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GAS- DI FFUSI ON ELECTRODE FOR ELECTROLYTE- PERCOLATI NG
CELLS BACKGROUND OF THE | NVENTI ON The i nventi on
wo edoatie®m9t o the field of electrolytic cells, We¢TEP2007/053564
particular reference to el ectrol yte-percol ating
el ectrolysis cells. In the fbllowing, reference wll
be nmade to the particular case of cells for
depol ari sed chlor-al kali electrolysis naking use of

GASDIBFUSIeN BeECTRODEIFDR EIETIRSLYTEPERCOYATINGEBLLS
represent the nost relevant industrial application for

such cl ass of devices; however, those skilled in the

rﬁ%- plicability of the sane
BA%@e%Q%PB@P ot percgﬁgti on-type cells, wherein the

electrode of the |nvention may be applied as the anode
as .t he cat hode, optionally for both uses

Theo'@(\,’ﬁf@oq splafass o the f'?Hi Phelegighriccerlls. dyltfh|p@g|qu5ﬁgsrﬁlj%qence to
eleéﬁ%llylté d@r%< ?m?ée%ect r & BLIRCYR QhY &0 ‘Xvﬁgvﬁﬂﬁ‘&f‘%ﬁce il be made to

chl-or-a lysis 1s carrie
the spe[tmLMredasmbﬁ cellsitbrhddpolauseqba:htoreaikalaetbc&olwmmad(mg use of

oxygpepb Igla§ éﬁiﬁlﬂ#% é:gﬂqS%oeISh %&Qlygt@ﬁyﬁ o a?)(gj Eeqr}gggﬁtg@g qnﬁgs relevant

indUSHRA R PRESTbrEfor ISh8h RYAsOsrab viaeR)!: Hb%@eﬁ%é&déﬁilled in the art will
reaction, typical of the chl or-al kal'i process of the

apprﬁcea'teomhg geplimadilitowf thy sawamdnvintionetor ethestpesaolatioartype cells,

whestBU4iR; REVER8 STl RAER Banai cbHficd e B nage or as e

catHdb\é'erdr flﬂ)tl@ﬁaﬂt,bmﬂ bé’tﬂ%éd@ {dreocqUrsTOr AREARdd Nethe known case of
ondi ti ons. reference to the nost typical case

a|kadjﬂeé'#\e|éle@§t\’\f'tﬁ1 R@’P@'abﬂg@&ﬁtm‘b{t@hl oride brine, as a
repl acenent for the reaction typical of the
traditional process: 2 NaCl + 2 HRO (r) 2 NaOH + d 2 +

AdvERcéd ehfopidlicali eéigctwlgmal i$ camdt bonwitls celts espaiatdebitito 4 cathodic
NaCl + 2 O+ Q2 (r) 4 NaOH + 2 2 The gas-diffusion

COMPRIRIYE \aRer ¥h %‘W'Bx&@mﬁ’aﬂé‘b‘%mt iYn mga@%r P &8N olan-gxchange

merfbi¥e®¥e depolarised process with oxygen cathode provides the suppression
of the hydrogen evolution cathodic reaction, typical of the chlor-alkali process of the
previous generation, by means of the reduction of a flow of oxygen taking place on
the surface of a gas-diffusion cathode, with consequent cell voltage lowering of
about 30% in the common operative conditions. Making reference to the most
typical case of an electrolysis of sodium chloride brine, as a replacement for the

reaction typical of the traditional process:

2 NaCl + 2 H,O —» 2 NaOH + Clz + H;
the following overall reaction is accomplished:

4 NaCl + 2 H,O + O, » 4 NaOH + 2 Cl;

The gas-diffusion cathode whereon the oxygen reduction is carried out is a porous

structure usually consisting of a reticulated metallic material (normally silver or
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structure usually consisting of a reticulated netallic

material (normally silver ornickel optionally coated
wowaon/1s6083 | ver thin film in order to w thstaneCt/BR2007/053564

hi ghly corrosive conditions) acting as current

col l ector and as nechani cal dupport for a porous

mat eri al displaying diffusive properties, inits turn

usual ly conprising a netal catalyst to pronote the

nickek YpeiBnaed eohican wittaat sibr @Rird @i meT ddedes vatitstand the highly
optionally a f||||ng mat eri al based on carbon or ot her

Corrﬁﬁ'éﬁeﬁ%lﬂ'tjpr@érﬁﬁmglQﬁeCPﬂ@F‘t colipeterdard tasemeghanicrbaupport for a

. S i
pord 28 SO R0 roPefiRLelf S50 U)o b G @ meta
cataﬂwystcteeIpirombttetltmtﬂwgzlat;1I regluction ebactdomm pars]ignie?rw:jwmd eptionally
Xy as ow, on_t ot an ut in
aflllgtgnmg‘gqnq(i,‘b@% %ﬁm?%ere |P§?fieﬁ%ﬁb1coﬁg%%ﬂ)/§t'ﬂ%'p
product that has to be efficiently extracted fromthe

el ectrode porosity. In cells of industrial size, the
Beshiedr thel iedubtar of oxgpén sthedprioeuvkien of @scausdicssdlutiorom the liquid

phage ke 8t Fecaifade by Gy B rarcligal: bt rsad Kiberetpis on one

han¥isupphéd Rethgh bkrpdedadiiowhans drsthe OtRéE R P(infn contact with a

conversely, in case of negative pressure differential
sollmpﬂfcqn@@@egtofta)cawﬁl%wpducbﬂﬂat bas e éwaeﬁﬁﬁmegtlg@m@’abte@l from the

cloRB° Pt YT abnsSH 4 InBSil, SBhe R ShALPRRE A sitbbished

betvvéércfga@oaﬁd Sécﬁutﬂfn %ideomm e eadeguatdly c@fn@;ﬁbl@atéd) to make the
percol ate across a suitable porous elenent interp

cledyoQiaiiHE caparia ol insiandiog s @ w&h@a@@n@@oaﬁad by the

couk ol PR RSRS8O L3RS BBURF s

to thecsnslptmsrat ofi preveitimgi een$|bleeokyg@t Yosdes)t ﬁwevﬂysoluh@ns were
ressure of caustic hyd E o‘g is eff ci.en
ISProplEd,

propesed4adhe Qlaéh@ PYRICOMS] tg efBp rﬁ ecﬂgegf)évhich consists
of én%&h@grthédaamt@g?mduaﬁ tBr;ﬁé% %??OécrésQOJ Qeitabre’ ?ﬁrlcﬁfsoblement
allo I ca e

transmtt pressure rom
integposddc betwderc dhe ocathedeawmnec oppeosiertbes gabeside and the ion-

exclg%ﬁqgoglggmtﬁlaf%g%sc (%Agéjo%% o?l f|ns argcet hlﬁ Qﬁg’ %térnafqong\ patent

application WO 01/57290, incorporated herein in its entirety. In this way, the
pressure of caustic hydraulic head is efficiently released along the whole electrode
height.

As a further advantage, the presence of a porous percolator allows transmitting a
mechanical pressure from the anodic surface to the cathodic one across the
membrane, the percolator itself and the gas-diffusion cathode. In such a way the
electric current may be transferred from the cathodic current collector - suitably
provided with an elastic structure - to the gas-diffusion cathode by contacting its
back surface in a distributed fashion (and not in a localised one, for example by
welds, as is the case for other cell configurations). It follows that with this
arrangement, the gas-diffusion cathode can forgo the presence of an internal

current collecting structure.
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electric current may be transferred fromthe cathodic
current collector - suitably provided with an elastic
wa@roaatawE - to the gas-di ffusion cathode by ceeit/BR100TIOR3564
its back surface in a distributed fashion (and not in
a localised one, for exanple3by welds, as is the case
for other cell configurations). It follows that with
this arrangenent, the gas-diffusion cathode can forgo
the presence of an internal current collecting
structure.In the docunent cited herein, there is
In thg %wg@mt,qﬁtegaha@regmtgprq i dissiosed iReparticular the use of metallic

perd$iAOR AdiRhSas FHGRI fafLC v\ﬁ\l\/ g@ eor@f’ac\étﬂé c&rPosEcSr?}?ﬂ@Eomena

e corrosi on phenonenad n suc

whictggaks splaee einvsuchnantaggressig: \enwonnmttfoomhguvmg rise to the
dangerous rel ease of netal ions jn%gc} { he .caust

danggiqys; 'srease; ofi eeldl dansy Ik B eaLsHis) n, itis pre{‘erable to employ
a c&%él?rﬁgé’él?st%ﬁﬁgﬁsﬂetmé’ﬂeﬁ% I6r ﬁﬁ&ﬁ{deaé écrﬁ’l.ﬁoriri%ﬁé@rr‘ﬁ@ceﬁal as the

per f nated nmateri as the perc | at or,
percmlator oasddiisdosede innther irdeiratiahap patartt amjlqabam O ViI3/0424 30,

424ﬁ|, |nc ora}ed herein in its entirety. The
'”C°§B‘Pr@f?q) eﬁ"bﬁb' mi'rrer)fhe | atter docunent however does
not entirely solve the corrosion and netal ion

contam nation problens, since the sane qgas- di ffusi on
Thecsaluitgere pr@rs)q@dewtbaslavernérnwrnﬂ@tjhowevm 0§s pohentirely solve the

corfpiieBd b PR Sfneltitton plodhing il P H0ad EStitusion

catridee B8 préveudlp nﬁéTﬂldﬁéUahon‘ﬁélty &dndidte opai rﬁétaarot backbone, usually
consi sts of using carbonacequs substrates (fo

a silves OaMercaIaiRshnicket ﬂﬁl)CtU%ﬂ do fastoffe PBlvt pAsEvICHvR Altgrnative to
the \?\./Iﬁ %ﬂﬁp??]%h UFGEP aé:@ g %Jr(gféegn I'a eveﬁaesetrB% Qé;%gga%yﬁ’%fhaetes (for

instangeg eartidnowiptrep,oalse pmaegonthemrqulre peipreof ites caliste solution
g certain time Besides be subj ect, to a.certain

whidhy (8 RO B UTS R eSS BEAD HETRITaL ke iablisgach By e oxygen

rowE BBod tridir ﬁ‘{eEPéHMQ' Hr%g'éﬁfééy?]ﬁér"@c% |n°{|m%°§bsid'e§‘ Bifg subject,

he comrerci al succes ese technol ogl es
to a oelitaiat éxtenty totdiesotetidre phenpmeypad the no¢tal meshes of the prior art

vl B P o LB, BES6F BB SIS of theso
technologies: indicatively, the meshes employed in the more widespread chlor-
alkali applications consist of pure silver at an overall loading of about 500 g/m?,
while in the case of silver-plated nickel the higher costs of production strongly limit
the projected savings, besides providing a product of overall lesser quality in terms

of corrosion resistance.
SCOPE OF THE INVENTION

It is an object of the present invention to provide a gas-diffusion electrode structure
for electrolysis cells overcoming the limitations of the prior art.

In particular, it is an object of the present invention to provide a gas-diffusion
electrode suitable for use in electrolyte percolation-type electrochemical cells, also

suitable for use with aggressive electrolytes, especially alkaline ones, comprising a
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while in the case of silver-plated nickel the higher
costs of production strongly limt the projected
W@ 207ng®9s besi des provi ding a product of over aPCT/ERRSB0O53564
quality in terns of corrosion resistance. SCOPE OF THE
INVENTION It is an object of4the present invention to
provide a gas-diffusion electrode structure for
el ectrolysis cells overconing the limtations of the
sub§raterovaftoming tpanimitiibas of tHe pSoradrt obj ect of the
present invention to provide a gas-diffusion electrode
suitable for use in electrolyte percol ation-type
It isShRG! 5995‘@@5?%# tﬁ&l oresef iR entbh at:iﬁl 5r<{ %%e@iﬁﬁﬂhof electrolyte
aggressi v ectr ytes especr al T ihe o
perccmmtmri Bipeg cel ubmlippéd wmrgn:smlﬁfglstdme eleo’anotiet chamctdrised by a
rior f\_t A ig al so an a#ect of the present
PeCP'fﬁfe%‘i"t“iCE}Ha YMpisly 8ed Y FSdye8Co8tect r ol yt e
percol ati on-type cell equi pped with gas-diffusion
el ectrode characterised by a peculiar structural
It iss5 fypihiec iobjechod thwy inrventdode ¢prevdgde .a mavel snethbdrfoheranufacturing a

opj.ect o he inventi a novel nethod for
gas ilifion Blachiage SERIeBF niS L OO R OPMBE Sel bl o f or

use in percolation-type cells. The objects of the

i nvention are achi eved by nmeans of the gas-diffusion
Theeopkjeets afdhadnyrsitioneare aChlﬁ\éedabpje’ﬁ@@@S of Heargas-diffusion electrode

I | I\I\/EI\ITI ON The invention consists of
as ‘@?ﬁ%\’g %O%I%ﬁ%;rhd QE% %5de obt ai ned by application of a
catal ytic conposition on one face of a hydrophobic

rous substrate suitable for supporting the
DE%@R!’.POT'QN & BHENVENEGN] yte f1ow, the application of

the catalytic conposition is effected so as to obtain
only a partial penetration of the substrate, which can
Thet ineertign aohsiass [of ra glagtdiffusion tdlectoode obfrieed \by! application of a

catagxt}cﬁteclprﬁggsggﬁtc}{gtoggrfgtgegg oﬁ(‘) fhyb@iql%b?(gtpg)?ggfee%éstrate stbltable for

supgfprt(te@ g%twgn?f taggezl%g’fa?cs)lfy%‘ﬂb\/@r}ﬁe' Sbflicatifs! & the catalytic
composmon |s effected so as to obtain only a partial penetration of the substrate,
which can thereby act as percolator in the unoccupied volume fraction. The
integration of the electrode within the structure of the percolator itself is thereby
obtained, combining the two functions in a single piece, substantially decreasing the
costs and enhancing the facility of assemblage of the relative cell. The thus-
obtained electrode in particular does not require any metal mesh or other
reticulated material interposed between catalytic activation and percolator. In one
preferred embodiment of the invention, the catalytic composition is a mixture of
metal catalysts with a suitable polymer binder, and is preferably free of
carbonaceous materials, which is especially important when oxygen is present in
combination with a strongly basic electrolyte. In the case of gas-diffusion cathodes
for chlor-alkali electrolysis, the metal catalyst is preferably selected among silver,
nickel and relevant oxides, optionally in admixture; the polymer binder is preferably
a perfluorinated polymer, for instance PTFE or the like. According to one preferred

embodiment, the metal catalyst and binder are mixed in an optionally aqueous
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costs and enhancing the facility of assenblage of the
relative cell. The thusobtained el ectrode in

w@200vitogobar does not require any netal mesh orPOL/RR007/053564
reticulated material interposed between catalytic
activation and percolator. I? one preferred enbodi nent
of the invention, the catalytic conposition is a
m xture of netal catalysts with a suitable polyner

soluBibAdgisperish besERINgicrD luntif 6ieRindg 8 YaeenNARMUSan be pressed, for
materials, which is especi.al I% I mportant when o

'nSt@@C%Ibas@a“@nquf'%rﬁﬂquIQﬁﬁ'%tt eapg'fq{J@nthﬁtf?é%I%“tagle fo act as
perc%ﬁt%“f&i ébfallne gh %l Z?Srﬁegrﬁe%rﬂ Pgﬁlgéflé}glﬁﬁwgrﬁﬁ%%ré%ent s

yS| S

thempcafriedadltyotienety edmpmn@ sipreleninany dkyéhg atmb aklogw temperature

oxi des tlonaII xture; the polynmer binder is
fo"%‘@é#@f ﬁkﬁugsﬁq‘beé?tf ﬁ'@?@ﬂt%ﬁ"?"ﬁﬁm for instance PTFE

or the Iike. Accord| ng to one preferred enbodi nent,

the netal catal yst and binder are m xed in an
Accopﬁimg)rhaldqe atqematisscﬂnubcbdjmendi thpecatalytic cronspessiors isoapplied by

til ,obt whi h d,, f
dechfeensiBbany Subbetudit nigsSue Bty o Bl o anthe porous
sub&teixet BRbAN ik lcabé %Itd%vétﬁb%éfﬂn@ﬁﬂ{é?h@l featrhéntobt ain a

sufficient nechanical stabilisation, a thernal

treatment Is then carried out optionally corrprlsi ng a

s BEGLLE AR O RSt ik Ui TREIRL IS BB ma
mamawatdrﬁmératuréa:om@mbdr@éﬁmeehhzo@ahalaao C, €epeagingicmthe type
i's aqEQI ed by decal transfer and subseq uent pressure

of sglactechginger @”éja'fsarfiﬂq|%9'§%|e@”taraﬁte[ IﬁEI,sCSpaﬁ ungtipraf de@perature,
as dieS |Ier H{hig i ar%iycq]&;g ed final thermal

tre errml treatnment, the best
results are obtal ned with a final maxi rrumterrperature

Thegihalis SETE A RBBROIRRE S SPREUT GISL ke I Bp e deed of
hav@?télsufﬁEFe'h't 9PIu?r§e LeARR é‘fd%fll_ uid® e%?at%b éfL&%delﬁé‘ﬁwe catalytic

can easlly det erm ne e C orce O
corrtppsitimpmmthe pom\mchet fruone peefenrsd erakedinmerd, tiuecmrsz structure

he need a sufficient_volu av bl e
s & Mot Opeciy & v i) S pHENcR: BTy By ovith & sufficient
thickness, preferably not lower than 0.7 mm. One skilled in the art can easily
identify preferred thicknesses and geometries of the mesh or cloth depending on
the electrolyte density, the height of the hydraulic head to be discharged and the

required fluid dynamic conditions.

A cell according to the invention will therefore be provided with an integrated
element acting both as the gas-diffusion electrode and as the percolator, with
consequent assembly simplification and cost reduction. In some cases (for instance
in the case of alkaline fuel cells), a cell may be constructed comprising two
electrodes in accordance with the invention, for instance a hydrogen-fed anode and
an oxygen-fed cathode, typically crossed by a downward caustic potash flow.

The invention will be better understood by aid of the following examples, which are
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conposition on the active face: in one preferred

enbodi nent, the porous structure is a nmesh or cloth of
w@eloymeodpx material, for instance PTFE, w th aPCT/EP2007/053564

sufficient thickness, preferably not |ower than 0.7

mm One skilled in the art dan easily identify

preferred thicknesses and geonetries of the nesh or

cl oth depending on the electrolyte density, the height

not Miterid] foyiinidtid exteABithek@ofbSoldiysddTiiedasl rthpggedded claims.

required fluid dynam c conditions. A cell according to

the invention will therefore be provided with an

' rated el enent acting both as the gas-diffusion
EXA'WD Erﬁde and as the percolator, wth consequent

assenbl y S|an|f|cat|on and cost reduction. In sone

cases (for i in the case of alkali
20 g 91 %)Co%m@&'ﬁ' %&%%oéqlé%ﬂ'éﬁ rﬁ&‘@f’%@s'eﬁn@%s@r}ﬁ@ %%05033 40% by
we@ﬁtg‘éhﬁ OI‘%"»%Sm Bf 83594 Wd%%% %ﬂgtlérﬁwﬁﬂkéﬂﬂeré gﬂded slowly and

nstance a ydrogen ano an oxygen-f
undeastimimg tot §00 cnall by deicoseddwbierakeepingahd roktigei rcefngerated at a

e e TS Al R .
soldtlﬁh%@ﬂn g"A?ND@ (Akﬂr%ﬁt GB@/E @gj by $Rlightyexdbisflas metal)

appende ai ns. of "a commer ci al
anngG@mi eﬁad@"/s@yp@ﬁ@hbﬁom@st@fmmtwmcﬁmwem%d@l)ed dropwise,

el g3 BRGoBlyling ey o o CLATRL FRCETR iR b bty 1. The

opefdtiote reduied awaitier lessetmlnng hbersnhnd uhe selutibgewas edpt under
at a tenperature between 0 and 10 C. After one hour

vigogRe SHEBIR, folLBY aditianah louss s Sipeni eamelsiica Al Hye geagiion, the

6 t
pre it AptaftieCas decihdd cHiEH A tnE RERMENE ol Hnl solia,
ﬂltermlt asdiew\mwlﬂnigwésdnmg& \ﬁ&h Alitrey of lazdgised Mmenéblnd 600 ml of
n 7.5 and 10 and the .t eratur el ow 15
petrgfoLi e albe’. Lo hragua) bt fa6F TBeht 1ot 1206 deraight  Rocatalyti
matéﬁ%l%ﬂtf?ﬁbfﬁ@?#%pﬁ\ ‘68 Hf @9&%%%&5?{1%' Rbré Wharl Whfficient for the
a 1t ona ours.  uUpon OI'Tp etion o the reactlon t he

pregaretiompof 20@ colitdigaseliffiesionl eteotitogdé. el i mi nati ng t he
supernatant |iquid. The solid,

COMPARATIVE EXAMPLE 1

30 g of the catalytic material prepared in Example 1 were suspended in 90 ml of 2-
propanol. The suspension was poured on a medium porosity filtering membrane,
removing the alcohol excess under vacuum. The resulting cake was then pressed
with a calender in several passages on a 40 mesh silver net (0.3 mm thick), up to
complete coverage of the surface. After a drying step at 100°C, the electrode was
treated in air at 250°C for 15 minutes in a muffle.

The cathode was assembled on a single cell lab electrolyser of 0.1 m? active area
as disclosed in WO 03/042430, coupled to a 1 mm thick PTFE percolator. A
Nafion® ion-exchange membrane commercialised by DuPont/USA was employed

as the separator between the cell compartments.
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filtered under vacuum was rinsed with 2 [itres of

dei oni sed water and 600 m of petroleumether. The
w@e@daotoosvas dried in air at 120 C overni ght. PBCT/EP2007/053564

catalytic material with about 87% Ag by wei ght was so

obt ai ned, nore than sufficieht for the preparation of

200 cnR of gas-diffusion el ectrode. COVPARATI VE

EXAMPLE 1 30 g of the catalytic material prepared in

Exanple 1 were suspended in 90 m of 2- propanol. The

suspensi on was poured on_a nmedium porosity filtering

Then@?ﬁﬂ*@ﬁ@mnaémntn@a& frd withgpsiiuneghderide, hdee. whitethe percolator
inseH&d |F19tﬁé' bt H&.&é&ﬁgﬁ/ﬂ%ﬁﬁ%ag rf@t?ﬁ/ﬁﬂ BLLY Wha%ﬁ% i€ 3085 donward
severa a nesh Silver net (0.3 nm

passages o0
flowt Mhelgas-diffusion cathydet was Gaewithanodxdelse of okfgere. Aft er

At eEie AR50 o BEC-E51% Rt U O Yt 1 KT 2 hltade of 2.10
Vw‘ﬁ%%é@sﬁﬁ@@'a@t@r e dcfdgg%fest |§at|cﬁpfr8r>qetﬁ rs‘?éﬂfii@i; &Aﬂflcrpré'mamed

active area as ose 042430 pl ed

stadlefar morenthihi kd®E-E percol ator. A Nafion(r)

i on- exchange nenbrane commerci al i sed by DuPont/ USA was

enpl oyed as the separator between the cell

conpartnents. The anodi ¢ conpartnent was fed wth

sodi um chloride brine, while the percolator, inserted
EXAMPLEE cat hodi ¢ conpartment, was fed with a 25 |/h

causti c soda downward flow. The gas-diffusion cathode

was fed with an excess of oxygen. At a tenperature of

30 Poarenehtal ?/tua reaterignNprepansd try EREmMBAlK Awete s@sp@hdﬂed m 90 ml of 2-
vol tage of 2.10 V was neasured after three_ d

propanghi The SUsBaNsiPn I‘W"l’sh oyteg onup), MeFHUPhPPESHY r%tg”@g dpegbrane,
remég@gq%%lém e’% W LHT‘E %héoreguI%%té(?j—x?(g%?g%édnﬁressed

re are were Ssus

withoh Ealepdepa:moeteveﬂaiepawa;sloonaV\BS:"FEopemﬂ)Ia:tor 6(1rﬁ3dnmrmom|nal
por osi filtering nmenbra vi ng the al coho

n
thickngss su HRIEPMPIRIE (HAveraae nglﬂ PP 'Rtep‘%\%"érqt'i'i‘én'ts volume only
partPlii§SReRing an unoccupied portion at least 1 mm thick. After a drying step at

100°C, the electrode was treated in air at 250°C for 15 minutes in a muffle.

The cathode with integrated percolator so-obtained was assembled on a single cell
lab electrolyser of 0.1 m? active area as disclosed in WO 03/042430, in direct
contact with a Nafion® ion-exchange membrane commercialised by DuPont/USA

which acted as the separator between the cell compartments.

The anodic compartment was fed with sodium chloride brine, while the non
activated face of the cathode employed as percolator was fed with a 25 I/h caustic
soda downward flow. The gas-diffusion cathode was fed with excess oxygen.

At a temperature of 85°C and at a current density of 4 kA/m?, a cell voltage of 2.07
V was recorded after three days of stabilisation from the start-up, which remained
stable for more than 30 days.
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with a cal ender in several passages on a PTFE
percolator ( 1 .5 mmnom nal thickness), up to
wa@eoplietoes cover age of the surface but penetrat PEEP1087/053564
volume only partially, |eaving an unoccupied portion
at least 1 mmthick. After a8drying step at 100 C, the
el ectrode was treated in air at 250 C for 15 m nutes
in a nmffle. The cathode with integrated percol ator
It was i atmedsiadapatiny erkcabda vithpéokedt of @ invention, easier
el ectrolyser of 0.1 n2 active area as_disclosed in WO
to agsemblesd6ss expensive BNEdesaProng (o dgteddraben iphenomena than the
i Q- h a i @S . t .
gas fisToE (PBGF B R, SREF Cot, BeRosl BuPUERR !4 en superior
performpacé rientesms Tofecamenti effiolenayr inmantargely feptlesérithtive industrial
odjum chloride brine, while the non activated face of
applgRiofiat hode enpl oyed as percol ator was fed with a 25
| /h caustic soda downward flow. The gas-diffusion
cathode was fed with excess oxygen. At a tenperature
Thegfre8ioOsatabcaptian ¢unoemtentadtsia imdfthé ikventidn, avhieh may be used

Lt 2.07 V ded  aft t.h d f
acogiss i aer i srpiod ot S RAREECaShafine e fnf YSp& thereof, and
whds@lexi@itgs bh%céﬁ’y dafiised E)Y Waéﬁéfﬁéﬂ?ﬂ@m.r ated that

the el ectrode with percol ator of the invention, easier
to assenble, | ess expensive and | ess prone to

eriopati heno h t he.gas-diffusion .

Tl o BRRESETEF 4Pt e o fipit eiloon, e term
"corBpRes" and peiribaonBNBerdon suehngs OéomFﬁ@iﬂgt apldf Tauingdries! rare not
. a largely representative industrial application. The
intepded foaxclude ﬁm piassAce of plteriirrapaisPrtasidivast t he

i nvention, which may be used according to different

enbodi nents w thout departing fromthe scopes thereof,

and whose extent is univocally defined by the appended

claims. Throughout the description and clains of the

present application, the term"conprise" and

vari ations thereof such as "conprising" and

"“conprises" are not intended to exclude the presence

of other elenments or additives. CLAI M5




10

15

20

25

30

1. Gas-diffusion electrode for electrochem cal cells,
conprising a catalytic conposition applied to one face
w@booa/1spels ophobi ¢ porous substrate, said el ect POIEP2007/053564
bei ng capabl e of supporting the percolation of an
el ectrolyte downward fl ow i fsi de sai d hydrophobic
porous substrate. 2 . The electrode of claim1l wherein
said catal ytic conposition conprises at |east one
net al powder and at | east one polyner binder. 3 . The
el ectrode of claim2 wherein said at | east one netal
powder conprises silver, RLAMS or oxides thereof. 4 .
The el ectrode of claim2 o 3 wherein said and at | east
one pol ynmer binder conprises a perfluorinated pol yner,
1. o@asatifilisiyn P&lectrode. fdmesledtrathentdealofcelisyy congprising he catalytic

' revious ¢J] ai ne wherein sai rous substrate has a
co E!Qﬁe%%oci'ﬁgttol%?ﬁe erale Ygr&?fﬁo% porpys ybstrale, faig electrode

i RingVh iai B Sbfirsipt flow insi
e o) o hor 8 LE S FURLOT oY AR GLRr P CHgypugye fow inside
saidoydraplhobiatperowd substratdhe el ectrode of claim 6 wherein

said polymer material is a perfluorinated polyner,

optionally PTFE. 8 . The el ectrode of any one of the

2. PTRYichtrddetdbiM@aih e nehdrefrrbsld GatAV e E6mPBERBR IdonAitides at least
directly applied on one face of said hydrophobic

onegueiel pawder and at le@st ane pplyeer hiedécul at ed netal i c
material. 9 . Electrolyte percolation cell conprising
at | east one gas-diffusion el ectrode of any one of

3. crRénsledirdde 8f criier 2alhareipr osidest leysod@WI@RI Gowder comprises
el ectrolyte flow 10. The cell of claim9 wherein said

silvey, pickebpy@ddesthereafusti ¢ sol ution. 11. Process of
manuf acturing of an el ectrode according to any one of
clains 1 to 8, conprising the steps of: - preparation

4. oThe glesttede ofitcidimi B Bhwhemsip athtahidodt Bakt onatEdlymiec binder

conposi tign
compriggs a perﬁuorinated polymer, optionally PTFE.

5. The electrode of any one of the previous claims wherein said porous substrate

has a thickness not lower than 0.7 mm.

6. The electrode of any one of the previous claims wherein said hydrophobic
porous substrate is a mesh or cloth of polymer material.

7. The electrode of claim 6 wherein said polymer material is a perfluorinated
polymer, optionally PTFE.

8. The electrode of any one of the previous claims wherein said catalytic
composition is directly applied on one face of said hydrophobic substrate, with no
interposed reticulated metallic material.

9. Electrolyte percolation cell comprising at least one gas-diffusion electrode of

any one of claims 1 to 8 internally crossed by a downward electrolyte flow.
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starting froman optionally aqueous sol ution,
di spersion or suspension pressing of said paste on one

wo ame/1odo9sai d hydr ophobi ¢ porous substrate exeedt/ERPI00D053564
a thermal treatnment up to a maxi numtenperature of 200
to 380 C. 12. The process oflOcl ai m 11 wherein said
step of pressing is carried out by cal endering. 13.
Process of manufacturing of an el ectrode according to

10. aljie @8 oPLlaihd Whedeilh 8aidl cletidlyicSis R0cdlgicSoRrprof
application of said catalytic conposition to a decal

support, until obtaining a catalytic sheet pressure

11 BRSPSt B AL W5 s 1o

8, compaisimgrthewegofa maxi mum t enperature of 200 to 380 C.
14. Use of the electrode of any one of clains 1t

- aRrPAREN Pbd Pgate %@Wta@mgowec%&m%éentﬁ Oh Sgid Qﬁtalathz &PWPOSIUOH
p§f%1 frofan Héﬁor?éll(y élgje%élg%g)hﬁg‘ﬁ Bf or‘?B?s%péﬂsﬁ"éﬁm

as oxyg usi on c de or
- hpdassggmffmid gastedmrf bus face ainsade hydro:pinobioemmulsysubstrate
per col at i o]n ||l§al i ne {uel ell.
- execution of a erma reatment up to a maximum temperature of 200 to

380°C.

12. The process of claim 11 wherein said step of pressing is carried out by

calendering.

13. Process of manufacturing of an electrode according to any one of claims 1 to

8, comprising the steps of:

- application of said catalytic composition to a decal support, until obtaining a
catalytic sheet

- pressure melting of said catalytic sheet on one face of said hydrophobic
porous substrate

- execution of a thermal treatment up to a maximum temperature of 200 to
380°C.

14. Use of the electrode of any one of claims 1 to 8 as oxygen-fed gas-diffusion

cathode in a chlor-alkali process.

15. Use of the electrode of any one of claims 1 to 8 as oxygen-fed gas-diffusion
cathode or as hydrogen-fed gas-diffusion anode in an electrolyte percolation-type

alkaline fuel cell.



