AND METHOD OF PREPARATI ON STATE OF THE ART sis of aqueous HC -
solutions is a well known nethod for the re h-val ue chl ori ne

gas. Aqueow%p%ﬂé%chl oric acid is an abunhdant c 'cal by- - CFRFdofoksss

especially 1 cal plants maki ng Lse of chlorine as a"reactant in this

case, the chl or RAGDIEMEL\EEHROTATALYST SANDAMETHOD TOFAPREPRRATION the el ectrol yser
can be recycled as a feedstodc to the chem cal plant. Electrolysis becones

extrenely attractive when the smn-evol ving cathode is
substituted with an oxygen-cons ' sion el ectrode due to the
signficant drop in energy consunption. The ability of the gas diffusion

el ectrode to op essfully i hi s cont ext au0|al endent on
the nature and feg?‘ifggﬁﬁ %faqf‘ﬁéu%gpi@?'%"“sdﬁtaw Wé% ?955{‘%% of
the gas di réasvbRNoEhRAIvaRGCChIGHrd gwmqu%ogewa@bhmn@@bﬂow &5 @BGndint t he nost

effective catalyst for the el ectroreduction ygen in_a w de range of
condi ti ons! 9m@alaéhmcl%rasaeciglb{slnqurmgalcmaré$ mal«rwese @ftchlopnataswm based

catal ysts i Q‘E@, r‘%ﬁ%m gn in
fuel Zel S ga%ﬂﬁ éﬁé??%gé«;rﬁswg rrrg"r?y éé’ gp%é,\\/\%ﬂgtrﬁe casgko aqueous
HCl el ect r electrolyserosars be dacyciedr as asfeddstodiatok thet chentieal plantof Electaolysisim as

comat 1 cBEPoEh ixdtfmbl, dtaliie héi 8, SEhabe e el Salbe Cr
cont ai ns clglibstituted with anrttygrscorisumihgiddsadiffuion diédtide @ueab the gigrificamim i s
susceptible to, chloride ion E Inﬁm ng whi ch ne atlve é fofﬁlggts |ts activity

towar d oxy§EP INcenfrey Gensumptipn. fhe.abi cﬂft%gﬁ"} mugion ®xi ng

action of féﬁ%é%ﬁiﬂﬁlfrd tﬁ.saﬁhféxﬁgauéiawabyameﬁhbmme%wagnemﬁaﬁﬁaﬁca@f pl ati num
metal into a soluble salt which is dissolved away, making this material .

i nappr opr i diecatalyst it alse guibe sirueturs Qf#\%gmlﬁmeb@m pl ati num gr oup

nmetal s app f: &1"!0@‘ C our bai x'
Atl as of Eﬁ%{rﬁj@cﬁée) éhwa‘éq | g I n Aqueous SOFfSct}vgng:era ) ?’t tlg)w ded )
rhodi um netelgctraresiuclioresf Pxydeotin o idenrangeeef eanidiions;i tl:\eaac;tuathmg gasgi a, and

oxygenat e i1 Bk 4oy Tkidid a4 PR PR Sriliiae! Ve,

readily in er ac ave been partial
00l 73538 ~mpmmea&nﬁn fuel adltstand élbctrdiyseds sfchasykinds fHavwavef,itlhali um /

091 013, 080, O FRRG, FCY BlectGrhindiey sBmp T Blbepiors 1o Blg paBRL, " "
slightl é L@actuﬁlagﬁ alasa rezstlhb&arcazly:(t) la:whigus mnablaxafghr g Iesg;acuwe siorm ?t\sdmm

Ry ochi or COMEAtde4a PR8I CoRRGL MU 1y KL ISR RS, NGh PorBaing SBgHe bi
enhanced Wibd) ah8 SdiSSdivedOctiibrirle. TRt of @I pitftinuri Nis Sstisbaitible® o ThidRide Someeded to
obtain a sufficiently active and stable formof this catal yst, and sone

limtati onmonm whiemnegatively affegts és amtytt@mfé gxp@en ection. EVeaam f f usi on
| d |
el ect rode; B(&)n Sl?thér ﬁmﬁln&i E&ﬁﬁbﬁlﬁé aﬁ:ﬂgn %'r %g&foe{hbﬁc Bk En@?xs%@ﬁe& at al yst

I's changed u In arr usi on
el ectrode pﬂqmeagasochar'ces\me platiouin raetal mtm rabsnl’uhiemsaunmm is dissblyed

active and DEkomeRng i€ felarREngbiobGub 125 T ot drdcelindd 0505”1
Pat ent Appl i cat |01l1ar’:iﬂatimin Qhup%ﬁtﬂ&%p@aﬁr toMfulldvi arsimitae fateh eF areaxampie

el ect r ol yaidessinalio Snvrbak: Mlascer Elelirashemis Baulibra T Andsds éxﬁhgr?%kifn e
during the fply 8dided! médith-Had8isSdivéd ﬁbteédrfdahtvétea %ulpﬁhh@rd&ds% g@e sudden
shift in the catholic potential, conbined to the hig ressive chem cal

envi r onmentTegigaangs oxygenateds bydrochieria facid. s §mnlarlnaﬂwdaatedht ha©a-8HQ\l yst |
and the par | t ed

pr ocedur es #‘éﬁlvegg%%éﬂ %H%n g‘&n‘sstn%f Eﬁﬁg E‘:‘éé%t seé{eép 's‘a\?:%#age pgagiaﬂgp,

al t hough resultlng I n additional costs, little or nothing can be done in
case a sudden, uncontrolled shut-down due to unpr edi ct abl e causes (for

i nstance) power shortages in the electric network) should occur OBIJECTS OF

AT
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It is an object of the invention to provide a novel catal yst for oxygen
reduct’i on havi ng desirabl e and unexpected chem cal stability towards highly
corrosive nedia. WO 001 73538 3 PCT/ EP00/ 04833 It is another object of the

I nvention gde novel gas diffusion electrodes with 3-pR¥6lnEat al yst
therein ha\%gmggém rabl e and unexpected el ectrocatal ytic propert? es. it is

anot her object of the invention to provide a novel electrolytic cell
cont ai ni ngnntlg;md aithf tei disclosuret ob tiee ohoditra 1 ivadiam ooxids) dased (oatalysie an

ot her " obj cgeserERt ingoangal U B, et Arpliiopn o8fl obl. dRsesBier, R T ot ne
fol I ow ng mrh/mbdtlm ekitde systam, EIdFadgN\ﬁPHtlﬂusJ Betivedhan pRitingh tewarasi cal

catal yst of the invention is conprised rhodi um sul phi de, which nay be

ei t her supg¥ygeRFedyction s ﬁ’&hB‘?'W@q byghloride ipps Algg "ﬁr@éﬁ'ﬁf@' fesistancritq
|
catal yst dgggedifat h)‘og&g‘kfrﬁ:o?a o vt fr\’\aﬁ laAbupisSof BiskiVed ehlbﬁﬁe ‘t?‘%eraﬁﬂgxygen

surprisingly retai ts electrocatal ytic actl t owar
reduct i on ienhanasdavitheespect ol platinin. iHoweven én@ctivation stepl lambded tovibtaiover) the

Py ounl or oSSy, REY 208 sfbS BN X B Jooydic B0 BRITRTIRRISRE g7 Vo0
precaut i onsvhénmudgcatbym -rehs o be iiiudedsn @ gas diffusioncdiéctrode; mirﬂtaebedheol ySers.
Toed’ al ons chaiial A sihdinc aG e et is Banast croe SERbeT AErivel bi navr

or support@dnﬁmna MQHCgbs’edm&Bﬁrble%&dd@oﬁi‘%baﬁ%ﬁ‘ét%o%rp'lﬁd&fe giie bi nder
may be hydrophobic or rophilic, and the m xture can be coated on one or

bot h sides QW“QQE%"%B“"’%@%@P@%‘OB% hayg thbe camigd opbtacrepiacethigsteat car bon
cloth, carbpn, ééhé)éct%yarﬁoﬂgﬂﬁtfbﬁﬁ?of?\te%télﬁ dalqgh surface

area supports I nC raphite, various torns carbon angd' er finely
di vi ded suppSr Pstenwmmmsmaauo D@Opaﬁﬁérﬁwmemhtmmlﬁd ctmmaid webs

b I 23). t
Gonsi 1 oo anapitly RRudived oy 6 pigHIT Fiies Skl i pBBone bR, L1
g pC$ Ir Etp 6 ggomdmelymaae)fulemmms Iyavdlerbeuahehddmndr? thé bgnoduw’l})sﬁmﬁ&f fh

aggressi ve envi 0cC ci u e case
of electrol %F?CE ;ﬁ"& Q’Jy Q%@H&F@gﬁﬁpon
spar gi ng hyHé n@my afggl-ersbivd%hemﬁ:al er\mnmueeuﬁse%czhdalseauﬁﬁn of asigaificart! ubl e
rhodiumsalt. N trogen uls as .a carrier for h\édroge\%@ul phi de,
and a pureqﬁ‘?% r?g 58/ ng‘ﬁoﬂ%(ﬂ? fation@f the Jemaining, e
hydr ogen S%I&ié&’%ré&@ﬂre%%ﬁbﬁnh@& shilnt-H6nd BftHd ElRctrdijsrs @aHHd 8& gl i ds are

recovered by filtration, washing and drying to constant weight at '25C, for

exanpl e. THthPUgHresulting] lphawlcm &osisd liftle emnethingycans ba Aanepis: case a

sudden, uncontrolled shut-down due to unpredictable causes (for instance, power
shortages in the electric network) should occur.

OBJECTS OF THE INVENTION

It is an object of the invention to provide a novel catalyst for oxygen
reduction having desirable and unexpected chemical stability towards highly
corrosive media.



(unsupported catal yst). However, when the aqueous solution of. the water,
sol ubl e rhodium salt further contains a suspension of a suitable conductive
support, then the fiodium sulphide is preferentially deposited as tiny

particles Q@dopsssgurface of the conducr;ht ive particles (supmcmimoodsas al yst) .
The resulting hydrated form of rhodi urh sul phide nust be heated in an inert
at nosphere at 550 to 650C, and preferably above 600C to form an anhydrous

form of rhodi untt SANoHeI Objest ¢fitha invention tasevidrynene) opdiffysion elestredeshour s
dependi g @fih td) fobbIZEatastt @?réﬁtlfapﬂgaaé%iﬁapfe Eﬁ@'u{f\@ﬂdég‘ﬁl lftf]d;r eis

crucial for the formation a suffrciently stable 'catal yst.
t enper at ur properteso | ow such as 300C, the resulting crystallites are not

wel | -defined angd . t.alil iy | Sufficien P

tenperature is @o’%%og%}aéb\@i ,&ﬁgdﬁv%rﬁ'ghjﬁ;@%‘ﬂégtgeg%ét %{Pf/da&ﬁagﬁlexcel | ent
aci d st abi tontziningt a gas diffusiohaaiéctrodal df the inventidn amd ©progide asRIMpProwddSCRI Pl ON
OF THE DRAW NGS ' i s, a,schematic . reaction set-up for the generation
of suppo_rtE@@ﬂﬁ%ﬁ‘m&y&'ﬁﬁ@sﬂﬁ?g‘aﬁ%ﬂﬁ%a' ores shows X-ray

di ffraction patYRésesand otidroghjedis amdPadviRtages Cofl el vértion Willnsddoaie of oven
tenperature, Trace 1: 30~ RhSx on carbon, dried at 125C. Trace 2: 30~6 RhSx

on car bon, oByexs frem thefollowing detailed desariptigthsx on carbon, 650C in argon. WO
001 T3538 5 PCTI EP00104833 Figure 3 is a schematic of flow systemfor the
generation of Cl2 from HCl using an oxygen depol ari sed gas diffusion

el ectrode. Figure 4 shows typical pIHEINVIENTIONI yst data, incorporated in a

st andard ELAT' ~: ' 0 - ~ ] .70

ng/ cnz Nafl on, &%bé%ﬁ%g‘gcﬁﬁwgé@sh&%% '@eﬂg&iﬁlcﬁm%%‘i&*@@ radenmar k
of E Tek, Bbhalphide, (Wigh l;hbysotla& e'vtl_%mbupptmwf ib'nela gmmudté\ia; ltim'rbytaﬂietgbw _odgs
conprising a carbho nd a, mxture of cat st and f|luor,j nate i nder
oo por ot ulsione, e e gaYs oo fohisauRe 876 BelEROU AP PHOF RUSER 1L

oxi de , i neapRSInglyaetdins all of g lefectiofttiylit Adiivity t6Wards toxygenrdduclsivirRh! C,

1.01 ng/cn2 coated with 0.70 /cms Nation, operating In HCUCI 2 solution at.
3 kAl m . PPEsgRee @fsehigrideyians and fraanic neigcyes, Mersaver, ‘ihﬁcﬁﬁtﬁbﬁ'at‘%d in a

si ngl e- si dadRbiGly iot dRS6Ed B ek iRl BEIch o gUBGEyarddikiechad £ h 0. 70

ng/ cns Nafion, opérating in Cl Z solution at In the foll ow ng

exanpl es, ChISfiae Miruress herelydresuiregno paticdar precawinngi dusngShubdeWNS st r at e
the invent yWpan Jsg¥SY Rjdrotiiodcadid eltRirbiPsss SR eathiP&lis phfterably coated on
at least one side of a web, and may be used alone, with a binder, blended with a
conductive support and a binder, or supported on a conductive support and
combined with a binder. The binder may be hydrophobic or hydrophilic, and the
mixture can be‘coated on one or both sides of the web. The web can be woven or
non-woven or made of carbon cloth, carbon paper, or any conductive metal mesh.
Examples of high surface area supports inciude graphite, various forms of
carbon and other finely divided supports but carbon black is preferred.
Such catalyst coated webs can be employed as gas diffusion cathodes
exhibiting cell voitages, current densities and a lifetime that could not be previously
obtained under normal operating conditions, especially when used in highly



invention is not intended to be limted to the sprcific enbodi nents.
EXAMPLE 1 100 grams of supported rhodi um sul phide were prepared by the

foll owi ng procedure: 57.3 granms of RhC(3~xH20 (39.88% gi ven as rhodi um
metal) were dissolved in 2 litres of de-ionised (D.L) water, wthout any pH
adj ust ment .W@8VBsHr ans of Vul can XC-72% active carbon wer e PREFEMOERY ¢ he

m xture was slurried with a magnetic stirrer. Hydrogen sul phi de gas was

carri of - gacuorasREConRrionts” Sult EhE Thase B bRCHER . bf tyiodage ] c @
al | oned t o hydemehlorc adidscri bed for 7 hours. Upon conpletion of the reaction,
nitrogen was pu r th emtp renpve .residual Hz

remai ni ng sol ut ﬁ@ﬁ%’@%m $ﬁﬁ¥§i@&@c€um§p§%ng ﬁﬁ?@??&gﬁh‘ﬂ%@? wer e

t hen washednehtdquesus suhitiohcf eawater solblel friodilnfsalfl 2Nitfoben gas maytbenisedei ght .

WO 001 73538 6 PCT/ EP00Q/ Q4833 The resulting catal yst cake was fi nal ground
to a fine PHRERMEH rg\!gﬁ%@f‘éH'P?‘lS’%QG@aM%P'Wﬂwﬂﬁy '&?&j@ﬁ"@"ﬁ?gmwour s. A

| oad of catsy yéed t8purdh Bxtiass hy thlbﬁﬂe%oﬁ*&BﬁtlrﬁﬁbﬁWfﬁeré%ﬁo.% ned. As

al ready stated before) this final thermal (reat ~Is acrucial step in
t he prepar desdtinggolids arejeecpyerad by fillnation; washing apd daring toscanstantiweight glur e 2

shows t he r td : | qU ' jlned
above as aq?%?éﬁ ‘P{)rﬁ;go'?ﬂ%'r gg?n@ﬁ@&@e%'a% qre nmpg‘H %gﬂgr@?%dgn 2 shows
t he resul t JuosuppoiedidaialystnplowevérDwhera theoaquio)s isbietion pf thet wetee solablest af t er
filtration and dryi b. he supported catal. of a. ) after heating to
300C i n ar dﬁﬂ&“‘é‘n%a"cr}aﬁ‘h?’h%"‘iﬂﬁﬁﬁﬁgae'&ﬁ’h?f?& F”'@‘%??"@F%‘@r SyRPort; ﬁt?"t 0 650C.
The i ncr eaghe ritodiutfizalphitiedis Gréfeitentially dipakited &s tifyeparticles on the dukadesf t he
formation of well-defined aystaltites containing rhodi um and sul phuy. These

changes i ndfle PnAKCctivee PRIticies pistipperiad, catalyst): e kegplting c hydeated SRfMRedh  al so
reflect corhggamnsliplids wisst B Radteddf 85 indit Stidabkere ﬁltﬁéb' td BB dHNPLE 2 8

grans of unsuPported rhodi um sul phi de were prepared by the fol | owi ng
e

procedur e: prefefably abevesORGApJorHao anbedregssopn\of mhediumissiphide estalyst wer e
di ssol ved iR/ 104 - QR ' bAART

ryr ogen sul ¢ apung ofe, Bk BBUSHBFhIA Bty e 30, &g Bl Bifine

t enper at ur echgisderaf the tempgeaturads erucial for the fgmsation of 8 sufficigntiystable catalyste of
Figure 1. The m I e cLi ours.
Upgn conpl etion W&gttﬁgﬁgcgﬁgﬁskwwq%mgﬁbﬁ?%se@ﬁ@h%%gﬂ‘e%%ée é?/tgt emto
rﬁm)veI rgsi\dellad!eﬂr:kes.anﬁlmr?rm'ystihst?implismbbmfﬁﬂmt.\éaltlﬂu&rtémﬁarammi isd toa sol ate
t he solids, whi.c R en_was Wi i oni s wat.er  an rie 125C
to a const a'?lgﬁ'v\ﬁ"g%g. ET}%e F’B%‘{pr’ﬁﬁ% cﬁ’éﬁ]yéfsgﬁ ex 'Q"Mﬁggfﬁt%éﬂyg’“gf%ﬂﬁ% to a
fine powderelgctficallytoadictiteefodg)C under flow ng argon for two hours.

COVPARATNE EXAMPLE 1 A rhodi um oxi del fi odi um catal yst on Vul can XC- 72 was
prepared followi ng the nethod disclosed in co-pending U S. Patent Seri al

No. 091013,080 (26 Feb. BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic of reaction set-up for the generation of supported or

unsupported rhodium sulphide.

Figures 2 shows X-ray diffraction pattems for rhodium sulphide precursors as a
function of oven temperature. Trace 1: 30% RhSx on carbon, dried at 125°C.
Trace 2: 30% RhSx on carbon, 300°C in argon. Trace 3: 30% RhSx on carbon,
650°C in argon.



WO 001 73538 ~ PCTI EPO0O/ 04833 96) and herebel ow repeated. 9.43 g of .

Rhd 3xH20 (39.88~6 given as fiodiumnetal) were dissolved in 2 litres of
de-i oni sed vvater at roomtenperature) and the resulting solution was added
to a di spebsd g 8.75 g of Vulcan XC 72 in 500 m of D. pcrm@beisas The

m xture was S rred to maintain a uni form carbon sl urry while slowy adding
(2-3 mumn) a 0 5 nol ar solution of amoni um hydroxi de. Besides the 220 m
of ammoni uiguel8dsa deharhatin aftflowssyister for the genaratidnoof GIROGHAC! usingoan excess

o o B B e B BB, T o 0
11 (35ga8memonsynca pm ool et deonsns e ST
A R T T N ey

stabilise meq_&amm@« J RAMO EUATis @Piradehivdrk OF EC'PéIPQIhtMﬁ MR .S yen as

r hodi um net al he _catal yst powder was further subj ect ed to an act | vat I on

step by hem%dm“ﬂ%%? ﬁ@‘usm ejficirodesscamplising a earban WebandFemixjue of

further re % %g@ﬁg i odi um netal . As errpha3| sed in
co- pendi ng%B.ﬁg(.S{S at en éeraltﬁ&ﬂlo %@"ﬁgﬂﬁ(% Feb. 98)) activation of
rhodi um fi (Equgmﬁoslhm dataabbtamedsmﬁ'smdlumtrhddmmtnmdm tlr’lmrpmatbdanta ve form
of this cat E.R.,1 upRQ num

sul phi de vv@ﬁ"@y ‘%'g%‘g% acc h‘ ?ﬁé“ g&ﬂ(g'egﬁg'gﬁt t?g {980\7@9&(2; le i
wher eby a st Nafien, o«pbtamhgmmcuob@omwawwaﬁpl oyed Instead of the

rhodi um chl Qri dz sal t 3 The catal ysts of all bove

reported e SH%Soqi@}avﬁqtﬂn%mﬁB&anﬁwg,dﬂ rgted) in; @ ﬁm%ﬂ | can
XC-72 (for ppoaa™e|sprubtuRdTWih 130% RMWIE; ). nﬁﬁ%’b%oét%'w&ﬁd m”mwrﬁéﬁdﬁ' fferent

configurations. The catalyst of this invention is not limted by the
structure &petatiag fEHCYCE salgtiohatad AYA¥.ode: for instance, in the present

et porat e et e VI UG THFS $06 SOKRBG r ibaf
embodiments to illustrate the invention. However, it is to be understood that the
invention is not intended to be limited to the specific embodiments.

EXAMPLE 1

100 grams of supported rhodium sulphide were prepared by the following
procedure: 57.3 grams of RhClyxH.O (39.88% given as rhodium metal) were
dissolved in 2 litres of de-ionised (D.l.) water, without any pH adjustment. 53.4
grams of Vulcan XC-72 active carbon were added, and the mixture was slurried
with a magnetic stirrer.
Hydrogen sulphide gas was then sparged through the slurry at ambient
temperature using nitrogen as a carrier gas, according to the scheme of Figure 1.
The mixture has been allowed to react as described for 7 hours. Upon completion
of the reaction, nitrogen was purged through the system to remove residual H;S.
The remaining solution was vacuum filtered to isolate the solids, which were then
washed with de-ionised water and dried at 125°C to a constant weight.



four different types of electrode structure thereby obtaining sixteen
different sanples, according to the foll ow ng procedures: a) ELAT: A web of
carbon Both with a warp-to-fill ratio of unity and about 25 to 50 yans per
inch, and a 97-99~ of carbon content was selected froma comercially

avail abl e Y@BUBEByith a thi ckness of @0 to 15 mls. Car bSﬁT@PB‘Wl‘%th a

t hi ckness of 5 to 50 mls could have advantageously been used for this

pur pose. Aw'mbuumnq)aa@l p&k@wﬁmégg;aﬁnﬁ% vﬁstﬁo%bpaﬁQ%hguasa%

P.T.F.E., commercialise DuPont un e trademark T

Shawi ni gan %&Wweﬂwaamm twahours. A lpadeafcatalyst on earbampb80%or p. , was
coated on a%'rﬂ&gﬂr‘nﬁ&ﬁl ﬁl@geﬂﬁr{eath air drying at roomtenperature
I'ng &

after each "coat reat a'total loading of 8 to 10 nglcrr>s. A
m xt ure of Ashalrgadydsteted befoes, \this finall tﬁmiﬂabrtrea&aeﬂthsra awdlélestep)rindhe si de of

t he carbon web in ple. c unt obtaln er 0 5t02ngof
catal yst pd¥eRamEugn: cth? Jﬂff%é)g'@ﬁl? ?qdnﬂ?t“@da? 'g%r %ﬁ% Meeated to
340C for 2Qevblopineft of 1pre§eraqbreosmdaﬂnEMEde B@ oﬁhﬁﬁ&@a@é@@ﬂu fghclion
preparation _of the ELAT was repeated except the SABI Teflon~ m xture was

appl i ed to af {re@tragnt t§i“8€'9(9¥"9t kbperawiarn f@PEﬂ R) shawsnthg nesults aadiowdef o 5

ngl ar >=. g,ﬁ;gaohg t he
SABI Tef | on~ rﬂgﬁerh ; Fl aw thro Fecg%rl%ggﬁ A caﬁbndgnq a{}fﬁgoat)hﬁt he sane
speci fi cat |S@lnB°ﬁer catalestmfpar ) efterciooating ta3003C e @rgan, and ) the Suppored of a

m xture of eof . The
coated fat x‘%@%gﬁ%hen he att'ﬁg% %ﬁakf’o ﬁgrgggﬂn @gnéﬁ?ﬁﬁpaﬁf&%%n 1.03
nmgl cs of fim cttiesem scanshlindiddtes fthe aforrhationi of) wellejefined Srystailites ocoptaiting S
believed to It the Tefl og and distribyte it acr t he car catal yst.
However ) t FROdMM, and syplyr eghﬁiﬁ/%@gfﬁc'e u'PI@ ﬁ@ﬁt@&cmmﬁhgg ?ectrode
d). Menbr anemEéremré afeatriente gleb Yrefléd d:dﬁés?@ﬁd:ﬁ@ 'S tahis ﬁ§'u$ tdateys?

appr oxi matelg/ parts catal yst and 1 par dry weight) Nati ons |onorrer
such as t hatabilily.q by Sol utions Technol ogy, (Mendenhall, Penn. ) as a
suspension in a mxture of water ar%%gal i phatic aI cohol s such as

nmet hanol , propanol) andl or WO 00l PGT/ EPOO/ 04833 but anol . The ink
was appl i ed® td5ams Neff HosUPPORad | hadivRt Isuiphislerrwens Jrepared nbiertbe afpll@,védg by

o ponts nelobdiufd: 221 Wrils bt RSSO BaE lven o ol héldy Uerp?! 1t 1O

O her ion ange nentr anes known i1n t ave ternalvey been
utilised. simmenﬂommm defionisad waler)witihou (arlyi Hcl adjustrhente plydiogeng 0. 05

Sol vents. PR gfs w88 i Bborned PRt b dhelf 3t el ied herha bBnB2C " Fose

'?‘ihSCl osefl i nitrogenpss) dlcamdP@geghccﬁﬁdm@lo Merﬁm[arrﬁ%laflfaﬁurem 'l(h%OmmIr@lmg 98) .
e catalyst ink as described, co native a ed to an
el ect nodeym%wgﬁ&*ﬁéﬁﬂ ﬁ@gt@ﬁ“ ”%M@y@mﬂéﬁ s°$§?ﬁjp | ed
with an 'Orhlw (fpttRreagh the Systenifo AsitbveteSillialBS" ThE réhdifihgode

assenbl y r|or to mcor&c()ratlon in gas diffusion electrodes, the

resi st ance ¥iutioniwas vaguumifilared te isolate the W%MMWQ tharuwashadawitheds-hoi | i ng
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st abl e WO 00l 73538 | ~ PCTI EP00104833 Fromthis Table it is .evident that
in order to produce a stable form of rhodi um sul phide, sone heat treatnent:
step is mandatory. It is also possible to conclude that not all sul phides
of preci ousygpérmsss are stable in thesg condi tions) and fupCivepovmass3 in view
of the instability of supported platinum sulphide, it is surprising to find

supported fiodium sul phide relatively inert in these conditions. EXAMPLE 5
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by- product gafhéhigr hyékexid Washdabe 8 S&t'a sk EnvitBsmERte Trabdshasimpas  33%
solution. The said electrolyte was recirculated until 50% of tHe hydrogen
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depl etion Leadsy Wﬂh%bhﬁﬂ?ﬂfﬁ{ A %fe‘?aa?%o-ﬁrgrgénhﬁ nﬁ%‘r at tesr?rei‘ﬁ" bi t ed

as "spikes” on a grap aeversus t ectro | ow rate
was 4 ml pdwurs. nute or 0.372 ni I hourl nz at a back-pressure of 120 nbar.

Unl ess st at ot herwi s the cells [ Enhdin at. 3 ages
wer e uncorr ree&uﬁ’gg %ﬁ? &egoqrptér(\’ r%% Mﬂ@fﬁﬁec{agﬂ?}@ gt }of t he
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cell netal pl at nd en air conditi unit. I n conmercial
el ect rocheﬁ?&%" o, QRN @SnThBRILM: MstR argﬂ%ﬁa‘%\ﬁtcﬁf"me’ was further

subjected to an actlvatnon step by heating at 500°C for 30 minutes under flowing
hydrogen gas to further reduce some of the rhodium oxide to rhodium metal. As
emphasised in co-pending U.S. Patent Serial No. 09/013,080 (26 Feb. 98),
activation of rhodium-rhodium oxide catalyst is essential to obtain the most active
form of this catalyst.

COMPARATIVE EXAMPLE 2
100 grams of supported platinum sulphide were prepared according to the

procedure of the above Example 1, whereby a solution of chloroplatinic acid was
employed instead of the rhodium chioride sallt. '
EXAMPLE 3

The catalysts of all the above reported examples, along with commercially
available platinum on Vulcan XC-72 (for example from E-TEK, Inc.), can be utilised
in several different configurations. The catalyst of this invention is not limited by
the structure of the gas diffusion electrode: for instance, in the present case, each
catalyst of the above examples and comparative examples was incorporated in
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7. An el ectrochem cal cell conprising an anode conpartnent containing an
anode and a cat hode conpartnent containing a cathode separated by a
separator, the inprovenment conprising the cathode is a gas diffusion

el ectrode gJo&,lnggng 8. A nethod for the production of thermbeisgst of
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invention’s catalyst to corrosive media such as boiling solutions of HCI/Cl, can be
simply determined and compared to prior art catalysts as well as rhodium sulphide
prepared at various temperatures. One to five grams of the catalysts of Table 1
were placed in a 250 ml beaker containing 130g/l chlorine-saturated HCl and
heated to boiling. The formation of a deep colour indicates the dissolution of the
metal from the catalyst, thus providing evidence for whether the catalyst would be
appropriate for use in systems for the recovery of chiorine from aqueous HCI
solutions.
Table 1 Summary of stability experiments for supported platinum and

rhodium compaounds, in boiling chlorine-saturated HCI

Sample Colour
Pt on Vulcan XC-72 (Commercial) Gold
PtS,/C Comparative Example 2 Yellow

Rh’-Rh,0s/C Comparative Example 1 Rose
Rh,S,/C Example 1, {(no heat treatment) | Brown

Rh,S,/C Example 1 Trace pink, essentially
stable
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The electrodes of Example 3 were subjected to an electrolysis laboratory test
according to the scheme of Fig. 3. This configuration had a 3 mm gap between the
cathode and the anode. However, equivalent resuits were obtained with a "zero-
gap" adjustment, where the cathode and the anode were both pressed against the
membrane. The exposed electrode surface area was 6.45 cm? and the membrane
was Nafion 324. The anode was titanium mesh activated with ruthenium oxide
catalyst. Oxygen was fed to the cathode at a rate of up to five-fold stoichiometric
excess at 45-50 mbar pressure and 17% aqueous hydrochloric acid (184+ 10 g/l)
was fed to the anode. A by-product acid coming from a chemical plant was used
as the master 33% solution. The said electrolyte was recirculated until 50% of the
hydrogen chloride was depleted and then fresh electrolyte was added. The 50%
depletion leads to a temporary increase in cell voltage, and is exhibited as "spikes"
on a graph of voltage versus time. The electrolyte flow rate was 4 ml per minute or
0.372 m*hour/m* at a back-pressure of 120 mbar. Unless stated otherwise, the
cells were run at 3 kA/m? and all voltages were uncormrected for current collector
resistance. The temperature of the cell and electrolyte was held at 55°C + 5°C with
heating tape applied to the cell metal end plates and an air conditioning unit.

In commercial electrochemical plants, two common temporary operation
modes are encountered which reflect the situations of either scheduled repair or
replacement of worn-out components, or the unscheduled failure of these
components. For the scheduled shut-downs, one can induce a "controlled"
procedurs, whereby elements of the plant are systematically tumed off or
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Conversely, during the unscheduled failures ("unoontrolled" shut-downs),
components of the plant are typically subjected to the most rigorous of operating
conditions. In particular, chlorine and oxygen are left in the cell and as a
consequence severe corrosion conditions arise. Since it is an object of this
invention to provide a catalyst and gas diffusion electrode capable of operation in
an electrochemical plant, the catalyst-electrode assemblies were tested in
simulated controlled and uncontrolied shutdowns.

These two interventions differ in the manner of tuming off various
components. For the controlled shutdown, an inert gas was fed to the cathode,
and the rectifier current was slowly decreased, followed by tuming the rectifier off.
Once the rectifier was off, the pumps were halted. For the uncontrolled shut-down,
oxygen flow was halted to the cathode while the rectifier and pump circuits were
suddenly shut off, without the gradual decrease in current or flow rate.

The catalyst of this invention was subjected to testing under the uncontrolled shut-
down, and compared to current state-of-the art catalysts. Figure 4 shows the
typical platinum catalyst in an ELAT™ electrode. While the operating voltage is
1.15 volts, the uncontrolled shut-down causes the catalyst to experience the full
corrosive force of the electrolyte, and the cell potential increases by over 500 mV.

Figure 5 shows the case of the rhodium/rhodium oxide of Comparative Example 1,
incorporated in a single-sided ELAT, as described in Example 3, paragraph b).
Here the initial steady-state voltage is just over 1.2 V, and only after activation does
the voltage decrease below 1.2 V to approximately 1.18 V. Figure 6 is the case of
a single-sided ELAT made with the rhodium sulphide catalyst of Example 1, as
described in Example 3, paragraph b). The steady-state voltage of 1.15 V was
obtained without any form of activation of the catalyst, either prior to assembly in
the electrode or during operation in the laboratory test system. Figure 6
demonstrates that this new catalyst obtains desirable performance without an
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3. A Membrane Electrode Assembly comprising the catalyst of claim 1.

4, A gas diffusion electrode, comprising an electrically conductive web
provided on at least one side thereof with a mixture comprising the catalyst of
claim 1 and optionally at least one fluorinated binder .
5. The gas diffusion electrode of claim 4 wherein said conductive web is
provided on both sides with a coating comprising at least one fluorinated
binder and at least one electrically conductive carbon powder, and is further
coated on one side only with said mixture of said catalyst and said at least one
fluorinated binder.
6. The gas diffusion electrode of claim 4 wherein said electrically
conductive web is provided on one side only with a coating comprising at least
one fluorinated polymer and at least one conductive carbon powder, and is
further coated on the same side with said mixture of said catalyst and said at
least one fluorinated polymer.
7. An electrochemical cell comprising an anode compartment containing an
anode and a cathode compartment containing a cathode separated by a
separator, the improvement comprising the cathode is a gas diffusion electrode
of claim 4.
8. A method for the production of the catalyst of claim 1, comprising
sparging a solution of a rhodium compound with hydrogen sulphide, recavering
and drying the resulting product, grinding the product, and subjecting the
ground product to a thermal treatment between 550 and 700°C.
9. The method of claim 8 wherein the aqueous solution also contains at
least one powder of a conductive inert carrier.
10. The method of claim 9 wherein the at least one powder of a conductive
inert carrier is a carbon powder.
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12. The process of claim 7 wherein said hydrochloric acid is a by-product

acid.
13. The electrochemical cell of claim 7 wherein the separator is an ion
exchange membrane.



