,[1J•IA~Cf20/Yt~S2/MIVtLl,l4112.11 NIV[Ll 
1.. 1fCTCMOS, TA"14•TACT20/VU12/HIYtLJ,J4t12. 1; UIIOOI .J 

::"ig. 10: ;, novel cell c;.~sign (wil.ar<.in current. ic. tai<:;n out thro~g·fn the 
bottoa: of tJ 1e cl"!ll) and i:.ll~ currenl:. -:ff.1c.1 ·,ncy coml;)utea or 

th·~ c~ll indicn ted b'.' the ":rroH. 
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CURRENT 

lflfCH,SoTA,t1l•fA.CE20/YIRI2/NIY[Llol4112.ll 

2 0 1 24 

T 
CRYOLJTE 

CARSON 

1.. lfiTCHOI,TA,t14-TACT20/VCRI2/NIVCLJ,J4112.11 IJIIOOI .J 

Fig. 20: Th·~ computed current d·.:nsJ.ty distribution for the cell indicated in 
Fig. 1~. Unit!3 ar~ i'../n: 2 
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TROUGH-PEAK DLSTANCE = 1.8 CM. 
INTERFACE TOPOLOGY 

lriTCHCI,TAP£1l•FARCE20/VERS2/NtVILl,J4112.11 
1.. JriTCHOI,TAP£14•TACT20/VIRI2/NIV[LJ,l4112.:: XJIIC:OI 
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Fig. 21: The co;:;puted interface shape for the cell indicated in Fig. 1:' .. 
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L FLOW IN THE CRYOLITE 
X 

JriTCHGI,TAPE1l•rARCI20/VIR12/NIVELJ,J4112.11 

.J 

1.. I'ITCHGI, TAP[14•TACT20/VIitU/NIVILl,J4112. 1 I UIIOOI .J 

Fig. 22: The computed cryolite velocities for the cell indicated in Fig. 1~. 
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