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| NVENTION 5 The invention is relative to a catalyst, in particular & o SEP 2006
nobl e nmetal sul phide electrocatalyst and to a nethod for producing the
sanme. BACKGRONE0Ee71THE | NVENTI ON Nobl e net al chal cogeneciesr200smoomidel y known
in the field of electrocatalysis; in 10 particular, electrocatal ysts based
on rhodi um and rut heni um sul phide are currently incorporated in
gas-diffusion el ectrode structures for use as oxygen- reducing cathodes in
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hydr ochl ori Eqﬁﬁ for use in electrocatal ysis are

pr epar ed by@@%’ﬂ?'ﬁ%g"%%’gﬁﬁgm phi'de in an aqueous solution of a
correspondi ng noble nmetal precursor, usually a chloride, for instance as

di sclosed in US 6,149, 782 whi ch %%Léjswﬁ%mgegﬂé@odl um sul phi de catal yst.
e

The synthesis of noble netal sul h hydrogen sul phide in

aqueous’ §0| ghiaRgertnCRNGRRIVEth| y carllyst,efl partitulantd Bendble $estaes@phide
conducti ve carr| er, in nmost of the cases consisting of 20 carbon particles.

In this way® @H@C%WEa%an? mginashiog @reducing ag SpMS: y precipitated on the
carbon particle surface, and the resulting product is a carbon-supported
catal yst, which is particularly suitable for bei n% i ncorporated in

gas-di ffusion electrode sBASKIR@YNhFHERINYENTHYNNKi gh efficiency at
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sulphi de cabahyih ine8fiRraba iffas ufde%rP'e%Nro&‘é’ts%Eﬁ;{éWr%aéé BRydn. L e

carbon carrrer recursor salt nst ance obl e
metal chlor ireth,cmg‘ otathoueas Gy btghiberaggwsqm aemmnme@tgasuﬂmaas inedbeéi on

under dil ut gg‘a@éﬁ%e?é&gc@%gggIopnycﬂ,gc@g §\g§ ent or elevated tenperature,

wher eby t he r med e phase. This is for instance
di scl osed i Noblee netalpsulghidgs fopwisei ianelectrocatalysis are prepared by sparging

15 hydrogen sulphide in an aqueous solution of a corresponding noble metal
precursor, usually a chloride, for instance as disclosed in US 6,149,782 which is
relative o a rhodium sulphide catalyst. The synthesis of noble metal sulphide
catalysts with hydrogen sulphide in aqueous solutions is conveniently carried
out in the presence of a conductive carrier, in most of the cases consisting of

20 carbon particles. In this way, the noble metal sulphide is selectively precipitated
on the carbon particle surface, and the resulting product is a carbon-supported
catalyst, which is particularly suitable for being incorporated in gas-diffusion
electrode structures characterised by high efficiency at reduced noble metal
loadings. High surface carbon blacks, such as Vulcan XC-72 from Cabot

25 Corp./USA are particularly fit to the scope.

A different procedure for the preparation of carbon-supported noble metal
sulphide catalysts consists of an incipient wetness impregnation of the carbon
carrier with a noble metal precursor salt, for instance a noble metal chioride,
followed by solvent evaporation and gas-phase reaction under diluted hydrogen

30 sulphide at ambient or elevated temperature, whereby the sulphide is formed in
a stable phase. This is for instance disclosed in the co-pending provisional
application 60/473,543, which is relative to a ruthenium sulphide catalyst.



application 60/473,543, which is relative to a ruthenium sul phide catal yst.
D4 SEP 2006 WD 2005/075071 PCT/ EP2005/000713 2 In the case of rhodignl}
prior to its use, the noble netal sul phide catalysts so obtained d4%SEP 2006
subj ected to an adequate stabilising thermal treatnent, at a tenperature
usual | y conporesd7soat ween 300 and 700C. I n other cases,P@/EP2@spalr7sd ure as

| ow as 150C nay be sufficient for an adé@quate thermal "5 treatnent. Although
t hese catal ysts show good perfornmances in terns of oxygen reduction

activity and of stability in highly aggressive environnents, that makes them
virtual ly tHe thalcpseiaiirhedine, @ricals its aisepthegaoble auetat sWphidat catglysts son
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noxi ous gas, _in their synthesi es_serious. enyironnental and hunman

noal th concdemBeraTE AN 25 SP0Ry diebds StRnbdor Shaayamat dbeat o
matter whgi Chre@fiept)l y be dealt by resorting to expensive safety 15

nmeasur es. Secondl K tgeér eci pitation in_an environnent_ where free, sul phide

ions are prdtbeHgh thes _ aysls shaw erf%waaﬁewrﬁﬁme‘éowqeﬁ r\?QP‘Ft!?_rB‘I e
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catal yst, especially with certain nobl'e netals; . de ions are
f urt her nor e vituadyithe aply Wablersategalsaor pxygen iedpetiamentalysisdpitysdroahiaier common

reagents fo%c@%le@fr@%sﬁi, Rk %?%déifctiéHl\W{'?ggﬁ)}?eﬁ” pifide rB@eY RULRLLES Sy

t hi oacetic acid or thioaceta are azardous than hydrogen
sul phi d40 bsomehscorvaniensigspat hway i n an aqueous environment still follows
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delicate matter which can only be dealt by resorting to expensive safety
15 measures.
Secondly, the precipitation in an environment where free sulphide ions are
present can lead to the formation of compounds with variable stoichiometry, and
this can hamper the reproducibility of the required catalyst, especially with
certain noble metals; sulphide ions are furthermore a toxic and environmentally
20 unfriendly species.
Other common reagents for the precipitation of sulphides, such as
polysulphides, thioacetic acid or thioacetamide, are less hazardous than
hydrogen sulphide, but the reaction pathway in an aqueous environment still
follows a pre-ionisation or hydrolisation of these compounds to provide
25 undesired free sulphide ions.
An alternative synthetic route for the production of noble metal sulphides to be
used in oxygen reduction catalysis, in the absence of free sulphide ions and
especially of the highly flammable and highly toxic hydrogen sulphide species is
therefore a stringent requirement for a successful scale-up of noble metal
30 sulphide catalyst production, and eventually for the commercialisation of
potentially large electrochemical processes such as the depolarised electrolysis

of hydrochloric acid.



therefore a stringent requirenment for a successful scale-up of noble netal
30 sul phide catal yst production, and eventually for the commercialisation of
potentially |large el ectrochem cal processes such as the depolarised’éSEP2M$
el ectrolysis of hydrochloric acid. 04 SEP 2006 WD 2005/075071

PCT/ EP2005/W0Q0s875371 OBJECTS OF THE I NVENTION It is an edy/eEeboseborihe present
I nvention to provide a noble netal sulpl8de catalyst, optionally supported
on carbon particles, by precipitation in an 5 aqueous environnment free of
hydr ogen sul phide, and essentially free of sulphide ion species. It is

anot her object of the present invention to provide a nmethod for producing

nobl e netal sul phide catal ystS§gpi $eRY | ment avoi ding the use of
hi ghly fl amabl e and hi ghly t%%#gczge(g‘?es. Wéég]PTl ON OF THE | NVENTI ON

Under one agpdstan object rofethiei presiest ireleatior do tprodide ob| reobie traktab isufphicke

catal yst, preferably. supported on high surface area carbon bl ack, obtained
by reacting Cé"?a'}f%r r%ﬁ‘ﬁBﬁ@EnﬁuPﬁ%tfeg Bt 8"1"?’8'? eﬁfﬁg%?', r BIEHRIAION ML AT i e,
with a ths oniquedls sgediontnem fre agudgumgenl sllphide, Bhdhiegbentitlyageeasra
carbon black i1t is,intended a carbon black species with surface area
exceedi ng 5GURNYE I0BySAERIESni ¢ species, it is intended any chenical species

contai ni ng at {sharbtheeBjbet of the Phessnt invenBisHtdPpVRe d MietddCiorprétfuchyd aci d
derivatives thereof. In a preferred enbodinent, the reactjon is carried out
in an aqueou¥blMmataloyirhide satalysts it g aqueowst erViopReNt aveiding theeusembhl yst of

t he i”Ve”tiQ{zggﬂl?ﬂaR?nédi@aﬁH'h@ﬂl)ﬁﬁ)x%fsp%bés.”om e netal or even a m xed

sul phi de of east one noble netal "'and one or nore co- elenents; in a
preferrd® enmbodi ment, such noble nmetal is selected fromthe group of

rut henium rhodium plati ”%ﬁbﬁlﬁﬂﬁﬂ@?ﬁiﬁélm‘@g}\l Nln a nost preferred
ec

enbodi ment, the catalyst of the Invention is subj ed to a 25 thermal
treat nent atUnder emgeasnadt.cthefinyeddionds Telativerta amabte metalusudphitecatalyshl yst  of
the inventi QoAb ALhhESHE LY nih SHRIcE 4r4 cBBbABIAGKC SERINEH B rddtting a
correspondent noble metal precursor, preferably a chioride, with a thionic
15  species in an aqueous solution; by high surface area carbon black it is intended .
a carbon black species with surface area exceeding 50 m?g. By thionic species,
it is intended any chemical species containing a thio function, such as .
thiosulphates, thionic acids and acid derivatives thereof. In a preferred
embodiment, the reaction is carried out in an aqueous solution essentially free
20 of sulphide ions. The catalyst of the invention may be the sulphide of any noble
metal or even a mixed sulphide of at least one noble metal and one or more co-
elements; in a preferred embodiment, such noble metal is selected from the
group of ruthenium, rhodium, platinum, iridium and palladium.
In a most preferred embodiment, the catalyst of the invention is subjected to a
25 thermal treatment at a temperature of 150 to 700°C prior to its use.
The catalyst of the invention is particularly suitable for being incorporated in
gas-diffusion electrode structures produced on conductive webs such as carbon
cloths or metal meshes, especially gas-diffusion cathodes for oxygen-
depolarised electrolysis of hydrochloric acid or other oxygen-consuming
30 cathodes in highly aggressive environments.
Under another aspect, the invention is relative to a method for the production of

a noble metal sulphide catalyst in the absence of hydrogen sulphide, and



gas-diffusion el ectrode structures produced on conductive webs such as
carbon cloths or netal neshes, especially gas-diffusion cathodes for
oxygen- depol ari sed el ectrolysis of hydrochloric acid or other 0 4 SEP 2006
oxygen-consum ng 30 cathodes in highly aggressive environnents. Under

anot her aspwotoosiosd7d nvention is relative to a nethod ferr/Eiresspparazicti on of
a nobl e netal sul phide catalyst in the dbsence of hydrogen sul phide, and 04
SEP 2006 WD 2005/075071 PCTI EP2005/ 000713 4 essentially in a free sul phide
ion-free environment, conprising reacting a solution of a precursor of the
nobl e net al esapntiaﬂmalnl 2 éreehs'élpﬁ@@ iox-free aﬁmvuqm@@uts carppriging reactindiani ng a
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prepared by LGl 8P BaBLSEt YW, R0h AT, ooy B PR i el 2k onle
in general, ptr&ﬁjréé'r' mmd@h@ﬂmbwlrmmqaaytmmowb@hpd% pRatudsors of further,

di sproportionation reaction, | w&gerone ul phi de and one sul phate ion as

product s: Z@:‘?@P&(‘J‘Q‘PS}J@WS@Q pafi 3 e Sulphde, saladXet PR%IB8ss f ound
out that, | Brégkbdiny féAdthbi BRSprocfor SNASHSadlotie!blaflapah tigkle met al s
(e.q. rhod| um ruthenium Tridium platinumor palladium from
t hi osul BRat spepies cerigning aFeaendfpbiercianitatie medlease of free sul phide
ions. Wtho h Mt tHen cul ar
theory, it lﬂt can ﬂgq%s?u%ﬁé%l te ﬁe pr@%&%gn%&ﬁ@g?ﬁd gu?@é’tee?ﬁe%?t I on of
the metal i dﬂﬁmncrmonﬂt@nofeaqﬁl@nt \mwsqnl Preursubhitts, andeguet Pwighate idme asplitting
off of the re legng portion. More precisely, in the exanple reported
hereafter, lphe I nventors have observed

82032+ H0 —» 82+ 804 +2 H*

15 The inventors have nevertheless found out that, in certain conditions, the

synthesis of sulphides of noble metals (e.g. rhodium, ruthenium, iridium,

platinum or palladium) from thiosulphates proceeds without any detectable

release of free sulphide ions.

Without wishing the present invention to be bound to any particular theory, it
20 can be assumed that the process occurs by direct reaction of the metal ion with

one of the two sulphur atoms, resulting in the splitting off of the remaining

portion.

More precisely, in the example reported hereafter, the inventors have observed

that the preferred pathway is that of partial disproportionation also know as
25 metathesis of the

$,05 species in which the two S atoms are non equivalent according the

foliowing stoichiometry:

S2052— 52%-80;

The inventors observed in particular that thiosulphates react with some
30 transition metals at pH comprised between 0.1 and 4.0 to form metal sulphides

when the aqueous solution containing the reagent is brought to boiling or at

temperatures ranging between 50 °C and 100 °C.



that the preferred pathway is that of partial disproportionation also know
as 25 netathesis of the S2032 species in which the two S atons are_ nqn

equi val ent according the follow ng stoichionmetry: S2032-> S-2 sod? gﬁgp 2006

i nventors observed in particular that thiosul phates react with some 30
transiti on wetadspnrsirr pH conpri sed between 0.1 and 4.0 tepcT/BEP2VIOITAS

sul phi des when the aqueous solution confaining the reagent is brought to
boiling or at tenperatures ranging between 50 C and 100 C. Q 4 SEP 2006 WO
2005/ 075071 PCT/ EP2005/ 000713 5 Wen thi osul phates are used for the
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hi 3
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hept at hi onat e I S not nentione e prior art at hway
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nobl e net al régged?%lﬂgao&lg%%&{ eaBﬁorF gﬁﬁﬁ kﬁﬁﬁ?gﬁ% obgecondl tions simlar

to those reI reci atron w again with no
det ecti on ofTHie epresmitpﬂmrde)fl smphldﬂsafnqmsbthsroﬂ'\iqm qmd)cxims/ateﬁhsuch as
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preferred, s(S@Oe 9aati heptatioretd ('Bvé)s )iis not mentioned in the prior art, and its

15 pathway is not yet completely clear. However, the inventors could obtain
various noble metal chalcogenides from all of these species, in conditions
similar to those relative to the precipitation with thiosulphates, again with' no
detection of free sulphide ions in any step of the process. The precipitation of
noble metal or mixed metal sulphides with a tetrathionate species (for instance

20  with sodium tetrathionate) is particularly preferred, since sodium tetrathionate is
a widespread and cheap commercial product. Also in this case, the reaction
with transition metals occurs in a pH range comprised between 0.1 and 4.0
(most preferably between 1.0 and 4.0), in a temperature range between 50°C
and the boiling temperature.

25 In a preferred embodiment, the reaction is carried out in the presence of high
surface area carbon particles or other inert and preferably conductive particies
to obtain a supported noble metal sulphide catalyst. In a preferred embodiment,
the solution of thionic reactant is added in discrete aliquots, for instance 2 to 10
equivalent aliquots added at time intervals ranging from 15 seconds to 10

30 minutes. In a preferred embodiment, after adding the solution of thionic reactant
to the noble metal precursor solution, the resultant solution is heated to boiling
temperature until the reaction is completed (which may take 5 minutes to two



a W despread and cheap commercial product. Also in this case, the reaction
with transition netals occurs in a pH range conprised between 0.1 and 4.0
(nmost preferably between 1.0 and 4.0), in a tenperature range betwelf SEB Q006
and the boiling tenperature. 25 In a preferred enbodi nent, the reaction is
carried outwooddgsayi esence of high surface area carbopcpapiovspdoess or ot her
inert and preferably conductive particles to obtain a supported noble netal
sul phide catalyst. In a preferred enbodi nent, the solution of thionic
reactant is added in discrete aliquots, for instance 2 to 10 equival ent

al i quot s addeslrat dépergingiberrthalsslectedgpracursonand fhes exzmtids coaditionS0 Theut es.
In a preferred tenbodi rg&ntb aft,er ﬁ%di ng the sol utfj@n of thitontiﬁ reactant to
the nobl e meCAFIE & RreIBEPYLAPYEH DY: frloyreANGsny! 5 SHReSRRPY e t o
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m nutes to two ours,

dependi ng onNthBost PEferEed sMmboginy 'tgﬁd“? QCJPEESQ‘? I'Wﬁ"ti%éfm%ﬁempﬂm

reaction g s QUd@ihdithy prédde s dbtained @'h thEmn Sredtmbhtatsa RERFEARAE of | qui d,
so that cogﬁl etion of the reaction may be sinply determ ned. In a nost

preferred e OnEMYC Rrigs teE HE@ of the invention further conprises 5
subj ecting tH& REIRIHSS téﬁ%lé@%ﬁb@?ﬁ% t;{j‘]r d8f Hktet rc%]@ffyr]ﬁ?:tthétin fdtpAper ature

of 150 to 700C prior to Its use. e follow ng exanpl €s have the purpose of
better cl ariwitiowd constituting atlimjtation f ite saepe oviveh isuexalesively defined bytheof its

scope, which dé)seﬁcaléglc‘ﬁj%el y defined by the appended clainms. 10 EXAVPLE |

Descri bed het a nethod to precipitate rhodi um sul phide on carbon from

an aci dicc aqueous solution free of sulphide ions. Precipitation reactions
Fut heni um ol atinum. 15 pal | adi um o e MR onl y requi 6 m nor adj ust ment s
t hat can bepa@@'ribyzd dxeréinf)&da nivgthodh & priecipitets mndmhezlﬂphigebnﬁc%rlgomfroﬂ‘jﬁl& H20
were di ssol Vaechié: naq%:elohé rseolu?i]:)nd?éeog} %&%h%g%t i%ﬁs. Bpe%i;;[itg%on reactions of other
noble metal sulphide catalysts (such as the sulphides of ruthenium, platinum,
15  palladium or iridium) only require minor adjustments that can be easily derived
by one skilled in the art.
7.62 g of RhCl3.H,0 were dissolved in 1 litre of deionised water, and the
solution was refluxed (preparation of the noble metal precursor solution).
7 g of Vulcan XC72-R high surface area carbon black from Cabot Corporation
20 were added to the solution, and the mix was sonicated for 1 hour at 40°C
(preparation of the noble metal precursor solution further containing carbon
particles).
8.64 g of (NH4)2S203 were diluted in 60 mi of deionised water, after which a pH
of 7.64 was determined (preparation of the aqueous solution containing a
25 thionic species).
The rhodium/Vulcan solution was heated to 70°C while stirring and monitoring
the pH. Once reached 70°C, the thiosulphate solution was added in four
equivalent aliguots (15 ml each), one every 2 minutes. Between each addition,
constancy of pH, temperature and colour of the solution were checked.
30 After the last aliquot of thiosulphate solution was added, the resuiting solution
was heated to 100°C and temperature was held for 1 hour. The reaction was

monitored by checking the colour changes: the initial deep pink/orange colour,



solution was refluxed (preparation of the noble netal precursor solution). 7
g of Vulcan XC72-R high surface area carbon black from Cabot Corporation 20
were added to the solution, and the mx was sonicated for 1 hour atl}4GEP 2006
(preparation of the noble nmetal precursor solution further containing carbon

particl es). w fds@s@i (NH4) 25203 were diluted in 60 M eéraplopsddosAsd Water,
after which a pH of 7.64 was determ nedy (preparation of the aqueous

solution containing a 25 thionic species). The rhodi um\ul can sol uti on was
heated to 70C while stirring and nonitoring the pH Once reached 70C, the
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t he reacti orareiair ddedrant 1GHC avernightre. The precipitate was allowed to settle
and then fil theflltraewas el oni sed water to
renove any e-lfn:e Sgéq Wa[shérf?”X slulb’e[cgerdeg)all}%at\l;\i’éesa%\sp{ﬁ%q O“é{ﬂ% a9 dri ed
at OI110fC|1a))verﬂs|r gibur érmsom esbuttiredinct weight ibssaf 23.154bj ect ed t0_ heat | treat ][rent
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ar 10 orlh r at, 650C, r fin weli
50 T The Theo RO RRg calPBb,sueRBHeY Cataneaias, Gat paeifienBed i e ed i n a
corrosion test to deckh@tdtabiliy aﬁta&tydkddmoricraow SetrSigas @hw?orﬂﬁérﬂ el ectrolysis
environment. For this pur pose, part of the sanple was heated to boiling in a

chlorine- s&Wir i PUFRSSEs At |°(§nthea§a’f‘lh'§ ‘é’ﬁﬁé“%?ﬂjlt?lbﬂiﬁ‘gdl‘%@ &8lednen
Exanpl e 4 ofggWpated HCI solution, at the same conditions disclosed in Example 4 of US

15 6,149,782. The colour of the resulting solution was the characteristic trace pink
of the more stable forms of rhodium sulphide.
Actual performances in hydrochloric acid electrolysis. of the catalyst prepared
according to the method of the invention and incorporated in a gas-diffusion
structure on a conductive web as known in the art were also checked. A

20 catalyst/binder layer with a noble metal loading of 1 mg/cm? was obtained 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-electrode thus obtained was sintered at 340°C under forced
ventilation, and then used as an oxygen-reducing cathode in a hydrochloric acid

25 electrolysis lab cell. A steady voltage consistently below 1.2 V at 4 kA/m? was
recorded during a two week operation, which is an indication of an excellent

electrochemical behaviour.

EXAMPLE 2
30 A rhodium sulphide catalyst equivalent to the one of the previous example was
prepared in a similar way, the difference being that sodium tetrathionate was

used as thionic species, instead of ammonium thiosulphate.



15 6, 149,782. The colour of the resulting solution was the characteristic
trace pink of the nore stable fornms of rhodi um sul phide. Actual ,
performances in hydrochloric acid electrolysis. of the catalyst pre%énsg% 2006
according to the nethod of the invention and incorporated in a gas-diffusion
structure oWOR'BHMitti ve web as known i the art were BEEBPUOMRAOREE. A 20
catal yst/binder layer with a noble netal®loading of 1 ng/cn2 was obtai ned on
an ELAT(r) carbon cloth-based gas diffuser produced by De Nora North

Aneri cal USA; _ PIFE fr ueous,.suspensi gn,.was .used .as, t he bi nder,. The

gas diffusi o?r-sél e fr %H@ﬁ‘wﬁ?@ “baﬂ?a‘?'ﬁ%oz‘%g;? gi e o ed?"'%%@%ﬁﬂe?”‘f&?eced

venti | ati on, sqiigbri WES reffiied dsreparatish @€ the esbie imegal prédupstsr sofutdnily dr ochl ori ¢

acid 25 electrolysis | ab _ce A st eady vol ta‘ge consi Stﬁ)%})lg%/ below 1.2 V at
Ge’fo

| .
4 KA/ N2 was 7 Yidean ekr7i2n3 oh furfaRecrregrarhen BH"PEM"& SRRt i on of
an excel | entyegl seaécm@?ﬁé ClutRANARHOME - mBMELdondcat Ao’ MoHuUsNBtS4GRNI de

catal yst equivalent to the one of the previous exanple was prepared in a

simlar Vay, (preparation of dhe enable maetah afecyeser (relution, itriheb santainiag canked as

t hi oni ¢ specy IE@;stead of ammoni um t hi osul phate. e 4 SEP 2006 WO

2005/ 075071 005/000713 8 7.62 g of RhC 3. H20 were dissolved in |
litre of dei th86 ey ohviteeB,OalRHAE wessdilttedrinvi}) méfaf deiahigest wateratften of t he

nobl e net al ecuyr sqr i ) V, 7 [ f .grea

car bon bl ack‘mli'?@n% Cp,aq—ﬂ)o??oklor pg)ra t?%ﬁ%%gemg%e?%ﬁ%%o%i ﬁggs%ﬁhue[%ﬁ%ng&gtﬁ the m x
was soni cat esbritaining aiioniaspekdds). 5 (preparati on of the noble netal precursor
sol ution further contajnin rbon arti o 17.86..0. Of 25406 . * 2H20
were di I ed‘t*i'ehr*ﬂ?@‘m@“&‘faﬂ%@@%‘?'&&’ashﬁgﬁﬂ%ﬁ‘% grwz'{}\?‘nsg'ﬁmg %{dagpn%r was
determ ned (theepir Bricen redchele7 @) ethestetrathibnale saloivrawaisngdded hm FBiLC

speci es). 10 The .rhodi an, sol uytion was heated to.70C while stirring and
D er T ng Ravb A HRLE BARLRSo o STy 2 FaLies Bhtoes FaED SO, naded
in four equiomtsizy ofbHytsrhperaRire Bihd €8160) of BSoRMBhYVete EhatHes. Bet ween each

addition, After the last aliquot of tetrathionate solution was added, the resulting solution
15 was heated to boiling for 1 hour. The reaction was monitored by checking the
colour changes: the initial yellow colour, which progressively changed to brown
as the reaction progressed, finally turned to colourless upon completion of the
reaction, thus indicating a total absorption of the products on the carbon. Spot
tests were also carried out in this phase at various times with a lead acetate
20 paper,-which confirmed that no free sulphide ion was present in the reaction
environment at any time. The precipitate was allowed to settle and then filtered;
the filtrate was washed with 1000 ml deionised water to remove any excess
reagent, then a filter cake was collected and air dried at 110°C overnight.
The dried product was finally subjected to heat treatment under flowing nitrogen
25 for 2 hours at 650°C, resulting in a weight loss of 24.65%.
The resulting carbon supported catalyst was subjected to the same corrosion
and electrochemical tests of the previous example, showing identical results.
Equivalent rhodium sulphide catalysts were obtained also by using sodium
trithionate  tetrathionate and heptathionate precursors previously prepared
30 according to known procedures, with minor adjustments easily derivable by one
skilled in the art. Analogous corrosion and electrochemical results were

obtained also in these cases.



constancy of pH, tenperature and col our of the solution were checked. After
the last aliquot of tetrathionate solution was added, the resulting solution
15 was heated to boiling for 1 hour. The reaction was nonitored by GASERiN08
the colour changes: the initial yellow colour, which progressively changed
to brown awdesi7emaeti on progressed, finally turned topepkpPibhd/esasupon
conpletion of the reaction, thus indicaging a total absorption of the
products on the carbon. Spot tests were also carried out in this phase at
various tines with a | ead acetate 20 paper, which confirmed that no free
sul phide ion was present in the reaction environnent at any tine. The
precipitate was allowed to settle ar‘g)ékp@g/'ltered; the filtrate was
washed with 1000 nl dei oni sed wat er any excess reagent, then a

filter cake MagdeRihesdigshetnth dulphidd emtayst1VAE prepardddiby. measdbi @ke product

was finally subjected to heat treat rrent@gnder flowmng nitrogen 25 for 2
hours at e65delloviagreredirening S0 Bht29bas oba previgiisly refiyxed g splutign &ar bon

suppor t ed; CagREN H,0\GRre A e(asgwt@._?s R FTR quR/aldt k&o.ome%&bﬁérﬁem cal

tests of the previous exarrp‘%C ow ng identical results. Equival

rhodi um sul p¥fi\ddcamd&7sR highesusfasp taipa carbonduadk fremsi Gapos Swireeration Were onat e
tetrat hi onatgand (fepicA'sRABAL Gndl ARHTAR! B! SYNRHIRHY e PABEL A04450r di ng
es, W th mno y I 'vabl e

t o known procedur radj ust ment's easi er y one skilled
in the art. (prepavgtions of dhe gxibi nzatdl prestirsos cdndutionafurthes idontaimieg ecarbdnt ai ned

EXAVPLE 3 A TATGAR G 1§ Bl g R e GaS: (Vs asrep e o 5 Wbhe o
t he f ol10ow dujomised edhter (prepamtion dfnd , sclitidnnbf af thionir apedas|cpntahihgxed 39/ |
solution of 5 wer e added S bout 75 of Rh, equivalent to

d 20
0. 0073 ol esySCOR @gtahg}t%ﬁ:q’sgrﬁ i eﬁp%tﬁpgmmr\a e area carbon bl ack from
Cabot Cor poreid ebdiane/ulédhlpebcusor olutiohuva® heateddtiot 16 OTivkilevasirrignadit ed for

e e o, s R
diluted in ZQdad iAffodOedlavasitsfidud! Bhe EREEPRRAIES Bétwaeh dadhiRMiteh, @
t hi oni ¢ species containing a
constancy of pH, temperature and colour of the solution were checked.
After the last aliquot of tetrathiomolybdate solution was added, the resuiting
solution was heated to boiling for 1 hour. The reaction was monitored by
checking the colour changes: the initial yellow colour, which progressively
changed to light yellow as the reaction progressed, finally tumed to colourless
20 upon completion of the reaction, thus indicating a total absorption of the
products on the carbon. Spot tests were also carried out in this phase at various
times with a lead acetate paper, which confirmed that no free sulphide ion was
present in the reaction environment at any time. The precipitate was allowed to
settle and then filtered; the filtrate was washed with 500 ml of warm (80°C)
25 deionised water to remove any excess reagent, then a filter cake was collected

and air dried at 110°C overnight.

EXAMPLE 4
A ruthenium-rhodium sulphide catalyst was prepared by means of the following
30 procedure: in a 500 ml beaker, 100 m! of a previously refluxed 12 g/l solution of
RuCl; H,O (about 1.2 g of Ru*® and 100 ml of a previously refluxed 3 g/l



second netal, in this case a non noble netal thionate). The rhodi um Vul can
precursor solution was heated to 70C while stirring and nonitoring Z%EP%A
Once reached 70C, the tetrathionol ybdate solution was added in foup” b
equi val ent aliquots, one every 2 mnutes. Between each addition, 15

const ancy oWORAWSA’&per at ure and col our of the sol ut i onPGEER2BHMEMAC. Aft er
the last aliquot of tetrathionol ybdate 481 uti on was added, the resulting
solution was heated to boiling for 1 hour. The reaction was nonitored by

checki ng the col our ges; e initlal owcol i ch ro ressively
changed to I?Cg‘lﬁthWQf%h?%b%é’L@t-}% f@b&&?g%c? Fnﬁ’vYFyatCB g
col ourl ess Z\Qelfjﬁpfhﬁ@,cmmbgm 8% u bh¢20€aRK1 on, thus indicating a t ot al
absorption of roducts on the_carbon. Spot tests were al so carried out

inthis phasEhfatSOl\!ﬁ'élPPdK%S brqught ta\36¢ i wilhhdeigpised atanard 3.9 efiVélsan i r med
that no freexsubmhglh g@ﬁa&ﬂ reapéé‘rBSthléd?c &8 CARAICEPo RSN NAEEEMde any

time. .The preclpitate was owed settle and then filtered,; theflltrate
was washed vwmmrra;owamsomcaﬁ@dfwoa‘my ap 40z (yapa@ionaf the precusapselutioy excess

reagent, t he&ut?lﬁfdlét et nﬁglgemmi% fﬁﬂhér?btnc nlnpr&g{tﬁin pdftitigg) at 110C overni ght.

EXAMPLE 4 AT eni umr um's at a was prepared by nmeans of the
foll ow ng 34)35rgmfe(dNH4e)zSan veeré@ﬂuteki lbé’@kmrqf dedonised whted, afterwvhicls bypH ef | uxed

12 g/l solutio Ru H20 out 3 an O m . of. a
previously r& ?L@%e&'% éj?%”@mf e%aéor?\;% @80%%7&0% EEPEENG 713 10
sol ution of tRhﬁlich s()about 0.75 g of Rh) were added, with a consequent

wei ght r tia_of ut 8 20% The ,sol uf j op.Mmas o ht to, 350 m
with deit |sglf\'ﬂ/?ﬁ YmAH 93“%!“’? ’@héijr'i' %&f@a% ﬂoﬁ?”ﬁhﬂ F@a r bon

bl ack from Qﬁbﬁ’torfﬁyﬂh@r@-qlgﬂcd\/ﬁéath@dcde tHe tﬁmup\éte@ﬂumwgataadeam 1 hour
at 40C (prepar ation of th %E)r ecursor sol ution di stinct noble netals

further contf@bhiasyivalgnonliquets (3 makpach), ey eyery RHAYLeH 3BRReeIPAeh ed i n
20 m of del ppjitksrt] coRstahcy f pIAT teMperdture aMd c&Bur7onI41e 98BI WardTEREked.

(preparation of the aqueous solution containing a thionic speci es?
After the last aliquot of thiosulphate solution was added, the resuiting solution

15 was heated to 100°C and temperature was held for 1 hour. The reaction was
monitored by checking the colour changes: the initial deep pink/orange colour,
which progressively changed to brown as the reaction progressed, finaily turned
to colourless upon completion of the reaction, thus indicating a total absorption
of the products on the carbon. Spot tests were also carried out in this phase at

20 - various times with a lead acetate paper, which confirmed that no free sulphide
ion was present in the reaction environment at any time. The precipitate was
allowed to settle and then filtered; the filtrate was washed with 700 ml of warm
deionised water to remove any excess reagent, then a filter cake was collected
and air dried at 110°C overnight.

25 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 variations such as “comprising” and “comprises” are not intended to

30 exclude the presence of other elements or additional components.



10 The rhodi um rut heni um\ul can sol ution was heated to 70C while stirring and
nonitoring the pH Once reached 70C, the thiosul phate solution was added in
four equivalent aliquots (5 m each), one every 2 minutes. Between @&SEP 200
addi tion, constancy of pH, tenperature and col our of the solution were
checked. After the last aliquot of thiosulphate solution was added, the
resulting solution 15 was heated to 100C and tenperature was held for 1

hour . The(ﬂgﬁ&kgon was nonitored by checking the col our changes: the
initial deep pink/orange colour, which progressively changed to brown as
the reaction progressed, finally turned to colourless upon conpletion of

the reacti,on, thus,indicati , ot absarpti.o f the products on the
carbon. Spot té\s?ket"\'%f rgr%agﬁzg&%inggleoﬁp%fumn@e ﬁ%o‘aEYé 59 swgrqegﬁgnq Pnes
with a | eagniiont ot 8 prepéisor \hiat hegrdrig WeBlet h\@tal,nﬁﬂtidr%ﬂysal'd_hllﬂrﬁk, Wi anas
present in the reaction environnent at any tinme, The precipitate was

al | oneld t @AyEPHS oSO HeaNtaininge Ac dhiopice SPefies ate afa£sngalidly \sulphidefresi of

warm dei pi6SmeRL er to renove any excess reagent, then a filter cake was
collected and air dried at 110C overnight. 25 The above description shall
not be understood as limting the invention, which nmay be practised

accordi ng 4 o di e RN B o WM i h
Thereof | #hd wibedneuodr g AT bfetl A ptF B SH SAMIIEET o BrechROP e o1,
descri pt i deasinahe Inables meftalt &red |Saisk equeayp Ispltdion wontainiegwertiionio specise"is and

its vagiations. ) i sing" and "conprises" are not intended to 30
exclu tﬁg"ﬁ@?ﬁﬁ%ﬁ%ﬁ” gﬁ%dél enents or additional conponents. 0 4 SEP
2006 11 CLAIMS 1. A nethod for producing a noble netal sul phide catalyst
conprising reagtin S i precur . of cat (0] nobl e net al ,
optionally-a cﬁ-}'&’ﬂﬁ@’,o‘jv\ﬁ?flt ﬁggﬁ%ﬁhaﬁ%@&?@g@ﬁﬁ?@ﬁf oﬁ%eg;lﬁﬁor{g&gatt %FSﬁPEe
speci es i moble setatfuithéd sordaihg ltachorf particlesnoptianatty at carBon Biackwithastrfate cl ai m
1 wherein the QH of. sg&d 2f0| ution of a precursor of at |east one noble
netal and %%7 8 %f’tﬁ?é’& Ot ion containing a thionic species is 10
conprised between 0.1 and 4. 3. The nethod of claim2 wherein said solution
of a pr ec‘f{ Sor TBL rﬁéthlog % tan)(/)onnee of claims 1 to 3 wherein said thionic species is selected

from the group of thiosulphates, dithionates, trithionates, tetrathionates, pentathio-

nates, heptathionates and noble or non noble metal thionates, optionally as sodium

or ammonium salits.

20
5. The method of claim 1 wherein said aqueous solution containing a thionic
species is added to said solution of a precursor of a noble metal in discrete aliquots,

optionally 2 to 10 equivalent aliquots at a time interval of 15 seconds to ten minutes.

25 6. The method of anyone of claims 1 to 5 wherein said aqueous solution
containing a thionic species is added to said solution of a precursor of at least one
noble metal and the resulting solution is brought to boiling temperature from 5 to 120
minutes until completion of the reaction.

30 7. The method of claim 6 wherein said completion of the reaction is determined

by detection of a colour change.



nobl e metal further contains carbon particles, optionally a carbon bl ack
with surface area exceeding 50 n2/g. 15 4. The nethod of anyone of C&ﬂg ns 1
to 3 wherein said thionic species is selected fromthe group of 04 2006
t hi osul phates, dithionates, trithionates, tetrathionates, pentathio- nates,
hept at hi onat.es and-nobl e or non noble nmetal thionates, optionally as sodium
or ammoniumsalts. 20 6. The nethod of 121 ai m 1 wherein said aqueous sol ution

containing a thionic peci.es j ded to.said solution of a precursor of a
obl 6 et i i v Sestoed i, b JuRREE EotnsiR SoRttt BRE St BrERBla FRlls o
a time i ng@pMille &itafl/5t 386 cubfecting tthe saieltoes themnd. trddtmenttahedtedhperayose of
claims 1 to 5 wherein saié%)aa Z&)jg solution containing a thionic species is
added to semarised hewsenot 3'8*] rSor of at least one noble metal and the
resulting solution is brought to boiling tenperature from5 to 120 m nutes

until conpletion of the reaction. 30 7. The nmethod of claim®6 wherein said
conpl &6 i 0f. of The methed phanyanedi@aimsnbip 8 wheeain said alleast opecnable metaldfge.
04 SEP 20 T : [ <t her i §i S N he
resul tant RgEed froms, e FpipitoRbishd, of RuictiiSmGa, Fifiduhs B dnt
thermal tpalddiemt at a tenperature conprised between 150 and 700 G 5 9.
The nmet hod of anyone of clains 1 to 8 wherein said at |east one noble netal
is selected fromthe group consisting of ruthenium rhodium platinum
iridiumand palladium



