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for hydrogen. It therefore seens sensrble t hat "TRehyarogenrformred
el ectrochem cafpley &S of h4-diffusion electrodes in a wide range of electrolytic processes
5 permits alternative reaction paths in many cases or assists in preventing
undesirable or uneconomic by-products of an electrolysis. In alkali-halide
electrolysis, for example, hydrogen is an undesirable by-product which as a
product whose production is unavoidable often cannot be made practical use of. In
addition, the energy value of the hydrogen in the electrolytic process is as a rule
10 far higher than the sales price which can normally be obtained for hydrogen. It
therefore seems sensible that the hydrogen formed electrochemically as a by-
product should be put to further use electrochemically or be prevented completely
by means of an alternative course of reaction.

One possibility for the further electrochemical use of the hydrogen is utilization in
15 fuel cells. An interesting method is described in US patent 46 47 351. It is
proposed there that the hydrogen be collected through the coupling of alkaline fuel
cells to the electrolytic process. In this case the alkaline solution from the cathode
chamber of the electrolysis is introduced into the anode and cathode chambers of
the fuel cell, enriched and released in the cathode chamber and depieted in the
20 ‘anode chamber and fed back into the electrolysis. Disadvantageous with this
method are the high cost of equipment, the additional energy losses during the
hydrogen formation and the subsequent oxidation in the fuel cell, and also the
electric line losses and the problems connected with the direct use for the
electrolysis of the direct current from the fuel cells, given the mutally opposed
25 current-versus-voltage characteristics.

An alternative method is to prevent hydrogen formation on the electrolysis cathode
by oxygen reduction on an oxygen-consuming cathode. In this way, for example
during alkali-hydroxide electrolysis - in a very similar way to the conventional
procedure with hydrogen formation - hydroxide ions are formed on the cathode,
30 which excite the migration of alkali ions through a cation-selective membrane into
the cathode chamber and there lead to the formation of alkali-hydroxide solution.
The formation of the target products halogen and alkali-hydroxide solution is not
thereby affected, in sharp contrast to the consumption of electric power, which
declines sharply. A number of studies have been carried out in the past on
35 oxygen-consuming cathodes in alkali-halide electrolysis. The following general
problem has arisen:
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cat hode only a finite pressure drop between gas side and liquid side. If the gas-side
pressure is too high, the gas ultimately breaks through the membrane and the
10 function of the electrode is disturbed in this area and the electrolytic process is
interrupted. If on the other hand the liquid pressure is too high, the three-phase
boundary is pressed out of the catalyst area in the membrane, which likewise
interferes with the function of the cathode, and on further pressure increase leads
to a liquid penetration of electrolyte into the gas chamber. With a vertical
15 electrode layout - necessary as with membrane electrolyses to enable the target
product chlorine to be drawn off satisfactorily - this leads to a restriction of the
overall height of the gas-diffusion electrodes, since otherwise gas penetrates into
the cathode chamber at the top and liquid penetrates into the gas chamber at the
bottom. The technically feasible overall height therefore remains limited to approx.

- 20 - 20 cm, which is unattractive for the membrane electrolyzers currently on the
market.

In order to overcome this disadvantage, some proposed methods have been
described, none of which has however proved successful. In laid-open print DE 34
01 636 Al, for example, the problem of the hydrostatic pressure is circumvented
25 by the fact that the electrolyte flows between the cation-exchanging membrane and
the gas-diffusion electrode in a falling-film apparatus. In this way a largely
isobaric state between electrolyte chamber and gas chamber is achieved. Problems
in long-term tests (e.g. wetting problems and bubble formation between the
membranes) have however led to the abandonment of this method for electrolytical
30 purposes.

In laid-open print DE 34 39 265 Al a level cell arrangement is proposed for
preventing the differential pressure problem, in which the electrolyte flows are
directed horizontally. This arrangement has also not proved successful, since on
the one hand gas formed in the cell can be led away only with difﬁculty and on
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sharply. A nurseangemenft udi es have been carried out in the past on
oxygen-consum ng cathodes in alkali-halide electrolysis. The foll ow ng

ener al rob] em has _ ari sen:
g P An re’ﬂternatlve proposal more complex in technical terms is disclosed in US patent

46 57 651. Here the pressure equalization is achieved by the fact that the cathode

5 is divided into individual horizontal chambers which are loaded individually with

gas, wherein the gas pressure resulting from immersion of the respective departing

gas flow in vertical chambers is controlled by the fact that the depth of said

chambers corresponds to the electrolyte height above the respective chamber.

Disadvantageous here is the high cost of equipment which stands in the way of a

10 technical implementation. The pressure in each individual gas chamber has in fact
to be adjusted separately here, by means of valves.

A further method according to US patent 45 78 159 provides that the catalyst for
the oxygen reduction be applied directly to the cation-exchanging membrane. The
hydroxide ions formed by oxygen reduction form with the alkali ions migrating
15 with hydrate envelope through the membrane aqueous alkali-hydroxide solution,
which runs off on the gas-side surface of a membrane coated hydrophilically with
the catalyst and is collected. Disadvantageous in this case is the fact that the three-
phase- boundary layer lying towards the gas chamber can be destroyed by the
aqueous alkali-hydroxide solution running off at the gas side, so that a higher
20 operating voltage necessarily has to be used for the electrolysis. -

The object of the invention is to provide an electro-chemical half-cell which does
not possess the disadvantages of the afore-mentioned apparatuses and in particular
permits the use of a gas-diffusion electrode in a vertical arrangement of the cell,
~ wherein the hydrostatic pressure of the electrolyte onto the electrode is
25 compensated in a simple manner.

The object is achieved according to the invention by an electrochemical half-cell,
consisting in at least one electrode chamber for accommodating an electrolyte, a
gas chamber and at least one gas-diffusion electrode as anode or cathode
separating gas chamber and electrode chamber, characterised in that the gas
30 chamber is divided into two or more gas pockets superimposed on one another
after the manner of a cascade, which are separate from one another and are open
to the electrolyte in a downward direction, so that the pressure in each gas pocket
across the opening to the electrolyte is in equilibrium with the pressure of the

\
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- »2 -~¥ The gas- dlffu5|on cathode, in the case of alkali-halide electroly5|s
operated e.g. &A30 648 EereignfCeuntties, cat hode, is an open-cell nenbrane

bet ween el ectrol yte and gas chanmber which is intended to permt the oxygen
reduction to take place on the three-phase boundary between el ectrol yte,
catal yst and oxygen as cl ose as p055|ble'T% the electrolyte. This boundary
| ayer is stabilized due to the hydrophobic properties of the cathode
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| ayout - necessary as with nenbrane el ectrolyses to enable the target

Preferably the gas pockets are bounded on their rear side by so-called gas baffles,
which in turn end below the actual gas pocket in gas collecting hoods as openings
to the electrolyte, wherein the gas collecting hoods serve to accommodate the gas

10 bubbles rising in the electrolyte and the latter pass the electrode gas to the next
highest gas pocket.

In particular the gas collecting hoods are arranged in the half-cell up to just before

the rear wall of the electro-chemical cell, e.g. in order to prevent a gas bubble by-

pass, on the other hand however to achieve a hydrostatic pressure equalization in
15 the rearward chamber filled with electrolyte.

The gas collecting hoods possess preferably gas passage openings, e.g. defined
holes or slits, below the lower edge of the respective gas pockets or in the upper
area of the gas collecting hood, which provide for a controlled delivery of excess
gas to the next highest gas pocket. The distance of the gas passage openings from

20 the lower edge of the respective gas pocket influences the differential pressure
above the gaseous diffusion electrode.

The gas passage openings are preferably arranged offset laterally from one another
from gas pocket to gas pocket, so that rising gas bubbles always impinge on hood
areas without gas passage openings.

25 Particularly preferred are embodiments with groups of gas passage openings lying
next to one another, above which, in the next highest hood, lie whole areas
without gas passage openings. In extreme cases the respective hood can be
arranged with passage holes on one side and without passage holes in the above-
mentioned remaining area. The disposition of the areas with and without holes is

30 then completely reversed for the next highest hood in each case.
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For the additional compensation of the pressure loss in the flowed-through

electrolyte gap the above-mentioned holes or slits can also be accommodated other
10 than at the same height relative to the gas pocket lying above them. They can

instead (for the additional compensation of the hydraulic pressure loss in the

narrow electrode chamber optionally filled with a spacer) be located at the deepest

point in the bottommost hood and be staggered correspondingly higher in the

hoods of the next highest gas pockets, in such a way that the same differential
15 pressure conditions are always obtained in the respective gas chamber.

An additional compensation of the pressure loss becomes possible in particular

through the fact that the diameter of the gas passage openings is varied from gas

pocket to gas pocket in such a way that the diameter of the openings, assuming in

each case identical relative height in the gas collecting hood, decreases or
20 increases, preferably decreases, from bottom to top.

The gas collecting hood of the bottommost gas pocket is in particular constructed

as a siphon (e.g. a converted sheet-metal strip), which makes it possible for the

pressure compensation to be carried out undisturbed by electrolyte flowing into the

half-cell and hence also undisturbed by the main flow between gas-diffusion
25 electrode and ion exchange membrane.

A preferred variant of the half-cell according to the invention is characterised in

that the introduction of gas from the gas collecting hoods into the gas pockets

takes place-through narrow slits, which are optionally interrupted by metallically

conducting connections in order to improve the low-resistance power connection
30 between support of the gas pocket and rearward power supply.

The slits are preferably so disposed that electrolyte spray from the gas bubbles
bursting at the gas meniscus below the gas collecting hood cannot pass directly
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I'm | ai'd- open prlnt DE 34 39 265 Al a level cell arrangenent is proposed
for preventi ngleie3¢ gn Sountriessure problem in which the electrolyte
flows are directed horlzontally This arrangenent has al so not proved
successful, since on the one hand gas forned in the cell can be | ed away
only with difficulty and on -6 -

- 3- the other a forced flowto renew the electrolyte is scarcely possi bl e

with this arr OGS "B rear side of the gas-diffusion electrode. The electrode rear side is

optionally covered with a screen against the introduction of gas in order to prevent
contamination of the electrode in the gas chamber.

The height of the respective gas pocket is preferably from 1 to 50 cm, in
5 particular preferably from 5 to 30 cm.

The half-cell is preferably fed with electrode gas via a single gas supply into the
bottommost gas pocket, wherein the respective surplus gas is in so doing passed
from gas pocket to gas pocket from bottom to top and the surplus gas remaining
behind the last gas pocket-is carried away outward at the head of the cell.

10 The electrode gas can in a variant of the cell be fed into the bottommost gas
pocket coaxially via a common nozzle with the electrolyte feed into the electrode
chamber, while excess gas is being drawn off together with the electrolyte.

If several electrode segments are used as a gas-diffusion electrode, the mounting
of the gas-diffusion electrode segments takes place gas-tight with respect to the
15 electrode chamber.

The holding elements for the gas-diffusion elements can be constructed e.g. as
clamping strips or magnetic strips, which serve initially as assembly aids.

In the case of electrolysis cells with intermediate ion exchange membrane the
holding elements can after assembly be supported by means of the ion exchange

20 membrane on the counter-electrode structure supported behind the latter and thus
ensure a suitable contact pressure against the gas- diffusion electrode.

In the case of an electrolysis cell the holding elements can bear on their side

facing the ion exchange membrane notches lying in the flow direction, which even

with the cells in a tensioned state permit a homogeneous electrolyte passage from
25 compartment to compartment of the electrode chamber.

In a particularly preferred embodiment the narrow electrode chamber is filled with
an elastic spacer, which not only fulfils the spacer and turbulence promoter
function, but can be placed across the above-mentioned holding elements, is
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An al ternative proposal nDre conplex in technical ternms is disclosed in US
patent 46 57 6% : 180 \SQuNtNes equal i zation is achi eved by the fact
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| oaded individually with gas, wherein the gas pressure resulting from

I mrer sion of the respective departing gas flfowin vertical chanbers is
controlled by the fact that the depth of said chanbers corresponds to the
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arranged bores can take place. Gas-diffusion electrode and optlonally seal are
pressed onto the low-resistance power-supply leads via the short members of the

10 T-shaped holding strip in such a way that both gas-tightness and good electrical

contact are guaranteed.

The power supply to the gas-diffusion electrode takes place preferably via the
holding apparatus of the latter, which in turn is connected at low resistance with
the rear side of the cell to the external power source, wherein between the holding

15 devices a metallic grid structure, to which the gas-diffusion electrode is connected
on the electrolyte side, ensures short current paths. In the case of a gas- diffusion
electrode with integral metallic grid the separate metallic grid structure between
the holding devices can optionally be dispensed with.

In particular the low-resistance connection to the rear side of the cell is provided

20 . with openings or holes which permit on the one hand a hydrostatic pressure

| equalization of the electrolyte in the rear chamber and on the other a passage for
the transferred gas bubbles.

The bottommost low-resistance connection to the rear side of the cell contains in
partieular a small equalization bore which permits electrolyte intermixing in the

25  rear chamber, without affecting significantly a deliberate main flow of the
electrolyte through the electrode chamber.

An advantageous embodiment of the half-cell according to the invention is
characterised in that the whole structure of the gas pocket electrode is shaped so
as to be removable from the electrolysis half-cell.
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aqueoUs alkall-hydrOX|de solutlon running off at the gas side, so that a

hi gher oper at i #§89 O4ZAOFABLEOURTIEY has to be used for the el ectrolysis.
The obj ect of the |nvent|on is to provide an el ectrochem cal half-cel

whi ch. does not possess the di sadvant ages OE t he af ore-nenti oned appar at uses
and in particular permts the use of a gas®diffusion electrode in a
vertical arrangenent of the ceII wherein the hydrostatic pressure of the
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an el ectrol yt egperateds chanber and at | east one gas-diffusion electrode as
anode or cat hode separating gas chamber and el ectrode chanber,
characterised in that the gas chanmber is divided into two or nore gas
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the el ectr oI yt supplied in begigdntadgas mvkﬂtmthehesmmhmghtm'f wlneh is determined by
the differential pressure loadability of the gas-diffusion electrode. The gas pockets
are in this case formed of the electrode, a rear-side baffle with suitable gas
passage bores and gas bubble collecting hoods, together with a reverse-side
10 holding structure for the gas-diffusion electrode, which can also perform the power
distribution function. The oxygen is fed into the bottommost gas pocket. Oxygen
not converted here bubbles via suitable bores in the bottom area of the rear-side
baffle into the electrolyte fluid contained there, preferably the same electrolyte as
in the cathode chamber, is absorbed by the gas bubble collecting hood of the next
15 highest gas pocket and also fills the latter. This process is repeated up to the
“topmost gas pocket, wherein parts of the oxygen are consumed in each oxygen-
consuming cathode. The feeding of the bottommost gas pocket is adjusted so that
the topmost gas pocket still always gives off an excess of oxygen, so that it is
ensured that all the oxygen-consuming cathodes are supplied to excess with
20 oxygen. Unconverted oxygen can be collected and fed downward once more.

In the area of each gas pocket a gas pressure is obtained which corresponds to the
liquid column from the bottom edge of the bubble meniscus to the top edge of the
liquid column between gas pocket cascade and rear wall of the electrolysis cell.
This pressure is compensated. by the liquid column in the electrode chamber,
25 wherein the equilibrium, assuming identical filling level in both chambers (e.g.
with hydraulic connection of both chambers), lies at the bottom edge of the afore-
mentioned bubble meniscus. Since homogeneous pressure reigns in the respective
gas pocket, a slight excess pressure exists on average on the gas side, something
which is also desirable for the purpose of optimal functioning, e.g. of the catalytic
30 oxygen reduction.

If in a further preferred variant of the half-cell according to the invention the
electrode chamber and the rear electrolyte chamber are separated hydraulically, the
respective differential pressure, which is identical for all the chambers, can be set
at will in both chambers by means of varying filling level or discharge height.
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4 - Y liquid colgnn f_the electrolyte in the corresponding part of the
el ectrode cha#§é¥—g§ﬁ§éﬁggﬁgﬁgﬂﬁﬁgﬁgas-diffusion el ectrode, and with which
any gas supply or gas discharge takes place across the openings to the
electrolyte. The gas pockets are preferalyy each in hydrostatic

equi librium above the electrolyte with tHe correspondi ng el ectrode chamber
on the other side of the gas- diffusion el ectrode.

Thus it is possible; e.g. by separate gas discharge via a pipe carried away
overhead to the gas offtake and an optionally provided electrolyte receiver lying
above the lafter, to set a conirollable excess pressure which is then of the same
amount compared with the electrode chamber for all the gas pockets.

5 If on the other hand the electrolyte discharge from the cell is preferably carried
away downward via a standpipe, as shown e.g. in Fig. 5, or else optionally to a
side wall of the cell, it is directly possible to drain electrolyte and excess gas
jointly by allowing the electrolyte from the electrode chamber to flow exclusively
at the top via the gas pocket electrode into the rear electrolyte chamber, from

10 where it escapes from the cell downwards via the standpipe together with the
excess oxygen or, in the event of lateral discharge, also to the side. Different
heights of the standpipe lead to different differential pressures, wherein the liquid
pressure is in that case higher than the gas pressure, which is of particular
advantage for the flush supporting of cloth-type gas-diffusion electrodes on the

15 current distribution grid. Holding and clamping devices can then optionally be
dispensed with for the electrode. In a quite similar way to the joint discharge of
electrolyte and excess gas via the standpipe this can also take place laterally via a
discharge pipe fixed laterally to the half-cell, wherein the separation of gas and
electrolyte takes place e.g. in a collector next to the cell. The liquid pressure can

20 in this way also be set higher than the gas pressure above the gas-diffusion
electrode.

The half-cell according to the invention can be expanded to any technically
feasible sizes by means of a corresponding number of gas pockets. Since the
required gas amount (e.g. oxygen) for representative electrolysis charges is for

25 example 0.7 to 1 standard cubic metre per square metre of cathode area per hour,
the necessary gas transport can be obtained without any problem by suitable
distribution of the bubble openings, as hydraulic tests have shown.

It is possible in principle with the half-cell according to the invention for the

conventional commercial membrane electrolyzers for the electrolysis of alkali-
30 halide solutions, provided they possess a sufficiently deep cathode chamber, to be

converted to energy-saving operation with e.g. oxygen-consuming cathodes.

Other potential fields of application for the half cell according to the invention are
for example
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Preferably t he_gas ckets are bounded on their rear side by so-called gas
baf fl es, whi chle 4 A9-Loreig #1682 actual gas pocket in gas collecting
hoods as openi ngs to t he electrolyte wherein the gas coll ecting hoods
serve- to accommopdat e the gas bubbl es risinﬁ)in the electrolyte and the

| atter pass the electrode gas to the next” N ghest gas pocket. In
particular the gas collecting hoods are arranged in the half-cell up to

just before the reagotiamldiChroilif %%f hegyl 2 order_ to
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openi ngs, e.g. defi nef']g %ol es or sI its, yEel ow the | ower edge © Q% g
respective gas pock in the upper area of the gas collecting hood,
whi ch provide for a controlled delivery of excess gas to the next highest
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electrode.

W ;4;4.

- Alkaline fuel cells, as described in the preamble, are used for sodium
hydroxide solution enrichment. Half-cells according to the invention can
here be used as an anode for hydrogen conversion and as a cathode with

10 oxygen reduction. ' |

The half-cell according to the invention can in principle be used wherever a gas-
diffusion electrode is operated in direct contact with liquid electrolytes.

All types of gas-diffusion electrodes known in principle can be used for the half-

cell according to the invention, e.g. types with integral metallic support or power

15 distribution grid or electrodes constructed on carbon mats. Other preferred

~ embodiments of the half-cell according to the invention are given in the sub-
claims.

The invention will be described in exemplifying detail below by means of the _
figures. In the figures

20 Fig. 1 shows the main layout of a half-cell connected here as an oxygen- -
consuming cathode, as part of a chlorine-alkali electrolyzer,

Fig. 2 a diagrammatic section through the electrolyzer according to line A-B in
Fig. 1,

Fig. 3 a diagrammatic section through the electrolyzer according to the line C-D
25 in Fig. 2,

Fig. 4 a diagram of a basic arrangement of the gas pockets for a half-cell
according to the invention and

This Sheet Has Been Replaced




above 't he gaseoug difquion eiectnode. The gas passage openings are
preferably arr fromone another from gas pocket to
gas pocket, so that rising gas bubbl es always inpinge on hood areas w t hout
gas passage openings. Particularly prefgﬁﬁgd are enbodi ments with groups

of gas passage openings |lying next to one another, above which, in the next
hi ghest hood, |ie whole areas w thout gas passage openings. In extrene

cases the res t&Vv.eqd A I, | on one side
H6g!S deﬂ% 608 thﬁrgcgl vﬁﬂﬂﬁﬁg&ﬁ&&l@dﬂ&?&ﬁ&?p&%ﬁé

and w t hout pasSage es In ove- nti1oned remai ning area. The
di sposition of the areas with and without holes is then conpletely reversed

for the next hnghenhifteRd witha@ectdbfe inlet nozzle 2 and the electrolyte outlet nozzle
3, which is bounded by a conventional ion-exchange membrane, there is fitted
instead of the conventional metallic electrode the gas-diffusion electrode 5. The
5 gas-diffusion electrode obtains its power supply through a rearward metallic grid
structure 6, which is responsible for a low-resistance power distribution into the
gas-diffusion electrode and which experiences its power supply through the
structural elements 7, which are in turn in metallic contact with the rearward
connection elements 8, which are in connection via the rear wall 1 with the
10 external power distribution (not shown here). The grid structure 6 can be
dispensed with in the case of gas-diffusion electrodes 5 with integral metallic

power distribution grid.

The actual gas pockets 20 are formed of the gas-diffusion electrode 5 with its
hydrophobic rear side, the structural elements 7, which bound the pocket 20 not

15 only at the top and bottom but also laterally, and the rear gas baffles 9, which are
connected at the top and laterally gas-tight, e.g. welded, to the structural elements
7. The gas-tight connection extends to the lower end of the lateral gusset between
gas baffle 9 curved towards the gas hood 21 and lateral structural element (not
shown here).

20 The gas pocket electrode so formed can be shaped so as to be removable as a unit.

The gas supply can take place via a flexible tube 10 which is attached gas-tight to
the bottommost gas pocket 20 and run coaxially through the inlet nozzle 2. The
gas not converted in the bottommost gas pocket 20 flows through the gas passage
opening 11, which is shaped identically for all the gas pocket elements, and

25 bubbles through bores 12 in the angled hoods 21 of the gas baffles 9 or optionally
a siphon 18 into the vertical liquid column, passes through the bores or openings
13 in the rear connection elements 8 and is absorbed by the hood 21 of the next
highest gas baffle 9 and passed into the associated gas pocket 20', where part of
the gas is once again converted. Gas not fully converted on the electrode 5 is

30 drawn off through the outlet nozzle 3 jointly with the electrolyte 22 flowing away
out of the electrolyte chamber, is optionally separated and used again as service
gas.
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-5- Due to the ph sigal separation of the function of "collection" and

i ntroduction nﬁ¥g¥ﬁh€J§§§—#ﬁbgﬂﬂﬁﬂﬂbn1the functions of delivery and
transfer of the service gases to the next highest gas pocket, a convection
is established in the gas area of the gas _pocket, which helps to prevent an
accurul ati on of non-convertibl e gas portrd S in the gas pocket. A gusset

bet ween hood and gas baffle can serve to reinforce the separation of

bocket s, Por s VaLaMEIe B 35 164 gh a5 Ty oHVriCie RIMBER foviipprdh ©
f 1 owed- t hr ougHhequght 8 o$tgndpinga 24t Fainthy Gwish nﬂ;!nt ebmmol\dsewn thei differemtiadl so
be accommodat gediftcdant bevari dolisll f&éfssshﬁl ﬂi&tgarsfeﬁﬂﬁdl&?ek&rédéﬁ tlo@‘ﬂﬁ ' he

| yi ng above them, T can Lnstea (for the additional conpensa
hydraul i ¢ preggeﬁﬁhé (ﬁ?g]i SPIPIRE narrow el ectrode chamber optionally filled
Wi th a spacer) be |located at the deepest

5 The securing and sealing of the gas-d1ffus1on electrode 5 takes place on the
structural elements 7 by means of clamping strips 15 (see also Fig. 2), which serve
initially only as mounting aids. They can therefore also be constructed as magnetic
strips with corresponding plastics coating, wherein the side of the pressure element
pointing towards the ion exchange membrane 4 is provided with notches 15a

10 obliquely to the strip, which are intended to permit an easy electrolyte flow from
chamber to chamber of the cathode chamber 14. '

A distance piece 16 of elastic electrolyte-resistant preferably non-conductive
flimsy material covers the whole of the cathode chamber; it serves as a turbulence
promoter and spacer and leads to a flush supporting of the gas-diffusion electrode
15 15 on the current distribution grid 6. There serves as areal abutment the electrode
17 lying on the other side of the membrane 4, which in the case of an alkali-
halide electrolysis rests on the membrane 4 as anode 17 and after assembly of the
cell not only takes over this mechanical function, but in particular also presses the
clamping or magnetic strips 15 with suitable pressure through the compressed
20 . distance piece 16 onto the gas-diffusion electrode 5 and helps seal the latter. In
this way the flapping of membrane and gas-diffusion electrode is reliably
prevented, thus increasing their service life. In addition a low-resistance flush

current contact between gas-diffusion electrode 5 and power distribution grid 6 is
thereby achieved.

25 Since in the area of the electrolyte feed 2 at the bottom it is intended to reliably
prevent e.g. oxygen as electrode gas getting into the cathode gap, the bubble
overflow is varied here in particular as follows:

Gap 11 for the gas overflow is formed as on the other gas pockets 20. The gas
baffle 9 operating here is however curved into a siphon 18 and led back through
30 the rear connection element 8a, which does not possess any openings 13, wherein
the immersion is carried out by the gas baffle 9 of the relevant bottommost gas
pocket 20, which gas baffle 20 is not curved towards the hood. There is formed
behind the gas baffle 9 similarly to the gap 11 a gap 1la, which allows the
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peint in the bottonnDst hood and be staggered correspondingly higher in the
hoods of the ne& oty Ceons : In such a way that the sane
differenti al pressure condltlons are always obtained in the respective gas
chanber. An additional conpensation of the pressure | oss becones possible
in particular through the fact that the di Idmeter of the gas passage
openings is varied fromgas pocket to gas pocket in such a way that ht heh
di aneter of t n each case ident.ical relative he t
in the gas col Bpﬁ’%gg%%ocf? P %%M%‘s%@ss Brasift ?88‘58?011%‘P%1’e§?’°§5|?§338‘é"8r‘§
from bot t om t ensyed foritee hettormbstegasi perkiet86. Af smhlé elqnalizatmmsbbrgas motlueet
Is in particul a ta

p r4r e&ﬁﬁ&ﬁwfeeﬁege s@ﬁﬁtb@t A" (finfinal 2cICARGYe! SR TS far -

strip), mhich S It possi pressure ‘conp
out E)ndi st ur béampep| wi Bhﬂ wgrhethpalcﬁﬂw@lplcmqrermebamgo
undi st ur bed bwlgdmcaimyrdlédxmwbet ween gas di ffusion el ectrode and ion
exchange nenbrane. A preferred variant of the half-cell according to the
invention is characterised in

Example 1

In an exemplifying embodiment for simulating the hydraulics of the gas pocket
* electrode a model test was run with the following parameters:

A model (according to Fig. 4) was constructed with the following dimensions bﬁt
10 without electrical components.

model height 30 cm,
model width 20 cm,
3 gas pockets each 10 cm high,
chamber depth 1 cm,
15 hood length 6 cm,
hood angle approx. 300,
two bores each 0.5 mm in the hood bend
10 cm distance from bore to bore.

td

- The bores were offset laterally from one another from gas hood 21 to gas hood
20 21'.

Results:

The tests were run with compressed air and oxygen. With the selected
arrangement up to 30 to 35 I/h of gas were able to be passed through per bore
before the first gas bubbles bubbled across the hood edge of the free-standing gas

25 pockets. Differential pressure tests produced the same differential pressures for all
three chambers. The required amount of oxygen per square metre of electrode area
for a specific load of 3 kA/m? comes to e.g. 0.63 mN'?'/m2 X h or at 75°C operating
temperature approx. 0.8 m*/m? x h (mN3 = standard cubic meter).
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that the introduction of gas fromthe gas collecting hoods into the gas
pockets takes ¢ ace : g ¥eslits, which are optionally interrupted
by netallically conductlng connectlons in order to inprove the

| owresi stance power connection between su@fort of the gas pocket and
rearward power supply. The slits are pref¥€rably so di sposed that

el ectrolyte spray fromthe gas bubbles burstlng at the gas neni scus bel ow

16 Tonto t nedrols 1ReC SHe el o P fupdsh o£ PO Bercboreed epmuring et car
si de is opti orthklejectrolyte edl\m i tm higic ek # gag giookéts elch 251 tmokigh tar® Bufficiep@s | N
order to prevege can make do, assuming otherwise equal dimensions, with one bore about
every 7 cm, since at the exit from the bottommost gas pocket 0.2 m3/h of the
5 service oxygen has already been consumed on the bottommost electrode and the
load on the overflow of the next highest gas pocket is likewise reduced by the
0.2 m3/h of oxygen consumed there.

Example 2

Practical example of the pressure-compensated operation of an Oxygen-consuming
10 cathode:

In an additional practical example an electrochemical cell of the following dimen-
sions was constructed and operated:

cell height 90 cm
cell width - 22 cm
15 4 gas pockets each 18 x 18 cm?
chamber depth 4.5 cm
hood length. 6 cm
hood angle approx. 10°
two bores per hood, each 1.5 mm at a spacing of 4 c¢m, changing sides from

20 hood to hood
oxygen-consuming 4 free active surfaces each 18 x 18 cm?,
cathode type ESNS, manufactured by GDE,
Frankfurt, containing 20% Pt on C;
15.7 g Pt/m?
25 membrane Nafion® 980 WX, manufactured by DuPont
gap between cathode
and membrane 0.3 cm
anodes - titanium expanded metal with low-oxygen activation from
Haereus, Hanau
30 4 anode segments 18 x 18 cm?, separated electrically from
each other
-
i



contarii nati on of the electrode in the gas chanber. The height of the

respective gasLedck@649-ForgigreConmtiey from 1 to 50 cm in particul ar

preferably from5 to 30 cm The half-cell is preferably fed with el ectrode
gas via a single gas supply into the bottomost gas pocket, wherein the
respective surplus gas is in so doing pas§éd-fron1gas pocket to gas pocket
frombottomto top and the surplus gas renalnlng behind the | ast gas pocket

is carried avva% tttvvard t the he Qf ‘tbfh Ihe el ectrode gas can jin

a variant of tNeUHE | pelPled chrmens H%‘tyb 3%9?‘ stempetagire @5§§ 4 13y N3kl 5

common nozzle with the eécﬂeehmﬂﬂwtoenéeaﬁdmmbﬂ 300%/1;3|a€sdé de@edsdanbeinceii- | e

excess gas is being dra rolyte. If s ver

el ectrode segments are \llj\g%d a%ﬁoug%byfd'infvﬁlﬁ&l "T%Lé'“ %Xg@* ‘fh“émf“ﬁim?l%f’ﬂd)

t he gas-diffusion el ect rb’%ié/osmﬁn@mr&)lx aﬁpgrepd»argen gﬁantexgﬁss ofiiabbutr HiSpethe to

the el ectsode chamber. following individual voltages were measured in the cell segments,
from the top to the bottom:

segment 1 204V

segment 2 205V
segment 3 204V
10 segment 4 - 204V

Even after continuous operation for one week no dependency of the voltages on
height could be detected. The deviations from the average value remained in the’
range of <5 mV; the noise of the voltage measurements was only extremely low.
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as clanplng St &#E4 iV S-OHRIFICS which serve initially as assenbly
aids. In the case of eIectronS|s cells with internedi ate i on exchange
menbrane the hol ding el enents can after as senbly be supported by neans of
the i on exchange nenbrane on the counter- Ot rode structure supported

behind the latter and thus ensure a suitable contact " p
gas- diffusioncgligstrode. In the case of an electroly: Eﬂmgﬂ'mmﬂﬂ |ng
el ements can bg®aron their side facing the ion exchan ane 1o

lying in the flow direction, which even with the ceIIs in a tensioned state

permt a homogteneouste@trswehﬁtatttﬁlfpc%ﬁsegecénrsﬁﬁhg@ﬁraﬁliéaggBge %&cﬁBﬁ@ﬁ&xﬂ@é}t of

t he el ectrode chanber In-a partlcul af’l referred e narrow .

el ectrode chamber iS4 Py agommodating,an ﬁle‘étﬁ° Bledde), @ g8 shamben (23} andh at least|
fulfils the spacer antmlgwdifﬂismﬁcelewm@ras‘ laﬁﬁdd @f, cathidide Clgihgd Betledf Shs

across 'the above- %b%?e(%fm 8“ ldgm?lam er f14) characterised in that the gas
chamber (23) is divided 1nto two or more gas pockets (20) and (20") super-
imposed on one another after the manner of a cascade, which are separate
from one another and are open towards the electrolyte (22) in a downward
direction, so that the pressure in each gas pocket (20, 20") across the
10 opening to the electrolyte (22) is in equilibrium with the pressure of the
liquid column of the electrolyte in the corresponding part of the electrode
chamber (14) lying before the gas-diffusion electrode (5), and with which
any gas supply or gas discharge takes place across the openings (11) and
(12) to the electrolyte (22). |

15 2. Half-cell according to claim 1, characterised in that the gas pockets (20,
20") above the electrolytes (22) each exhibit a firmly adjustable differential
pressure relative to the corresponding electrode chamber (14) on the other
side of the gas-diffusion electrode (5).

3. Half-cell according to claims 1 to 2, characterised in that the gas pockets
20 (2) are bounded on their rear side by gas baffles (9) which for their part
end below the actual gas ppcket (20) in gas collécting hoods (21) as
openings (11) to the electrolyte (22), wherein the gas collecting hoods (21)
serve for accommodating the gas bubbles rising in the electrolyte and the
latter pass the electrode gas to the next highest gas pocket (20").

25 4, Half-cell according to claims 1 to 3, characterised in that the gas collecting
hoods (21) are arranged up to just before the rear wall of the half-cell (1).

5. Half-cell according to claims 1 to 4, characterised in that the gas collecting
hoods (21) possess gas passage openings (12) below the lower edge of the
respective gas pocket (20) or in the upper area of the gas collecting hood

30 (21) for a controlled dehvery of excess gas to the next highest gas pocket
(20").
-
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-7 - “tensioned together wi.ith the |atter and thereby represents a further
el astic comonﬁ%%&h&%essure and sealing of the gas-diffusion
el ectrodes. In a preferred variant of the half-cell

i nvention the nounting of the gas- dlfoSIa]/E( el ectrode EEH rﬂ ﬂ ace
with the aid of a T-shaped holding strip ose | ong nen®ercends W NsSt kaps
of suitable |lengths which are inserted by the | owresSi'stance power-supply

eads i n such g Wayghiidel s csaﬁag ] bl S a4 Sl L9 vediies

whi ch are driven by neans o y arrang e ores, can
Gas- di ffusi on el ect PRE#NEA{A2hprei o eyccmpnsm of any hydraulic pressure IOSS in

the electrode chamber) beginning with the gas collecting hood of the
bottommost gas pocket (20) arranged offset rising or falling relative to the
5 bottom edge of the respective gas pocket (20).

7. Half-cell according to claim 5, characterised in that the gas passage
openings (12) are in particular areas arranged in groups next to one
another, wherein with superimposed gas pockets (20, 20') areas of a gas
collecting hood (21) with passage openings (12) are always arranged above

10 areas without gas passage openings (12) in the particular gas collecting
hood (21) lying above them. '

8. Half-cell according to claim 5, characterised in that areas with gas passage
openings (12) of a gas pocket (20) in the gas collecting hood (21) are
separated from areas without gas passage openings by gussets between gas

15 collecting hood (21) and gas baffle (9), so that a gas exchange is promoted
in the gas chamber (23).

9. Half-cell according to claims 1 to 8, characterised in that the gas collecting
hood (21) is constructed at the bottommost gas pocket (20) as a siphon
(18) which makes it possible for the préssure compensation to take place
20 undisturbed by electrolyte (22) flowing into the half-cell (1).

10.  Half-cell according to claims 1 to 9, characterised in that the height of the
respective gas pocket (20) is from 1 to 50 cm, preferably from 5 to 30 cm.

11.  Half-cell according to claims 1 to 10, characterised in that the cell is fed
via a single gas supply into the bottommost gas pocket (20), the respective
25 gas surplus is transferred from gas pocket (20) to gas pocket (20") from
bottom to top and the gas surplus remaining after the topmost gas pocket is
carried away at the head of the cell.

12, Half-cell according to claims 1 to 11, characterised in that the differential

pressure between the areas before and behind the gas-dlffuswn electrode
30 (5) is freely adjustable by hydraulic separation of electrode chamber (14)

and electrolyte chamber (22).




presséd onto the Iowre5| st ance power supply leads via the short nenbers of
the T-shaped h&-8idd 649-Forgign Countrie: way that both gas-tightness and good
el ectrical contact are guaranteed. The power suppl ypum“mﬂ“l““ﬂlm““tjm on
el ectrode, takes place preferably via the gol di ng ap ter,
which in turn is connected at |ow resistad®e with the Yedr &id: of the cell
to the external power source, wherein between the hol ding devices a 4
metallic grid tru t a I ff sconnete
Ort 7Bl U GE Beit BeotnE ol BROP 12 BABRLALECH AP 8 $SRH) G

on the electro nsure urrenf gas
di ffusion el ect rodegaw(tlpb ifie dhe hpttommest ges g%lf&t (20 wkemplace cnwually ivia gri d

tructure between t 12 oty I n
Bart icular the | ovv-di&g q&ﬁjiigtlygg&{nﬂ#g%; sﬁﬁﬂygﬂiéﬁe resit%( 11%8(}&& %%%ﬂﬁggc% 'S
provi ded with openl( g)s 8I drainipg @Er?ﬁcﬁssoﬁast riassa tegetherywith sthst i ¢

pressur e fqual i zat iebertrofyts bpwaidemhrbﬁglyhﬁiouﬂettﬂ&zlree(a) chanber and on the
ot her a passage for the transferred gas bubbl es.

14.  Half-cell according to claims 1 to 13, characterised in that the electrode
chamber (14) is connected at the top hydraulically with the electrolyte
chamber behind the gas pockets (20), overflows into the latter and the
draining of the excess gas takes place jointly with the electrolyte (22)

10 either downwards via a standpipe (24) in the area behind the gas pockets
(20) or to the side via a laterally arranged nozzle through a gas-liquid sepé—
rator lying at the same level.

15.  Half-cell according to claim 14, characterised in that through the height of
_ the standpipe (24) in the area behind the gas pockets (20) or through the
15 level of the laterally attached nozzle the liquid level of the electrolyte (22)
is setable differently compared with the level of the electrolyte in the
electrode chamber (14) and hence the differential pressure between gas
chamber (23) and electrode chamber (14) is variable equally for all the gas
pockets (20, 20"). |

20 16.  Half-cell according to claims 1 to 15, characterised in that the supply of
current to the gas-diffusion electrode (5) takes place by means of its
holding device (7), which is connected in turn with low resistance to the
rear side of the cell leading to the external power source, wherein between
the holding devices (7) a metallic grid structure (6), to which the gas-

25 diffusion electrode (5) is connected at the electrolyte side, ensures short
current paths.

17.  Half-cell according to claim 16, characterised in that the low-resistance
connection (8) to the rear side of the cell is provided with openings or
holes (13, 19), which permit on the one hand a hydrostatic pressure

30 equalization of the electrolyte (22) in the rear area of the electrode chamber
(14) and on the other a passage for the transferred gas bubbles of the
electrode gas.
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The bdttommost_| owsresistance connection to the rear side of the cell
contains in pa%&M| zation bore which pernits s electrolyte
interm xing in the rear chanber, wthout affecting signi mﬁmm'

deliberate main flow of the electrolyte through the ele; WMH”"AH

advant ageous enbodi nent of the half-cell "actording to the*i nverti on iss
characterised in that the whole structure of the gas pocket electrode is

_shiaped so as tggbe HEAMADYColilipMd Bfint'18C Ehfthotsisid 1R that 4EL 'bottommost low-
resistance connection to the rear side of the cell contains a small equali-
- zation bore which permits an electrolyte intermixture in the rear area of the
electrode chamber, without affecting significantly a deliberate main flow of
5 the electrolyte (22) through the electrode chamber (14).

19.  Half-cell accordlng to claims 1 to 18, characterised in that the gas-diffusion
electrode (5) is exchangeable while all the remaining structures of the half-
cell (1) are retained.

hlS Sheet Has Been Reﬂlaced

||i||||| LA




ln particular jt i gr erable that the gas-diffusion electrodes can be
exchanged, whi L €5t ructures of the gas pocket el ectrode
can continue to be operated. A preferred formof the half-cell according
to the invention serves as an oxygen- consum ng cathode, e.g. in
chlorine-alkali electrolysis. The oxygen required is supplied in horizontal
gas pockets the respective height of which is determ ned by the

differential m@mo@ﬂ%bisi&¥&fc¥é£ﬁ!gg@ di ffusion el ectrode. The gas
pockets are in S S ode, a rear-side baffle with
sui t abl e gas passage bores and gas bubble collecting hoods, together with a
reverse-side holding structure for theABSTRAdTUSI on el ectrode, which can
al so performthe power distribution functton. The oxygen is fed into the
bot t oormbst gas pocket. Oxygen not converted here bubbles via suitable bores

in the bottom Hreemvehtiom aelateartos anl eldvtrbthemitait Imalf-bell ebssisting| i at flédst hne

cont ai ned t her f y i e.catho chanber,
i s absorbed bye??ﬁ‘ea)ﬁgacgﬁl%g%rbfée?groﬁ‘%g@@r?gﬁﬁ%g}é%&?u@g’ r%eéﬂg %aﬁ%’gg%g‘ﬁ@ ‘;{b
pocket and al d6astione gag-HiTusian electroei s aparnsiesar dathode separasihgugast chantber 23
‘topnost gas pagidedlectydier €HathbRMYS i wHidle X Y4CthaditRr 28NSUd%RIeH InfP o or

oxygen- .
y9 ~more gas pockets 20, 20' superimposed on one another after the manner of a
cascade, with which the gas supply or gas discharge takes place through openings
11, 12 to the electrolyte 22.

(Fig. 1)
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consuni.ng cat hode. The feeding of the bottompst gas pocket is adjusted so
that the topnost gas pocket still always gives off an excess of oxygen, so
that it is ensured that all the-oxygen-consuni ng cathodes are supplied to
.excess wi th oxygen. Unconverted; oxygen can be collected and fed downward

once nore. |In the area of each gas pocket- a gas pressure is obtained which
corresponds to the liquid colum fromthe bottom edge of the bubble
meni scus to the topjey 1f t %) liquid colump be3ween gas pocket cascade

¥l s celfq Thi g~pfessulye i s conpensated by the
erj@in the lequilibrium assum ng

and rear wall of the eMctrol
liquid colum in the el ectrodejchanbgr,

identical filling | evel in botctanber ' hydr aul i ¢ connecti on of
both chanbers), lies at the bolt Q&P 2T P74 nenti oned bubbl e

nmeni scus. Si nce honobgeneous prgpsure re gtﬂ%ﬁ%lﬂ!ééiespective gas pocket, a
slight excess pressure exists il age 4' t h® gas [si de, sonet hi ng which

fufixtidqning, e.g. of the
fRrred variant of the

Is also desirable for the purpgse of op

catal yti c oxygen reduction. Iw_in
hal f-cell according to the invggtTon the
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ekectrode chanber and the rear electrol yte chanber are separated
hydraulically, the respective differential pressure, which is identical for
all the chanbers, can be set at will in both chanbers by neans of varying
filling | evel or discharge height. - 9- Thus it is possible, e.g.
by separate gas discharge via a pipe carried away overhead to the gas

of ftake and an optionally provided el ectrolyte receiver |ying above the
latter, to set a controll able excess pressure which is then of the sane
amount conpared with the el ectrode chanber for all the gas pockets.
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| on 'the ot her

carried away downward via a standpi pe,
of the cell,

optionally to a side wall

it

hand the el ectrol yte discharge fromthe cel
as shown e.g.
is directly possible to drain

in

is preferably
Fig. 5, or else

el ectrolyte and excess gas jointly by allowing the electrolyte fromthe
el ectrode chanber to flow exclusively at the top via the gas pocket
el ectrode into the rear electrolyte chanber

cel l
event of | ateral
standpi pe lead to dif
pressure is in that

discharge

i

way to the joint discharge

this can al so take place | af Her ¢

the hal f-cell, wherein the

e.g. in a col | ect or

14

next toithc
al so be set higher than thefga$
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pressures,

from where

downwards via the standpi pe together with the excess oxygen or,
al so to the side.
differenti al

Di f ferent

her than Lhe gas pressure,
parti cul ar advant age for th~ flush SUPRI ting of cloth-type gas-diffusion
el ectrodes on the current d-
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The half-cell according to the invention can be expanded to any technically
feasi bl e sizes by neans of a correspondi ng nunber of gas pockets. Since the
required gas anount (e.g. oxygen) for representative electrolysis charges
is for exanple 0.7 to 1 standard cubic netre per square netre of cathode
area per hour, the necessary gas transport can be obtained w thout any

pr obl em by SU|tabIe di stribution of the bubble openings, as hydraulic tests

have shown. It is po |EL in principle with the half-cell according to
the invention for the comventional comercial mermbrane electrolyzers for
the electrolysis of alkali- ' . ' t hey possess a

sufficienty deep cathode chfynber, to Bhe_converted to dnergy-saving
operation with e.g. oxygen-gonsunm ng c{hodes. O her Jpotential fields of
application for the half cefl ?ccordL,, \né Tnvéntifon arfp for exanple.
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- The use of gas—drffusron electrodes m a wide range of electrolytlc processes

permits alternative reaction paths in many cases or assists in preventing 3

undesirable or uneconomic by-products of an electrolysrs In alkah-hahde
electrolysis, for example hydrogen is an undesrrable by-product which as a
product whose production is unavoidable often cannot be made practical use of In

~ addition, the energy value of the hydrogen in the electrolytrc process is as a rule

far higher than the sales price whxch can normally be obtained. for hydrogen It

_ therefore _seems sensrble that the hydrogen formed electrochenucally as a by-
o product should be put to further use electrochenncally or be prevented completely -

by means of an alternatrve course of reactron

One possibility for the further electrochemrcal use of the hydrogen is utrhzatron ln
fuel cells. An interesting method is descnbed in US patent 46 47 351. 1t is

'proposed there that the hydrogen be collected through the coupling of alkaline fuel

cells to the electrolytrc process. In this case the alkaline solution from the cathode

~ chamber of the el_ect_.rolysrs is introduced into the_ anode and cathode chambers of
. the fuel cell, enriched and released in the cathode chamber and depleted in the
- anode chamber and fed back into the electrolysis. Disadvantageous with this

‘method are the high cost of equipment, the additional energy losses during the

hydrogen formatron and the subsequent oxidation in the fuel cell, and also the
electric line losses and the problems connected with the direct use for the

| electrolysrs of the dlrect current from the fuel cells, given the mutually opposed

current-versus-voltage characteristics.

An alternative method is to prevent hydrogen formatron on the electrolysis cathode
by oxygen reductron on an oxygen-consuming cathode. In this way, for example

- during alkah-hydroxrde electrolysrs -in a very s1m11ar way to the conventiorial

procedure with hydrogen formation - hydroxide i 1ons are formed on the cathode, |
which excite the mrgratron of alkali ions through a cation-selective membrane into
the cathode chamber and there lead to the formation of alkalr-hydroxxde solution.

The formatlon of the target products halogen and alkalr-hydroxrde solutron is not
thereby affected ln sharp contrast to the consumpuon of electric power, w hich

‘declines sharply A number of smdles have been carried out in the past on

oxygen-consumxng cathodes in a.lkah-halrde electrolysis. The followmg general

“problem has arisen:

~ This is the replacement shoet -
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Al kaline fuel cells, as described in the preanble, are used for sodium
‘hydr oxi de sol ution enrlchnent Hal f-cells according to the invention can
hére be used as an anode for hydrogen conversion and as a cathode with
oxygen reduction. The half-cell accordinr@+to the invention can in
principle be used wherever a gas- dlffu5|on el ectrode is operated in direct
contact with liquid electro pes -of gas-diffusion electrodes
known in pri n&hpgas-diffu eazézﬂef in theh@Sha;lffalkahehdhdecdmmlm operated e.

Thventi on. e g shyiascotnhidg ARG, 18 Qobh SoP YRR o BRUE iy 3 i on

grid or electrodes onstructed on car o
of the hal f-c&3§¢c avhigh isgntended twmtothemggt rﬁdnctnqn tontake place winahes .

The inventi onﬂmd-h hd2@ boaRddry 'BReveeR ctectidh/ts, catalfht ARH Ay gl hO ¥R af kLIRS
the f|gur €s o the eléc'tr%l’yte This boundary layer is stabilized due to the hydrophobrc-
propertles of the cathode material. It is found, however, that this stabilization, -
which occurs s1mply as a result of the surface tension of the electrolyte permits

~only a ﬁmte pressure drop between gas side and liquid side. If the gas-srde"
pressure is too high, ‘the ‘gas ultimately breaks through the membrane and the
function of the electrode is disturbed in this area and the electrolytic process is
mterrupted If on the other hand the Ilqmd pressure is too high, the three-phase

boundary is pressed out of the cata.lyst area in the membrane, which likewise
'1nterferes with the function of the cathode and on further pressure increase leads
to a hqmd penetratlon of electrolyte into the gas chamber With a vertical
electrode layout - necessary as with membrane electrolyses to enable the target

k -product chlorine to be drawn off satrsfactonly - this leads to a restriction of the
" overall height of the gas-dlffusron electrodes, since otherwrse gas penetrates into

the cathode chamber at the top and hqutd penetrates into the gas chamber at the

bottom. The techmcally feasible overall hexght therefore remains limited to approx. -
20 cm, whlch is unatl:racttve for the membrane electrolyzers currently on the

market. ' '

In order to overcome this disadvantage, some proposed methods have been
described, none of which has however proved success'ful In laid-open print DE 34
01 636 Al, for example the problem of the hydrostatic pressure is clrcumvented'
by the fact that the electrolyte flows between the catron-exchangmg membrane and
the gas-diffusion electrode in a falling-film apparatus. In this way a largely
- isobaric state between electrolyte chamber and gas chamber is achieved. Problems
in long-term tests (e. g wetting problems and bubble formation between the
membranes) have however led to the abandonment of this method for electrolytrcal
purposes. '

In lard-open print DE 34 39 265 Al a level cell arrangement is proposed for'

| preventmg the dlfferentlal pressure problem, in whlch the electrolyte ﬂows are _
directed honzontally This arrangement has also not proved successful, smce on
the one hand gas formed m the cell can be led away only w1th dlﬁiculty and on.

This is the. re'pllaclement sheet
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Fig.. 1 shows the main |ayout of a half-cell connected here as an oxygen-
consum ng cat hode, as part of a chlorine-alkali electrolyzer, Fig. 2 a
‘di agrammat i ¢ section through the electrolyzer according to line A-Bin
Fig. 1, Fig. 3 a di agrammatic section thr8ugh the el ectrol yzer according -

‘to the line GD in Fig. 2, Fig. 4 a diagramof a basic arrangenent

-of the gas pockets for a half- ceII _ . accordlng to the invention and .

: the other a forced flow to renew the electrolyte is scarcely possible with this’
arr_angement. '

An altemat:tve proposal more complex in technrcal terms 1s dlsclosed in US patent

| 46 57 651. Here the pressure equalrzatton is achieved by the fact that the cathode
is divided into individual horizontal chambers whrch are loaded individually with
gas, wherein the gas pressure resultmg from immersion of the respectrve departing
gas flow in vertical chambers is controlled by the fact that the depth of said

o chambers - corresponds to the electrolyte height above the respective chamber
Dlsadvant_ageous here is the hrgh cost of .equrpment which stands in the way of a
technical implementation. The pressure in each individual gas chamber has in fact
to be adjusted separately'her.e, by'means' of valves. | '

A further method according to US patent 45 78 159 provides that the catalyst for
the oxygen reductron be ‘applied dtrectly to the catron-exchangmg membrane The
hydroxrde ions formed by oxygen reduction form with the alkali ions migrating
with hydrate envelope through the membrane aqueous alkali-hydroxide solution,

 which runs off -on the. gas-srde surface of a membrane coated hydrophilically with
~ the catalyst and is collected. Drsadvantageous in this case is the fact that the three-
phase. boundary layer lylng towards the gas chamber can be destroyed by the
aqueous alkah-hydroxlde solution running off at the gas side, so that a hrgher
operating voltage necessanly has to be used for the electrolysis. '

The object of the invention is to provrde an electro-chemical half-ceil whrch does
not possess the drsadvantages of the afore-mentioned apparatuses and in partrcular

~ permits the use of a gas-dlffusron electrode in a vertical arrangement of the cell,
wherein the’ hydrostatlc pressure of the electrolyte onto the electrode is
: compensated ina srmple manner. ' ;

The object is achieved according to the invention by an electrochemical half-cell,
consisting in at-least one electrode chamber for aecommodating an electrolyte, a
gas chamber and "at least one gas-diffusion electrode as anode or cathode
~_separating gas chamber and electrode chamber, characterised in that the gas
“chamber is d1v1ded into two or more gas pockets superimposed on one another
) after the manner of a cascade, which are separate from one another and are open
to the electrolyte in a downward direction, so that the pressure in each gas pocket
~ across the openmg to the electrolyte is in equlhbnum wrth the pressure of the

Thls is the replacement shoet
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Fig. 5 a diagramof a half-cell with adjustable differential pressure. In
the half-cell 1 with an electrolyte inlet nozzle 2 and:the electrolyte
oitl et 'nozzle 3, which is bounded by a conventlonal i on- exchange nenbr ane,
there is fitted instead of the conventiomaf-netallic. electrode the

- gas-di ffusion electrode 5. The .gas-di-ffusion electrode obtains its. pomer

supply throug t I.C struct 6 bl.

for a Iowres?@l“%ﬁ‘g \ﬂ% tﬁ%F@Fﬁl’lﬂﬁgﬁ"o |°Hf’g§pt°lfjlrg‘%§m%ﬁ’ﬁ§:l E?%B h ©

\(;lmnd \r/]vhl ch exp?ymgrbbﬁofel the gxsxdifﬁmumﬂecubuﬁ oammihewhichumtwgﬁ seppiyeot gas’,
ich are in tur ntact w t d t I t

8, which are |df'F° argﬁé%eepcp#c\elag ﬁgﬁeté%ﬁmllﬁltl’qﬁ ﬁﬁgﬁﬁ Te gg?gsrcla: ogoﬁe(rerren >

di stribution (not shown here). The grid structure 6 can be di spensed" W|th

- Id I” . E ?Ie b 3 ?|S g . Ogl‘rhggﬁag ﬂ(ocﬂétsogree lp?éfbfa‘hlk? Seach "irf hybiPdsBAic? leqﬁri‘fitb?fulnl Cabl¥éCthe

_ electrolyte with the correspondmg electrode chamber on the other side of the gas-
' drffusron electrode

Preferably the gas pockets are bounded on'their rear side by so-called gas baffles,
which in turn end below the actual gas pocket in gas collecting hoods as openmgs '
to the electrolyte, wherein the gas collecting hoods serve to accommodate the gas
bubbles nsmg in the electrolyte and the latter pass the electrode gas to the next
highest gas pocket

-In partrcular the gas collecting hoods are arranged in the half-cell up to' just before
the rear wall of the electro-chemrcal cell e.g. in order to prevent a gas bubble by-
pass, on the other ‘hand however to achieve a hydrostanc pressure equalrzatron m-,
the rearward chamber filled w1th electrolyte

The gas collecting hoods 'possess preferably gas passage openings, e.g. defined
holes or slits, below the lower edge of the respective gas ‘pockets or in the upper
. area of the gas collecting hood, which provrde for a controlled delxvery of excess
gas to the next highest gas pocket The distance of the gas passage openings from
the lower edge of the respective gas pocket influences the differential pressure
above the gaseous diffusion electrode. |

The gas passage opening’s are preferably arranged offset -laterally from one another
from gas pocket to gas pocket, so that rising gas bubbles always impinge on hood
areas wrthout gas passage opemngs

y Partrcularly preferred are embodiments with groups of gas passage openings lying
next to one another above which, in the next highest hood, lie whole areas
without gas passage opemngs In extreme cases the respective hood can be
arranged wrth passage holes on one side and without passage holes i in the above-
mentioned remaining area. The disposition of the areas with and without holes is
then completely reversed for the next highest hood in each case.

This is the replacement sheet
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The actual gas pockets 20 are forned of the gas-diffusion electrode 5 mnth
its hydrophobic rear side, the structural elements 7, which bound the
pbcket 20 not only at the top and .bottom but al so Iaterally, and the rear
gas baffles 9, which are connected at the +6p and laterally gas-tight, e.g.
‘wel ded, to the structural elenents 7. The gas-tight connection extends to

‘the lower end of the lateral gusset between gas baffle 9 curved towards the e

gas hood 21 andPyestcthe|physical-separafion of the,functien of fealisction’eand intraductien into
pocket electro BEIR Frdif thé Furfclione d RRnkfer®
The gas suppl y%e%ﬁsfp Iloce vig.a flegfglelé@et?}tlrtaa ’ég%é/(\h Y%ngggtatﬁzg ddég to
gas-tight to t essﬁﬁ&h@%tgagssc R Spivestign if patablistied, e, s aren g, b gas
lt El et Eotzﬁ l.e 2.potket, mscmnélpsmpfuvémhn scchholduﬁhtofmm?ongaabnogdsl | eporfions irows -
roug e gas, passa n ntica alt, the
gas pocket el effgg pgel&eq 8b sgg WS%%"%%P@@ g%%%g.ﬁl I3 ?fr%‘? éaé rﬁggod ° ﬁtie of
the gas baffl eseﬁarauompf iintoeductiom and plebiverygin nrdcrttoe:ompet theagas| ¢apwrection in

~col um, passes thgl %&e bores or--openings 13 in the rear connection
elenents 8 and |s ed by the hood 21 of the next

~ For the additional compensation of the pressure loss in the ﬂowe'd-through
electrolyte gap the above—mentroned holes or slits can also be accommodated other
than at the same height relative to the gas pocket lying above them. They can
instead (for the additional compensation of the hydraulrc pressure loss in the
' narrow electrode chamber optionally filled with a spacer) be located at the deepest

| poxnt in the bottommost hood and be staggered correspondmgly higher in the
hoods of the next highest gas pockets, in such a way that the same drfferentral |
pressure condrtrons are always obtained in the respectxve gas chamber.

An a_dditional' compensation of the pressure loss becomes possible in particular
_through the fact that the diameter of the gas passage__openings is varied from gas
pocket to gas pocket in such a way that the diameter of the openings, assuming in
each case identical relative height '_in ‘the gas collecting hood, .'decr_eases or

increases, preferebly- decreeses, from bottom to top.

" The gas collectmg hood of the bottommost gas pocket is in particular constructed' '

as a srphon (e.g. a converted sheet-metal strip), which makes it possrble for the
pressure compensation to be carried out undisturbed by electrolyte ﬂowrng into the |
half-cell and hence also undistirbed by the main flow between gas-diffusion
electrode and ion exchange membrane '

A preferred variant of the half-c ell eccording to the invention is "character'ised in
that the 1ntroduct10n of gas from the gas collectmg hoods into the gas pockets
takes place: through Narrow slrts which are optronally interrupted by metallrcally '
: conducttng connections in order to improve the low-resrstance power connection
| between support of the gas pocket and rearward power supply.

The slits are preferably so disposed that electrolyte spray from the gas bubbles o

burstmg at the gas memscus below the gas collectmg hood cannot pass directly
: : - This is the replaoement sheet
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hi. ghest gas baffle 9 and passed into the associated gas pocket 20', where

part of the gas is once again convert ed. Gas not fully converted on t he

efectrode 5 is drawn off through the outlet nozzle 3 jointly with the .

“electrolyte 22 flow ng away out of the ele trolyte chanber is optlonally
separated and used’ agaln as service gas. '

- 12 - In a ) n o d .
di schar ged dOV?II\’]é%I’ S t rou ehog tgtéa%%tmffgagﬁ ?%‘#1 El\égﬁ&lzé&elré%t rSlo yfs
“wherein t he d.opngnallyt cqmered with a screen agamst the mtroductton of gas in order to prevent

contamrnatlon of the electrode in the gas chamber _

| The hexght of the respectrve gas pocket is preferably from 1 to SO cm, in'
_partlcular preferably from 5 to 30 cm. '

The half-cell is preferably fed with electrode gas via a smgle gas supply into the

- bottommost gas pocket, wherein the respective surplus gas is in so domg passed
from gas. pocket to gas pocket from bottom to top and the surplus gas remaining
behind the last gas pocket is carried away outward at the head of the cell.

The eleCtrode gas can in 2 variant of the cell be fed into the bottommost 'g'as
pocket coaxially via a common nozzle with the electrolyte feed into the electrode
'chamber whlle excess gas is bemg drawn off together with the electrolyte

If several electrode segments are used as a gas-difﬁxsion electrode the mounting
- of the gas-diffusion electrode segments takes place gas-tlght with respect to the
-electrode chamber. -

_The holdmg elements for the gas-dlffusmn elements can be constructed e. g as
clampmg strips or magnetic strips, which serve mmally as assembly alds

In the case of electrolysis cells 'wit'h' interme‘diate ion exchange membrane the
. holding elements can after assembly be supported by means of the ion exchange

membrane on the counter-electrode structure supported behind the latter and thus
. ensure a suxtable contact pressure agarnst the gas- diffusion electrode

In the case of an electrolysrs cell the holdmg elements can bear on their side

facing the ion exchange membrane notches ly1ng in the ﬂow dxrectton, which even

with the cells in a tensioned state permit a homogeneous electrolyte passage from
: compartment to compartment of the electrode chamber.

In a parti_cularly preferred embod_iment the narrow _electro'de chamber is filled with

~an elastic spacer, which not only fulfils the spacer and turbulence promater
. function, but can be placed across the aboye-m_entioned' holding elements 13

This .s the replacement sho'ot:
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pressure can be varied equally across all the gas-diffusion electrodes 5
through the hei ght of the standpi pe. The securing and sealing of the

gas- di ffusi on el ectrode 5 takes pl ace on the structural elements 7 by means
~of clanping strips 15 (see also Fig. 2), which serve initially only as
nmounting aids.. They can-therefore al so be constructed as nagnetic strips

V\1 th- c1or res p?'ﬁéﬁsﬂtﬁldﬂ' dtl?éki]- el ithe, lﬁn&eraﬁhntllel‘ébyshdpre@énﬁ he fﬁhﬂéﬁ Ll=ll§st1c
el enent pointing towards the iop exchan r oVi
. not ches 15a ol’ipﬂ‘(ﬁﬂgﬂl pp therfon PP&S%Fgﬁ sﬁ'@glq%ttgﬁﬁﬁﬁig'{@s‘ﬂér% easy
. electrolyte fl ow from chamber to chanber of the cathode chamber 14. A’
di stance pi ec '
-non- conduct i v fal P%Eﬁ%@?ﬁ@&ﬁg%/érag%%ﬁea cgﬁgﬁéa{éf th? Hg‘f'eg{%ﬁotﬁg "&‘Hﬁ’%‘ér"f it
serves as a t hé) gaswdtffusiom riectrode regmentsetakem dplacsamitht thea aid wfha sTyshaped ng
~of the gas-di h r r ere -
serves as ar eahl&%%@n?ﬂﬁﬁéﬁg %ct rodér %ﬁuﬁl &nggg&f%ue oﬁulaér?%ggdgﬂo@’ ta{é‘
menbrane 4, - winserted byt te lowstesistanem PQWRTaNPP leads in such a way that a rearward
tightening, e.g. via clampmg wedges whrch are driven by means of suitably
arranged bores, can take place Gas-diffusion electrode and optionally seal are
~ pressed onto the low-resxstance power-supply leads via the short members of the
' T-shaped holdxng stnp in such a way that both gas-ttghtness and good electncal .
_' contact are guaranteed. '

The . power supply to the gas-dlffusmn electrode takes place preferably via the _
-'holdlng apparatus of the latter, which in turn is connected at low resistance with-
the rear side of the cell to the external power source, wherem between the holdmg
‘devices a metallic grid structure, to wluch the gas-dlffusron electrode is connected
on the electrolyte side, ensures short current paths. In the case of a gas- diffusion

~ electrode with 1ntegr_al metallic grid the separate metallic grid structure between
the holding _devices can _optio_n_ally be disper_lsed with. o

"In partrcular the low-resrstance connection to the rear side of the cell is provided
with opemngs or holes which permrt on the one hand a hydrostattc pressure
equalization of the electrolyte in the rear chamber and on the other a passage for
the transferred gas bubbles. | | |

- The bottommost low-resistance connection to the rear side of the cell contams in
R ‘particular a small equallzatlon bore which permits electrolyte intermixing in the
rear chamber, wnthout affectmg srgmﬁcantly a dehberate main flow of the

. electrolyte through the electrode chamber _

An advantageous embodtment of the half-cell accordmg to the invention is
charactensed in that the whole structure of the gas pocket electrode is shaped so
‘as to be removable from the electrolysxs half-cell '

- This is the-replacemeht-s'h'oet
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halide electrolysis rests on the nenbrane 4 as anode 17 and-after assenbly
of the cell not only takes over this nechanical function, but in particular
al so presses the clanping or magnetic stri 15 with SU|tabIe pressure _
t hrough the conpressed di stance piece 16 onto.the gas-diffusion el ectrode 5

.and hel ps seal the'latter. In this way the flapping of menbrane and

gas-di ffusion I S S eI

service life. ?A?ﬁh{o&&? lﬁ J(i)isﬁ/-la'lrmeésll s ancgggﬂlfﬂ%méluflreené&goéﬁﬁqﬁ “%%d _

- gas-di ffusi on sthiletalbthe Bmmngommtﬁssqfrﬁhbtgasmclgetl electrode cahaoatigue to be

achieved. Sing Hgflthe area of ‘the electrolyte feed 2 at the bottomit is
ably

intended to reI prevent e.g. oxygen as el.ectrode- gas getting into the
.cat hode gap, - the bubble overflow is varied hére in particular as follows:

Gap 11 for theAJpsefaved fdrﬁ"\bf ﬁtefliﬁlf?@éil acofding 6 ti Mnmss&%‘sk&t #n Rygehbe -

. gas baffle 9 operati,n : r, cur d I nto,a, siphon 18 and Je Jback -
t hrough the re&?“%%?éc‘taﬁ’&ﬁe’ef"&réﬂt \ig h elestrolysis ﬁﬁsg’@%nam‘/l“ﬁ rangs
13, wherei n t heupphied rlﬁlmﬂzomalcgasrpobﬁetslthe bespedive dreighb of WhictDisodetérittined by
relevant bOt t orgmg Frefditial pressure loadability of the gas-dlffusmn electrode. The gas pockets

' are in th1s case formed of the electrode, a rear-s1de bafﬂe with suitable gas
passage bores and gas. bubble collecting hoods, together with a reverse-side
holding structure for the gas-drffusron electrode, which can also perform the power

" distribution function. The oxygen is fed into the bottommost gas pocket. Oxygen

" not converted here bubbles via surtable bores in the bottom area of the reat-side

~ baffle into the electrolyte fluid contained there preferably the same electrolyte as
in the cathode chamber, is absorbed by the gas bubble collectmg hood of the next
hlghest gas ‘pocket and also ﬁlls the latter. This process is repeated up to the
“topmost gas pocket, wherein parts ‘of the oxygen are consumed in each oxygen-
consuming cathode. The feeding of the bottommost gas pocket is adjusted so that
'the topmost gas pocket stlll always nges off an excess of oxygen, so that it is
ensured that -all the oxygen-consummg cathodes are supphed to excess wrth'

~ oxygen. 'Unconverted oxygen can be collected and fed downward orice more.

In the area of each gas pocket a gas pressure is obtalned whtch corresponds to the'
liquid column from the bottom edge of the bubble ‘meniscus to the top edge of the
ltqurd column between gas pocket cascade and rear wall of the electrolysis .cell.
~ This pressure is compensated by the hqurd column in the electrode chamber,
wherein the equilibrium, assummg 1dent|cal ﬁllmg level in both chambers (e.g. |
with hydraulic connection of both chambers), lies at the bottom edge of the afore-
. mentioned bubble meniscus. Since homogeneous pressure reigns in the respectwe :
gas pocket, a slight excess pressure exists on average on the gas side, something |
- which is also desuable for the purpose of optimal functxomng, e.g. of the catalytic
'oxygen reduction. : '

If in a further preferred variant of the half-cell acc'ording to the invention the

 electrode chamber and the rear electrolyte chamber are separated hydraulically, the
respective differential pressure, which is identical for all the chambers, can be set
at will in both chambers by means of varying ﬁlhng level or discharge height.

This is the reptacement shoet '
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pocket 20, which gas baffle 20 is not curved towards the hood. There is
fornmed behind the gas baffle 9 S|mlarly to the gap 11 a gap 1lla, which

al l ows the _ -9- - 13- overflowing’
gas to pass. Wth thi s neasure a correspondi ng excess pressure is also
ensured for the bottomost gas pocket 20. A snmmll| equalization bore 19 in
‘the rear conndhmsoit isl pns@e,sagerbyursemratenm ischarge cyia oa ypipe esasried pwayn

the rear chamgphedd 5. uﬁggﬁgﬂi&recﬂ ;A %%Bﬂﬂl@uﬁlovld% MQQ@ rgé@&é}qg,uﬂgl

bei ng signi fi cant ¥h
- above the latter, to set a controllable excess pressure which is then of the same

amount compared with the electrode chamber for all the gas ‘pockets.

If on the other hand the electrolyte dtscharge from the cell is preferably carried
away downward via a standptpe as shown e.g. in Fig. 5, or else optionally to a
side wall of the cell, it is directly possible to dram electrolyte and excess gas
jointly by allowing the electrolyte from the electrode chamber to flow exclusively
at the top via the gas pocket electrode into the rear electrolyte chamber, from o |
where it escapes from the cell downwards t)_i_a the standpipe' together with the
‘excess oxygen or, in the event of lateral discharge, also to the side. Different
hetghts of the standpipe lead to different differential pressures wherein the liquid
pressure is in that case higher than the gas pressure, whxch is of parttcular
advantage for the flush supporting. of cloth-type gas-diffusion electrodes on the

~ current distribution grid. Holding and. clamping devnces can then opttonally be.

: dlspensed with for the electrode. In a quite s1mxlar way to the jomt discharge of
electrolyte and excess gas via the standpipe this can also take place laterally via a
discharge pipe ﬁxed laterally to the half-cell, wherein the separation of gas and '
electrolyte takes place eg. ina collector next to the cell. The liquid pressure can
in this way also be set hlgher than the gas pressure above the gas—dtffusxon

~ electrode. ' L '

The half-cell according to the invehtion can be expanded to any technically .
feasible sizes by means of a corresponding number of gas pockets. Since the
required gas amount (e.g. oxygen) for representative electrolysis charges is for
example 0.7 to 1 staudard cubic metre per square metre of cathode area pér hour,
_the necessary gas transport can be obtained without any problem by suitable
| dlstnbutlon of the bubble. opemngs as hydrauhc tests have shown. |

It is possible 'in principle ‘with the half—cell 'accOrding to the invention for the
| :con_ventional commercial membrane electrolyzers. _for the electr'olysis of alkali-

halide solutions, provided they possess a sufficiently deep' cathode chamber, to be

conver_ted to energy‘}savirrg'operation With eg. oxygen'-bonsurni_ng cathodes.

| Other potenttal ﬁelds of appltcatton for the half cell accordmg to the invention are
for example

) Thas is. ’t'he W‘“’“" "m‘
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Exanplle 1 In an exenplifying enbodi ment for sinulating the hydraulics. of
t he gas pocket el-ectrode a nodel test was run with the follow ng
paranmeters: A nodel (accordl ng - to Fig. 4) was constructed with the
foll ow ng di mensi ons but w thout electri callocorrponent s. nodel height 30 .
cm nodel width 20 em 3 gas pockets egach 10 cm hi gh, ch'anber depth 1 cm

- hood |l ength 6 cm h r 0X Ql.err 0 5 mMm.i.n th
hood bend, 10 ¢m di &o"gﬁﬂ'%%lf&dﬂ‘gg lepﬁ L[d ]He RYJ ogen-consummg atode is' -
o possible mstead of the oxygen-producmg one; hydrogen productron at’ the

cathode can be replaced by oxygen reductton at an oxygen-consummg .
cathode. _' '

-~ - Hydrogen peroxrde productton via oxygen reductlon on a gas-drffusron
| electrode. |

- Alkaline fuel cells, as described in the preamble, are used for sodium
hydroxide solutton enrichment. Half-cells according to the mventxon can
here be used as an anode for hydrogen conversxon and as a cathode w1th
oxygen reductron

- The half-cell ac_c_ordi_ng to the invention can in principle be used wherever a gas-
diffusion electrode is operated in direct contact with liquid- electrolytes.

All types of gas-dlffusron electrodes known in pnnclple can be used for the half-' |
cell accordmg to the invention, e.g. types with mtegral metallrc support or power'
distribution grid or electrodes constructed on carbon mats Other preferred .
embodlments of the half-cell accordrng to the invention are given in the sub-

" claims.

’l‘he mventlon will be described in exemphfymg detail below by means of the'_ _
ﬁgures In the ﬁgures S

Fig. l._shows the main layou_t of a half-cell _co'nnect"ed here as an oxygen'_-
_co_nsuming cathode, as part of a chlorine-alkali electrolyzer_,

Fig. 2 a dtagrammattc secnon through the electrolyzer accordlng to line A-B in

: F1g 3a dragrammattc sectlon through the electrolyzer accordmg to the hne C- D
- in Fig. 2 ' '

Fig. 4 a dragram of a basrc arrangernent of the gas pockets for a half-cell
' accordmg to the invention and : ' |

'Th‘xs is the tep\ucement sheet



The bores were offset laterally fromone another fromgas hood 21 to gas
hood. 21' Results: The tests were run wi'th conpressed air and oxygen.
“Wth the sel ected arrangement up to 30 to,35 1/h of gas were able to be
passed through per bore before the first d s bubbl es bubbled across the.
‘hood edge of the free-standing gas pockets. Differential pressure tests

' duced th I -. |
Eregulj-(r:gd anguiang?(y%érgﬁlnétegh qb?gl:rizbiﬁgﬁjﬁ&l}léd}ff&%ﬁgg ar eae; ir ;hgpecific' |
load of 3 kA/n2 cones to e.g. 0.63 nferr]/nferr] x h or at 75[err]C .

operating.t empgral Hie 3R A" Hth afl-efecofté inlél fiizkle Xantl {h¥lekéctrolyte ShaRdAle

-cubic neter).

3, which is bounded by a conventional ron-exchange membrane, there is fitted _
" instead of the conventronal metallic electrode the gas-drfﬁJsron electrode 5. The
gas—drffusron electrode obtains its power supply through a rearward metalhc grid
structure 6, whlch is responsrble for a low-res1stance power distribution into the
gas-diffusion electrode and whrch experiences its power supply through the
structural elements 7, which are in tum in metallic contact with the rearward
connection elements 8, which are in connection v1a the rear wall 1 with the
external power drstnbutlon (not shown here). The gnd structure 6 can' be
_ 'dlspensed with in the case of gas-drfﬁ.lsxon electrodes 5 with 1ntegral metalllc
power drstnbutxon grld

The _actual' gas pockets 20 are formed of the gas-diffusion electrode 5 with its

| hydrophobic rear side,'the structural elements 7, which bound the pocket 20 not
only at the 'to'p' and bottom but also laterally, and the rear gas baffles 9, which are '_
connected-at the top and laterally gas-tight, e.g. welded, to the structural elements
7. The gas-tight connection extends to the lower end of the lateral gusset between
~gas bafile 9 curved towards the gas hood 21 and lateral structural element (not
shown here) '

The gas pocket electrode so formed can_ be shaped so as to be removable as a unit.

The gas supply can take place via a flexible tube 10 which is attached gas-tight to
- the bottommost gas pocket 20 and run coaxially through the inlet nozzle 2. The
gas not converted in the bottommost gas pocket 20 flows through the gas passage
opening 11, which is shaped identically for all the gas pocket elements, and
bubbles through bores 12 in the angled hoods 21 of the gas baffles 9 or optronally
a srphon 18 into the vertlcal hqurd column, passes through the bores or openings
13 in the rear connection elements 8 and is absorbed by the hood 21 of the next
~ highest gas baffle 9 and passed into the associated gas pocket 20", where part of |
the gas is once’ agam converted Gas not fully converted on the electrode S is _
drawn off through the outlet nozzle 3 jomtly with the electrolyte 22 flowing away

~ out of the electrolyte charnber is optronally separated and used again as service

' This is the replacement sheet
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-.14- For the passage rate neasured on the nodel of 30 1/h per bore and
assuming that the electrolyte cell-is 1 mhigh and 4 gas pockets each 25 cm
high are sufficient, one can nmake do, assupjng otherw se equal dinensions,
~with one bore about every 7 cm since at 't[?e'exit' fromthe bottomobst gas
pocket 0.2 nferr]/h of the service oxygen has already been consurred onthe

| Bgzig{m})? ! ?lkg & %gﬁﬂgge hﬁ@ tﬁdthg gzatsnfe” L%‘W%&&?/tg’gﬁd’%g‘ﬁ’t %ﬂs@ére - | - '.

Exanple 2 Pr athtougtl acxtangpipe 024 tjhiatlyr sathuthe cicotolite stherginr thei diffepéntiah
oxygen- consun &gssh?é bafie varied equally across all the gas-dlffusmn electrodes 5 through the

hexght of the standplpe

The securing_ and sealing of _the,- gas-dlffusion electrode 5 takes place on the

. structural elements 7 by means of clamping strips 15 (see also Fig. 2), which serVe )

' 1mt1ally only as mountmg aids. They can therefore also be constructed as magnetic
strips with correspondmg plasncs coating, wherem the side of the pressure element
‘pointing towards the ion exchange membrane 4 is provxded with notches 15a
obliquely to the stnp, ‘which are 1ntended to permit an easy electrolyte flow from

: 'chamber to chamber of the cathode chamber 14.

- A distance. piece 16 of elastic electrolyte-'resistant preferably non-conductive -

 flimsy ‘material covers the whole of the cathode chamber; it serves as a turbulence

~ promoter and spacer and leads to a flush supportmg of the gas-dlffusxon electrode
15 on the current distribution grid 6. There serves as areal abutment the electrode |
17 lying on the other side of the membrane 4, which in the case of an alkali-
halide electrolys1s rests on the membrane 4 as anode 17 and after assembly of the
‘cell not only takes over thls mechamcal function, but in partlcular also presses the
clamping or magnetrc strips 15 with suitable pressure through the compressed
distance piece 16 onto the gas-diffusion electrode 5 and helps seal the latter. In -
this way the flapping of membrane and gas-diffusion electrode is reliably
prevented, thus mcreaslng their service hfe In addition a low-resistance flush
current contact between gas-diffusion electrode 5 and power distribution grid 6 is
thereby achleved '

Since in the area of the electrolyte feed 2 at the bottom it is mtended to reliably
. 'prevent e.g. oxygen as electrode gas getting 1nto the cathode gap, the bubble '
overﬂow is varied here in partlcular as follows N |

_ Gap ll for the gas overﬂow is formed as on the other gas pockets 20. The gas -
baffle 9 operating here i is however curved into a s1phon 18 and led back through
the rear connecnon element 8a, which does not possess any opemngs 13, wherem
the immersion is carned out by the gas baffle 9 of the relevant bottommost gas
pocket 20, whlch gas baffle 20 is not curved towards the hood. There is formed
behrnd the gas baﬁle 9 s1mrlarly to the gap ll a gap lla, which allows the.

Th:s is the feplacement shoet
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In an additional practical exanple an el ectrochem cal cell of the follow ng

di nen-- sions was constructed and operated: cell height . 90 cmcell

wr dt h- 22 c¢cm 4 gas pockets each 18 x 18 cnierr] chanber depth. .
‘[err].5 cm hood | engt h ' 6 c¢cm hood- ang‘l3e‘ approx. 10[err] two bores per
hood, each 1.5 mmat a spaC| ng of 4 cm changing sides from _'

hood to hood oxgrchen .consum n 4% active surfaces.,each 18 x ﬁ

cat hode OWikg ga5 foils. With IR Rersite B fORPIPORIng cxcess pressure 1

- Frankfurt, corhgired for ﬂﬁ%dittormnoﬁ gas ocket 20 A small equalizefion lg)rE’tI/QFY[rﬁltﬂd
(r:rz[ﬂﬁggge ~© rear conne on € 8%89nsures Erﬁﬁt Stgoly% e.:‘tjc%gnée g erteuar/een
' - chamber without the forced ﬂow through the cathode chamber 14 being.
: srgnlﬂcantly disturbed.

.Examnle 1

_In an exemphfymg embodxment for srmulatmg the hydraulrcs of the gas pocket
electrode a model test was run with the followmg parameters

A model (according to Frg 4) was constructed wrth the followmg dlmensmns but '
without electncal components

mOdel' height 30 cm,
model width 20 cm,
- 3 gas pockets each 10 cm high,
chamber depth 1 cm,
hood length 6 cm,
hood angle approx. 30°,
two bores each 0.5 mm in the hood bend'
10 cm distance from bore to bore

"The bores were oﬁ'ﬁset'laterally' from one another.fro_m' gas hood 21 to gas hood |
- o _

Results:

The tests were run with compressed air and oxygen. With the selected

- arrangement up to 30 to 35 I/h of gas were able to be passed through per bore
before the first gas bubbles bubbled across the hood edge of the free-standmg gas |
pockets. Differential pressure tests produced the same differential pressures for all
three chambers. The required amOunt of oxygen per square metre of electrode. area
for a specific load of 3 kA/m? comes to e.g. 0.63 my 3/m? x h or at 75°C operating
temperature approx. 08 m*m?®xh (m = standard cubic meter)

 This is the replacement sheet
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and nenbr-ane 0.3 cm anodes titani um expanded netal wth

| ow- oxygen actiwvation from - - - Haereus, Hanau

4 anode segnments 18 x 18 cn{ err] separat ed eI ectrically from

each ot her : -14 - . - 15 - Results:
- For a current density of 3 kA/n{err] .a cell terrperature of 85[err]C, a
‘NaCl sol e i nfl ow concentration of_ 300 a.sol e decrease in
concentra- For the passage rate measured on the model of 30 l/h per bore and assummg that

the electrolyte cell'is 1 m hrgh and 4 gas pockets each 25 cm hlgh are sufﬁcrent,_
one can make do, assummg otherwise equal dxmensnons with one bore about '
every 7 cm, since at the exit from the bottommost gas pocket 0.2 m3/h of the
service oxygen has already been consumed on the bottommost electrode and the |
load on the overﬂow of the next highest gas pocket is lrkewnse reduced by the
0.2 m*/h of oxygen consumed there

Examg’ le 2

Practlcal example of the pressure-compensated operatlon of an oxygen-consumrng
cathode:

~ In an additional practlcal example an electrochemlcal cell of the following drmen-
- sions was constructed and operated: - |

-~ cell height . 90cm
cell width- 22 cm
4 gas pockets each 18 x 18 cm?
chamber depth 1.5 cm’
hood length 6 cm -
hood angle approx 10° _
two bores per hood each 1.5 mm at a spacmg of 4 cm, changmg sides from

. hood to hood
oxygen-consummg " 4 free actlve surfaces each 18 x 18 cm?,
cathode - type ESNS manufactured by GDE,
Frankfurt, contmmng 20% Pt on C;
: . 157¢g Pt/m _
" membrane  Nafion® 980 WX, manufactured by DuPont
gap between cathode ; '
~ and membrane 03 cm _
anodes' P titanium expanded metal wrth low-oxygen activation from

Haereus Hanau o -
.4 anode segments 18 x 18 cm?, separated electncally from
each other

<his is the Teplacement sheét
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tion of about 90 g/l in the cell, a sodium hydroxide concentration of.
32.5% and a supply of pure oxygen of an excess -of about 10% the
follow ng individual voltages were neasured in the cell segnents,
fromthe top to the bottom - 15segnent 1 2.04V
.segnent 2 ' 2 05 V ' ‘segnent .3 - 2.04 V

Gedenenay of RewlEl: aqEur a%%@pé&%n%éx&?ﬁt g3 Bl Srbaiet of 806 o ﬁ??ﬁm
the average val ue remi ngdlei infloWecomzeneatioh 62800 g8, aléplet Hecrase 48 hcériea-
voltage measurements was .onl&. a% {5(5“@)1% tﬁ’e cell, a sodium hydroxlde concentration of
' ' L -32.5% and a supply _of pure oxygen of an excess of about 10%, the
following individual voltages were measured in the cell segments;
" from the top to the bottom: -

se’gmehtl S 2,04 \4

segment2 205V
segment3 - 204V
segment 4 204V

Even _after'conﬁnudus operation for one week no dependency of the voltages on
height could be detected. The deviations from the average value remained in the
range of <5 mV; the noise of the voltage measurements was only extremely low.

“rhis ie 108 (ap\ec |



- 16 - dains 1. El ectrochem cal half-cell (1), consisting in at |east

one el ectrode chanber - (14) for accommdatl ng an electrolyte (22),
gas chanber (23) and at least = - one gia diffusi on-electrode (5) as
anode or cathode |ying between gas ' anber (23) and el ectrode

chanmber (14), characterised in that the gas. - chamﬁm"mﬂy
into two or Qaﬂ?ss pockets (-20) and (20') super - m#, r
.anot her after nner of a cascade, which are separate

anot her -and are open towards the electrolyte (22) in a dovvnvvard

- . 0ss the .
b T o2 ABSGRB GuCuL OSAE s ot B
: _ 14) for accommodatmg an electrolyte (22), a gas chamber (23) and at least
" . one gas-diffusion electrode (5) as anode or cathode lying between gas .
chamber (23) and electrode chamber (14), characterised in that the gas
chamber (23)is divided into two or more gas pockets (20) and (20') super-
imposed on one another after the manner of a cascade, which are separate |
from one another and are open towards the electrolyte (22) in a downward
direction, .so that the pressure in each gas pocket (20, 20') across the
* opening to the electrolyte (22) lS in equilibrium with the pressure of the
liquid column of the electrolyte in the correspondmg part of the electrode
'chamber (14) lying before the gas—dlffusron electrode (5), and with wh1ch'
any gas supply or gas discharge takes place across: the openings (ll) and
(12) to the electrolyte (22)

2 Half-cell accordmg to clalm 1, charactensed in that the gas pockets (20,
| 0') above the electrolytes (22) each exhibit a firmly adjustable differential

' pressure relative to the corresponding electrode chamber (14) on the other

's1de of the gas-dlfﬁ.lsron electrode (5). '

3. Half-c_e'll according to claims 1 to 2,_ characterised in that the gas pockets
) are_hounded on their rear side by gas baffles (9) which for their part
end below the actual gas pocket (20) in gas collecting hoods (21) as
openings (11) to the electrolyte (22), wherein the gas collecting hoods (21)
serve for accommodating' the gas bubbles rising in the electrolyte and the
Tlatter pass the electrode gas to the next highest gas poc'ket (20').

4 Ha.lf-cell accordtng to clalms 1 to 3, charactensed in that the gas collectxng _
o hoods (21) are arranged up to Just before the rear wall of the half-cell (1).

5.  Half-cell act:ordiag to claims 1 to 4, characterised in that the gas c_oll_ecting _
- hoods (21) possess gas passage openings (12) below the lower edge of the
respective gas pocket (20) or in the upper area of the gas collectmg hood

~ (21) for a controlled delrvery of excess gas to the next htghest gas pod\et

. Thisis the repla‘oement sheet
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'quuid col um of the electrolyte in the corresponding part of the el éctrode

chanber (14) lying before the gas-diffusion electrode ( . i :

.ahy gas supply or gas.di scharge takes placg7across the aaﬂﬂi‘aﬂﬂ“ﬂmﬂﬁmr o
(12) to the electrolyte (22). 2. ~Half-cell accordin cCl ai s x
characterised in that the gas pockets (20, - 20') above the

‘el ectrolyt eis (&) e&ﬁlﬁg&hi_&bbrdmg‘ Ltlb ntluimlﬁds,uaha;aéterisﬁgl‘) ixﬁrtﬁ_ﬁﬁ ithé gashpassa%e
pressure relative to_ t corr.espondi el ectraode chanber 4) on.the other

side of the gas-di ff9§§?‘8ﬁsgﬁ_@&££‘é‘ @’g)‘??m&f.“sa%.‘ml%ﬁ] ?“JCEYQ"S‘;lé‘é%BF?fFWQ%P&s in
~claims 1 to 2, char dh¢ esléctrodei chanibet) bbginning withk tites gas colledtiie &ved bsfumigeed ~
on their rear side S, | ch for el l: . nd. bel ow |
‘the actual gas poc_k’tebz6 “?3‘8’}&%%@@*%@??%&%8%@ ‘]E’{é‘lg) %étggll;ng .relag‘ﬁ%ﬁ?ﬁlbes o
(11) to the el ectr olbpttem edee ofithe respectivegag #ockssI(B@ct i ng hoods (21) -
serve for accommopdating.the gas bubbles rising in the electrolyte and the

| atter pass the electrod as to the next hi est gas pocket (20'). -
pass 7. Hal?—ceﬁl gaccordi)ng to ¢ al)t<n ?, % acter?sed Pn that tt(le ga)s. passage.

openings (12) are in particular areas amanged in groups next to one
o another, wherein with Superimposed gas pockets (20, 20") areas of a gas
collecting hood (21) with passage openings (12) are always an_"anged- above
areas with_but'. gas passage openings (12) In the pattic_ular gas collccting |
hood (21) lying above 'thgm.' ' ' . ' '

8. Half-cell according to claim 5, characterised in that areas with gas passage
openings (12) of a gas pocket (20) in the gas collecting hood (21) are

- separated from areas without gas passage openings by gussets between: gas
collecting hood (21) and gas baffle (9), so that a gas exchange is promoted

in the gas chamber (23). | | | i

| 9. - Half-cell according to claims 1 to 8, characterised in that the gas collecting
- hood (21) is constructed at the bottommost gas pocket.(20) as a siphon
(18) which makes it possible for the pre_ssure'compenSation to take place
undisturbed by electrolyte (22) flowing into the half-cell (1).

10.  Half-cell according to.'claims'l to 9, characterised m that the height of the
respective gas pocket (20) is 'fr_om 1 to 50 cm, preferably from 5 to 30 cm.

11.  Half-cell according to claims 1 to 10, characterised in that the cell is fed
via a single gas supply into the bottommost gas pocket (20), the 'respective '
gas_surplué is transferred fr'om gas po’éket (20) to gas pocket (20 from

“bottom to top and the gas surplus remaining after the topmost gas pocket is
carried away at the head of the cell. | |

12. Half-cell accordiﬁg to claims 1 to 11; characterised in that the differential -
' pfessure between'th_e areas before and behind the gas-diffusion electrode
(5) is freely adjustable by hydraulic separation of electrode chamber (14)
and electrolyte chamber (22). e

 This fg g mpwm shoet
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4. Hal f-cell according to clains 1 to 3, characterised in that the gas

.col lecting hoods (21) are arranged up to just bef
of the half-cell (1). 5. .  Half-cell acc&rdl ng to cI ai ﬁ“\“‘ ﬂ“mﬂ ““ﬂ“\
characterised in that the gas collecting pessesst gas

" passage openings (12) bel ow the | ower edge of. the " respective gas

Por e control 12 el BEordbE o altt®) 8%y UraliElerit 18 g the suppl! ot
(20t). ~ gas (10) into the bottommost gas pocket (20)1takes place coakiallf- vneld
~according to clai mno%le“(ﬁf‘fd?ﬁtlf%t‘heﬁle Sppll G elb ol PR Inf 8 W trode chamber
(14) and the draining of the excess gas takes place together with the
- electrolyte upwards through an outlet nozzle 3).

14 Half-cell according' to claims. l' to 13, characterised in that the electrode
~ chamber (14) is connected at the top hydraulica_lly with the electrolyte
chamber behind the gas pockets (20) overflows into the latter and the
draining of the excess gas takes place jointly with the electrolyte (22)
either downwards via a standpipe (24) in the area behind the gas pockets
(20) or to the side via a laterally ananged nozzle through a gas-ltqurd sepa-

rator lying at the same level

15. Half-cell accordlng to clmm 14, charactensed in that through the herght of _
| _ the standpipe (24) in the area behind the gas pockets (20) or through the
level of the laterally attached nozzle the liquid level of the electrolyte (22)
is setable dtfferently compared with the level of the electrolyte in the |
electrode chamber (14) and hence the dtfferenttal pressure between gas
- chamber (23) and electrode chamber (14) is variable equally for all the gas
pockets (20, 20".

16. Half-_cell acc_ordi‘ng to claims 1 to 15, characterised in that the supply of
" current to the gas-diffusion electrode (5) takes place by means of its
- holding device (7), ‘which is connected in turn with l'ow resistance to the
 rear side of the cell leading to the external power source, wherein between
the holdmg devices ™ a metalhc grtd structure (6), to which the gas-
diffusion electrode 6) is connected at the electrolyte side, ensures short'

. current paths B :

17, Half-cell accordlng to cla1m 16, charactensed in that the low-res1stance
connecuon (8) to the rear side of the cell is provrded with openmgs or

~ holes (13, 19), which permrt_ on the one hand a hydrostatic pressure
equalization of the ele:ctrolyte'('22) in the rear area of the electrode chamber

(14) and on the other a passage for the transferred gas bubbles of the -
electrode gas. -

- This isl the *repltcement sheet
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openings (12) are (for the conpensation of any hydraulic pressure [0SS TTm—
the el ectrode chanber) 'begi nning with the gas collecting
bott oomost gas pocket (20) arranged of_fse'g_lgi_si ng or fall”ﬂl@"&!&“ﬂjﬁ"’
the - - bottomedge of the respective gas pocket (20).. *7°¢ t s
‘according to claim 5, characterised in that the gas-passage =
openi ngs (12) e | tlol ' s B ' e ' :
anot her, wher e?gf Wi H%'l fg%geééé%dgﬂs%ga Sg‘img{)dé%g?‘?g‘f ggbﬁ%ﬂ@?gﬂré eg‘gs“&é'?m%g‘&?’ B
col | ecting hood. ( 217esistance senneciiondpeiheigar side)ofthe callveoptaing asmpdld equuadire
areas W thout gas pagiidiSore ReIER Pérntifs’an bl@C&JlﬁteHﬁfehhﬁdtﬁ:%rinQﬁéré‘aP'g}é%%f&% .
hood (21) lying above t.h&r?' &i{e . Hal ggéel;l according to,.claimb, . i
characterised in t hEYeCtEPg %ham Fr ‘Q‘Ag s aflegling significantla delibpratemyinfow Has
pocket (20) in the ¢grselestdlyei(22othhaiph the tlec@bde chamber (BHparated from ar eas
W t hout gas passage openi ngs by gussets between gas col | ecti ng hood
(21) and gas baffle (9), so that a gas exchange is prompted - in the
.gas chanber (2B89. Half-cell according to claims 1 to 18, characterised in that the gas-diffusion

' electrode (5) is exchangeable, while all the remaining structures of the half-

cell (1) are retained.

This is the replacement sheet
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9. Hal f-cel |l according to_clai ns 1 to 8, characterised in that the gas

col l ecting hood (21) is constructed at ‘the bottommobst gas ‘pocket
" (20) as a siphon : (18) which makes it possi ble for the pressure
~conpensation to take place . undisturbed by electrolyte (22) flowi ng

into the half-cell (1) 10. - Half ceII accordlngto claims 1 to 9,

‘characterisedyp 11 6 b, : Jqi espective gas pocket (20)
is from1l to 5€ . 11.  Half.-cell accordlng
toclains 1 to 10 characterlsedlnthat the-cell is fed via a

single gas supply into the bott ormost QYBSTRACKE! (20), the respectlve
gas surplus is transferred from gas pocRef (Z0) to gas pocket (20') from

bottomto top and the gas surplus rendining after the topnost gas pocket -
carried avay Fhetinedtiadrelites 6 @elelectrodizmical Hedlf-cstle chnsistmgr th rag ledxt Cori ms

L0 TE, e St St Mok Q5o SOM By, » Bl 35 2P0 (7
: least one gas-d1ffus1on ‘electrode 5 as anode or cathode sepa.ratmg gas chamber 23 -
and electrode chamber 14, in whlch the gas chamber 23 is divided into two or
" more gas pockets 20, 20' supenmposed on one another after the manner of a
cascade, ‘with which the gas supply or gas dlscharge takes place through opemngs'
11,12 to the electrolyte 22 '

(Fig- 1)

Th;s is the I‘ébliéét"hel‘if sﬁaet
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(5) is freely adjustable by hydraulic separation of electrode chanber (14) -

and el ectrol yte chanber (22). 13. Hal f-cell according to clains
1"to. 12, Characterised in that ‘the supply of gas (10) into the
bottonnnst gas pocket (20) takes place coaxially via a " nozzle (2)

jointly with the supply of electrolyte]Jnto t he electrode chanber-

(14) and the drainin he e ess ggF takesy pl.3cesogether with the
-electrolyte upmards 3ﬁFEL _ @)t | et ezzle. : (5 - '
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14. Hal f-cell according to clains 1 to 13, characterised in that the

el ectrode chanber (14) is connected at-the top hydraulically with
the electrolyte ~chanber behind the gas pockets (20), overflows into
the latter and the o drai ni ng- of the excess gas takes place jointly
‘wWith the electrolyte (22). - ei thero,downwards via a standpipe (24) i'n
the area behind the gas pockets - =t20) or to the side via a laterally.
arranged nozzle through a gas-liquid sepa- “.rator lying at the sane

|l evel . 15. Hal f-cel | according to claim 14, characterised in that
.through the height of - - the standpi pe (24) in . the area behind the gas"
pockets (20) or through the _ | evel of the laterally attached nozzle.
the liquid | evel of theFjIgc%ol yte (22) is setable differently
conpared with the | evel® Jf3t electrolyte in the . el ectrode .chanber -

(14) and hence the differential pressure, hegween gas. chanber (23) and

el ectrode chanber (14) idTwsriable equally for all the gas pocket s
(20, 20'). 16. _Half<cehl_. cording to clains 1 to 1%,.characterised' in
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current to the gas-diffusion el ectrode (5) takes place by means of its
hol di ng device (7), which is connected in turn with | ow resistance to the
rear side of the cell |eading to the external. power source, wherein between
the hol ding devices (7) a netallic grid structure (6), to which the gas-
di ffusion el ectrode (5) i s connected atzthe electrolyte side, .ensures short

current paths. 17. Hal f-cel | accorditmg to claim 16, characterised in -
that the | owresistance - connection (8) to the rear side of the cell . -
'is provided with opengngs o - holes (13, 19), which permit on the one
hand a hydrostatic prEksk¥f.e equalization of the electrolyte(22) in.
‘the rear -area of the electrogle chamber <7 (114) andgon the other ‘a

passage for the transferred ‘ iT ™me & . Iectque gas.
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f§ 18. Hal f-cel | according to claim 16, characterised in that the

bot t onmost | ow resi stance connection to the rear side of the cell
contains a snall equali- zation bore which pernits an el ectrolyte.
interm xture in the rear area of thee  ~ electrode chanber, without
affecting significantly a deliberate ngin flowof. =~ = the electrolyte
(22) through the el ecgﬁﬁ.éshanber' (14y— 19. = Half-cell according to-
clains 1 to 18, -char d in that the gas-diffusion "~ electrode (5)
is exchangeabl e, while all. fuk il s anbiin the half- - - cell

- (1) are retalned
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