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dissolves readily in HC! and other acids. These problems have been partially




extrenely careful precautions have to be taken during the periodical

"-shut -downs of the electrolysers, otherwi se the sudden shift in the cathodic
potential) conmbined to the highly aggressive chem cal environment, causes

- the dissolution of a significant anoung of catalyst, and the parti al
deactivation of the remaining portion. Wiile tailored procedures for
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si des of 1he higHly agbfeseRB chaMicafeMAMRIMet, causes the dissolution of a significant
amount of catalyst, and the partial deactivation of the remaining portion. While
tailored procedures for planned shut-downs of the electrolysers can be set up,
although resulting in additional costs, little or nothing can be done in case a
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sudden, uncontrolled shut-down due to unpredictable causes (for instance, power
shortages in the electric network) shouid 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
cofrosive media.



.nhon-woven or nmade of carbon cloth, carbon paper) or any conductive netal
mesh. Exanpl es of high surface area supports include graphite) various
forms of carbon and other finely divided supports but carbon black is
.preferred. Such catal yst coated webs gan be enpl oyed as gas diffusion
cat hodes exhibiting cell voltages, current densities and a lifetine that

cspeci al |y whoh g en phig e invoalin BRPyte BRVFFarmpsbnaledates: ne
case of alitt'd Ab¥al EatdlysDindent WalingVassrehloEhg dibbeckhy didiRicksiiEy be

easily prepared upon ~spargi ng hydrogen sul phide gas in an aqueous” sol ution

of a wat ¢propetiebl e rhodium salt. Nitrogen gas may be used as a carrier for
hydr ogen sul phide, and a pure pitragen.flow may. advant ageoys be used to
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deposi t eGfous ffom BfE fdlielvity ditalidtfdssinibfiére of the conductive ~~ particles
(supported catalyst). The resulting ~ hydrated form of rhodi um sul phi de

must ~be heated in 'an inert atnosphere ~ at 550 to 650C, and preferably
above 600' C to form an anhydrous fow sul phi de catal yst. The
heating may be for several hours de e size of the batch, and
the choi ce of Tikenbwetediochemical edtiyat of e ihtentiopriswonstisell of rBsdiuhei ent |y

stable catalyst tf the tenperature is too | ow such as_QUOC, -the resulting
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dried at 5C. Trace 2: 30% RhSx .on carbon). 300C in argon, Trace.3: 30%
RhSx on qu}? mixddees; r‘lh%fFB% r{_eqt)}lﬁgg no paRchnlar'precamlonsggunng shut-downs °

when used in hydrochloric acid electrolysers. The catalyst is preferably 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 include 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 voltages, current densities and a lifetime that could not be previously
obtained under normal operating conditions, especially when used in highly



F'~giure 3 is a schematic of flow systemfor the generation of Gz from HCl
- usi ng an oxygen depol ari sed gas diffusion electrode. i ure 4 shows typical
pl ati num cat al yst data, incorporated in a standard ELATE"" stnx~ure with

- 30%PtIC, 1.1 ng/anz, coated with 0.704ng/anz Nafion, operating in HCUC Z
" solution at 3 kAlnz. ELAT is a trademark of E Tek, Nat i dc (M), US A,
Which identifies gas diffusjon_electrodes conpr carbaon web gn a

m xt ure of9GERSSIMPs EYIRNMEQLS, | fUE RS &Gercaﬁﬁcek pﬁpe%f’ lysish Bt eltW.'Prpau aur a
5 shows dﬁgagﬁhﬁk nggy W t h rhodi um-hodi um oxi de , incorporated in a

'si ngl e~i de structure with 30% RhIC, 1.01 nglcn2, coated with 0.70
nglcrrrs Nafi or’l‘he(malgstrmgy ba eﬂ@tﬂy:pzemredeon spargingMydmgdﬁ gulphide gasows

data obtained with 30% |nc r din.a nIe si ded ATT"!
St ot ur o AN AGE0ES RPN & FyatahsolBE Badm: "o '?' ey Beysed

Cher o are s cprt W@"é‘?%‘?“ E’Pﬁ“ﬁ??ﬁ’%nﬁ“%ﬁ S sk Lﬁ”ﬁﬂaﬁ?“‘ )

i nventi onbel-mmmrpurge eocsesa)hydregemdamdmdpmrhaompt&hqnmf@erreaclian dte

ded ed h f nmbaqd EXAMPLE 1
Loneor o restfing solids e reovated By flutiacWeas i End 2ryiga s comstertuaiohl 405
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catal yst Qliefridalff ddriaub®ad il 650C. The increase in nunber and clarity
of peaks in thesé scans indicates the formation of well-defined
crystallites containing rhodiumand sul phur. These di anges induced in the
XRD spectrograph by the tempaes Scorrespondr ng
substanti al gai ns in catal yst A grams  of
unsuppor t eiguiendi israssohehiatie aereaqﬁbnpmtarb Ibr mbegénétaﬁbnan supparted er 121
grans of RhC 3 xH2Q (39.88% gi.ven as rhodiumnetal) were dissolved in 700
m of de- |‘J?ﬁ faodiumgy; @any pH adj ustment . Hydrogen sul phide gas
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reaction, mpitr u ed t hr the syst si dual
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were then mﬁ,%bh_ dei oni sed water and dri ed at 125C to a cronstant

wei ght. The resulting catal yst cake was finally ground to a fine powder and
subj ected to 650C under flow ng argon for two hours.
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COMPARATNE EXAMPLE 1 A rhodi um oxi del fi odi um catal yst on Vul can XC 72 was
-prepared foll ow ng the nethod disclosed in co-pending U.S. Patent Seri al
No. 091 013, 080 (26 Feb. 98) and herebel ow repeated. 9.43 g of RhC 3xH20
-+ (39.88~6 given as rhodiumnetal) weresdissolved in 2 litres of de-ionised
water at roomtenperature, and the resulting solution was added to a

di spersion of 8, 75ﬁg)§of Vul can XC-72 in 500 ml of D.|. water. The m xture
was stiridaured 1% sengmatic ehflewsirsiem fasthe generatign plClk from A weinggen 2- 3

nJmn) a LOD:eOT - i hydr oxi de. Besides the 220 m of
anmmoni um%@?@#@aﬁ%%béﬁﬂé@sfwg%@éd to formRh(OH, a 20~ excess of
anmoni ummgmewwdqﬂdﬁrﬁm tatalpstdzta, dnedrporatedenta stntakPELAT™ urry
was then stirred at 60-70C for 300 mysnutes and_filtered hot The filter cake

was was hedrugiure wilhsti% FIC,M. 1 mg/cmiegagted with . 70 oglee” d¥afiom, preratingdn  125C
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The catal yst powder, was further s subjected to an activation step by
heati ng at@yda@nddiuogoatadhinder ingerporated iiergimydr ogen gas to further reduce

sone of t i gdd i i I i i i ng
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rhodi umr esidetx EUATOH! sirycture witks SO8% iRIVCE, o1 .Obtr/omt, heoated twilie t0.¥@ form
of this cég?gil st.._, COVPARATNE NPLEIQZ #88 ra tmc])f supported plati num
sul phi de ’RE/aPE%‘p’P'éf » ORCERING 1B B SPivEon é‘g’tﬁ’ﬂ"g‘sof t he above Exanple 1,
wher eby &r;j U i f | b2t Witk i § i

o i ARt ShBwS! a4, QLRI Wilh 3% RnSRe, MRrpNfded I S ange-siiod
exanpl es)ELADMystmicturec witihe 80%IRNYCavialm gaaied nuith €70/urhg/em? mﬁm (for

exanpl e fromE- TE . n Ll ised in several different

corrf rgur@elr%tfﬂg. '“!Fﬂ%ﬁ(g'gﬁéi‘ﬁ@ﬁ %?W STinvention is not limted by the stnx;
turﬁ of tlhe gaﬁf dhéhf tuilc):mﬂngl mtamptbsl 1 ftlgérei rereardescribedt lsevprats prafegede,

each catal yst of the above exanpl es _and conparat|ve exanp] es

i ncor por a?'é@q'ﬁ‘em%mf' ystrates the | Yﬁ“tt%egoﬁﬁgBET-éElsr %Ee%ﬁtﬁ?@%qtﬁg?eby
obt ai ni NGgndentipnas Rofiintdride’into Alimtésto e pedifit@niBodiffent! | ow ng - _
procedures: a) ELAT: A web of carbon cloth with a warp-toll 'ratio of unity

and about 25 to 50 yams per inch, EXAMPEE1999% of carbon content was

sel ected ORFEL [ gl abl Wi hipGk 40 to 15
1o Car 196 BrimsD B SUpRe, MIAUR® sbibid Wfore tdrdpdred 467 4 Tofwmitg
advant agepestguries &7 .31 geamisoof RNGH xdd: (D (88.885% rgiven Lase rbdditiru metalhwere

pol ymer (Ral ytetratl uoroethyl en P .E.) ca cialised.b 0, under
t he tradeﬁﬁ?%"ﬂ%f? %nhkﬁ?ﬁj mﬁ‘%ﬁﬁn(ibgmt%'né"% I?QYSBE) g@&%‘ﬂ%ﬁ %'4
comrer ci agiaAfrobYulcaRXCEFZ Bctive\Barbopaivere 88dedcand itHe nitkturd svasasibeiedc! ot h,
aI[a drying_at roomtenperature after each coat, until reaching at a total

| oad

i ng owitRampagnetiodtis®s. A mi xture of the powdered catalyst and Teflon was
t hen appl j 0 ; t Cﬁ‘*el?'P ! nmllé' p. tdrhii
obt ai ni ngHgHrlo%gr gg‘pﬁbd% Q%s ZRTST% 0 C&d&*@%&? per I?}ugfee cm Aﬁqedrd‘?lﬁgt final
coat, t heterperaturel asingvritrogen tasca carvies @asf accdrding touthesschipmesofigiguras il ded
ELAT: The_above procegure for preparation of, t AT was, | epeat e cept
the SABI TIS?&H"'H&@E? beqh I BsPiEiee %8?/5%5'?823?6 ‘Iﬁ“fﬁ-hgp_ B h)
with a |06fjtl1é€ke%f:$i]tgn,tslﬁtr5§fABl éﬁ'\t@!ﬂbtfrﬁ@& ARiUBhWAE sy8fim 18 TeMBOL irsldadl 118 same

side, on top of t efl on~ I ayer.
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.



c). Flow

t hrough El ectrode: A carbon loth with the sanme specxF rcati

. for the ELAT electrode was selected and 2 to 5 coats of a m xture of

powder and Teflon wets .applied to one side thereof. The coated

. fabric was then heated at 340C for about 20 m nutes to obtain 1.03 ngl an~
" of rhodiumnetal. The final heating step or sintering step is believe

cztal yst

melt the
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temperature freatment also reflect coresponding substantial gains in catalyst
stability. L
EXAMPLE 2
8 grams of unsupported rhodium sulphide were prepared by the following
procedure: 12.1 grams of RhCI3-xH20 (39.88% given as rhodium metal) were
dissolved in 700 ml of de-ionised water, without any pH adjustment. 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 mixdure has
been allowed to react as described for 4 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. The resulting catalyst cake
was finally ground to a fine powder and subjected to 650°C under flowing argon for
two hours.
COMPARATIVE EXAMPLE 1
A rhodium oxide/rhodium catalyst on Vulcan XC-72 was prepared following

the method disclosed in co-pending U.S. Patent Serial No. 09/013,080 (26 Feb.

}



sinply determ ned and conpared to prior art catalysts as well as rhodium
- sul phide prepared at various tenperatures. One to five grans of the
catal ysts of Table 1 were placed in a 250 m beaker containing 130gR

-+ chlorine-saturated HCl and heated to Boiling. The formation of a deep
col our indi ces#es the di ssol ution of the metal fromthe catal yst) thus
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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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1'10% & () The electrodes of Example 3 were subjected to an electrolysis laboratory test

10%2& ()-$10%& ()-s$10% & 8 -Slgcy " ()-L10% & &‘)g-sloc%z&' ()-U>* dB4

10zz! - 4" 1896 &ing)tothe;sehemme of [ig. 8 | gyralon DaYe3 mm -gapdostween e 100z &

" ()-) 9H 1028508 and the anode. However, equivalent results 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 gfl)
was fed to the anode. A by-product.acid coming from a chiemical 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 mi per minute or
0.372 m*houwr/m* at a back-pressure of 120 mbar. Unless stated otherwise, the
cells were run at 3 kA/m* and all voltages were uncorrected 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 wom-out components, or the unscheduled failure of these
components. For the scheduled shut-downs, one can induce a “controlled"
procedure, whereby elements of the plant are systematically tumed off or

)
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bC 102z 102 Cled{o'd 76%(3§er%l?c;na}9ével. In particular, chiorine can be degassed on
the anode side and oxygen can be substituted with nitrogen on the cathode side.
Conversely, during the unscheduled failures (‘uncontrolled" 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 uncontrolled 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 uncontrolied shut-down,
oxygen flow was hz:lted 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 arl 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 experiehoe the full
corrosive force of the electrolyte, and the cell potential increases by over 500 mV.
Figure 5§ shows the case of the rhodiym/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 1.156 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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iclaims

1. A gas diffusion electrode, comprising an electrically conductive web provided on at
least one side thereof with a catalyst comprising rhodium sulphide, optionally containing at
least one fluorinated binder incorporated therein.

2. The gas diffusion electrode of claim 1 wherein said conductive web is provided on
both sides with a coating comprising at least one fluorinated polymer and at least one
electrically conductive carbon powder, and is further coated on one side only with a
mixture of said catalyst and said at least one fluorinated polymer.

3. The gas diffusion electrode of claim 1 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 a
mixture of said catalyst and said at least one fluorinated polymer.

4. The gas diffusion electrode of the previous claims, wherein said catalyst comprising
rhodium sulphide is produced by sparging a solution of a rhodium compound with
hydrogen sulphide, recovering and drying the resulting product, grinding the product, and
subjecting the ground product to a thermal treatment between 550 and 700°C.

5. The gas diffusion electrode of claim 4, wherein said catalyst comprising rhodium
sulphide is produced by sparging a solution of a rhodium compound containing at least
one electrically conductive powder with hydrogen sulphide, recovering and drying the
resulting product, grinding the product, and subjecting the ground product to a thermal
treatment between 550 and 700°C.

6. The gas diffusion electrode of claim 4, wherein said catalyst comprising rhodium
sulphide is produced by sparging a solution of a rhodium compound containing carbon
powder with hydrogen sulphide, recovering and drying the resulting product, grinding the
product, and subjecting the ground product to a thermal treatment between 550 and
700°C.

7. Use of the gas diffusion electrode of claims 1 to 6 for the electroreduction of
oxygen.

8. A Membrane Electrode Assembly comprising an ion-exchange membrane provided
on at least one side thereof with a catalyst comprising rhodium sulphide. _

9. The Membrane Electrode Assembly of claim 8, wherein said catalyst comprising
rhodium sulphide is produced by sparging a solution of a rhodium compound with
hydrogen sulphide, recovering and drying the resulting product, grinding the product, and
subjecting the ground product to a thermal treatment between 550 and 700°C.

10. The Membrane Electrode Assembly of claim 8, wherein said catalyst comprising
rhodium sulphide is produced by sparging a solution of a rhodium compound containing af|
least one electrically conductive powder with hydrogen sulphide, recovering and drying the'
resulting product, grinding the product, and subjecting the ground product to a thermal
treatment between 550 and 700°C.
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membrane.
15.  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 separator is a Membrane Electrode Assembly of claims 8 to 11.
16, A process for electrolysing an aqueous solution of hydrochloric acid to chlorine in an
electrochemical cell of claims 13 to 15 comprising introducing aqueous hydrachloric acid
into the anode compartment and oxygen into the cathode compartment while lmpressmg a.
direct electric current on the cell.
17.  The process of claim 16 wherein said hydrochloric acid is a by-product acid.



