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instance, that of ruthenium and iridium; although depolarised aqueous
hydrochloric acid electrolysis is a technology with a high market demand, the

price of the state of the art catalysts is therefore too high to allow

commercialisation to be successful.

Among the noble metals of reasonable price that could be useful for oxygen
reduction in acidic media, ruthenium would be apparently an obvious choice, its
activity being comparable to the one of rhodium and its price being, on average,
about twenty times lower. RuO; prepared by aqueous precipitation from RuCls is
a well-known catalyst; unfortunately, its chemical stability (prior to a thermal
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DESCRIPTION OF THE INVENTION
Under a first aspect, the catalyst of the invention consists of a chemically stabie
form of supported ruthenium sulphide; since the catalyst of the invention is
directed to the use in gas diffusion cathodes for depolarised hydrochloric acid
electrolysis, in the following description by “chemically stable form” it is intended a
form chemically stable in a hydrochloric acid environment also in the presence of
dissolved chiorine and optionally of dissolved oxygen.
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ruthenium sulphide catalysts previously known in the art, traditionally obtained via

wet chemistry from aqueous solutions of ruthenium precursors with hydrogen
sulphide, or from organic solutions of ruthenium precursors with elementary
sulphur, show poor performances in terms of chemical stability in hydrochloric
acid containing dissolved chlorine, the inventors have surprisingly found that
ruthenium sulphide catalysts obtained via gas-solid reactions are stable in the
same environment while retaining a satisfactory electrocatalytic activity. in one
preferred embodiment, incorporation of the catalyst of the invention into gas
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In another preferred embodiment, the starting material for obtaining the catalyst of
the invention is a supported ruthenium oxide, for example a carbon supported
ruthenium dioxide known in the art. This supported ruthenium oxide is subjected
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effected under argon or other inert gas.
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enbodi ments to illustratezhe invention. However, it

is to be understood that the invention is not

intended to be [imted to the specific enbodi nents.
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t he presence of carbon, I&Ral yst known in the
The crame @&%ﬂﬁ%ﬁ%@if@gf% Wb rebBEIeR, ofi18, § 05 Yifoan xC-72
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WAS preC|p|t tlon of a
NaHCOB8 sol ution with a CEXAMRILE& on of 6.7% by
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in the presence of carbon, or by an oxidation reaction involving Ru sulphite acid
(HsRu(SO2),0H) and hydrogen peroxide (Hz0>), also in the presence of carbon,
is a catalyst known in the art. In the present case, this type of catalyst was
converted into a stable form of ruthenium sulphide according to the invention by
means of a gas-solid reaction. 20 g of Vulcan XC-72 carbon black powder were
dispersed in an aqueous solution, to which 20 g of RuCls.1.5H,0O were added.
The ruthenium oxide intermediate was precipitated by a slow addition of a
NaHCO; solution with a concentration of 6.7% by weight. The resulting product
was dried and subsequently sulphided in a flow reactor for a two hour period at
400°C under a 2:1 N» and HpS atmosphere. The same atmosphere was



was dried and subsequently sul phided in a flow reactor

for a two hour period at 400C under a 2:1 N2 and H2S
wa@tomamser e. The sanme at nosphere was WO 2004/ 1PGBRR2004/005761

PCT/ EP2004/ 005761 8 mai ntagned al so whil e cooling

down the sanple after conpletion of the gas-solid

reaction. A carbon black supported RuXSy catal yst was

obt ai ned, as confirmed by XRD data. COUNTEREXAMPLE 1

melapstseiss vibfE oMo owh ing reRE s bl S the gas-soli
regolioROA dirB6r bRIBKSUppoHed RaB| ddtalyspiasidbtainkd, a8<onfirmed by
cal cined at 650C for two hours under argon at m)sphere

XRRxdata: esult, a carbon black supported RuxSy catal yst

was obt ai ned as co EXAMPLE 4 The

catal ysts of Exanpl e%sbmngxé I$1of Count er exanpl e
Gatevas eHs8/lwac spdrdend imaraaqaeeusitsatutzinabf IRUGI; 13¢50 icontaining
fi népaﬁﬁ%”ggéi‘/ﬁma‘éﬁkc ! rgﬁ) t Of h dr l{i‘gﬂgéuhl s B{r\graérlegipitate was
calemé@ rét' E3PC RorIdeMGursiun c%?‘d? Sﬁta%'nb‘ébhé\%s AQ‘V@F@&H& lacarbon

of anolyte I1quor fronta | aboratory
blaekcsupportgd; iRu,Se catalysd meissalitaineds aamoaﬁm'eedxbymD data.

solution with dissolved égk&[%rﬁﬁ initially at room
| ng

tenperature. The vessels the liquor

Théicapsftysts &f Eamples 1,2 antl anderf €dumtsreRa 1andreh§!|t§]ected to
at bolling tenperature (about 103C) for 2

an gacgleratadys@bility teslein tha sameechemﬁl enwrpnmws%fehxdrochlorlc
I

o8 0peH008, bIEi SRR 1S cBbef MBbERTe Sofiforh A Sample o

eadatcatalyast wés amm*&rseéxanw(la nil dfadnolytentiqudr fram aAlaboratory HCI

ana .SIS nthe t hr sol Ilons showed .
clegHPySangal, dhmaisiBoce’ A: ahimas Fil! SRutionoBit; digeSived chiorine,
t4l S
initfe 5t éag.ggtgﬁﬂséhtg% n'tl'gé ggg@ﬂ@'&ln%nkg tﬁgflslﬁﬁgﬁ g\;\deﬁérééd catalyst
samplesxwergsthen Ineatadranmhebhahbolung temperatute (IBDOWPLG3°E) for 20

i P biling 2581 202 oot 54, VGSd® Bl e

catély@% bhémEI@% didridu8iwas %hﬂi@brdm'lésﬁt Whilé th@diqadr containing
carbon cl ot After appl yi ng the PTFE cat al yst paste

the; gatalyst ef cauntererample dghadtirned hrowp.f ﬁubseqmnttaﬁalyss on the
thr%%@“@ﬂ%j ei‘({:}?,g%&tﬁ nl%lré;n?ere ceg:%@P%ﬁnﬁf?&g@%%@h%gessels
coritainirgM cafabstypl fesmvesxarhples 1, 2 and 3 while in the case of
counterexample 1, analysis showed that an extensive ruthenium leach out
occurred.
EXAMPLE 5

The catalysts of examples 1 and 2 were mixed to a PTFE dispersion and
incorporated into conventional flow-through gas diffusion electrode structures on
carbon cloth. After applying the PTFE/catalyst paste to the cloth and drying the
same, each of the two electrodes was cut into four pieces, three of which were
subjected to different sintering procedures. The following samples were thus

obtained:



obt ai ned: WD 2004/ 106591 PCT/ EP2004/ 005761 9 Sanpl es
1 a and 1 b: RuXCoyS and RuXSy respectively, sintered

WO ooki2oasp1 t o 110C, hol di ng tenperature for 30P@i/APL08E005761
then switching to Ar and rgnping up to 335C, hol ding
tenperature for 15 mnutes. Sanples 2a and 2b: RuXCoyS
and RuXSy respectively, sintered in Ar up to 335C and
hol di ng tenperature for 15 m nutes. Sanples 3a and 3b:

RuXCay S i wel ' ' ' °
SarpeaE R o Rl AT on R Stk 49 110°C,
holdifig efhpErature fof | 30 ehintitd3y then Sswitchify XSyAr and ramping up to
respectively. Al of the eight sanples were coated

335/t holdling tesnperaturg/fentd MiNYEst | uor ocar bon i ononeri ¢
Sarﬁ@llgggicagﬁgq 2b: mg&r}@@hd ﬁu,}é‘ ere@bécrlﬁéalyg,fééﬁﬂ{a?éd #FAr up to 335°C

electroftysi s.
and lesldimgrtenperaire forpl Sminetes. subj ected to the sane

SarmbBb et B0 R S e B oSS Llins S ol el sos e
a"‘@i‘,&?f’]’@%@%’aﬁgfﬂfﬁ ﬁ%+t@§4 ng col ours were displ ayed

respondi ng sol utions: Sanple 1 a; very pale
Samplesala arghAb! ron BintersiddiiuiGeyS arsbRpkSy espegiivaly.yel | ow

A SETR) S s LRSS 8.5 8 0 G Plggorocarr

ionGIABRL esdttitiors, Ob8 Uslistemary af ethglait ofitdersolaidsend ydeochloric acid
[ at er found matchi ng those obtai ned throug@_the

electealysiai The eightt iongmesrroaled | sanples awars Subjesied g the same
i- f i. d i I 1 . .
sl GEEIH 0y 5 oSBRIog ety uobing
oxygenTiaitke boilingheleotrbiyte, santt thel fofjowing-ecloursswerg displayed by the
air-sinterin?q%ir_vingthe worst results. Wiat is
correspepding salut ‘prising is that non sintered

sa@*)[@cié;mﬁgw&h@t | east as stable as those

nter ydrogen; the stability data for non
Samplet Hy:ablowlesst r odes mat ched t hose of the raw catal yst

Sa’g@%:&kgg%ﬁorati on in a gas diffusion electrode
Sample 2b: light orange
Sample 3a: bright orange
Sample 3b: dark orange/brown
Sample 4a: colourless
Sample 4b: colourless
These qualitative data were later found matching those obtained through the
determination of ruthenium via XRF analysis on the different solutions. The
electrodes sintered in hydrogen followed by argon were by far more stable
compared to the other sintering procedures, with air-sintering giving the worst
results. What is nevertheless surprising is that non sintered electrodes proved at
least as stable as those sintered in hydrogen; the stability data for non sintered
electrodes matched those of the raw catalyst prior to incorporation in a gas
diffusion electrode structure.

EXAMPLE 6



EXAVMPLE 6 WO 2004/ 106591 PCT/ EP2004/ 005761 10

El ectrodes equivalent to sanples 1 a, 1b, 2a, 3a and
wdamaoaopr epared in 50 cn2  size and conpar edPCDEPR2004/005761

standard RhSX el ectrode fotOhydrochloric acid

el ectrolysis, according to the teaching of US Patent

6,149, 782 (Sanple 0). Such el ectrodes were tested as

oxygen-consum ng cathodes in a 50 cnR2 active area

EIeL:ﬁB&é%EBﬁNaIC?Qﬁ t saag%%gﬁﬁamt 22934 dnanesferg Plégitetis 50 om?

loric acid sol ution
5|zé anmwmpaﬁ'ed yalaastand:ardrRthTelectﬁode fon hysspchlodc agigeel@gisolysis,

oG ety B B 39808 By, 1B dobroces

! - a 50cn & af a'3l borat
vl Dy i 30 e 4 et

celiagaingtea standard anpde making use of 2 By-preduct agueoys fl)’d:i@Ch'O"C
f t

acid soufon Em. &7 SryBpSE bROYF, TARMETRI BANSE1a5S was recorded ot

twoo tiffeehti BilreRt dehsities, hamebaSeandt® kAdadeandt thet berresponding
state of the _ art rhodi um sul phi de el ectrode (sanple

valggs amneepapieddndadde ilpt i on shal | not be understood as
l[imting the invention, | y be practised
according to different e\;rVgAglllEeﬂ?s wi t hout departing
f rom t heSaapiedd | vditagedt,3 Mlﬂanoﬂage:nt 6r|¢A/h'§ sol ely
def i ned byt he appended—elatrs-—tn—thedeseripti on and
claims of tie pr esent Zﬂ& [ cat| on, the 4hord * conpri se”
and itg vayLartpn such 4gS  COMNpri si ng4qand
“conpri $es”" are not |ntended td exclude the presence
of other el ébents or addiéti onal conpo‘néﬁt S. WD
2004/ 106591 _PCT/ EP2004/ 005761 CEAHYG: A
cat al yst fo?aoxyqen re ion corrprl 3 ﬁﬁ a rut heni um
sul phi dg—chHgmcar Ty syagie Tn [@a hydrpsploric
environment 1 n the presence of |di ssolved

4a 1.17 1.49

All of the tested electrode samples showed an acceptable catalytic activity,
resulting in a modest or negligible voltage increase with respect to the state of the
art rhodium sulphide electrode (sample 0).

The above description shall not be understood as limiting the invention, which
may be practised according to different embodiments without departing from the
scopes thereof, and whose extent is solely defined by the appended claims.

In the description and claims of the present application, the word “comprise” and
its variation such as “comprising” and “comprises” are not intended to exclude the

presence of other elements or additional components.



chlorine and optionally of dissolved oxygen. 2. The
catal yst of claim 1l wherein said ruthenium sul phide is
waeppaodsed on a conductive inert support optiPBEEEP3004/005761
consi sting of carbon havingla surface area exceeding
120 g/n2 3. The catalyst of claim2 wherein said
carbon is Vulcan XC-72 4. The catalyst of claim1l
wherei n said sul phide is RuxSy supported on carbon.
5. The catalyst of claim4 obtained by incipient
wet ness i npregnation of said carbon with precursor
CLAMISs of ruthenium optionally conprising rutheni um
chlorlde rati t he solvent and.treating the .
esul & igtavehdes eden” AlctoRo soRtEng yAfaglim suiphide
chéh’ﬁé&llzdﬁaﬁfé ljfprgl Mrd&HléHce@nWréﬁm%ﬁt iMehé prasenes dfadissolved
catal yst of claimd4 obtained by aqueous
chioriaei arid optianallyfof sisselveshoxygenoxi de on sai d car bon,

2. 80 G500 Ak ] AL 8 € Gippori on

a triductive lingit tsup?bl‘tl ﬁd’uoﬁéﬂy éondisting af aaylson bavingaa suiface area
wher ei n sai d sul phide has the general fornmula RuxWs,

exgeedtingd28 ¢/Minsi tion netal. 8. The catalyst of claim?7
vvhere
- cons: TheRBHEYRorl 2yt ol £ VulbaR T 72,
4. cl ai mThevéataljist of aiaims d| wherin isaidReuiphide isuRpxByestipported on
arbon. 10. The catalyst of claim9 wherein the atomc
CalN-0 Ru: Co is conprised between 0.2 and 5,
5. pr ef el d’atﬁﬁfs’!\’%?%la?n'&adﬂa%ea Byl incipient Wethess indpregnation of

claim 7 obtarned by incipient wetness inpregnation of
saishcarbosr with preicursoprsadtsr eforuteeniug, etionaliyiicopprising ruthenium

o pbrfind SO Hepth 5, AR b e an

atrRbSphisre oftHydiedgem salpRliNdistiohally dilitddogitin anuhei lcdmer gas.
optionally dijl uted with an i n%rt carrier

6.2004/ I@ee@ialmfmm&/mveq vlagu_?,@usmec'gi?m%facs\s'themum
|

o, el B SR Bha, i e 68ty produc under an

atmosplesrieLon lariiogén solphide, optionatiy dilutedywitih ansnen eatriergas

7. L;S?L;@% éﬁi}gb'rﬁleglc i'n?gﬁ%oqq'éﬁ%ﬁiaderp@ﬂg&afnﬁﬁhgéﬁemﬁormula
RUMyS, N Bddg a transition metal.

8. The catalyst of claim 7 wherein said metal M is selected from the group
consisting of Ni, Re, Cr, Mo, Ir.

9. The catalyst of claim 1 wherein said sulphide is RuxCoyS supported on
carbon.

10. The catalyst of claim 9 wherein the atomic ratio Ru:Co is comprised
between 0.2 and 5, preferably between 2.8 and 3.2

11. The catalyst of claim 7 obtained by incipient wetness impregnation of

said carbon with precursor salts, optionally chlorides, of ruthenium and of
transition metal M, evaporating the solvent and treating the resulting product
under an atmosphere of hydrogen sulphide optionally diluted with an inert carrier
gas.



13. The catalyst of claim 12 wherein said precursor

salts conprise at |least one of Rud 3 and Co(NO3) 2.
wdadoo4/isocat al yst of anyone of clains 11 to 13P@hEP®0#005761

said solvent conprises 2-gzopanol. 15. The catal yst

of anyone of clainms 11 to 13 wherein said sol vent

evaporation is carried out under vacuum at a

t enperature above 90C. 16. The catal yst of anyone of

cIa| 11 to 1 erej. i d. treat n : :
2.4 rmgghgré’ 'ﬁy\gﬁﬂoé’@'q’sﬁ? ﬂ dgﬁl Sdﬁggheﬁegﬁf p@fhent wetness
m;ﬁrb@WaflGﬁCéfOéald18arb6h&~ttlﬂt;ﬂ‘eybatso@fsamyoﬁeuthbncumam:i of cobalt,
wherein said treatnent und

ere
evawabgg rthe .golvend aandstreating the Eﬁﬁu?tmg RrQ 5?&@8 atm°sphe’e
300 and
of Ey5E6Ch Fhinplde Dppdhalyuitfed Wi ipfLatich 8y P00 3
13wher eﬂ'he&mtdlysir efatiaiemt! 2uwhblerein aalchpmmmmal’f@f comprise at least
hydr su i.s protracted for a tine exceeding
oneigf R} @3 I'\45.18@@‘?8%}2@‘erably bet ween one and four
14hour STRL9 ot Caf adn?%heoﬁf apipee Pf tel aBmMwhéteihosdid solvent
wher ei n sal nert rrier gas is nitrogen and the

conphsesﬂapnopaobl.sai d nitrogen to said hydrogen sul phide

Bl oct ﬁ‘gg;'c% et e@gﬂggﬂﬁﬁ?ﬁfezﬁeb@mﬂgf vsﬂix'efr% 1S k8id solvent

evéﬁér%'tlhiﬁtls @érrﬁdiymﬂfudd@? vﬁb&tﬂﬂ@t@t@hmm&mﬁmval%@@ on
| east one face of said conductlve web

163 1 udherpaBalyet ploamyase of e A VHSEin §aid HEStERR under

s RORAEDEEof il SO Sl ttn dveuitactr

17i s M Tae catalylst aﬁﬂammneomfmlarynqaeﬂftbm@rwhatem said trea ment under
hyd hob ) hod f

ancimaepbere of Rydingien Sulatidel s Partng Bt Bh o Rbecdlys egpeeding

106‘2@1 fc&rﬁ?ﬁé@d béﬁvééipmbnacsomel pi ent wet ness

fegnatl a solution containing at |east one
18pr ecuiThercatalystiohamyane ofdelaimg 14 e 13 whetginsaid tregatment under

B
mlﬁuiééhﬁﬁaeﬁ&ﬂly paslden Oné ahddowd hdursn inert carrier gas

24. e nmet hod of claim 23 wherein sa al ut i,
19¢cont ailihe eatalystof aayoneef daims1d;to; f;q]wﬂ;@;%{p said’ merl carrier gas
is nitrogen and the molar ratio of said nitrogen to said hydrogen sulphide is
comprised between 0.5 and 4.
20. A gas diffusion electrode comprising a conductive web wherein the
catalyst of any of the preceding claims is applied on at least one face of said
conductive web.
21. The gas diffusion electrode of claim 20 wherein said conductive web is
a carbon cloth
22. The gas diffusion electrode of claim 20 wherein said catalyst is mixed
with an optionally perfluorinated hydrophobic binder.
23. A method for producing a catalyst for oxygen reduction comprising the
steps of subjecting a conductive support to incipient wetness impregnation with
a solution containing at least one precursor of ruthenium, drying the impregnated



25. The nethod of claim 24 wherein said transition

nmetal is selected from the group consisting of Co,
WORQ4ReG9Cr, Mo, Ir. 26. The nethod of clai m 2BCTVRBI084/005761

said solution contains at fgast one of Rud 3 and

Co(N03)2. 27. The nethod of claim 26 wherein the nol ar

ratio Ru:Co in said solution is conprised between 0.2

and 5, preferably between 2.8 and 3.2. 28. The nethod

oo AT P18 ot LIS ARTER, gEgpers, of hvrogen

sulphidengptionaliyrdiluéet] with anridert cavdengas.at a tenperature

gg%gﬁ\%&ﬂﬁ&q%& ?Té' ggéﬁf'%equggﬂc' f %oglgg%o%?ams a precursor

of BltEsididrfieRs). @ rut heni um oxi de on a conductive
support dispersed in an aqueous solution, drying the

25i npr e Jinet methadpbelpira s m@aemrﬁ;aud fteansition metdy is selected from
roduct un her e hydrogen sul phi de

th%EfQ%ﬁ?ﬁ‘%)&mq ?aﬂé@ ﬂfﬁ%’ S‘f{’ NF rt carrier gas 31. The

26et hoqrhef méltmdrbfzalanh BDwiveesifi saié aofutioneedntains atridast one of

an at m)s&ll(sre of hydrogen sul phide is carried out in
R@lﬁlaﬂd CetN@3)2. 32. The nethod of claim23 or 30

wher e'ﬁﬁsﬁgﬂmidr Q‘P&lgﬁﬂtZGUWHSEFIﬁQI{\e FhoBPF P RuCo in said solution

hydroge elrs carrie at a tenperature
is €0 den@et\ﬂ@é}m 2naired 61 piaifgrablyrpetveen 28tanskcd 2300 and

500C t had | 23 0_wh
28, o R BRI O AL sisTena SR EPD SO ises: o-RtoRanol
9pr°trqq-{§e?n{§ﬁ6d aoft cmeP8e@fieRdint Baidt !lrylﬁg gt e4rried out under

prefera etween one and four hours. 34. The net hod
vactium ad]aﬂempenature ablovyedl0iCsai d inert carrier gas is

ol S LA 0 s
stéF?'% Cd AitheRlm\bsitei oh aaighdustive supportispersed in an

reC| p| at ed by reacti n%g’an aqueous sol ut i nh
aquentisi wlugora dofing: thanimregoated supprodoand deealing the resulting

o ERTETR AR S ARSI e ki i o

ineért cdrrigrigashydr ogen per oxi de. 36. A nmet hod for
pr

) O S hod 35 S S e 55 e oYt under an
at%@pﬁ@reaéf hyRSGer? Biphidesis (daffié® bubin & flow reactor.

32. The method of claim 23 or 30 wherein said treatment under an
atmosphere of hydrogen sulphide is carried out at a temperature exceeding
100°C, preferably comprised between 300 and 500°C.

33. The method of claim 23 or 30 wherein said treatment under an
atmosphere of hydrogen sulphide is protracted for a time exceeding thirty
minutes, preferably between one and four hours.

34. The method of claim 23 or 30 wherein said inert carrier gas is nitrogen
and the molar ratio of said nitrogen to said hydrogen sulphide is comprised
between 0.5 and 4.

35. The method of claim 30 wherein said ruthenium oxide is RuO2

precipitated by reacting an aqueous solution containing a ruthenium compound,



said catalyst optionally mxed with a first

hydr ophobi ¢ binder. 37. The nethod of claim36 wherein
wa@ adod/1espduct i ve web is a carbon cloth. 38, TheT/RP10hOWS761

of claim 36 wherein said f{4st hydrophobi c binder is

perfluorinated. 39. The nethod of claim 36 wherein

said conductive web is coated with a m xture of

carbon powder and a second optionally perfluorinated

hydrophohi.c .hinder on at |easf. o ' ner . :
opfitaly RGCE witt 5T 6, eerBRRotes A7 43, (et} Eifenium sulphite
acid®fiftP HydrogehPeiddfef urther conprising a final
sintering st ego. 41. The nethod _of cl aim 40 V\If}erei n
or it

36sai d Aimathogi fer reduring the gassliffusien ejpcliodePf ApKgne.of claims

(o) . . . .
20 32 G AR RS AR SRR Aokt ot it
saitdmmlygttrb;itmﬁblly atixed ]?ﬁllhraaﬁrs% hydrapdiobbic bindenedi at e
enperature up to a t t . 42, Th t hod

3751 61 BeTTIINGR G S1AIMSIE heTAE BRI GiotNG WAt f BofEan cloth

conpr i d a QRQ@ A 3T . . .
38'c:I ai mTﬁ§ Wger%}fﬁ&sg%f ?ﬁal terrlpr)]erggltdu?EStrgyggferlﬂbécedblnder ®
petfleovieated300 and 350C. 44. The nethod of claim41l

whereip said inert atnpsphere i s.an .
301" Srhe et 5 e BB ENGI i Pohckghe OETE Bid wit o
miUfE 8 bd® povds ad asreend optiosay detfiuttirated hydrophobic

~cathode in a depolarised hydrochloric acid .
bindes onratiigast oneside thereof, prior to said coating with said catalyst.
40. The method of claim 36 further comprising a final sintering step.
41. The method of claim 40 wherein said final sintering step comprises
heating under a hydrogen atmosphere from room temperature up to an
intermediate temperature, and subsequently heating under an inert atmosphere

from said intermediate temperature up to a final temperature.

42. The method of claim 41 wherein said intermediate temperature is
comprised between 100 and 120°C.

43. The method of claim 41 wherein said final temperature is comprised
between 300 and 350°C.

44. The method of claim 41 wherein said inert atmosphere is an argon
atmosphere.

45. Use of the gas diffusion electrode of anyone of claims 20 to 22 as an

oxygen-fed gas diffusion cathode in a depolarised hydrochloric acid electrolysis

cell.



