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USE I N FUEL CELLS FIELD OF INVENTION 5 This invention relates to vapor
deposi t edweetoadyze® and their use in fuel cells. It furrdreusnel/@i®s to

Cat al yst Coated Menbranes (CCMs) and Gas Diffusion Backing El ectrodes
(GDEs) fornmed fromthese catal ysts. BACKGROUND OF THE | NVENTI ON Fuel cells
are devices that convert fuel and oxi dddfLEo el ectrical 10 energy.
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made to operat S usi ng as the fuel. For
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cel | anode ca®@® §tasictathio an exieapaldpad eircuit and then returned to the cathode
electrode, while hydrogen ions transfer through the electrolyte to the
20  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
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
25  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
mixtures obtained from steam reforming methanol as a fuel cell feed. This
may be particularly important for automotive applications, since a
30  convenient source of hydrogen gas can be the steam reformation of
methanol, since methanol can be stored more easily in a vehicle than
hydrogen. Also, attempts have been made to use methanol as a direct fuel

cell feed, because this eliminates the need for a reformer.
A need exists for fuel cell anode catalysts that are capable of

35  reducing the onset voltage for the electrooxidation of hydrogen in the
presence of CO or for the electrooxidation of methanol.



35 reduci ng the onset voltage for the el ectrooxidation of hydrogen in the
presence of CO or for the el ectrooxidation of nethanol. 1 WO 2004/022209
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Pt XaAlb UWher®&ion X is selected fromthe group consisting of Ru, W V, Hf,
Rh, Zr, M, Nb and CoC and a is, at. I%a[ﬁst 0. 001, an% t){ at least 0.85 (1
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deposi t edlSubst anthizathind sspEcethis imldntiv provides a coated substrate
comprising a substrate having applied thereon an catalyst composition,
wherein the catalyst composition comprises a catalyst for the
electrooxidation of fuels prepared by the chemical activation of vapor
deposited substantially semicrystalline
20 PtXAlL
wherein X is selected from the group consisting of Ru, W, V, Hf, Rh, Zr,
Mo, Nb and Co, and
ais atleast 0.001, and b is at least 0.85e (1+a); with the proviso
that when a=1 and b=8, X is only selected from the group consisting of W
25 V, Hf, Zr, Nb, and Co.

In a fourth aspect, the invention provides a fuel cell comprising a

I

coated substrate, wherein the coated substrate comprises a substrate
having thereon a catalyst composition, wherein the catalyst composition
comprises a catalyst for the electrooxidation of fuels prepared by the
30  chemical activation of vapor deposited substantially semicrystalline
PEXGAIL
wherein X is selected from the group consisting of Ru, W, V, Hf, Rh, Zr,
Mo, Nb and Co, and



Pt XaAlb wherein X is selected fromthe group consisting of Ru, W V, Hf,
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15
Semicrystalline is defined as a characteristic of a solid having regions
that do not have long range atomic order (amorphous regions) coexisting
with others having long range atomic ordering (crystalline regions).

20  Electrooxidation is defined as an electrochemical process that transforms
fuels in a way that electrons and protons are generated.

Chemical activation is defined as the attainment of practical catalytic
activity for a given precursor formulation (which has no such activity) upon
25 its exposure to a chemical.

Vapor deposition is defined as a physical phase transformation process
by which a gas transforms into a solid layer deposited on the surface of a
solid substrate.

30 Catalyst:
The catalyst of the invention useful in a proton exchange membrane

containing fuel cell for the electrooxidation of fuels is prepared by the
chemical activation of vapor deposited substantially semicrystalline
PtXaAl, onto a substrate, more typically a sheet substrate, wherein X is

35 selected from the group consisting of Ru, Rh, Mo, W, V, Hf, Zr, Nb and Co,
and a is at least 0.001, and b is at least 0.85e (1+a), with the proviso that
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15  Substrate:

The substrate, typically a sheet substrate, may be a gas diffusion
backing or an ion exchange membrane.
Gas Diffusion Backing:

The gas diffusion backing comprises a porous, conductive sheet

20 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
fluoropolymers such as polythetrafluoroethylene (PTFE).
lon Exchange Membrane:

25 The substrate for use in preparing a catalyst coated membrane
(CCM) may be a membrane of ion exchange polymers that are typically
highly fluorinated ion-exchange polymers. "Highly fluorinated" means that
at least 90% of the total number of univalent atoms in the polymer are
fluorine atoms. Most typically, the polymer is perfluorinated. It is also

30  typical for use in fuel cells for the polymers to have sulfonate ion exchange
groups. The term "sulfonate ion exchange groups” is intended to refer to
either sulfonic acid groups or salts of sulfonic acid groups, typically alkali
metal or ammonium salts. For applications where the polymer is to be
used for proton exchange as in fuel cells, the sulfonic acid form of the

35 polymer is typical. If the polymer is not in sulfonic acid form when used, a

4



fluorine atons. Most typically, the polymer is perfluorinated. It is also
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exchange functi.on of th nge .group. Additiona nononer s

e syl fopate ion“exch ) 1
can al so be i AUGHEST thegeph %Q?Sﬂﬁ%%cw nasomers '%5@?@()’.3“15}3@9@:& pol yners
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backbone %t thOLﬁ)iSd(ﬁaP er'l Brorv'ie d Seec?et)selr%dbéfdcte r&ﬁain in the polymer. The first
monomer may also have a side chain that does not interfere with the ion
exchange function of the sulfonate ion exchange group. Additional
monomers can also be incorporated into these polymers if desired.
Typical polymers include a highly fluorinated, most typically a

25  perfluorinated, carbon backbone with a side chain represented by the
formula -(O-CFoCFRf)5-0O-CF2CFR'SO3H, wherein Rrand R'rare
independently selected from F, Cl or a perfluorinated alkyl group having 1
to 10 carbon atoms, a = 0, 1 or 2. The typical polymers include, for
example, polymers disclosed in U.S. Patent 3,282,875 and in U.S.

30 Patents 4,358,545 and 4,940,525. One typical polymer comprises a
perfluorocarbon backbone and the side chain is represented by the
formula -O—-CF9CF(CF3)-O-CFoCF2SO3H. Polymers of this type are
disclosed in U.S. Patent 3,282,875 and can be made by copolymerization
of tetrafluoroethylene (TFE) and the perfluorinated vinyl ether CFo=CF-O-

35 CF2CF(CF3)-O-CFoCF2SO0O9F, perfluoro(3,6-dioxa-4-methyl-7-octene-
sulfonyl fluoride) (PDMOF), followed by conversion to sulfonate groups by
hydrolysis of the sulfonyl fluoride groups and ion exchanging to convert to

5



formula - (O CF2CFRf) a- O CF2CFR f SSGBH, wherein Rf and R f are
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neutralize one equl val ent case O
where the po|Wﬁmewmeé@palyawfq%mprm&@ﬁrfygmw Baek qneea@d de chal n

is -O CF2- CF(tﬁﬁ%ld@cﬁEﬁ iSED-Q Bl @@th U@ts%H (02 ddMetherssry al ent
wei ght r HPe t\f\‘{% equnvacfen glgﬂfirange WH correspon stto antl)?R of about 7 to
about 33 is about 700 EW to about 2000 EW. A preferred range for IXR
for this polymer is about 8 to about 23 (750 to 1500 EW), most preferably
about 9 to about 15 (800 to 1100 EW).
The membranes may typically be made by known extrusion or
25 casting techniques and have thicknesses which may vary depending upon
the application, and typically have a thickness of 350 um or less. The
trend is to employ membranes that are quite thin, i.e., 50 um or less. While
the polymer may be in alkali metal or ammonium salt form, it is typical for
the polymer in the membrane to be in acid form to avoid post treatment
30 acid exchange steps. Suitable perfluorinated sulfonic acid polymer
membranes in acid form are available under the trademark Nafion® by E.I.
du Pont de Nemours and Company.
Reinforced perfluorinated ion exchange polymer membranes can
also be utilized in CCM manufacture. Reinforced membranes may be
35 made by impregnating porous, expanded PTFE (ePTFE) with ion
exchange polymer. ePTFE is available under the tradename “Goretex”
from W. L. Gore and Associates, Inc., Elkton MD, and under the
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pol Yot hyl ane, LB FHEC oI SRUeTT0Ra n Lsp SRRSO S448 imat erf al s

and the |ike. 54670 §c023,685 poly1299,988ch as -pol ychl orotri fl uor oet hyl ene

10 may al BD bProteed.Fofl8yniksdis:ane nay al so be made froma
pol ybenzi madazol e Folyner Thi's nmenbrane nay be made by casting a solution

of pol ybenzi nadazolea sRegfie sphndimentite PBS#ddfa adhbd W) precumqrfmay)r oacetic
aci d (TFA) asbé”%éﬁt{gregggd |H|§%pp 3?{%&53%3 redetf tat eonsisted’ata waler- & 029 085

and 6, 099, 988
cooled cylindrical stainless steel holder that rotated around its vertical axis.

Other known vapor deposition reactors include resistively heated vacuum

20  evaporators, inductively heated vacuum evaporators, electron beam
heated vacuum evaporators, secondary ion beam sputtering evaporators,
and chemical vapor deposition reactors.

The substrate was fastened onto the holder at a given elevation.

Four magnetron sputter vaporization sources, each using several

25  centimeters in diameter target, typically about 5 to about 20 cm in diameter
target, and most typically about 5 cm diameter target, may be located
around the holder at about 90° from each other and radially faced the
cylindrical holder. The elevation “z” of the substrate was defined as z = 0.
The elevation “Z” of the center line of each magnetron sputter vaporization

30  source may be independently controlled and referred to that of the
substrate. The position of a magnetron sputter vaporization source
located above the substrate was defined by an elevation z > 0; the position
of a magnetron sputter vaporization source located below the substrate
was defined by an elevation z < 0.



In a specific enbodinment, the PtXaAlb (a >0, b > 0) precursor may be

synt hesi zed in a vapor deposition reactor that consisted of a water- cool ed
cyl i ndri celo ®mpaombmss steel holder that rotated around iRCI/vR0EI26893aXi S.
O her known vapor deposition reactors include resistively heated vacuum 20

evaporat ors, i nducty el uil\eat ech waPYHBGIRAPRIAY 65 Sapst B55ARGAT heat ed

vacuum evaporators, secondary |on beam sputtering eVaporators, an
cheni cal vapoMmAddsubstoier oaekample Tshestibghstrte, such daSpentzacabt o t he

hol der at a g. levation, ur etron sputter wvapaorization sources,
each using se\?tésfgg‘f‘ec?gbﬁﬁgi)%tE?%SVﬁ&g‘f‘i‘qﬁPpéqseprq%gfléfé??sﬁ%%&f’cyé&p)? $tout 5 to
about 20 cm i gogliedrairkice regld¥eand VEMBRSA P‘t,wpiaﬁalAlx/agB%J,tea%h%ﬁwﬁtba”Etef

target, nmay be |located around the holder at about 90 from each other and

radi al |y face&ofha separatadiagnatrafosisier vaperizationsouae were sequietiallybst r at e

was defined a = I "% n |l ne .of each

magnet r on sputa te é(r)SII\[/éz:abp%)( F%g%eﬁ%‘gé%bggﬁroﬁéh‘%%%}%b‘gatféﬁa3@‘%XEBﬁrﬁ‘§f8Em§*P%| | ed
and referred predunsdr edatingeof tisel bsduiridesizd.h€op@sl bf e REX Al BGiBRIohesIns pUt t er
vaporization source |ocated above the substrate was defined by an

el evation z >MRY k¢ achis¥ed vishindgpendenigeatiobal heignidipnpawsrifedto sackour ce
| t ed bel i ] i . <0,
2004/ 022200 PAATEISSFUESE ya S alPh stfod nd stV iopRickive Bandi oY

vapor deptBi t Hw sulisirade nidoienteraalbmtbstriaée héatingewas@Exerdsehdeting thst r at e,

such as Spectracar 2050A carbon paper. .The substrate was_properly nmasked
to yield a set2PULERAFLQN $i5Pe E%rgg%fﬁ’ SyHhesise n‘f%orﬁFPO%t'gﬁ(?E}ﬁle"{apors,

gach emtled feh/ihampeRdHPIIRINSLIARCSRUAR pkeRle BALL AR YL EE V! ©

sequentially _déeposited by repeat exposure of the substrate to the vapors
to formthe pilocuandit magtbersybstquastly kack filkst with dowitanOn &b agreshigrePt XaAl b

stoichionetry . m achi eved via i ndependent control of fhe nition
power fed to ggﬂmg”tgﬁ)gﬁgh ol tgefﬂjttﬁ%,sugg irite Yapatderosiien P{ €e| evat i on
relative 19 t padcuporl 0Th skeBileSIUCH! SubshiateSESInR@ht, mébéwihahﬁalf}ﬁﬂaér“g was
exerci sed during the vapor deposition step. For each synthesis, the vapor
deposi ti on syBw@drhe Rinignikeqdahpeeutddiie akou 590awalistrhers typicallye apoes8lir e
bel ow about 5 0190 65[ .
t out 300 watts and most typically about 80 watts, for about 1 to about
100 minutes, more typically about 10 minutes. The gas flow may be then
switched from flowing O, to flowing Ar and the pressure was adjusted to
20  the required pressure to conduct the vapor deposition of the precursor.
Synthesis may be done, while the substrate was rotated at about 1 to
about 50 rpm, typically about 5 RPM and total co-ignition time for vapor
deposition was determined by the thickness of the precursor coating
desired, typically about 10 minutes.
25



Torr, and it may be subsequently back filled with flowng 02 to a pressure
of about 50 mforr to treat the substrate prior to vapor deposition of the
15 precurwar200d@2e09ecut e such substrate treatnent, the adrwvstoesabsidol der
may be RF ignited at about 10 to about 500 watts, nore typically about 60
to about 300 typically about 80 watts, for about 1 to about
100 m nut es, elicaKotRiRbn: bout 10 m nutes. The gas flow may be then
switched from fl owimgné 2mimdiment ting WaAmcbmberspresalwesumawmwtt&rl to 20

the required pressure.to cqonduct t ep on of the precursor
Synt hegi s mayPrB@e Or\ﬁn"f'efc%émf‘ﬁﬁu@ 8 {Jéf@ﬂu”ﬁs 3BOHP® to about

50 rpm typi cabb ern&eBE%%%siré%@iutIBH s‘u%ﬁ'aﬁ'ﬂ)‘m&%ﬂ‘@a@)ﬂrsd{@tﬁﬂf

deposition was determ ned by the thickness of recursor coating
desired, typi bald st Bboigllowed rinynunwsma‘os a\mtmommzm tpaitallysabed/ 020893

Chem cal Act i atr ln one e nt the Pt XaAl rsor .coa

substrate may% ? Qéﬁ)ﬁ‘o %M@Fﬁlégctoﬁ %Pﬁc%ﬁﬁéﬁ 5
mnutes, and ot lQaOP«p:%lhtrér?QtQh@%\)%%ed fbrﬁpér%ﬂ%' ﬁlrp‘?é%lllytdb@ﬂt gpgelr as 20 wt %
NaCOH soI ution 5 held at RT, followed by immersion™for a set mninumtine,

typically aboGltherarsafuma;silcanwmpstrmla@@potemmmydmm&e saludiongwust i ¢

sol ution such 0/ Na ution el eva enper.at ure
typically abo}@ %98 %‘éﬁ?_{lf?@ftlﬂn (] W'Ea %‘P%Pf‘%ﬁ{é of QIiLdE Jeresr um
hydr oxi dejgol tHdrothat at Walchreaustic Wtilg Besddpfeteg! ution may typically be
orders of magnitude |arger 10 than that at which caustic would be depl eted.

Fuel Cell: TheugL@kllcell of the invention conprises a coated substrate,

wherein the coalefe %&%eﬂ@‘f%éﬂ%htré@éoﬁrp’ﬁ%%Tarﬁaﬁecﬁ@ﬁ{bé’@atbhﬁh@%’h a
catal yst conposition, wherein the catal gst conposition conprises a

catal yst for heecasted issbsiraiexsataprises asubsteate having thergorepaatalysly t he

Brxan b wher SmPRStBh. wHBRT 45 BRhish EogRSRR ebese R brtalSt Rigthe.
Rh, Zr, M, Blectodxidationoffils thalls prisired bYAhe chBhidal astiddtidreast O. 85

(1+a); with
vapor deposited substantially semicrystalline

PEXGAD
wherein X is selected from the group consisting of Ru, W, V, Hf, Rh, Zr,
Mo, Nb and Co, and a is at least 0.001, and b is at least 0.85e (1+a); with
20  the proviso that when a=1 and b=8, X is only selected from the group
consisting of W, V, Hf, Zr, Nb, and Co. The coated substrate may be a
catalyst coated membrane or a coated gas diffusion backing electrode.

Catalysts in the anode and the cathode typically induce the desired
electrochemical reactions. The fuel cells typically also comprise a porous,
25 electrically conductive sheet material that is in electrical contact with each
of the electrodes, and permits diffusion of the reactants to the electrodes.
As described earlier, the catalyst compositions may applied, i.e., vapor
deposited, onto an ion exchange membrane, to form an anode or cathode
thereon, thereby forming a catalyst coated membrane. Alternatively, the
30 catalyst composition may be applied, i.e., vapor deposited, onto a porous,
conductive sheet material, typically known as a gas diffusion backing to
form a gas diffusion backing electrode.
An assembly including the membrane, and gas diffusion backings
with the catalyst composition applied either on the membrane or the gas

9



20 the proviso that when a=1 and b=8, X is only selected fromthe group
consisting of W V, Hf, Zr, Nb, and Co. The coated substrate nmay be a
cat al yst vaetoedoarzovbr ane or a coated gas diffusion backiray/es2eatnosds.
Catal ysts in the anode and the cat hode typi cally induce the desired

electrochem'c reac n The fu i cal | SO CO | se a porous,
25 el ectri cal é@&f@%s QhaRPo t'%?‘?@let' re?gré’%%e@%etm%éra%m act
with each of em’tr@lde(asrsedﬂzty ("MtcADeBipolar depdratorqriatet, maelerafact ants to the

el ectrodes. §6n5‘l§’§tﬁfe dﬁﬁ%rﬁ%ha ‘Hrovn&!ﬁ'@ fﬁ)@& ﬂél)ﬁﬁtforcf?wgprgab{an?é]%rmac%@pl | ed,

I .e., vapor ron e node or

cathode t her Bghveaamstyberf widirpent BtAs.y Atnurpbercef M’éﬁﬂsrambblpolar
Al ternativel Y{alétl@@ar?@aQ@érﬁbl)éﬁtln‘iﬁigﬁﬁéhﬁér% pmaw@% BPLéIPStack. ©- . vapor

deposi ted, 0 a porous uctive, s ial, typical knomn as a

e |y
gas diffusion backiRht }i%e'ePHPa?§t%g‘§‘CHPT‘@%@PBYP'%&HHQS& téiP%‘éPfr%’&bceJ@m
assenbl y i ncl effediivd Aeodeahd aathocR chiglgst slidsf makioe bﬂﬁ}fdétﬂs Efféd:ﬂ\)é t he

| lied.,eith t h
5004l 039200 PanPHRIRATE 8 55Vh S all ok EallE EEAGe irs) SRS 8B omet e
referred t o aar@aamﬂaibieéo thed Etatante (2 dbe stiby ate beatrcallBicpnhacteddpar at ﬁr

I 1 t he
PL2L S R Bl as BARARH e T Flo SR SEAUEACRRILERY B 0

and bi pol ar 509F§{e@§r05ﬂ@ Ffeciveaathode mtglyﬁhﬁlh%& have pevaratidesirable| ceII
stack. For thengtRedipides(1) thd Bies bRNa&lds8mié ¥eine ﬂeracid?ﬁsa tth@@%esOéref uel

Ils, ff d d t t t
Effect i ve Sﬁ%@‘?&.@iwégﬁggneﬁie?ﬁa\g@sﬁﬁs et 3 ewé%%. stics: (1)
the sites ar mmsﬁl@/scmnlnbete‘dototthe fuelamllasMetrdlte. t he sites are electri c?: |y
d 10 t | ca
Comnect ed' o the. 1 4 BRsfmo B8R tedChl B s ARsBRbE R BRfaBl, °31 1 )
have several &taskitaprrevens heakscoreintartmixing ¢fithetfue! and eddantfluid streaimsl e t o
the reactant, Fﬁ%?célh%}ai%k%ﬁizp:éélﬁl eﬁxlpﬁg;ﬁm hh %ge&s@ L& (ﬁ ?g gas

di ffusion Iayer y onnecte t he fuel
cel | el ect rol flastomeri¢ gasketsbetwaen the %egafatorrré%t@ﬁamﬁ mebiares- edkepassages

in a fuel cel bealsttymkanwcnmmwﬁbd t‘h@lﬁﬁamfold@bﬁﬂ ﬂﬁré élerwo@hem,%ui/%hv@nd

oxi dant f& ' d Setar €80 %1ing.ma achlevefg a ng 4 COX"I rngswé/for et the; ght

Fesi 11 ent 2caples. capingmay be V &ppfng & colnprs ceto
resilient gasket seals.

Fuel cell stacks are compressed to enhance sealing and electrical
contact between the surfaces of the separator plates and the MEAs, and
sealing between adjacent fuel cell stack components. In conventional fuel

25  cell stacks, the fuel cell stacks are typically compressed and maintained in
their assembled state between a pair of end plates by one or more metal
tie rods or tension members. The tie rods typically extend through holes
formed in the stack end plates, and have associated nuts or other
fastening means to secure them in the stack assembly. The tie rods may

30 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
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

35 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.

10



el astoneri c gaskets between the separator plates and nenbranes. Such seals
typically circunscribe the manifolds and the el ectrochemcally active 20
area. Seahiomosen2d¥e achi eved by applying a conpressi ve HGQres0a3n2odve
resilient gasket seals. Fuel cell stacks are conpressed to enhance sealing
and el ectrical contact hetween the surfaces of the separator ates and
the MEAs, and seali greﬁg'?ﬁﬁﬁﬁ’%ra@é:ﬁ?m at@&h?ng?ﬁgﬁg@SM%ts. I'n
convent i onal fcagbed By, foelekapiphe kKberraleorfpressurelihdsdeatégpaarsiort sipd cal |y
conpressed an L RE 3l | L& as € : t ' f end
pl at es by oneggﬁﬁ'br}gé@’%&%é#&?fbgﬁ?%%g Jgﬁ%éh@%}ﬁgﬁgﬂf@%&aﬁgpgﬁgé F(gds
typical l'y ext émainian aupmiressive loag apdhe fual isell esaemblies iffhathicknessdfhave
associ at eds NUtge Afel @bl BEsEMBIIES SRANKEATSe f&inﬁﬁ%&nbgﬁmdy%é&eoﬁp?&%

a g through

assenbly. The,tie rods pay, 30 be external, t 1s, not “extendi

t
the fuel cell PPESFEMGRIRINECasasidhe thickness ofdhevel calpssembligad
si gni fi cant |y Rreferéigly sthedissiiehBientit is ¥eledtiRl tol provRicas Bessthhialyr ef erabl e
to use one or re internal. ti.e raod tFatl xt end qutvvg%&n thﬁ .st%ck end
ol ates t hrough BRERCAEPTFelYR otpade the et gel assemnlies,Mifin antiglatiched i n
U S. Pat. No. expdBdgip6emdd chnpiactibh yimit3For as iopemtingfesbesls Bheregilidritzed to
cooperate st L e tes:. 1.0 .t at es
owar do chih aBet iy B AYBERaRH Rinds” ot ot buBliik00
PCT/ US2003/ 0208330, anepringsplaiesnor passtre pads arimasien restieahgermpressiteack

I engt h caused dayices @ rfecHEigms ! FBF BRAmPle, RINRSHURSd Wrgﬁb%gi:g%gdgn?o

contraction, and/or.deformatign. That IS, the resili .

mai ntain a co ed i, qgggk-o%ﬂﬁﬁﬁs'ﬁ%@l m@g]tqerggg@%t@%ylthfth@ RSP ckness of
5 the fuel celnherabelemlln‘ge_sthemhuwapesTbWar$é?¢h ﬁﬂiefrmhléb@cﬁ)i ?@Myiﬁbﬁl conpress
to acco at it i ckne . u e S i es.

Pr ef er amg 't ﬁghﬂgé%q?%E}ad&‘géﬁglﬁgsceiieq%%pﬁ)&e%g%gr%ﬁqn& eéoascﬂﬁstﬁgm lally

uni f or m conpr éndioenfamber.to the fuel cell assenblies, within anticipated

expansion and contraction limts for an operating fuel cell. The resilient
10 nenber may conprise mechanical springs, or a hydraulic or pneumatic
pi ston, or spring plates, or pressur & L other resilient conpressive
devi ces or nedei@iningtionrof EgxdopleOhbatectrooridatiospri ng pl ates may be

20 Electrodes having a 1.5 cm? active region were evaluated by linear

polarization in a 1M CH30OH/0.5M H,S 04 solution using a 3 electrode
system where the counter electrode is a Pt coil and a SCE (saturated
electrode) was used as the reference electrode. The potential was
scanned from the open circuit potential (Eoc) to 0.7V vs SCE. The current
25 was compared at all potentials. Eqns for MeOH electrooxidation was
defined as the potential at which current for methanol oxidation
commences.
Prior to linear polarization testing, the electrode was evaluated for
its activity for methanol oxidation by using cyclic voltammetry (CV) in a 1M
30 CH3OH/0.5M H,SOy solution using a 3 electrode system where the
counter electrode was a Pt coil and a SCE was used as the reference
electrode. The potential was scanned from the open circuit potential (Eoc)
to 1.1 V and back to —0.25V at a scan rate of 50 mV/sec.
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| ayered in the stack. The resilient nmenber cooperates wth the tension
menber to urge the end plates toward each other, thereby applying- a
conpr essi w® 10ooaak2e@ t he fuel cell assenblies and a tensiH@/US20€8/0220898 h
tensi on nenber. EXAMPLES Determ nation of Eons for MeCH el ectrooxi da
20 El ectrodes having a 1.5 cnR active region were evaluated by |inear
polarization in a 1 M CH3OH 0.5M H2SO4 sol ution using a 3 el ectrode

wher e t he coublentrodledabricatiori:s a Pt coil and a SCE (saturated electr

was used as the reference el ectrode., The potential wa scanned from
open circuit potenﬁeﬁ%@écﬁo %”@97%';593%@@??%3W?§%?r' CQa¥ compa

al | potenti al aePgﬁﬂﬁ%i\@'ﬁo%@!@fﬁ%%i %@{:c%}%a\“@@ 20k Moﬁ%@&)@?

potential at

wh rrent anol atlion commences. lor t

| i near pol &ri zavénny { &sd¢rnhg, the el ectrode was evaluated for its act

f or net hanol

CH30H 0. 5M H2g)c()izld25’%’&‘3%3@”%“i%%@@ﬁ%%%@%@ﬁ%%ﬁ@“?ﬂéd uﬁ'? e
e 00 v S TSRS DB R Gl 55 1

potential was scann

back to -0.25unétregionaxdithe Spectrbcad@RDS5eA caton/Eapfl84istzPheSollowing
PCT/ US2003/ 020893 | El ectrode fabrication: Electrodes containing ink-b
catal ysts wer B89 &at ed by depositing Nafion(r)/catalyst inks on
Spectracafgp(r) 2050A carbon paper 5 covering 1.5 cnR. Electrodes
cont ai ni ng experinental catalysts were fabricated by vapor depositin

experi nment al

Expaamentl catalysirsyothesid:oy onto a 1.5 c¢nR region of the

Spect b(r) 205 b ing the following. procedure: 10
Sxper| montal bt al Y08 TR RABLD. BrR ) BESRHRr (5 sSBIneRzeof AL, <o

15
e
tion:

system
ode)
t he
red at

0
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;
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.1 V and

ased

g the
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synt hesi zed i ego¥ifi®® FeadleP®Rt EbRsIstedias P atdtaioofeNeyIFdeiastamieMt er - cool ed

cylindrical

15

20

25

30

st al nl ess

steel holder that rotated around its vertical axis. The Spectracarb® 2050A
carbon paper substrate was fastened onto the holder at a given elevation.
Four magnetron sputter vaporization sources, each using a 5 cm diameter
target, were located around the holder at 90° from each other and radially
faced the cylindrical holder. The elevation “z” of the substrate was defined
as z=0. The elevation “Z" of the center line of each magnetron sputter
vaporization source was independently controlled and referred to that of
the substrate. The position of a magnetron sputter vaporization source
located above the substrate was defined by an elevation z > 0; the position
of a magnetron sputter vaporization source located below the substrate
was defined by an elevation z < 0.

A PtX,Alp (a > 0, b > 0) precursor was vapor deposited onto a
moving 1 cm wide Spectracarb 2050A carbon paper substrate, properly
masked to yield a 1.5 cm? coated surface region, by means of the
sequential deposition of elemental Pt, X and Al vapors, each emitted from
a separate magnetron sputter vaporization source. The rotating substrate
was repeatedly exposed to the sequence of the different vapors. Control
of the PtXzAl, stoichiometry was achieved via independent control of the
ignition power fed to each magnetron sputter vaporization source and its

elevation relative to that of the substrate. No external substrate heating
12



steel holder that rotated around its vertical axis. The Spectracarb(r)
2050A 15 carbon' paper substrate was fastened onto the holder at a given

el evat i onwoO Foue22209gnet ron sputter vapori zati on sour ces,PGIacd200s320893a 5 cm
dianeter target, were |ocated around the holder at 90 from each other and

radially ! aceshd dgreibiiifingthe DabIFHepddiforPLRIAE R bach sylithddiE hbst rat e

was defined as z = he e evatl e cen
magnet r on sputvaper dépasitiam B)zsiénmaspunqmdv@cmm trdanne@qntHewscbmﬁe ol l ed and

referred to that of  the su ate. osition of a nagnetron sSputter
vapori zation S5gFUEe P F’Eﬁ"égéﬁfga BVeaf‘g §W%QC§‘9\N§¥ b@é‘rﬁ'ﬂ@@"‘ﬂ an

el evation 2 >@vird1e, RYS rb08ro%r o8 it gqgrtfaaﬁw LBl BRRI AL Sour ce

| ocat ed bel ow t Bst r an e eva 1 on
Pt XaAlb (a5> (depbsmoﬁ)of ﬂn@pmoson/va'fowpomteo&mhsmlbsﬂa@treamerrtptheng 1 cm

w de Spectracar car bon er subs rat masked to yvield a
1.5 crrg coat e @Eff QGOWQQPN@ﬁ Joniedrat %fgrsﬁg%’?mﬁﬁlto gepeste ?gn of
el enental Pt, glafchbrgtPRRuRd tﬁé%t]b§1.%ﬂet eﬂqébgﬂ?\g 7 ot SvitEHgpet ron

sputter vapori zatl on source. The rotating su was repeatedly
exposed to th&osefowingeOpto ﬂcbwm@ﬁuf@nbt’rte pressure. was atjusted of 1@ rrer?t XaAl b

stoi chionetry ieved |a i dent contraql |on pomer
fed to each n€§'ﬁ§‘t“3§H9§’889E {5] Q{ﬁcgﬁﬁ’fcgu&ﬁéyp S'Seil%

relative 10 t batarpélethizay Edmﬂfe@i sdﬂetre@ RitaRld fUPRPMVRERC he@l ¢ a:dsug 12 WO

2004/ 022209 PCT/ US2003/ 020893 was exerci sed during the vapor deposition

step. For eaclgniion Haeifer vaprr depgsiionqeasdPtmipates st em was punped down to a

pre-synthesis base I tly back
T eawi thf 1 ow Ao ogaERuBE Byt ond8 ol ot BRE HEAEAEA. (), o
prior to vapothe &xidtemasidfiaomorphiotb eegions wittirr these rextedidl s svidbnesdbyr at e
treat nent, the cylindrical holder was RF ignited at 80 watts for 10 m nutes

to generate at %P@ﬁeﬂpg@ﬁér@'@a‘éﬁ@t{ﬁ@%ﬁ@ﬂé%uB@f Bt §Caﬂ¢fé1§g®§e¢ﬂ°@v@f\ﬁh%dt hen
hed 0 10
wTorr to [SonaipCBhR, SR g s Sonp ik WPl BN  udi c: &

t ook place 10 effec’raex&rteﬁbby mawm;ergmwwmdsmm fRdiltatestaheghdtationRPM and
total co- ignition ti netLor vapor deposition was 10 minutes. X-ray

diffracti on afHpgike syntbgsis ofthrsq alyminigeriptgrialins i ndi cat ed
Subsequently, the Spectracarb 2050A carbon paper, having a 1.5

cm? region coated with the PtXAl, precursor, was immersed for a

20 minimum of 5 minutes and up to 120 minutes in a 20 wt% NaOH solution
held at RT, followed by immersion for a minimum of 5 minutes and up to
120 minutes in a 20 wt% NaOH solution held at 80 °C. Volume of the
caustic solution was orders of magnitude larger than that at which caustic
would be depleted.

25
Control 1:

Example 4 of US Patent 5,872,074 was repeated to prepare
mechanically alloyed powders having the stoichiometric formula PtRuAlg
from a mixture of elemental powders of Pt, Ru and Al using a SPEX

30 8000® grinder consisting of a WC crucible with three WC balls. The
weight ratio of the balls to the powders was 4:1. The high energy ball
milling operation lasted 40 hours. Particle size distribution analysis,

scanning electron microscopy analysis and ICP analysis confirmed the
13



t he exi stence of anorphous regions within these material as evi denced by
the presence of a broad envelope in the 20-30 scattering direction of the
15 di f f r aotoomoamm2268uch evi dence is consistent with the equecseas/qodachi ng
effect exerted by the water-cool ed holder that facilitates anorphization

during the Sygégfiﬁb%l Fnetdhiﬁst?sﬁ'%@?é‘b‘i'& ﬁ%gﬁb@%@dr SO Coa{jénywaé he

Spectracarb 2 car on paper avi'n ed wth the

Pt XaAl b precussnrcallyvaﬁxedﬂm@aadaﬁmT@@%(Evmsmlmﬁﬂn ©f yisldnaminkesmvagdg up to 120
mnutes in a 20 wt % NaOH solution held at RT, followed by imrersion for

i ni num of 5 mt%ﬁwsan&&wt%@mﬂzdmh%ﬁwgni with @golid %emm:a%pwp%n hel d
80 C. Vol d f de |
e nat ot RO R B A RN RIS 2ol DO e %S of

US Patent §,872,074 S@éctfﬁé#@@@@ioﬁ\%a@b@lﬁ)géper wes haimteaith sldhordo powder s
havi ng the stoi chionmetric formla froma mxture of elepental

powders of Pt acRigvarinamingioaging gﬁﬁﬁmgs@mﬁ(cﬁlﬁtr@uteﬁb@ver@ﬁsﬁ emi ng of a WC
cruci bl e wit hré@ﬁﬁefﬁ‘é &é‘%ﬂrq?qe WAE tp&ﬁ%&@tec{e%tﬂo ) 8%u§t[&5 0‘9% n"tr%a powder s

was 4:1. The hi energy Dba m '1'7rng operation ours. rtlcle

si ze di stri bublyamnadgrsingsit for 15smamnesh £Roaitto NaO 4 soktiopheidhat RI, s and | CP
anal ysis confirmed the 13 WD 2004/ 022209 PCT/ US2003/ 020893 fi ndi_ngs

claimed in usfolpwebbyimmersien i a4 wiio MWI@'%&M@W@%*O *Eoler d &l I é i xeg2
w5 amy1 - & cofiuEsy BT EYEnd el sSSP SYo Cistnth %8 hovder

and 20 wt % Nafd Qfor MeT39 eBMr&)xmaﬁ@aQifrzmamV\m&%S@E.bon paper was pai nted

with such ink to achieve a nomnal |oading of 0.65 ngpt/cnR distributed
over a 1.5 cn2 region. The el ectrode was then subjected to a caustic

activation tregtbueit 4-by imersing it for 15 mnutes in a 20 wt % NaCH
sol ution held‘a‘r@‘—followed by imrersion in a 20 wt % NaCH sol ution held

at 80 C for 15 10 irollowew thefein okygamdldw disehayel tasatrenit of theestbsigts uch
el ectrode ? hovs daetalF?P in Ihoer e%ee%eent% éerc %ﬁ'a otvleO eor];re%E?so%a\{ser sus SCE
synthesized using the experimental catalyst synthesis procedure
described above by coigniting a Pt magnetron sputter vaporization source,
located at z =-0.75 cm, at 100 watts; a Ru magnetron sputter
vaporization source, located at z = - 7.00 cm, at 100 watts; an Al
20  magnetron sputter vaporization source, located at z=- 0.75 cm, at 400
watts; and an additional Al magnetron sputter vaporization source, located
atz=-7.00 cm, at 400 watts. The so formed semicrystalline precursor
was subsequently activated by immersing it for 15 minutes in a 20 wt%
NaOH solution held at RT, followed by immersion in a 20 wt% NaOH
25  solution held at 80 °C for 15 minutes. The Spectracarb 2050A carbon
paper having thereon a PtRug020Al3.125 precursor, that was caustic-
activated and tested by CV and linear polarization, showed a Eqps for

MeOH electrooxidation of 187 mV versus SCE.

30 Example 2:
Example 1 was repeated with the following exceptions: the Pt

magnetron sputter vaporization source was located at z = + 7.25 cm, at

100 watts, the Ru magnetron sputter vaporization source was located at z
14



Exanple 1: Follow ng the RF oxygen gl ow di scharge treatnent of the
substrate 15 as detailed in the experinental section above, the precursor
was synt Wesionee2e®i ng t he experi nental catal yst synt heSica/ys20ead0898
descri bed above by coigniting a Pt nagnetron sputter vaporization source,

located at z = ;4 é]" (fﬁw:clxﬁg’ %tAlﬁga%&bd@ﬁf%éfo\%%oﬁEHﬁér%ou

vapori zation source oca ed at 'z = - tts
magnet r on spumedoaavtpdratzai 25 oo, @e 400 ecHtse dndtthe additioballAl cm  at 400
watts; and an addli[onal netron sputter v ati o urce | ocat ed

ma Orl
at z = o7, 00MEARNeHONARGEYAROTAAIONSO U e Weg IQEHPd 2 P | OBCHy Bk ur sor
s subsequeniyhy yagls VAHRRCABTRIR)NGabon! Ahel a0 Efed g 2 20 W% NaCH

solution held at RT, fol mrersion in a 20 % NaOH 25 sol ution
held at 805C PdRuﬁEsgAlmuisqxeCU'ﬂser Sbetwaacausil@eammtedaabdriestpdm@frC‘Mavu ng
t hereon a Pt Ru0,

oot od by ov SR TAEALRo ARt SHOREH 2 Ere i ROED AEchBpxidaties Of 182"

el ect r ooxi dat ypnvefsus&CrV versus SCE 30 Exanple 2: Exanple 1 was repeated
with the foll ow ng exceptions: the Pt nagnetron sputter vaporization
source was located at z = + 7.25 cm at 100 watts, the Ru magnetron

sputter vapori source was located at z 14 V\D 2004/ 022209
PCT/ US2003/ 02%—@-‘& 1.00 cm at 100 watts, the Al magnetron sputter

vapori zati@n sour CEanﬁﬁeHW@é@be@tecZwﬁhthéf(ﬂ@mﬁm@ eRteptihsneig Bt and the
additional Al magnetron sputter vaporization source was |ocated at z = +

1.00 cm at HRINRHONSPUREENaRRIiZAIDNSONIERNaE40sRAd FhgeT +17aV0 AY: Eher eon a 5
Pt Rull. 152Al 74 6%’@ ﬁ{a\%%ﬂ%ggﬁﬁef %@aﬁtéoﬁf&eeﬁag&gﬁétgég? by Cv

and |inear polarizati el ectrooxi Ion of 118 nV
versus SCE. Exdhp0en§: at]iOOExatta) ltiee Al wmgne&paeﬁpeﬂewapomjwohcﬂduwe was

t t t | ted at
D b0 o catoghal gt 300 arar s A mERS Anc B S EGRA aB T our co. was
| ocated ajfsz t@e%ﬁ?’taﬁén %QQrdéﬁké@ocb{”&l A z BRYNEH CA 2 RBDRAts. A

vapori zation sour ce was
Spectracarb 2050A carbon paper having thereon a PtWy 136Al3.455

precursor, that was caustic-activated and tested by CV and linear
polarization, showed a Eqns for MeOH electrooxidation of 222 mV versus
SCE.

20
Example 4:

Example 1 was repeated with the following exceptions: the Pt

magnetron sputter vaporization source was located at z = + 1.25cm, at
100 watts, the V magnetron sputter vaporization source was located at z =

25 -5.00 cm, at 100 watts, the Al magnetron sputter vaporization source was
located at z = + 1.25 cm, at 400 watts, and the additional Al magnetron
sputter vaporization source was located at z=- 5.00 cm, at 400 waits. A
Spectracarb 2050A carbon paper having thereon a PtV p43Al3.019
precursor, that was caustic-activated and tested by CV and linear

30 polarization, showed a Eqns for MeOH electrooxidation of 213 mV versus
SCE.

15



| ocated at z = + 3.00 cm at 400 watts, and the additional A nmagnetron 15
sputter vaporization source was located at z = - 4.00 cm at 400 watts. A
Spect r acamo 0B@A2@ar bon paper having thereon a PtW. 13@&T130b6&3/020898CUr sor ,
t hat was caustic-activated and tested by CV and |inear polarization,
showed a Eons for MeOH el ectrooxidation of 222 nV versus SCE. 20 Exanple
4. Exanple 1 was repeated with the foll ow ng exceptions: the Pt nagnetron
sputter vapor Exahiphmbsource was |ocated at z = + 1.25cm at 100 watts, the

V magnetron sputter. vaporization source was_|located at z = 25 - 5.00 cm at
100 vat t st e Al - EXGHNG divaspirnested, b ine 1IRHING Suserttngs The dRhi ed at 2

+ 1.25 cm at effht t@PQab&@zeﬁ%iéduﬁ’@é‘bvaé'loé@:@ﬂ%ttz@- 3.37@’%?%
vapori zation source wa uIocated at z = - 5.00 cm at 400 watts.
Spectracarh 2080Avasts; v Hp apmgmetrani spy tich ¥ a porizadiobt 9¢0urOd /as30¢Hed gbzecur sor,
t hat was causti c; i vat nd tested, by CV,and |inear 30 polarization,
Showed a Eons “rolO Bl OBMR dat Abasness SptpE PapdzRe TSk

2004/ 022209 PlHsUSEREE/£22898. 7504 £0Pwaksaam thd AVRagheReAakBdidt th the

foll owi ng exceptions: the Pt nmagnetron sputter vaporization source was
| ocated at z ¥aporgat®nsgureg Waslocaiedat 2= + he.OffcreairdiQ wattsp At er

magnet ron sputbeptseBiRdsrtRbofndber fkobilpdthol? BRSNS 5 i at 400
watts, andot hereursegndicroRas RalisE-actinained andteéstad IUCYandhdapcat ed at z =

- 10.00 cm at 400 watts. A Spectracarb 2050A carbon paper having thereon a
Pt Hf 0. 047Al 1. Bel@rizationrshouresha EowiPe Mefd elealooxidationiof J¢8dmY versusst ed by

CV and | i near | ari zati on, showed a Eons for MeCH el ectrooxidation of 148
nVv versus SCE anple 6: 15 Exanple 1 was repeated with the foll ow ng
exceptions: the Pt magnetron sputter vaporization source was |ocated at z
=- 1.75 cm at
xample 6:
15 Example 1 was repeated with the following exceptions: the Pt

magnetron sputter vaporization source was located at z=- 1.75 cm, at
100 watts, the Hf magnetron sputter vaporization source was located at z
= - 8.00 cm, at 100 watts, the Al magnetron sputter vaporization source,
located at z = - 1.75 cm, at 400 watts, and the additional Al magnetron

20  sputter vaporization source was located at z = - 8.00 cm, at 400 watts. A
Spectracarb 2050A carbon paper having thereon a PtHfg g20Al2 341
precursor, which was caustic-activated and tested by CV and linear
polarization, showed a Eq,s for MeOH electrooxidation of 137 mV versus
SCE.

25
Example 7:

Example 1 was repeated with the following exceptions: the Pt

magnetron sputter vaporization source was located at z = + 1.25 cm, at
100 watts, the Rh magnetron sputter vaporization source was located at z

30 =-5.00 cm, at 100 watts, the Al magnetron sputter vaporization source
was located at z = + 1.25 cm, at 400 watts, and the additional Al
magnetron sputter vaporization source was located at z = - 5.00 cm, at
400 watts. A Spectracarb 2050A carbon paper having thereon a

16



100 watts, the Hf magnetron sputter vaporization source was |located at z =
- 800 cm at 100 watts, the Al nagnetron sputter vaporization source,

| ocat ed awQz2084/02210975 cm at 400 watts, and the additi orraT/¥82008030898r on 20
sputter vaporization source was | ocated at z =- 800 cm at 400 watts. A

Spectracarb 2 bon @%% %Idao

pPecursor V\/ﬂlﬁ,?ﬁ %5‘[83%33??@%%8?%& e %tggg'?gﬁég%a ané rA%ar

pol ari zat i on, astidinedr polEﬂzamn,MbmedlaaEg,rscﬁmdMéﬁlH ehacbfboikiétmﬂoﬁérmus SCE.
25 Exanple 7 1 was repeated with the follow ng exceptions: the Pt
magnet r on spui’f"@run%(g%rl zation source was located at z = + 1.25 cm at 100
watts, the Rh magnetron sputter vaporization source was |ocated at z 30 = -
5,00 cm at 100 watts, the Al magnetron sputter vaporization source was

| ocated at5z Example8:cm at 400 watts, and the additional Al magnetron

Sputter vaporizat| n_s e was | oca 5. 00 watts.
Spectracarb 2050A ?BU’:I\' E%r%ﬁfﬁéwﬂ@%ﬁﬂ'%%ew /dE?Zgg

PCT/ US2003/ 02 etBhRptel 94bSAIBnHRELE 86 loddtbd it vas+ GRS bhi; z@ct | vat ed
and tested by and i near polarization, showed a Eons for MeCGH

el ect r ooxi dat /168 wsattsg thy RW@?@J”@’EFSGEPUHGEXQWZ@‘UQH BrsepWesilogaied eépeat ed

Source was. | oo 08 o GRO0IRGis 1€ AT ad ARG GRe b4 B ARER, on
sputter vapor |chatedat 5eur 625'@n, 4iotG0 eattef ard tie Sddiflogalo Aﬂtmel@{étw ts, the

Al magnetron sputter vapori zation source, 10 located at z = + cm at
400 watts, an8PYltRr VRRArERHERBUIRE Way lesetashat %plﬁ @%pwﬁéppmtt%n Asour ce

uets | ocated aisyt ol BOIA EApARBANRF hayinf o PREGLLAGRLD, BABOA AT bon paper

havi ng a PtRh pr ecur actrvated and
tested by CV ainitH wasa@augtit-aclivded and testedviydCH aﬁdrime‘amrporehrizatlon,

el ectrooxi dat! 8w8<‘§ allgong}/br I\ﬁeéﬁselectroomgatlon oh1g JI m%/ versus SCE.

15
Example 9:
Example 1 was repeated with the following exceptions: the Pt
magnetron sputter vaporization source was located at z = - 3.75 cm, at
100 watts, the Zr magnetron sputter vaporization source was located at z
20 =-10.00 cm, at 100 watts, the Al magnetron sputter vaporization source
was located at z = - 3.75 cm, at 400 watts, the additional Al magnetron
sputter vaporization source was located at z = - 10.00 cm, at 400 watts. A
Spectracarb 2050A carbon paper having a PtZrg 050Al2.669 precursor, which
was caustic-activated and tested by CV and linear polarization, showed a
25  Eons for MeOH electrooxidation of 171 mV versus SCE.

Example 10:
Example 1 was repeated with the following exceptions: the Pt

magnetron sputter vaporization source was located at z = + 8.25 cm, at

30 100 watts, the Zr magnetron sputter vaporization source was located at z
=+ 2.00 cm, at 100 watts, the Al magnetron spuiter vaporization source
was located at z = + 8.25 cm, at 400 watts, and the additional Al

magnetron sputter vaporization source was located at z = + 2.00 cm, at

17



Exanple 1 was repeated with the follow ng exceptions: the Pt nagnetron
sputter vaporization source was located at z = - 3.75 cm at 100 watts,
t he Zr magwetongoe2z@utt er vapori zati on source was | ocat edrcatruszo@m26893 10. 00
cm at 100 watts, the Al nagnetron sputter vaporization source was |ocated

O it zat ron 480wl 2305 KBl e DOOR UGN B ! nATRD GO0 SRULSL

vapori zation source Wwa
Spectracarb 2pbirsat hicrpape cabstic-agtivatéd 2n0 1081841, €6 %o lemarsor, whi ch

was caustic-actjvated and tested CV and |inear, pol arization, showed a 25
Fons Tor . MeOHPEIAEER G, SRRSO Eofe 1ot A elactigoxiaion G BT Vs Usexanpt e 3
was repeated wdfh the follow ng exceptions: the Pt nagnetron sputter
vapori zation source was located at z = + 8.25 cm at 30 100 watts, the Zr
magnetron Sputter vaporization source was |located at z = + 2.00 cm at 100

watts, the Al 5matant«it r!ﬁ)_n sputter vaporization source was |located at z = +
8.25 cm at 4 —and the additional Al magnetron sputter

vapori zati on sour cexuaplé 96 SpRiated with tie RIoWihg @kcdptiofs: 4A84/1022209
PCT/ US2003/ 020893 400 watts. A Spectracarb 2050A car bon nger havi ng a

Pt Zr 16. 067Al 10@@eFonmsitter yaporizdiionisonace wasdocated @t izvat , @lest ed by

v vorsus - scioourites e RByadREch, Boteiar8 iagich s GRAT el A ng

exceptionsg tke 700 cimgNED0oatsn Whé Al meagpreironaiputier yapstaativassduecat ed at z
= - 0.75 cm at 100 watts, the Nb magnetron sputter vaporization source

was | ocated aWva laeated.atz %o0dH crar Bl waitesand ke addiiar@ledlr on sput ter
vapori zation ﬁ%%%op}’ﬁjﬁgggg@gﬁzﬁknzsoﬁré? BraboEMed Ht 24—09?% m; and the

addi ti onal Al gne er vaporization source was [ocated at z = -

7.00 cm at 400 watts s A p&teatiara2060A 22860% papéoimayag &ierbamiang t hereon a

Pt Nbo. 002Al 2. pre&ursor, whi ch was causti ¢-act.i vated and test& by Cv 15
PoggeA f

and |inear po MNare2 PERGHISAN: AVt wap GaufHeactyaied gled Bh 163 nv

versus SCEs  and linear polarization, showed a Eqns for MeOH electrooxidation of 163

mV versus SCE.

Example 12:
Example 1 was repeated with the following exceptions: the Pt

20  magnetron sputter vaporization source was located at z = + 7.25 cm, at
100 watts, the Nb magnetron sputter vaporization source was located at z
=+ 1.00 cm, at 100 watts, the Al magnetron sputter vaporization source
was located at z = + 7.25 cm, at 400 watts, and the additional Al
magnetron sputter vaporization source was located at z =+ 1.00 cm, at

25 400 watts. A Spectracarb 2050A carbon paper having a PtNb{7520Al125 515
precursor, which was caustic-activated and tested by CV and linear
polarization, showed a E,,s for MeOH electrooxidation of 147 mV versus
SCE.

30 Example 13:
Example 1 was repeated with the following exceptions: the Pt magnetron

sputter vaporization source was located at z = + 10.25 cm, at 100 watts,

the Co magnetron sputter vaporization source was located at z = + 4.00

18



Exanpl e 12: Exanple 1 was repeated with the follow ng exceptions: the Pt
20 magnetron sputter vaporization source was located at z = + 7.25 cm at
100 wat t swa tve4/0d2209agnet ron sputter vapori zati on sour ce REIEUS20@ARERY3at 2z
+ 1.00 cm at 100 watts, the Al magnetron sputter vaporization source was
| ocated at z z +_J7 11 magnet r on
Sputter vapor(frga?tl 10(%63%\%5% t@%@ﬁ%@@%@y@@gﬁ@ﬁﬁ%ﬁ gﬁl@cgﬁb 3% 480 watts.
A Spect r acar ho28fdiatce: botD.Rapet, didoingatss, Rinsbthé. dekitiinkER 8J idgnefmoacur sor

whi ch was caustic-activated and tested by CV and |ipnear .pglarization,
showed a EonsSHW{er vBRPrgatan $PHLE §4aS 'QHaéFj alf‘@fﬁfl'-gé%sat 4%@9’."3"&) Bxanpl e
13: Exanpl e | ' . ONSy magnet r on
Sputtor vapor Ba TS 2000A thon BEne he e 2P R G R T et s,

t he Co nagnetwhithspag tausticagaiivaread and tested by Maanddineaepolarization,.+ 4. 00 18
WD 2004/ 022209 PCT/ US2003/ 020893 at 100 s,,the A ghetron

sput t er vapor?@%’i"?%ﬁ%wfr%égﬁ?éé el@%&}@ptg{n Q%Afégim%\.’%gu%r%dEt 400 watts,
and the additional Al magnetron sputter vaporization source was |ocated at

zZ =+ 4.00 cm at 400 watts. A Spectracarb 2050A carbon paper having a
Pt Co0. 035AI 1. Bgsdmpleetdir sor, 5 which was caustic-activated and tested by CV

and |inear polarization,, showed Eons,.f or Me | L ooxi,datji on of 189 nv
versus SCE. Exa aé“&'&:1 Wﬁ%?@af‘%d\%ﬂ] Wp@ﬁ?ﬂﬁ%ﬁ%%%‘ﬁﬁgf H’% I(E))t/vl ng
exceptionfy th@gRbtrdR spRABEYAETTiZEbh sBUrseRas Id@ite®at 2eur 05\, kpcat ed at

z =+ 2.25 cm _at 100 watts, the Co magnetron sputter vaporization source

was | ocated al0@ wats, the Go neagneffomsputigivepOriZzaoNsOUrRE NS leRategAtiZer
vapori zation souyr d = nd the
addi ti onal Al %a%‘ﬁ%?‘?%ﬁ@gﬁ“ﬁ@r t@%ﬁﬂ(ﬁ)r@@iﬁ%gﬁ?g@dﬁe&gla‘g\)égg?t‘gﬁg{a%o}d’cgt Z = -
4.00 cm at l@adlfcated bsz =A+ S tmaab400 AeHBAandtiwadgditipral Alavi ng a

Pt Co7. 759A126. 181 precursor, whi ¢ch was caustic-acéi gat_ed %gd tested by CV
and |inear pBRESNPYANSEHICEYRRIFANORSANIGR WaRiRsaiel BLE ook VATt of 178 mv

versus  S{F. 400 watts. A Spectracarb 2050A carbon paper having a PtCo7.756Alzs 151
precursor, which was caustic-activated and tested by CV and linear

polarization, showed a Eqns for MeOH electrooxidation of 178 mV versus
SCE.

20 Example 15:
A direct methanol fuel cell (DMFC) is assembled using a gas diffusion

anode comprising a PtRUAI catalyst of the invention as follows: (a) one 10-
mil silicone gasket is placed on the anode graphite block, (b) a gas
diffusion anode measuring 25 cm? is placed into the gasketing opening so
25 that it does not overlap the gasket, (c) a cathode catalyst containing N117
membrane is placed onto the gas diffusion anode and the gasket, (d) one
10-mil silicone gasket is placed on the sandwich of materials, (e) an
ELAT® gas diffusion backing (manufactured by ETEK, De-Nora North
America, Inc., Somerset, NJ), measuring 25 cm? is placed into the cathode
30 gasket opening so that it does not overlap the gasket and its microporous
- gas diffusion layer is in contact with the cathode catalyst layer, (f) a
cathode graphite block is placed on the sandwich and the sandwich is
enclosed between end plates, and (g) bolts in a diagonal pattern are
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20 Exanple 15: A direct nmethanol fuel cell (DWFC) is assenbled using a gas
di ffusion anode conprising a PtRuAl catalyst of the invention as follows:
(a) one 19/ nd/022d9 cone gasket is placed on the anode qapibs2ves/dabsssk, (b)
a gas diffusion anode neasuring 25 cnR2 is placed into the gasketing

opening so 25 that . it. do t erl ) . at at al yst
containing N to %em?'ﬁiﬂiﬂg Ogﬂg:'éég%ﬁ %?W%gt%g@se 8}( ?% lhrz-}bo%h gﬁgglé&and t he
gasket, (d) ogdlis ctecbtol pre806e ef@dityl whén AGedperatédat sandwiigh of
materials, (e) an LAT(r) ‘gas diffusion backing &ganufactured by ETEK,

De- Nor a Nor t hfeedsmfinasthaneléwategomdhe enodriand aieas ithe agtheslecn? i s pl aced
into the cathode 30 gasket opening so that it does not overlap the gasket
and its mcroporous gas diffusion layer is in contact with the cathode
catal yst layer, (f) a cathode graphite block is placed on the sandw ch and
the sandwich is enclosed between end plates, and (g) bolts in a di agonal
pattern are 19 WO 2004/ 022209 PCT/ US2003/ 020893 torqued in increnents of
10 in-Ibs to a final torque of 36 in-Ibs. The fuel «cell is expected to
produce electricity when it is operated at 80 Cwith feeds of

met hanol /water on the anode and air on the cathode. 20 WO 2004/ 022209

PCT/ US2003/ 020893 CLAIMS What is clained is: 1. A catalyst useful in a
prot on exchange nenbrane containing fuel cell for the el ectrooxidation of
fuel s prepared by the chem cal activation of 5 vapor deposited
substantially semcrystalline PtXaAlb onto a substrate, wherein X is

sel ected fromthe group consisting of Ru, Rh, Mo, W V, H, Zr, Nb and Co,
and a is at least 0.001, and b is at least 0.85 (1 +a), with the proviso
that when a=1 and b=8, X is only selected fromthe group consisting of W
V, H, Zr, Nb, and Co. 10 2. The catalyst of claim1 wherein the fuel is an
organic fuel and wherein when X = Ru, ais at least 0.019, and b is at
least 3 (1 +a), when X = Rh, ais at least 0.01, and b is at least 0.85 (1
+a),

20



when X = W ais at least 0.01, and b is at least 2.5 (1 +a), 15 when X =
V, ais at least 0.04, and b is at least 2.8 (1+a), when X = Hf, a is at

| east 0. OW® 2084162209 s at least 1.59 (1 +a), when X = ZrpCTaUS2803A4R20898ast
0.01, and b is at least 2.39 (1 +a), when X = Nb, a is at least 0.001, and
bis at least 2.29 (1 +a), and when ?f &‘_)% ais at least 0.03, and b is
at least 2.2 (1 +a). 20 3. The cataly laim1 wherein the fuel is

met hanol and VWhatdsiskimedds:t age for net hanol el ectrooxidation is |ess than
about 240 nV versys, a atura%ued cal oel electrode (SCE). 4. The catal yst
of claim 2 wherei i 28t Y 4i5EtUl iR 8 Preton ahanep mem ranféceetamn%fued)f claim

1 wherein thecélugr the ewo%gﬁﬁtloﬁ%f%elg@?el Seybéfsth]e%fhe%lgélrgebxﬁg §%n the

substrate is selected fromt rou trn an ion
menbr ane ahd Ma@ersd@dsltadlsubstamaelty aqmc?ystémeed:ab(aAhssint@é subsiraie wherein
fluorinat ed sul foni ¢

f
neid pol yer B Rk BTty 3 UE GioupRamsiaBel R IR e, W, M. b on
backing is cazhMNb aRAITY, andla R3804/ Qmoana’%% @Sg;’%@iagwl ® < 4

catal yst of claim8 wherein the gas diffuéion ba
filmof car bothepramvisoltbat when a“ﬂlambﬁp&l)yreeonlyk@lecT@@from Beygrbupf claim9

wh the f PTF A catalyst for an ion exchange
ne(rar‘:)(raeﬂe cgnté@ﬁ{'ﬁg Wyeﬁf% Eg’rrﬁ“%js@?rg a te)r/nary conposi tion having an
onset vol tage fop. Tké ba stoebewpwnbﬁ@mw@fﬁ i id 8RDrddiRg gy, 240 MV

versus a satur at ed calomel electrode ( yst of claim 11
wherein the t¥h Ae y corrp05|t| on is prepared by the chem cal activation of

¥ XaAl b wh X
vaPeet ea e r onylRd o2 BRL 8 atiedst i3 TE SA Bt 5 Bt ne) 1 2 b and Co.
and a is at I@ﬁéﬁ)@-@@ﬂa@%@lébs't@@f ar{de&gt?ﬂe%qlé&@ua"“h the proviso

t hat when a=1 and b=8, X is onl sélecte rom-t consisting of W
V, Hf, zr, Nowvhem& €W, d& atAeasteﬁ 0d, sndbblis at RaeoDIHe (3i8Y a substrate having
appli ed t r%er Ren X =V, ais atleast 0.04, and b is at least 2.8e (1+a),

when X = Hf, a is at least 0.019, and b is at least 1.5e (1+a),

when X'=Zr, a is atleast 0.01, and b is at least 2.3e (1 +a),

when X = Nb, a is at least 0.001, and b is at least 2.2e (1+a), and

when X = Co, a is at least 0.03, and b is at least 2.2 (1+a).

20 3. The catalyst of claim 1 wherein the fuel is methanol and the onset
voltage for methanol electrooxidation is less than about 240 mV versus a
saturated calomel electrode (SCE).

4. The catalyst of claim 2 wherein the organic fuel is methanol.
5. The catalyst of claim 1 wherein the fuel is hydrogen.

25 6. The catalyst of claim 1 wherein the substrate is selected from the
group consisting of an ion exchange membrane and a gas diffusion
backing.

7. The catalyst of claim 6 wherein the ion exchange membrane is the
acid form of a perfluorinated sulfonic acid polymer.

30 8. The catalyst of claim 6 wherein the gas diffusion backing is carbon
paper.
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15 catal yst conposition, wherein the catal yst conposition conprises a
catal yst for the el ectrooxidation of fuels prepared by the chem cal

acti vat i owoofoovemery deposited substantially sem cryst al IRQTRURD0S22DE93
wherein X is selected fromthe group consisting of Ru, W V, Hf Rh, Zr,

20 b and Co I 0,85 (1

Wi t hth hg p?(r)]w S0 %?%%ﬁgfidﬁﬁﬁdwga in fe %a%a\f@'gpgltl@ﬁ ) (= gle ;?éup
consi sting of cenpriges leffilmZof, caxbon @adld&s aid a flliveopaptined. substrate of Claim
13 wherein the 1%"%1%%6%%@01‘5&&%% ergﬁ_ﬁ tB%?on &?ol%%g% I%?ﬁé' sting of an

h d
OBt rarange S A Tt rf%r%nf%%}?r@maﬁ%éan anialtiind Fel Rl oo d form

of a perflgor chaippdingth tGNEA/ @@msoﬁebmavmgleﬁl oﬁaﬁmags%.%@wﬂe of
Claim 14 wherein the gas diffusion back |n8 30 1s carbon paper The
amV

coat ed substr @t@tr@pxuaaomdmméaeuabouh% aefsussa eatuaiekli ecadpmelr t her
conprises a fi l 3;5%16 ggr n particles and a fluoropolynmer. 22 WO 2004/ 022209
PCT/ US2003/ 026 i e coated substrate of Claim 17 wherein the

f1 uoropol yner i$2, FidEatahibt off Beirhoat WHeib Hd Rirsiagf céhpbsitida igherei n t he
fuel is selected from the group consisting of an organic fuel and

hydrogen. 5 20repeied dydheghsmiedl astivaiign ef vanardepasiedsHbstastiahyani ¢ f uel

is et ha'f'gs tf fmcr?stfaﬂr?\l Igt% Albglgr%%lr?kr?@ @leﬁ%ﬁgmstHgg;tr{yﬁﬁe gong\@ﬁ'ﬁigfat he

coat ed onprises-a Fate Ravi ng a reon-a | yst

conposi tion, WueRH, MdNY, Vatd X5 Nbcand i, bhdra neeamew@som caridelh yssat for the
10 el ectrooxi datign of fuels pr epar ed b}/‘ the chem cal actjvati on of vapor

deposi ted sub@ashPidae (1 +asmit} e povisedhpt Whan =Tt T8 Xis enlyel ect ed from
the group congLRlid@i8i R grflip YonbtingBr wE'y, HiVEr, N, Aficko. and

13. A coated substrate comprising a substrate having applied thereon a
15  catalyst composition, wherein the catalyst composition comprises a
catalyst for the electrooxidation of fuels prepared by the chemical
activation of vapor deposited substantially semicrystalline
PtXAlp
wherein X is selected from the group consisting of Ru, W, V, Hf, Rh, Zr,
20 Mo, Nb and Co, and
ais at least 0.001, and b is at least 0.85e (1+a); with the proviso
that when a=1 and b=8, X is only selected from the group consisting of W,
V, Hf, Zr, Nb, and Co.
14. The coated substrate of Claim 13 wherein the substrate is selected
25 from the group consisting of an ion exchange membrane and a gas
diffusion backing.
15. The coated substrate of Claim 14 wherein the ion exchange
membrane is the acid form of a perfluorinated sulfonic acid polymer.
16. The coated substrate of Claim 14 wherein the gas diffusion backing
30 s carbon paper.
17. The coated substrate of Claim 16 wherein the gas diffusion backing

further comprises a film of carbon particles and a fluoropolymer.
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15 ais at least 0.001, and b is at least 0.85 (1 +a); with the proviso

that when a=1 and b=8, X is only selected fromthe group consisting of W
V, Hf, ZrwoMwp4eensCo. 22. The fuel cell of Caim2l1 wherreimus2hes/ o8yt r at e
is selected fromthe group consisting of an ion exchange nenbrane and a

S hange. enir Hhe 17 ol oo il ht vBlerh S TRRRERTR st e et
polymer. 24. hperfuel cell of Caim?22 wherein the gas diffusion backing is

carbon paper. 25 25. The fuel cell of Caim?22 wherein the gas diffusion
backi ng furthefl9. dbrprdated substratemabilainr bowhpesie the Biel a%\aelﬁdiemmmpm yner .

gg The coat etﬂesgl‘r'ggpt) LBhSsflg S &) UrghidhRi G dyifodddior opol ymer s PTFE. 30
5 20. The coated substrate of claim 19 wherein the organic fuel is
methanol.
21. A fuel cell comprising a coated substrate, wherein the coated
substrate comprises a substrate having applied thereon a catalyst
composition, wherein the catalyst composition comprises a catalyst for the
10  electrooxidation of fuels prepared by the chemical activation of vapor

deposited substantially semicrystalline

‘ PtXAlL

wherein X is selected from the group consisting of Ru, W, V, Hf, Rh, Zr,

Mo, Nb and Co, and

15 a is at least 0.001, and b is at least 0.85e (1+a); with the proviso

that when a=1 and b=8, X is only selected from the group consisting of W,

V, Hf, Zr, Nb, and Co.

22.The fuel cell of Claim 21 wherein the substrate is selected from the
group consisting of an ion exchange membrane and a gas diffusion

20  backing.

23.The fuel cell of Claim 22 wherein the ion exchange membrane is the
acid form of the perfluorinated sulfonic acid polymer.

24.The fuel cell of Claim 22 wherein the gas diffusion backing is carbon
paper.

25 25. The fuel cell of Claim 22 wherein the gas diffusion backing further
comprises a film of carbon particles and a fluoropolymer.

26. The coated substrate of Claim 25 wherein the fluoropolymer is
PTFE.
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