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importantly, the <Conbined conpl exing action of hydrochloric acid and
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cheni cal ediffusionnelaetrodes: ydéth pladindmsbased catalysts 4s well known in the art, and
finds widespread application in fuel cells and electrolysers of many kinds.
However, the case of aqueous HCI electrolysis poses some serious drawbacks to
the use of platinum as cathodic catalyst, as it is inevitable for the gas diffusion
cathode to come at least partially in contact with the liquid electrolyte, which
contains chloride ion and dissolved chlorine. First of all, platinum is susceptible to
chloride ion poisoning which negatively affects its activity toward oxygen
reduction; a second source of poisoning is constituted by contaminant species,
especially organic species, which are in most of the cases dissolved in the by-
product hydrochloric acid undergoing electrolysis. Even more importantly, the
combined complexing action of hydrochloric acid and dissolved chlorine gas
changes the platinum metal into a soluble salt which is dissolved away, making
this material inappropriate for use in gas diffusion electrodes. Furthermore,
extremely careful precautions have to be taken during the periodical shut-downs
of the electrolysers, otherwise the sudden shift in the cathodic potentialv, combined
with the highly aggressive chemical environment, causes the dissolution of a

significant amount of catalyst, and the partial deactivation of the remaining
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additional advantage of being insensitive to organic contaminants in the acid
feedstock.
Although these catalysts show very good performances both in terms of activity
and of chemical resistance in the harsh environment associated with aqueous
hydrochloric acid depolarised electrolysis, their price and availability is a big issue
in terms of effective commercial exploitation. As it is well known to the experts in
the field, rhodium is by now the most expensive of noble metals, its price
exceeding even the one of osmium and being one order of magnitude, for
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 RuCl; is

a well-known catalyst; unfortunately, its chemical stability (prior to a thermal
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| NVENTI ON Under a first aspect, the catalyst of the invention consists of a
chem cal | ya table form of supported rutheni um sul phide; since the catal yst

of the invgRddroandther aspect, it is an object of the present invention to provide a gas
diffusion electrode incorporating a catalyst for oxygen reduction for use in
depolarised hydrochloric acid electrolysis cells.
Under a further aspect, it is an object of the present invention to provide a method
for producing a catalyst for oxygen reduction chemically stable in a hydrochloric
environment in the presence of dissolved chlorine and optionally of dissolved
oxygen overcoming the drawbacks of the prior art, and a method for producing a
gas diffusion electrode incorporating the same.
These and other objects and advantages of the invention will become obvious
from the following detailed description.

DESCRIPTION OF THE INVENTION

Under a first aspect, the catalyst of the invention consists of a chemically stable
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 chlorine and optionally of dissolved oxygen.



directed to the use in gas diffusion cathodes for depolarised hydrochloric
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In one preferred embodiment, the catalyst of the invention is a binary compound
of general formula RusS,. In a more preferred embodiment, the catalyst of the
invention is a ternary compound of general formula RuM,S, wherein M is a
generic transition metal. In another preferred embodiment, the catalyst of the
invention is a mixed sulphide of ruthenium and more than one other generic
transition metal. In a still more preferred embodiment, the catalyst of the invention
is a ternary sulphide of ruthenium and another transition metal selected between
cobalt, nickel, rhenium, chromium, molybdenum and iridium. Although the
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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may be slowy added to the support “until it can be absorbed.” When the
i nci pi ent Gidenngsdsi praseghailinen ratheniven sulphidet catalystapotkitbe, invieatioesare i ng
| mpr egnat ec%nsvlépéjecfyc tobpalfr%d B)? a5 ars(?g H Péa%[i(i)r(?:da conductive inert support, preferably
high surface area carbon black, is not dispersed in an aqueous solution of the
precursor but rather subjected to incipient wetness impregnation with the same.
For this purpose, it is useful that the precursor solution contain 2-propanol, or an
equivalent, preferably water-miscible, volatile solvent. The precursor solution may
be sprayed on the powdery support, or the solution may be slowly added to the
support until it can be absorbed. When the incipient wetness impregnation of the
support is completed, the resulting impregnated support must be carefully dried,
preferably under vacuum at a temperature exceeding 90°C. This operation
usually requires a few hours; the resulting dried product is finally subjected to the
sulphidation reaction under an atmosphere comprising hydrogen sulphide,
preferably in a flow reactor.
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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invention i 3 @3l bf YSddMYuctive filler (e.g. carbon black) and of a second binder.
The first and the second binder may in some cases be the same material. Once
coated with the catalyst/binder mixture, the gas diffusion electrode is normally
dried prior to its use; in some cases, it may be advantageous also to sinter the
electrode prior to its use, according to a well established procedure in the field of
gas diffusion electrode manufacture. Nevertheless, the inventors have surprisingly
found that, when incorporating the catalyst of the invention to a gas diffusion
electrode structure, the sintering step may be advantageously omitted. Although
the catalyst of the invention results very stable also when it is not sintered,
sintering may be carried out to improve the long term stability of the overall gas
diffusion electrode structure. In this case, the best results are obtained when a
first heating ramp, from ambient temperature to about 100-120°C, is carried out
under a reducing atmosphere (for instance a hydrogen atmosphere), while the
final thermal treatment, which normally reaches temperatures of 300-350°C, is
effected under argon or other inert gas.
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obtained, as confirmed by XRD data.
EXAMPLE 2
The same procedure of example 1 was repeated on 10 g of Vuican XC-72
powder, the only difference being that the precursor salt solution only contained
RuCl3.3H20 in 2-propanol, with no cobalt precursor added. As a result, a carbon
black supported Ru,Sy catalyst was obtained, as confirmed by XRD data.
EXAMPLE 3
RuQ,/C prepared by precipitation from RuCls solution with acid carbonate at pH 5
in the presence of carbon, or by an oxidation reaction involving Ru sulphite acid
(H3Ru(S0O,),0H) and hydrogen peroxide (H20;), 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 Vuican XC-72 carbon black powder were
dispersed in an aqueous solution, to which 20 g of RuCl;.1.5H,0 were added.
The ruthenium oxide intermediate was precipitated by a slow addition of a
NaHCO3; solution with a concentration of 6.7% by weight. The resuiting product
was dried and subsequently sulphided in a flow reactor for a two hour period at

400°C under a 2:1 Nz and H,S atmosphere. The same atmosphere was



in the presence of carbon, or by an oxidation reaction involving Ru sul phite
aci d (I—BRUSSOZ) 20H) and hydrogen peroxide (H202), also in the presence of

car bon, WQ 2004/18609%| yst known in the art. In the presentPeHFE2004/i0876lype of

catal yst was converted into a stable form of rutheni um sul phide according
to the invention by neans of a gas-soBid reaction. 20 g of Vul can XC 72
carbon bl ack powder were dispersed in an aqueous solution, to which 20 g of
RuC13. 1. 5higfintained adiste dihile Hoelingtdosn the samgle afiérecomapletion ofathepgassalid at ed
by a slow addjtion of a NaHCO3 sol U:F% on wWith a concentration of 6.7% by

wei ght . THE2EQNIA CAEPY: Black suPRaged Ruay SARIvaseligingd. as ¢figmediby a
flow reactygpfPfigad two hour period at 400C under a 2:1 N2 and H2S

at nosphere. l?he sane at nosphere was WO 2004/ 106591 PCT/ EP2004/ 005761 8

mai nt ai ned al so while cooling dS@UNREREXAMPLE ter conpl etion of the

gas-solid _reacti A carbon hlack supported xSy catal yst S_Qqbt ai ned,
0 cont i 1 fRaSaRpS RRS WaSasPRBeATBRENABIoUS calblan.on BYCIA G deadanie an
aqueous s ' aNEH ) i | ' ' 1 i 72
car bon bl g'{%ﬁ ypgi\%ggi:s. Thelgraﬁgﬁ? t7|Q (r%atrgdr)ﬂg ir%iktdgtweuﬂv%gﬁézgﬁgﬁﬁgejg}%%'ﬁlg%%é\%sor t wo
hour s undesalcingd at &S5BS Hoe two hasirs undeubrgonaattaosphere blAsc R resplboa catbdrux Sy

cat al yst s obtai ned, Jas.confirped by, XRD data. EXANVPL The catal ysts of
Exanpl es !&%@ﬁ@%o RHf‘S&C‘Eﬁr}ﬂf[yé{@Qﬁr?éfaénﬁd'v@r%O’gﬁmegcq&ﬁpoga@n accel erat ed
stability test in the same chem cal poaypegnent of hydrochloric acid

el ectrolysis, but in nuch nore severe tenperature conditions. A sanple of
each cat allha catadystsmobExamples 120amd 3andaobCourtereéxaroplef t were subjestad toy HCl

| ectrol ysi | i st.l f. HCI Lut i i th di | ved
chi or i ne. o1 aceriaraaanapbhikd ipdhar B8 Greihival Bove BBt o HERESTY quor
di sper sed #gid dlectiolysisBhiem WRICh bR sbesreedniptdatif Conditions! IANgampref at ur e
(about 103C) for 20 mnutes. After conpleting the test, the liquor in the

vessel s coAch Aatalyst iveas émmarged dn d00eméa il anolivte liguandramvadakeratery HCI
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smal | tradagialy at vbdrarterperatur@cTIeaRs8ssHls CORMIAG the liquor dispersed catalyst
samples were then heated and held at boiling temperature (about 103°C) for 20
minutes. After completing the test, the liquor in the vessels containing the
catalysts of examples 1, 2 and 3 was still colourless, while the liquor containing
the catalyst of counterexample 1 had turned brown. A subsequent analysis on the
three solutions showed only small traces of ruthenium in the case of vessels
containing catalysts from examples 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:



containing catalysts fromexanples 1, 2 and 3, while in the case of
counterexanple 1, analysis showed that an extensive ruthenium | each out
occur r 64O 20Mxp858 5 The cat al ysts of exanples 1 and 2 VRFERR&W0P61a PTFE
di spersion and incorporated into conventional flowthrough gas diffusion
el ectrode structures on carbon cloth.9After applying the PTFE/ catal yst
paste to the cloth and drying the same, each of the two el ectrodes was cut

into four QAngsies 1atéﬁ¢eb0Ruy®®;S1aM@mxS§téBpé@tle§lytanbréﬁﬁhﬁ}tupitmﬂ ¢01C\g
procedures. The follow ng | es were thus obtained; WO 2004/106591

PCT/ EP200Dokstiegy dﬁmp@r@%ﬂﬁ%lf@é migytesy then FﬁW'@W@ é‘hdA'R@nerﬁfB%@ct"Pv‘@I Y,
sintered i rature for 30 m nutes, then

swi t chi ng 3’?3 H&dﬁt%#ﬁﬁrat&@lf& @g{ﬁ%eghol di ng tenperature for 15 m nutes.
Sanpl es 285ammpledZa &ud Qby RurGd,Ran8yRu,S5 pespectively, sintatezt mdAr opAo 385°Co 335C
and hol din teorlgerature for 15 mnutes. Sanples 3a and 3b: Ru. CoyS and Ru. Sy
respecti vl %9 iRg de@perafueg JB’D'{”E‘@%C and hol ding tenperature for 15

mnutes. IS aﬁrﬁ'%b4'P<ux@8’B %hatﬁu,gdg&b&gwglya%%tw é|?§| qotdasecy. Al

of the eig sanpl es were coated W th per Iuorocar bon
i onorer i ¢ andl hdldiog,teapecatstofarip mnutése art of depol ari sed hydrochloric acid

ot abi 11ty SGRIES darat 367 TN SN SAEU-Cos PGl Sy rEPICuRBh T | quor i | o
bobe L, LIS e Nariel e Spt il o 6103 el sk ver
Sanpl e 1 tonaroencrsalgtion, Sasptust@aandan kthyeartomf c@@mjﬂrseﬁbhym@htormr anigle
Sampl e 3a: elé)crt} hstis.ml'% elghiS 10 omer—coafjedr léa(r)nrpe eWé)rre subjected to the same
stability test in for 20 minutes HCI electrolysis cell anolyte liquor, while bubbling
oxygen in the boiling electrolyte, and the following colours were displayed by the
corresponding solutions:
Sample 1a: very pale yellow
Sample 1b: colourless
Sample 2a: dark yellow
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



Sanmpl e 4a: col ourl ess Sanple 4b: col ourl ess These qualitative data were

| ater found nmatching those obtained through the determ nation of ruthenium
vi a XRFWEhI04/A0659n the different solutions. The el ect Pot/dd2M/Q0e7edd in
hydrogen fol |l owed by argon were by far nore stable conpared to the other
sintering procedures, with air-sinterit$ giving the worst results. Wat is
neverthel ess surprising is that non sintered el ectrodes proved at |east as
st abl e as Elbcisedes stgivakknt to sachplesetha, 1he2at3anhd Ya weteapfaparedin S0rdne? ed
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50 cnm2 size and conpared to“a standard RhnSX el ectro ric acid
el ect r ol yswere testexbiadi oxygen-¢dnsuéng roathpdsds 0SaFEQ ent® activédarsellapBeatphe 0) .
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cell voltage was recorded at "two different current densities, nanely 3 and
6 kA2, dwd differentr cursenindengjties,ahamelyaBeand b kAdu?i and dheecdrrespsBdingl
Sampl e IDﬁltage at ‘?’t léA/r:FZ geo tage at 6 kA/n2 0 1.10 1.41 1la 1.16 1.41
1b 1.16 1.V@luesdrereponedda Tabley. 16 1. 50 4a 1.17 1.49 All of the tested
el ectrode sanpl es showed an accept ablgagpgal ytic activity, resulting in a

nodest or negligible voltage increase with respect to the state of the art
r hodi um sul phi de el eSampeiD keoltape ab)3 kA/m? | voltage at 6 kA/m?

0 1.10 1.41

1a 1.16 1.41

1b 1.16 1.44

2a 1.22 1.56

3a 1.16 1.50

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.



The above description shall not be understood as limting the invention,
which may be practised according to different enbodi nents w thout departing
fromthe scopes thereof, and whose extent is solely defined by, the appended
clainms. In the description and‘clains,PF the present application, the word
"conprise” and its variation such as "'conprising"” and "conprises" are not

I ntended to exclude the presence of other elenents or additional

conponents. 11 CLAIMS : 1. A catalyst for oxygen reduction conprising a

r ut heni hide chemcally stable in a hydrochloric environnent in the
presence Of di sSsolved chlorine and optionally of dissolved oxygen, said
cat al yst being obtained by preparing an. inpregnated support either by

bj ti d | . ' DI t t ' t] i th
sol Ut 1 ori-conta PR tar UEER estnetiBn comPoBinagt riheiR sHIRGS ChgMISARE pi t at i ng
a 1 ut hendtypleqy iadfydedctlokaiineht SiHhRSresBRGENET dissbivel chBriféladPus sol ution,,

drying the i regn.at ed support and treating the resulting product under an
at nosphe‘P@%gMQ disseiMed orygR Saidsatakyseing abtainastb¥i t h an i nert carrier

gas. 2. The _ War i ' act i '
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cat al ystincipierit emmassirpregnationi withca sblution comaining aideagPore piecarsoabhl yst of
claimf erein said sul phide i XS grted on.carbon.. 5. The.catal yst
of ol i bR PriEEp AR SRuGHE R AR OR & GRANE 5P ddbereRit ne ness
| npr egnain aguebussdigtiorr bon with precursor salts of ruthenium optionally
conprising rutheniumchloride, 6. The catalyst of claim4 wherein said

i mpr egnat ed <Anyingrthe rrapagngted-3uRpet alicous precipitation of a ruthenium
oxi de on sai dr&atingARe rdsultiitfprotued Mitderdin Athids _éremﬁyalwbegﬁéqpma@ phi de has

the general formulFa RuxMyS, Mbeing a transition netal. he catal yst of
cl ai m 7 optianally diuled with an inericaraengas-ed fromthe group consisting of N,

ggbp g ; e%bbn | fne atallREof ALt ¥ Whetbin it BOAUMIGE fidh SAFLELMRLS i s RuxCoyS
carbon having a surface area exceeding 120 g/m°.
3. The catalyst of claim 2 wherein said carbon is Vulcan XC-72
4. The catalyst of claim 1 wherein said sulphide is RuxSy supported on carbon.
5. The catalyst of claim 4 wherein the impregnated support is obtained by
incipient wetness impregnation of said carbon with precursor salts of ruthenium,
optionally comprising ruthenium chiloride.
6. The catalyst of claim 4 wherein said impregnated support is obtained by
aqueous precipitation of a ruthenium oxide on said carbon.
7. The catalyst of cilaim 1 wherein said sulphide has the general formula
RuxMyS, M being 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. v
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 wherein the impregnated support is obtained by
incipient wetness impregnation of said carbon with precursor salts, optionally

chlorides, of ruthenium and of transition metal M and evaporation of the solvent.



carbon. 10.” The catal yst of claim9 wherein the atom'c ratio Ru:Co is
conprised between 0.2 and 5, preferably between 2.8 and 3.2. 11. The
catalyst of claim7 wherein the inpregnated support is obtained by

sinci pi ent wetness inpregnation of -said carbon with precursor salts,
. optionally «chlorides, of ruthenium antf of transition metal M and

evaporation of the soI vent. 12 12. The catalyst of claim9 or 10 wherein
said i npregnated support is obtained by incipient wetness i npregnat i on of

aid carbon w.t h nr . I f el f oration
o Che LB onte S BArEEL SoYndrh AR BRI oBBBISRD) oL
conpr i seingipidnt ¥&tnessampregriatichdf sait @rbbl@Mtha)redl#sorTMsczﬁtraimeatunoén@nyone of

clainms 11 t 3 erein sai d sol vent conprises 2- propanol. 15. The catal yst
of anyon® Qﬁ%ag? rﬁé’afﬁlra(t@"fg SPWPAt-sai d sol vent evaporation is carried

out  undeya vacgbiyat SRIBRT #2 Wh@réih%‘é&l BREursbPsaill Gorfdied dpibadornrone of

cl ai ns 11 to wherein said treatnent under an atnosphere of hydrogen
sul phi deRing?camd CotNOd}2in a flow reactor. 17. The catalyst of anyone of

I 1 . at:
cut ph detts ol PABVELY afoleid ERIAE N WG SRRRBR Coriouiiid J0°"

conpri seﬂolpalmben 300 and 500C. 18. The catal yst of anyone of clains 11-to

13 wherei d tre t under, e of en sulphide is
pr ot ractiﬁ fo heacqtpﬁg AWERE RS C%V“F?Vqﬁlﬁ}f’é rein ?ﬂ' t‘)’gﬂ{l?/ HSone and
four houéérneé%utifﬁ&ﬁﬂcah#ﬁété’fen%iéf@ﬂﬁe%bo@égof@ 11 to 13 wherein said inert
carrier gas is mtrggen and the nolar ratio of said nitrogen to said

hydr ogenT&ul pHieieatalystefrvoseef daimgeldriod BSwhekginsaid dreaimepiunglef £0si on

. electrod gl yst of any of the
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precedin ppified on at |east one. face of said conductive web.
21. The %&s dIte calglyst of anyonedd clgims| i ton towhereinesaid sreiatmentnehder ane web is a
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cat al yst
preferabty comprised between 300 and 500°C.

18.  The catalyst of anyone of claims 11 to 13 wherein said treatment under an
atmosphere of hydrogen sulphide is protracted for a time exceeding thirty minutes,
preferably between one and four hours.
19.  The catalyst of anyone of claims 11 to 13 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.
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 g
carbon cloth. v ;
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
preparing an impregnated support either by subjecting a conductive support to
incipient wetness impregnation with a solution containing at ieast one precursor of
ruthenium or by precipitating a ruthenium oxide on a conductive support dispersed in
an aqueous solution,
drying the impregnated support and



optionally perfluorinated hydrophobic binder. 23. A nethod for producing a
catal yst for oxygen reduction conprising the steps of preparing an ;
| npregnat ed support either by subjecting a conductive support to incipient
wet ness i npregnation with a solution gntalnlng at | east one precursor of
rut heniumor by precipitating a ruthenium oxide on a conductive support

di spersed in an aqueous solution, drying the inpregnated support and 13
treating the resulting product under an at mosphere of hydrogen sul phide
optional l'y digdshiRg tive FsufiRgl greaictember 8h a%é% phfe of Hﬁ‘dr@@ér’?@@l Rigec! ai m 24,
wherein the inpregnated support I's prepared subjecting a conductlve
suppor t aplionally diuted witbiandaertioapies @ast i on wi t h a solution containing at

corut i orttal s enpeRer SN, Wheréidind WipfREhaled el e 1.5 1ot od of

cl ai m 25ubheastiaga amdticweasnm;iorotm unapmlnt vtk anprgnationwithe sautom

consi sting of Co, 27. The nmethod of claim?26 wherein
sai d sol F%ﬁ‘”Scﬁﬁl'%ﬁ%Q”ﬁP'?céﬁ§?’Qfﬁ\éth8PH5‘Eﬂ 3 and Co(NGB) 2. 28. The nethod
of claim Vﬁ%’rﬁbﬂzobftﬂ cliitha4 Whkieth Eﬁid@éldti&n%?d&’co’iﬁén% aebirsorPpr i sed
bet ween 0 ‘2 and 5, preferably between 2.8 and 3. . The nethod of claim

24 \/\herdl’ansdmrtmgtﬂ*utlon conpri ses 2-propanol . 30 The nmet hod of claim 24
wher ei n I above 90C.
T ol 38 1 Bl or i 2Bl S5 trat R éthy 8 sl ARERGRIAE

rern-sard 1 npregna ed su I'S prepared by
pr eci pi tgrbup@oasnsmglefﬂlu,mioﬁej@rmoalrconduct i ve support dispersed in an

aqueous ol uti on d of cl rein, said tr t under
an at m) ergII emg’érqg@%‘f"% wﬁﬁﬁ’é“ F%'dégmtmdmaf?e"% at |§a?tl‘mﬁ9gé'ﬁ€ . 33.
The matt*;gmiggi;.$1 g)zn 23 wherein said treatnent under an at nosphere of

' hiydr ogen sulp id

pr ef er ab?fil C hethe c(gr fied y&)g &%@gn%rrrgtgouﬁs CeoXI%esea?clj y utlu())r? tsC
comprised between 0.2 and 5, preferably between 2.8 and 3.2.

29. The method of claim 24 wherein said solution comprises 2-propanol.

30. The method of claim 24 wherein said drying is carried out under vacuum at a
temperature above 90°C.

31. The method of claim 23 wherein said impregnated support is prepared by
precipitating a ruthenium oxide on a conductive support dispersed in an aqueous
solution.

32. The method of claim 23 wherein said treatment under an atmosphere of
hydrogen sulphide is carried out in a flow reactor.

33. The method of claim 23 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.

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

35.  The method of claim 23 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. ,

36. The method of claim 31 wherein said ruthenium oxide is RuO2 precipitated by

reacting an aqueous solution containing a ruthenium compound, optionally RuCl|3,



34. The nethod of claim 23 wherein said treatnent under an atnosphere of
hydr ogen sul phide is protracted for a tinme exceeding thirty m nutes,
preferably between one and four hours. 35. The nmethod of claim23 wherein
"said inert carrier gas is nitrogen and %26 nolar ratio of said nitrogen to
sai d hydrogen sul phide is conprised belf®een 0.5 and 4. 36. The nethod of
claim 31 wherein said rutheniumoxide is RuQ precipitated by reacting an
aqueous sol ution containing a rutheni um conpound, optionally RuCl 3, 14 with
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heati ng uﬂe@rboﬁrpdwwrranatawher@hbmm peflgbrinated hyddpablic binges loatatr € up to

a final te eratu 43. The net hod of cl |m42 rein said internedi ate
t enper at l‘ﬁaé pae sidatheteah PIEIQSaId casyng wit f?@tcawg's LThe method of claim 42

wherein 93i d Thedheth8IREERINH BT fUfhErdEMprisaiy & BhubsnteriAgQtepnd 350C. 45. The
met hod of claim42 wherein said inert atnosphere is an argon atnosphere.

46. Use 62 th@hga%etawmglam 4él\@&f¢@o@'<bﬁn%r$§'ﬂﬁ@n@$taﬁl camprises heatin® as an
oxygen- %ﬁyﬁi&deﬂ%msﬁﬁé@% rSborft P atire o MfinRsledidte aci d

eIectronS|s
temperature, and subsequently heating under an inert atmosphere from said

intermediate temperature up to a final temperature.
43. The method of claim 42 wherein said intermediate temperature is comprised
between 100 and 120°C.
44. The method of claim 42 wherein said final temperature is comprised between
300 and 350°C.
45. The method of claim 42 wherein said inert atmosphere is an argon

- atmosphere.
46. 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.



