JOURNAL OF APPLIED ELECTROCHEMISTRY 27 (1997) 928-938

Mathematical modelling of aluminium cells
with prebaked anodes
Part 1I: Current distribution and influence of sideledge
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The current distribution at the electrodes in an industrial aluminium cell with prebaked anodes was
calculated. The difference between the primary and secondary current distribution was determined
for three different gaps between anodes or between anode and sidewall (2.5, 10 and 30 cm). The
calculated current densities at the vertical sides of the anode were higher for the secondary current
distribution than for the primary (almost double at the uppermost part of the anode), while the
differences were much smaller at the cathode (6-20%). If the conducting carbon sidelining is exposed
to the electrolyte it will draw an average current density of 0.045 A cm~2 for a 30 cm distance to the
cathode. If all this current leads to the formation of aluminium carbide with subsequent dissolution
into the electrolyte, the sidelining will corrode at a rate of 0.08 cm d~! of exposure. The influence of
the shape and position of the ledge on the anode current distribution was studied. When the distance
between the ledge and anode was greater than 15 cm the shape of the sideledge does not affect the
anode current densities significantly, while the current density at the upper part of the anode in-
creases with increasing distance.
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L characteristic length (see Equations 14-16)
Superscript
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@ Galvani potential (V)

1. Introduction

The current distribution in industrial aluminium cells
has been studied extensively [1-13]. Different ap-
proaches have been made to study the current distri-
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S in the electrolyte at the electrode/electrolyte
interface (see Equations 1-4)

bution, that is, primary current distribution [1, 3] and
secondary current distribution (see below) [2, 4, 8, 9].
The sidewalls of aluminium cells are covered with a
ledge of frozen electrolyte (cryolite), and sideledge
problems have been studied [14-23] by measuring the
shape of the sideledge using probing techniques and
also by means of mathematical modelling.
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In previous work [4] we calculated the current
distribution in aluminium cells with Sederberg anodes
for the measured shape of the anode and also of the
sideledge [7]. In Part I of the present study [9] math-
ematical modelling of the current distribution and the
steady state shapes of anodes in industrial aluminium
cells with prebaked anodes was presented. This work
is a continuation of that study [4, 7, 9], giving infor-
mation both about the current distribution along the
electrodes and the effect of the sideledge. The fol-
lowing questions are of interest: (i) what are the dif-
ferences in calculated current densities along the
electrodes for the two approximations of current
distribution: primary current distribution (PCD) and
secondary current distribution (SCD), (ii) what is the
influence of the sideledge on the current densities,
especially: (a) the effect of the sideledge-anode dis-
tance and (b) the effect of the shape of the sideledge.

This study consists of three parts, all dealing with a
solution of the Laplace equation (LE) in 2D cross
sections of a prebake aluminium cell. The LE was
solved by using the finite element method. The com-
puting mesh was generated by a commercial software,
and a solver for the problems mentioned below was
developed by the authors. The following problems
were studied:

(1) The difference between the primary current dis-
tribution (PCD), with constant overvoltage at
any current density, and the secondary current
distribution (SCD), with overvoltage depending
on current density, was calculated using a typical
cell geometry and working parameters for in-
dustrial aluminium cells. The primary current
distribution is easier to calculate because the LE
can be solved by many versions of standard
commercial software without any need of addi-
tional software. The difference between primary
and secondary current distribution may serve to
illustrate whether primary current distribution
can be used for a given purpose. A similar
analysis can be found in the literature for other
electrolysis cells (e.g., for the Hull cell [5]).

(ii) The second part addresses the effect of the
presence of a ledge of frozen electrolyte on the
sidewall on the current distribution and the ef-
fect of the absence of a ledge. During normal cell
operation the sidelining is protected by a layer of
frozen electrolyte, the so-called sideledge. But
from time to time, the frozen ledge may melt
away partly or completely, and the sidelining
will be exposed to the molten electrolyte, acting
as cathode [6]. Three cases were calculated: (a)
with the sidewall completely insulated by ledge,
(b) partially insulated and (c) completely con-
ducting, respectively, giving current densities
along the sidewall and the total current passing
through it.

(iii)) The current distribution along the electrodes
was calculated for realistic ledge shapes. The
shape of the sideledge, the angle between the
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Fig. 1. (a) Vertical cross section of an aluminium electrolysis cell
with prebaked anode. Width outside gap: (a) outside gap 10 or
30 cm and (b) 2.5 cm. The black zone represents the initial shape of
the anode. The dashed line represents the steady state anode shape
for SCD, calculated for the width of the outside gap L; = 30 cm.
(b) Vertical cross section of a cell with typical ledge shape. Width
outside gap defined by x;. Black zone represents initial profile of
anode. Dashed line represents steady state anode profile for SCD:
width outside gap, x; = 30cm. In zone D different shapes of the
sideledge were tested. Calculated c.d. in points A;—-Ag and C;—Cg
are given in Table 3.

sideledge and the horizontal (denoted as the
cathode in Fig. 1), and the distance between the
sideledge and the anode side were varied to see
how they influence the current distribution.

2. Theory

2.1. Difference between primary and secondary
current distribution

The current from the sides of the anode affects the
current distribution on the cathode, especially in the
wide central channel and in the peripheral channel
between the anodes and the sidelining. Different ap-
proximations can be used, depending on the appli-
cation, for example, primary current distribution
[1, 3], or secondary current distribution [2, 4, 8, 9].
For some complex analyses including several different
fields (electrical, thermal, concentration) the tertiary
current distribution [25] should be used, demanding
very good and well balanced boundary conditions.
Some of the calculations can be carried out success-
fully just with primary current distribution [1, 3],
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while others [2, 4, 8, 9] require a high accuracy and
the secondary current distribution must be used. The
level of approximations for SCD can also vary from a
linearization of the electrode polarization curve [8] to
software solutions dealing with an empirical equation
describing the dependence of the overvoltage against
current density [2, 9].

In this study two different approximations of the
boundary conditions were used: the PCD with con-
stant overvoltage at any current density and the SCD
with overvoltage depending on current density. A 2D
cross-section of a commercial cell was considered,
and the electric field in the cell was calculated under
steady state conditions. The overvoltages for both
anode and cathode were introduced for SCD. Two
anode profiles were used for calculations: (a) the
initial rectangular shape of the anode after a new
anode has been set and (b) the rounded shape at
steady state conditions. The steady state profile for
this purpose was obtained by mathematical model-
ling [9]. These profiles were compared with those
measured on anodes from a cell [9].

Vertical 2D cross sections represented planes lo-
cated at the centres of the sides of the anode in the
cell as shown in Fig. 1(a) and (b). Three different gaps
to a neighbouring anode or to the sidewall [9] were
considered: (1) 30 cm which represents a typical dis-
tance in the peripheral channel, (i) 10cm which
represents half the width of a central channel, and (iii)
2.5 cm which represents half the distance to a neigh-
bouring anode. Because of the geometrical symmetry
between two anodes with identical profiles, the cen-
tral boundary plane can also be considered as an
insulating plane, so that the calculation carried out
represents the cases when the distances between two
anodes are 60, 20 and 5cm, respectively. All the
above mentioned cases were calculated using appro-
priate boundary conditions for PCD or for SCD.

For PCD the following boundary conditions were
used. The inner potential of the electrolyte at the
anode surface is given by

0% = Ucell — Evevs — an — balog () (1)

where j is the averaged current density for the elec-
trode, chosen to be 0.75 A cm 2. The selected Tafel
coefficients were ax =05V and by= 025V
decade™!, and | Eeva | = 1.23 V (for more informa-
tion see [9]). As can be seen from Equation 1, for
PCD ¢ is a constant.

The inner potential of the electrolyte at the cath-
ode surface is

(/)Ej = _Erev,C - bC} (2)

and @g is a constant for PCD.

The boundary conditions for SCD were defined
assuming that the electrode potential depends on the
current density, as outlined in [25]. The temperature
and the composition of the electrolyte were consid-
ered to be constant. In this case the following
boundary conditions were used. The inner potential
of the electrolyte at the anode surface is given by

(p,SA = Ucell - EreV7A —aa — bA IOg (]A) (3)

where ap and ba are the Tafel coefficients whose
values are given above.

The inner potential of the electrolyte at the cath-
ode surface is given by

QDE = _Erev,C - ijC (4)

where bc = 0.08 Qcm? is the coefficient for the
cathode [3] and

EreV.C =0 (5)

The assumptions made for the solution of the La-
place equation (LE) in the interelectrode space are
outlined in Part I [9].

To simplify the presentation of the results, the
border between the side and the underside of the
anode was defined as shown in Fig. 2. The side of the
anode extends from point A to G, while the underside
begins at point G and covers the flat bottom part of
the anode, the so-called working face of the anode,
that is, in this case up to point K.

2.2. Current through a sidewall which is only
partly covered by ledge

During normal cell operation the sidelining is pro-
tected by a layer of frozen electrolyte. But as men-
tioned above, parts of the ledge may melt away and
the exposed sidelining material will be acting as
cathode [6]. Calculations were carried out assuming
that the carbon sidelining has the same potential as
the aluminium cathode. In reality the situation is far
more complex, and there may be a potential differ-
ence. Initially sodium will be discharged, dissolving
into the electrolyte and into the carbon sidelining,
followed by aluminium carbide (Al;C;) formation on
the surface,

gAlF; (liq) + C(s) + de~ = %AI4C3 (s) + 4F(liq)
(6)
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Fig. 2. Schematic representation of a vertical cross section of a cell
with prebaked anode. Border between side and underside of anode
are defined in point G. Current on flat part of anode, ji,; current
density on side of the anode, j,. Point P represents the origin of x, y
coordinates.
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where AIF, is one of the aluminium fluoride com-
plexes which may act as reactant. The potentials at
which these reactions occur, are not known. The
standard potential of aluminium carbide formation is
0.12'V positive to that of aluminium [26], but since
the carbide is soluble in the electrolyte [27] its activity
may be less than unity.

2.3. Influence of the position of the sideledge
on the current distribution

In Part I [9] the current distribution was calculated
for one case with a typical ledge shape (see Fig. 1(b)).
To explore the influence of the position of the frozen
ledge on the current distribution in greater detail,
four calculations were made with different positions
of the ledge. The above mentioned assumptions were
used with boundary conditions valid for SCD.

The shape of the sideledge is a very complicated
matter and a discussion of the factors of importance
is beyond the scope of the present paper. In principle
the temperature at the electrolyte/ledge interface is
equal to the liquidus temperature (tiq) for primary
crystallization of cryolite (Na3AlFs). The heat flux
through the side (¢) can be expressed by the equation
q = h(tpuik — tiq), Where h is the heat transfer coeffi-
cient and # is the electrolyte temperature. Due to
the fact that 4 varies with the flow rate of the elec-
trolyte and that the heat flux is not unidirectional, the
ledge can take on a complex shape.

In this study the ledge shape given in Fig. 1(b) was
selected on the basis of measurements by Thonstad,
Kuang and Haarberg. Near the bath/metal interface
the ledge is thinner due to higher heat transfer coef-
ficients in that region. The suggested ledge shape is in
a good agreement with that of Bruggeman and
Danka [18]. The distance between the side ledge and
the anode was varied between 10 and 40 cm. Similar
ledge shapes and variation of the ledge to anode
distance without significant changes in its shape
(considering the part of the ledge in the electrolyte)
were suggested by Ahmed et al. [20]. Arita et al. [17],
Frazer et al [22] and Schmidt- Hatting et al [23]
measured curvilinear ledge shapes in the bath in
various cells.

2.4. Influence of the shape of the ledge
on the current distribution

The effect of the angle y between the sideledge and the
horizontal, shown in Fig. 1(b), on the current distri-
bution was studied. An additional set of 16 calcula-
tions was carried out for distances between the
sideledge and the anode of 10, 20, 30 and 40 cm,
respectively, changing the angle y from 75° to 90°.
The influence of the shape of the sideledge on the
electrode current densities was studied for different
simulated shapes which were placed in the region D
sketched in Fig. 1(b). To also evaluate the relation
between the shape of the sideledge and the distance
between the sideledge and the anode all the shapes

were simulated for the distances x; of 15 and 30 cm,
respectively. The value of x; = 15cm was selected
from the analysis of the results showing that nearly
no variation of c.d.s at the side of the anode was
observed for x; = 20 cm and 40 cm, while significant
changes were found for x; = 10cm compared to
x1 = 20 cm.

3. Results and discussion

3.1. Difference between primary and secondary
current distribution

In Figs 3-7 the difference between PCD and SCD is
shown for cases under consideration. Figure 3 shows
the anodic current density against the vertical coor-
dinate y for a 2.5cm gap. At the upper part of the
anode side the c.d.s for both the initial and steady
state profiles are similar owing to the very small
available space for the current lines. For the initial
shape the current density (c.d.) at the top of the
anode (21cm) is 0.0003Acm2 for PCD and
0.066 A cm ™2 for SCD. For the steady state shape the
c.d. at the top is 0.002Acm~2 for PCD and
0.082 A cm~2 for SCD, as shown in Table 1. When
going towards the underside of the anode the c.d.s
both for the initial and steady state shapes (for PCD)
increase, and the curves differ significantly down to a
vertical distance of 8cm (counted from the metal
surface) where they merge, ending at 4.5cm (the
underside of the anode) with the value of
0.75Acm~2. The c.d. behaves in the same way for
SCD. The difference between PCD and SCD is pro-
nounced only at the side of the anode. It should be
noted that the calculated data for the initial shape for
2.5 and 10 cm gaps is strictly correct only when two
new anodes are facing each other (due to the sym-
metry).

Compared to the 2.5 cm gap the 10 cm gap allows
more space for the current lines, resulting in higher
current densities at the anode side. For both distri-
butions (PCD and SCD) and shapes the c.d.s at the
side are higher than that in the previous case, as also
shown by the c.d.s at the top of the anode (Table 1).
The difference between the c.d.s for the initial and
steady state shapes is also larger than that for the
2.5cm gap. For the 30 cm gap these effects are even
more pronounced. As can be seen from Fig. 4 the
c.d.s at the side of the anode are higher than in the
cases with 2.5 and 10cm gaps. Below a vertical dis-
tance of §cm the difference between the PCD and
SCD curves for both the initial and steady state
shapes is less than in the previous cases.

In Fig. 5 the absolute difference in potentials be-
tween PCD and SCD is shown for the 30 cm gap at
steady state. Potentials are used for the calculation of
voltage drops in the electrolyte to obtain basic in-
formation of the electrical parameters of the cell. The
maximum differences are at the upper part of the
anode. For the initial shape near the upper half of the
side of the anode the difference is 0.14 V. Down to-
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ward the bottom part of the anode it drops to 0.05 V.
For the steady state (Fig. 5), the numbers are 0.08
and 0.001 V, respectively.

The cathodic c.d.s obtained for PCD and SCD
differ little, owing to the low cathodic overvoltage
and the use of a linear polarization curve (Equation 9)

for SCD. In Fig. 6 the c.d.s along the cathode are
shown for a 2.5 cm gap. The differences between the
c.d.s for the initial and steady state shapes are large.
In the calculated cross section of the cathode, the c.d.
at point P, see Fig. 1(a), is 0.674 A cm~2 for PCD and
0.693 Acm~2 for the initial shape with SCD. The
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Fig. 4. Variation in anode current density as a function of y coordinate for 30 cm outside gap for initial and steady state shapes of the
anode (a.s.). Key: (——) initial a.s. -PCD, (O—0O—0) steady state a.s. -PCD, (l——M) initial a.s. -SCD, (@—@—@®) steady state

a.s. -SCD.
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Fig. 5. Absolute difference in potentials between PCD and SCD for 30 cm outside gap and steady state anode shape. Potentials are in V,

distances in cm.

steady state shape changes the geometry of the cross
section, giving the corresponding values of
0.423 Acm~2 for PCD and 0.450 for SCD. When
moving to the flat bottom part of the anode the c.d.s
increase to the value of 0.75 A cm~2 at x = 10 cm for
both PCD and SCD for the initial shape and at 20 cm
for the steady state shape. The changes in the
geometry of the calculated cross sections are not so
pronounced for 10 and 30cm gaps. The difference
between the c.d.s for PCD and SCD is low, as seen in
Fig. 7. In all cases the largest difference is located
close to point P, see Fig. 1(a) (about 10%).

A qualitative description of the local current den-
sities at the anode and similarly at the cathode can be
expressed using the equation

L L L
jr,A fA(WaA7 WaCaxrvyr;Zrarl7r2w"7%) (10)

where:

0.80 —
070

G600 -

Current densities f A ¢m=

0.50 —

. InA\X, Y
JrA = ( ) (11)
Jb
7))
s = () (1 12
dj Jo peL (12
()G o
j /i, \PEL
x
Xp = Z (14)
=Y
=7 (15)
and L;/L,...,L,/L are dimensionless parameters of

the system. Equations 12 and 13 are the Wagner
numbers for the system, being equal to zero for PCD.
The location of j,,, at the anode surface is given by
the coordinates x, and y,. In Equations 10-15 the
characteristic dimension of the system under study is
denoted as L. The characteristic length L can be
chosen arbitrarily, for example, it may be the anode-
cathode distance. In the present case we used L; as

0.0

| ' | g I
20.00 30.00 40.00
xicm

Fig. 6. Current density along cathode for 2.5cm outside gap. Key: (1) initial a.s. -PCD, (O—O—0) steady state a.s. -PCD,

(I——W) initial a.s. -SCD, (@—@—@®) steady state a.s. -SCD.
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the longest distance from the initial side of the anode
to the side of the ledge, see Fig. 1(a).

A comparison of systems with different Z; can be
made for cases with constant L;,L,,...,L, in such a
way that all constant values be removed from
Equation (10), and in the Wagner numbers the length
L; will be used instead of L. Then follows from
Equation 10:

(T, L
J(jibl):fA(WdA,Wac) (16)
for SCD and
i, (T, L
A (17)

for PCD.
Elimination of j, from Equations 16 and 17 gives the
following:

jn(T,L;, secondary)
Jn(T, Ly, primary)

= g(Waa, Wac) (18)

Table 1. Current densities (in A cm™>) at the top of the anode ( point
A in Fig. 2) for the three calculated cross sections (2.5, 10 and 30 cm,
respectively) for PCD and SCD

Gap/cm Current density at top of anodelA cm™
Initial shape of anode  Steady state shape of anode
PCD SCD PCD SCD

2.5 0.0003 0.066 0.002 0.082

10 0.056 0.113 0.127 0.193

30 0.160 0.184 0.225 0.282

Equation 18 allows a simple comparison of c.d.s in
point 7 on the anode for different cases, as shown in
Table 2. The results in Table 2 agree well with the
theoretical prediction of an increase of the jsec//prim
ratio with increasing Wagner number [8]. If we
compare the same geometry for the cases of 30, 10
and 2.5 cm outside gap, respectively, it follows that
the Wagner number increases when decreasing the
characteristic length L;.

3.2. Current going through a sidewall partially
covered by ledge

In Fig. 8 the c.d.s along the cathode boundary are
shown for SCD, 30 cm outside gap and a steady state
anode shape (Fig. 1(a)). The length of the cathode
boundary was taken as abscissa because it was also
assumed that the sidewall acts as cathode. In the
cases explained above, the cathode boundary length
in Fig. 8 was calculated as the length of the boundary
along the sidewall (the length in the y direction from
M to P in Fig. 1(a)) continuing along the horizontal
cathode (in the x direction). Figure 8 shows that there

Table 2. Dependence on Wagner’s number on the ratio between the
c.d. for SCD and for PCD

Gapl cm Li/em Wa,  j(T,Lysec) j(T,Lyprim) j(T,L,sec)

JT, Ly prim)

2.5 2.5 0.124  0.066 0.0003 220
10 10 0.0311 0.113 0.05697 1.995
30 30 0.010 0.184 0.16002 1.157

Point T is identical with point A in Fig. 2.
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Fig. 8. Cathodic current densities along the cathode and the sidewall (calculated for geometry shown in Fig. 1(a), SCD, x; = 30 cm). Origin
of distance measured for cathode is in point M. Distance from M to P represents the vertical part of the cathode. Aluminium cathode is
located between points P (21.5 cm) and Cg for all cases: (i) vertical part M—P of sidewall is conducting, (ii) vertical part N-P of sidewall is

conducting, (iii) sidewall is insulated.

is a minimum at point P in all cases. The current
through the sidewall is in average 0.045A cm~2 or
0.95 A per cm sidelining (0.045 A cm™2 x height of the
sidewall (21 cm, see Fig. 1(a))) when the whole side-
wall is conducting, and 0.036 Acm~2 or 0.38 A per
cm sidelining (0.036 A cm~2x height of the half of the
sidewall (10.5 cm, see Fig. 1(a))) when only the lower
half of it is conducting. In all three cases the influence
of the sidewall current on the anode current densities
was less than 7% (due to the long distance of 30 cm).
For a 75cm wide anode facing a bare sidewall, the
current passing through the sidewall will be 72 A, or
0.96% of a total load 7500 A. Calculated for all the
anodes in a 150 kA cell, see Fig. 1(a) in [9], and
neglecting the corner effects, the value is 1.6%.

If we assume that all the current going to the
sidewall is used for aluminium carbide production
(Equation 6) and subsequent dissolution in the elec-
trolyte [27] the rate of wear of the sidewall (density
1.55gcem ™) will be 0.08cm per day of exposure.
Taylor et al. [28] measured a wear rate of 0.13 cm per
day in industrial cells on an exposed sidewall. Gud-
bransen et al. [29] studied the wear of a graphite
cathode in a laboratory cell with mechanical stirring
and found that carbide formation and dissolution
(named cathodic dissolution of carbon) occurred at
80% current yield up to a limiting c.d. of 0.10—
0.11 Acm~2. This value is higher than the sidewall
currents calculated above, indicating that carbide
formation and dissolution are the dominating reac-
tions at an exposed sidewall.

3.3. Influence of the distance to the side ledge
on current distribution

Four calculations were carried out with the shape of
the ledge as sketched in Fig. 1(b) and the distances
x; =10,20,30 and 40cm, respectively, under the
conditions explained above. The distance x; between
the ledge and the anode side influences the slope of
the cathodic current density curves presented in
Fig. 9. As the ledge profile moves towards the anode,
the slope to the curve becomes steeper. Also the ca-
thodic c.d.s in the outside channel become larger
when the width of the outside channel between the
ledge and anode decreases.

In Fig. 10 the influence of the distance x; between
the ledge and the anode side on the anodic densities is
shown. The length of the anode boundary (depicted
as ‘s’ in Fig. 2) was taken as the abscissa, representing
the physical length of the boundary going from the
uppermost anode boundary point (point A in Fig. 2)
to the underside of the anode (5cm to the right of
point H in Fig. 2). Beyond that point the c.d. has a
constant value of 0.75 A cm~2 in all cases. As can be
seen from Fig. 10 the width of the outside channel
(sideledge—anode gap) affects the c.d.s on the anode
side only at the upper part. At the lower half of the
anode side the differences between the c.d.s is less
than 10%. The resistance of a narrow outside channel
is higher than the resistance of the wide outside
channel. This result in low c.d.s at the upper part of
the side of the anode for a narrow outside channel.
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Fig. 9. Cathodic current densities along the cathode for cell with a ledge shape described in [9], Fig. 1(b). (Calculated for steady state anode
profile shown in Fig. 1(b), steady state anode shape calculated for L; = 30 cm, with SCD.) Outside gaps, x;: (a) 10, (b) 20, (c) 30 and (d)
40 cm, respectively. Origin of x coordinate is placed in the point P, see Fig. 1(a).

3.4. Influence of the slope of the sideledge distances x; of 10, 20, 30 and 40cm, respectively,
of the current distribution produced very small changes in the anodic c.d.s. As

can be seen from Table 3 and 4 for 10 and 40 cm gaps,
A set of calculations of current distribution was  variations in the angle y affect both the anodic and
carried out varying the angle vy, shown in Fig 1(b). cathodic c.d.s to a minor degree. The narrower the
Variation of the angle y between 75° and 90° for the  outside channel (the sidewall-anode gap), the more
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Fig. 10. Anodic current densities along anode for cell with ledge shape described in [9], Fig. 1(b). (Calculated for the geometry shown in
Fig. 1(b), steady state anode shape calculated for L; = 30 cm, SCD.) Outside gaps, x;: (a) 10, (b) 20, (c) 30 and (d) 40 cm respectively.
Coordinate ‘s’ is measured along anode boundary. Origin of ‘s’ is located in A, see Fig. 2.



MODELLING OF ALUMINIUM CELLS Pt I CURRENT DISTRIBUTION

937

Table 3. Anodic current densities at points A1—Ag obtained for different angles y between the sideledge and the horizontal (shown in Fig 1(b))

for the distances xy of 10 and 40 cm

X1 b Ayl cm A,/ cm Az cm Ayl cm As [ cm Ag | cm
/ cm / deg *x =14.57 *x =16.16 x =17.90 *x =20.42 *x = 26.00 *x =44.50
y=21.00 y=17.00 y=13.10 y=28.82 y=5.00 y=4.50

10 75 0.203 0.205 0.265 0.413 0.733 0.750

80 0.213 0.210 0.267 0.413 0.733 0.750

85 0.220 0.214 0.268 0.413 0.733 0.750

90 0.226 0.217 0.270 0.414 0.733 0.750
40 75 0.286 0.270 0.310 0.437 0.735 0.750

80 0.286 0.270 0.310 0.437 0.735 0.750

85 0.286 0.270 0.310 0.437 0.735 0.750

90 0.286 0.270 0.310 0.437 0.735 0.750

" For x; = 40 cm the coordinates x of the points A;—Ag have to be calculated as x + 30 cm.

Table 4. Cathodic current densities at points Ci—Cg obtained for different angles y between the sideledge and the horizontal (shown in Fig. 1(b))

for the distances x; of 10 and 40 cm

X b C;/cm C, / cm C3/cm Cy4/ cm Cs/cm Cs / cm
/ cm / deg x=xe —40 x=xe — 35 x=xe — 30 x=xe — 20 x=xe— 10 x=xe — 0.0
y=0.00 y=0.00 y=0.00 y=0.00 y=0.00 y=0.00
10 75 0.158 0.217 0.306 0.622 0.750 0.750
80 0.163 0.220 0.307 0.622 0.750 0.750
85 0.168 0.222 0.307 0.622 0.750 0.750
90 0.173 0.223 0.307 0.622 0.750 0.750
40 75 0.137 0.202 0.286 0.603 0.750 0.750
80 0.136 0.202 0.286 0.603 0.750 0.750
85 0.136 0.202 0.286 0.603 0.750 0.750
90 0.128 0.202 0.286 0.603 0.750 0.750

Coordinate x. belongs to the point Cg as seen in Fig. 1(b). For x; = 10 cm, xe = 44.57 cm and for x; = 40 cm, xe = 84.57 cm.

pronounced are the differences in c.d. Table 3 gives
the anodic c.d.s at the points A;—-Ag shown in
Fig. 1(b) for different angles y. When varying the
angle the c.d.s change slightly at the side of the anode
but not at the underside. At the top (point A;), the
c.d.s for the angle y of 75° and 90° differ by 10% for
the 10 cm outside gap and by only 0.7% for the 40 cm
gap.

As shown in Table 4 also the cathodic c.d.s vary
with the angle vy, the maximum difference being at
point Cy; e.g. for 10 cm gap the difference in c.d.s for
the angles of 75° and 90° is 8.9% and for 40 cm gap
6.2%. It can be concluded that variations of the angle
v did not produce significant changes in the c.d.s. and
the distance between the sideledge and the anode (x;)
has a greater influence.

Several calculations for different shapes of the
sideledge positioned at x; = 15 and 30cm from the
anode side [24] showed that when there is at least
15 cm gap between the anode and the sideledge, any
variation in the ledge boundary (sideledge shape)
produces negligible differences in the c.d.s at the an-
ode. Very different ledge shapes were placed in the
region D, in Fig. 1(b), and for all cases the difference
in anodic c.d.s was of the order of 0.1%. The given
values of anodic c.d.s are valid for any possible ledge
shape located in zone D for x; > 15cm.
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