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III. The iR drop at gas-evolving electrodes* 
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Based on a potentiostatic interrupter technique the iR drop of  the bubble layer in front of  gas-evolving 
electrodes of  various shapes has been investigated. At small plane electrodes the dependency of iR drop 
on electrode inclination has been studied for hydrogen, oxygen and chlorine evolution. In all systems 
a slightly up-faced orientation results in a gas bubble layer structure of  minimum iR drop. Also for 
expanded metal electrodes of  different shapes the iR drop across the electrode diaphragm gap has been 
studied. The fractional open cross-section and the inclination angle of  the electrode blades have been 
identified as important  parameters with respect to the gas diverting effect. These tendencies have also 
been confirmed for a pilot cell of  1 m height. 

Nomenclature 

b' Tafel slope (V) 
Co double layer capacity (F cm -2) 
d thickness (cm) 
E electrode potential (V) 
F Faraday number (96487 As mol-1 ) 
i current density (Acm -2) 
R area resistance (f~ cm 2) 
R gas constant (8.3144Wsdeg -1 mo1-1) 
T temperature (K) 
t time (s) 
u~ superficial gas velocity (cm s -1) 

1. Introduction 

In Parts I and II of this communication [1, 2] proper- 
ties of electrogenerated bubble flow were treated. 
Part I presented a new model describing the gas void- 
age considering hindered bubble coalescence in the 
electrolyte. The introduction of the coalescence barrier 
model with its prediction of a limiting gas voidage, ~m, 
for each gas/electrolyte combination resulted in a 
close agreement with experimental investigations. 

In Part II the flow field structure in front of gas- 
evolving electrodes was investigated by means of the 
LDA technique [2]. The velocity component parallel 
to the electrode surface is much greater than expected 
from the literature [3]. Its value decreases sharply 
with increasing distance from the electrode. This 
velocity gradient causes a force due to static pressure 
drop directed towards the electrode surface, which 
explains the observation of a thin gas-loaded layer 
in the immediate vicinity of the electrode surface. 
It has been shown that the shape of the flow field 
at a gas-evolving electrode and the velocities therein 

U~w swarm velocity (cm s- 1) 
U voltage (V) 

Greek symbols 

inclination angle (~ 
fl symmetry factor (1) 
eg gas voidage (1) 
~m maximum gas voidage (1) 

overvoltage (V) 
electrolyte conductivity (S cm- 1 ) 

ve number of electrons (1) 

are strongly affected by the hydrodynamic proper- 
ties of the flow channel and the geometry of the 
electrode. 

The purpose of this part is the correlation of bubble 
flow hydrodynamics, electrode and cell geometry 
with iR drop. The iR drop of the gas-loaded elec- 
trolyte is an important factor in practical electrolysis 
processes with gas evolution. The electrolyte resis- 
tivity is strongly dependent on gas voidage in the 
bubble flow and therefore this flow is an important 
factor for production costs with respect to the specific 
energy consumption. 

There are a number of papers dealing with the 
effects of gas bubbles on electrolyte resistivity and cell 
voltage [4-7]. However, there is a lack of knowledge 
concerning the relation between electrode geometry 
and bubble flow around it. The bubble flow in the 
electrode gap and its properties, such as maximum gas 
voidage, em, have to be investigated with respect to the 
influence of electrode and flow channel geometry and 
their consequences such as the resistivity of the gas- 
loaded electrolyte. 
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2. Computer-controlled electrochemical measurements 
with elimination of iR drop 

A reliable method for determination of iR drop is a 
prerequisite for the experimental investigations. The 
potential measured between working and reference 
electrode is substantially influenced by iR drop if high 
current densities are applied or solutions with poor 
conductivity are used. The measured quantity is the 
sum of the true potential, E, and the ohmic drop. 

E' = E + iR (1) 

Different methods are available for determination of 
iR drop. There are procedures with variation of 
distances between working electrode and Luggin 
capillary, impedance measurements and interrupter 
techniques [8, 9]. The method applied here is based on 
current interruption combined with computer control 
and data evaluation of the potential transients 
measured during interruption [10]. 

If experimental potential transients are available, a 
suitable extrapolation method is required for deter- 
mination of the /R-free electrode potential. The 
schematic transient in Fig. 1 illustrates the problems 
involved in this iR determination technique. During 
the first few microseconds the potential transient is 
disturbed by interactions between electronic switch, 
electrolysis cell, potentiostat, and the wiring of the 
measured system. Potential measurement at any dis- 
crete time after interruption yields too low a potential 
and a too large iR drop. This means potential 
measurement at any discrete time results in an over- 
compensation of the polarization curve [11]. To avoid 
this error the whole potential transient has to be 
sampled to get the true iR drop by extrapolation to 
zero time. This extrapolation can be based on the 
Frumkin equation (Equation 2), which describes the 
time dependency of the electrode potential. 

q(t) = ~/(0) - b ' ln  1 + ~ t  (2) 

u(v) I 

+iR 

with 
RT 

b I - 

flveF 

i i 
5o t 1 t2 o t {p.s) 

U~, IR drop measured Mth interrupter 

U~, IR drop measured w~th interrupter applying 
an optimum ~nterrupter time 

Fig. 1. Potential transient with iR components. 

The interrupter was designed for minimal disturbance 
and very fast response to the system under test. Pre- 
cautions were taken for supressing the interactions of 
the standard electrochemical measuring equipment 
(e.g. potentiostat) with the cell while interrupting the 
current. The interrupter unit with its typical perform- 
ance data is shown in Fig. 2. 

With this unit, current flow through the cell is inter- 
rupted for a period of about 50 #s. During this time 
the transient is registered by a fast transient recorder 
(VUKO VKS 22-16, 8 bit resolution, 2 MHz sampling 
rate). The evaluation of transient data was made by 
means of a simplifed, logarithmic form of the Frum- 
kin equation [10] 

In t/(t) In q(O) i(O) = - -  t ( 3 )  
,7(0) Co 

By means of this relation the potential can be approxi- 
mately treated as a linear function of time. Figure 3 
shows an application example for this method. Cath- 
odic polarization curves for hydrogen evolution at 
platinum in 2.8 M sulphuric acid are given with and 
without iR elimination. Due to the large iR drop the 
uncorrected curve (1) in Fig. 3 is almost a straight line. 
The corrected data (2), without iR drop, result in a 
straight line with a Tafel slope of 27 mV (Fig. 4). This 
example with its reasonable result for the Tafel slope 
at current densities up to 1 Acre -2 demonstrates the 
reliability of the method [12]. 

3. iR drop at inclined electrodes 

Expanded metal electrodes, which are used in many 
industrial electrolyzers, consists predominantly of 
small inclined electrode planes, the inclination angle 
being dependent on the degree of expansion. 
Therefore, the iR drop in front of small inclined model 
electrodes has been studied. This iR drop depends on 
the gas voidage and the velocity of the bubble flow and 
the thickness of the gas bubble layer. These quantities 
are influenced by: (1) the maximum gas voidage, ~m, 
which causes a certain thickness of the gas loaded 
layer; (2) the buoyancy, which drives the flow of the 
layer and yields a decompression at up-faced and a 
compression at down-faced electrode inclinations, res- 
pectively; (3) the compression force based on the 
velocity gradient perpendicular to the electrode sur- 
face described by Bernoulli's law [2]. 

The coalescence barrier model with the maximum 
gas voidage was used for a theoretical prediction of 
the dependency of iR drop on thickness of the gas- 
loaded layer. The model system consisted of an elec- 
trode chamber with the dimensions 1 cm height, 1 cm 
depth and 10 cm width, e.g. distance between the elec- 
trodes. A constant volumetric gas flow rate was 
supplied to this chamber while varying the width of 
the gas-loaded cross-section from 0 to 10 cm. By use 
of Equation 4, which is derived from the assumption 
of zero liquid flow [1], the gas voidage, eg, can be 
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Fig. 2. Interrupter unit with performance 
data. 

calculated from the known superficial gas velocity, u~. 

8 m 
~ g  = (4) 

with em the maximum gas voidage of the gas/elec- 
trolyte combination under examination and usw the 
bubble swarm velocity, determined by the Marrucci 
equation [13]. By means of the Maxwell-Nader 
equation for the determination of the gas/liquid mix- 
ture resistivity [14, 15] and the width of the gas-loaded 
layer a normalized cell resistance was obtained by 
Equation 5. 

R _ Rgas'l~ "~ Rgas-freelayer (5) 

Ro Rgas-free cell 

Figure 5 shows the dependency of the normalized cell 
resistance on width of the gas-loaded layer. This 
example is based on the following figures: hydrogen 
evolution in 20%KOH, maximum gas voidage 
~m = 0.27 [1], volumetric gas flow rate 2 cm 3 s -I . 

Figure 5 shows a dependency, which can be divided 
into two parts separated by a maximum of cell resist- 
ance. At small widths of the gas-loaded layer the gas 
voidage is at its maximum. Under the condition of 
constant gas voidage and, therefore, solution resis- 
tivity an expansion of the layer causes a linear increase 
in resistance. If the expansion of the gas layer exceeds 

a certain thickness the gas voidage decreases due to 
the decreased superficial gas velocity�9 In this part the 
normalized cell resistance declines with further expan- 
sion of the gas-loaded layer�9 

The experimental investigation of the dependency 
of the iR drop on electrode inclination angle is aimed 
towards the verification o f  these predictions and the 
applicability of the coalescence barrier model�9 Rec- 
ommendations for optimum inclination angles of elec- 
trodes should also be obtained�9 

3.1. Experimental details 

Planar electrodes were chosen as a model system. The 
1 • 1 cm fiat plate electrodes were fixed in an acrylate 
support. Non-uniform current distributions based on 
bubble accumulation were diminished by the small 
electrode dimensions [7]. In order to avoid changes in 
potential and current distribution with variation of 
inclination angle of the working electrode, both elec- 
trodes were mounted on a pivoted disc in a fixed 
parallel position�9 Therefore changes in inclination did 
not change the relative position between the elec- 
trodes�9 The Luggin probe was mounted in a fixed 
position at a distance of 8 mm from the working elec- 
trode. This distance was always larger than the thick- 
ness of the gas-loaded layer�9 The electrolysis cell 
was controlled potentiostatically (Wenking ST72) 
and equipped with the aforementioned computer- 
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Fig. 5. Gas voidage and normalized cell resistance as function of the 
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Fig. 7. iR drop variation as function of current density and incli- 
nation angle variation for chlorine evolution; activated titanium 
electrode, 5.08 M NaC1 + 2.0 M HCI. 

controlled measurement system for  determination of 
iR drop. Measurements were carried out over a range 
of inclination angles from -457  (up-faced) to 50 ~ 
(down-faced) and current densities.between 0Aand  
1.0Acre -2. Comparable results for iR drop at dif- 
ferent current densities were obtained by applying the 
normalization 

A U  = iR(~) - iR(O) (6) 

where iR(O) is the iR drop measured at a vertical 
electrode. The AU value in Equation 6 represents the 
part of the overall iR drop, which is mainly deter- 
mined by variation of inclination angle. 

3.2. Results and discussion 

Table I gives the tested systems with an estimation of 
the optimum inclination angle, if there is a minimun in 
the iR drop/inclination angle dependency: 

drop between - 1 0  to - 3 0  ~ inclination a moderate 
increase in ohmic drop can be observed. Hydrogen 
evolution ,in sulphuric acid (Fig. 8) shows, in parts, a 
similar behaviour but at about 20 ~ down-faced incli- 
nation there is a maximum in iR drop. Further com- 
pression of the gas bubble layer results in a decrease of 
ohmic drop. This corresponds very well with the 
expected behaviour discussed above if the gas voidage 
reaches its limiting value. The small maximum gas 
voidage (era = 0.13) of the system hydrogen/sulphuric 
acid, which is the smallest one of all investigated 
combinations, gives further support to this explan- 
ation. All other systems do not reach the region of 
maximum gas voidage in bubble flow due to higher 
limiting voidages. These systems are located on the 
right side from the maximum in the cell resistance 
curve of Fig. 5. An expansion of the gas-loaded layer 

leads to a reduction of iR drop. The optimum incli- 
nation angles for minimum iR drop are also given in 

There are three distinct groups o f  results which, are Table 1. For certain gas/electrolyte combinations an 
represented by  Figs 6, 7. and 8. F i g  6 shows t h e  i n c r e a s e  of ohmic drop is observed for strong gas layer 
behaviour of hydrogen evolution in alkaline solution, expansions. This may be explained by a decrease of 
A decrease in iR drop with increased expansion of the bubble layer flow velocity which is accompanied by a 
gas-loaded layer is observed. Chlorine (Fig. 7) and larger number of bubbles adhering to the electrode 
oxygen evolution show a decrease with expansion of and shielding a part of the electrode which results in 
the bubble layer but after exceeding a minimum iR an increase of iR drop under these circumstances. 
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nation angle variation for hydrogen evolution; platinum electrode, 
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Table 1. Electrochemical systems for determination of iR drop dependency on electrode inclination angle 

Electrode Product Electrolyte Recommended 
inclination 
angle 

DSA Chlorine 25.0% (5.08 M) NaC1 + 2.00 M HC1 -- 30 ~ 
Plat inum Hydrogen 15.0% (1.68 M) H2SO 4 - 30 ~ 
Nickel Oxygen 30.0% (6.85 M) K O H  -- 15 ~ 
Platinum Hydrogen 13.9% (4.00M) N a O H  - 
Plat inum Hydrogen 19.1% (4.00M) K O H  - 
Nickel Hydrogen 30.0% (6.85M) K O H  - 

The results give evidence for the impact of the limit- 
ing gas voidage, era, on iR drop. An effect of electrode 
material on ohmic drop could not be deduced from 
these investigations. 

4. iR drop at expanded metal electrodes 

At small inclined electrodes it has been shown that the 
iR drop is affected by the maximum gas voidage of the 
gas/electrolyte combination and geometrical factors 
of the electrode (e.g. inclination angle). Therefore a 
correlation between these two groups of influences 
and iR drop should also be obtained for a more com- 
plex electrode geometry. 

4.1. Geometrical quantities of expanded metals 

In contrast to the single parameter of inclination angle 
at flat plate electrodes the structure of an expanded 
metal needs further geometrical quantities for full 
description. Figure 9 shows a front and a side view of 
expanded metal. 

Only some of the quantities given in Fig. 9 can 
directly be taken from the manufacturer's description 
or by direct measurement (Table 2). Further deduced 
quantities which may influence the electrochemical 
reaction or the bubble flow around the electrode and 
which could be a measure for electrode performance 
with respect to iR drop are listed in Table 3. 

For the investigation of the impact of expanded 
metal structure on iR drop, a set of different geometries 
has been selected. Table 4 collects the typical quan- 
tities for these selected structures. 

4.2. Experimental details 

The investigations were carried out in a small cir- 
cular membrane cell. An inner diameter of 6.8 cm 

Table 2. Known and measured expanded metal quantities 

1 length of mesh 
b width of mesh 
c half  width of bridge manufacturer ' s  details 
u strand width 
s thickness of  metal 

a effective thickness 
of  expanded metal measured quantity 

for the ceil corresponds to a diameter of 6.6cm 
for the electrodes. The electrode compartment was 
1.7cm in depth and the electrode/membrane gap 
was about 0.1 cm. 30%KOH solution was used in 
both electrode compartments with a flow rate of 
about 100cm3h ~ each. The Luggin probe was 
positioned from the rear through holes in the 

! 

,..,s "w 

Y 
Fig. 9. Front  and side view of expanded metal. 
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Table 3. Calculated quantities of  expanded metals 

inclination angle 

= arc sin 

b2 inner width of  mesh perpendicular to the plane of  electrodes 

b~ = b s i n ( e ) - s  

fe~ total electrode surface related to electrode current cross-section 

412c(u + q) + s(u + 2q)] 
f ~ l  = bl 

with hi, = b~ sin (~) 

1 2 q' ~ / b i ,  + (1 -- 2u) 2 

q = g + q,2 length of  traverse bridge 

f~ projected close electrode area related to the current cross-section 

212e'(u + q') + s'u + 2s"q'] 
fr = bl 

with c' = ccos (c0  

s' = s/sin (~) 

s" = s s i n ( ~ )  

fp open area of the electrode projected to the plane perpendicular to 
the plane of  electrodes related to electrode area in the plane 

2s(u + 2q') 
f p  = 1 -  (b~ + s)l 

expanded metal in front of the electrode plane. The 
selected expanded metals were used anodically and 
cathodically for water electrolysis. A conditioning 
pre-electrolysis was performed before each measure- 
ment for about 2 h with a current of 3 A. iR drop 
determination was based on the aforementioned 
computer-controlled measuring system. Current was 
varied from 1 to 10 A, corresponding to 0.3-3 kA m -2 
of current density. 

Table 4. Typical quantities for selected expanded metal structures 

Expanded 016/2010 163/2510 168/1510 168/2010 285/2010 
metal 

a (ram) 3.1 2.4 2.4 3.0 3.3 
t (ram) I6 16 16 16 28 
b (mm) 7 6 8 8 6 
c (mm) 2 2.5 1.5 2 2 
s (ram) 1 1 1 1 1 
u (mm) 2 5.6 2,1 2.1 10.6 

(grd) 50.8 28,7 53.1 48.6 55.6 
bs (mm) 4.42 1.88 5.40 5.00 3.95 
f~eal/1 1.73 2.19 1.26 1.52 1.85 
f~/l 0,59 1.03 0,43 0.53 0.61 
fp/1 0.67 0.54 0.71 0.70 0.74 

4.3. Results and discussion 

It has been shown [16] that the difference, AU, 
between iR drop with gas-loaded electrode/membrane 
gap, iRgas, and the ohmic drop without gas, iRg,srree 
(Equation 7) 

A U  = iRg~s - iRgasfree (7) 

can be determined by neglecting the gas bubble influ- 
ence on iR drop at low current densities (~< 0.3 kA m- 2). 
This voltage difference is proportional the gas voidage 
of electrolyte in the gap 

A U  ~ ~3gi (8)  

An empirical equation based on Equation 8 was used 
for evaluation of the measured data [16] 

A U = a + mi  with m~ --2d~g (9) 
K 

The slope of the straight line (m) is a measure of gas 
voidage and, therefore, the resistivity of the bubble 
layer at the electrode. The approximate expression for 
m in Equation 9 was derived by an estimation of the 
resistance of the gas-loaded layer of the thickness d, 
not taking into account that eg itself is a function of i 
[16]. Therefore a strong linearity between A U and i can 
only be expected at high currents if the gas voidage 
approaches its limiting value, era. The parameter 
m should be a function of the geometrical quantities 
of the expanded metals and of the limiting gas 
voidage, era, for the gas/electrolyte combination. 
Figures 10 and 11 show a relative iR drop increase 
with increasing current density for oxygen and hydro- 
gen evolution. 

For the iR drop difference data above 6A cell 
current the slopes of the straight lines which are shown 
in Figs 10 and 11 were determined. Table 5 gives these 
parameters. These experimental slopes correspond to 
the slope m in Equation 9. A regression analysis was 
undertaken with these data for determination of 
relevant geometrical factors for the description of iR 
drop. Several empirical correlations were tested and 
selected by means of the minimum standard deviation. 

The determined equation for oxygen evolution 
describing expanded metal performance with respect 
to iR drop as a function of geometric quantities is 

m • 10 3 = al + a z f ~ l  + a3j~ + a4fre.lfp (10) 

Table 5. Slopes of  the straight iR drop difference~current dependency 
for hydrogen and oxygen evolution at various expanded metal 
structures 

Expanded metal Slope (oxygen) Slope (hydrogen) 

(ohmcm 2) (ohmcm 2) 

016/2010 5.15 • 10 -3 10.82 • 10 -3 
163/2510 2.62 • 10 -3 9.97 • 10 -3 
168/1510 7.01 • 10 -3 6.70 • 10 -3 
168/2010 7.20 x 10 -3 6.27 x 10 3 
285/2010 8.36 • 10 -3 0.22 • 10 3 
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Fig. 10. iR drop differences as function of current for oxygen 
evolution; nickel electrodes, 30% KOH. 

with 

al = - 7 5 . 9 5  

a2 = 29.25 

a 3 = 117.33 

a 4 = - 4 1 . 3 2  

The maximum deviation between calculated and 

m x 103 

with 

experimental m values is 7.3% 
Figure 12 shows a decline in m and better perform- 

ance with decreasing total surface (fr~al) and decreas- 
ing transparancy (fp) of  the electrode. A decrease in 
fre,1 corresponds to an increase in local current density. 
The transparency, fp, of  the electrode influences the 
flow through the expanded metal from front to rear 
side transporting the gas behind the electrode. 

The performance of  expanded metal electrodes for 
hydrogen evolution is described by Equation 11. 

freal 
= al + a2freal q- a 3 f p  '}- a4-~p (11) 

al = 64.05 

a 2 = 32.88 

a3 = - 9 3 . 7 8  

a 4 = - -  18.59 
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Fig. 12. Performance parameter b of expanded metal as function of 
f~ea~ and fp according to Equation l0 for oxygen evolution. 

The maximum deviation between calculated and 
experimental m values is 28%. The relatively large 
errors are due to the fact that only 5 points were 
available to determine 4 coefficients. 

Figure 13 shows a decline in m with smaller value of 
the total electrode surface (freaI)" The influence of the 
transparency shows a maximum of m moving with 
higherfre, ] values towards h ighe r f  v values. But also in 
this case m decrease mainly with decreasing fv '  This 
means that a smaller transparency, fp, forces the flow 
towards the rear of  the electrode. In the case of  large 
transparency more gas can rise in front of the elec- 
trode. By comparison of Figs. 12 and 13 it becomes 
obvious that the same parameters are influencing the 
performance of an oxygen- and hydrogen-evolving 
electrode in a differnt manner. Equations 10 and 11 
also show by the a4 terms that different gas/electrolyte 
combinations possess different performance equations. 

5. Investigations at a larger vertical cell 

For verification of the above relationships between 
geometrical quantities and iR drop, which are based 

15" 

zo,,,, \ _ 

Fig. 13. Performance parameter b of expanded metal as function of 
freaI and fv according to Equation 11 for hydrogen evolution. 
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Fig. 14. Normalized resistance over electrode gap; hydrogen 
evolution, 26% NaOH, different electrode geometries: flat plate 
(slope 1), expanded metal type 163/2510 (slope 2), type 168/2010 
(slope 3), type 168/2010 with flow separator (slope 4). 
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Fig. 15. Normalized resistance over electrode gap; oxygen evol- 
ution, 26% NaOH, different electrode geometries: flat plate (slope 
1), expanded metal type 168/2010 (slope 2), type 163/2510 (slope 3), 
type 163/2510 with flow separator (slope 4). 

on measurements in a small membrane cell, tests in a 
larger vertical membrane cell were conducted. 

5.1. Experimental details 

The experiments were carried out in a cell consisting 
of two acrylate electrode compartments and an 
acrylate middle compartment, which was used for 
potential measurements. All parts were reinforced 
with steel frames. The electrode compartments had 
inner dimensions of  103.4 cm height, 5.2 cm width and 
3.0 cm depth;  the middle compartment was 9.0 cm in 
thickness. The electrodes were 100cm in height and 
5.0 cm in width. Thermocouples were positioned from 
the top of the electrode compartments at heights 
between 5.0 and 95.0 cm. The same holds for the two 
Luggin probes, which were positioned in the middle 
compartment. Two membrances (Nation Type 901) 
were used as separators. All measurements were taken 
with 601 electrolyte solution (26% NaOH),  a current 
of 250A, corresponding to a current density of  
5 kA m -2 . Stability of temperature was guaranteed by 
means of a cryostat. Potential and temperature dis- 
tribution was measured every 10 cm from 5 to 95 cm 
height of cell. 

5.2. Results and discussion 

The relevant quantity, the iR drop between electrode 
and membrane was determined on the basis of  an 

analysis of cell potential [17]. Due to a temperature 
increase with height of cell, the resulting data must be 
corrected for temperature dependence and have been 
related to a temperature of 25~ [16]. These values 
normalized to the resistance of the gas-free electrode 
gap at 25 ~ C are shown in Figs 14 and 15 for hydrogen 
and oxygen evolution, respectively. 

While performance factor b (Equation 9) is a 
measure of gas voidage and describes the ability of a 
certain expanded metal structure to divert the gas 
bubble flow, the curves in Figs. 14 and 15 can be 
treated in a similar way. Their slope-normalized resis- 
tivity, which is proportional to gas voidage, versus 
height of cell, is also a description of  the properties 
of  an expanded metal with respect to diverting the 
bubble flow. These two quantities are useful as a basis 
of a qualitative comparison. A similarity in their 
trends would support the assumption that the corre- 
lations for expanded metal performance (Equations 
10a12) found in the small membrane cell also can be 
applied to systems of larger scale. 

A rough estimation of the slope b' of the straight 
lines made up by the normalized resistivity as a func- 
tion of electrode height yields the results in Table 6, 
which compares the performance parameters (e.g. 
slopes) b and b' for the small and the large cell. 

The data from different cell sizes in Table 6 agree 
well in trend and facilitate an optimization of  elec- 
trode geometry for alkaline water electrolysis based 
on Equation 10 and 11. 

Table 6. Comparison of performance parameters of different expanded metal structures at different cell sizes 

Expanded metal H 2 evolution Cell size 02 evolution Cell size 

Small (ohm cm-  l ) Large Small (ohm cm-  1 ) Large 

163/2510 9.97 x l0 -3 4.02 x 10 -2 2.62 • 10 3 4.75 x 10 -z 
168/2010 6.27 • 10 3 3.26 • 10 -2 7.20 x 10 -3 8.17 x 10 3 
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6. Conclusions 

For  small planar electrodes it has been found that the 
inclination angle strongly influences the i R  drop of  the 
bubble curtain in front of  these electrodes. In general, 
with increasing up-faced orientation of the electrode 
the iR  drop decreases. In some cases a minimum i R  

drop at slightly up-faced oriented electrodes could be 
observed. For  hydrogen evolution in acid solution a 
maximum i R  drop was found for a certain down-faced 
orientation of the electrode. 

This behaviour can be explained qualitatively by the 
coalescence barrier model [1]. For  expanded metal 
sheet electrodes the influence of  different geometrical 
parameters on the i R  drop across the electrode 
diaphragm gap was studied in a laboratory cell. I t  was 
found that the inclination angle of  the electrode blades 
and the open fraction of the electrode area (trans- 
parency) are parameters of  great importance. Empiri- 
cal correlations were obtained which are useful for 
geometrical electrode optimization. Furthermore, it 
was shown that expanded metal electrodes of  different 
geometry possess, in a 1 m high cell, broadly the same 
behaviour as that observed in a smaller laboratory 
cell. This means that test experiments for the com- 
parison of different expanded metal electrodes in a 
laboratory cell allow a prediction of their behaviour in 
industrial cells. 
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