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Calculation of local current densities and
terminal voltage for a monopolar sandwich electrolyser:
application to chlorate cells
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Chemical engineering calculations are performed for a new type of monopolar electrolyser with power
leads Jocated on its sides, used for chlorate production. The calculation gives the value of the total cell
voltage as well as of local current densities for given current load and given electrode dimensions, inter-
electrode gap etc. On this basis the optimization of the system is possible.

List of symbols Values used for
calculation
as constant ¢ for the calculation of anode potential, see Equation 2a
V) 14412 8
ag constant a for the calculation of cathode potential, see Equation
2b (V) 12381
ba constant b for the calculation of anode potential, see Equation
22 (V) 0-030 438
by constant b for the calculation of cathode potential, see Equation
2b (V) 0-059 704
@a,dx constants in linearized Equations 3a 1-345 99
and 3b (V) 1-107 05
ba, by constants in linearized Equations 3a 0-100 55
and 3b (2 cm?) 0-197 22
d electrode distance (cm) 0-4
Dg average diameter of bubbles at pressure Py (cm) 0-05
F Faraday’s constant; 964 96 C
Fg, Fg effective cross-section of inter-electrode channel for the flow of gas
and the electrolyte, respectively (cm?)
F, cross-section occupied by current leads placed in inter-electrode
channel for one cell (cm?)
Fy total cross-section of inter-electrode channel for one cell (cm?) 22:43
Fg cross-section for one copper rod outside the cell (cm?) ‘
g acceleration due to gravity; 981 cms™2
I, total current (A) 40 000
Ip current flowing through one cell = I /n_ (A) 2000
I, current flowing through an electrode strip at a height x and a distance

y from the origin (A)
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Values used for

calculation
Iy« current flowing through an electrode strip at a height x and y = 0 (A)
I« current consumed by electrochemical reaction at a height x between
y=0andy=y (A)
iy local current density (A cm™2)
i average current density at a height x (A cm™)
7 average current density = Ip/wL (A cm™2) 0-302 73
K, criterion cf. Equation 32
Ky, criterion cf. Equation 25
K, criterion cf. Equation 26
K; criterion cf. Equation 22
Kax criterion cf. Equation 21
K, criterion cf. Equation 33
Ksa criterion cf. Equation 27
K x criterion cf. Equation 28
KaL criterion cf. Equation 29
Ks criterion cf. Equation 38
L height of electrode (cm) 143
La, Ly length of copper rods outside the electrolyser (cm)
na number of equivalents per mole for anodic process yielding a
gaseous phase 2
ng number of cells in electrolyser 20
ng number of equivalents per mole for cathodic process yielding a
gaseous phase 2
Ay number of copper rods outside the electrolyser
P local pressure (atm)
P, pressure on top of electrolyser (atm) 1
P, pressure of water vapour in equilibrium with electrolyte (atm) 0-148
R gas constant (cm®atm [mol® K]™)
Re)g Reynolds number for bubbles
Sa anode thickness (cm) 0-2;0-3;0-4
Sk cathode thickness (cm) 0-7
SE specific gravity of electrolyte (gcm™)
S specific gravity of gas (gcm™)
M specific gravity of gas-electrolyte mixture (gcm™)
T absolute temperature (° K) 333
Up, Ug ohmic voltage drops in anode and cathode, respectively (V)
Upa, UrLx ohmic voltage drop in anode and cathode leads, respectively (V)
Unm ohmic voltage drop in the electrolyte in the z direction (V)
Up cell voltage (V)
Uan, Ucp ohmic voltage drop between copper rods and electrodes, see Fig. S
V)
Vg rate of electrolyte flow in inter-electrode channel (cms™!)
VET. rate of electrolyte flow in inter-electrode channel at the top (cms™)
e rate of gas flow in inter-electrode channel (cms™)
V6T rate of gas flow in inter-electrode channel at the top (cms™)
‘133 ‘ velocity of bubbles corresponding to buoyance (cms™)
Ve volume flow rate of electrolyte in inter-electrode channel (for one

cell) (cm3 s™1)
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Values used for
calculation

Ve volume rate of gas flow in inter-electrode channel (for one cell) 200, 400, 500
(em®s™) 600, 700

Vor volume rate of gas flow in inter-electrode channel at the top
(cm®s™)

w width of the active surface of an electrode (cm) 462

Wa width of the inactive part of an anode (c¢m) 10-0

wg width of the inactive part of cathode (cm) 10-0

WAER width of the inactive part of an anode embedded in electrolyte (cm) 50

WKE width of the inactive part of a cathode embedded in electrolyte (cm)  5-00

Xz length in the direction of co-ordinates

@, Qp volume fraction of bubbles at a height x and at the top
€a, €K anodic and cathodic potentials
Na anodic current efficiency for gas evolution 0
nK cathodic current efficiency for gas evolution 1
v kinematic viscosity of electrolyte (cm?®s™!) 0-009 508 8
Pa specific resistance of an anode (82 cm) 576 x 107°
PKR specific resistance of a cathode (€2 cm) 121 x 107°
PE specific resistance of electrolyte (€2 cm) 304
oM specific resistance of a gas-electrolyte mixture between electrodes
(Q cm)
Ea ratio of active anode surface to the product wL 10
fx ratio of active cathode surface to the product wiL 1-0

Note. The values of @, b, a, bg and of kinematic viscosity (v) were measured at 60°C in an electrolyte
containing 100 g NaCl, 480 g NaClO; and 10 g Na, CrO4 dm™3. The cathodes were made from mild steel,
the anodes from titanium sheet activated with RuO, /TiO,. Specific resistivities p5 and pg were found in

[9].

1. Introduction

The present paper is a continuation of a series
devoted to electrolysers for chlorate production
[1—-4]. An electrolyser of this type has been used
by Jak3i¢ [5].
For constant temperature and constant compo-

-sition of the electrolyte, the calculation of local
current densities in an electrochemical reactor is
based on a simultaneous solution of three Laplace
equations: for the anode and cathode bodies and
for the inter-electrode gap. The boundary condi-
tions depend on the nature of the electrode pro-
cesses. In the case when the electrode processes
are independent of the transport of electroactive
species to the electrode surface, we can assume
that they are only activation controlled. Then the
solution leads to the so-called secondary current
distribution. Also, for electrode reactions with

complex mechanisms, where the activation-
controlled electrode reaction is only a part of the
whole reaction path (e.g. hydrogen evolution,
chlorine evolution), the secondary current distribu-
tion is obtained.

Simultaneous solution of three Laplace equa-
tions is a rather difficult task (even using very fast
computers), and this is why we have made a
number of additional assumptions:

(2) The Laplace equation for the electrode body
can be replaced by Ohm’s law.

(b) Instead of solving the Laplace equation for
the inter-electrode gap, we assume that the current
lines are perpendicular to the electrode surface.

(c) The boundary condition, e.g. the relation-
ship between electrode potential and local current
density, can be expressed in a linear form.

Using (a) it is necessary to solve two ordinary
differential equations simultaneously with one
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Fig. 1. One cell of the sandwich type electrolyser. The
abbreviations are explained in the list of symbols and
P(0,0,0) = origin of co-ordinates x,y, z.

eliptic partial differential equation. Using (a) and
(b) we would obtain one ordinary differential
equation of the second order, which must usually
be solved by trial and error. Using (a—c) allows
one to solve the problem analytically.

The relationship between electrode potential,
or overvoltage, and current density (c.d.) is usu-
ally expressed by a Tafel equation. The assumption
(c) involves a reduction of the differences be-
tween the highest and the lowest local current
densities existing in the system. It means that the
calculated local current densities are spread more
uniformly around the average c.d. in comparison
with those calculated using only the first two
assumptions.

In the range 0-05—1-2 A cm ™2, Tafel equations
give an adequate description of the chlorate pro-
-cess for both electrodes. For the purpose of calcu-
lating the local c.d. values the side reactions, e.g.,

Foerster’s reaction at the anode and ClO™ reduc-
tion at the cathode, are included in the values of
na and ng representing the anodic and the catho-

dic current efficiency for gas evolution, respect-
ively. Chlorine dissolution in the electrolyte is a
very fast reaction and therefore the value 7,
should represent only the oxygen originating by
Foerster’s reaction; for industrial conditions na =
0-02—0-04. The hydrogen gas evolution is low-
ered by ClO™ reduction to the value ng = 0-94—
0-96. No other effects of the side reactions are

P(O/O/O)
y
z

Fig. 2. The sandwich type electrolyser (top view). The
abbreviations are explained in the list of symbols and
d = the distance between boundaries for one cell.

significant enough to warrant their consideration
in our calculations.

2. The model system

In a monopolar, sandwich-type electrolyser the
electrolyte is introduced at the bottom; a mixture
of bubbles and electrolyte leaves the cell at the
top and enters the bubble separation section lo-
cated above the cell. The current leads are located
at the sides of the electrodes (Figs. 1 and 2). The
whole assembly can be divided into 7,, identical
cells (neglecting the fact that in the first and last
cell one electrode is located on the wall of the
electrolyser). In this case the total voltage for

one cell (Ur) equals the total voltage for the whole
electrolyser. In this paper the calculation proced-
ures are shown which yield the desired value of
Uy as well as the c.d. distribution over the surface
of the electrodes.

3. Mathematical description for one cell

Suppose that the cell is isothermal and that pro-
cesses on both electrodes are controlled by the
rate of the electrode reaction. When the electrodes
are large, the distance between them is small, and
b, and by in the Tafel equations are large. It can
be assumed that the lines of force in the electro-



MONOPOLAR SANDWICH ELECTROLYSER; APPLICATION TO CHLORATE CELLS

431

lyte are perpendicular to the electrode surface.

Then the local current densities at a height and a

distance y from the origin are the same for both

the electrodes. The vo.tage distribution in the cell

is given by:

UT = EA_EK+ UA+UK+ UM+ ULA+ ULK'

1)

The anode and the cathode relationship be-

tween current density and potential are described
by the Equations:

€p — aA+bA ]Ill.x’y

(2a)
(2v)
Equations 2a and b must be linearized to permit
an analytic solution of Equation 1. For small

deviations of i, , from the mean current density
i we have:

—E€g = 4dg + bK In ix,y

€ =ay+byivy (3a)
—€éx = ag + by iy, (3b)
where , —
aa — llA"'bA+bA ].[ll,
ag = ax —bg + bgIni;
b = bafi; bg = bi/i.

Usually the anode and cathode plates are perfor-
ated by holes of small diameter. Introducing the
ratio £ or £x which equals active anode (or cath-
ode) surface to the product wL, then

ah = apn—ba+ba In( [£a)
ag = ag — by + b In (ifkx).

The mean current density 7 is given by i =
I T/ wl.

Assuming now that the current proceeds only
in the y-direction, it is possible to calculate the
current density distribution in the direction of the
y-axis for a section (strip) of the electrode at the
height x. The height of the electrode section (strip)
is denoted Ax, the power load for this section is
It ., and the mean current density at the height x
is given by

and

;‘ — IT.x
0 Axw

)

Iy . /Ax can also be denoted as a part of the total
current It which enters the electrode at height x
in the direction of the y-axis.

The dependence of Uy and Ug on y can be

derived in the following manner. The current /g ,
enters the end of the electrode strip. At a distance
y from the origin P a certain part of the current
() is consumed in the electrochemical reaction
and the remainder (Z,)) continues to flow through
the electrode. Thus

y.
L, = ijozx,y dy

y
Iy = Ine—lpu = Ing— 85 fey dy.

)
The voltage drop in the electrode is given by
Ohm’s law in the differential form,
dUs = L2 pa dy/Sa Axtp (6)

where S5 Ax§, [2 represents the mean cross-section
of anode material, due to the perforation of the
plates. Combining Equations 4 and 5 with 6 and
integrating we obtain the voltage drop in the

anode (starting at y = 0).

Us = (pa2/AxSabpNIp .y — Ax
y ry
XJO fo L,y @y dy)
Up = (2PAW2/SAEA)7x

< [om= [ Gl @) @]
(75)

(72)

An analogous expression holds for the voltage
drop in the cathode

Ux = (2pew’/Sktx s
X J':/w J:/w (ix,y /i) (dy/w) (dy/w)  (82)

This can be rearranged to read

Ug = (2prw?/Skéx)ix

X [j KA

y/w ¥/w —
— [, Gy i) (dopw) (dypw)] . (8D)

The value of Uy, (= Upp + Upg) is also calcu-
lated, yielding
Uy, = [(pawWa/Sa) + (oxWi/Sx)] 2w 7,

ULa = 2paAWaW I../Sa

(92)
(9b)
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(9¢)

As can be seen from Equations 9b and ¢ the inac-
tive part of the anode and cathode plates are not
perforated.
The voltage drop in the elctrolyte is given by
the Equation
(10)

in which py is the specific resistance of the elec-
trolyte containing bubbles. The latter parameter
can be calculated using the Maxwell [6] (or Brugge-
man [7], Meredith [8]) equation.

For a flowing system the modified Maxwell
equation assumes the form

pm = pg(l + 15 Fg/Fg). 1y

We assume, that the ratio Fg/Fg depends only on
x and not only on y, i.e. that it may be substituted
for the average value of Fg/Fr, pertaining to a given
height x.

This value can be expressed as a function of the
volume rates of flow of the liquid, Vg, and of the
gas, Vg, and of the respective linear velocities, Ug
and vg, related to the cross-sections Fy and Fg.
Thus

Upk = 20rWkWi/Sk.

UM = ix,y pMd

Fg = Vslva (11a)
Fg = Vglvg (11b)

Here Fi is the channel cross-section for one cell:
FT = d(WAE =+ WKE + W)

where Fj, denotes the part of the flow cross sec-
tion occupied by power leads (see Fig. 5).

The volume rate of gas flow, Vg, at a given
height in the cell can be calculated using Faraday’s
law and the equation of state of an ideal gas, yield-

ing x/L .
Vo = VarFy [ GuMax/L  (14)
where
Var = [RT/(Po — Py)] (Ix/F)
and X [(na/na) + (nx/nx)] (15)
Fy = (Po — Py)/(P— Py). (16)

Here F; is a correction factor representing the
dependence of the pressure on the x-co-ordinate.
The quantity P in Equation 16 denotes the
actual pressure in the bubbles. In calculating this
quantity it is necessary to consider the hydrostatic

pressure at the given depth in the electrolyser; the
increase of pressure due to friction of liquid and
to surface tension can be neglected. Hence,

L
P = P, + 09869 x 10'6ng sy dx

= Py + (0-9869 x 107 gLsg)(1 —x/L)
X (1 —05ap —0-50)
Qax — Q.

If the height of the electrolyser is small it is
possible to use Py instead of P and then F; = 1.
The volume rate of flow of the electrolyte in
a cell is obtained by dividing the total volume flow
rate by the number of cells. The average linear
flow velocity of the gas, vg, is equal to the vector-
ial sum of the velocity, vz (due to the buoyancy
force and corrected for the volume contents of
the bubbles), at which the bubbles move against
a stationary liquid, and of the linear flow velocity
of the liquid, . As both vy and vy are of the
same directions in the given system, it follows
that

ve = vp Tor 1—a)*®  (17)

where
o = FgfFy (18a)
1—a = Fg/Fy. (18b)

Assuming that the average bubble diameter Dg; is
known and that sg > sg, the magnitude of vg can

be calculated as
vg = gD%/18v

for :
Re)g = Detr/r) <19
or as
; v = (4/3)°7(gDg/18:5)* " (Dg/v)*""
or

(Re); €41:9;505).

By combining Equations 11a,b; 18a,b and 17 we
obtain
FG = FTOZ = VG/,DG
Fg = Vg/vg = Fy(1 —a)
a = Vg/[Vo + Vg + Frog (1 —a)*°1.(19)

When Equation 19 is employed in conjunction
with Equations 18 and 11a, then values of vg are
obtained which depend on Vg and thus on 7,.

Nevertheless, if Vg < Vg the value of vg, which
is calculated for the top of the cell where Vg =
Vg1, may be employed in all calculations (Vg =
Ver)-

Using the aforementioned assumptions we

obtain
pm = pr(l +1:5K5,) (20)



MONOPOLAR SANDWICH ELECTROLYSER; APPLICATION TO CHLORATE CELLS 433
where K4,A = 2pAW2/SAdpEEA (27)
x/L . _,
Ko = K5 [ @G ax/L (D) Kox = 20xw*/Scdputc  (28)
and K, = (usfrarlVe)" RTIEs — )] Kar = [(pawa/Sa) + (oxw/SK1(2w/oed). (29)
== D, p—
: ver/teT\VE o v The current density distribution at the given
x (Ir/F)[(na/na) + (mx/nx)] (223)  height x is described by Equation 24. In order to
using ey we obtain evaluate the unknown value K, , it is necessary
to use the equation
K3 = Q’T/(l —OtT). (22b)

Upon substituting the expressions 3a, b, 7b, 8b,
9,10 and 20 into 1, an equation is obtained which
describes the potential distribution in the electrode
—electrolyte system in the following integral form:

Ur = aj +ag + (ba + brlisy + (2paw?/Sa

— Ywpy/w -
x E)Tlomw) = [ [ Gy SE @y ) (@)
- 1py/w -
+ Qo Sk L[, [ Gay/To) (dy/w)

yw YW .
x (@)= [ [ Gay/Te) @rpw) (@ypw)]
+ [(oawa/Sa) + (PxWi/Sk)] 2wix + i, ,prd

x/L .
x 1+ 15K, [ @D @Dl (23)

In order to obtain an analytical solution of
Equation 23 it is necessary to introduce the as-
sumption (in calculating the voltage drop in the
electrodes) that the current distribution over the
surface is practically uniform, i.e. that i, ,, i, ~1;
then

[ 7" s ) @) @rp) = 172 rpw)?

and

1 pryv/w _
jojo (ix,y [ix) (dy/w) (dy/w) ~ 1/2.

Using the above equations and rearranging Equa-
tion 23 we obtain
Kiz = (xylix) (K2 + 1+ 1:5K5,) + K4

x [G/w)—1720/w)*] + Kax

x [(1/2)—AR) p/w)] + Ko, (24

where
Ky = [Ur —(aa + ag)] fixdpr (25)
K, = (bp+ bk)/dpg (26)

[ Gerli dipw = 1. (30)

Upon combining Equations 24 and 30 and integrat-
ing we obtain
Kl,x =1+15 K3.x +K2
+ [(Kaa + Kax)/3] + Ky . @31)

Now the criteria K; and K4 can be introduced:

Ky = [Ur—(ax +ax)lfideg  (32)
Ky = [(Kaa +Kag)B] +Kay  (33)
and Equation 31 can be rearranged to
Ky = (ie/[D[1+ K, + K4 + 1-5K;
x [ @/ ax/r). (34)

Equation 34 describes the distribution of 7y
over the height of the electrode in an integral from.
Furthermore we know that

f; /D dx/L = 1. (35)
The solution of Equation 34, together with 35,
results in the following expressions:
LfT = (Ks—0-5)/[(Ks —1)* + (2Ks — 1)x/L] '
(36)
(37)

and
Ky = 1+K,+075K; + K,
where

Ks = (1+K, +K4 + 1'5K3)/1-5 K5. (38)
Using Equation 36 we obtain for K5 ,
Ks. = K3{l —Ks + [(Ks — 1)?
+(2K5s — 1) x/L] %}

Equation 36 describes the distribution of 7y
over the height of the electrode and Equation 37
permits us to calculate Uy (using criteria K, K3
and K4):
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Fig. 3. The dependence of relative local current density
ony/w.K1= 3066 72; K; = 0247 82; K3 = 1-630 14;
K3=0-596 30; K4p = 1-023 20; Kq = 0-061 41 and
Kyp, = 0-234 76. Curve 1: x/L = 0; Kae = 0; Kppe =
1-8441; curve 2: 0-5; 0-9715; 3-3014; and curve 3:
1-0; 1-6301; 4-2893 respectively.

Up = dy+ag+ipgd (1 + K, +0-75K5 + K,)

or, going back to the inlet variables

(392)

Up = (ay +ax) + iped (1 +0-75 K3)
+ 7{(2/3)[(oaw?/Sata) + (orw*/Sktk)]

+2wl(pawa/Sa) + (orwk/SK1 }.

(39b)

038

1

|

i

o

0.2
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4. Discussion of Equations 24 and 36

10
x/L

Fig. 4. The dependence of relative mean current density

in given height on x/L. X, = 0-247 82 and K, = 0-596 30
curve 1: K, =1-630 1; K, = 3-066 72; curve 2: 0-785 46;
2-433 21; and curve 3: 0-511 94; 2228 07 respectively.

The relative local c.d. (i, y/ 7,) distribution over
the relative width (y/w) of the electrode at a given
height (x) is given by Equation 24. This relation-
ship is considerably influenced by the values of
K, 4 and K, 5. If these values are equal to each
other, then a minimum of local current densities
exists near the centre (y = 0-5w) of the electrode

Table 1. Dependence of local values'of potentials and voltage losses in anode, cathode and electrolyte on the x
and y values (position of the electrode)

X/L Y/w ix ixy €A — €K Ua Uk Upa UGix Um
(Acm™®) (Aem™) (V) m ) \2 W % )

0-000 0-000 0-503 °  0-637 1410 1.233 0-000 0-019 0-134 0-008 0-765
0-000 0:500 0-503 0-485 1.395 1-203 0-232 0-014 0-134 0-008 0-538
0-000 1000 0-503 0443 1-:390 1-194 0-310 0-000 0-134 0-008 0-532
0-200 0-000 0-367 0-430 1-389 1-192 0-000 0-014 0-098 0-006 0-871
0-200 0-500 0-367 0-358 1-382 1178 0-169 0-010 0-098 0-006 0-726
0-200 1-000 0-367 0-339 1-380 1:174 0-226 0-000 0-098 0-006 0-686
0-400 0-000 0-303 0-343 1-380 1-175 0-000 0-011 0-081 0-005 0917
0-400 0-500 0-303 0-297 1-376 . 1:166 0-140 0-008 0-081 0-005 0-794
0-400 1-000 0-303 0-284 1.375 1-163 0-186 0:000 0-081 0-005 0-759
0-600 0-000 0-264 - 0-294 1.376 1-165 0-000 0-010 0-070 0-004 0944
0-600 0-500 0-264 0-260 1.372 1-158 0-122 0-007 0070 0-004 0-835
0-600 1-000 0-264 0-250 1371 1-156 0-162 0.000 0-070 0-004 " 0-805
0-800 0-000 0-237 0-260 1-372 1-158 0-000 0-009 0-063 0-004 0-923
0-800 0-500 0-237 0-233 1-370 1-153 0-109 0-007 0-063 0-004 0-864
0-800 1-000 0:237 0-226 1.369 1-152 0-145 0-000 0-063 0-004 0-836
1-000 0-000 0-216 0-236 1-370 1154 0-000 0-008 0-058 0-003 0-976
1-000 0-500 0-216 0-214 1-368 1149 0-100 0.006 0-058 0-003 0-885
1-000 1-000 0-216 0-208°  1-367 1-148 0-133 0-000 0-058 0-003 0-860

Up = 3-5685V;Sp = 0-2cm; Vg = 200 cm®*s; K, = 1-630 14; 7= 0-302 A cm™2
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Table 2. Dependence of the total voltage and voltage
losses in the electrolyte on the anode thickness and

electrolyte flow
Sa Vg K, Ur UM, max UM, min
(em) (cm®s™) W) W) W)
0-2 200 1-63014 3-5685 09762 0-5318
02 400 0-78546 3-3381 07249 04219
02 500 0-62010 3-2930 0-6732 0-4004
02 600 0-51194 3.2635 0-6386 0-3864
02 700 043611 3-2428 0-6139 0-3765
03 200 162974 3-5002 09313 0-5837
0-3 400 0-78491 3-2698 0:6837 0-4552
0-3 500 0-61956 3-2246 06331 04301
03 600 0-51144 3.1951 0-5994 04136
0-3 700 043566 31745 05754 04021
04 200 1-62935 34660 09085 0-6128
0.4 400 0-78436 3-2355 0-6628 04734
04 500 0-61903 3-1904 06128 04461
04 ~600 0-51094 31609 0-5795 0-4282
04 700 043520 3-1402 0-5559 04157

width. If K4 x < K4 A, this minimum is shifted to

the end of the anode (y =
Equations 27 and 38, this condition is fulfilled for

w). As can be seen from

Px/Sk € pa/Sa; this condition can be interpreted
as a small resistance of cathode material in com-
parison to the resistance of anode material. For
this case the curves are shown in Fig. 3 for differ-
ent values of K3 .
Equation 36 is used in calculatmg the distri-
bution of c¢.d. over the height of the electrode.
Here the c.d. is maximum at the bottom of the

electrode as the electrolyte adjacent to the bottom

is free of bubbles. On the contrary, the c.d. is
minimum on the top of the electrode, owing to
the maximum content of bubbles in the adjacent
electrolyte, see Fig. 4 and Table 1. The depen-
dence of the total voltage Uy on the electrolyte
flow rate and the anode thickness is shown in the
Table 2. The two columns on the right of Table 2
represent the maximum and minimum values of
ohmic drops in the electrolyte—gas emulsion for
the given system. These data indicate that the
deviations of local current densities from the
average value will be kept small as long as thick
anodes and a high electrolyte flow rate are used.

For such a system the total voltage is very low too.

Nevertheless, the investment costs of electrodes

-increase with electrode thickness and the operation

costs increase with increasing pumping rate. The
best economy of the process may be calculated
‘using any common optimization technique.
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Fig. 5. The view of the assembly of four cells. The abbre-
viations are explained in the list of symbols.

Appendix

In practical cases the electrodes are mutually con-
nected by means of copper rods (located outside
the electrolyser). Thus the equivalent length w,
wg can be calculated as follows: first the resist-
ance of the whole system (outside the electrolyser)
and the current flowing through this resistance are
calculated; subsequently the values of w, and

wg are calculated using the Equations A.1 and A.2.
Here the calculation of wy and wy is shown for an
actual case depicted in Fig. 5. For two cells there

is only one row of copper rods outside the cell.
Thus

(0AWA/Sa)(2WT) = (20aWag/Sa)iw + Ups
+ [(pculawLli2)/ngFr] (A1)
(Prwic/Se)2wi = (2prwre/Sk)iw + Ucp

+ [(oculxwLli2)/neFr)]  (A.2)
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