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The consumption of energy in an electrochemical process depends primarily from

the cell voltage: it is therefore immediately evident the reason of the efforts
directed to the improvement of cell design, with the use of more catalytic
electrodes and with the decrease of the ohmic drops within the cell structure and

20 in the electrolytes, for instance by decreasing the interelectrodic gap.

In the case of the conventional chlor-alkali process, a solution of sodium chloride,
or less frequently potassium chloride, is supplied to a cell containing an anode,
whereon gaseous chlorine evolves, while at the cathode, hydrogen is evolved with
25 simultaneous formation of sodium hydroxide (potassium hydroxide in case
potassium chloride is fed). In the most advanced type of cell, the caustic soda
which is present near the cathode is kept separated from the sodium chloride
solution which is fed to the anodic zone by means of a cationic membrane
consisting in a perfluorinated polymer containing negatively charged groups, for
30 instance sulphonic and/or carboxylic groups. Such membranes are
commercialised by various companies, among whom DuPont/USA, Asahi Glass

and Asahi Chemical/Japan. The design of this kind of cell has been studied in



2 depth and it can be affirned that the technol ogy is nowadays in an
optimal state as regards the energy consunption. An exanple of such kind
of desi grwpD3gikmem in the international patent applicati ecTWR28666670. An
anal ysis of the production cost of cklorine and caustic soda obtained with
this advanced cell types indicates 5 however that the inpact of the

ener get i (Hé;pﬂgr%gﬂm c8A BeS afifrirled that Mefichnbligy |sCriHWéd’§§{) aihiél’ﬂopﬁn%ag‘?,fb% at ed

a series posal s of further | nprovenent, whose mon el enent 1S the

use of a agaegardsthecerergymansiimpiony Aa examme@ffsedh \drichof desigreis giwendnch or
as enric

a repl acgﬁ%rﬂ’t’ Ie%r]aat{ LR%‘:"’%‘ggh&&%gg \X{g) 832%:@ Mgggwggﬁg &Wepr cfion) S

previ °U5|dbsfjbf5 EHI%?@@ éﬁb?@étﬁﬂé’odfoﬁ@nﬁd #ithahis é‘d\%@kb@'dé?l't?pé@ ildicates

conprising a cathode supplie oxygen- contai ning gas pfesents an

el ect 5i c hmwevgy thatsthepimpaciwiof cthei energetic otaguraption asmsthl releeantt HBEhist hat
typi cal of the conventional technology, The reason for this 15 matter of

fact is fGansidegatiq) ha§f99cﬁ$é@tﬁ6cﬁlﬁ9ﬁ¢%°ﬁaf%a§ akturthes impeovesend, whpee
conventi %gﬁrHBHeelégx%p hg tR UL BPY! ééé‘%le%éi?oo%xys%%gof%gf%%dgathﬁﬁce|ep with,

characteri er en overa reacti ons I Ona

Nadl + 2k gen a3 NehHor agléntridtiéd aer‘er bmvplyimpdugmved:@f litedsarbon dioxide
2NaCl +H20+V202- 42NaOH+CI 2 I n the practice it is observed that the voltage

of a conwomenhas sefapiagrmesnt pf the hydregere@vaiMing gathadeoempleyed iy the 4

KA/ I s abaut ile that of a cell equipped with nenbrane and
oxygs &rﬁwag?ly\m§%%§8d\é¥gc?'ﬂ@°g§m operative conditions, is about 2-2.2

Volts. As it can be seen, an electric energy saving around 30%is achieved
(the missed production of hydrogen, which is normally exploited as a fuel,
is of a s%cdﬂdaaU(alinplnotth celk qomyyising a heathoden suppliad:weith 36xygen-

i ndustri al Jication of ectrolysis cells |nco tin at hodes.
e T R BnG: Gps PleSentSiaih el PRofYeCanI-IBRURTS WoNH Fa PEYSIS8IaIY hode
and in t t a
S oo T DY URERES: P, bR ARERRI AERRS. T FoBner e
15  matter of fact is first of all of thermodynamic nature since the two cells, the
conventional one and the one comprising the oxygen cathode, are characterised

by different overall reactions:

— Conventional cell
20 2 NaCi + 2H,0 - 2 NaOH + Cl,+ H,
— Cell with oxygen cathode
2 NaCl + H,0 + %2 0, —» 2 NaOH + Cl,

In the practice it is observed that the voltage of a conventional membrane cell
25 supplied with a current density of 4 kA/m? is about 3 Volts, while that of a cell
equipped with membrane and oxygen cathode, working at the same operative
conditions, is about 2-2.2 Volts. As it can be seen, an electric energy saving
around 30% is achieved (the missed production of hydrogen, which is normally
exploited as a fuel, is of a secondary importance). At present, there isn’'t however
30 any industrial application of electrolysis cells incorporating oxygen cathodes. The
reason for this situation lies in the structure of the oxygen cathode and in the

requirements imposed to the operative conditions to ensure a good overall



3 efficiency. The oxygen cathode, in brief, is nade of a porous support,
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t owar ds t‘h@"%@%rane, in case the 20 cathode is positioned in parallel to
and wi.th a certain gap fromthe nenbrane, or towards the oxygen backspace,
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through the pores to reach the catalytic particles which act as the reaction sites.

The discharge of the caustic soda formed on the cathode electrocatalytic particles

may occur essentially in two ways, either towards the membrane, in case the

20 cathode is positioned in parallel to and with a certain gap from the membrane, or
towards the oxygen backspace, from the side opposite to the one facing the

membrane, in case the cathode is in contact with the membrane itself.

In the former case, a film of liquid is formed, 2-3 mm thick as said, which is
25 normally maintained in circulation upwardly (the cells have vertically disposed
electrodes) for extracting the caustic soda produced by the cells, for withdrawing
the heat naturally produced by the reaction, and finally for controlling the caustic
soda concentration within pre-determined limits, allowing to extend the lifetime of
the ion-exchange membrane. This situation establishes a pressure gradient
30 between caustic soda and oxygen at the two sides of the cathode that, as a matter
of fact, functions as separating wall. Such gradient can be positive (pressure of

the caustic soda higher than the one of oxygen) and it this case it increases from
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structure whose cathode is spaced apart from the membrane of about 2-3 mm, the
global height is again 1-1.5 metres but the cell is subdivided in a number of sub-
20 units, each having a height of about 30 cm. This design entails a remarkable
complexity for the connection ducts among the various sub-units, and ultimately
an operating complexity and a cost which are not compatible with the industrial
applications. A further structure is the one disclosed in US Patent 5,693,202. The
design provides that the cell maintain a unitary structure and be equipped with
25 oxygen cathodes partitioned in strips. The oxygen pressure supplied to each strip
is automatically regulated taking advantage of the caustic soda hydraulic head
through a bubbling system. This kind of cell overcomes the complexity of the
above sub-unit partition design, even though it appears intrinsically complicated as
concerns the need of ensuring the hydraulic and pneumatic sealing of each strip.
30 Moreover it imposes particular procedures for the shut-downs and start-ups to
avoid the loss of pressure compensation in these transitory phases due to lack of

oxygen feed. An alternative solution is illustrated in Patent Application EP
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previously seen, of oxygen-fed cathodes). A further proposal is disclosed in Patent
Applications EP 1033419 A1 and WO 01/567290 wherein a cell suitable for
20 membrane chlor-alkali electrolysis equipped with an oxygen cathode at fixed gap
from the membrane is described. The caustic soda is fed in the upper part of the
cell and flows downwards in the gap delimited by membrane and cathode. The
caustic soda flow-rate is in this case very high and in order to limit the same to a
level of practical interest a porous layer is introduced between membrane and
25 cathode. The oxygen is also fed with some excess in the upper part of the cell and
is discharged from the lower part together with the caustic soda. This device
allows to dynamically cancel the caustic soda hydraulic head, so that the
pressure differential between caustic soda and oxygen can be maintained at very
low and constant levels, achieving ideal operating conditions for the oxygen
30 cathode. According to EP 1033419 A1 the porous layer is characterised by
hydrophilicity: in practice, plastic materials are therefore excluded, particularly as

regards the perfluorinated plastic materials which on one hand are very well
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of the cathode opposed to the one facing the membrane. In this case a series of

problems arises, as listed below:

20 - The caustic soda that is forced to flow across the cathode tends to fill the
porosity, hampering the oxygen diffusion. To avoid this inconvenience it has
been proposed to subdivide the cathodes into strips and to interpose between
membrane and cathode strips a porous element, also hydrophilic as in the above
cited Patent Application EP 1033419 A1, along which part of the formed caustic

25 soda can be released.

- The caustic soda released on the oxygen side has a distinctive tendency to
wet the cathode back-wall forming a continuous film again hampering the
oxygen diffusion. To prevent this harmful effect, it is necessary that the cathode
back-wall be strongly hydrophobic, which can diminish the surface electric

30 conductivity with consequent complications for the electric contact needed to
supply the electric current.

- The concentration of the product caustic soda is necessarily that generated by
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chlorine and can lessen the operating life of the anodes. For this reason it has
been proposed, as an additional measure, to saturate the oxygen with water
vapour at temperatures close to the operating temperature of the cell; the water
vapour diffusion across the pores of the cathode permits further lowering the
20 caustic soda concentration towards the values acceptable for the membrane. This
action, however, is only partially effective since part of the water vapour is

absorbed by the caustic soda released from the back surface of the cathode.

The object of the present invention is to provide a structure of electrolysis cell
25 equipped with gas diffusion electrode free of the drawbacks of the existing
technology. In consideration of the industrial relevance of the chlor-alkali
electrolysis, reference will be made herebelow to a cell suited for this use, making
clear that the invention may be advantageously applied to other electrochemical
processes, such as the electrolysis of alkali sulphates (feeding the anodic
30 compartment with a sulphate containing solution , and the relative gas diffusion
anode with hydrogen), the production of hydrogen peroxide (feeding the cathodic

compartment with an alkaline solution, and the relative gas diffusion cathode with
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these materials are highly hydrophobic and thus their use is in strong contrast to
what proposed by the prior art technique, according to which hydrophilicity is an
essential feature.
20
According to a preferred embodiment, a further characteristic of the present
invention is given by the oxygen-containing gas feed in the lower part of the cell:
in this way, the ascending gas flow effectively displaces the hydrogen formed in
small amounts as a side product of the oxygen consuming reaction, avoiding
25 dangerous build ups in stagnant zones. Hydrogen appears when the electrolysis
cell is operated at high current density, as more as longer is the cathode operating

life as a consequence of the natural and inevitable decay in the catalyst activity.

The way of obtaining such results of great industrial relevance will be made clear
30 in the following detailed description of the invention making reference to the

attached figures.
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(si des f anickgl, réspectively. The two shells are mutually fastened with tie-rods or jacks not
represented in the figure, or with any other system of the prior art, and enclose the
cationic membrane 16 which acts as the separator of the two compartments,

anodic and cathodic.

20 The cationic membrane employed in the chlor-alkali, and specifically sodium
chlorine electrolysis, consists in a perfluorinated poiymer on whose backbone
sulphonic groups (side facing the anode 3) and carboxylic groups (side facing the
cathode 10) are inserted. Membranes of this kind, characterised by low internal
ohmic resistance and capable of operating at high current densities, typically 3-5

25 kA/m?, are provided by the companies DuPont / USA, Asahi Glass and Asahi
Chemical / Japan respectively under the trade names Nafion®, Flemion® and
Aciplex®. The peripheral sealing, necessary to avoid chlorine, oxygen, sodium
chloride solution and caustic soda to be released to the external environment, is
ensured by the perimetral gaskets 8. The anodic shell 2 contains the anode 3,

30 consisting in a titanium sheet with openings, e.g. expanded or perforated sheet,
provided with an electrocatalytic layer for the evolution of chlorine from chloride,

based on platinum group metals or mixed oxides thereof and containing also
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their oxides, sulphides and more generally their chalcogenides, pyrochlores
(particularly ruthenium pyrochlores), silver and gold. An interesting analysis of the
20 scientific knowledge on this topic is reported in the book Electrochemical
Hydrogen Technologies, edited by H. Wendt, Elsevier, 1990, Cap. 3
“Electrocatalysis of the Cathodic Oxygen Reduction”, K. Wiesener, D. Ohms.
These catalysts can be used as bulk powders, optionally in admixture, to which
graphite powders are optionally added with the double purpose of increasing the
25 transversal electric conductivity within the layer and decreasing the amount of
employed catalyst, so that an optimal compromise is achieved between
performances and cost. This latter objective can be also accomplished by
resorting to catalysts supported on a conductive material free of catalytic activity,
e.g. carbons optionally graphitised in part, like those commercialised by Cabot
30 Corp. under the trademark Vulcan XC-72 or Shawinigan Acetylene Black
(hereafter SAB) well known to the specialists of the field.
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The shape of the planar element can be much varied. As a non limiting example,
foams, preferably with open cells, mattresses consisting in entangled coils of wire,
planar meshes formed by layers of crossed and overlaid wires, planar meshes of
woven wires, meshes of wires profiled so as to create surfaces with protruding
20 regions and recessed regions can be mentioned. The planar element can be
made of just one of these components or also of an assembly of overlapped

components.

The compression necessary to guarantee an intimate contact between
25 membrane-planar element-oxygen cathode-current distributor can be
mechanically ensured if the supports 12 of the current distributor are provided with
elasticity and undergo a deflection when the shells 2,7 with the various constitutive
elements are tightened. Alternatively the necessary elasticity may be achieved
also when the supports 12 are rigid, if a component provided with elasticity, such
30 as a conductive mattress made of coils or undulated layers, is added to the planar
element-oxygen diffusion cathode-current distributor assembly. The necessary

compression can be finally obtained maintaining the pressure inside the anodic
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soda solution, consisting in ql m xture formed by the injected caustic soda
and t he iscliseharged @ 90048 12 t he cathode 10, under the effect of the
oxygen reaction, is discharged fromthe nozzle 15. 15 The invention
provides, as a first innovative feature, that the porous planar el enent

| Nnsefd edThet nventiore frodidesarsd axfigstningavathte foatunadehatl the gurgus relanar

plastic materials, preferably of the perfluorinated type and thu? )

di sti nguélemantipserted between membrane and oxygen cathode be made of highly inert
plastic materials, preferably of the perfluorinated type and thus distinguished by
high hydrophobicity, and in a preferred embodiment, as a second innovative
feature, that the oxygen (or oxygen-containing gas) flow upwardly, as it is fed with

20 a 10-20% excess with respect to the amount required by the total current supplied
to the cathode, to the lower nozzle 17 (or to the same nozzle 15 used for
discharging the product caustic soda if suitably dimensioned) while the excess is

discharged from the upper nozzle 14.

- 25 The materials taken into consideration in the prior art for the production of the
planar elements are of the hydrophilic type: this feature was probably introduced
since the wettability by the caustic soda is deemed necessary to prevent oxygen
bubbles generated by leakage through the cathode porosity from adhering in a
permanent way to the inner surface of the planar element. It is apparent that in

30 this circumstance the electric current flow, hindered by the gaseous phase, would
concentrate in the liquid-occupied areas with consequent increase in the cell

voltage. Hydrophilicity limits the choice of materials which may be utilised for the
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insoluble, lowers the release of metal ions to values not capable of damaging the
membranes. It is apparent however that the construction of the planar element
20 with silver entails production costs unsustainable for a wide industrial production.
Also the use of other metals, such as stainless steel or nickel, coated with a silver
layer, does not represent a solution: in fact, since the planar element is in direct
contact with the membrane, the ion release must be maintained at extremely low
levels which may be guaranteed only by layers of high thickness obtainable with
25 expensive procedures. The criticality of the planar element is in fact clearly
superior to that of the current distributors (11 in fig. 1) which, being substantially
spaced from the membrane surface, may be made of a metal coated with a thin
and rather cheap silver layer: the inevitable porosity of the layer allows a certain
release of ions from the base metal, which is anyway tolerable considering the
30 position of the current distributor with respect to the membrane. As a conclusion,
the prior art teaching, with its recommendation of utilising hydrophilic materials for

the production of planar elements, makes particularly surprising the present
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Therefore if this theoretical hypothesis corresponds in effect to the reality, it can
be understood how the oxygen cathode—hydrophobic planar element combination
20 according to the invention may be employed with results at least as satisfying as
those obtainable with the oxygen cathode-hydrophilic planar element coupling
disclosed in the prior art. This conclusion is adequately supported by the
experimentation described in Example 1, wherein it is also demonstrated that the
operating stability of the cells realised in accordance with the invention is
25 exceptionally high. This result of great industrial relevance most likely derives from
the chemical inertia of the perfluorinated materials employed as a preferred
solution for the fabrication of the planar element. The chemical inertia prevents the
release of substances capable of polluting the membranes also after prolonged
operating times. The experimentation described in the same Example 1 also
30 demonstrates that cells constructed, according to the prior art teachings, with
hydrophilic planar elements made of metals, are affected by a slow increase in

time of the cell voltages, a problem which is not solved upon applying a silver
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distinct cell voltage values depending whether the operation is in the conventional
way with the hydrogen evolving cathode, or with the oxygen cathode: in the former
20 case the cell voltage is comprised between about 2.5 Volts (low current densities)
and typically 3-3.3 Volts (current density around 3 — 5 kA/m?), while in the latter
case the cell voltage ranges between about 1.6 and 2.2 — 2.6 Volts, with a
substantial saving in the consumed energy as initially discussed. The functioning
at 2.2-2.6 Volts occurs when the cell is operated at the highest current densities
25 (as required in the industrial applications to minimise the capital investment) and
in particular after a certain number of hours in operation when the activity of the
catalyst incorporated in the oxygen cathode has undergone an inevitable,
physiological decay. As indicated a little above, cell voltage values equal to or
higher than 2.5 Volts permit also hydrogen evolution, particularly in the areas
30  wherein, for constructive (e.g. reduced porosity) or operation related reasons (e.g.
complete localised flooding) oxygen diffusion is hampered. In these situations,

therefore, hydrogen evolution and oxygen consumption occur simultaneously and
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particularly in the areas of low circulation, to the formation of pockets rich in
hydrogen, and therefore dangerous, which render the operation completely
20 unreliable. The periodic release of these pockets produces the oscillations of

hydrogen percentage in the discharged oxygen as measured by the sensors.

Conversely, if hydrogen is supplied to the lower part of the cell, his upward flow
results concurrent with the direction of hydrogen diffusion, which is naturally
25 ascending as said above. As a matter of fact, an oxygen-driven drag is induced on
the hydrogen, which is very effective in preventing the formation of pockets with
high hydrogen content. This working hypothesis is in fact confirmed by the data
provided by the sensors, whose oscillations result extremely limited (see Example
2). It is evident, as a conclusion, that the oxygen feed in the lower part of a cell
30 equipped with a depolarised cathode substantially increases the operation
reliability and it's not a mere variation of the prior art technique, which invariably

proposes feeding from the top. The efficiency of feeding form the bottom can be
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Finally, in the oxygen flow section, and preferably in sections 22 of the
20 embodiment of fig. 3, porous masses 23 can be advantageously inserted,
consisting in highly porous material, characterised by low resistance to the gas
flow and provided on its surface with a catalyst flm capable of promoting the
hydrogen-oxygen recombination, such as for example a modest amount of
platinum group metal, like platinum itself and palladium. With this last embodiment
25 not only the object of a high gas mixing is achieved, but also the percentage of
free hydrogen is concurrently reduced. It is thus possible to operate the cells
equipped with oxygen cathode in full safety conditions also when the quantities of
generated hydrogen are relevant and capable of forming unstable mixtures even
in case of optimal mixing obtained according to the provisions of the present

30 invention.

The present invention has been described referring to the chlor-alkali electrolysis
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case of optimal m xing obtained according to the provisions of the present
30 invention. The present inventi OEW%@%GW described referring to the
chlor-al kali electrolysis W 03/04 /'EPO2/ 12661 18 with oxygen
cathode, as this is the application of greater industrial relevance. As
initially said, the present invention results useful also for other
processeThesdath @fsthis Exampitaltae bbenedttainedl insthe Ebosatioay inmakisglyseaoks, in
whi ch a hydrogen consum n anode i s used inst??d of the ¢o venti%nal
oxygen e$6Mg egjlsapemnsiru @csording dojthe sketch of fig. 1. In particular, each cell

had a height of 100 cm and width of 10 cm, with the two shells, anodic 2 and
cathodic 7 respectively made of titanium and nickel. Furthermore the anode 3,
sustained on rigid supports 4, consisted of a 1 mm thick titanium flattened
20 expanded mesh with rhomboidal openings (diagonals = 4 mm x 8 mm) provided
with an electrocatalytic film for chlorine evolution comprising titanium, iridium and
ruthenium oxides. The current distributor 11 was made of two portions, both
comprising a 1 mm thick nickel expanded mesh with rhomboidal openings
(diagonals = 4 mm x 8 mm), secured on flexible supports 12, welded to a second
25 0.5 mm thick expanded nickel mesh with small rhomboidal openings (diagonals =
2 x 4 mm), galvanically coated with 10 micrometres of silver to guarantee a
suitable multiplicity of contact points with low electric resistance with the oxygen
cathode. The oxygen cathode comprised an 80 mesh silver wire net (0.2 mm
diameter) with a layer of catalyst particles suitable for oxygen reduction applied on
30 a face thereof (20% silver on Vulcan XC-72 carbon, for a total 20 grams/m? of
silver) mixed with tetrafluoroethylene particles 1:1 by weight, and a second layer

of SAB carbon particles mixed with tetrafluoroethylene particles 1:1 by weight on



5 US 4,561,945. In this case the planar elenent with all the previously
seen characteristics is interposed between nenbrane and hydrogen consum ng
anode amoios/enessed by a percol ati ng sol uti on of sul phurca/Epoz/t661
optionally containing an al kaline suldphate. Mreover, hydrogen is supplied
to the lower part of the cell to prevent the local enrichnent in oxygen,
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fashi on I scussed for the chlor-alkali electrolysis. A further
application nmay be that of the al kaline fuel cells. EXAMPLE 1 15 The data
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solution, while a solution of 32% caustic soda percolated along the planar element

with a time constant flow-rate of about 25 litres/hour. Finally, the cell was supplied

with pure oxygen in the upper part with a 10% excess wfth respect to the

20 requirement of the reaction. The residual oxygen was discharged from the lower
part of the cell through an appropriate nozzle (17 in fig. 1). At a temperature of
85°C and with the current regulated at 400 Amps (4000 A/m?) the cell voltage
detected after a two day settling period resulted to be 2.30 Volts, practically
independent from the planar element type. However, after 42 days of operation,

25 while the voltage of the cells equipped with the planar element made of
polytetrafluoroethylene, high density polyethylene, polypropylene and pure silver
resulted unvaried, that of the cell comprising the silver coated nickel net showed
an increasing tendency of the order of 30-40 millivolts per day. At 2.5 Volts, the
operation was discontinued and the cell was inspected finding that the membrane

30 presented a brown colouring. A subsequent analysis showed that the membrane
contained a substantial amount of nickel. .After about 50 days of operation, a rapid

increase was detected in the voltage of the cells containing the polypropylene



5 characterized by continuous channels on both faces, having a total
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rate of caustic soda percolation. At a visual inspection, the various parts did not
shown anything abnormal. The membrane, of colourless appearance, resulted to
contain, at a subsequent analysis, small quantities of calcium and magnesium
proceeding from the sodium chloride solution and only negligible traces of nickel.
20
EXAMPLE 2

The tests of the present Example were carried out using the cell of the Example 1
equipped with the planar element made of polytetrafluoroethylene according to the
25 present invention, with the sole exception of the content of silver used as the
electrocatalyst, which was limited to 10 grams/m?2. The purpose was reproducing,
since the beginning of the operation, the conditions of scarce activity arising in
time as a consequence of the unavoidable catalyst poisoning due to impurities
contained in the circulating caustic soda and/or catalyst alterations caused by
30 shut-downs and subsequent start-ups (dissolving/re-depositing phenomena that

change the catalyst particle size).



soda flowrate. During the inspection carried out after shut-down and
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caustic soda. An msgectl on conducted at the seventy-second day of

oper at i odepsitieseofc4000 Ampedm*ppstablptvyoliage of 416 Yoltsiwas detsatedy Irethis

I I it h h tial i it h . still ffect th
Pl ow r at StURtomeAD GBI ph B igen; coiteed mind slishraes osyasnat fog Rio'
equi pped g4isb8 Jf! 34 ANREWSthaf lowP!Sechbh & ItHE 't BEESrath il tisd pYédentent

on until reaching yg%ﬂeﬂgays with an overall. 15 voltage increase of 20-30
m | 1i gol inveerdion, tamdufrompiivecuppén section, &tsi describedt inethiel prier adt wasfcardedt i ¢
soda percolation. At a visual inspection, the various parts did not shown
anyt hi ngoé’lSnornaI. The nenbrane, of col ourl ess appearance, resulted to
contain, at a subsequent analysis, small quantities of cal cium and

magnesi um proceeding fromthe sodiumchloride solution and only negligible
traces ofinnihek$brme0 ca¥aMVELoldmEneoneshiyatidn tdfe4pOepants gorammllionwgppm),
carried out using the cell of the Exanple 1 ec*ui pped with the planar

el ement faasoRAbIY St3Rlen dime gnpasimymdictuations traPaw 30,eppm wasdetected,

i nvention,. 4 ; e i t.af silyVv e
el ot oot brnbl IR ERe ol e ndfeBl odrtrfiaibfife 87 PinaGiuch 37 218t 50

reproducippin, altérn@ted bthbpeake o 3000-50C0 ppat.aSuch a blkaviendchh dns likély
scarce activity arising in tinme as a consequence of the unavoidable

cat al yst gxpiained ngssimingo thapwidregen isopreducsd imainhye iei awasatafnlimdadst i c
d d/ tal yst alt i . d by 30.shut-d d sub t
Start - upSXEaeR chRratPESHE byon BT RouGka AingD. SR Ral te Heseang:
il ange St

Pﬁ{jit Lgt g ms@g%rgébl&%@ tRGTHé?E&?/tér?&ﬁﬂsK ogﬁryr@ebr?]{eﬂ !g”dlffh@efté\ﬁar‘aéﬂﬁét I ons

and particularly wt ensities of 4000

Anps 16n2 upper gidre of dhe agl. Fhis2situalioint mayalead doetheddrmation rif hydrogen rich
pockets, potentially very hazardous for the safety of operation. The possibility of a
local hydrogen enrichment is certainly removed operating in accordance with the
present invention with an ascending flow of oxygen, substantially concurrent with
the natural direction of the hydrogen diffusion.

20



situation, an analysis of hydrogen contained in the discharged oxygen in
the two cases of oxygen fed fromthe | ower section of the cell, according
to the prweant4B3e nventi on, and fromthe upper section, a®ciaPoritsed in the
prior art, was carried out. In the f2rner case a volunme concentration of
470 parts per mllion (ppm, reasonably stable in tinme (maximm
fluctuations of about 50 ppm) was depgqyeed 10 while in the |atter case

rat her nodest concentrations, e.g. of the order of about 50 ppm
alternated with peaks of 4000-5000 ppm Such a behaviour can be likely

expl ai ned assumnj ng,tha dpogen i roduced mainly in areas of |imt.ed
extensi o-char 268l Sotetlp Toraan; PlasTOCH U MOFPES | PsIas: AR SRoRic
descendi [gs% ORQROS (o) coPRRTA iAgexq to
di ffuse ?%\Ar%arés tﬁlfeC%%ggngarfé%éf trﬁﬁe%cg fHHd_?g%“ s sli tua??gfr?obrbgﬁml ad to

t he fer nwiatlodesepardtedby an ioh-exohakge membrand, iallégstvarneyohtheawdoarsodior t he
safety of r\(gizeration. The possibility of a |ocal hydrogen enrichnment is

cert ai nl BNde fRQAIG permPatgeNts LARRIDHL @nviassembly Cansisting ima RUrsitwi t h

an ascendj; w e b N y r | h ral
directi oﬁla'ogb{’k)g ﬁé/)rg?%é% @’i ftﬁgs‘lﬁ%ﬁ. Btzghé\oreg%f&%%@#%?&%/ %}% ng
CLAI M5 1.suppefts| & gabadiffasionr efetrodecin echiaiet avith e carfaceoopithei augrem
anodi ¢ conpartnment containing an anode and a cat hodi ¢ conpart nent

cont ai ni rilistaibstos ansoa Planaraperous aloment insertledhrtwgentbatnambrang apddbe one

consi'Bt 1 s s 0: FRfr68 A Rl PR MR oY T ReCthutbefoRl ity ve
conpar t mepferigy, CRAARIEHsedS PRABE The 2p@rdEis dplahHF i dl8mehe Wormsiisdsn aC pRistiet
with the surface of the current distributor and a pl anar porous el enent

i nsert ed rhatenakrselentedrdframathe grelp of high gdensityt polyethylene @andofieorinated ed
wth at I?ast one liquid reactant percolating inits interior,
char act erf@8HFSi n that the porous planar el ement conprises a plastic
material selected fromthe group of high density polyethyl ene and
fluorinated plastics.

15 2. The cell of claim 1 characterised in that said plastic material has

hydrophobic behaviour towards said percolating reactant, with mutual contact

angle not lower than 90°.

3. The cell of claim 2 characterised in that said fluorinated plastics are PTFE,
20 ECTFE, PFA, FEP.

4. The cell of the previous claims characterised in that said plastic material is

a coating applied to a metallic material.

25 5. The cell of the previous claims characterised in that the porous planar
element comprises at least one component selected from the group of foams,
planar meshes consisting in crossing and overlapping of wires, planar meshes of
interwoven wires, meshes with controlled profile, mattresses of wire coils,
expanded meshes, sintered layers.

30
6. The cell of the previous claims characterised in that the current distributor

consists in a first conductive foil provided with openings overlaid to a second



15 2. The cell of claim1l characterised in that said plastic material has
hydr ophobi ¢ behavi our towards said percolating reactant, wth nutual
contact wogBe4met | ower than 900. 3. The cell of claim 2pcir@Pagi®Eri sed in
that said fluorinated plastics are PTBE, 20 ECTFE, PFA, FEP. 4. The cell
of the previous clains characterised in that said plastic material is a

coating zBRHLERVE BiPp d With"8p&Rihgs -of Emaller difer8ldnsthahNhioBE Of! id

claims characterised ﬁhﬁat t he porous planar elenent conprises at |east
one conpdingrfoil seidtitat dafd secdndefol isimpcarftaétositis saidd asndiffusiesladectoadesi st i ng
in crossing and overl apping of wires, planar nmeshes of interwoven wres,
meshes with controlled profile, mattresses of wire coils, expanded neshes,

sinteredd ayer SI'-he3£93|F30fi %er‘n B%haratitefisid i it $é'i§| firseedRIVCHFS ?&#@Tr'g?@.d In

that the current distributor consists in a first conductlve foil” provided
wi th epenings overlaid to a second WO 03/ 042430 PCT/ EPO2/ 12661 23
conductive foil_provided with openings of snmaller _dinensigns than those of

said fi Sst foiline gelliof Klaimsicharastenied: iy that sajdyfirss feihand secand el agas
i1t confienryds; né; orbhp i, Bip i Wibeheg: Mo’ & i BRlioRREY |

t hat sai ghketsst foil and second foil are selected fromthe group of the
expanded nmeshes, nmeshes of wires, perforated sheets. 10 9. The cell of the
previous clains characterised in that the current distributor supports are

G 11085 oo ecrthsutel st RS SmS KfalaStse AR FEC kA tertfistiBltor

| on- exchag@portg®4rar &18Stic 4hd1hid thfrefe distbutbh @xBAE\d eG¥hpFsRidhs of the gas
characterised in that the current distributor is divided in at |eaSt two
parts. 1diffddien cdettrade andi of the ipareaus planasdelemenht against dhel iaptéxchangeort s

conprise a
P membrane.

15 10. The cell of the previous claims characterised in that the current distributor

is divided in at least two parts.

11. The cell of claim 9 characterised in that said elastic supports comprise a
conductive mattress made of coils or undulated sheets.
20
12. The cell of the previous claims characterised in that only one of the two
anodic and cathodic compartments comprises the assembly made of current
distributor, gas diffusion electrode and porous planar element, that the current
distributor supports are rigid, that the internal pressure of said compartment
25 comprising the assembly made of current distributor, gas diffusion electrode and
porous planar element is lower than the pressure of the other compartment and

that the membrane compresses said assembly.

13. The cell of the previous claims characterised in that the gas of the gas
30 diffusion electrode is fed to the lower part and that the exhausted gas is

discharged from the upper part of said cell.



conductive mattress made of coils or undul ated sheets. 20 12. The cell of
the previous clains characterised in that only one of the two anodic and
cat hodi c wonpasi4saent s conpri ses the assenbly made of curr eatr/EPd2/$1661 but or
gas diffusion el ectrode and porous planar el enent, that the current
di stributor supports are rigid, that the internal pressure of said

conpart meal 25 THREI| §f Adirh 'S esratiirisedad thaY sdid @%@%a%%éingﬁgpgangés

di ffusion el ectrode and porous planar elenment is°|ower than ressure
of the otffbreddorgzigzag motendby batflest he nenbrane conpresses sai d assenbly.
13. The cell of the previous clains characterised in that the gas of the
gas 30 diffusion electrode is fed to the lower part and that the exhausted

gas is digschar RIPRR : kshtC&thmti ca,%‘,
PCT/ EP02;;|I 15;661 4%'2%1%%&& I o?pa%ﬁ%qér%dlgﬁyﬂaar actmllx\g)e |%4'ﬁéa§£es’s§r% gas
fed te thesdrtesin theflow sectfoor afeshid gas. zi gzag notion by baffles. 15. The
cell of claim 14 characterised in that catalytic porous masses are 5

inserted in the flow section of said gas. 16. An el ectrolyser consisting in

a nodul ar;arra I Al c j i | east

one of_th1esacell ?@%&o@fgpf;@ﬁ@ @I&{géd?ga\e/!ﬁc??su Ia(:"I %l?ér{@cé rﬁ%ﬁﬁ@f’e%&@?@c r“osl’yser

of cl ai mchargdiarissd Y thaedt lgast baé of five eéiRenri @éwqfcmélbpﬁeﬁbas cld@imgpnopol ar

el ectric connection. 18. The electrolyser of claim 16 characterised in that

the elenentary cells are in bipolar electric connection. 15 19. An

el ectroc i cal process, co iStn e electrol.ysi f alkaline halides in
o celP onTel o e SEEHSNEEERY i HiarBeiBief i Mt e ferBoldly sl 76« ha
the cat hgfinforffyla $IEBRE cohifeefiom! | Ses an oxygen-fed gas diffusion cathode
and a porous planar elenent fed wth an al kaline hydroxide solution

percolating inits interior. 21. The process of claim 20 characterised in
that sal d1 quyge[rhei gle];ﬁglyggr E)P 8Iaim 16 characterised in that the elementary cells are
in bipolar electric connection.
15
19. An electrochemical process comprising the electfolysis of alkaline halides

in a cell of claims 1 to 15.

20. The process of claim 19 characterised in that the cathodic compartment
20 comprises an oxygen-fed gas diffusion cathode and a porous planar element fed

with an alkaline hydroxide solution percolating in its interior.

21. The process of claim 20 characterised in that said oxygen is fed at the
bottom and discharged from the top.

25
22. An electrochemical process comprising the production of hydrogen
peroxide in a cell of claims 1 to 15.

23. The process of claim 22 characterised in that the cathodic compartment of
30 said cell comprises an oxygen-fed gas diffusion cathode and a porous planar

element fed with an alkaline hydroxide solution percolating in its interior.



bottom and di scharged fromthe top. 25 22. An el ectrochem cal process
conprising the production of hydrogen peroxide in a cell of clains 1 to
15. 23. TwWe pnemsss of claim 22 characterised in that thepcatirodiizel
conpartment of 30 said cell conprise® an oxygen-fed gas diffusion cathode
and a porous planar elenent fed wth an al kal i ne hydroxi de sol ution

percol atigag | nvﬂégrﬁ@él@rrclawpz@?:é@ér%@&ﬁ.se@mmzlsé&%i ?&5 i fed Biqhe
process of claim 23 characterised in that said oxygen is ted at the bottom
and di sclhatigmiand disahaegedfronpthe top. el ect rocheni cal process conprising the
el ectrolysis of alkaline 5 sulphates in a cell of clainms 1 to 15. 26. The
process of claim25 characterised in that the anodic conpartnent conprises
a hydrogen; f ed M@Sefébfrf)éﬁérﬁfba@n?ﬂﬁze%d B mlearaéct%nyérsnbffamameth a
sul phuric acid solution percolating inits interior, said solution

opt i osal Isplphates onprcelliofiglaamsal toa1d. sul phate. 27. An el ectrocheni cal
process conprising the generation of electric current in an

el ectrochem cal cell of clains 1 to 15. 15 28. The process of claim27
charact erjgsed hd BRlectdl gf ERlih. 25 HArackALed S el the ShbdicABombaRmdH! D
conpartnents, anodic an cat contarn the assenbly made of a current

di st ri butcemprisegas hyidrdgeri-fed gbeaﬁffuxim andde amd ausorpuarpanaretlemarit.fed0 29.
An el ectrochem cal cell conprising the_ distinctive features of the
descri pt iWith @ngulpheric; agid esplution percolating in its interior, said solution optlonally

10 comprising an alkali sulphate.

27. An electrochemical process comprising the generation of electric current

in an electrochemical cell of claims 1 to 15.

15  28. The process of claim 27 characterised in that said cell is an alkaline fuel
cell, and that both compartments, anodic and cathodic, contain the assembly
made of a current distributor, a gas diffusion electrode and a porous planar

element.

20 29. An electrochemical cell comprising the distinctive features of the

description and the figures.



