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pure pl at2(|) nuranreC ggndbuectgé onclm Ieﬁ%%:lﬂl%oad circuit and then returned to the cathode
electrode, while hydrogen ions transfer through the electrolyte to the
cathode electrode, where they react with the oxidant and electrons to
produce water and release thermal energy.
Most efficient fuel cells use pure hydrogen as the fuel and oxygen
25 as the oxidant. Unfortunately, use of pure hydrogen has a number of
know disadvantages, not the least of which is the relatively high cost, and
storage considerations. Consequently, attempts have been made to
operate fuel cells using other than pure hydrogen as the fuel.
For example, attempts have been made to use hydrogen-rich gas
30 mixtures obtained from steam reforming methanol as a fuel cell feed. This
may be particularly important for automotive applications, since a
convenient source of hydrogen gas can be the steam reformation of
methanol, since methanol can be stored more easily in a vehicle than
hydrogen. However, it is known that methanol reformate gas can contain
35 as much as 25 % carbon dioxide (CO2) and up to 1 % carbon monoxide
(CO), and the catalytic performance of pure platinum can be significantly
reduced by the presence of even 10 parts per million (ppm) of CO.
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First International Symposium on Proton Conducting Membrane Fuel
Cells, S. Gottesfeld, et al., Eds., The Electrochemical Society, for a 1:1
atomic ratio alloy of Pt:Ru on a carbon support at Pt loading level of
0.4 mg/cm2, the fuel cell operating at 80°C. It is further known in the art
25 (T. A. Zawodzinski, Jr, presented at Fuel Cells for Transportation, U.S.
Department of Energy, National Laboratories, R &D Meeting, Jul. 22-23,
1997, Washington, D.C.) that a PEFC having a PtRu mass loading of
0.6 mg /cm2 operating at temperatures above 100°C has been shown to
be tolerant to 100 ppm CO. However, this method loses effectiveness at
30 lower temperatures, and especially when lower loadings of the
electrocatalyst are used.
In addition to CO tolerance at low temperatures, the use of CO
tolerant electrocatalyst at a lower loading of electrocatalyst is needed. A
low noble metal electrocatalyst loading would offer major advantages in
35 cost, since noble metals comprise the majority of the cost in a typical noble
metal based electrocatalyst system.
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cel | system carbides and borides are disclosed in U.S. Pat. No. 5,680,292. The use of
the pure materials are disclosed but not their composites with noble
metals.
In an organic/air fuel cell an organic fuel such as methanol,

25 formaldehyde, or formic acid is oxidized to carbon dioxide at an anode,
while air or oxygen is reduced to water at a cathode. Fuel cells employing
organic fuels are extremely attractive for both stationary and portable
applications, in part, because of the high specific energy of the organic
fuels, e.g., the specific energy of methanol is 6232 Wh/kg. One such fuel

30 cellis a "direct oxidation" fuel cell in which the organic fuel is directly fed
into the anode, where the fuel is oxidized. Thus the need for a reformer to
convert the organic fuel into a hydrogen rich fuel gas is avoided resulting
in considerable weight and volume savings for the fuel cell system.

Materials customarily used as anode electrocatalysts are pure

35 metals or simple alloys (e.g., Pt, Pt/Ru, Pt/Ni) supported on high surface
area carbon. For example, the state-of-the-art anode catalysts for
hydrocarbon (e.g., direct methanol) fuel cells are based on platinum (Pt)-
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conposi tioon corrprzb%

ep?atilanrbm, mixtures of platinum and ruthenium, or mixtures of
platinum and ruthenium oxide; and
(c) a metal selected from the group consisting of V, Nb, Ta, Cr, Mn,
Fe, Re, Co, Ni, Cu, and mixtures thereof.
In “reformer based” fuel cell systems, these anode electrocatalysts
25  provide high CO tolerance. In direct methanol fuel cell systems these
anode electrocatalysts provide enhanced activity for methanol oxidation.
In the first aspect, the invention typically further provides an anode
electrocatalyst further comprising a catalyst solid support.
In a second aspect, the invention provides a coated substrate
30 comprising a substrate having coated thereon an electrocatalyst coating
composition, wherein the electrocatylst coating composition comprises an
anode electrocatalyst comprising:
(a) compound selected from the group consisting of tungsten
carbide, molybdenum carbide, tungsten oxycarbide, molybdenum
35 oxycarbide, and mixtures thereof;
(b) platinum, mixtures of platinum and ruthenium, or mixtures of
platinum and ruthenium oxide; and
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An anode electrocatalyst comprising:
(a) a compound selected from the group consisting of tungsten
carbide. molybdenum carbide, tungsten oxycarbide, molybdenum
20  oxycarbide, and mixtures thereof;
(b) platinum, mixtures of platinum and ruthenium, or mixtures of
platinum and ruthenium oxide; and
(c) a metal selected from the group consisting of V, Nb, Ta, Cr, Mn,
Fe, Re, Co, Ni, Cu, and mixtures thereof.
25 By mixtures it is meant that the metals may be in separate phases,

for e.g. crystallographic phases, or alloys of said metals. Oxides is meant

to include all ruthenium oxygen stoichiometries, including hydrated

ruthenium oxide phases.

Typically, component (a) may be present in the amount of about 5

30 to about 99.989995 mole %, more typically about 30 to about

99.989995 mole %, component (b) may be present in the amount of about

5x10-6 to about 70 mole %, more typically 5x10-6 to about 50 mole %, and

the additional metal (c), such as a transition metal, may be present in the

amount of about 0.01 to about 69.999995 mole %, or alternatively 0.01 to
35 about 49.999995 mole %, where the mole percentages are calculated

based on the total metals content. All mole fractions described are internal

ratios, absent the solid support. The amount of carbon in the carbide



30 to about 99.989995 nole % nore typically about 30 to about 99.989995
nol e % conponent (b) may be present in the anbunt of about 5x10-6 to
about 70 woloa/084%30re typically 5x10-6 to about 50 nol e YPcani$o2/29989
additional netal (c), such as a transition netal, rray be present in the
amount of about 0.01 to about  69.999995 ernatively 0.01 to 35
about 49. 99999EPRYN %W@Fﬁ@r”é"iﬂéatr'ﬂ)wzc%goeew(%égé{ eaPelf ®d  based on
the total netalgngfrotreaoutl.b tarabeutf2.@cti ons described are internal

tios, ab t th t.h d
05 TS R o I R B W RO 5,0
W in the at stictureatcootainingg desifedoiatialod gations or @ etyobinatioof The anode
el ectrocaj al ¥t?ﬁct9?estth'a§td Yr?‘%}tdo%lﬁ@rﬁb Qés@éci Hﬁi‘b & JARbhsCY b@fnoﬁﬁar ucture,

contalnlng a desired ratio cati1 ons or onbi nation o structures
that toget hePlesBasalplyst maydhys bes FiveE fot em%wbne PridesRidee

el ectrocat al ysinpbaNd bhtte feemal Méh“?a@o@é dritemaly YaitRéd ihbladexheles of the
conmpound of the fornul IV, ove, may further include the anorphous
phase of the?l® MP}%‘F%@H U5 SUPPO?T 10 The anode el ectrocat al yst
further corrpCAgéd_chmﬁé)mchmaPPOﬁTal yst solid supports including, but not
limted §@, variogge a%Hg Oe‘P ctFo‘é%Pé?@&rfﬁﬁﬁé} co“rﬁﬁﬁ?s%'és og{veﬂ{l&%]' raheﬁy ar bO”S

Typi cal Supports are tu suc h
Cor por at i on' 8oliglisurperts) inlading, bpknet lmtﬂ to K@ti@@sw(qrmsaﬁaumost;@mc as weII as

2 base 1 Sf“ﬁé‘*‘%ﬂéﬁ’{r%@‘% CEOORS: TIRRal unndit e oot o ORI D et
in the armun?npg’io”ﬁ sugh&§. (éa%ﬁ; Cép")pﬁ{?rt@“ St\z@ '&é%ﬁ@%s‘gﬁﬂ @o%e based on the
total nole Wefjer§®®0@rmdmo ebe/mélras:akayehdwmm@E:Eatgg\@n ebﬁ@tﬁémngeﬁl yst g

t d r e anode
e ettt ookt al JRENERORLbTRPRY dss o b Sipdatent Pl of e
conposi ti on oatalyst helidiegppastiisquabentdn thenaotoust efrete §9.9Tmele, natel ude
copr ect pi {2t yiba) | BOSE AL HRMhachBloriE (bEFANIEYESS uRdgRS or  nonagueous

sol ution or sl on m x| n reeze r spray roasting, spray drying
or dry nixi nglecsaaatalyst Irwfatb@ elpriiacatalyst cgmeéﬁpg cem?émmgrﬁ%sqxaoqrhe desi r ed

el ement s naywtm'mgqutppz@pp\mm@mal conposition. Ceram c nethods, i.e.,
solid state technmues are ener al kh %S preferred.

Urd.b , i
Cortain Bt he conpt enade Hee el sen e SaPaypdpgany Hthod

results in a composition with the desired combination of elements. They
include coprecipitation, impregnation, sol-gel techniques, aqueous or

nonaqueous solution or suspension mixing, freeze drying, spray roasting,
spray drying or dry mixing. Small or trace amounts of elements other than

25 the desired elements may be present in the final composition. Ceramic
methods, i.e., solid state techniques could be used, but are, in general,
less preferred. Certain of the compounds are better prepared by one
method rather than another as appreciated by one of ordinary skill in the
art.

30 The anode electrocatalyst may typically be prepared at normal
atmospheric pressure, but elevated or reduced pressures may also be
employed. Agitation is not required, but is usually provided to facilitate the
preparation of a homogeneous mixture, and to facilitate heat transfer.

The anode electrocatalyst may be produced using the following

35 steps:

(i) component (a) or optionally vanadium, niobium or tantalum
carbides or oxycarbides may be prepared by first forming an oxygen

6
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sequentially after the Pt addition and oxidized to produce colloidal
ruthenium oxide, and deposited with H2 gas.
Components (c¢) can also be introduced into the compound forming
an ink of the powder produced in the previous steps with any soluble
25  precursors of component (c) mixed with Nafion® ionomer solution. The ink
can then be heated in a reducing environment over a temperature range of
150 to 500 °C, typically 300 °C to produce the final catalyst.
This anode electrocatalyst may optionally be supported on
conventional catalyst solid supports including, but not limited to, various
30 forms of turbostratic carbons or graphitic carbons.
Several methods known in the art to prepare the supported anode
electrocatalyst can be used. In one embodiment, the catalyst solid support
may be introduced in step (i) of the process during freeze drying, spray
drying, spray roasting, or sol gel processing.
35 Freeze drying procedures to produce the oxygen containing
precursors in step (i) may be used if the inorganic salts, such as nitrates,
chlorides, oxyhydroxides, are soluble in water or other solvent which can
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roasting al sm 1Spray Degng eselbeakt 4o editionmy KirMasiero{Ldsignart Scientific
and Technical, John Wiley and Sons, N.Y.) c. 1985.

Spray roasting also involves these same solutions or colloids, but

generally involves drying and calcination (at higher temperatures) in one
25  process step to produce the oxygen containing precursors of step (i).

The oxygen containing precursor described in step (i) may also be
prepared by a sol gel process. In this case, the tungsten or molybdenum
may be in a sol gel “matrix” derived from a number of alkoxides. For
instance, one or more metal alkoxides (e.g., molybdenum or tungsten

30 ethoxide) may be used as starting material for preparing the gels. The
inorganic metal alkoxides used to prepare the anode electrocatalyst may
include any alkoxide which contains from 1 to 20 carbon atoms, preferably
1 to 5 carbon atoms, in the alkoxide group. Typically, these alkoxides are
soluble in the liquid reaction medium. C4-C4 alkoxides are most typical.

35 Some examples of most typical C4-C4 alkoxides include tungsten or
molybdenum ethoxide.
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wetness techniques and direct impregnation. For instance, a carbon
support can be charged first with water soluble precursors and water,

25  which can optionally be frozen. Alkoxide reagents or other water reactive
precursors containing additional components of (a) or optionally vanadium,
niboium or tantalum can be added to this frozen solid and dry milled and
warmed to room temperature. The mixture can then be reacted at higher
temperatures to form component (a) or optionally vanadium, niobium or

30 tantalum carbides or oxycarbides which are supported on a solid support.
The materials can be heated in hydrocarbon/hydrogen gas mixtures, which
may be present in the ratio of 1:10 to 10:1 to prepare the corresponding
carbide phases at temperatures between 600 to 1200°C, more typically
700°C and 900°C, for a period of 0.5 to 48 hours. Typically the

35 hydrocarbon is selected from the group consisting of ethane and methane.
Components (b) and (c) can be subsequently deposited onto this material
by chemically reducing the appropriate stoichiometric ratios of platinum or
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carbonyls and carbon containing organometallic compounds (for eg.,
molbydenum and tungsten carbonyl) which may be decomposed in inert
25  atmospheres to produce the carbidic phases.
Another method for producing the carbide phases, prior to
introduction of the noble metal, involves the formation of the carbides by
reactive sputter deposition. Electrochemical methods may also be used to
form the appropriate carbides.
30 COATED SUBSTRATE:
The coated substrate may comprise a catalyst coated membrane or
a coated gas diffusion backing.
CATALYST COATED MEMBRANE (CCM):
A variety of techniques are known for CCM manufacture which
35 apply an electrocatalyst coating composition onto a substrate such as an
ion exchange polymer membrane. Some known methods include
spraying, painting, patch coating and screen printing.
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20 fuel cells, the sulfonic acid form of the polymer is typical. If the polymer in

the electrocatalyst coating composition is not in sulfonic acid form when
used, a post treatment acid exchange step will be required to convert the
polymer to acid form prior to use.
Typically, the ion exchange polymer employed comprises a polymer

25  backbone with recurring side chains attached to the backbone with the
side chains carrying the ion exchange groups. Possible polymers include
homopolymers or copolymers of two or more monomers. Copolymers are
typically formed from one monomer which is a nonfunctional monomer and
which provides carbon atoms for the polymer backbone. A second

30  monomer provides both carbon atoms for the polymer backbone and also
contributes the side chain carrying the cation exchange group or its
precursor, e.g., a sulfonyl halide group such a sulfonyl fluoride (-SO2F),
which can be subsequently hydrolyzed to a sulfonate ion exchange group.
For example, copolymers of a first fluorinated vinyl monomer together with

35 a second fluorinated vinyl monomer having a sulfonyl fluoride group
(-SO2F) can be used. Possible first monomers include tetrafluoroethylene
(TFE), hexafluoropropylene, vinyl fluoride, vinylidine fluoride,
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typical polymer of the type disclosed in U.S. Patents 4,358,545 and
4,940,525 has the side chain —-O-CF2CF2SO3H. This polymer can be
25 made by copolymerization of tetrafluoroethylene (TFE) and the
perfluorinated vinyl ether CFp=CF-O-CF2CF2SO2F, perfluoro(3-oxa-4-
pentenesulfonyl fluoride) (POPF), followed by hydrolysis and acid
exchange.
For perfluorinated polymers of the type described above, the ion
30 exchange capacity of a polymer can be expressed in terms of ion
exchange ratio ("IXR"). lon exchange ratio is defined as number of carbon
atoms in the polymer backbone in relation to the ion exchange groups. A
wide range of IXR values for the polymer are possible. Typically, however,
the IXR range for perfluorinated sulfonate polymer is usually about 7 to
35 about 33. For perfluorinated polymers of the type described above, the
cation exchange capacity of a polymer is often expressed in terms of
equivalent weight (EW). For the purposes of this application, equivalent
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polymer is ugb%ﬂ'at E%/%loa H\?% @8%%%8@@%3 For perfluorinated polyners of

t he type descri bet@haliquid, meﬁlem foatheeleeirobatafyst caglirgg tgmpbsitiopd gmer i s

o s R o BB L 07
this appﬂlf ?I on, equiva en%l 35953 0A%3Y weight (EW is
defined to bmedismiehgre astufiicienthdpyrhailingipeist that sapid dexjngioéd t o neutral i ze
one equi val e@l%c%dé'@é?érs |§1p<§§”s@olé%ﬁ@eﬁhe%r%\é%@@@ﬁ@tnorﬁ’@ébﬁ% eghere the

pol ymer conpri ses rfl rocarbon he si de chaln S

- O- CF2- CF( CFByevid! W"S Q%?O'ng%! 1en Pﬁ@'r“é‘céj sogagtht@ag B val ent wei ght
range whi Ch C@hb@@ﬂ@ﬁdﬁleé@naheIsKBsttDéteetmwnte tratigier mﬂutmé’r&br@weabout 700 EW

t bout X . ' bout 8 t
about 231 7501 apBaBl EORTIN Bre g Sl ek SeRBudTRhald B0t o” 1 °
1100 EW . Thtakeiioto ebnsitiration any prm:eesetsksaea@aagedtwiﬂmammmat@iqimi tionis
one 10 sel e&éﬁ‘rﬂmél dfce x|llB'eEin‘@oh{’acttgﬁﬁ]hpthe%%%%st ifh ubé gggant ageous for

the nediumt a sufri'cl ent I ow b rapi d drying of
el ectrode | aj@diumshpulsisalap @elﬁwﬁ@aeﬁtwest@halsd@é@e éfﬁ%’ﬂ@? &ﬁﬁw%w oyed,

provi ded hOV\@X@fangtef‘;ﬁilﬁMBﬁtﬁé@ﬂﬁm Eagl@!][foﬁrﬁniﬁl@é sﬁdsryg §@|dfoa§cttwttpatrhbhe 15w
OO A i e eI EnSBh ke | AL Ebe B ERs 15 her
ion exchange polymer in the electrocatalyst coating composmon and be
able to “wet” the membrane. While it is possible for water to be used as
the liquid medium, it is preferable for the medium to be selected such that
the ion exchange polymer in the composition is “coalesced” upon drying
25 and not require post treatment steps such as heating to form a stable
electrode layer.
A wide variety of polar organic liquids or mixtures thereof can serve
as suitable liquid media for the electrocatalyst coating composition. Water
in minor quantity may be present in the medium if it does not interfere with
30 the coating process. Some typical polar organic liquids have the capability
to swell the membrane in large quantity although the amount of liquids the
electrocatalyst coating composition applied in accordance with the
invention is sufficiently limited that the adverse effects from swelling during
the process are minor or undetectable. It is believed that solvents with the
35 capability to swell the ion exchange membrane can provide better contact
and more secure application of the electrode to the membrane. A variety
of alcohols are well suited for use as the liquid medium.
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take into consideration any process risks associated with such material s,
especially since they will be in contact with the catalyst in use. The

medi um shwolod/osdosd be sufficiently stable in the presencePafi/tiSaz299en
exchange polyner that, in the acid form has strong acidic activity. The 20
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t hereof can ser b yst coating
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agpl ied i nf aCEOFdahQQnWl{n:ﬂof h@.gdlnwmom mrtheanadéfeueutmtatatydtlwm vegy that the

adver se ec i,.ng. dur

undet ect ﬁ gpﬁe‘? %'H |O§%Pv&%%&%?f %§f§]§r%)gﬁél%§ Ic?q Qh?o swel |

the ion _exchmmfmabngaqummernmwldﬁed)eiasﬁedmmm thhdess rpEosessur e

application E’ ddheag! ef‘ﬁteraﬂﬂ uﬁtoof lIagl [ hdedk ol cohol's are

wel | suited Tor use as 63 / US02/ 29939

Typi cal | i quVigcaety of thﬂ@iﬂﬁﬂ@‘@tﬂ xsé@pétmcemp@eltlanltw iaIveBhivIROrEA 0 as n- |

'150'2 Sec- aBthF@éh L)’alhtyaél@:@ﬂ@bés wtithféaI nFrRRI 6f»5a§t@r Bon al C0h0|tS SUEE as
, 2- an pent a ano an etc. e

i soneri cld% car bonﬂépgmp@peéﬁ’éhoége f'eCt@Cataﬁﬁi %%%9(&96]‘9038'0@

met hyl - | - pentiayird perﬂermmm,yel €an berhadified by-thetrigilisidn peéodvmpatible3- mat hyl , 1-

pentanol , 4- t 4 I d the

| someric C8 &'Iﬂ ?%ucrgggkﬁ@? @&&P' org% 'I?ﬁg'g}? &Q%sz@ﬂszdr r%ed al cohol s

are n-but anopnémtma!hé&lghb@f“quﬂismqﬁﬂlﬁﬂerred i s n-hexanol . The anount of

liquid mediumin rt%sm%o@h@%&ﬁ@kawrcmnyIavmbfe diébe%.bh of b type of

T e ke S ol eu Suion e BB B E L UBet e’
amount of | i deiNkreslrseyRACoHmphhy hhMedﬁMWﬁammaﬂcﬁ@Sm tay of the
el ectrocatal yste £A8HIHisperRST! by Bel iRl dSsthfing hiRMa! &'reblre the
electrocatalyst coating composition. Using this ion exchange polymer
containing dispersion as base for the electrocatalyst coating composition,
25  the anode electrocatalyst of the invention required to form an electrode
can be added which yields a coating composition with excellent application
properties.
In the electrocatalyst coating composition, it is preferable to adjust
the amounts of anode electrocatalyst, ion exchange polymer and other
30 components, if present, so that the anode electrocatalyst is the major
component by weight of the resulting electrode. Most preferably, the
weight ratio of anode electrocatalyst to ion exchange polymer in the
electrode is about 2:1 to about 10:1.
Utilization of the known electrocatalyst coating techniques may
35  produce a wide variety of applied layers which can be of essentially any
thickness ranging from very thick, e.g., 20 um or more very thin, e.g., 1 um
or less.
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achieve high quality electrodes with a m ninumof waste. 15 Handling
properties of the electrocatal yst coating conposition, e.g. drying

per f or marwe,030836be nodi fied by the inclusion of conpati blPeTsdd299B8¥es such
as ethylene glycol or glycerin up to 25 % by wei ght based on the total

wei ght of |i gw d medium It has been found that the commercially avail able
di spersion o ate20 acid formof the perfluorinated sulfonic acid
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| ect tal f t,
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35 prooduce aexghmngessteps.ySuitablepeirfiuprinajed summ@acndapolmebme@@s‘en% ally any

t hi ckness rawﬂéaa/‘érrn?a}éfsvéqabm Gr'fderQthrad%Pna{FkWaﬂ@HWErIY%& PRt g8-9-.» 1 m
or less. 14 WO 03/083963 PCT/ US02/ 29939 Substrate: THe substrate for use

in preparing NgmouraepdtCBBR™E menbrane (CCM) nay be a menbrane of the
same ion exchangeRl@Qifw@ijperﬁmcﬁmwmma@@h@n@@rpotmenmetrimea@é@@érr ocat al yst

de_by k
xt r Ut of of SBRAY el df N B ARGTAE BelniPiceRaudmb i fans CSY”Q
dependi ng upmaderta/ ingppgnatitg porouanexpandiedd? THE eWEFR) wihadmess of 350 m or
less. The ” \Fe ;Scrﬂ;%r%EP' Q#Eﬁﬁ@%\?}?ﬁlé UﬁBeP{h‘% tPéHetn%rﬁé“@ore't 50 m or

| ess. V\hlle um sa orm it

is typical fbpm Ll@%@laiﬁﬁﬁsspﬁ'aﬁ% Ing b HiereMD 515@ ijedél%l for m to avoi d
post treat mﬁhd@ﬁarﬁe FEGHRRUROH PhtPateSUF dANERIIREPA] UWpbtdiiatienps! f onic aci d

pol yrrer g()'3 eBrIlEIQE with perfluorinated sulfonic acid polymer is disclosed in U.S.
Patents 5,547,551 and 6,110,333.

Alternately, the ion exchange membrane may be a porous support
for the purposes of improving mechanical properties, for decreasing cost
and/or other reasons. The porous support may be made from a wide

25 range of components, for e.g., hydrocarbons such as a polyolefin, e.g.,
polyethylene, polypropylene, polybutylene, copolymers of those materials,
and the like. Perhalogenated polymers such as polychlorotrifluoroethylene
may also be used. The membrane may also be made from a
polybenzimadazole polymer. This membrane may be made by casting a

30 solution of polybenzimadazole in phosphoric acid (H3PO,4) doped with
trifluoroacetic acid (TFA) as described in US Patent Nos. 5,525,436;
5,716,727, 6,025,085 and 6,099,988.

COATED GAS DIFFUSION BACKING:

The gas diffusion backing comprises a porous, conductive sheet

35 material such as paper or cloth, made from a woven or non-woven carbon
fiber, that is treated to exhibit hydrophilic or hydrophobic behavior, and a
gas diffusion layer, typically comprising a film of carbon particles and
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in acid formare avail abl e under the trademark Nafion(r) by E.I. du Pont de
Nenmours and Conpany. Reinforced perfluorinated i on exchange pol yner
menbr aneswoan/08363 al so be utilized in CCM nmanuf acture. Reipafrarsozebdsenbr anes
may be made by inpregnating porous, expanded PTFE (ePTFE) with ion

exchange pol yner. ePTFE i s ava] | e, under the tradenane "Goretex" fromW
L. Gore and WQepplymears SPHE.a,S%EIlFafoﬁhﬁ/@?eCJFﬂfa ¥&hcogHeg CPP%R?éﬁ'éPHéS
"Tetratex" feoatedeheonc, THeeelsttesoatalyst ¢vatingmgoregssitiorowhich fBfmeBIEE wi t h

5 547, 551 a4 2bCAbE08]; hePRUNERS hat BB Bonieh s e e NE 1y e

por ous suppo¢eatefionembeangur poses of i nprovi ng nmechani cal properties, for

decreasi ng cpgigl ggngr ot her reasons. The porous support nay be nade from

a wde 25 ra onents, for e.g., hydrocarbons such as a pol yol efin,
e.g., polyethyl ehBe figRlicglabHia BMENIYBLYBRIiseRAcotshoIRalEte, WiereHbse

materials, gededdigd lsubstratBoRfirRee s @shtRie YERhG Dt d@reon an
pol ychl orotri

ado {1 om a. PECBEREMBEI T STRST . VBT e RSB REg BIRNE by cast i ng
a ?Pui?l uf: Loq;rnpbsi!ﬁohy:l.z)mmisaradummmo_um plestgbddrom tlaae:gcbu(ol-ﬁ:ﬁ@ﬂs)tingcqjeq with
5. 716, 720 cnBsREk bl Indidenen s LbSBRlab iR s gas
di f fusi on baekyaagbidenpnd sextueibesrnf; avd ptaliouny enistuses of PBtiremeandal such as

paper or cl offineMBAE of MARLReYOVSBLIRIM N NRYSTuRRR Thé BBAtedt hat i's
treated to exhibit hydro

di ffusi on | a§\épstrate snayp g‘l Cl@gmgtir%qr%é g@ﬁﬁ?gﬁ?‘@f%ggﬁéﬁ sgg t%iifg-lsé'fg“aaind 15 WD
03/ 083963 PCHALKRG/ 29939 fluoropol yners such as PTFE. The el ectrocatal yst
composi t 1on whi chE st Ree B b d 888 and BeF s BALBIN M e "descr i bea
earlier for désrerhelrcirechervical redctiembr hhe fud cellEtypGelily alstheompese @el | of
the inventi Ogor‘b%Péie%ﬁﬁaﬁY Eeﬁ&?&ivéé%%b( ﬁ%a?eriéﬂ"iﬁét‘%%rih efe'&ﬁic%@?érﬁgctwbs.t rate
conprises a sSubstfate having coated thereon an electrocatalyst coating
conposi t i on, With@ashiofthe elackedes andapsrstit diffusionf the massantsda theonpri ses a
conmpound sel gelcf8dés. omstdeacapalBagienthe tdid@roehtalyst coating compositions
20  may be coated on, an ion exchange membrane, to form an anode or
cathode thereon, thereby forming a catalyst coated membrane.
Alternatively, the electrocatalyst coating composition may be coated on a
porous, conductive sheet material, typically known as a gas diffusion
backing. The gas diffusion backings are normally made of woven or non-
25 woven carbon fiber substrates which are treated to affect the water
wettability properties. The gas diffusion backing substrate may be coated
on one or both surfaces with a thin porous layer containing carbon
particles and a binder (usually PTFE), this layer is usually referred to as
the “gas diffusion layer”. The electrocatalyst coating composition may be
30 coated on to the gas diffusion layer.
An assembly including the membrane, and gas diffusion backings
with the electrocatalyst composition coated either on the membrane or the
gas diffusion backings or on both, is sometimes referred to as a
membrane electrode assembly (‘“MEA”). Bipolar separator plates, made of
35 a conductive material and providing flow fields for the reactants, are
placed between a number of adjacent MEAs. A number of MEAs and
bipolar plates are assembled in this manner to provide a fuel cell stack.
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coated either ont nbrane or "t he fusi on backings or on both, is
soneti nes redashedgeals-as a menbrane el ectrode assenbly (WEX). Bipolar

separ ator pl at es, Fgalds:liaftadls grecontiirebsaetaraniesncd seieigRinevélgetrigalf | ow
fields ffsr t he e cttants,t are gl aCFt?I betwe%g a ctlunbertof acent MEAs. A
number of° MEARMEf .eB’iGEBI ?stfg ELOLYE SEH&k fgl? ?%a'i‘%%e ePo provi de
a fuel cell sealirlg betvee@dIcddREHBelPSBCKSOPHRIESSS. Foconvieatiehalduelodes to
function eff | | fi ' QY= Talel)

el ectrocat al 8‘%{ ét\é?{(éésth%és%ﬁ%g s&%’dg(\gfaégé{/ﬂ:@Lyeﬁbé%sgﬁﬁggﬁﬁ%ggt roc@t al yst
sites have sé\ﬁ@r%ﬁsea&gecﬂ glate behwgaica ppirafiend: platep yrrneser mere gredalaccessi bl e

to the react g8tedd 80 tehBRnShERDer. ETHE ﬁé?rb&w%Jdiééll‘}@%@ﬁﬁﬁo&g%h RolebBe gas
di f fusi opn | ayer cte o the fuel

cell eletiro WF‘@da}thé gkaﬁghﬁer\dséﬂéésst %ﬁgeéﬁgia%g%}flfiém%o'?rmgioao & eam passages in
a fuel cell fastening means to secure them in the stack assembly. The tie rods may
" be external, that is, not extending through the fuel cell plates and MEAs,
however, external tie rods can add significantly to the stack weight and
volume. It is generally preferable to use one or more internal tie rods that

25 extend between the stack end plates through openings in the fuel
cell plates and MEAs as described in U.S. Pat. No. 5,484,666. Typically
resilient members are utilized to cooperate with the tie rods and end plates
to urge the two end plates towards each other to compress the fuel cell
stack.

30 The resilient members accommodate changes in stack length
caused by, for example, thermal or pressure induced expansion and
contraction, and/or deformation. That is, the resilient member expands to
maintain a compressive load on the fuel cell assemblies if the thickness of
the fuel cell assemblies shrinks. The resilient member may also compress

35 to accommodate increases in the thickness of the fuel cell assemblies.
Preferably, the resilient member is selected to provide a substantially
uniform compressive force to the fuel cell assemblies, within anticipated
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stack to prevent |eaks or inter-mxing of the fuel and oxidant fluid
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Electrocatalyst Powder Synthesis:
2.37 g of the Nb 1 wt % /Mo,C powder is used in this experiment.
44 .68 g of hexachloroplatinic acid solution (Spectrum P1155, Pt
25  4.61 wt%) is mixed with 55.587 g RuCl3.xH,0O (Aldrich 20,622-9) aqueous
solution (Ru 1.92 wt%, determined by ICP elemental analysis). 70.13 ml
liters of a 0.05 M ageous solution of NH4VO3 is added, along with 7.97 ml
of 0.44 M Mn (NO3) hydrate and 3.5 ml of 1M Fe(NO3)3 solution. 2.37 g of
1%Nb/Mo,C are added while stirring. Moisture is removed from this
30  mixture by rapidly immersing the mixture in liquid nitrogen (thereby
freezing the material to a solid). The solid mass is placed on a Virtis
Freeze Drier and evacuated for > 72 hours until dry. The final powder is
reduced in hydrogen, to 300°C for 1 hour in air.
0.0579 g of the above electrocatalyst powder, 0.1134 g of Nafion®
35 lonomer Solution (10.62 wt %, SE10072, DuPont) and 5.83 g of H,O are
mixed and milled in an Omni Mixer Homogenizer at room temperature for
30 minutes. The ink is then coated onto carbon paper strips over a

18



menber to urge the end plates toward each other, thereby applying a
conpressive load to the fuel cell assenblies and a tensile load to the

t ensi on nN&O8NS3IEXAMPLES 10 Exanple 1 Synthesis of the cacalussr2®spport Nb
1 wt% on Mb2C. 1.4823 ¢ Nb(OCH7)3 are added to 50.0004 g Mo(3. Water is

added to the above m xture to make a wet paste. This paste is well m xed
with a spatufl®cm @r%§@§‘qt§h@f'|’@d°?ﬂm9 Qﬁﬂﬁ%@%ﬁ)’ﬁtf@ﬁa 10.8d0¢ at 110C,
with 15 furtpegn, %m?wfdrm gam@wmm oven at 110C overnight. 14.56 g of the

b dried d t b d

o e a RBGROECPAGE o Tk A e A P 11 o

t hen swi t chethstramem®(MEQENB 12043 tSudiveare IV erfiog d4I TR s ased to colf@®C at 1
c/ The duct

O vt o5 B BEEr AR L ARAC IS iRt B e D Gb0% BRIUCL | ¢
Final wei ghacwtytfﬁeWMDXidgtI@mbwsm @wllse/oapmfwtmﬁ%\é) ip @187 g.

Gsed i n thi s CepOrRoM iﬁ“ﬁﬁ“ dsing o Slodioae ystertiuntre Y o E?.W‘éﬁr '
e T e b unepbbalode 5 HiapT 200 Shb-(ter0BY ceiepsl deeied iy Chl dr i ch
20, I622_ 9) a%@%sfﬂ tﬁ@lrefére@ﬂe(iﬁctﬂoﬁTm%otdﬁtarmmmrdﬁm@ggnt al dded.
anal ysiI s utron o I S adde
ong w16 7Sedut BiepiiyBhl &l 11 reB PeRE I ap2slal S S e N e no3) 3
sol ution. 2. 80 mVisec. Thesdnbae r&peamﬂicfe(dﬂvmi‘i/e -825Mr+ fdlV wblildhare i s
removed fr 0”1:15:‘?%& |§?>téﬂlé(t #he c*avreh?s%@ o rmn &4 'f&gqéé{l‘ﬁetﬁﬁh’éh%ﬁe g’t‘eé | quid

nitrogen (there reezing t teria mass i s
pl aced on a We@pgenﬁa@@@em '@HAawmlékreﬁctm@tr&ﬁkf@ﬂdatlomcumntérqmﬁhe dry.

The final pomcdrﬁnomﬁﬂﬂéﬁ% trre Sn8UABSIPt (ﬁrOm’@C)% thercalalftutripg) air. 0.0579

f the ab trocataly 35 |
dor ut i on'{ 10, 62wk PoreXaRIae B ABOR I Bis FalElse 1§ A0 BWIP i xed and

mlled in an Omi M xer Hom)genl zer at roomtenperature for 30 m nutes.
The ink is ti:_rgam}g@lzed onto carbon paper strips over a 18 WO 03/083963
PCT/ US02/ 29939 .5 cnk area so that the final |oading of electrocatalyst
is ca. 0.3 ng Pt/AKetientQbcargpmsgappried catahyst avas prepasad wyng §iae em st at i on,

manuf act ur edfc}?l}swbr‘@b%cedure.

20 Atomic ratios (mole %) of starting ingredients were as follows:
19.2 mole % of (31.6 mole % Pt, 31.6 mole % Ru, 1.1 mole % Nb, 10.8
mole % W, 8.3 mole % Fe, 9.4 mole % Mn, 7.32 mole % Re)

80.8 mole % C

25 Step 1:
A “Waring” commercial blender was charged with 15.00 g of

Ketjenblack 600 (Ketjen EC600 JD, Akzo Nobel) and 9.115 g of
ammonium tungstate (Aldrich, 32, 238-5) that had been pulverized to a
dust in a small micromill (Bel-Art Products, Pequanock, NJ, # 37252-

30 0000). The mixture was chilled in dry ice for 90 minutes. 20.0 g of
deionized water, which had been frozen in dry ice and pulverized in the
micromill, were added to the blender and blended for about 2-4 minutes.
The resulting uniform solid was allowed to warm slowly in a large
crystallizing dish and then dried at approximately 50 °C overnight.

35 The material was returned to the Waring commercial blender and
chillied in dry ice for 90 minutes. To the blender was added 1.029 niobium
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I nstruments (Model BT2043, Software Version MTS 97) is used to collect 5
the el ectrochem cal half cell data. The el ectrodes are evaluated for their
activity worodegiobanol oxi dati on by using cyclic voltanmet P¢T(US0}/299%9 a 1 M
CH3OH 0. 5M H2SO4 sol ution using a 3 el ectrode system where the counter

el ectrode is Pt cqoil an SCE (St r al el ectrode used as
the refer enc@%x@cﬁ MQ%F%@%%QER 33339(1%) ﬂ%éhgm BYRlohex Hoignm rcuit
p(ﬁt enti al ( Ewcdrytice &nd puhvarnidebat ks mi@rorGgIZSN‘ueammur%Qﬂés bietnelﬁﬁfm B M/ sec.
The scans ar . t he rrent is
stable. The rf@n?%sg\eé&%o l%r@#? e-l-clwﬁ'c pes“ﬁé‘@&ﬁl'ﬁp"@ %odaf\%%se I(lﬁv&%oc{" The
current tabuwarmdbslowlyitptradn tamipenatuse tm@leﬂgalcrysxaltiang dishcamd dried at om t he

cV sc)e(m nprnﬁ%d,-ﬁ@gm 42%05’153 (*I’ﬂeqm)d S2AH1 r| ps 15
Kot ] en”600"car b 1’“%%‘518@%5@?&?2? ate B)ag%gr@t LrH ﬁg?%éﬂzfta Fow ng

Ketjen 600 carbon's

procedure: 2fyrAtea(Z8 mah b@p) fitted withta @larst fik.t Anghd Was Biliciiced \&ehe as
fol |l ows: 192m)le%of (31.6 nole % Pt, 31.6 nmole % Ru, 1.1 nole % Nb,

10.8 nole %Iw ratesoinflbsegrlle @m2%§§cm%qf/@ 938 mixtuisl conmisg 4008 nole % C

25 Step 1: bN ) of
Ket j enbl ack '6‘60 (Ié’etgjze %Jé% Agzo 'be andﬂgqlf\%@%t%(? {zg]rlﬁgonl um
t ungst at 80 ( Ahdhthare aﬁdhydrfﬂ)@eﬁ)cohtmtnngeuirrtmephemdatvaareiteed1OCC fmindgst in a

smal |l mcrom|| {:Bel Art Products, Peguanock # 37252 30 0000). The
m xture was e I’Cand hCdmin 180G &, anr aliewed o sq@(@t%OQ)p fogdihamrzed wat er

thich 10 begi s b Aok LAl B Yatee! TrblEaargtap | vere

added to the rabou ni nu e Fesul ti ng
uni f orm sol i duryes ith ommgehcga\seanu mbavttansifafrr@d toaargmemram’acﬁdhlem ng di sh and

then dried at mat el C overn 35 . The mmat ur ned to
Lhe Vi vy SRR ROt G EAnsiRroaand S0tEd P RIFOSe b aviTLR PR R M be.
t he bl enger 029 ni obium 19 WO 03/ 083963 PCT/ U802/29939

fer  ¥espaRdee3 g

et hoxi de (Nb(C2H50) 5, drich, 33 920-2) in 18.0 g in cycl ohexane, frozen
in dry ice and puPewedersday diftiactiay datalwereThdained fon theveenile evitheal i n t he

W19 COMTEER L BERST TRGhTIL MR A Bed Lo e
were run in a batch mode with a Model PW 1775 multi-position sample
changer. The diffractometer was equipped with an automatic variable slit,

20  a zenon proportional counter, and a graphite monochromator. The
radiation was CuK(alpha) (45 kV, 40 mA). Data was collected at room
temperature from 4 to 80 deg. 2-theta; a continuous scan with an
equivalent step size of 0.03 deg; and a count time of 2.0 sec. per step.
Samples were prepared on silicon low background specimen holders as a

25  thin layer of powdered material. The major crystalline phases were WC
(card # 25-1041) and W,C (card # 35-0726), as determined from reference
samples from the JCPDS International Centre for Diffraction Data.
Swarthmore PA, 19081

Step 2:
30 A variation on the procedure from Watanabe, “M. Watanabe, M.

Uchida, and S. Moto, “Preparation of Pt+Ru alloy clusters”, J. Electroanal.
Chem., 229 (1987) 395-406 was used. Into a 5 liter stirred plastic vessel,
34.55 g of chloroplatinic acid solution (containing 10.13 wt % Pt in an
aqueous solution derived from H,PtCls, Sigma Aldrich Chemical Company,
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5 roomtenperature (RT) for 48 hours. The product weight was 24.61 g. 7.17
grans of this material were |oaded into a vertical quartz tube furnace (28
nm o.d.) WotisesBoes th a quartz frit. A gas was introduced &CTAIS0$/b9999 r at e of
100 sccm He and 200 sccm of a gas m xture consi sting of 10 Ar, 45 % H2,

ﬁ;grgge? contsg tha@b%@%@f@%?'%@%’ﬂg@bg V‘}ar%’i I’L&Sgeg%%ageaﬁgdl C/mn
E g 82(r)atcur 2nNa&IS|@§/wdrd addarhiAldticrBCaenicals)lambstirred #ftotree selatiomprt Oagog;nd
thgﬁ transfe 65@ ﬁ%&s grq@%qut,{‘%q ﬁ@t"% ?@U@%ﬁ,@%u%ﬁgﬁgdU?"&é@o?’%gﬂs?e”ed
and stored i 85&imiabdR). (30 wi%aHpDaddercky GealAd DaImstﬂdtﬁmmarﬁ') 9®re;. Powder
x-ray dif raﬁ&&@&‘a@?ﬁé‘g\é’ﬁé@o@%@ut%g fn‘PrKut%gew%ﬁ‘ &ﬁﬁo‘il@d%a%bﬂ;‘)ps X' PERT

aut onat e onet er wer e I‘Ul’l Il’l a batch

mode with a RBddIg ph@ Rufs selution 6@@@“'@9\2% : Hﬁﬁﬁ\ﬁﬁd frameR
di 1 act ot ggria AL ORGRiceh COmary) Were i Giedan bl fl 620, 210121929”0”

proporti onal unt e t e, npnochr,0 i,ation was
CuK( al pha) (ﬁét% %'aﬁﬁ ep Qp%g LYeree gﬁdngcf 81%'8%“% grﬂé‘? ure from4
to 80 deg. thateawaasuaadlfomﬁlmlmnae untit thegpH wargLataiailizsd. "ﬁlnep size of 0.03

deg: and) . SRl R Slnchy P SRGminRBls S8 ninGRIPAES i/ SBE8RATEC o

silicon I oun té)em men ers er <0 povvdered
mat erial. Thépmmanaf@fyy Gmlinisuterhysisegemgas wernight|d reaoms- 1041) and WC

(card # 35- 0 eraﬁﬁede}tt\ﬁéé'hﬂ@r@dfdméﬁ{&{ ﬁ/ﬁﬁ%hté@m"\ﬁaﬁef rf@liBWé*t?b%CPDS
Internatlonal ntre for Diffraction Data. Swarthnore PA, 19081 Step 2: 30

A variation 8% dYi89pr ocedur e from Wat anabe, "M Watanabe, M  Uchi da, and

S. Mdto, Preparatl on of Pt+Ru alloy clusters”, J. Electroanal. Chem, 229

(1987) 3@% S used. Into a5 |liter stirred plastic vessel, 34.55 g of
in

col Ut  onderi ved Priof 3 EHNe BHeGAL AR SR anbiité Ocbiar s Bo vio
water. 17,65 W%’h@%é%s%?z*ﬁ%&é&@?’%Wﬁe&em IR, Wil o
the soluti onDEc)raniHCB 50NgtefH20 nere ohinéd onithptd. Wasicadijers bédntagueousi ng sodi um
ver o5 added Mot FeRCsPrabuaronet THIRGEND: hiel M ARISI | od 1o
about 5.5 Chemlcals), 112.9 microliters of an 0.44 M aqueous manganese nitrate

solution (prepared from Mn(NO3) , from Alfa, 878488), and 99.3 microliters

of 0.5 M aqueous perrhenic acid solution (prepared from perrhenic acid,

Alfa, Aesar, 11339). This mixture was milled in an Omni Mixer

Homogenizer at room temperature for 30 minutes. The ink was then

25  coated onto carbon paper strips over a 1.5 cm? area so that the final of
catalyst is ca. 0.3 mg Pt/1.5 cm?. The electrode material was heated in

hydrogen at 300 °C for 1 hour prior to testing.

Step 4:

30 An Arbin Testing system station, manufactured by Arbin
Instruments (Model BT2043, Software Version MITS'97) was used to
collect the electrochemical half cell data. The electrodes were evaluated
for their activity for methano! oxidation by using cyclic voltametry (CV) in a
1M CH30OH/0.5M H,S04 solution using a three electrode system where

35 the counter electrode was a Pt coil and a SCE (Standard calomel
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89.77 g of a RuCl 3 solution containing 2.02 wt % Ru (derived from RuCl 3,
Sigma Aldrich Chem cal Conpany) were diluted in 300 mM of H20. 4.12 g of
t he mat erwalo3ps®pared in Step 1 were added to the m xturepPCarsor/m39 m xt ure
was stirred for 15 mnutes until the pH was stabilized. The 10 naterial was

stirred for 10 m nutes under nitraogen and then ged with approximtely
100 m / mi nut 8leRifadeljuas yaed 6§é’i‘%f‘ﬁgf€r}9@ §legrde. Eﬁeﬂo&?ﬁtﬂ% Wa% was filtered

gngoglas he}g }[/\ir;](tdhr@td f'tdsrattls(fa epenairedit pb@ntigv\(@bdzg% 12 Vfadmﬁli{bdw-tol—@.ﬁ\ﬁpggb .y
) 0 e mat eri,a r I n o) 0
Rt onlr) softR Poar (AR pp 605V s Tk 58afs neretphsatd (Pt d il <0 2\ “and

5.507 g of H2O.1Mwuetitheedment wad$tablei croliters of an aqueous 1 Msolution

of FeNGB SH20 (pr?ﬂg%ﬁﬂeé{s%r’é%aﬂzéﬁ%r r%é?ﬂ?\é\'grshﬁgce aféh, CT Ca' s).

112.9 mcroliters ous nmafganese nitrate
(prepared fresramtabgntes wa%mtmf\ahlcemw)ep @@atpww@rtft%néhe of 0.5 M

aqueous perr bgndanasdrehafigbditd #ie érﬁb@ﬁ%fﬁl’i (i %ﬁﬂﬁh@%&m@@' d, Afa,
Aesar, 11339). This m xture was m | in an M xer Honobgeni zer at

roomterrper ature for 30 m nutes. The |nk was then 25 coated onto carbon
paper stri psippver33® hAPmgi® area so that the final of catalyst is ca. 0.3
nmg Pt/ 1.5 cnk. The el ectrode material was heated in hydrogen at 300 C for
1 hour prlor to |t3| ng. Step 4: 30 An Arbin Testing system station,

manuf act ur ed 5 ‘5 I nstruments (Model BT2043, Software Version M TS 97)

was used to CO' | RRetichB R @&bbﬁ%hﬁ?%ﬁé’dj ch@lyst %s‘pr@ﬁé%d ddifg tleect rodes

were evaluated for their activity nmet hanol oxidation by using cyclic
vol tanetry (foUpwing procedwieCH30H 0. 5M H2SO4 sol ution using a three el ectrode

system where 35 t count er ect Lode was. a . coi l and a St andar d
caronel o1 o 0ahGETe e a8 PAES Ao Jabre s RAte As oot pe
referencg el 8@t MR, dﬂlﬂ?Qﬂ@trﬁOFel %' thae mmame% Rau. 0.6 eolePe M@, 8.2ui t
potential (Eoc) to_1. a scan rate of 50 nWV/ sec.

The scans wef®le é«péax@ﬁ m@!@nxoi\/lrl, &/1 mol@ %ERJB) 94ﬂ molg writetien Garkamr rent was

stable. 5 Thg, currents were nornalized for geonetric surface area. The
current tabu was i pt1lA, which was the peak oxidation current fromthe

CV scan nornal i zeﬁ ‘Waringe camserciabblepder wasraiprasd with 16 Q8106 etien
black 600 (Ketjen EC600 JD, Akzo Nobel, Houston, Texas) and 5.66
20 grams of ammonium molybdate (Sigma, A-7302). 15.0 g of water were
frozen in liquid nitrogen and pulverized in a small micromill (Bel-Art
Products, Pequanock, NJ, # 37252-0000). The mixture of Ketjen black
and ammonium molybdate was cooled using dry ice and added to the
Waring commercial blender with the 15.0 g of frozen and pulverized water,
25 and stirred for 2 minutes. The resulting uniform solid was allowed to warm
slowly in a large crystallizing dish and then dried at approximately 120 °C
for 4 hours.
7.27 grams of this material were loaded into a vertical quartz tube
furnace (49 mm od) containing a glass frit, and fluidized with a gas mixture
30 containing 100 sccm He and 200 sccm of a gas mixture consisting of 10
Ar, 45 % H,, and 45 % CH, (methane). The sample was heated at a rate
of 10 C /min to 500 °C and 1 C/min to 800 °C, and allowed to soak at 800
°C for 1 hour before cooling to room temperature in flowing He. The

material was purged with nitrogen gas and then transferred to an inert
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Iptl = 339 mM¥ng Pt 10 Exanple 3: A Ketjen 600 carbon supported catal yst
was prepared using the follow ng procedure: Atomc ratios of (nole % of
starting wogsesivents were as follows: 15 5.9 nole % of (PeTAB0mRA989 % Pt ,
19.75 nole % Ru, 40.6 mole % M, 8.2 nmole %Fe, 6.6 nole % M), 5 1 nole %

Re), 94.1 nole % Ket]en rhon . : " g ¢ i ender was
charged wt hatf%‘??g%é §f-‘/ b&z(tv}%%e lﬁggﬁégaﬁrrﬁﬁg{r}d;%o&%%ﬁﬁﬁggwb bel ,
Houst on, Texg@duahyeld dfabdt gr . of anmoni um nol ybdate (Sigma, A-7302).
15.0 g of water were frozen in liquid nitrogen and pulverized in a small
mcroml|l (Bel-Art Products, Pequanock, NJ, # 37252-0000). The m xture of
Ketj en bl ack_, and ammoni um nol ybdate was cool ed using dry ice and added to

the Waring rcial blender with the 15.0 g of frozen and pul veri zed
wat er, 2% and stiAnedafion od the praceslurd frent Batdnabyg “MnWatanabe| Md was

allowed to ram, sl 1,0, b Al | Z1 i an |,ed at
appr oxi mat e}l\@cﬁq%’ é%\gi‘%'rmgt%o%'?egg%}w@J%‘Z%th(ﬂ?%g%t‘grl%,g?{??/\%ééé | oaded
into a vertiCabmyidd 198dh395M0bnYesusad nio ad) lileostimediplagtia vgsegls frit,
and fluidize i ' i I 0200 sccm of
a gas m xt urg's\gno%gfi %t‘ ?ﬁﬁge%(%é%%&%lp 'a%r%é&gﬁ)aggédmat% (}Egﬂg%%ﬁ Gﬁg] wﬁlefﬂgr{%) . The
sampl e was hBhtdegvad frem FeRtCleAldichcChamical Cosapany)vrre pddedi alor® 800 C,
andf ?I | ovged H\Fevﬂh ﬁeeknwtv&&_@r.l §3barg &f megsda?ﬁ@r@_eatddé@l (imidrpCh@m{aﬁﬁnper ature
in owi ng . . The rial, was_ purged w ni trqgen gas an n
transferred ¢i¢d aﬁr%g&??@sﬁﬁ%%ﬁgs@gw%&ﬂéﬁ)@w V‘éﬁ%‘ﬁﬁﬂgge dr ybox
where it wasto$ asishesodadn zacatate.ed62 mimof 03480 wibkd H.Q,, Mea#uGaAyi el d of
about 4.66 g . Latl d f "M
et anabe. M PaUBrRgECemin LR sl RO BEBE EETIRkES AR e
J. El ectroangli.contiabied fo aboutS 98787 3p¢f-armaqueaiaBedls solutipnacaitainingr stirred
Ccont ai i g 10y JdveaTIA IR, Sl MRB OHmESl POTREH) 21 company)
.13 0 , .- ric m'c nmpany

Were. added alBiRIREdin BOSHD! 6 HP. b of Siasmeteyidlp ERBts SHbS added
(Al drich Chewemshdded to the mixture, and the mixture was stirred for 15 minutes until

the pH was stabilized. The material was stirred for 10 minutes under

nitrogen and then purged with approximately 100 ml /minute hydrogen gas

20  overnight at room temperature. It was filtered and washed with 5 liters of
water, followed by air drying.

Step 3:
0.101 g of the material formed in Step 2 and 0.0.177 gof 11.4 wt %

25 990 EW Nafion solution (SE10072, hydrogen form, DuPont, Wilmington,
DE ) and 5.728 g of H20 were mixed with 20.0 microliters of an aqueous 1
M solution of FeNO3 9H20 (prepared from FeNO3 9 H20 from Aldrich,
Chemicals), 45.5 microliters of an aqueous solution consisting of 0.44 M
Mn(NO3)2 (prepared from Mn(NO3)2 from Alfa, 878488), and 40.0

30 microliters of an aqueous solution of 0.5 M perrhenic acid (prepared from
perrhenic acid, Alfa, Aesar, 11339. This mixture was milled in an Omni
Mixer Homogenizer at room temperature for 30 minutes. The ink was
then coated onto carbon paper strips over a 1.5 cm? area so that the final
of catalyst is ca. 0.3 mg Pt/1.5 cm?. The electrode material was heated in

35 hydrogen at 300 °C for 1 hour prior to testing.
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and stirred into the solution for 10 m nute. The solution pH was adj usted
to 5 using sodium carbonate. 162 m of H202 (30 wt % H202, Merck, GaA,

Dar nst adtwGas/083¥y) wer e added over a period of about four Peirruso®ee993ni th pH
controlled to about 5. 16.87 g of an aqueous RuCl3 sol ution containing 15
2.02 wt % Ru (derived from RuCl13, Sigma Aldrich Chem cal Conpany) were
diluted in 56.5 M of H2O. 4.00 g of the material prepared in Step 2 were

added to theStgpd.ure, and the m xture was stirredfor 15 mnutes until the
pH was stabilized, The material was jrred f nytes under nitrogen
and then purged \Aﬂ"‘f‘l’f\rg‘é‘pq[rﬁeo%tmﬁa?tyé’fe;mf?ﬁf'oﬁi "7%“ ;}%Vrgﬁ?é’h gas 20 overni ght

at roomte”pﬁ{sﬁhﬁ{ﬁts gl\ho&@%fzadi W@%Eﬁ‘ﬂm%‘é’v ;Vréé G&ePtP!  water,

foll owed by arr of the materi formed in Step2
and 0. 0. 577 golta‘ctﬂhealemﬂrochenxﬁalgmlfmml drheselectrodes ‘(\/SE:lGWIQateuydr ogen

f DuPont |.mi_ngt 72 f H2
merolitors tor Yo adiud fur meanol BRicRHAR By Yela S ur B EnB LV Pom Fonce
9 H20 from Ay wmg@w@e '\gsbg)som@n%mdgé@ elbelr§d®yaBmARHERUeSOl Ut i on
consisting of 0.4 (prepared from Mh(NO3)2 from Al fa, 878488),

and 40.0 30 couritet erbetred@f/vaara Btmabarsd acﬁmElsmndbrd)CSIoMqteﬂerd’nmdey aci d
(prepared from perrhenic acid, Alf ar, 11339. This md)r<fture was milled
in an omi Wexesetigrdgere fetanc cleeaAs gfﬁm%iﬁuw W% senRdiiRdne The i nk

th t that th
was thepy cogﬁ%g?&unpp&aﬁ@égﬂgeggﬁg.ﬁl\_y BRd bakRYo 301255/ SR s@hRRteRft hat the

final cat IS ca e el ectrode material was
heat ed i n 3550ynV/sgenThe s8OS Gerarededted fropr 1 AV 1 6.28¢+ hiV urdiBthaD

03/ 083963 PCT/ US&Z/ 29938 Step 4: An Arbin Testing system station,

manuf act ur ed®HIEHMAS:StE V?strurrents (Model BT2043, Software Version M TS 97)

was used to 5 col I h | ectrodes
wer e eval uat ed ftrg%HerlQﬁtsgA(’: C%cm’?%g%"%'ad tpgflhgg?é%re%y?ngl ng cyclic
vol tametry (mﬁemtﬁabulatedWWOWBwhmesﬁﬂah@@dﬂw eiyrentdraem &g r ode
syst em Wher eciNganGRithaftetSHe AdsuMest @t (i g@th tRE @Icktddes( St andar d

cal onel electrode) was used as the ref erenc | ectrode. The potential was
scanned fromthe 10 open circuit potential (Eoc) to 1.1 V and back to
-0.25V at a ma&zr(m;e.Amﬁ 0 nV/ sec. The scans were repeated froml1l.1 V -
-0.25V - 1.1 Vuntil the current was stable.

Example 4:
20 A Vulcan Carbon supported catalyst was prepared using the

following procedure:

Atomic ratios (mole %) of starting ingredients is a follows:
6.2 mole % of (19.15 mole % Pt, 19.15 mole % Ru, 3.87 mole % Nb, 38.72
mole % W, 6.34 ole % Fe, 7.2 mole % Mn, 5.57 mole % Re)
25 93.8mole % C
A “Waring” commercial blender was charged with 15.00 g of Vuclan
XC72R (Cabot Corporation, Billerinca, MA) and 9.118 g of ammonium
tungstate (Aldrich, 32, 238-5) that had been pulverized to a dust in a small
micromill (Bel-Art Products, Pequanock, NJ, # 37252-0000). The mixture
30 was chilled in dry ice for 90 minutes. To the blender was added 20.0 g of
deionized water, which had been frozen in dry ice and pulverized in the
micromill. The material was mixed in the Waring blender for 2-4 minutes.
The resulting uniform solid was allowed to warm slowly in a large
crystallizing dish and then dried at approximately 50 °C overnight.
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The currents were nornmalized for geonetric surface area. The current
tabul ated was i pt1lA, which was the peak oxidation current fromthe 15 CV
scan nor nwbioze8B9d» t he anmount of Pt (in ng) on the el ectr@dedgishped9sE= 400
mV ng Pt Exanple 4: 20 A Vul can Carbon supported catal yst was prepared

using the follow rocedure: Atom.c g
ingredients is a\M{B‘f? rialgvas FﬁS‘I‘@e‘%thtr‘?%ari@ ﬁ?f“@"eﬁz Qfélefge’ign%l e % Ru,
3.87 nol e % dhileBth dF icefidredPmiliutés.3Fodhe blérider was2addzldel 228Mmjotiumd7 nol e %

of Vil an - XS OIAC DL A RIS A B BB SGeheaaRE ey 100 9
anmoni um tumma¢@aommm%lh¢d 8pa ralselraul tTHiv@tmamabwaa rplmedentfz&ed to a dust
in a smld gg{%hdérﬁgrgmof%wgggu@s H%Ur%@g&.h dwfonﬁ s%ﬂa ;0000) . The

m xture 30 was i ce m nut es. er was added

20.0 g of d@l%’l’ﬁ@gﬁwﬁﬂ’f‘ﬁowwE‘PP"H&%"“IB@@*UTQ'GZ%WQ%CB’ISV ﬁ'%@g 489 pul veri zed

in the m cranddried AR TR @Birurs\asTHe peduchweiydt 823,26 gol ender for 2-4
mnutes. The resulting uniformsolid was allowed to warmslowy in a large

crystallizing dish and then dried at approximately 50 C overnight. 24 WO
03/ 083963 PC‘[ A0Sfranzask3Bis r?ﬁh@ria’axtvasilcmdemiﬂ a quantntubet (@8trhen Vd)rfittegl

conmmer ci c | ender

was addeg1 1.9 gﬁ%réla%nﬁ't OXI ﬂ“'dgﬁﬁg@a@oﬁr g?ﬂg{gé{&lé(ﬁii %%ﬂé);%egf{% in 18.0

g in cycl ohefixiure eonsigting (Pfrﬂod%yAWéé R pand 4% e 6dlsi(Meshane) dhe | . The

T U RS i s i e

a large crysté’l W@PE@V%‘# gﬁsom Qﬂv&gﬁtf%fty\g?“ %?foiﬁs %iﬁ‘ﬂsto PR pr oduct

\(/\2;3 ght is 2?t_et?h€:p@atu?e4ﬂﬂgwmgﬂ—|?f Thblmgttmhewaelpuvgéd Wwith ehétebden @agagcntz tuag
mm o : | sccm

and 200 ccrrthc?%”etga'Ei‘grrw&:?ﬁ#rger@%ﬁ@gg\eﬁ%%&C’%&%ﬁrﬁr'ﬂ”géﬁ%ﬂﬁ&?r 0 2550 o

(met hane) . Taed skueglireniwgenecwitiea prodact yeld affaboot €96rd.n to 500 C and 1

Cmnto 80 C, and allowed to soak at 800 C for 1 hour before cooling to

room tenperature in flowing He. The material was purged with nitrogen gas
and 15 then Sf&dferred to an inert at nosphere drybox where it was

transferred and atwarigdoh Bnihé begssiuraiiobn Waaesbis My Vehtinabe allout 4. 96 g.

20  Uchida, and S. Moto, “Preparation of Pt+Ru alloy clusters”, J. Electroanal.
Chem., 229 (1987) 395-406 was used. Into a 5 liter stirred plastic vessel,
5.67 g of an aqueous chloroplatinic acid solution (containing 10.13 wt %
Pt, derived from HyPtCls, Sigma Aldrich Chemical Company, St. Louis,
MO) were added along with 845 mi of water. 2.899 g of NaHSO; were

25 added (Aldrich Chemicals) and stirred into the solution for 10 minutes.

The solution pH was adjusted to 5 using sodium carbonate. 141 ml of
H202 (30 wt% H,0,, Merck, GaA, Darmstadt Germany) were added over a
period of about four minutes, with pH controlled to about 5. 14.72 g of an
aqueous RuCl; solution containing 2.02 wt % Ru (derived from RuCls,

30  Aldrich Chemical Company) were diluted in 49.27 ml of H,O. 4.00 g of the
material prepared in Step 2 were added to the mixture, and the mixture
was stirred for 15 minutes until the pH is stabilized. The material was
stirred for 10 minutes under nitrogen and then purged with approximately
100 ml/minute hydrogen gas overnight at room temperature. It was filtered

35 and washed with 5 liters of water, followed by air drying.

Step 3:
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Step 2: A variation on the procedure from Wat anabe, "M Watanabe, M 20
Uchida, and S. Moto, "Preparation of Pt+Ru alloy clusters", J. Electroanal.
Chem , 2280(03983%3 395-406 was used. Into a 5 liter stirreccp@Estewivessel,
5.67 g of an aqueous chloroplatinic acid solution (containing 10.13 w %

Pt, derived from i j . ] Qui s,

wer e added al ong \t?'mzlﬁ]bcggﬁgthé rﬂH%r ﬂfh%laﬂ%gb% l}dc%aqa%%oﬁévéyadded
(Al drich Chegbo&W)Nafioth@ssolutienl (SIEH@OVthngéh fyrd, uRShtaA BeR27 g The
sol uti on pH was adj usted to 5 using sodi um car bonate. 141 m of H202 (30

wt % H202, MePEROmere mixpewitd20.Baniceatijgrsvadee aguesyssplition condaintd of about

f t RuC13
sgrLt |moﬂucgf1t Mmr’l:lte:qNgﬁ_l)soggvﬁ %%ré@efsﬁgf?@ég ?r om %ﬁﬂ%w@t@ﬂﬁl%?%ﬂgem cal
Conpany) Swer MijDg) £@ndradl9 ndicrofitersfof BHAQQquéoNS sglutibntdoatainer. 5 pr epar ed

in Step 2 we dded to the m xture, and the m xture s stirred for 15
m nutes unti Pefrﬁ%mﬁﬁqu j&"ﬂ@tﬁ\"?ﬂ%@ﬂ"asﬁﬁ@eﬁﬁ‘ @Pl%'in”\'lx%xer\é\%mfagﬁn'?%rratlo

mi nut es U“deFod?hftérﬂgﬁfét%q‘oF B0 iR THE ik ARBTA EBSEH Y Ry i nut e

hydrogen gas overni room tenperature. and washed
with 5 |iterpapérstapeoyer alll Domd abe;a ad thatrtge migal ofsquyﬁ is2a. O3 18/ 083963

1T 4 et ot SoBUA G ?Eﬂ%reﬁeé&%@t”fﬁta%rﬂ%&%wednvﬁ} 8o afad0 Bent S and

5.727 g 16f h@@ %\gﬁﬁ%wth 20.0 microliters of an aqueous sol ution
cont ai ni ng 1M 8) 3, 45.4 mcroliters of an aqueous sol ution
containing 0.44 M 5 Mi(NO3) 2, and 39.9 mcroliters of an aqueous sol ution
containing 0.5 M . 'xturevvas mlled in an Omi M xer
Honogeni zer at r88H4 fRICE A$hut es. The ink was then coated

onto carbon apep .S r f| nal of catal yst
is ca. 0.3 PeE AT '%B ﬁe&fﬁ sﬂ t%;(%tg% %Eﬁ% ?&J %%‘ Aled in hydrogenyat
300 Cfor 1 rrsttrumﬁms fvibdel E&Q@sﬁqﬁ@varsﬂ/@pswn NHT&CR Flordseusedito Eval uati on
An Ar bi nyJesthngt wesél%eiréé@érh&au 51@1?6&]‘ agttaurﬁ% agcﬁa{??@welr@é%uug%@t s (Model

BT2043, Software Version MTS 97) was used
el ectrocheni f%lth?l'é[af:t“ﬂ*é(lfpr mathanofeidat '@Etbrydt?éf@ At veltamedyd&V)ive t hei r

activity for we@Hngo BKM Eliasogrsdwndwﬁumg @ﬂél’e@tr&@é%mhfWhé%el na 1M
GHEOH 0. SM Hggu nter efec r08e was & Pt COI?and a%é@‘{%ta%%r& calornegleelecr%rode)
was used as the reference electrode. The potential was scanned from the
20  open circuit potential (Eoc) to 1.1 V and back to —0.25V at a scan rate of
50 mV/sec. The scans were repeated from 1.1V - -0.25V — 1.1V until the
current was stable.
The currents were normalized for geometric surface area. The
current tabulated was ipt1A, which was the peak oxidation current from the
25 CV scan normalized to the amount of Pt (in mg) on the electrodes.

Ipt 1= 297 mA/mg Pt.

30
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counter electrode was a Pt coil and a SCE (Standard cal onel el ectrode) was
used as the reference electrode. The potential was scanned fromthe 20 open
circuit pwoaawsmb3 (Eoc) to 1.1 V and back to -0.25V at a carusoar®3df 50
nv/ sec. The scans were repeated from1l.1 V- -0.25V - 1.1 V until the
current was stable. The currents were nornalized for geonetric surface
area. The current tabul ated was i pt 5 ch was the peak oxidation
current fromahg is @irkdd $can normali zed to the anmount of Pt (in ng) on the

el ectrodes. | pt 1= 297 Pt . 0,26 WD .03/ 083963 PCT/ US02/ 29939
CLAIMS What is cljrai %Bc?q%?/?@?Ct,@r?aﬁxﬂec%mgﬁlpgcat al yst, conprising: (a)

conpound sel ect ed fr (ahaompaynogelectad ifrom He gfoupuogststing & toagétede,

nol ybden carbide, tun o] ' tﬂ?&ﬁf& hi.de, and
m Xt ur esu{nher eof ; (b) pﬁﬁﬁﬁmﬁ%ﬁ"i@b@ﬁ‘sc‘?{mﬁy’a. Ihum g;r%&?élt% éni um or
m xtures of plati num arfBolybeeRuwmaRysRitide, ansampdyres thereal. sel ected from

the group consisti ng(tg?fplé&indNb,, mikdures B9 pfatinuMand futhBRiuntor rikturés! of and
m Xtures thereof. 2. The ,anode el ec{ rocat al é?t of CAaim1l further

comprising a catalyst JUFIHNEGRASHIENMIMPXIde;28de el ectrocatal yst of daim
2 wherein catal yst s@)i ca metgipetdcted fronr thesgroapiconsigtibg of Ot Ng; &phi ti c

car bon. 4. The anode rQC | y/sty ;0 L, m. i hi gh CO

t ol erancg(.? 5. The anode @I %,ngeczf{egldyothlb;:u%ﬁé m'%yr%%eﬁgo_fmhanced

met hanol oxi dati od. ®he Bhedaeianiroshtatyst of &lainy $ furfercoanprisingvaer ei n
conmponent (a},f tg?r E@SsM. i n the amount of about 5 to about 99.989995
nol e % corrpo%eaﬁ{ts E) I's present in the amunt of about 5x10-6 to about 70

nmol e % and conpodent Ng @node slegtiogatalyst of Glaimpdwhereiprcat@ysiisalidol to about
69. 999995 nokegpPert e stratic aHHGT Gaphrigesrtge cal cul ated based on the

total mejgls, oM &Nt mnaandue LitARAHR & FEALRS R AMSS nh GbRI m 1 wherein
tolerance.

5. The anode electrocatalyst of Claim 1, having enhanced
methanol oxidation.

6. The anode electrocatalyst of Claim 1 wherein component (a) is

20 present in the amount of about 5 to about 99.989995 mole %, component
(b) is present in the amount of about 5x10-6 to about 70 mole %, and
component (c), is present in the amount of about 0.01 to about
69.999995 mole %, where the mole percentages are calculated based on
the total metals content.

25 7. The anode electrocatalyst of Claim 1 wherein component (a) is
present in the amount of about 30 to about 99.989995 mole %,
component (b) is present in the amount of about 5x10-6 to about
50 mole %, and component (c), is present in the amount of about 0.01 to
about 49.999995 mole %, where the mole percentages are calculated

30 based on the total metals content.

8. A coated substrate comprising a substrate having coated
thereon an electrocatalyst coating composition, wherein the electrocatalyst
coating composition comprises an anode electrocatalyst comprising:

(a) compound selected from the group consisting of tungsten

35 carbide, molybdenum carbide, tungsten oxycarbide,

molybdenum oxycarbide, and mixtures thereof;
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present in the anount of about 30 to about 99.989995 nole % conponent (b)
is present in the anount of about 5x10-6 to about 50 nole % and conponent
(c), is pwevafs3dh the anmount of about 0.01 to about 49. Pe99%62/2098€ %
where the nol e percentages are cal cul ated 30 based on the total netals

content. 8. A coated t;ubstrate conprising a substrate having coated
t hereon an el ectrocat Iy@lat'ﬁ%ft migtuEehRlodatingR andyatheiumy ef BibdeEaSocat al yst

coating conposition conpsf plagnam @nrbadgheigttoadatanidyst conpri si ng (a)

ol ybdenum car bi de, (g8t ER2EsgeERaIEn egRHR At BRAIF Bad * and

m xtures thereof; 27 WD 08/M83663ReCTOUSHDIL @odIMixtses phereohum  ni xt ures of
| ati num and rut hgni t ; and

p g §1! ¥He cBhidd silitiiete of cRlidld \&gg}ﬁﬂ%éﬁgﬁﬁfytﬁg @ﬂd?fm

(c) a netal selected e group consi
Re, Co, Ni, exchangg memi#R& thereof. 5 9. The coated substrate of Clal m8

wherein the subsypat ghé goated Qrbstr%wbﬁomnwhéwmell%n éB&ﬂaﬁgét ed
substrate of chan ran, the aci d form of

ber {1 uor | SRR FDASGE forTasl § meruor pateeh sk o Ate of Oaims
wher ei n the substifat €he soateglasubst@talof Clam@whacdin thge suﬂstraT@és sgated
substrat 2o of d9u§|or??t§ao ein the el ectrocatal yst coating conposition
further conprises r 13. The coated substrate of Claim 12 wherein
the binder is an120nTh@fc@amdg®q@©1ayeTQfCla1rs 8ivrhergire thealestiosalblyst at e of

d ai m 8 wher @bé\nﬁdﬂ@orﬁbggﬁé,@ﬁﬁ{@r)ﬁ%}npr%ggtd Bed&PeMposi tion further conprises

a sol vent. coat ed substrat Cl arm 8 wherein the anode

el ectrocat aI yst f‘%ftﬁ@? C@BWHﬁU&S&ra&e 9%1@5‘1"?3%2 wheredn heobipeer is@n iofhe coat ed

substrate of ekdtangelpolyherei n the catal yst solid 20 support is present in
t

0
(he amoupy ‘of abgyt ol B a3 P nd Qb Sy, 0! 1o
cat al yst sol cdatnggampositien furthsssorgirises @asddeantor graphiti c carbon. 18. The
coated substrate gf £aigLR UfsEalk bNEIANYE Eherein the anode
electrocatalyst further comprises a catalyst solid support.
16. The coated substrate of Claim 15 wherein the catalyst solid
20 support is present in the amount of about 1 to about 99.9 mole, based on
the total mole % of the anode electrocatalyst.
17. The coated substrate of Claim 15 wherein catalyst solid support
is turbostratic carbon or graphitic carbon.
18. The coated substrate of Claim 8 wherein the anode
25 electrocatalyst comprises component (a) present in the amount of about 5
to about 99.989995 mole %, component (b) present in the amount of
about 5x10-6 to about 70 mole %, and component (c), present in the
amount of about 0.01 to about 69.999995 mole %, where the mole
percentages are calculated based on the total metals content.
30 19. The coated substrate of Claim 18 wherein the anode
electrocatalyst comprises component (a) present in the amount of about
30 to about 99.989995 mole %, component (b) present in the amount of
about 5x10-6 to about 50 mole %, and component (c), present in the
amount of about 0.01 to about 49.999995 mole %, where the mole
35 percentages are calculated based on the total metals content.
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25 el ectrocatal yst conprises conponent (a) present in the amount of about 5
to about 99.989995 nole % conponent (b) present in the anmbunt of about
5x10- 6 t owelws8396® nol e % and conponent (c), present in taa/usamenst of
about 0.01 to about 69.999995 nole % where the nole percentages are

cal cul at ed based_on e total netals content 0.19.. The oate ubstrate
of Caimig whord {*R'ée'éﬁ' &é’mrglsé’&?&ea{%%}éqs b‘%rtwf?%g‘ 696Nt (a)
present in tb@bs&l‘melnbmhsebelﬁubsﬁatdna\ab@uba'&a tBS%@Eameleetr%atemponent (b)

ey o esent Coatirthadiint Herali e dea AR R Satlst e b "wher o
the nol e 35 pempdsesgesanade etegtroghtalyad compsigingy the total netal s content.
28 WD 03/483963 PCT/ K507/ {Qect@dfﬂb‘?ﬁ tﬁ@? qup{sqs?);npg)fqu

substrate, wherein t coate substrate corrpr rate VI ng coat ed
thereon an el ectrocat al ye&rbidgomoiRgenymheaP tqeoFP”%t@? exyrarhid

el ectrocatal yst coati ng ,ﬁ@wpgéh@mcm(ycgmﬂg la‘t‘rt@iSmB(ltUr@BQld@re@f -ect rocat al yst
conprising: 5 (a) co sel ected fr p consistin f tungsten
car bi de, nol ybdenum Ut REEYTER Mﬁ‘ruﬂg 8' tﬁﬁpﬂ}‘ﬂbeq{dﬁ‘?(gi{ Tar bi de,
and m xtures thereof; (bjfpﬂﬂtatumnarrd ruih>ehttmsxmife phdt i num and rut henium or
m xtures;,of platinu ar%..r t | ected from
t he groulp0 consi sti ngm(?)f Kﬁ)%%ilgdfé@ géhp@ﬁ E%%&né%ﬁg&oﬁ? ﬂll&l%(‘3

m xtures thereof. 21. THer MrsiFesdla, Ga, Nil GHnend mikeres thererf. substrate is an

ion exchange meppr a0Re ft@cem?oiétﬁt 26 fhherdih thé 3itRtrke WIBAGHM the i on
exchange nenbrane the acid formof the perfluorinated sulfonic acid

pol ymer. . QXChﬁF@efo@'i“%&%ﬂq of Claim 20 wherein the substrate is a gas
di ffusion backip®. PRe fuel cell of Claim 21 wherein the ion exchange membrane

15 is the acid form of the perfluorinated sulfonic acid polymer.
- 23. The fuel cell of Claim 20 wherein the substrate is a gas diffusion
backing.
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