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(57) ABSTRACT

An oxygen-consuming electrode for use 1n chloralkali elec-
trolysis, having a novel coating, the production thereof, an
clectrolysis cell comprising the oxygen-consuming electrode
and parameters for the startup and shutdown of the electroly-
s1s apparatus, compliance with which prevents damage to the
cell.
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PROCESS FOR ELECTROLYSIS OF ALKALI
METAL CHLORIDES WITH
OXYGEN-CONSUMING ELECTRODES
HAVING ORIFICES

[0001] Theinvention relates to an oxygen-consuming elec-
trode, especially for use 1n chloralkali electrolysis, and to the
production thereot, to an electrolysis apparatus and to a pro-
cess for electrolysis of aqueous solutions of alkali metal chlo-
rides, complying with particular operating parameters. The
invention further relates to the use of this oxygen-consuming
clectrode 1n chloralkali electrolysis or fuel cell technology.

BACKGROUND OF THE INVENTION

[0002] The invention proceeds from electrolysis processes
known per se for electrolysis of aqueous alkali metal chloride
solutions by means of oxygen-consuming electrodes which
take the form of gas diffusion electrodes and typically com-
prise an electrically conductive carrier and a gas diffusion
layer comprising a catalytically active component.

[0003] Various proposals for operation of the oxygen-con-
suming electrodes 1n electrolysis cells on the industrial scale
are known 1n principle from the prior art. The basic idea 1s to
replace the hydrogen-evolving cathode in the electrolysis (for
example in chloralkali electrolysis) with the oxygen-consum-
ing electrode (cathode). An overview of the possible cell
designs and solutions can be found in the publication by
Moussallem et al. “Chlor-Alkal1 Electrolysis with Oxygen
Depolarized Cathodes: History, Present Status and Future
Prospects™, J. Appl. Electrochem. 38 (2008) 1177-1194.

[0004] The oxygen-consuming electrode—also called
OCE for short heremnaiter—has to meet a series of require-
ments to be usable 1n 1ndustrial electrolyzers. For instance,
the catalyst and all other materials used have to be chemically
stable against concentrated alkali metal hydroxide solutions
and towards pure oxygen at a temperature of typically 80-90°
C. Stmilarly, a high degree of mechanical stability 1s required,
such that the electrodes can be installed and operated 1n
electrolyzers with a size typically more than 2 m” in area
(industrial scale). Further desirable properties are: high elec-
trical conductivity, low layer thickness, high internal surface
area and high electrochemical activity of the electrocatalyst.
Suitable hydrophobic and hydrophilic pores and an appropri-
ate pore structure for transmission ol gas and electrolyte.
Long-term stability and low production costs are further par-
ticular requirements on an industrially usable oxygen-con-
suming electrode.

[0005] A problem 1in the case of arrangement of an OCE 1n
a cathode element where an electrolyte gap 1s present between
membrane and OCE arises from the fact that, on the catholyte
side, the hydrostatic pressure forms a pressure gradient over
the height of the electrode, which 1s opposed on the gas side
by a constant pressure over the height. The etfect of this can
be that, 1n the lower region of the electrode, the hydrophobic
pores too are flooded and liquid gets onto the gas side. On the
other hand, in the case of excessively high gas pressure in the
upper part of the OCE, liqud can be displaced from the
hydrophilic pores and oxygen can get onto the catholyte side.
Both effects reduce the performance of the OCE. In practice,
the effect of this 1s that the construction height of an OCE 1s
limited to about 30 cm unless further measures are taken. In
industrial electrolyzers, electrodes are typically constructed
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with a height of 1 m or higher. For the implementation of such
construction heights, various technologies have been

described.

[0006] WO02001/57290A1 describes a cell in which the lig-
uid 1s conducted from the top downward through a flat porous
clement mounted between OCE and 1on exchange membrane,
called a percolator, 1n a kind of free-falling liquid film, called
talling film for short, along the OCE (finite gap arrangement).
In this arrangement, no liquid column bears on the liquid side
of the OCE, and no hydrostatic pressure profile builds up over
the construction height of the cell. However, the construction
described in WO2001/57290A1 1s very complex. In order to
ensure a homogeneous alkali flow and homogeneous contact
of the OCE with catholyte, percolator, 1on exchange mem-
brane and OCE must be positioned very accurately.

[0007] In another embodiment, the 1on exchange mem-
brane which, 1n the electrolysis cell, divides the anode space
from the cathode space directly adjoins the OCE without an
intervening space into which the alkali metal hydroxide solu-
tion 1s mtroduced and from which it 1s removed (catholyte
gap). This arrangement 1s also referred to as the zero gap
arrangement. The zero gap arrangement 1s typically also
employed 1n fuel cell technology. A disadvantage here 1s that
the alkali metal hydroxide solution which forms has to be
passed through the OCE to the gas side and then flows down-
wards at the OCE. In the course of this, the pores 1n the OCE
must not be blocked by the alkali metal hydroxide solution,
and there must not be any crystallization of alkali metal
hydroxide 1n the pores. It has been found that a very high
alkal1 metal hydroxide concentration can arise here, but it 1s
stated that the 1on exchange membrane at these high concen-
trations lacks long-term stability (Lipp et al., J. Appl. Elec-
trochem. 35 (2005)1015—Los Alamos National Laboratory
“Peroxide formation during chlor-alkali electrolysis with car-
bon-based ODC™).

[0008] A further arrangement, which 1s occasionally also
referred to as “zero gap” but 1s more accurately formulated as
“micro-gap”’, 1s described 1n JP3553775 and U.S. Pat. No.
6,117,286A1. In this arrangement, a further layer of a porous
hydrophilic material which absorbs the aqueous alkali
formed due to its absorptivity and from which at least a
portion of the alkali can drain away downward 1s present
between the 1on exchange membrane and the OCE. The
means of draining of the aqueous alkali 1s determined by the
installation of the OCE and the cell design. The advantage of
this arrangement 1s that the amount of alkali which flows
downwards on the reverse side of the OCE becomes smaller.
As a result, the side of the OCE facing the gas side (reverse
side) becomes more accessible to the oxygen. In addition, the
pore system of the OCE 1s exposed to a smaller amount of
liquid, as a result of which more pore volume 1s available for
gas transport. In contrast to above-described finite gap
arrangements, no aqueous alkali metal hydroxide solution
(alkal1) 1s conducted through the gap between OCE and 1on
exchange membrane as a result of application and drainage;
the porous material present 1 the micro-gap absorbs the
aqueous alkali formed and passes 1t onwards in horizontal or
vertical direction. The arrangement described 1n JP3533775
and U.S. Pat. No. 6,117,286A1 1s referred to hereinafter as
“micro-gap”. A high-performance electrolysis cell with a
micro-gap configuration 1s easier to construct and to operate
than the an electrolysis cell 1n finite gap arrangement.

[0009] U.S. Pat. No. 6,117,286A1 describes a further
embodiment of the “micro-gap” OCE arrangement in which
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the aqueous alkal1 solution 1s conducted from porous hydro-
philic material through slots in the OCE to the side of the OCE

facing the gas side. The orifices serve to allow the alkali metal
hydroxide solution to pass through the porous hydrophilic
material to the gas side of the OCE and to drip downwards in
the gas space thereol The advantage of this arrangement 1s
that the alkali metal hydroxide solution 1s drawn oif on the gas
side of the OCE without any formation of a liquid film on the
OCE, which would hinder the access of oxygen to the OCE.
However, the construction in the embodiments shown 1s com-
plex.

[0010] U.S. Pat. No. 4,332,662A1 describes an OCE for a
zero gap arrangement, which has a series of orifices through
which the alkali metal hydroxide solution formed 1s passed to
the gas side of the OCE. The open area of the orifices 1s 2-80%
of the electrode area, preferably 5-235%. The orifices are
intended to facilitate the flow of the alkali metal hydroxide
solution through the OCE. The alkali metal hydroxide solu-
tion then runs downwards on the gas side of the OCE, but this
hinders access of oxygen to the OCE. In a particular embodi-
ment, the arrangement of a further high-porosity separator
material between membrane and OCE 1s described. Possible
materials mentioned for the additional separator are a paper
made from zirconium oxide fibres, but also paper made from
aluminium oxide or other ceramic fabrics, PVC fabrics or
polypropylene fabrics, and porous mickel. The description
does not state the function of the additional separator mate-
rial. The mention of the hydrophobic PVC and polypropylene
materials suggests that the separator material does not serve
to draw oil the alkali metal hydroxide solution, as 1n the

micro-gap arrangements according to JP3533775 and U.S.

Pat. No. 6,117,286 A1. Disadvantages of the embodiments
described in U.S. Pat. No. 4,332,662 A1 include the relatively
high loss of electrode area and the aforementioned hindrance
of oxygen supply to the OCE.

[0011] An oxygen-consuming electrode consists typically
of a support element, for example a plate of porous metal or a
metal wire mesh, and an electrochemically catalytically
active coating. The electrochemically active coating 1is
microporous and consists of hydrophilic and hydrophobic
constituents. The hydrophobic constituents make 1t difficult
for electrolyte to penetrate through and thus keep the corre-
sponding pores 1n the OCE unblocked for the transport of the
oxygen to the catalytically active sites. The hydrophilic con-
stituents enable the electrolyte to penetrate to the catalytically
active sites, and the hydroxide 1ons to be transported away
from the OCE. The hydrophobic component used 1s generally
a fluorinated polymer such as polytetratluoroethylene
(PTFE), which additionally serves as a polymeric binder for
particles of the catalyst. In the case of electrodes with a silver
catalyst, for example, the silver serves as a hydrophilic com-
ponent. A multitude of compounds have been described as
clectrochemical catalysts for the reduction of oxygen. How-
ever, only platinum and silver have gained practical signifi-
cance as catalysts for the reduction of oxygen in alkaline
solutions.

[0012] Platinum has a very high catalytic activity for the
reduction of oxygen. Due to the high costs of platinum, 1t 1s
used exclusively 1n supported form. A preferred support
material 1s carbon. However, stability of carbon-supported,
platinum-based electrodes 1n long-term operation 1s inad-
equate, probably because platinum also catalyses the oxida-

il
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tion of the support material. Carbon additionally promotes the
unwanted formation of H,O,, which likewise causes oxida-
tion.

[0013] Silver likewise has a high electrocatalytic activity
for the reduction of oxygen.

[0014] Silver can be used 1n carbon-supported form, and
also as fine metallic silver. Even though the carbon-supported
s1lver catalysts are more durable than the corresponding plati-
num catalysts, the long-term stability thereof under the con-
ditions 1n oxygen-consuming electrodes, especially in the
case of use for chloralkali electrolysis, 1s also limited.

[0015] In the case of production of OCEs comprising
unsupported silver catalyst, the silver 1s preferably introduced
at least partly 1n the form of silver oxides, which are then
reduced to metallic silver. The reduction 1s generally effected
when the electrolysis cell 1s first started up. The reduction of
the silver compounds also results in a change 1n the arrange-
ment of the crystals, more particularly also to bridge forma-
tion between individual silver particles. This leads to overall
consolidation of the structure.

[0016] It has been observed that, when the electrolysis cur-
rent 1s switched ofl, the silver catalyst can be oxidized again.
The oxidation 1s apparently promoted by the oxygen and the
moisture 1n the half-cell. The oxidation can result in rear-
rangements in the catalyst structure, which have adverse
cifects on the activity of the catalyst and hence on the perfor-
mance of the OCE.

[0017] It has also been found that the performance, espe-
cially the electrolysis voltage required, in an OCE with a
silver catalyst depends considerably on the startup condi-
tions. This applies both to the first startup of an OCE and to
the further startups after a shutdown. It 1s one of the objects of
the present invention to find specific conditions for the opera-
tion and especially the shutdown and startup of an OCE with
a silver catalyst, which ensure a high performance of the
OCE.
[0018] A further central element of the electrolysis cell 1s
the 10n exchange membrane. The membrane 1s pervious to
cations and water and substantially impervious to anions. The
ion exchange membranes 1n electrolysis cells are subject to
severe stress: They have to be stable towards chlorine on the
anode side and to severe alkaline stress on the cathode side at
temperatures around 90° C. Perfluorinated polymers such as
PTFE typically do not withstand these stresses. The 1ons are
transported via sulphonate groups and/or carboxylate groups
polymerized into these polymers. Carboxylate groups exhibit
higher selectivity; the polymers containing carboxylate
groups have lower water absorption and have higher electrical
resistance than polymers containing sulphonate groups. In
general, multilayer membranes are used, with a thicker layer
containing sulphonate groups on the anode side and a thinner
layer containing carboxylate groups on the cathode side. The
membranes are provided with a hydrophilic layer on the
cathode side or both sides. To improve the mechanical prop-
erties, the membranes are reinforced by the inlaying of wov-
ens or knits; the reinforcement is preferably incorporated into
the layer containing sulphonate groups.

[0019] Due to the complex structure, the 1on exchange
membranes are sensitive to changes in the media surrounding
them. Different molar concentrations can result in formation
of significant osmotic pressure gradients between the anode
and cathode sides. When the electrolyte concentrations
decrease, the membrane swells as a result of increased water
absorption. When the electrolyte concentrations increase, the
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membrane releases water and shrinks as a result; in the
extreme case, withdrawal of water can cause precipitation of
solids 1n the membrane. Concentration changes can thus
cause disruption and damage at the membrane. The result
may be delamination of the layer structure (blister formation),
as a result of which the mass transfer through the membrane
deteriorates.

[0020] In addition, pinholes and, in the extreme case,
cracks can occur, which can result 1n mixing of anolyte and

catholyte.

[0021] In production plants, 1t 1s desirable for electrolysis
cells to be operated over periods of several years, without
opening them 1n the meantime. Due to variation in demand
volumes and faults 1n production sectors upstream and down-
stream of the electrolysis, electrolysis cells in production
plants, however, inevitably have to be repeatedly run down
and back up again.

[0022] On shutdown and restart of the electrolysis cells,
there occur conditions which can lead to damage to the cell
clements and considerably reduce the lifetime thereof More
particularly, oxidative damage has been found 1n the cathode
space, as have damage to the OCE and damage to the mem-
brane.

[0023] The prior art discloses few modes of operation with
which the risk of damage to the electrolysis cells in the course
of startup and shutdown can be reduced.

[0024] Inthe cathode, strongly oxidative conditions exist as
a result of the oxygen, and these can no longer be compen-
sated for by the electrolysis current on shutdown. After the
clectrolysis current has been switched off, moreover, chloride
ions diffuse to an increased extent through the membrane into
the cathode space. Chloride 1ons promote corrosion pro-
cesses; 1n addition, oxidation of the silver catalyst can form
insoluble silver chloride. The result 1s damage to the electrode
and also to the entire cathode space.

[0025] When the electrolysis voltage drops away, the mass
transfer through the membrane caused by the current tlow
also stops. The membrane becomes deficient in water; there
may be shrinkage and precipitation of solids and subse-
quently cracks and pinhole formation; the passage of anions
through the membrane 1s facilitated. On restart, 1n turn, an
excessively low water content hinders mass transfer through
the membrane. Which leads to a pressure increase and
delamination at the interfaces.

[0026] Inhomogeneities in the water and/or 10n distribution
in the membrane and/or the OCE, on restart, lead to local
spikes 1n the current and mass transier, which subsequently

[ 1

result 1n damage to the membrane or the OCE.

[0027] Problems are also presented by the precipitation of
alkal1 metal chloride salts on the anode side. The significant
osmotic gradient between anolyte and catholyte results 1n
water transport from the anode space to the cathode space. As
long as the electrolysis 1s 1n operation, the water transport out
of the anode space 1s countered by a loss of chloride and alkali
metal 1ons anode, such that the concentration of alkali metal
chloride falls in the anode space under standard electrolysis
conditions. When the electrolysis 1s switched off, the water
transport from the anode space into the cathode space caused
by the osmotic pressure remains. The concentration in the
anolyte rises above the saturation limit. The result 1s precipi-
tation of alkali metal chloride salts, especially at the boundary
region to the membrane, which lead to damage to the mem-
brane.
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[0028] A measure known from conventional membrane
clectrolysis 1s the maintenance of a polarization voltage,
which means that, when the electrolysis 1s ended, the poten-
tial difference 1s not regulated down to zero, but maintained at
the level of the polarization voltage. In practical terms, a
somewhat higher voltage than that required for the polariza-
tion 1s set, such that there 1s a constant low current density and
a small degree of resultant electrolysis. However, in the case
of use of OCEs, this measure alone 1s isuificient to prevent
oxidative damage to OCEs 1n the course of startup and shut-
down.

[0029] Published specification JP 2004-300310 A
describes an electrolysis process using a micro-gap arrange-
ment, 1n which corrosion 1n the cathode space 1s to be pre-
vented by flooding the gas space with sodium hydroxide
solution on shutdown of the cell. The tlooding of the gas space
with sodium hydroxide solution accordingly protects the
cathode space from corrosion, but gives 1nadequate protec-
tion from damage to the electrode and the membrane on
shutdown and startup, or during shutdown periods.

[0030] U.S. Pat. No. 4,578,159A1 states that, for an elec-

trolysis process using a zero gap arrangement, purging the
cathode space with 35% sodium hydroxide solution prior to
startup of the cell, or starting up the cell with low current
density and gradually increasing the current density, can pre-
vent damage to membrane and electrode. This procedure
reduces the risk of damage to membrane and OCE during
startup, but does not give any protection from damage during,
shutdown and shutdown periods.

[0031] Document U.S. Pat. No. 4,364,806A1 discloses that
exchange of the oxygen for nitrogen after regulating the elec-
trolysis current downwards will prevent corrosion in the cath-
ode space. According to WO2008009661 A2, the addition of
a small proportion of hydrogen to the oxygen will give rise to
an 1improvement in protection from corrosion damage. The
methods mentioned, however, are complex, especially from a
safety point of view, and entail the installation of additional
equipment for nitrogen and hydrogen supply. On restart, the
pores of the OCE are partly filled with nitrogen and/or hydro-
gen, which prevents the supply of oxygen to the reactive sites.
The process also does not give any protection from damage to
the 1on exchange membrane and places high safety require-
ments for avoidance of explosive gas mixtures.

[0032] The Final Technical Report “Advanced Chlor-Al-
kal1 Technology™ by Jerzy Chlistunoif (Los Alamos National
Laboratory, DOE Award 03EE-2F/Ed190403, 2004) details
conditions for the temporary shutdown and startup of zero
gap cells. In the case of shutdown, after the electrolysis cur-
rent has been stopped, the oxygen supply 1s stopped and
replaced by nitrogen. The moistening of the gas stream 1s
increased 1n order to wash out the remaining sodium hydrox-
ide solution. On the anode side, the brine 1s replaced by hot
water (90° C.). The procedure 1s repeated until a stable volt-
age (open-circuit voltage) has been attained. The cells are
then cooled, then the supply of moist nitrogen and the
pumped circulation of the water on the anode side are
stopped.

[0033] For the restart, the anode side 1s first filled with

brine; on the cathode side, water and nitrogen are itroduced.
The cell 1s then heated to 80° C. Then the gas supply 1is
switched to oxygen and a polarization voltage with low cur-
rent tlow 1s applied. Subsequently, the current density 1s
increased and the pressure 1n the cathode 1s increased; the
temperature rises to 90° C. Brine and water supply are sub-
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sequently adjusted such that the desired concentrations on the
anode and cathode sides are attained.

[0034] On reduction of the NaOH concentration as a result
ol increased water supply on the cathode side, with mainte-
nance of the NaCl concentration on the anode side, there 1s an
increase in diffusion of chloride 1ons nto the cathode space,
with the correspondingly adverse effects with regard to cor-
rosion in the cathode space and the deactivation of the OCE.
On restart, pure water 1s iitially charged on the cathode side
and concentrated brine on the anode side, and so an even
higher chloride burden is to be expected on the cathode side
here too.

[0035] On replacement of the anolyte with water at 90° C.
during the runming-down operation, swelling and expansion
of the membrane are to be expected, which increases the risk
of cracks and other damage. The procedure described 1s very
complex; more particularly, for industrial electrolysis pro-
cesses, a very high level of complexity 1s required.

[0036] It should be stated that the techmiques described to
date for startup and shutdown of an OCE are disadvantageous
and give only 1nadequate protection from damage. More par-
ticularly, the processes described do not give suificient pro-
tection 1n the case of an OCE with micro-gap arrangement.
[0037] It 1s an object of the present invention to find
improved electrolysis units for chloralkali electrolysis using
an OCE with micro-gap arrangement and a silver catalyst as
the electrocatalytic substance, in which damage in the course
of startup and shutdown and the itervening shutdown period
1s avoided. The operating parameters for the operation of such
a unit, especially for the running-up and -down, should be
casy to perform, and compliance therewith should prevent
damage to membrane, electrode and/or other components of
the electrolysis cell.

SUMMARY OF THE INVENTION

[0038] The invention provides an oxygen-consuming elec-
trode for use in electrolysis cells with a micro-gap arrange-
ment, especially having a distance of 0.01 mm to 2 mm
between 1on exchange membrane and oxygen-consuming,
clectrode, having at least one carrier element 1n the form of a
sheetlike structure and a coating with a gas diffusion layer and
a catalytically active component, wherein the coating with the
gas diffusion layer has apertures having a diameter or a height
o1 0.5 mm-20 mm, preferably 1 mm-1 mm, preferably having
a cross-sectional area of 0.05% up to 15% of the total OCE
area.

[0039] The invention further provides a process for con-
ducting a chloralkali electrolysis with an electrolysis cell
comprising such an oxygen-consuming electrode (OCE) 1n a
micro-gap configuration, especially with a distance of 0.01
mm to 2 mm between 1on exchange membrane and oxygen-
consuming electrode, the cell having at least one anode space
comprising anolyte, an 1on exchange membrane, a cathode
space with an oxygen-consuming electrode as the cathode,
said oxygen-consuming electrode comprising a silver-con-
taining catalysts and a flat, porous element between OCE and
membrane, the process element having a thickness of 0.01
mm to 2 mm, wherein application of the electrolysis voltage
between anode and cathode 1s preceded, 1n a first step, by
wetting of the oxygen-consuming electrode on the gas side
with an aqueous alkali metal hydroxide solution having a
content of chloride 1ons of not more than 1000 ppm, prefer-
ably not more than 700 ppm, more preferably not more than
500 ppm, and, after subsequent introduction of the anolyte
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into the anode space and of an oxygenous gas 1nto the cathode
space, the electrolysis voltage 1s applied.
[0040] The invention also provides a process for conduct-
ing a chloralkali electrolysis with an electrolysis cell com-
prising such an oxygen-consuming electrode in a micro-gap
configuration, the cell having at least one anode space com-
prising anolyte, an 1on exchange membrane, a cathode space
with the OCE having a silver-containing catalyst and a flat
porous element between OCE and membrane, the process
clement having a thickness of 0.01 mm to 2 mm, wherein, at
the end of the electrolysis operation, for shutdown, at least the
following steps are conducted 1n the following sequence:
[0041] {flushing the anolyte to free 1t of chlorine and
cooling the anolyte

[0042] switching off the electrolysis voltage
[0043] emptying the anode space
[0044] preferably refilling the anode space with one of

the following liquids: dilute alkali metal chloride solu-

tion of not more than 4 mol/l or deionized water, with

subsequent emptying of the anode space

[0045] filling the cathode space with one of the following,

liquids: dilute alkali metal hydroxide solution of not

more than 4 mol/l or detonized water, with subsequent

emptying of the cathode space.
[0046] Thesetwo variants of the electrolysis process are, 1n
a preferred embodiment, combined with one another, such
that both the conditions described for the startup of the elec-
trolysis and for the shutdown are complied with. This also
includes the preferred variants described hereinafter.
[0047] It has been found that, surprisingly, such a novel
OCE with small apertures compared to the overall electrode
area, through a sequence of simple measures 1n the course of
startup and shutdown, retains 1ts performance over a long
period. The mnventive OCEs are especially suitable for indus-
trial electrolysis units with electrodes of height 1 m and
higher, but are not limited thereto. The mventive OCEs and
the process for operating these OCEs 1s especially suitable for
the electrolysis of aqueous sodium chloride and potassium
chloride solutions.

Detailed Description

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIG. 1 a schematic view of an OCE with horizontal
slots 1
[0049] FIG. 2 a schematic view of an OCE with diagonally

arranged slots 2
[0050] FIG. 3 a schematic view of an OCE with horizon-
tally arranged rows of holes 3

[0051] FIG. 4 a schematic view of an OCE with holes 4
distributed homogeneously over the electrode area

[0052] FIG. 5 a schematic cross section through an OCE 8
with horizontal slots 5 and guide plates 6 and 10n exchange
membrane 7

[0053] The apertures in the OCE may be configured 1n any
form. Preference 1s given to round, oval, rectangular or trap-
ezoidal cross sections. Possible embodiments are shown 1n
FIGS. 1 to 4. Particular preference 1s given to slots, which
may be arranged horizontally, vertically or diagonally. FIG. 1
shows an OCE with horizontal slots 1 at three different
heights. Vertical slots may also be arranged 1n a similar way.
FIG. 2 shows diagonally arranged slots 2. FIG. 3 shows
apertures 1n hole form, the holes 3 1n FIG. 3 being shown 1n
oversized form 1n relation to the OCE size. FI1G. 4 15 a variant
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with holes 4 distributed homogeneously over the OCE area;
here too, the size of the holes 1s shown 1n oversized form in
relation to the OCE area. Equally, more of the holes may be
arranged 1n the upper part of the OCE (not shown).

[0054] The diameter or height of the apertures (the shorter
side 1n the case of a rectangular cross section, the shorter
diameter 1n the case of an oval cross section; to be applied
analogously 1n the case of other geometries) 1s 0.5 mm-20
mm, preferably 1 mm-10 mm.

[0055] The apertures somewhat reduce the area of the cata-
lytically active layer. It 1s found, however, that the losses are
small and are acceptable with regard to the advantages of
long-term stability for a multitude of startup and shutdown
operations. This 1s achievable particularly when the total area
of the apertures 1s 0.05%-15% of the electrode area. Prefer-
ence 1s therefore also given to an oxygen-consuming elec-
trode 1n which the total area of the apertures 1n relation to the
side of the electrode which 1s to face the 10n exchange mem-
brane 1s 0.05 to 15%, preferably Ito 12%, of the electrode
area.

[0056] The apertures may be distributed homogeneously
over the electrode area. Preference 1s given to arrangements 1n
which the majority of the apertures are in the upper third of
the electrode. The majority here means more than 60% of the
sum of all passage orifices. In a particularly preferred
embodiment, one slot 1n each case 1s present at a distance of
0.5 cm to 10 cm from the upper and lower edges. It 1s likewise
conceivable that the slots are arranged vertically or diago-
nally.

[0057] The apertures may run horizontally in the direction
of passage or be provided with a gradient (arranged diago-
nally, see FI1G. 2).

[0058] Through the passage orifices, it 1s also possible for
the sodium hydroxide solution to pass from the gap between
membrane and OCE to the side of the OCE {facing the gas
side. In construction terms, 1t 1s possible here for devices
which are installed in the cathode half-shell to take up the
sodium hydroxide solution as 1t passes through and conduct it
away from the side of the OCE facing the gas side, as shown
in principle in FIG. 5. Especially in the case of slots, 1t 1s
possible, for example, for guide plates 6 below the slots 5 to
be 1nstalled on the structure of the cathode half-shell, which
take up the alkali metal hydroxide solution and, for example,
allow 1t to drip off, such that it no longer comes into contact
with the OCE.
[0059] Preferably, the total area of the apertures in relation
to the side of the electrode which 1s to face the 1on exchange
membrane 1s 0.05 to 15%, preferably 1 to less than 12%, of
the OCE area.

[0060] The apertures can preferably be configured so as to
be continuous through the entire oxygen-consuming elec-
trode, 1.e. both through the catalytically active layer and the
carrier element. The apertures may be configured such that
they affect only the catalytically active layer, and the carrier
clement remains 1n the apertures. Since the carrier element 1s
intrinsically pervious and 1t remains in the region of the
aperture, the mechanical stability of the OCE 1s not impaired.
It may be advantageous to leave the carrier element 1n the
apertures 1n some embodiments, for example 1n the case of
particular OCE manufacturing processes.

[0061] The mventive oxygen electrodes with apertures can
be produced by various techniques.

[0062] For instance, in OCEs manufactured by the dry or
wet process, the apertures can be created by stamping, cut-
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ting, drilling, machining or other perforation techniques. In
general, apertures are created here through the overall elec-
trode including the carrier element.

[0063] It 1s also possible through measures during the
manufacture of the electrodes to set conditions for the elec-
trode to have the desired apertures. This can be accomplished,
for example, by mlaying of strips, cylindrical bodies or analo-
gously dimensioned displacement bodies corresponding to
the dimensions of the apertures prior to application and com-
paction of the catalyst composition. In this embodiment, the
carrier element preferably remains 1n its original form. The
displacement body can also be positioned such that 1t 1s
arranged 1n opposite positions on both sides of the carrier
clement. The displacement bodies are configured such that
they can be removed again 1n the course of the manufacturing
process. This can be accomplished by taking them out, but
also by melting or other physical or chemical methods.
[0064] The operating parameters for the startup and shut-
down of an electrolysis cell are described hereinafter for an
clectrolysis cell having an inventive OCE with a silver cata-
lyst and micro-gap configuration and a standard alkali metal
chloride concentration (anolyte) of 2.5 to 4.0 mol/l and an
alkali metal hydroxide concentration (catholyte) of 8 to 14
mol/l, without wishing to restrict the execution to the proce-
dure described. According to the invention, for the startup and
shutdown of such an electrolysis cell, 1t 1s also possible to use
further embodiments 1n which, prior to startup, the cathode
space 1s wetted with a sodium hydroxide solution having low
contamination with chloride 10ons, and in which, in the course
of shutdown, after the electrolysis voltage has been switched
off, 1 a first step, the anolyte 1s released and preferably the
anode space 1s flushed and, 1n a subsequent step, the catholyte
1s released and the cathode space 1s flushed.

[0065] The startup of an electrolysis unit with micro-gap
arrangement, an OCE having a silver catalyst, and an 1on
exchange membrane soaked 1n alkaline water 1n accordance
with the prior art 1s effected by, in a first step, wetting the
cathode space with aqueous alkali. The wetting 1s effected,
for example, by filling the cathode space with alkali metal
hydroxide solution and emptying 1t immediately thereaftter.
The concentration of the aqueous alkali to be used 1s between
0.01 and 13.9 mol/l, preferably 0.1 to 4 mol, of alkal1 metal
hydroxide per litre. The aqueous alkali must be very substan-
tially free of chloride and chlorate 10ns.

[0066] Preference 1s given to a process in which the alkali
metal hydroxide solution introduced in the catholyte feed
prior to application of the electrolysis voltage has a content of
chloride 1ons of not more than 1000 ppm, preferably not more
than 700 ppm, more preferably not more than 500 ppm.

[0067] Preference 1s also given to a process in which the
alkali metal hydroxide solution introduced 1n the catholyte
feed prior to application of the electrolysis voltage has a
content of chlorate 10ns of not more than 20 ppm, preferably
not more than 10 ppm.

[0068] The temperature of the alkali metal hydroxide solu-
tion for the wetting 1s 10-95° C., preferably 15-60° C.

[0069] The residence time of the alkali metal hydroxide
solution in the cathode space 1s between immediate emptying,
meaning that, atter complete filling, the alkali metal hydrox-
ide solution 1s immediately released again from the cathode
space, and 200 muin.

[0070] Adter the alkali metal hydroxide solution has been
released from the cathode space, oxygen 1s added. Preference
1s given to releasing the sodium hydroxide solution and add-
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ing the oxygen in such a way that the oxygen displaces the
sodium hydroxide solution introduced. The positive pressure

in the cathode 1s set in accordance with the configuration 1n
the the cell, generally of the magnitude of 10 to 100 mbar.

[0071] The concentrations are determined by titration or
another method known to those skilled 1n the art.

[0072] For the wetting of the cathode space, preference 1s
given to using alkali metal hydroxide solution from regular
production. Alkali from shutdown operations is unsuitable for
the wetting prior to startup of the cell particularly because of
the contamination with chloride 10ons.

[0073] Adter the alkali metal hydroxide solution has been
released from the cathode space, the oxygen 1s added. Pret-
erence 1s gven to releasing the sodium hydroxide solution
and adding the oxygen in such a way that the oxygen dis-
places the sodium hydroxide solution introduced. The posi-
tive pressure 1n the cathode is set in accordance with the
configuration in the the cell, generally of the magnitude of

10-100 mbar.

[0074] Adfter the alkali metal hydroxide solution has been
released from the cathode space, the anode space 1s filled with
alkal1 metal chloride solution (brine). The brine meets the
purity requirements customary for membrane electrolyzers.
After filling the anode space, the brine, according to the usual
apparatus conditions, 1s conducted through the anode space
by pumped circulation. In the course of pumped circulation,
the anolyte can be heated. The temperature of the brine sup-
plied 1s selected such that a temperature of 30-93° C. 1s
established in the output from the anode space. The alkali

metal chloride concentration n the anolyte supplied 1s
between 150 and 330 g/1.

[0075] Adfter filling the anode space and starting up the
anode circulation, the electrolysis voltage 1s applied 1n the
next step. This preferably immediately follows filling of the
anode and attainment of a temperature of the brine leaving the
anode space of more than 60° C. It 1s advantageous when
filling of the anode space 1s followed by switching on at least
of the polarization voltage or of the electrolysis voltage. The
polarization voltage or electrolysis voltage 1s adjusted such
that a current density of 0.01 A/m* to 40 A/m?, preferably 10
to 25 A/m”, is established. The time at this current density
should not be more than 30 minutes, preferably 20 minutes.

[0076] Overall, the total period for the startup should be
kept to a minimum. The time after the filling of the anode
space with brine and the attainment of an electrolysis power
of >1 kA/m” should be less than 240 minutes, preferably less
than 150 munutes. The electrolysis current 1s preferably
increased at a rate of 3 to 400 A/m” per minute. The electroly-
s1s cell 1s then operated with the design parameters, for
example with a concentration of 2.5-4.0 mol of alkali metal
chlornide per litre 1n the anode space, a current density of 3-6
kA/m” and a 50% to 100% excess of oxygen in the gas supply.
The oxygen which 1s introduced into the cathode compart-
ment 1s preferably saturated with water vapor at room tem-
perature (ambient temperature). This can be effected, for
example, by passing the oxygen through a water bath before
it 1s 1ntroduced into the cathode compartment. It 1s likewise
conceivable that the moistening 1s effected at higher tempera-
ture. The concentration of the sodium hydroxide solution
flowing out of the cathode compartment 1s established essen-
tially through the choice of 10n exchange membrane and of
alkali metal chloride concentration 1n the anode space,
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between 8 and 14 mol/l. The alkali metal hydroxide solution
advantageously flows out of the cathode space of 1ts own
accord.

[0077] The process described 1s suitable both for the first

startup of electrolysis units after the mstallation of a silver-
containing, especially of an mventive silver oxide-contain-
ing, OCE which has not been operated before, and for the
startup of electrolysis cells comprising an mventive OCE
alter a shutdown.

[0078] In the shutdown of the electrolysis cell, the follow-
ing steps are conducted 1n the followng sequence:

[0079] lowering the electrolysis voltage and removing
chlorine from the anolyte, such that less than 10 ppm of
active chlorine 1s present in the anolyte

[0080] lowering the temperature of the anolyte to less
than 60° C. (20-60° C.) and emptying the anode space

[0081] preferably refilling of the anode space with one of
the following liquids: dilute alkali metal chloride solu-
tion of not more than 4 mol/l or deionized water

[0082] emptying the anode space, preferably after 0.01
to 200 min

[0083] {illing the cathode space with one of the following
liquads: dilute alkali metal hydroxide solution 01 0.01 to
4 mol/l or deionized water

[0084] emptying the cathode space, preferably after 0.01
to 200 muin.

[0085] In afirst step, the electrolysis voltage 1s downregu-
lated. In this context, the voltage can be downregulated to
zero. Preferably, after running down the electrolysis current,
a voltage 1s maintained and this 1s only switched ofl after
reduction of the chlorine content 1n the anode space to <10
mg/l, preferably less than 1 mg/l. Chlorine content 1s under-
stood here to mean the total content of dissolved chlorine 1n
the oxidation state of O or higher. The remaiming chlorine 1s
preferably removed from the anode space 1n such a way that
chlorine-free anolyte 1s supplied with simultaneous removal
ol chlorine-containing anolyte, or by pumped circulation of
the anode circuit with simultaneous separation and removal
of chlorine gas. The voltage during this operation 1s adjusted
such that a current density of 0.01 to 40 A/m>, preferably 10
to 25 A/m?, is established. After switching off the electrolysis
voltage and polarization voltage, the anolyte 1s released.
[0086] Adfter switching off the electrolysis voltage, the
anolyte 1s cooled to a temperature below 60° C. and then
released.

[0087] Thereatter, the anode space 1s flushed. The flushing
1s elfected with highly dilute brine having an alkali metal
chloride content of 0.01 to 4 mol/l, with water or, preferably,
with deionized water. The flushing 1s preferably effected by
filling the anode space once and immediately releasing the
flush liquid. The flushing can also be effected in two or more
stages, Tor example by first filling with a dilute brine having
an alkali metal chloride content of 1.5-2 mol/l and emptying,
and then filling further with highly dilute brine having an
NaCl content 01 0.01 mol/l or with deionized water and emp-
tying. The flush solution can be released again directly after
the complete filling of the anode space or may reside for up to
200 min 1n the anode space and then be released. After the
release, a small residual amount of flush solution remains 1n
the anode space. Thereatter, the anode space remains encased
or shut off, without direct contact to the surrounding atmo-
sphere.

[0088] After emptying the anode space, catholyte still
present 1s released from the cathode space, then the gas space
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of the cathode 1s flushed. The flushing 1s effected with highly
dilute aqueous alkali having an alkali metal hydroxide con-
tent ol up to 4 mol/l, with water or, preferably, with deionized
water. The flushing 1s preferably effected by filling the gas
space once and immediately releasing the flush liquid. The
flushing can also be effected in two or more stages, for
example by first filling with a dilute alkal1 having an alkali
metal hydroxide content of 1.05-3 mol/l and emptying, and
then filling further with highly dilute alkali having an alkali
metal hydroxide content 01 0.01 mol/l or with deionized water
and emptying. The flush solution can be released again
directly after the complete filling of the cathode space or may
reside for up to 200 min in the cathode space and then be
released. After the release, a small residual amount of flush
solution remains in the cathode space. The cathode space
remains encased or shut off, without direct contact to the
surrounding atmosphere.

[0089] The oxygen supply can be switched off when the
polarization voltage 1s switched off The oxygen supply 1s
preferably switched ofl before the emptying and flushing of
the cathode space; the orifice for the oxygen supply, 1n the
course of filling, serves for venting or degassing of the cath-
ode space.

[0090] After emptying anode space and cathode space, the
clectrolysis cell with the moist membrane can be kept ready
for a short-notice startup 1n the installed state over a pro-
longed period, without impairing the performance of the elec-
trolysis cell. In the case of shutdown periods extending over
several weeks, 1t 1s appropriate, for stabilization, to flush or to
wet the anode space with dilute aqueous alkali metal chloride
solution and the cathode space with dilute aqueous alkali
metal hydroxide solution at regular intervals. Preference 1s
given to tlushing at intervals of 1-12 weeks, particular pret-
erence to intervals of 4-8 weeks. The concentration of the
dilute alkali metal chloride solution used for flushing or wet-
ting 1s 1-4.8 mol/l. The flush solution can be released again
directly after the complete filling of the anode space or may
reside for up to 200 min 1n the anode space and then be
released. The concentration of the alkali metal hydroxide
solution used for flushing or wetting 1s 0.1 to 10 mol/l, prei-
erably between 1 and 4 mol/l. The temperature of the brine or
of the alkali metal hydroxide solution may be between 10 and
80° C., but preferably 15-40° C. The flush solution can be
released again directly after the complete filling of the cath-
ode space or may reside for up to 200 min 1n the cathode space
and then be released.

[0091] A further embodiment of the process involves flush-
ing the electrode spaces, which are understood to mean the
cathode and anode spaces of the electrolysis cell, with moist-
ened gas.

[0092] For this purpose, for example, water-saturated nitro-
gen 15 mtroduced into the anode space.

[0093] Altematively, oxygen can also be introduced.

[0094] The gas volume tlow rate will measure such that a 2-
to 10-fold volume exchange can be effected.

[0095] The gas volume flow rate for a gas volume of 100
litres may be 1 I/h to 200 I/h at a temperature of 5 to 40° C., the
temperature of the gas preferably being ambient temperature,
1.e. 15-25° C. The purge gas 1s saturated with water at the
temperature of the gas.

[0096] The electrolysis cell which has been taken out of
operation by the above process 1s put back into operation by
the process described previously. In the case of compliance
with the process steps described, the electrolysis cell can pass
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through a multitude of running-up and -down cycles without
any impairment 1n the performance of the cell.

[0097] The invention 1s illustrated 1n detail by way of
example heremafter with reference to the figures.

EXAMPLES

Example 1

[0098] A powder mixture consisting of 7% by weight of
PTFE powder, 88% by weight of silver(l) oxide and 5% by
weight of silver powder was applied to a mesh of nickel wires
and pressed to form an oxygen-consuming electrode (OCE).
The electrode was 1nstalled 1into an electrolysis unit with an
area of 100 cm® having an ion exchange membrane of the
DuPON'T N2030 type and a PW3MFBP carbon fabric from
Zoltek with a thickness of 0.3 mm. The carbon fabric was
arranged between OCE and membrane. The electrolysis unit
has, 1 the assembly, an anode space with anolyte feed and
drain, with an anode made from coated titanium (ruthenium
oxide coating), a cathode space with the OCE as the cathode,
and with a gas space for the oxygen and oxygen inlets and
outlets, a liquid drain and a carbon fabric, and an 1on
exchange membrane, which are arranged between anode
space and cathode space. OCE, carbon fabric and ion
exchange membrane were pressed onto the anode with a
pressure of approx. 30 mbar by virtue of a higher pressure in
the cathode chamber.

[0099] In the first step, the cathode space was filled with a
30% by weight sodium hydroxide solution at 80° C., having
a content of chloride 1ons of 20 ppm and a content of chlorate
ions of <10 ppm, and then emptied again. In the course of
emptying, oxygen was supplied, such that the resulting gas
space was filled with oxygen. After emptying, a positive
pressure of 30 mbar was established on the cathode side.

[0100] In the next step, the anode space was filled with
brine having a concentration o1 210 g NaCl/l at’70° C., and the
anode circulation was put into operation. Immediately after
attainment of constant running of the anode circulation, the
clectrolysis voltage was switched on. The electrolysis current
was controlled such that an electrolysis current of 1 kA/m?
was attained after 5 minutes, and an electrolysis current of 3
kA/m” after 30 minutes. The plant was operated over 3 days
with a power of 3 KA/m~ and an electrolysis voltage of 1.90-
1.95 V, a concentration of the sodium hydroxide solution
removed o1 32% by weight and a temperature in the electroly-

s1s cell of 88° C.

Example 2

[0101] A powder mixture consisting ol 7% by weight of
PTFE powder, 88% by weight of silver(l) oxide and 3% by
weight of silver powder was applied to a mesh of nickel wires
and pressed to form an oxygen-consuming electrode. The
elfective OCE area was 10*10 cm. A cutter knife was used to
cut one horizontal slot each of height 2 mm through the
clectrode, 1 cm above the lower edge and 1 cm below the
upper edge. 4% ol the OCE area was removed. The OCE was
installed 1nto an electrolysis unit having an 1on exchange
membrane of the DuPONT N2030 type and a Zoltek PWO03
carbon fabric with a thickness of 0.3 mm between OCE and
membrane.

[0102] In the first step, the cathode space was filled with a
30% by weight sodium hydroxide solution at 80° C., having
a content of chloride 1ons of 20 ppm and a content of chlorate
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ions of <10 ppm, and then emptied again. In the course of
emptying, oxygen was supplied, such that the resulting gas
space was filled with oxygen. After emptying, a positive
pressure of 30 mbar was established on the cathode side.
[0103] In the next step, the anode space was filled with
brine having a concentration of 210 g NaCl/l at 70°, and the
anode circulation was put 1mnto operation Immediately after
attainment of constant running of the anode circulation, the
clectrolysis voltage was switched on. The electrolysis current
was controlled such that an electrolysis current of 1 kA/m”
was attained after 5 minutes, and an electrolysis current of 4
kA/m” after 30 minutes. The plant was operated over 10 days
with apower of 4 kA/m” and an electrolysis voltage of2.0-2.2
V, a concentration of the sodium hydroxide solution removed
ol 32% by weight and a temperature 1n the electrolysis cell of
90° C. The mean electrolysis voltage was 2.14 V.

[0104] As a result of making the slots 1n the OCE, no

relevant deterioration 1n the electrolysis power was found.

Example 3

[0105] Theelectrolysis unitaccording to Example 1, after a
run time of 3 days, was put out of operation as follows:

[0106] The electrolysis current was run down to 90 A/m~.
The anolyte was circulated for more than 60 minutes, until a
chlorine content of <1 mg/l had been attained, then the elec-
trolysis current was switched off Within this time, the anolyte
cooled down to 70° C. The anode space was emptied, then
filled with deionized water to overflowing, and immediately
emptied again.

[0107] Thereafter, liquid remaining in the cathode space
was released, the oxygen supply was switched oif and the
cathode space was filled to overflowing with deionized water
and immediately emptied again.

[0108] 30 h after the shutdown, the electrolysis unit from
Example 2 was put back into operation as follows:

[0109] In the first step, the cathode space was filled with a
32% by weight sodium hydroxide solution at 80 © C., having
a content of chloride 1ons of 20 ppm and a content of chlorate
ions of <10 ppm, and then emptied again. In the course of
emptying, oxygen was supplied, such that the resulting gas
space was lilled with oxygen. After emptying, a positive
pressure ol 30 mbar was established on the cathode side.

[0110] In the next step, the anode space was filled with
brine having a concentration of 210 g NaCl/l at 70°, and the
anode circulation was put 1into operation Immediately after
attainment of constant running of the anode circulation, the
clectrolysis voltage was switched on. The electrolysis current
was controlled such that an electrolysis current of 1 kA/m?
was attained after 5 minutes, and an electrolysis current of 3
kA/m* after 30 minutes, at a concentration of the sodium
hydroxide solution removed o1 32% by weight and a tempera-
ture 1n the electrolysis cell of 88° C.

[0111] The electrolysis voltage at 3 kA/m*was 1.8t0 1.9V.
The electrolysis unit did not exhibit any deterioration com-
pared to the period before the shutdown; in fact, an improve-
ment by 100 mV was observed.

1. Oxygen-consuming electrode for use in electrolysis
cells with micro-gap configuration, having at least one carrier
clement 1n the form of a sheetlike structure and a coating with
a gas diffusion layer and a catalytically active component,
wherein the coating with the gas diflusion layer 1s provided
with one or more apertures having a diameter or a height of
0.5 mm-20 mm.
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2. Oxygen-consuming electrode according to claim 1,
wherein the total area of the apertures 1n relation to the side of
the electrode which 1s to face the 10n exchange membrane 1s
0.05 to 15% of the electrode area.

3. Oxygen electrode according to claim 1, wherein only the
coating of the carrier element with the gas diffusion layer and
of the catalytically active component has apertures.

4. Oxygen electrode according to claim 1, wherein the
apertures are continuous through coating and carrier element.

5. Oxygen-consuming electrode according to claim 1,
wherein the apertures are formed from an oxygen-consuming
clectrode by punching, cutting, machining or drilling.

6. Oxygen-consuming e¢lectrode according to claim 1,
wherein corresponding orifices, 1n the process for producing
the electrode, are kept clear 1n the course of coating of the
carrier element by insertion of removable displacement bod-
ies which are subsequently removed after completion of the
coating.

7. Electrolysis cell, comprising oxygen-consuming elec-
trode according to claim 1, wherein the electrolysis cell has a
distance of 0.01 mm to 2 mm between 10n exchange mem-
brane and oxygen-consuming electrode.

8. Process for conducting a chloralkali electrolysis with an
clectrolysis cell comprising an oxygen-consuming electrode
according to claim 1, in a micro-gap configuration, the cell
having at least one anode space with anode and an anolyte
comprising alkali metal chloride, an 1on exchange membrane,
a cathode space with an oxygen-consuming electrode com-
prising a silver-containing catalyst as the cathode, and a flat,
porous element, which has a thickness 01 0.01 mm to 2 mm,
between OCE and membrane and through which catholyte
flows, wherein application of the electrolysis voltage 1s pre-
ceded, 1n a first step, by wetting of the oxygen-consuming
clectrode on the gas side with an aqueous alkali metal hydrox-
1ide solution having a content of chloride 10ns of not more than
1000 ppm and, after subsequent introduction of the anolyte
into the anode space and of an oxygenous gas 1nto the cathode
space, the electrolysis voltage 1s applied.

9. Process for conducting a chloralkali electrolysis with an
clectrolysis cell comprising an oxygen-consuming electrode
according to claim 1 1n a micro-gap configuration, the cell
having at least one anode space comprising anolyte, an 10n
exchange membrane, a cathode space with an OCE having a
silver-contaiming catalyst, and a flat porous element, having a
thickness 01 0.01 mm to 2 mm, between OCE and membrane
wherein, at the end of the electrolysis operation, for shut-
down, at least the following steps are conducted 1n the fol-
lowing sequence:

switching oif the electrolysis voltage

emptying the anode space

preferably refilling the anode space with one of the follow-
ing liquids: dilute alkali metal chloride solution of not
more than 4 mol/l or detonized water, with subsequent
emptying of the anode space

filling the cathode space with one of the following liquids:

dilute alkali metal hydroxide solution of not more than 4
mol/l or deionized water, with subsequent emptying of
the cathode space.

10. Process according to claim 8, wherein the alkali metal
hydroxide solution used to wet the cathode space prior to
application of the electrolysis voltage has a content of chlor-
ate 1ons of not more than 20 ppm.

11. Process according to claim 8 wherein, after shutdown
and emptying of the electrolysis cell, and optionally repeat-
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edly every 1 to 12 weeks, the anode space 1s flushed with a
dilute alkali metal chloride solution having a content of 1.7 to
3.4 mol/l, and the cathode space with a dilute alkali metal
hydroxide solution having a content of 2 to 9 mol/l.

12. Process according to claim 8, wherein the alkali metal
chloride 1s sodium chloride or potassium chloride.

¥ ¥ # ¥ o
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