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CARBON SUPPORTED METAL SULPHI DE CATALYST FOR
ELECTROCHEM CAL OXYGEN REDUCTI ON FI ELD OF THE
wo DOERAII®N The i nvention relates to an el ectr opet/abP3081/062942
in particular to a carbon supported nobl e netal
sul phi de catal yst suitable for el ectrochenm cal oxygen

onsidRryPecttran METRE SueP AlRE BT s hrad e G iRPorEmoaL

oOXEERNSREBSREADN | Y rhodi um and rut heni um sul phi des,
are known for their activity towards the

el ectrochem cal oxygen reduction reaction (ORR) and

[ N i .chem cally aggressive environnments.
F“#H@QF ?&I%b%\}aé'ﬁ?_@\lnake themparticularly useful in
the formul ation of cathodes, especially gas-diffusion
cat hodes, for depol ari sed hydrochl oric acid

Theur@@r\tl@nyglaée%mn elactreastalyst, ifinsciigdaito s cargos, supported noble

meﬁéeﬁzﬁﬁh ge Palyés(?%yﬁgglg%r X@caggﬁérﬁ c%ﬁsggggen r@?ﬂcngﬁ for instance in

aqeéars hydrathloyistagid slettrelysishi gh toI erance to poi soning
species, in particular to organic nol ecul es, which
makes themuseful is sone fuel cell applications such

STg\q-EjgpeﬂquiF@?hol fuel cells. Rhodium sul phide is

nowadays the preferred choice for commerci al
applications in view of its higher resistance to

chl nat e drochl] oric en i ronment s, 0
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knOXR &Y the R GRAQIR) fb%vé?ﬁs&ﬁ@e@c%@ﬁémlc%@ﬂﬂ%éﬂ ﬂiductlon reaction (ORR)
gas-di ffusion el ectrodes are usually activated th

anaerit stediligy mecriﬁ‘mlaallseaggr@swa eqyirgpnents. h@seéwotfeatures make
obt uf f ctrochem cal ct e -
tnefd b8l GufbrBisaln ke ForfTbA il SiRpoSY. csbitiiny Begifusion
cat*h@ﬂbéi fétf G@Qol@ﬁsédl hyﬁlfdbﬁldm: ach!l@Idoﬁbt)%l’ is SbhSIRREBAS Y Gisclosed in
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Bi nary and ternary rutheni um sul phides (for exanple
Ru- Co sul phide) would be an interesting cheaper
AnatHegusafll Veature of mobleimdthkesulphide electrocatalysts is their high tolerance

to poisoning species, in particular to organic molecules, which makes them useful is

some fuel cell applications such as direct alcohol fuel cells.

Rhodium sulphide is nowadays the preferred choice for commercial applications in
view of its higher resistance to chlorinated hydrochloric environments, although the
very high cost of Rh implies a heavy burden on the overall economics of the process;
commercial gas-diffusion electrodes are usually activated with about 10 g/m? of Rh
expressed as metal in order to obtain a sufficient electrochemical activity, also
because some of the Rh is invariably leached at an early stage of functioning. The
latter phenomenon is most likely due to the formation of by-product metallic rhodium
during the sulphidation reaction. Binary and ternary ruthenium sulphides (for
example Ru-Co sulphide) would be an interesting cheaper alternative in view of their
high activity towards ORR, nevertheless, their use is not yet commercial at least for

two reasons: firstly, their stability in HCI electrolysis environment is lower than that of
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not yet commercial at |least for two reasons: firstly,
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| oner than that of Rh sul phided and secondly, they are

only obtained through direct sul phidation with H2S,

which is clearly,a hazardou d. . e .
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envieoriroentsupport ed nobl e netal sul phide catal ysts of
i ncreased activity towards oxygen el ectrocheni cal
reduction, and a nmethod for their manufacturing. Under
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I'nvention to provide carbon supported-nobl e netal
sul phi de catal ysts of increased stability in
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i ncor porating novel carbon-supported noble netal
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Under another aspect, it is one object of the present invention to provide gas-

diffusion electrode structures incorporating novel carbon-supported noble metal

sulphide catalysts.
DESCRIPTION OF THE INVENTION

Under one aspect, the invention consists of a noble metal sulphide catalyst
supported on active carbon particles characterised by a strict control of particle size
and surface area parameters, so that the ratio of the superficial area of the noble
metal sulphide particles to the superficial area of the selected active carbon is at
least 0.20, and preferably higher than 0.25. The inventors have surprisingly observed
that when noble sulphide catalysts are manufactured by means of a process allowing
to control their particle size and to suitable disperse them on the carbon support, so
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| east 0.20, and preferably higher than 0.25. The

i nventors have surprisingly observed that when noble
waophssdsr cat al ysts are manuf actured by neans BET/BP2007/062942

process allowing to control tBeir particle size and to

sui tabl e di sperse them on the carbon support, sothat a
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mtrr%?@ﬁl‘nﬁm@r\%lgled' stribution on active carbon supports

by reacti'ng a suitable noble precursor with a thionic

speci es, as

According to one preferred embodiment of the invention, the noble metal of choice is
rhodium, which can be easily precipitated in a monodispersed distribution on active
carbon supports by reacting a suitable noble precursor with a thionic species, as
disclosed in US 6,967,185, when the reaction conditions are appropriately selected.
When incorporated in a gas-diffusion electrode, the rhodium sulphide catalysts of the
invention show a higher activity towards ORR at much lower noble metal loadings (as
low as 0.5 to 3 g/m?) with respect to rhodium sulphide catalysts of the prior art,
thereby allowing a substantial cost reduction.

In one preferred embodiment, the active carbon of choice as a catalyst support is
Vulcan XC-72 commercialised by Cabot Corp., due to the narrow dispersion of the
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di sclosed in US 6,967,1 85, when the reaction
conditions are appropriately sel ected. Wen

wo pengesisat ed in a gas-di ffusion el ectrode, theCT/RPIDT0G2942
sul phide catal ysts of the invéntion show a higher
act|V|ty towards ORR at nuch | ower noble netal

adi ngs, (as .|l ow as, 0.5 to ith respect
SuTAP R BT AeU b e (kS of 23D RE g votally Fa inue dgy between
20@Lh8WonImagS RhsHRM salphfsdispedeatdroslchl <Elar98ﬁ attains the required
preferred enbodl ment, the active carbon of choice as a

sulphidel tpsrarkerp puiface srewna@arfob(szpatzﬁccbaﬁﬁmu Qi|1|2steon &3¢ Rh metal w/o,

ou R e Bt tne AT e ehS ARGTIAN PERED VaR B other prhpns of

kndWRisoEbty arép.an i nterval between 200 and 300 nrvVvg.
Rhodi um sul phi de di spersed on such carbon attains the
required sul phide to carbon surface area ratio for
0 t I . .
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are use evl dent t one s
directtaltdtadl fudleedane t eachi ng can be appli ed to ot her

nobl e nmetal sul phide electrocatal ysts for use on other

fields, e.g. direct alcohol fuel cells. Under another
UnaépﬁﬁétheF BSpddtY 81 ihPEntiEdridists O aég&aélffgs%ﬁlé‘fétﬁfbde

el ectrode incorporating novel carbon supported-nob
incagaiptinginpweldarien auprerssd-noble rnetahﬁu@h egeatalysts, L@* laatance a

ga& AT (&hofé R SH8AE e SRl The gadifitysiaelectrode of

theOiRvérticH B@btaigatlon &oBrR¢aidang corbuctiver websforgarfce a woven or
woven or non woven carbon cloth or carbon paper

noRWRYENHAPIBFIOHBF BHORLRANSEOr OB %ﬁableypqpaeucaériﬁr optionally
pro¥id \%ﬁﬁ gbfoﬁﬁfl?ébé’rﬁ‘l St it ah bé]%ﬁﬁgt‘?nkggBPEér‘Bbhﬂﬁ/d%phoblc
h)? M REOF 62 AR own I'n the

car I'nder
binaet mnkturemas pm@wanm eﬂa antblocbnusprteferfdsdaenwddenmett &e noble metal
Ioa:domaggql;ﬁ ?r@nogr;]@% Sr] glég{r% égpgg}egl |§S/%ﬁrz,tgpdr§|s$qqqt1@|sed between 3 and 5

g/m?.

Under yet another aspect, the invention consists of a method for producing a
monodispersed noble metal sulphide catalyst on an active carbon support controlling
the particle size and surface area parameters, so that the surface area ratio of noble
metal sulphide particles to active carbon particles is at least 0.20, and preferably at
least 0.25.

The present invention will be described hereafter making reference to the following
figures which shall not be intended as a limitation of the same.

BRIEF DESCRIPTION OF THE FIGURES
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Under yet another aspect, the invention consists of a

nmet hod for produci ng a nonodi spersed nobl e net al
waloplésdar cat al yst on an actlve car bon suppor t PCT/EP2007/062942

controlling the particle sizedand surface area

paranmeters, so that the surface area ratio of noble
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of the superficial area ratio of bl e"met al sul phi de
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DESCRI T g\l OF THE FI GURES Figure 1 reports the

aver a h PPicle size of carbon support ed-rhodi um

sul phi de cat al ysts obtai ned by precipitation from RhCb

and able thionic species in
DETAILED DESCRIPTION OF THE FIGURES

Figure 1 reports the average particle size of carbon supported-rhodium sulphide
catalysts obtained by precipitation from RhCls and a suitable thionic species in
accordance with the method of US 6,967,185, which is incorporated herein in its
entirety. In the present case, (NH4)2S203 was used as the thionic reactant and Vulcan
XC-72 as the carbon support, characterised by a surface area of 250 m?/g. The
catalysts obtained are indicated by the general formula Rh,Sy since they consist of
several phases, among which Rh{;S15 and RhsS, are prevalent. As reported in the
figure, the average diameter of the catalyst particles increases with the total loading
of Rh,Sy as expected; from the SEM micrographs it emerges a vastly changed
catalyst (Rh,S,) distribution tightly related to the degree of dispersion of each of the
catalysts prepared i.e., intrinsic distribution of the catalytic clusters which goes from a
large bi-modal type cluster distribution (30 wt.% loading) to a very fine single mode
distribution at low loadings (15 wt.% loading). Furthermore, in the 15 wt.% loading
case, the very good distribution on the Vulcan flakes not only allows for a effective
saving of 50% in the amount of catalyst used but more importantly allows for ca.
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accordance with the nethod of US 6,967,1 85, which is

i ncorporated herein in its entirety. In the present
wa@2m8/061BH4 2S Os was used as the thionic reacPEEPANT062942

Vul can XC-72 as the carbon suPport, characterised by a

surface area of 250 n2/g. The catal ysts obtained are

i ndi cat ed t.he
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Q 0. in to a.very fine single no ,
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activity L1y cabaF st nask RpdSitivh o%th@%@? artC %R, sUlheide efidnodispersion
forgood di stribution on the Vul can akes not only all ows

-leadgd extalypts isphtaigable mosyitably peleghraiie mrnufacturing
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a sphrtionafessdlobletriublé aidtalrpredisot yipitieelbresent case RhCIE didpersing a

the round sul phide crystallites is, for the nost part,
Pregeianiagd ML BEBRIREHCIREN POgvdes iy OFRrdQ @biaig the required
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oo, P s3R2h o SRl Herd L e SRREIAIEL .00 i
steprwisaavapmeraanchaptiarady Reedgg ¢he solation te sedugedbe tane of

very sim]ar for, both.electrocatalysts, consequently,.
PragiP RS e T &S Bleredl FRILHIIES B Fof nE et ieleE dhinawh in the ar
un@UBPRVESY iR (daBirdd delgrde BRESEIaRInity TH mehﬁhzéflawicatﬁm, for
~very inportant from the perspective of both activity
instantecitanlepsperatise o&XpO4ot700fCon t he support. The

sul phi de nonodi spersion for | ow | oaded catalysts is
obt ai nabl e by suitably sel ecting the manufacturing

In &@didbH t@ s mbhebaréinal rﬁ@ﬂ‘ph@lc_fg@@dlidhﬁrédﬁ@r_iétms?#sm‘ffaceﬁ
the invention provides preparing a solution of a

crysisligBraphvissiesnisty alsopeasttipalerto a igheeneplesesiel wllisation in the 15
w B R L BBab s AR BIGHRSAIETEINBBRNDL oy sREh Yfe

powder rt'o obtarn the requi’red | oadi ng,
elegttdchgmizas ohargiesrassbciatddwithisarfaeaok@ationireadiidtion are almost twice

t NH4) 2S2q 3, i
as %{g%sf%rr] thec?g%vt.("o sa)mp?e %an folrr’ghéastandard 30 wt.% sample.

Figure 2 shows the RDE activity towards ORR of two carbon-supported rhodium
sulphide catalysts. To obtain these plots, an isopropanol-based catalyst suspension
was sonicated and an aliquot volume (18 L) thereof was dispersed on the surface of
the glassy carbon disk via a micro-syringe and in three regularly timed steps. The
suspensions were prepared so as to obtain a 50 ug Rh,S,/C loading on the 0.5 cm?
disk surface (0.2 mg/cm? specific loading) for both the 15 wt.% and 30 wt.% catalyst
systems. After letting the suspension drop dry onto the disk under moderate
temperature under a heat lamp, a thin capping layer was formed by applying 116 pL
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step-w se manner and optionally heating the sol ution

to reduce the tinme of precipitation. The filtered and
waledosdesasnduct can be heat-treated as known i nPCTEPRNT/062942

until achieving the required degree of crystallinity

for the target application, for instance at a
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Figure 2 shows the RDE activity towards ORR of two

car bon- supported rhodi um sul phide catal ysts. To obtain
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cated

elemaeddlpetmﬂ@edtmnt\l’ve raterface of the glassy carbon disk
via a mcro-syringe and in three regularly tinmed
steps. The suspensions were prepared so as to obtain a
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nolwe ret@h salphte ealaltyetsmre,qsﬂoteed Inefigurad: tthe tbrespsarssmespectively
refih 3en Tt HRoH Lo B et S page e SRR "R hstivg carbon, to
a s@@@h& 'rrﬁkﬁ}dléﬁa%mﬂ)m@é cated{ét-sup P@rt@d lowt £”efemBYad¥eéarBBn of 900 m/g

solution. The experi nmen were carried out in a
activegarear andiee- retMum@ellmcé@cata@%rﬁgﬁam opéfulcan XC 72. As it can

oo SRR 0 aha TFETRRT A b PuRpRER e BB beros

VuMhesumdteaSca@aAlrs\ttseeompdsm@ﬁ@bmuml BRNARScarbon (M standing
respecti vel el ectrode potentials reported herein

geta@recauwwé@bleém%taar%eéuwsmlwzapnvezm teripg of R Ergleterpangd half-
walB il P TSGR R of 1555 18Y BPReighims,

shews 20 eﬁWaacedtcetal}FtwacttmtyRﬁEsmet@f thiglrbage etleaatalyst loading is
bed above for thre

s.of differently | oaded
mqggﬁlfeéy Rl tOQlJPWHP(?é'p@%é?%%t@'%ﬁ“‘émﬁ'btqré@o| i iyereserve the
monotifRPetddEsartitle istribBaBS CA sMRlaF trend is observed for the Ketjen-

supported Rh,S, catalyst, however the peak activity is observed at about 60 % by

weight loading on account of the higher superficial area of this carbon.

This behaviour is better understood observing the plot of figure 4, wherein the ratio of
noble metal sulphide superficial area to carbon superficial area is reported as a
function of the specific loading. It can be noticed that the trend of this surface area
ratio as a function of the sulphide loading on the carbon support looks very similar to
the trend of RDE-determined half wave potential reported in figure 2. From a
qualitative standpoint, it can be noticed that the more active catalysts are obtained
when the noble metal sulphide to carbon support superficial area ratio is maximised;
moreover, it can be seen that the maximum values of such ratio are higher than 0.20
for all the considered catalyst, slightly exceeding the value of 0.25 in the case of the
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refer to a first rhodi um sul phi de catal yst supported
on Vulcan XC 72 active carbon, to a second rhodi um
wa@oplsdsr cat al yst supported on a Ketjen Bl ackPCHERIINT/062942
of 900 nR/g active area, and 80 a rutheni um sul phi de
catalyst, again on Vulcan XC 72. As it can be noticed,
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potential reported in figure 2 roma qualitative
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coft e e el T bR T B 2P Yo RESy G Tl R b & peen

dusm@a\e%rthelaremdhﬁatélggwa ORR i ﬁydr@chmmmaoad depolafised
ratio are higher than 0.20 for all the considered

e'%H@Hﬁ%ﬁnd§h|§d}ﬂsl @%@@ﬁlhﬁoblﬁéneﬁl gelpgidepelgstroeatalyst
emg)?oﬁ%rdg%q fal?w&ﬁ@al Ffayggﬁl"i’éa?léﬁ i, trtlwe?gﬁéhlﬁg olf‘?r?e @rrege% jnygntion

allows f:lhselect:an ebtmeBn speaific baﬂlrﬁjm%em/ decrreatlng the total amount of
orreﬁaﬁ)l on between su!atﬁhl de catalyst. to c

noglgrg‘ﬁ% ¥ sirRlyconiredingdhe sudage pried rrioeT R ?netal sulphide
paftidicdl ttd d|vé%takb/dr¥ artlEfé%r éréb?dgge'agingechbrc%ﬁé]l &fcost while

increased activity at er SUrface drea ratl W t
incréasingtreE glsckottamicg! [aermmiaxms as shown by the foIIowmg example.

EXAMPLE

Two rhodium sulphide catalysts on Vulcan XC-72 of 250 m?/g active area were
prepared at two different specific noble metal loadings, respectively 30 and 15% by
weight, by means of the following procedures:

. 30% catalyst

7.5 g of RhCl3.H2O were dissolved in 0.5 litres of deionised water, and the
solution was refluxed; 7 g of Vulcan XC-72 carbon black from Cabot
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area ratio higher than 0.20 being nuch preferred in
terns of catalytic activity. The fornul ati on of very

wa@edswesisat al ysts with a reduced specific | oadP@mEPRP{007/062942

nobl e metal s has an inportant 9consequence in the total
nobl e netal | oading required for gas di ffusi on

o1 GoiRER Ware PAage P Sdfspicang GG wes o ated for 1 hour a

0b&@"(§‘@6*§;¥0 RN LR widhe il GRIRhYsY mi 8Y8EioRRed water, after which a
sui t abl e conductive web, and the specific |oading of

nobHefriedhwasrdeteninboadi s directly proportional to the
m ni mum anount of netal required for the formati on of
a continuous active layer. In the prior art, 30% RhxSy

onTh rieediunkdy Uldan 88IUtieR w4l Behtesad mSCt\Mﬁle%tﬁ‘ﬁﬁg a@d monitoring
catalyst for ORR in hydrochloric acid depolarised

el Betpldl 9Br6 reaghgd Hi'S, fiag thiesuiphale setiprwes @deed 4 four
S“é{f&b%n?bFr‘dﬂc{tggﬂgeacﬁélcnhjf‘%é’%ég&ﬁnﬂ%t 5N EQMEER EA@ addition,

appl'i cati ons FeSent 1 AVGNt ] on

al covgtancy skpldctensperafure amo copmeidfitice kolution gvérbehebled.
decreasing the total amount of noble nmetal by sinply
controlling the surface area ratio of noble netal

SUhRB! §@ 1B8Y dilcloE Bf frﬁ’oﬁﬁéhé‘t@ so tf&eﬂwé’@!&&a&é She r%élﬂﬁﬁ@léolutlon

decreasing the catal yst ‘cost I ncreasi'ng t
el was heakeshioc 0 “Geahad teraperadyreagas heldrfoby howe. The reaction was

foll l.e MPLE T h

cararyord G e Sbiam thande e, MRy HBeP Riorappg colour,
prﬁ/ﬁﬂihegﬂogFests%I)ﬁbﬁérﬂje%ﬂb 5rBRA! dd fheﬂ@@bﬁ’orﬂ?F ressed, finally turned
| oadi ngs, "respectively 30 and 15% by wei means

of tat mOwrdﬁssavwofgcqnpkeélao oéghe rWOaMByedlcatlrﬂg g total absorption

P D e Rl EeR SRR Ferioh ot gstp N a1 GBI B s pnase at
XGrardouratiraes withas ke aldr sustéialeigep whichtdopfirmed enatdiefled gulphide
the solution, and the m x was sonicated for 1 hour at

4000;Was presest i Rereasien sndrennaent atanyitingol ig pescipitate was
deL o &b ¥Q§1§ a'ndﬁhgﬁfnngé@qc %@f.lﬂ’d & 2% Pk neSwith 1000 m!

determ ned can so I'on was heat e

700€6lonisedaevaster to remomﬂdnyrencéssrnelagent, then a filter cake was collected
and air dried at 110°C overnight. The dried product was finally subjected to heat
treatment under flowing argon for 1 hour at 650°C, resulting in a weight loss of

22.15%.

15% catalyst

3.75 g of RhCl3.H2O were dissolved in 0.3 litres of deionised water, and the
solution was refluxed; 8.5 g of Vulcan XC-72 carbon black from Cabot
Corporation were added to the solution, and the mix was sonicated for 1 hour at
40°C; 4.3 g of (NH4)2S203 were diluted in 30 ml of deionised water, after which a

pH of 1.84 was determined.
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the pH Once reached 70C, the thiosul phate sol ution

was added in four equivalent aliquots (7.5 m each),
Wo@o@s®eydasy 2 mninutes. Between each addition, CPCIEER2V0Y062942

of pH tenperature and col ourlbf the sol ution were

checked. After the last aliquot of thiosul phate

? o TSR AN S P eV GesieR do 0 C 1l a1 g gnd Monioring

r eﬁ‘f’et pIRNOWBS ré‘%ﬁefdof@’@ e ﬂh@é&h‘)ﬁﬁtetéb%tﬁﬂi WHE aBBad#efour
the initial deep é{)@nklorange col our, which

pr eguigslent aliguath &y e each hronere vesy Pinainutes; Bedween each addition,

ConpRTaro R echl? B DitE o e SRR re sigpres

absorption of the products on the carbon. Spot tests
were also carried out in this phase at various tines

wi Afieathedast altasos pbthiegdphat logomas peeed tthatresidting solution
f r\?lgs%lél Péb[ fé)el(ﬁd}"a) Wte%&%%ﬂﬁre'v@aé HSId f??‘fth'oﬁp. The reagtion was
environmen any time.” The preciprtate was allowe

t omeeitdlet! oy dhédiemg fHd d:cﬂoerdchadgesf tHd inétiaé deaps p\imézdirathge colour,
with 1000 M dei onhsed water to renpbve any exc
re‘élg progrgssively changediiaownasihe reae Bfﬂﬂrﬁﬁed finally turned

oeébléurlé%sg%]cm’%rﬂ Hibn offise 4 Bppfh%qﬁ&lc&@i%fa't%h %Msorptlon

jeCt ed eat t eat ment un [ ow ng ar
houfthatpréé@@s drﬁheldarb@w iSpat teﬁsg#&reladsrscmfrleﬁmtn ibthis phase at

YRR i Slsfhclzaelte Bane HECB QORI TERC YR o reé Suiphide
I efohUx&spreent th Bl rédbie eriron e él%ybdrﬁé kTHhe Bfém%ltate was

Cabot Corporation were added to the sol'ution, and
i allowsed Ensettaeed then fiteresk theifiltratmwas vashgdosith 1000 mi

( Nﬁ)ﬁ%ﬁﬁ@ Eor(deﬁé’\aeegqy %geos A eggﬁpﬁzrbjerq.ﬂ Z”ﬁgr Yk&lvas collected

r haeld erayiedcam 190CLdvephighB sTHeedriepitoduéPwas ihiklle subjected to heat
stirring and nonitoring the pH Once reached 70 C, the

t hirealinematnges Bpwmgo@rg@as‘oaa@@ar Ah65Q)ify, reguifioalatweight loss of
a|1] Wol s ( 15 m each), one every 2 mnutes. Between

each’ addltl on, constancy of pH, tenperature and col our

of the solution were checked.

The performances in hydrochloric acid electrolysis of the above catalysts
incorporated in a gas-diffusion structure on a conductive web as known in the art
were also checked. Catalyst/binder layers with a noble metal loading respectively of
10 and 4.5 g/m? were obtained for the 30% and the 15% Rh,S, /C samples on an
ELAT® carbon cloth-based gas diffuser produced by De Nora North America/USA;
PTFE from an aqueous suspension was used as the binder. The gas diffusion-
electrodes thus obtained were sintered at 340°C under forced ventilation, and then
used as an oxygen-reducing cathodes in a hydrochloric acid electrolysis lab cell. No
noticeable decrease in cell performance was observed in going from a GDE having a
10.0 g/m? (30 wt.% Rh,Sy) loading to one having a 5.0 g/m? loading (15 wt.% Rh,Sy).
The higher loading of the commercially available Rh,S, GDE does not appear to
further enhance the overall cell performance; on the contrary, the electrode activity
attains a plateau. This result is of high practical significance, since it shows that the

low loaded electrode-catalyst (15 wt.% Rh,Sy) can be cost competitive with respect to
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After the last aliquot of thiosul phate solution was
added, the resulting solution was heated to 100C and

wo eovpeedasure was held for 1 hour. The reacti onPGEEP2007/062942
noni t ored by checking the coI]dur changes: the initial
deep pi nk/ or ange col our, which progressively changed

i o8l e AT TR i b AR B eir5 w

Rhi, @%Q§?drﬂ&rallélﬂb%elé\p$ﬁé At kinEhE rdfi oS 6t ﬁh@euﬁr@ﬁt density a
carbon. Spot tests were also carried out in this phase

celhvoltage ofut 1t GrdsV Jartthe 30 whth sarapletancpafpbil .+ AHi\for the 15 wt.%

wef Bdr G g il SHERIGRY PEHOC Gl o BB 3k eBerlién.

allowed to settle and then filtered; the filtrate was
washed with 1000 ml dei oni sed water to renbve any
The preyaus dﬁ@@mtlontﬁﬁ@rﬂ net el ipiendedias limgising éne W@HOQﬁMhICh may be

pre?:'tlge{iira %S@'}getgotlcge)ggrew%m%enEﬂ@ﬁ@cﬂ&%g%ﬁ?ﬂg%m"i’ﬂé scopes

thm@foenﬁ avhodehaxtentats soMCdefirsiby thegappersdesetigints.| oss
of 17.5% The performances in hydrochloric acid
el ectrolysis of the above catal ysts incorporated in a
I " "
T L e O e TRod FRRTAT L PRI 1 R4 “comprise
andvvahatonmsthleecofestuah asdadmmlsrr@mdt lcoglpyises” A@ rotdnténbed to
wer e obt a| for the 30% d the 15% RhxSy /C
ex@g&%ﬂ&p%egﬁe&g )el%rH?B§rPﬁ ¥&Sased gas diffuser
produced by De Nora North Anmerica/ USA;, PTFE from an
aqueous suspensi on was used as the binder. The gas
Thelidisaussionalif slocuowads, 1ol rodlesipisedeviees, atinlesrand tae like is

nc RS et ity ROELLRY RPHRE st PReYIRRG o Rt for the
predede invehiieh Sit Isaioterighestda dratpeablea theean %eallrofﬂﬁiisle matters
per formance was observed in going froma

forrmdooajﬁ abthegy '%arb@m%\)\’ef%%ﬁﬁ'@”t gensrial W'ﬂ@g% 'QS”@ field
f
SR e [ttt afbrufbgRsk ohgf Ui e
applicationt her enhance the overall cell performance; on
the contrary, the electrode activity
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attains a plateau. This result is of high practical
significance, since it shows that the | ow | oaded

web@shssade- cat al yst (15 wt. % RhxSy) can be COSPCT/EP2007/062942

conpetitive with respect tathe traditional GDE (30
W . % RhxSy). The increase in catalytic activity of the

.% RhcSy/C is further visible belowthe 4 KA/ n2
cLAME,

tic region); at this current density a cell
voltage of 1.1 0.1 V for the 30 wt. % sanple and of
1.1 0.1 Vfor the 15 wt.% were recorded after an
ini Ciatdlysidadeleictntiheminal pxybearuradugtian comprisisig a noble metal

operation. The previous description shall .not  be

Pt SRbE st S SRERAP B rRE hflntfe noble metal
pr a§blipﬁﬂié partieledigng riéhastisders6d bnand @dtive BhHon éé‘rﬂelbfs and the
departing fromthe scopes thereof, and whose extent is

sol svifacRarafedtipyofinedle et sedphite pagiclembionriveparpereparticles is
desg“e%tsi[a@oand clainms of the present application, the

term "conprise" and variations thereof such as

"“conprising" and "conprises” are not intended to

exclude the presence of other elenments or additives.

Fhe TAPSARIXPIEH CAIMybelimacieiseddp dhatiaie prRles el fHipnide is a

art| ; like is included in this
speti Oﬁ%@ﬁ%‘?ﬁ@%] ely for the purpose of providing a

context for the present invention. i s not suggested

| t
o FRRESERE o i Bl Qo Blab RSB o S 8
knoyhRAG® élﬂ?ﬁibé id 1 2ksl 189 ?Y)%})éﬁqgﬁt‘brﬁéﬁa@ﬁ\%s@é}bpn of 200 to 300

i nvention before the prior ate of each cl ai m of
t hi ;v’gpplinface aea. CLAIMS 1. Catal yst for

el ectrochem cal oxygen reduction conprising a noble
nmet al sul phi de supported on active carbon,

charaeteetal§stbfionmith@thahketeryidan MRatadai¢ abme 8rbon is Vulcan XC-
particles are nonodi spersed on the active carbon

parPcl es and the surface area ratio of noble netal
sul phide particles to active carbon particles is at
| east 0.20. 2 . The catalyst of claim1l characterised

151 Thetcasalyst of@ibien Bret dlchavdgtbrisked insthat sdiddiuniaice area ratio of
sul phij The catal yst of claim?2 characterised in

jde. 3 . _
¢ hatobledngia sipNidE 0.ARtNG Garoan st least 0.95.

6. Gas-diffusion electrode comprising the catalyst of any one of the previous

claims on a conductive web.

7. The gas-diffusion electrode of claim 6 wherein the loading of said noble metal
sulphide per unit area is comprised between 3 and 5 g/m2.

8. Method for the manufacturing of catalyst according to any one of claims 1 to 5,
comprising the steps of:
- preparing a solution of a precursor compound of said noble metal
- dispersing of said active carbon particles into said solution of precursor

compound
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rhodi um sul phide is 12 to 18% by wei ght on an active
carbon of 200 to 300 nR/g surface area. 4 . The

wa@ adosloy=B7 of claim 3 characterised in that saiBPCHEP200B062942

carbon is Vulcan XC- 72. 513 The catalyst of claim3

or 4 characterised in that said surface area ratio of
nobl e net al ul phi.de t cti.ve carbon i t | eas

0. 25, 1gepariad afalied ofp Bt Cofboldsedtig TBRE he group of
cat al ytﬁtosgfph%lfg/s Qﬁl@tmf)néﬂég previous clainms on a

conductive web e gas-diffusion el ectrode of
cl aim reamhm eiap wlse Sauxi\thmrgc@rrmmdrﬁﬂhutmmmthlsald carbon
sul phi d upit area

e rec r Lﬁl OnRr Sﬁ bet I a?y:g}
g/ 2. SMINGRIECHGOT SRETURAY P PAPTER B&F’Q
according to any one of clainms 1 to 5 conprising the
steps of: pre arln a solution of a precursor
&b barmefbpdﬁu ? wthesicamprisingsihersien @f subjesting the filtered
act Lug d‘Fr%BEB?BdB&rtQ' o h%?m!af‘t‘r&atﬁ?én‘ﬂ f 228 iodPatfe of 150 to 700°C.
precursor of "a 1 onic
conpound selected fron1the group of thlosulphates and
thionates - reacting step-wi se said thionic cqu
@ dresnetpedipt shain QFEtheéﬁﬁ‘t%ﬁ'%pﬁ%Q%%chﬂr%‘? Jis'a Ch'or'de
solution in a predeterm ned proportion. 9 . The nethod
of claim8 further conprising the step of subjecting
tHe Prodassradctlectoblylis eflagueslscsolttorss oheydrathlorie atigewmberein the
at ate era ure of 150.to, 700 C,..10 . The hod  of
cl al"iP'®Y &H@\pé'ﬁﬁs §5ng tBP&ﬁ?r%'ﬁFS'eBr%%‘EH%’[% %fd%a'm 6or7as
chlgk;gghoaé Process of electrolysis of aqueous
sol utions of hydrochloric acid wherein the inprovenent
conprises using the gas-diffusion electrode of claim®6
or 7 as the cathode.



