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I nvention is directed to nethods and apparatus for producing catalytic
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properties. Background of the Invention: Catalytic |ayers for fuel cells
are well known which conprise an iononer, e.g., persulfonated
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that sold as TEFLON®) for water management.

Because fuel cells run on gases, it is implicit that the catalytic layers of fuel cells
have sufficient porosity to be permeable to gases. The pore sizes should be large enough
to allow passage of the gas into the layer, but sufficiently small such that substantially all
of the gas contacts a catalytic surface in its passage through the layer so as to chemically
react and produce electrons or create an electron deficit, as the case may be.

A prior art method of providing a catalytic layer is to produce a fluid composition,
e.g., a solution/suspension, of the layer components, €.g., carbon-supported catalyst
dispersed in a solution/suspension of NAFION®; apply, e.g., with doctor blades, this
fluid to a substrate surface, e.g., the surface of a woven or non-woven carbon cloth; and
subsequently dry the fluid to produce the catalytic layer. The surface of the substrate,
which comprises a carbon cloth, has an uneven surface. When a layer is formed from a
solution and a doctor blade is used in application of the solution, the surface of the

catalytic layer away from the substrate is substantially smooth. As the surface of the



catalytic layer away fromthe substrate is substantially snooth. As the
surface of the WO 03/074195 PCT/ US03/ 06121 catalytic |ayer that contacts
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U.S. Patent No. 6,403,245 issued 11 June 2002, describes a method of forming

catalytic fuel cell layers by co-depositing catalytic particulates, e.g., platinum
particulates, formed by combustion chemical vapor deposition (CCVD) and at least a
solution containing NAFION and/or suspended carbon particulates. The layers
produced by the method of U.S. Patent No. 6,403,245 may be thin and conformal. By
“conformal” is meant that the deposited catalytic layers conform in contours to the
uneven contours of the substrate on which the layer is deposited, both the surface of the
layer on the substrate and the opposite surface of the layer generally conforming in
contour to that of the substrate. Such conformal layers exhibit generally uniform
thickness that contributes to the efficiency of the layer. While the conformal nature of
the layer that forms contributes to the catalytic efficiency of the layer, deposition of
layers as described in U.S. Patent No. 6,403,245 has difficulties with high speed, large-
scale deposition of catalytic materials and does not account for a variable permeable

substrate.



scal e deposition of catalytic materials and does not account for a variable
pernmeabl e substrate. 2 WO 03/074195 PCT/ US03/06121 Critical to the
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solution of ionomer, such as NAFION(r). This
catalytic layers.

Summary of the Invention:

In accordance with one aspect of the invention, catalytic material containing
carrier liquid(s) is directed through an enclosed, elongated pathway at a surface of a
substrate. Sufficient thermal energy is provided to the material passing through the
elongated pathway such that when particles of catalytic material reaches the substrate
surface, it is finely divided and sufficiently dry that a functional layer forms that is porous
and that provides high catalytic activity per level of catalyst used.

In accordance with another aspect of the invention, carbon-supported catalyst is
provided at an upstream location, the carbon-supported catalyst preferably produced in
situ from carbon particulates and CCVD-produced catalyst. Carrier liquid, such as water
and/or alcohol, is substantially removed from the carbon-supported catalyst prior to being
introduced into a finely divided spray of a solution of ionomer, such as NAFION®. This
mixture of ionomer and carbon-supported catalyst is deposited on a substrate surface.

In accordance with another aspect of the invention, when the substrate has
sufficient porosity for gases to flow through the substrate, a vacuum is applied to the

substrate from the side opposite the deposition surface, thereby pulling the deposition



m xture of iononmer and carbon-supported catalyst is deposited on a
substrate surface. In accordance with another aspect of the invention, when
t he substwatos/ohass sufficient porosity for gases to flow tPemaisgsrodibe
substrate, a vacuumis applied to the substrate fromthe side opposite the
deposition surface, thereby pulling the deposition 3 WD 03/074195

PCT/ US03/ 06121 m xture into pores of the substrate. By use of the vacuum
pores in the substrate are filled, higher deposition rates and
efficiencies are achieved, and inproved adhesion of the deposited |ayer to
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a met han arrier material, such as silica or zirconium phosphate
material, such as a water-binding oxide, e.g., silica, or a zeolite.
In accordance with another aspect of the invention, a proton-conducting
membrane for a PEFC is produced having self-humidification properties. A catalytic
material such as platinum is deposited in a proton-conducting membrane to promote a
reaction between hydrogen and oxygen that may diffuse into the membrane. Preferably,
in some cases, the catalyst is deposited in a discrete intermediate layer of proton-transfer
material.
In accordance with another aspect of the invention, a proton-conducting
membrane for a DMFC is provided with methanol cross over resistance by depositing a
very thin film or layer of a methanol barrier material, such as silica or zirconium

phosphate

Brief Description of the Drawings:

Fig. 1 is a diagrammatic illustration of deposition apparatus in accordance with

the invention.
Fig. 2 is a side plan view of apparatus in which catalytic layers are deposited with

a modification of apparatus of Figure 1.



Brief Description of the Drawings: Fig. 1 is a diagrammatic illustration of
deposition apparatus in accordance with the invention. Fig. 2 is a side
pl an vi evwwofo3appas atus in which catalytic |ayers are depo®crdsosndibt a
nodi fication of apparatus of Figure 1. 4 WD 03/074195 PCT/US03/ 06121 Fig.
3 is a side plan view of alternative apparatus of Figure 2 in which
catalytic |layers are deposited. Fig. 4 is a plan viewthat is applicable
to portions of either Figure 2 or Figure 3. Fig. 5is a schematic
cross-sectional view of a fuel cell that utilizes proton conducting
menbranes in g€ cridaRkR pint Hew bealteiaive iapparaths of Figine 2ain vendlacagaytic
cross-sectional view of a proton-conducting nenbrane having an
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Detailed Description of Certain Preferred Embodiments:

Deposition apparatus described herein is useful for depositing a porous catalytic
layer from catalytic material comprising catalytic particulates, e.g., carbon; conductive
particulates, e.g., carbon; and polymer, e.g., NAFION®. The components of the catalytic
material may be supplied and/or generated within the apparatus individually, or two or
more of the components may be pre-formed or pre-mixed together. Operation of the
apparatus described in reference to Figure 1 is most complex when the individual
components of the catalytic material are separately introduced into the apparatus and/or
separately formed in the apparatus; accordingly, the apparatus will be first described
herein in terms of this mode of catalytic material layer deposition. Subsequently, more
simplified operation of the apparatus will be described in reference to depositions in
which two or more of the materials are introduced as co-formed and/or co-mixed
materials.

The materials that form the catalytic layers include both soluble and insoluble
materials. The catalyst material, generally a metal(s) and conductive material, typically
carbon, are insoluble, whereas the ionomer may be dissolved in a liquid, such as water or
alcohol. However, even the ionomer may be only partially dissolved in carrier liquid,

such as water or alcohol, and may exist in the carrier liquid as a suspension or a



which two or nore of the materials are introduced as co-forned and/or

co-m xed materials. The materials that formthe catalytic |ayers include
bot h sol Wwbe3ands nsol uble materials. The catal yst mnateripalr/usgeodenl |y a
nmetal (s) and conductive material, typically carbon, are insoluble, whereas
the iononer may be dissolved in a liquid, such as water or al cohol.
However, even the iononmer may be only partially dissolved in carrier

liquid, such as water or alcohol, and may exist in the carrier liquid as a
suspension or a 5 WO 03/074195 PCT/ US03/ 06121 suspension/solution. For
this reasggsnibiykslations erorital réepasividnged e depositiigithe materiabmagbscr i bed
herein as "sol ution/suspensions" or "solution and/or suspgnsign', the
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cat al yt i GshR@k bargiell BY @ horikditalBl Boting cadveyerd d8)dmughg dppositionidoae €9), and a
polymer, are individually i ntrog ced into and{or formed within the

appar at usAs an dtggeasive; Be shstratesgul E{’f@)COB?WUEIé%‘? Hpnsppl s sageway or
tunnel ( Sug?ggyglpm%ﬁg Lpeam catal yst introduction region (22), an

I ntermedi @e drying regi on&?24), a downstream i ononmer mixing region (26),
and the deposiWithmefesmicot { @6thod oviwbich dreraoofponerds of the ayalyigmembas) . |1t is

to be understood that the apparatys ovi des. nti.nuous f f terial
that is ‘pﬁr&gﬁg%t%‘éiu? Hﬂlﬁlﬁ@afﬁﬁgﬁ?sat?ﬁ?fjﬁ o ﬁuec?glg R%Ig]l%lfl %&J’)#agr#g%%t alJtgﬁer eis
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described herein in functional terns with respect to the depasition
process. (18) proyides amelopgaiedpassassnay phBANFHEAL), PIYIAIEAD Ypshgam ?%@Y?t and (34)

are used Lo suction region (22), an intermediate drying region (24), a downstream jonomer

mixing region (26), and the deposition region (20) downstream of the mixing region (26).
It is to be understood that the apparatus provides a continuous flow of material that is
processed in and flows through the tunnel (21), and that there is no sharp delineations
between the above-described regions that are described herein in functional terms with
respect to the deposition process.

In a currently preferred embodiment, nozzles (30), (32), and (34) are used to
introduce material into the upstream catalyst-introduction region (22) of the tunnel (21).
Through nozzles (30) are introduced a precursor solution for catalyst, such as platinum,
ruthenium, gold, palladium, etc. and mixtures of such catalysts. The precursor solution is
introduced as a finely divided aerosol is preferably produced by apparatus described in
U.S. Patent No. 6,132,656 that is capable of producing sub-micron droplets of solution.
The apparatus described in U.S. Patent No. 6,132,656, in which fluid is atomized by
passage under pressure through a heated tube, is advantageously utilized in the processes
of the invention whenever very fine droplets of fluid are desired. Where very fine

droplets are not required, more conventional atomizing apparatus, such as apparatus that



i ntroduce material into the upstream catal yst-introduction region (22) of
the tunnel (21). Through nozzles (30) are introduced a precursor solution
for catalwyetozosueh as platinum ruthenium gold, palladi eer/Esogos1and

m xtures of such catal ysts. The precursor solution is introduced as a
finely divided aerosol is preferably produced by apparatus described in

U S. Patent No. 6,132,656 that is capabl e of producing sub-m cron droplets
of solution. The apparatus described in U S. Patent No. 6,132,656, in
which fluid is atom zed by passage under pressure through a heated tube,
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nozzl e seh@ogh portsinlthe heusingedd9) andjtheyatities posts gan faoiditate alteshate igepaf t i cul ar
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particul ar depdsng therppasetys describediig .l aigns Aoa b 32.866 By sopBnction WitB  pat ent
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parti cul &g, Khivangedispdrticuldte diagreges mfthé range abforh aBout@emetnetess to@baltout 200
nanoneters. The carrier liquid .in the salution is Jammabl.e 1iquid or

m xt ure o300 nepemAtErt d beicaricy Sayddn theso 18%%@@@6@?&%‘@??8“5% &gd to
produce - | ke R & VD Blafed (403 4

Pr ecurso%%lggﬁgl# g‘?a%t@,%toRnﬂ?&pA(gf)ﬂ%,aké;r# tea%t.o\/pgér(?gty of ot her(%t SaI s are
descr i bedleséritreddx &h$I Ratent Nols,852,0%1. direcusgr cBepigals #3At, RuncAutherd ags of al |
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The mat erY%e%ﬁ@@&hggu%ﬂ@argéfe(sjﬁr&gﬁ,%ogexr?g}pﬁlq, %mﬁtgé?%%hﬁqéﬁ%i%ekf eétﬁl\?e mat eri al
may be us@sbhind’fanpateits Uad bpplRRAE-dlicasus AadinldrSincBpoemntd biorefdericd?, 656
atom zes a fluid by passing themthrough a tubular pressurized region and

heati ng tHee mitatiel uspd pethe satelysis's nefspiterand sy EHRCHVGRRHCHAN &9 961"8°Exi t's the
tube, the presgyr 89&@@% aﬁ#\%—éiédﬁh%dﬁﬂ@.‘ﬂ'téﬁtl\]%? GITBZ656 hiBhfzel G X
rati o T qui

droplets, and eva n o conponents fromthe tiny droplets
happens vgissing apintihyougiasnbdagiresprizedatgion asd heseidg flerfluidwhde imtbise of t he
flutds, tubular portion. When the fluid exits the tube, the pressure drops; the fluid rapidly
atomizes into very small droplets, and evaporation of liquid components from the tiny
droplets happens very rapidly. When such apparatus is used for one or more of the fluids,
the vaporizing liquid(s) contribute significantly to the gas through-put of the apparatus, it
being appreciated that gas has a volume about 3 orders of magnitude than liquid. By use
of an elevated temperature tunnel (21) in which liquid(s) is almost instantaneously turned
to gas in the apparatus, helping to maintain separation of spray particles and aiding in
drying. This contributes to deposition efficiency of the apparatus. A flux of layer-
forming particulates is produced within the tunnel (21).

In one embodiment, through nozzle (32), just downstream of the CCVD nozzles
(30), is introduced a cloud (42) of carbon particulates which preferably have mean
particulate diameters of between about 20 and about 2000 nanometers. In one
embodiment of this deposition method of the invention, the carbon particulates are

introduced as a cloud (42) of dry powder. However, the carbon could be provided as an



the vaporizing liquid(s) contribute significantly to the gas through-put of
the apparatus, it being appreciated that gas has a vol une about 3 orders
of magni twoaswhans | i quid. By use of an el evated tenperat eca/usonmakl (21) in
which [iquid(s) is alnost instantaneously turned to gas in the apparatus,
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| ayer- formng particulates is produced within the tunnel (21). In one
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upstream region (22) contains a CCVD_ fl ang,
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too i gh. o 85G0HE R brod3Ee Yelbrs HRABHR verdAincipirldilat@dteatya spigy (44) of
(b., d/or I qui-d, ter,
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(42) of dr articul at es, ' (oer D &p]%&g m xes
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t he car bopfroduced ghanfay (H) ﬁ@dWQPnaUé’cﬁﬁW@t‘iﬂh‘i"@hﬂﬁ%aﬁbpm#ﬁgzﬁaﬁée?%e flane
(40) suc BEisS y Iﬂ&oﬂi&?}{k Fo8- dfcataliRt at th

i ntermdrsgﬁlgb%ﬁ%%g}glﬁq%&%%g?ant| a 4@5%1%1151?%&%20% reeS-lT? ow rfa 2? ?t eenters
the downsidroefain intenmadintenegiom iy subgansially 46) andBedassfowing ag d epigrs-tbeippor t ed

cat al yst articulates are substantially dry and free-f i t hey do not
aggl omer 4% SHﬁ?mFW&H‘IX’&%%WI}(@%W%?%%F %F ﬁagg?/n-alllp&p Hé(gx\ﬁst%?%y or aer osol
(46) of i9oneERited #6R6sMnkivliRaHARAd Tee-flowing, they do not agglomerate, but instead

are mixed with a finely divided spray or aerosol (46) of ionomer (generally aqueous)

solution/suspension introduced through nozzle (48) to the mixing region, and produce a
layer-forming material in which individual carbon-supported catalyst particulates are
individually contained and isolated within the ionomer. Remaining thermal energy from
the flames drives off a substantial amount of the carrier liquid from the ionomer, although
some carrier liquid may be left in the material as it is deposited in the deposition region
(20) on the substrate surface (12). The material must be sufficiently dry to adequately
disperse and uniformly deposit on the substrate. It is preferred that the coating be
uniform in regard to the permeability of the substrate. While nozzle (48) is illustrated as
delivering only a spray (46) of ionomer solution, additional flames or other heat sources
(not shown) may be provided in association with nozzle (48) to provide further thermal
energy as may be needed to achieve the requisite material formation and/or drying.

In any of the cases, the substantial drying of the combined catalytic material is

considered an important aspect of the present invention. After leaving the mixing zone



sol ution/ suspension introduced through nozzle (48) to the m xing region,
and produce a layer-formng material in which individual carbon-supported
cat al yst werodiocubat es are individually contained and i solparawoswdibi n t he
iononer. Remaining thermal energy from the flames drives off a substanti al
anount of the carrier liquid fromthe iononmer, although sone carrier
liquid may be left in the material as it is deposited in the deposition
region (20) on the substrate surface (12). The material nust be
sufficiently dry to adequately disperse and uniformy deposit on the
subst r at §26)l dndibefoRé fﬂ‘a@lﬁmgmetshbétratmrﬁw(tmnghd)@mhlmdf agigmmenate egar d to the

perneability of the substrate. \Wile ozze is illus
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(48) to provi urt er t ermal  energy as may be needed to achieve the
requi sit ealtlmh@:rmaﬂueﬂ onaisttieomayerelis such@gglpmgratd partenfates stickdogetheasAshe

bstanti al _dr d t d
ror t antettnetagy e ot SRS Fod Rt PR bRl s RN 81 0 00 6
WO 03/ 074%ag IE)@IE/ P08 1B cdndflts Hith db@@@d@cdsMJSnEatbﬂﬁa\I@ljtﬁﬁl mﬂén surface

(12), the conbl ned agglonerate particulates are sufficiently dri t hat
t hey depowhich the sprage mmhmestsmlwk@epqr g-formipg matgrial tagfdlsapartion ‘F escence
but nore a | t u al t hough
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a resul taccéﬂd@ndea&vi&f th'éﬁlr&tenﬁ@{m oakhotlvidtes thostes of gmeuingiporefirming pr onot e gas
passage into and through the nmenbrane. @Iaks contr sts with abgve-di scussed
U.S. Pat entterg, bus ogptes Problems gfipeqnsisfent 059‘&5’% BFY vaL%szP ncl ude a
por e- forrﬂlgg giaterial that fills a portion of the volune of the [ayer and
se

must be su quently renoved, e.g., with an acid. Deposition in accordance
with the i nverfieamatanal issifficiently driesprionto rachingthe sebaaten JVhids 8t or mi ng

mat eri al, but. obvia bl e i.nconsi st £ renoval
of such IﬂﬁtF’é?ll‘ﬁ‘Fybel‘ﬁeé’ %ﬁet% |aéIPn(Hs°W§‘Eﬁ ?/c."z“t?‘ﬁ& cglerg‘{r(ﬁ{rﬁiq%r o&%eachl ng the
subst r at eqyh\ihité 8t # Rost IBpRfahBthat TRy mla%ndlawmmtfwmag agdepositéd @vd ptgoimyer on
either a non-porous or a porous substrate, it ,&L‘ fg{B Hg at the
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substrat €. ﬁen on non- p rous substrate, it is desirable that the |ayer
not fl ow @dpesited. Of course, if the substrate is non-porous, a vacuum will not be used to draw

the material into the substrate, as may be the case with porous substrates. In such case it
may be beneficial to have the material sticker (wetter) and or use electrostatics.

At the end of the tunnel housing (19) there is provided a horizontal flange (50)
disposed closely adjacent to the substrate surface passing therebelow. The flange (50)
helps to direct the flow of gases exiting the tunnel (21) to flow horizontally along the
substrate surface (12) and thereby efficiently deposit the catalytic membrane material on
the surface (12). A downstream heater (52) may be employed to add additional thermal
energy to the deposited catalytic layer and thereby assist in drying such layer. The
downstream heater (52) further helps to maintain uniformity of temperature of the Jayer
from the time it leaves the deposition region (2) and the time it is conveyed from the
deposition apparatus (10), thereby minimizing undesirable convection.

The electrode substrate is generally porous, because, when used in a fuel cell,
gases and liquids are generally required to pass through the substrate. The substrate may,

for example, be a woven or non-woven graphite fiber cloth. A currently preferred



deposited. O course, if the substrate is non-porous, a vacuumw ||l not be
used to draw the material into the substrate, as may be the case with
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sticker (wetter) and or use electrostatics. At the end of the tunnel
housing (19) there is provided a horizontal flange (50) disposed closely
adj acent to the substrate surface passing therebelow. The flange (50)

hel ps to direct the flow of gases exiting the tunnel (21) to flow
horizontally along the substrate surface (12) and thereby efficiently
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The i nt enk¢ digpastedrinavalcaon ampqueontijolusioadnd des digpargion intepdyesdi isoythef factors,
oL Gl NG LA SR a3 aptaipigra L) o L
on the sukphrasd Hrovefl @erch Wapr mépbadimiateday the wdt @atiankies wihnot muh.at es,
rather t h%Pet gaGrler? céu% {)g 9nl‘ﬂr%%gce%re¥therctgrl{)|ugh nozzle (34) or nqzzle (32).
As a further alternative, pre-formed carbon-supported catalyst particulates, e.g.,

pre-formed carbon-supported platinum particulates, may be dispersed in a carrier liquid,

such as water and/or alcohol and this dispersion preferably introduced through nozzle

(34). Particulates of carbon supporting smaller particulates of platinum are available, for

example, from Johnson Matthey. In this variation, the heat source, flames (40) are

produced only from organic solvent without precursor material for a catalyst, or an

alternate, non-flame heat source may be used. In this alternative method, as in several

other alternative methods, flames (40), if used as the heat source, may function only as

the heat source without producing any deposited substance. Nozzle (32) is not used, and

this nozzle may be removed from its port through the housing (19) and this port sealed

off. The thermal energy, e:g., from the flame or alternate heat source, is still required to

substantially dry the particulates in the intermediate region before reaching the

downstream ionomer mixing region. Because the flame in this variation is not producing
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be dispersed in water or an aqueous solution and this dispersion introduced
into the wupstreamregion along with the catal yst-producing CCVD fl ane. By
thi s variwDiod74185 separate spray of quench water nay be e@Cirrmiseso@c: as t he
wet particulates will not burn. Wt carbon could be introduced either

t hrough nozzle (34) or nozzle (32). As a further alternative, pre-forned
car bon-supported catal yst particulates, e.g., pre-fornmed carbon-supported
pl ati num particul ates, may be dispersed in a carrier liquid, such as water
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could be ysed.to heat .the materialg within the tunnel (21) to j eye the
Foqut st t o TRGRASHEES of preagoann iy A pathey SRS plsl Yl QePOaEs o
whil e utijdeaad b@psmtifichppraipshat us i s described herein in respect to
currently preferred enbodi nents, nodifications are anticipated in the

future to neeCatbpesimotedewsalyst cand alsedis InERAVCPEH Y AL B SF8UE one wi t h
ordinary skill, . t i e A P dhEm e of the

i nventi onr.’ozlzi?r(g’%ﬂaﬁrlrp%% c gggeh%lg{lllgarlf%g%g& ?‘ﬁ f,lnl %%otupcgg)?jégg?%% at eﬁfrg?t er may be
descri bedpkfireidnved 4 flathe spacto avoidbarding theeatbon ofithetcatalyst. Iidamgs (39 r oduced

t hrough specific nozzles (32), (34) and/por (48); however i.ntro tion
hr ougn e RRHe MG ISRl BB AR we chset Bt b URBIE  rmy vary
accordi ng doBoRBY cafpegi fic application. Carbon supported catal yst
could al s%ﬁ)g%(ﬁt%?% 8ed ?n gry form e.g., through )

As a further alternative, a solution/suspension of all materials, including carbon-

supported catalyst and ionomer may be introduced through a single nozzle, e.g., nozzle
(34). Such a solution/suspension will be introduced into the tunnel (21) as a very fine
aerosol such as may be produced by the atomizing device described above. Again,
flames (40) or another source of thermal energy is provided to significantly dry the
atomized material prior to deposition on the surface (12) so as to substantially increase
the material’s coherency and thus produce a layer with desired porosity. In this method
of deposition, the material may be introduced through a single nozzle, €.g., nozzle (34),
or any other of the nozzles or combination thereof, and one or more nozzles may be
inactivated or even withdrawn from the housing and the ports sealed for this variation of
membrane deposition method. In this variation of the layer deposition, as in the
alternative variations, the vacuum (23) promotes efficient deposition of the catalytic
layer, closing of large pores in the substrate (12), and good adhesion of the catalytic layer

to the substrate.
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nozzle (32). In this case, thermal energy froma source other than a fl ane
may be preferred over a flanme so as to avoid burning the carbon of the

cat al yst .wbfo3preapes (30) are used to provide the thernal pemarsgygsial quench
spray is used in conjunction with the cloud (42) of supported catal yst. As
a further alternative, a solution/suspension of all materials, including
carbon- supported catal yst and i ononer may be introduced through a single
nozzle, e.g., nozzle (34). Such a solution/suspension will be introduced
into the tunnel (21) as a very fine aerosol such as nmay be produced by the
at onmi zi ng devi &&sgenneablsesybstinteschavaggions of highges pgraeybibity amddowier source of
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per meabi | inkaferighdeppsitedhtherpongratalyss 19adingis higherrin sha merg sampermeallo 1egions used to
draw mat etizal g . [ t C lytic material is

pr ef er ent ﬁ)%ﬁfeyE%l?%l%ﬂnﬁ{]‘%eﬁﬁ%%ﬁr@eé@g& ernﬁeog@?ee&r:%gi ons of the porous
substrate. Thi dn ttds rhgaid; telBCIsmtiajredent @eenticarhauat magfmaatcahlyst becomne

| ocated in the pore gas flo cgessi bl e regi ons re th catalyst is nore
i kely toq?)aéh%ﬁ"_t B TaT gy Rl fgeoni (@O Fep RFrBF %ﬁe_&on@rtéaw RdFgtt o
function qayabilibCbh ﬂle(aléf%rf?@&?ﬂgtﬁ%ﬁiﬂﬁr iﬁl%g%rgﬁy'aﬂléﬁﬂtsb%rgreé}&, and more

el ectrocatal ytic | ayer t 1s, Th conbination, a gas perneable
subst r at e paeferablyrad haast ¥)\dp greates dThia diffeyential inmatadyst kiadide pefeistoaty toke eon,
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variations are achievable by the apparatus of the present invention which uses a pressure

differential to draw material into a porous substrate, €.g., carbon “paper”.

One advantage of the apparatus described herein above is that a high flux of very
finely atomized material may be produced within the tunnel (21), whereby a large amount
of material may be deposited per volume of gas flow. This promotes efficiency of
deposition as is required for high volume throughput of substrates (12). Specifically, the
length of low pressure section (23) can be adjusted so that a very significant portion of
the gas that entrains the material to be deposited is drawn through the porous substrate
during deposition, preferably at least 30% of the gas, more preferably at least 60%, even
more preferably at least 90%.

When material is introduced through a nozzle (34) and/or produced by flames
(40) at the upper end of the chamber (21) and additional materials are introduced through
side nozzles (23) and/or (48), substantial turbulence is created in the chamber (21)

thereby promoting efficient mixing of materials within the chamber (21).
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| oadi ng, in the through-the-ECL direction, (nore gas perneabl e regions)
that is at least 10%greater then the average catal yst | oading, preferably
at | east B0uB@rdat er, and nore preferably at |east 50% gPeatEso3/06iki s
differential in catalyst |loading refers only to the catalyst itself, e.qg.,
pl ati num gold, platinumruthenium palladium etc., and not necessarily
the other materials of the layer, such as carbon particul ates. Such | oadi ng
vari ations are achi evabl e by the apparatus of the present invention which
uses a pressure differential to draw material into a porous substrate,

e.g., carbon' R?ﬁﬂfcular eMentgy anthagtetiedd dndapparpms af the ileation 3ehhtibgr ei n above
is that a_hi gh flu

x of very fi nel(xqatom zed materlei¥l may be produced

wi t hin th@PPElﬁﬂéFhe(IQ%’nal\MéF@%ﬁ’eb}’ stske, theptisea relgiv %QPSW?aﬁoT gnt
deposite a R eP hef posi tion
as is regluﬁfr?ée éig) &ﬁmgﬂ @o?ﬂ%‘%%ﬁsyggﬁ%ﬁ{i of su%%td;lgﬁle(geﬁﬁ?met%%gm fically,
the | engtdry pbrolummatpreesésw esdtecﬁlowrmqlgi@)e qoatcnb@damrmmre@tesfprwnmrsw very
signi ficant O[‘“& c@ tthat entrains. the d;a EI‘I’I alteéo be deposited
i s drawn $XGF ey ﬁrs SIEEANCH LB 1SR HRBE S Pt T OH 8 ef er abl v at
| east 30% of thﬁtm&he PRtegialPdRt abakjwd Abw tigasih @e%n@aslre subsufage gvesf er abl y
at |east 90% Wen naterial is introduced t hrough a nozzle (34) and/or
produced Wher & pressure gmdw)enms appliedu J9canaleln @ fige spa, the Al materml myghave
addi ti onal t [or (48),
subst ant i &F* {fegégf ce ‘:‘%glt rbélgﬁn%g%?%ots{l%felﬂﬁas g@%ﬁ%ﬁé&@%&&%ml ng
effici ent% boGtd\gradientspd. g[tlﬁképrﬁdﬁd&dlbytahacmHmMCe (Thk)preséft WDeMBID74195

6

PCT/ US03/ 06121 A particul ar advan age, of _the t hod, and r at ys of the
i nvent i onPioyides r aPrHERGIRY WHh i fatsr dryne;she tﬁf‘tetp?afels @F’g% g‘? at e,
there is ﬂlafeﬁh?ﬁdeg‘ﬁl)ﬁ*’l dcitﬂcY"ﬂHW'uﬁHW aeprgé%ﬁlteeg?ﬁdleﬂt%f bhiaci8 po sil)est \Hﬁéle'éh@'

Al so, the as-deposit material has a | ow density due to |ts very porous
nat ure. Amoge prefmdhly dcbeslrm\hqmd me@dmehtghamemm@dlmﬁatw@h #o0T vapors to

o1 1t it ctones 1 2R Senitors (ERL AR Ron AR T e DL A i 20

per neabl elrﬁHé&S(tSO%tcﬁl)Q)\f%terVKiﬂfbvén Hifgﬁérslf[fheh@‘lﬁﬂlherptessﬁe dﬁ’fdremﬂl tHo enable a
fine spray, the initial material nmust have a suffici entlgo | ow vi scosity,

but | ow vinoseerifoym 4 npur-estalytichesored onhsmase selestive heatalysh o pesmealle ¢
gradi ents e:0- t hose produced by a vacuum source. The present invention
provi des ?ora very fine spray with internedi ate drying such that the
resul ti ng depoflustrated in Figures 2, 3 and 4 are modifications of the Apparatus of Figure 1

adapted in a manner to capture more of the catalytic material produced in chambers (21)
as catalytic layers (57) and/or further could be used to produce, in-line, partial fuel cell
assemblies (59) that include a proton-exchange membrane (56) and an anode and/or a
cathode.

In each of Figures 2 and 3, inner proton exchange membrane (56) and outer anode
porous material web (58) and cathode material web (60) are continuously conveyed from
right to left with respect to the orientation of the drawings on the page through nips
provided by pairs of opposed rollers (68) that bring the membrane (56) and webs (58) and
(60) together as a unitary partial fuel cell assembly (59). In Figure 2, the catalytic layer
(57) is deposited between the proton exchange membrane (56) and the anode porous
material web (58) at an upstream location and between the proton exchange membrane
(56) and the cathode porous material web (60) at a downstream location. (The order of
anode and cathode deposition, of course, could be reversed.) In the Figure 3 apparatus,

the catalytic layers (57) are deposited simultaneously at a single horizontal location on
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material does not liquid flow under a pressure gradient of 2 inches (5 cm)
of water, and nore preferably does not liquid flow under even higher
pressur e woadioenps, such as 5 inches (12.7 cm of water, PCO/USas@st ( 25. 4
cnm) of water, 15 inches (38.1 cm of water, 20 inches (50.8 cm of water,
and even higher. The higher the pressure differential, the nore uniforma
non-cat al yti ¢ base coat or the nore selective the catal yst to perneabl e
zones. lllustrated in Figures 2, 3 and 4 are nodifications of the Apparatus
of Figure 1 adapted in a manner to capture nore of the catalytic materi al
produced bothaheadide sidedhd thexaittodt sidy! ngufeacytsra@lzﬁﬁ\?i):wa]mi/couldfreprba’rmt coul d be

used to produce, in-line, par ial fue el | enbll tha i ncl ude a
pr ot on- ex &Rbidke o o6 thetwsireny %ﬁtépna‘?{t W) Sgﬁ%}'f‘ aaone %B‘ES%?' or|eﬁ gach of

Figures 2 t}?eﬂgg%r tHe%BfEB%fog‘?]%ﬂe SXAMAVPEEnATRIRIAN LU REY 2D Mt SHEWAY inFHARE

porous nmateri cathodé material web (60) are continuously
conveyed #r difhile Figtutes 203 hud 4 show feposisipe on wiebs ofmateriple mca'mgﬂcn@fally ma

dr awi ngs nth e throu i rovi de sed Lo rs (68)
that brin ?}é’?f’g’l"%ﬁi@ PO ‘g‘) ?ng Y PESY a@%}j?m? %§§ ePw dﬁnl tary
parti al f%ﬁlcm}bhomgabl y (59). In Figure 2, the catalytic layer (57) is
deposi ted between the proton exchange nenbrane 56) and _the anode porous

ma';rte)rl al web (%syachtofshe appgltaﬂ@awﬁh";gta@s dandhea Wééfﬁel’@%és PPoEsA exchange
nenbr ane

| ocati on. a%@@e @?gg&rﬁo 6&; cg;‘;c ang&yglm@ﬁgﬂsg\éﬁbﬁﬂ?d %?ht?g%%écgﬁ?? be
(r]I ever S?dd)to Figute?la Ettg:ﬂneé t@tllamﬂmrmﬂ :am endsbéchmﬂ?k?/@l gareagterier fluid Yams e/
eposited si aneous S) ti. 13.WD.03/ 074195
b USo3/ GRRDAic B apoprratiahs i SOF db i dis () Sediom et ally SRt s o
plan vi ew(S%)%d?@G}'lﬂFig%Pé £3£¢70) 8hd (V) lntm§ufe%kﬁfgwmow&tm@§m>h9&aﬁs on or

t he downstréam l'ocation of Figure 2 or ei he top or the bottom of
Figure 3 M%)mr(ﬁm)laodaﬂle pratmnmly@g@ wglb(@s)(Sﬁiothmdhmmﬁwnﬁ Fiting 4. Wile

Fi gures 2, 0 Pg' rally in
hori zont aI E gﬁ)ﬂfg‘ :gfé SFI osﬁ% 7@236& @25’?‘{ 738% * d.g‘ﬁgfe
verticall yhélm@ﬁdl e?cﬁtdlg ﬁf@ﬁtemﬁdhlambdmmmdnd depcits bn ¢ife rhdsmbxamep@s;abuses of
Figures 2 and 3, catalytic material is produced and/or SUpptjgl ed from a

pair of cnbmweb £58) o1 §60).s Fhis epkances depesitioneliiciency @vary important,

considering that the catalytic material includes expensive metals such as platinum, gold,
ruthenium, or the like.

Vacuum sources (23) are shown in Figures 2 and 3 to draw fluid through the
porous material webs (58) and (60), although because of the efficiency of deposition rate
inherent in the configuration of the Figure 2 and 3 apparatuses, these vacuum sources’
(23) are considered optional in these embodiments.

The material exiting chambers (21) is sufficiently dry to flow freely in the gas
stream from the chamber, but may retain sufficient moisture to be tacky. Thus, when the
membrane (56) and webs (58) and (60) are drawn through the nips between rollers (68),
the material deposited on both the membrane (56) and webs (58) readily join together as
a unitary catalytic material layer (57).

It should also be appreciated that it is not necessary to combine two layers on
which materials are co-deposited, in which case the nip rollers (68) would not be used.
For example, catalytic layers may be simultaneously deposited on two webs of gas
permeable substrate or on two sheets of membrane. In such case, these materials would

be combined with other components of the fuel cell assembly later.
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to Figure 1. Attached to the material exit ends of chanbers (21) are
interior fluid dans (64) which in cooperation with side fluid duns (74)
defi ne suwetoanr41as |y encl osed regions (62) and (66) in FipgaresoRoand (70)
and (72) in Figure 3 along with one of the porous webs (58) or (60) and

t he proton exchange nenbrane (56). Wth the material exiting chanbers (21)
I nto these encl osed regions, (62), (66), (70) and (72), a major portion of
the material exiting fromeach chanber contacts and deposits on the
menbrane (56) or the web (58) or (60). This enhances deposition
efficiency, a Veisylsbrpotemphited wilin the ineamtion det iwgort tarte depesitert al yti c

terial | ud | | ati | . th
The' |1 ke. DRt (O REEEe s afte vuthirh fhekrdt B dfboSnitariy oY ape 11 ui g
through t kgm PQﬁﬁ&U&ré&ltnyn'tﬁé subRste RBanoding célﬁﬁésﬁuﬁi drho wahfieslapatatagf t he

efficiency of deposition rate inherent in the configuration of the Figure
2 and 3 apiea asibstate. dnaway gesesifis desiredhat a relasiyplylpw cenepsiraioref optional in

these e"b%gea[gmgpre?{émag%&ﬁé oY Wil ShATRONS o AibndrtoRtihihglest |V Iy

to flow fre ream romthe c a|n
suf fi ci entcatabyissberpresend awey framkie eléttrmle subsemtet dus rmaﬂ)upsm&amﬂﬁc)atlan,oh webs

58 d (60 d th bet | 1 8 th
it er ) EPRTAPPBNBAE N BREHD PO BB BRI S BAIIF BLER |y ] of n
toget her agea1yRt. Uik BfidlalGAdepbitted Sndt&HaB hélad tol e’é;ﬁﬂ'ize(p'éﬂeabiﬁty abew ﬁe al so be

appreciated that it is rot necessary to conbine | ayers on which
mat eri al s sabstrate -Shbpasrientdy) at adowmt@wndmom,r@@equ deQDSIMISaHp@@)u%w d not be

used. For_e atal tic Ia n d on two
nebe of | oduy BiReE 10 F 8 etrPup B B g £ bich ISR HRARSET D

case, thesghépthekleatrscatdyticlayd & ECONI gehbléd i a@élejellaﬁamghelnt s of the fueI
cell assenbly later. 14 WO 03/074195 PCT/ US03/06121 It is also

cont enpl atceacqmr@wrwﬁ aealysh vt be adiaeenkio théwprofn Grshanga epalrancdRENDpdR at uses
(2) 1y Depiafith bFmbiea bl s Bl BE floRGelfily'Brofl BRER! dubfleldaRla Of One
0 Fec JrrRh a1 Eg

conposi ti y on t anot her conposition or to the
first | ayemtlaﬁhaynatérrad)ha‘ang thedow abucentratiomenf\catabyst but then thedefore mdchihgt a

relatively cent.r t| on 0, esent near th eI e t rode
substrate %%gl\é\f?ilc? Séﬁnpﬁ optagt %ég}ecfﬁ'ﬂfﬂ\‘!éﬁf?tgw in themat ?}E’t‘ sent
avay fromyiher ebRehirfth ciébalysat e. Thus, at an upstream | ocati on

Multiple deposition apparatuses (21), even more than two, may be used to

deposit even more layers of material of varying composition, or multiple deposition
apparatuses (21) may be used to achieve added uniformity across a substrate.

In Figures 1-3, the substrates are illustrated and described as moving horizontally
in a right-to-left direction. To coat wide dimension substrates and/or to achieve greater
deposition uniformity, the deposition apparatuses (21) may be reciprocated across the
substrate, i.e., in and out of plane of the page with respect to Figures 1-3.

The apparatus of the invention is particularly useful for forming conductive
porous base layers to support the electrocatalytic layers (ECL) starting with carbon
“paper”, i.e., thin woven carbon, as the substrate. The ECL requires support for electrical
and physical stability due to the deformation forces of such transients as thermal changes,
gas flow, electrical fields and membrane swelling. To deposit on carbon “paper”, a
uniform flow field is highly desirable from standpoints of efficient deposition of

expensive catalytic materials, e.g., platinum and ruthenium, highest membrane
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deposition apparatus (21) may be used to deposit material that contains
little or no catalyst. This initially deposited material hel ps to equalize
per neabi IWDy3at4105s t he substrate. Subsequently, at a dowagtuseamiikocati on,
a second deposition apparatus (21) nay be used to deposit the material
having the relatively high concentration of catalyst. Wen the

el ectrocatalytic layer (ECL) is assenbled in a fuel cell, the higher
concentration of catalyst will be adjacent to the proton exchange nenbrane
(PEM. In operation of the fuel cell, gas (or liquid) wll flowreadily

t hrough t berfauhste, ahé aseatest cold/tids sptethantenld alath atréss gr témniposition
concentration of catalyst, but then the before reaching the PEM
subst ant i #%¥ont act of the fluid with catalyst occurs in the materi al

having the hi ghaluGRAGEW ﬁ&lld@ﬁl Phasé AippoitIayer M dcbathslished Birdighhe use
apparatuses (21), even nore than two, maybe used to deposit even nore

| ayers of ofrmirgmabliqud reragiying in the flowsiprayatepostionyith aflos Q@P@glbth

appar at use 2 ma used gﬁg r

substrate$ Sqﬁré)ag? é%t%idr?m’% %ggg%pﬁyﬁgsgareoﬁ%&%ts% eééa 8 descrl bed as
nmovi ng hodbgdaitionl dffinelyrdiwded @bterltilcheb@c fo bainice ghoflow Tieldmatroledthani nensi on
substrates and/or to achieve greate

%aosmlon uni formi ty, &léﬁ osition
appar at us &pnentym ﬁ@l}tf@@ f Ee.asblsw*h@dveax & drapigt sizes e required sychdbat and
out of pl %Pognlé%é { el g?ﬁa‘l?ﬁp nf bEMRE §8s-dream. ThtheRHRERars Of the

I nvention par |cular conductive porous base Iayers
t o suppor tserhféryeb dey whemnhay ydacic tHeasy‘mtnate( Efe‘y)io sibbstickng essilywpomitiédl " paper’

i.e., thin woven carban he..s ate.. T ui S t for
el ectri calconté?fd‘”ﬂhﬁg ?@é‘h g’t &’FY gjéﬁjyd&’ém}po l?tﬂged%\g_tf %r ﬁﬁfsﬂil) @lgegg%f such
transi ent ?oﬁ%efrﬂc%ﬁl@dreé%hﬁ'ﬂ%%bstra@@%uﬂ( tEﬁtYVso @hfifild inGRdtion 28l Becoanfixedmbr ane

swel ling. To deposit on carbon "paper uniformflow field is h| ghly

desi r abl e Withimperea ndp bight peroablg frees, é’h@fedb?)’o@? lqdged by gasdiqye Hpugh thet al yt i ¢
materials, g te. pl%rﬁiill nu p%resgﬁg}gmaﬂ'@ep&t e(f}gy ﬁ%%@ﬁ%‘? “;olslﬁl\‘\?lagéé 074195

PCT/ Us03/ GBS Sence o t spots t coul d
Creat e st rlggnsseBles dﬁ@@iﬁmﬂhéabﬁiﬁles iacresethe EGlctenditoi HecagmalfdedwThiomglisse of a base

support |ayer are acconplished throygh the us f mniml Li r emai ni ng
in the fl GRPEPMAI AFEPWaR qu%h%etl%veaﬂ |Pé‘P<§1°F‘ﬁP’6§WEFW83bI§%§g e,

€.g., as Ry, dLANnRgaddi® HPS B pRRHedPRIRS itk vAryTRIN fochilh BUSGLibAlLs., The

comparing any 10,000 micron® to any other 10,000 micron? area, preferably any 1000

micron? area to any other 1000 micron® micron square area, by less than 50%, preferably
less than 30%, more preferably less than 10%.

The illustrated fuel cell (81) in Fig. 5 is provided with a solid polymer electrolyte
membrane (82) in the middle, an oxidation or anode electrode (83) at one side thereof to
which an oxidizable fuel, such as hydrogen or methanol is supplied, and a reduction or
cathode electrode (84) at the other side to which air as an oxygen source is supplied. It is
the electrolyte or proton-conducting membrane (82) to which this aspect of the present
invention is primarily directed, various embodiments of such membrane providing novel
utilities.

With respect to Fig. 5, on the left-hand (anode electrode 83) side is a fluid flow
plate (90) having grooves (91) that separate fluid, such as hydrogen gas or liquid
methanol, and collects gas generated. This may be formed of conductive material, such
as stainless steel or graphite, and machined to form the fluid diffusion grooves. Adjacent

to the fluid flow plate (90) is a bonded carbon cloth (92). Inward of this is a catalyst
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deposition of finely divided material needs to be nore gas flow field
controlled than nonentum controlled. To achieve this, very fine dropl et

si zes ar ewpagWir4iesl such that the droplets achieve a vel o®Cmyusss/miikar to
the velocity of the gas-stream If the droplets are sem-dry to dry when
they reach the substrate, they do not stick as easily upon initial contact
with the substrate if they lightly "bunmp" into the substrate, e.g. hit the
fibers at | ow perneable areas of the substrate, but tend to continue in
notion and becone fixed wthin pores, i.e., high-perneable areas, where
they are l5€8@d) hito g&ﬁ:thyGngﬂilgmmqhhienethamﬂﬁtfﬁts&s arfdyis bxidized ¢p faofrmt he por es

nore than depositin er .the fjibers or "solid" th el v t he gas
per meabi | ths rggtoa%ﬂ@g@%@lﬁ% theeaeh the-protog eﬁ%ha@aaa}er@ © (gﬁrtB @ﬁntﬁ%%atﬁ‘?d )
appar at us §$43 sRfeC e %%@uwylar Ediaihd WBiREAIS BuchEa@'p?atﬁhﬁfd HeBshi@h a9acad6h MeAbI €

substrate e.g., car paper", have gas perneabi [ities that vary from
| ocat i on tnbridatséavenges; apd, optmnatl chrbgn amyicultes o9 platinem/rulbeninim ot her
10, 000 mcron area, preferably any 1000 micron area to any ot her 1000

mcron mé 1'tsquare area, by less than 50% preferably [|ess than 30%
nore pref er abl yrhk@&ﬁoadr@ébtﬂe@%mﬁel($4)u§m@hﬁw thélahod@%ldctr()@él-()%) nFig. 5is
provided with a solid polymer electrolyte membrane in the mddle, an

oxi dat i on stuctaigokrying @@mrftghétof]{?ﬁ)mﬁt regmrgt i9ikig X %&Sé&w P te (W dving

oxi di zabl I : reducti on
or cat nodd By srFES Y PHRhOR ARl FRh (RS, st MIR A GH @ b, | BTt
sour ce i s oxygunl gagdiffusts arsl retdnES@hﬁomsrﬁnd)mtﬂm motoprcndusting notmdiraneg 8AEtobr ane

(82) to which this aspect of the present invention is primarily directed,
vari ous eREBgr Hs rﬂxggﬁ‘;) such menbrane providing novel wutilities. Wth

respect to Fi gy, 2 ppe® delleHt fink (ﬂ}%ﬁs)(@é‘ﬁh@ﬁu@d%rﬁ ﬁﬁﬁoﬁ@n)m&héjﬁloﬁé (&8)flui d
flow plate (90) having grooves (91) g&arate d, such as hydrogen

gas or |i qudmlgnmﬁmndle angdeisideto @@F@h@f&sﬁl é}t@rmhthqﬁlgctwé)ge be formed of

conductive erl uch as.s nl ined to
formthe aneﬁl? @hl $ %V(ggneéét%a Kldjﬁggté&{e e?%ctr%{i%g?)? B dﬁ%?%élvg%lwg (90) is
a bonded Ganhsa (85)0hhd ﬂl%%)ectrbﬁmﬂreﬁfmtdmhs chthode ae&tﬂ)kiysm)bﬁtliélﬁlél%nml%
PCT/ US03/ 06121 | ayer i nt @ whi ch hydr,ogen c%glp ‘ﬁé)ﬂ‘ t hanol

di ffuses 48H-il8 ﬂ@)&nﬁfl?@éthQSlei(%})rﬁhetpﬁg‘)‘Eﬁ(& bS e Bugh the
proton exchangsy ﬂﬁﬁ@fyﬂfb% ﬁ%}}ecﬁl@g"aﬁﬁtﬁe%th%éé Q@Qfode((gfﬂ))th§bx‘$?ons-[ﬁe) watal ytic

| ayer contains materra l'at1 num ruthenium’as a carbon
have passed through the membrane (82) along with the oxygen gas supplied from the

cathode gas, and the electrons received from the anode produce water molecules.

In a DMFC cell, the net reaction is the oxidation of methanol to carbon dioxide
and water. The cathode and anode reactions are as follows:

Cathode: 3/20, + 6¢ + 6H" — 3H,0

Anode: CH3;0H + H,O — CO, + 6¢ + 6H".

Production of novel proton-conducting membranes in accordance with the
invention is enabled by the process of combustion chemical vapor deposition (CCVD) or
a modified CCVD process. CCVD is des)cribed, for example, in U.S. Patent No.
5,652,012, the teachings of which are incorporated herein by reference. CCVD
deposition of platinum is specifically described, for éxample, in U.S. Patent Application
No. 09/198,954 filed 24 November 1998, the teachings of which are incorporated herein
by reference. Deposition of phosphate films by CCVD is taught in U.S. Patent No.
5,858,465, the teachings of which are incorporated herein by reference. Herein, CCVD is

utilized to deposit very thin films or layers of materials that provide unique properties to
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nonoxi de scavenger; and, optionally, carbon particulates as a

pl ati nunmf rut henium support. The cathode el ectrode structure (84) is
simlar twothe7apdde el ectrode (83) structure, having fr@arrisghoeito- | ef t
with respect to Fig. 5 a gas flow plate (100) having gas flow grooves
(101), a bonded carbon cloth (102), and the layer (104) into which oxygen
gas di ffuses and receives protons fromthe proton-conducti ng nenbrane (82)
to reduce the oxygen. In a PEFC cell, H+ ions (protons) are produced from
hydrogen in the anode (83) and mgrate fromthe anode side to the cathode
si de (84) Rrhatoacrghdediiagaeaghranssynd/or depepit xery spell) honmgsaequstyadguxast at ed i n

t he anode gl eGt I ' } 4 he

el cctrons Sirand Al tREb oD DB B e b b e e Be g )
I n the anode elkdtknoola tha&3)p totd iy thie highef e operatifg eeipesaturbyf therfosli ng t he
el ectrons from hydrogen |l ecul es.. In the cathode_ el ectrode 4) th
protons ( Hjelly fhgmorp gt é’é}é“dﬁf"rﬁegﬁﬁfaf%'eth}?e‘ﬁﬁ?%ﬁ%b‘(%%;‘3,1:8&*!“6 mﬁ%he
oXygen gasysweRlki cﬁféraftihg re@rﬁxlkkeam&qg hRgied B the RBStd MRInBhLPGEAERRe bECei ved from
t he anode produce water nol ecules. In a DMFC cell, the net"reaction is the

oxi dat i on lyfdratisniedthel hydoogea chaductingmictbrang metiwivad for. prathe-teasfhiodieoughdheanode

reactions are,as fgll . _Cathode: 3/202 + 6 _+ 6H+ -). 3H20 . Anodg: CH3COH
0 o Bebitte, Mt meBbRE e drlhPed o Brotab ot ing ETh AR nRor ancs
i n accor dagie@nyaéthaltyhexist imihe Mdnibtatcsasdiyaikaicpbiies, Rot RiatassptosoThust i on
chem cal vapor deposition (CCVD) or a nodified CCVD process. CCVD is
descri bed, thergexisisthpneed tp maintan’apequaiphydmtionof greprofen-condustipg membeys. of

whi ch are incor ' o€ @@ b L Lnumis
specifically de@‘g{alﬁ%g‘g?t%ﬁlsgagor?pﬁié& ?aﬁi‘&%%g at ent %p: |Elcéa%%1 P gtfnlo@l"'\%fok

09/ 198, 954above bak Edvddodifidnlr Veeio8s patémts havaphipoged intlusibn ofi wateerétmiamgpor at ed

herein by reference. Depgsition of phosphate fi by CCVD is taught in
US, Pat erpaigeis ST e pRSor-toiaite S AAGERS el QP FF Br ot ed her ef n
by ref er engghnidiRk ErincleEMPof sich Watdr réifieOnAteRas have\fﬂéﬁdédveraﬁfvelggﬁrfgg

| ayers of materials that provide unique properties to 17 WO 03/ 07
PCT/ US03/ owatdlly iselated domend o€ sudhanatenaly witbin thevalembragep 6nd wateetstentionl | |

homoge neouos\}e}( e)?tgmeé%gcling of the fuel cells has been less efficient than desired. By using

CCVD or modified CCVD processes, very small domains of water-retaining materials

can be deposited within and homogeneously distributed within a proton-conducting
medium. This allows operation of fuel cells at temperatures above 100°C, preferably at
150°C, and even at temperatures of 200°C or above

The most common proton-transfer media for use in proton-conducting membranes
are ionomers, such as a sulfonated perfluoro ether, e.g., that sold as Nafion®. Such
ionomers can be deposited from a solution that is co-deposited with CCVD flame-
produced material. However, proton-conducting material may be an inorganic material,
such as zirconium phosphate or silicotungstic acid, that can be deposited directly from a
CCVD flame along with the water-binding material.

The water-binding material that provides for water retention within the proton-
conducting membrane is generally a water-binding oxide or mixed oxide, such as silica or
a zeolite. Zeolites are naturally hydrated silicates of aluminum plus sodium and/or
calcium and/or potassium. Such water-binding oxides are easily produced by CCVD
flames from a precursor solution containing chemical precursors of the mixed oxides.

When co-deposited with a proton-transfer material, either an ionomer, such as Nafion®,
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dormains of materials that provide unique properties to the

prot on-conducting nenbranes. It is known that, up to a point, the higher

t he oper aworg/otgaeperature of the fuel cell, the nore effipcirarsos/geizhe fuel
cell operates; this is true of both PEFC and DVFC cells. However,
operating tenperature is limted by the need to maintain the degree of
hydrati on of the hydrogen conducting nenbrane required for proton-transfer
t hrough the nenbrane. Wiile the nenbranes are described as
"proton-conducting” menbranes, the protons actually exist in the nmenbrane
as hydr at eftbrs peoidepositingt soligionsad atincrgpnio tmaksial ddrdepositdieirem @CGVD flane, need
to mai ntaip ad at.e hydration of. the proton-conducting ,menbrane.. Because
wat er boi I'€° 8¢ e%gglé}n %‘é‘?egtafeb ep8?ltelgéff<‘ﬁg%’rs H@ﬁhaég%}gong}ge&méyor above
has pr ovenndiifitfrhatellytadmiseddi wittsthe pron-frafForn 600 QHE SerV o tHisihRh sfequate
water-retaining, materials within the proton-conducting nenbrane nmaterial.

However, pRdEHYsiylevels abihsmpmebsanes (Theysight rdie ofithewaler-binding materigl to the
terial . ‘ . ey N . ;

such mat orap s B AEEEE Mo NEkah G var RBE ) BidofeliS Mo B IR

cycl i ng ofpattiveldr ueteriadd detected anth dendesirabopetdtingit@nperathmrofdiesfueketll. By usi ng

CCVD or ified CCVD processes, Ver mal | daomai.ns of watey-retaihing
mat eri al rsmld @é‘i‘fi‘ﬁﬁgied@?}éﬁti rf‘té%loé\f’f’l‘i‘f rﬁ%&ﬁ‘?’ﬁ)‘i’?ﬁtﬁﬂﬁéﬁf}? Ryotgpdiaps E’F‘é@“ﬁft hin a
pr ot on- congek iffoch abBRE Q0ko dius2al | ows operation of fuel cells at

t enper at ures above 100C, %f erably at 150C, and even at tenperatures of

200C or above THeVRwhemtghpreerrpars faswxides ard mixedwaidgs,fas wellse chemical

pr ot on- co i f o] . a.sul f,onat e erfluoro
O her 0. QTeldRproR BRI S 36, oot AERleforn o SIS MR ERRRY 1 om
sol uti on tln8t Pitent@applitapion Noe 09/ 198,954 KND24 INavemb@ri9dgiced materi al . However,

pr ot on- conduct i n‘%ématerl al may be an inporganic material, such as zirconium
phosphat e or silf Mg@QiAytanHeripatgrialasan mergnKamaigialsucRas, @IfPREEMy from a

CCWD fl a i TNpTal B i : = bi. neli
mat eri al nﬁﬁg%ﬁ%%od\%sgggﬁ? g?t%%;)@rhggée tfoﬁﬁg{eﬁ#ﬁteﬁgﬁgﬁ%ig%ﬁ% @ glr(lig%cti ng
menbr ane imsatgrial earabé gepmsitat fEom kicoohinmy CXVDdlane from ednived precurserchhisnsi | i ca
or a zeolite, Zeol.i.t are.natu at silicates of al um num pl us
sodi um andP &y desgit eéi‘ﬁ%r‘?%vﬁérﬁgerrm}%‘i glsé?ﬁﬁ%pgﬁcﬁg%é% -bi ndi ng oxi des are

easi |y producedviéy cé¥fianly, héwBer, th@froforPi A Fer fferRPiod thedRoAbAIRRE
chemical precursors of the m xed oxides. Wen co-deposited with a

pr ot on- t r ARYRANGYS BB Aengmer dNafipa® being e eweentlyquefarred iongmien Nibrsych dge,
the ionomer is deposited from a non-flame spray(s) of ionomer solution, while the
inorganic water-binding material is deposited from a CCVD flame.

Shown in Fig. 7 are two CCVD flames 122 for depositing water-binding material.

These are shown producing flames in a direction parallel to the surface of a substrate 120.
The flames are each produced by burning, in open atmosphere, a finely atomized solution
of a water-binding oxide or mixed oxide precursor chemical(s). By adjusting the
concentration of the precursor chemical(s) and the size of the droplets in the aerosol, as is
known in the art, the domains of water-binding material may be varied over a wide size
range. Preferably, the oxide or mixed oxide domains are in the range of mean particulate
size of about 20 nanometers in diameter or less, more preferably 7 nanometers or less.
The small domain size of the water-binding material provides for very efficient binding
of water throughout the membrane, enabling operation of the fuel cell at elevated

temperatures.
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WD 03/ 074195 PCT/ US03/ 06121 from a co-deposition solution, or an inorganic
mat eri al co-deposited froma CCVD flanme, the water-binding oxides are
deposi t edwporsmertys smal | dormai ns that are honbgeneously amdTiusvs/oatel y

adm xed with the proton-transfer material and serve to mai ntain adequate
hydrol ysis | evel s of the nmenbrane. The weight ratio of the water-binding
material to the proton-transfer material in the nenbrane may vary over a
wi de ratio, depending upon the particular materials selected and the
desired operating tenperature of the fuel cell. Typically the weight ratio
of the wat er - bi Ngprifusteataskindlig. 7ds 8 hezzhe Bdohattpradistses nomfleme apray ofimges from

about 1:20 . L2 1. .chem cal .precurgars far oxides, and. m xed
oxi des, asso\t}\lg’ﬂ%t%g}sﬁtmc’ﬁn dl(s:%%%gﬁ?réoéﬁ?r's %I’gétnlf g?S]Ir?éﬁ?ﬂ% the lg’ﬁfgﬂera?é’%mugt ‘itfﬁjm are
descri bed, prefetreé taanthessolvient sybiemefor theeé-airestthonlflame dpatyectintal B kaksstntigh No.
09/198,954 fi.led 24 Novenmber 1998. If the proton-transfer material is an

i nor gani ¢ PREHEN phiyaters e natdeast ahqut §0 kot thesopieat wsism i§ prefersblyrmpten ¢ aci d,
bot h the aTa)s ks | ndi .| an be
deposi ted’ oo baORith sBRptiBhal tonkifutfiREa BAGAG: oFBBRHR ek 2" 0°,
descri bed wouldimpat desired eharaderistiSs toRh¢ membine. Sych5aspeided pdbisdulatesarenl vy,

however, the proton-transfer material for the proton-conducting nenbrane
is an iono%‘lcfdjﬁ)ﬂ%%%ﬁe(lia?geb%{arl? uttéﬁfenagalinptgmqrge%.r eferred iononer. In such

case, the ionorsptay DSERM heghld T2 Birdpst thicueR tlffeosfa%_bh(r%gioﬁfbe{v%éﬁﬁﬁé
solution, whi|le the inorganic water-binding material "is deposited froma

COVD f | ametwodimgs 122, whegebyrthe materhindapyparticulatesconming, flatherredudedg

wat er - bi ndj LAl ' flanmes in.a.direction
par al 1 ol ¢ 5opHE PR in o HHEREnR0Ford Y GBRAE L, A s B G e cucea
by bur ni ngnaterialapé praadurosisiarmatetal fate@-depasitedionatle sdktdateon  of da )
wat er - bi ndi ng i or m xed oxi de precursor_chemcal (s). By adjusting the
concentration gé(otﬁ% fiﬂ“&ﬂﬁéﬁ? n@hﬁﬁ%é@f@%ym&%e fiectad af ghesqubptrate respl et's in
t he aer 0SQlepo@bthk Svatdt M ind # I hashaf nvedBF 101! mat eri al
may be var i Bd over "3 W de é'si %{ghglr%%?tB%?rg%g%{té?gt%e oxf’ g}ég‘r&%@‘)%ed oxi de
donmi ns ardeppsitiethismparagee of thenflame purfadecit isgireferred thet the flabeutr fatenbaonet er s

O AT S RN B S SRR R i
bi ndi ng  ab dieétahe fldiheyaidadd Fap6r HART BB SubseRRRLIASG. TRAEAIY IPisHesitdbte  Ue!
cell at elevated tenperatures.

that the deposition temperature at the surface be 180°C or below. The materials can be

formed in the device of figure 1, or on a solid substrate from which the electrolyte layer

can be removed.

Proton-conducting membranes 82 in accordance with the present invention may
range in thickness from about 0.5 to about 1000 microns, preferably from about 10 to
about 100 microns.

In accordance with an aspect of the present invention particularly useful with
respect to hydrogen/oxygen PEFCs, a water-producing catalyst is incorporated into the
proton-conducting membrane, either distributed throughout the proton-conducting
membrane or, preferably, deposited as a distinct layer or film at an intermediate location
within the proton-conducting membrane 82' as seen in Fig. 6. In PEFC cells, there
inevitably occurs a minor amount of undesired conduction of oxygen and hydrogen (not
as protons) through the membrane. This results in a minor loss of electrical potential at

both electrodes. By incorporating a catalytic material, such as platinum in the proton-

conducting membrane, diffusing oxygen and hydrogen gas are converted to water within
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19 WO 03/074195 PCT/ US03/06121 Also, illustrated in Fig. 7 is a nozzle 124
t hat produces a non-flane spray of a solution containing dissolved iononer.
As it is wesBedes hat the iononmer not burn, it is preferPed/usazveieche

sol vent systemfor the re-direct, non-flane spary contain a substanti al
portion of water, i.e., at |east about 50 wt % of the solvent systemis
preferably water. The iononmer solution mght optionally contain suspended
particul ates of materials that would inpart desired characteristics to the

menbrane. Such suspended particulates are typically of a size range of
about 40 ﬁgﬁgﬁ’gﬁ’@‘@ 5 qvgids theessofrelgptricabpatensial atghe electigres.iMoxgi r ect ed

t hrough t ' . EAR t.he.
wat er - bi nglﬁlr%ﬁ&ggyf '%1 .8‘35 a’ttie:l-gki(l)éﬁtﬁ gf%nﬁgv aE%WE‘&%‘@%%“@%@%@F&&W ected
in a di rectebited levelad Hydiatios withinrth¢ profddBcontinctinginserhbrena/éven ab&veioR T by

mat eri al and_.protonztransfer .material are - deposi ted on the substrate.

Both the fﬁogﬁgn@ ofying, WALCF frames §¥PW68%$EY%8E% poleedes-at t he substrate

to co- deposit White iicafat i,@dﬁi&ﬁlaﬂ??ﬁ’tih&h, RO R edd" ﬁé}ﬁfm terial;
enp a

however, to reduce the eposition tenperature at the f surface, it is
pr ef er r ed TeARrans, it is peaterrest that inbedeppsiteddis n dasiee 81 intcamedintyl layapbl 15307t 0 t he

substrate . qt r.ay. e to direct .t he

f1 ane- proé’zz&g&&\&}g{%@ﬁt%ﬁ?}’ %‘%Ielqgg%é{)ra Seagou lgggg.'%seéﬂ@’ﬂ‘ff%agﬁt h‘r“s

desi r abl e layenist depbsitedeshusst toi thercdtisodeds atgen)sidd thil® thebhaleqhiBoddGder bel ow.
ormed in the devjce of figure 1, or on a solid

The materi.al.s. can be
substrate ﬁ%‘ﬁﬁ\ﬁﬁﬂ%h}( 8E¢), BEPg 6I“§H°B Smé%rm‘)lé%# PEYHSRClaps a greater
Pr ot on- coR@hiGidtiof rdtE tRb@eHe &nibtarRC GRE 4RAGS Y the t}ﬁﬁ'ﬁxgﬂ’ (ﬂ%‘iﬁ}yes# Qi on may

range in thickness fromabout 0.5 to about 1000 mcro pre ably from
about 10 tpdaced pban optipeel dcstionwithinthemembrian teacsburt famthe dijphet rebitivehe pr esent

I nvention i useful with r ect to .hydrogen/ en PEFCs, a
wat er - pr oéﬁl glltatrtllé) f ? gﬁg#rég?n ]iega%?’ﬁ‘ggo?’ﬁlg?%?@gs aﬁm %l%?lﬂ © SﬁgBec %ﬁﬁg §1de tQg

menbr ane, depddidataliytit thatetidlabrobficut HRPudtod-AandTe:dhAB8risl ARG URb g iddEnbr ane or,
preferably, de‘?ﬁlsited as a distinct layer _or filmat an internedi ate

| ocation Gkicrsts Aing HEI%?@fGW %ﬂwércmaﬁgalnéhs dmer daver B3 efeatalytic ratgriale. | n
PERC el s pRANG e A L gD QGE s fo BBy PRk e Shr ], condluct on
i n a m nosuffissmtlyhoriue td piovale fpgiretohiteansfat therethrough.
The catalytic material, whether distributed throughout the proton-transfer material
and/or as a discrete film or layer, may be used in conjunction with a water-binding
material distributed throughout the proton-transfer material, as described above.
Fig. 8 illustrates a proton-conducting membrane 82" for a DMFC in which an
intermediate layer 119 is disposed between layers 131, 133 of proton-transfer material.
In this case, the intermediate layer 119 is a material, such as zirconium phosphate, that
blocks migration of methanol through the proton-conducting membrane 82". Methanol
migration is a significant problem in DMFCs as methanol, which migrates even faster
than water through the membrane, reduces efficiency of the cathode. By providing the
methanol-blocking layer 119, this problem is reduced or eliminated. The methanol-
blocking layer may be very thin, typically 1-100 nanometers in thickness, preferably 5-50
nanometers. It may be that the efficiency of the methanol-blocking membrane 119 is

optimized when disposed closer to the anode than the cathode because the methanol

migrates from the anode. Again, this aspect of the invention may optionally be used in
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both el ectrodes. By incorporating a catalytic material, such as platinumin
the proton- conducting nenbrane, diffusing oxygen and hydrogen gas are
convert edwDm®3maties within 20 WO 03/ 074195 PCT/ US03/ 06121 PpChasawodieane.
This avoids the | oss of electrical potential at the el ectrodes. Mre

i nportantly, however, the production of water within the nmenbrane helps to
mai ntain the desired |evel of hydration within the proton-conducting

menbr ane even above 100 C by constantly producing water from stray oxygen
and hydrogen nol ecul es. Wiile the catalyst, particularly platinum may be
di st ri but eePnjunctiog withtthe erabodimentrof e, inivention ipwbichrrvedertiinding makeriatisposi t ed

as a | ayer. i.nte diate layers 115 117 of proton-transfer material,
such as Nalp%%rﬁ?f}%dal{é@m%nf%mé%bmaénakl so, preferably, this layer is
deposi ted cl oseWhen ah heriidiaeciaydraig 9en)9 Bifdendd P plobntdpdaggge (hydrogen)

side. This i bec%se hydrogen, being a nmuch snaller nol ecul e than oxygen,
has a gr eaPEMPraagh e Of Pon IesREivVelyy wapNs priersRifahrication may bp veesk i of t he

thin |ayermefhbfatahy ?% %F‘}f‘tl'i}g?ﬁe dédo é?iq}iﬁet:tl@gn anﬂsgg{ ?Ijof&ﬁﬂia{ngﬁr Waldkn the

menbrane to account I gher relati on of hydrogen relative
t 0 oxygen. andta sesoral lspervifipriton-tramsferangteriab Subisequently dapadsited thereode Sadti t

catal ytic terial throughqut e, proton-transfer, erial and al sQ provide
a discret? efrfalt?ﬁ(aps t189_ ygﬁe eﬁ‘?t‘é{e‘é%ﬂ@lt qp@ams iFééT?/ Hfltemnafely pyng theer 113
of catal ytich-Bhespray flahs td ¥dposieldnvm¥éesnd dsttighthe Badle, in REA WS dNIAMY rel O and
about 80 nanoneters. It nust be sufficiently porous to provide for

pr ot on- t r aHECESPIEh ret Witely am theson-Heme gprey, tadepositdhe matedalafitheli st ri but ed
th hout: ton-.t i i t.esfil
r oughou 1nEe'ﬁ‘ﬁe<ﬂ5% liQﬂer 1B { R .%ﬁz{t{v%fy thd'? el%%d"f‘a%e ﬁp{gﬂ ﬁé{ﬁ% e]‘li? glrayrpeor

| ayer, may be use n conjunction w a wat er-bi ndi

di stri but edepbéitedwglrombtetible syphat ametal 461 b potpteraflrocthyente@efbh®y above.
Fig. 8 illustrates conducti ng nenbrane 82" for. a DMFC i n which an

t -
i nt er medi atRstaly apd g‘f_gerq%ggt@f st de BAMERNREFe g3 NafipnB) gra "decal
prot on- t r apakRy" RBkAHIA! A suﬂsg%delﬂ’c ﬁy&%%{oﬁgr?-?ra%s{f% C e Wouid BEhe 119 15 a

material, such as zirconi um phosphate, s mgration of net hanol
t hr ough t héeppsitedon-top nfiihist leyey. ptibvalpchstitermvtiatedapdr 1183rogt B2 drodepasited

i gni fi cant.probl em | Cs thanol, whi i ven fast th
vater t hr orioh TSR a0 B SRbEN Vit reifef et e cBefiSdese Berghovi di ng
the met hapoL iddepekitedgthedyston-tilthangdinsmBrand (FFEM) MateBidlis @8pRite®lo il ARL €.

The net hanol -, bl ocking | ayer. may_be very thin, tﬁ)l cally 1-100 nanoneters
in thi Ckne@%s,tmg,p@lfnéqba]gyyf}émggyer. In such a system, the PEM (56) may be thinner or

omitted and the two sides combined directly. The ECLs can be formed from one Tunnel
(21) and the intermediate layer from another tunnel (21) in the correct sequence. Some
amount of PEM can be formed between the ECL and the intermediate layer via another

tunnel connection.
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nanoneters. It may be that the efficiency of the nethanol-bl ocki ng nmenbrane
119 is optimzed when di sposed cl oser to the anode than the cathode
because twe mwré1ahol mgrates fromthe anode. Again, thi #cagpesoscief the
invention may optionally be used in 21 WO 03/074195 PCT/ US03/ 06121
conjunction wth the enbodi nent of the invention in which a water-binding
material is incorporated in the proton-transfer material. Wen an
internediate |layer 113 or 119 is forned for proton-conducting nenbranes
82' or 82" re_sge(_:tiv_ely, vari ous orders of fabrication nay be used. The
menbr ane WBatds leimeqrisy be deposited directly on a layer of proton-transfer

material and S als =4I I rical equent |y
deposited ther gbng%gél}g%d ﬂ%ﬁ%peo?'&%l?g%g%{}gfgilﬁ%%gﬁgy %)e oé‘?fsg%gt&é%’ g\n‘%t h the
appar at us of Fi g. mgthobg cadnpasingt ely using the non-flane spray flane to

deposit iononer and.using,the fl.anme n.,conjuncti.qn wth re- direct
spray, e.g., water, B @nﬁsﬁ%?%ﬂmgﬁﬁa ,’RTB"la’é‘ﬁ(?é‘ft’ccu CARPEFNG| of
the internedi ate; tayofic hhirgl, 119. Alternatively, the internediate |ayer
113 or 119 may be deposited on a material, such as a netal foil or a

pol yt et r af | uor oet hy il doydrepregipy of said Svidstreamspiowidingacpeytdoyprisingsf er r ed

to an iononer |ay : fiQ L3 decal .transfer" technigque. A
subsequent | ayer ]glyr{ﬁrg%‘fg%lﬁt-eyrggr?saggé Mn’w‘a%ag? ﬁaéflg“a%tﬁ? ‘C’Ylt#ﬁ%l PB@“&‘&%%‘*‘E d on
top of this layerandOptimally, the internediate |ayer 113 or 119 are
deposited wth the, nethods ,%n .apparatus described wth respect to Figs.
1-3. In this case, &PP@sngsd! .Stfeé:‘nH‘gbﬁé‘i. fudgtrate W%Pé?%méﬁﬁ?ﬂﬁgb.
menbrane (PEM ”Béa?dﬁ)ﬁ%icdléteéjé‘r{?&%dggﬁﬁ()& i dald s%bétratfmké.ng permability of

the layer. In such a system the 56) may be thinner or omtted and
the two sides Qonbhamethdd rerotdigg toThleinkCivcheramsdid sibstrateds farows amde Tunnel

(21) and the interpedi ate | ayer fr.om anot her tunnel, (21) ip the correct
sequence. Sone awg%_ﬁlp ) it %%PH{IB@QFSBFI:%ES%? QRROATS ??éa ace Ay

i nternedi at e | ayedaid/pelyaBot Maferiall 4hanRaid ;ﬁﬁfb‘&ﬁ@ésla%‘eo-&ﬁ)om(ﬁ?{/ 074195 _
PCT/ US03/ 06121 What is Clained is: 1. A nethod for depositing a catalytic

| ayer on a sur Bacdhemethod aseardingdo Claim 1 wharpip gaid papiculatesgomprise a
conducting support material and a catalytic material on the surface of said

conducting support material.

4. The method according to Claim 3 wherein said catalytic material and said
support material are separately introduced to said upstream region and
combined to form said particulates prior to introduction into said downstream
region.

5. The method according to Claim 3 wherein said catalytic material is formed in
said upstream region by combustion chemical vapor deposition.

6. The method according to Claim 3 wherein said support material is introduced
into said upstream region as a dry powder.

7. The method according to Claim 5 wherein a spray of quench liquid is

introduced into said upstream region.
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in an upstreamregion of a fluid stream providing particul ates conpri sing

a catalytic material, in a downstreamregion of said fluid stream
provi di ngwe osforeys conpri sing polyneric naterial so as toPRTAUSSHEIE21
particulates with said polynmeric material, and inpinging said fluid stream

on said substrate surface so as to co-deposit said particulates and said
pol ymer on said substrate surface. 2. The nethod according to daim1l
wherein said substrate is porous and wherein a vacuumis applied to said
substrate opposite said surface on which said polynmeric naterial and said
particul ates ar® A@pdepsdondegosing apatalyiic metriabaros sibsiate.cad appasatuswher ei n
sai d particul at esc&ﬁggiﬁ e a conducting support material and a catalytic
material on the surtace of said conducting support material. 4. The net hod
accordi ng to d ai m Jasllewanenns frdlireating a/treamnaftgas thabughras upairehm fagimont
material are separately introduced fo said upstreamregion and conbined to
form said particuf® eﬁ?’i%glo’f"c?“ﬁﬁt B I8 OMnt 0 sai d downstream region.

5. The method accor dh&gs kg 1&@5%%1%%% @aiafaklgogﬁﬁﬁl%gah gudmhﬁrtﬁél s

formed in said upstreamregi on by conbustion em cal vapor deposition. 6.

The net hod accor detrepnt of gais anpingeswnes girface of shidssnbptoate, nmaterial is introduced

into said upstreamregion as,a dr owderg..7. .The net.had accordi.ng to Claim
5 wherei n & spray o meSALA Tafibdm PR or infegbife PR et SO RRLIPRa
region. 23 WO 03/ @aA41i86nfafetial )28/ 06121 8. Apparatus for depositing a
catalytic material on a substrate, said_apparatus  conprising gas flow
means for directi ng /Beass pbwid drwnskeam ke 1 firodpeing 8 dwid eogmisinga

downst ream r egi on ﬂ%ﬁp R i ; at . substrate
in said depositi OROI egf gln S cﬁ'v% eg?oﬁ%l(:ﬂg%a% %ﬁp%?lfcg%tgg ?ﬁrr%iwrlltgggﬁon a
surface of said spiigmesnt e,

whereby said gas stream carries a mixture of particulates and polymer to
said substrate surface.

9. Two or more apparatuses according to claim 8, a first for depositing material
of one composition on a substrate, and a second for subsequently depositing
material of a second composition.

10. Apparatus according to Claim 8 wherein comprising vacuum means for
pulling said gas stream through a porous substrate and gas-stream-entrained
material into pores of the porous substrate.

11. A method of depositing on a substrate surface a layer containing both
hydrating and proton conducting material and having sufficiently low porosity
to not allow gas flow into said layer, the method comprising,

providing a solution/slurry comprising particulates of a hydrating or
proton conducting material in a carrier liquid,

atomizing said solution/slurry to produce particulates of said
solution/slurry,

directing said solution/slurry particulates at said substrate surface, and

prior to reaching said substrate surface, removing a sufficient amount of
said carrier liquid from said solution/slurry particulates such that said
solution/slurry particulates agglomerate on said substrate surface and

coalesce, but do not liquid flow in the layer that is formed.
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means at said upstreamregion for introducing particulates conprising a
catalytic material, and neans at said downstreamregion for introducing a
fluid conwoicsiongom polyner in finely divided form such t ref/tsas/ob121
particulates mx with said polynmer, whereby said gas streamcarries a

m xture of particul ates and polynmer to said substrate surface. 9. Two or
nore apparatuses according to claim8, a first for depositing material of
one conposition on a substrate, and a second for subsequently depositing
material of a second conposition. 10. Apparatus according to Claim8
wherein conprising vacuum neans for pulling said gas streamthrough a

por ous substrat S-St ream enit ai ned, mater.ial. j.nt ores. of the
porous subst ratlg.‘ ?‘ﬁ%m% O BP0 ng?o @@&gﬁtwl}?&%ﬁmﬁs%‘aﬁ%fyﬁ&‘gép F‘F@E& a | ayer
containing both hydittdduoed @es deie, 200 dEERE S shidubBtaes dudfac@FodiRdnng
sufficiently |ow porosity, to not allow gas flowinto said |ayer, the

met hod conpri si ng?ncﬂ)?SS@F‘iﬂl% a solution/slurry conprising particulates of a
hydrating or pRro i Fhal i I L.y aiom zi ng

oai " sol at i on o a Ty SR AEL-REE REL Rl stdedty  3edoh el s thdEd 7
directing said soseparataly Sborthy spdséluder/dteg. at sai d substrate surface, and

prior to reaching.said,sybstrate surface, .renovi, a sufficient anount of
said carrier IilcqquiF PF%‘HH&&?O @Bfﬁg"aaﬂﬁgl"meﬁn%&g‘#’éﬂ?‘ﬁﬂ%@r@%h that said
sol uti on/ sl urryl5pArhéteed et Beaamy PPROE By@drSiPmsthstd e and
coal esce, but do not | iquilg fl ow i%@t he ?’ i rpé%e%%éﬁ&m

0 ayer that is for
03/ 074195 PCT/ USORIrowsisubstrate compprasinget hod according to C aim 11 wherein said

S0l 1 o1 Y Dot Sk SRR 0k SRR W Ryl Blngdn 0 et 0
according to C ai m biovidiag eisolutios endioiklurey &ff said solid natériad it firier liquid,
atomizing said solution and/or slurry in said gas stream to produce
particulates of said solution and/or slurry,
prior to reaching said substrate surface, removing a sufficient amount of
said carrier liquid from said solution/slurry particulates such that said solution
and/or slurry particulates agglomerate on said substrate surface but do not
fully coalesce, but leave pores in the layer of solid material that is formed, and
providing a vacuum behind said substrate to draw said particulates to said
substrate surface.
16. A method for depositing a catalytic layer on a surface of a substrate, the
method comprising:
in an upstream region of a fluid stream, providing particulates comprising
a catalytic material supported by a conductive material,
in a downstream region of said fluid stream, providing a spray comprising
polymeric material so as to mix said particulates with said polymeric material,
and
impinging said fluid stream on said substrate surface so as to co-deposit

said particulates and said polymer on said substrate surface.
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separately fromthe said solution/slurry. 14. The nethod according to Cdaim
13 wherein said substrate is porous. 15. A nethod of producing a porous

| ayer of wolm3@74met erial on a surface of a porous substraPeTaspodizi ng
providing a flow of gases directed to said substrate surface, providing a
solution and/or slurry of said solid material in a carrier liquid,

atom zing said solution and/or slurry in said gas streamto produce

particul ates of said solution and/or slurry, prior to reaching said
substrate surface, renoving a sufficient amount of said carrier liquid
from sai d sol utli7ToAppératus fomepositing atayer cficetalytio atatariil Hetsiebnih in@b of podtior

slurry particul ates | oper at e. on said substrate surface but do not fully
coal esce, but |ea{7‘§t‘%‘%€ %W%P&PTP@W‘C A3 TG COMPES & hat is forned,

and providing a vacummnb@tu;nq)s&adrmo%u@&{foab&lvbﬁngrsawmw RikihieklAEES tO
said substrate surface. 16. A nethod for depositing a catpal ytic layer on a
surface of a substeBpeancand saidwsieh o peroupmateriagin parellghspagssitansstm r egi on of a
fluid stream proyejclﬂi'oggﬁgarti cul ates conprising a catalytic nmaterial
supported by a conductive material, in a downstreamregion of said fluid
stream providi ng amsgnayt cdoasireamdocatial foraippingsaidenémbrage agbsdidweb X sai d
particulates with ng:hg ggéymeri c material, and inpinging said fluid stream
on said substrate®8fP288050 as to co-deposit said particul ates and said

pol ymer on said subshdaat ﬁ)r%:ﬂ”eétﬁfg%a%a?yﬁic%t%l Béthier sﬁﬁ:l-&/euggélsﬁ@ 121 17,

Apparatus for depositing a layer of catalytic material between a web of
porous material amgmirapelst efstigam denatien tthdepgst eatatisiametetalrmrsagi weh amans at

and 5ai d-web of perometba RIS e BoaBUh S0t rel ati oneni b
means at a dowist Apparafusaedotdifig {o0Clatth PP ithe GirEpRADNE0 dadieand it Web
defining a confined deposition region between said membrane and said web.

19. An electrocatalytic layer comprising in combination,

a gas permeable substrate having regions of greater gas permeability and
regions of lesser gas permeability, and

material comprising a catalyst deposited on said substrate such that said
combination has a higher catalyst loadings in regions of higher gas
permeability than in regions of lower catalytic loading.

20. The electrocatalytic layer according to Claim 19 wherein a maximum catalyst
loading, as located in regions of higher gas permability, in a through-the-layer
direction, is at least 10% greater than an average catalyst loading.

21. An electrocatalytic or gas diffusion layer comprising in combination,

a gas permeable substrate having regions of greater gas permeability and
regions of lesser gas permeability,

a first material of a first composition deposited as a first permeable layer
on said substrate, said first material layer functioning to equalize gas

permeability across said combination, and

a second material of a second composition deposited on said first layer.
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toget her, and nmeans for directing catalytic material between said web and
said nenbrane at upstream |l ocation to deposit catalytic material on said
web and waiod/omapbrane prior to said downstream | ocati on. PC/USAppERAL US
according to Caim17 further conprising fluid dam neans for defining a
confined deposition region between said nmenbrane and said web. 19. An

el ectrocatal ytic |ayer conprising in conbination, a gas perneabl e substrate
having regions of greater gas perneability and regions of |esser gas
perneability, and materi al conpr|S|n%ﬁg catal yst deposited on said

substrate such %hdieskcrocatadyiis or-gep hlusign layenphbleim 2hmderein saidfisitngs in

regi ons of higher, lytic

| oadi ng. 20. The e?ﬁé?srng@g a S'llacéc{l(?(%{3&&.1 gtgaérlﬁg}ngr@woéc&n a,;u k@ﬁg\%grel n a
maxi mum cat al yst chtabzdﬁangsamebmxdaioeqbosmon egnmises eteldtivgheliighas permability,
in a through-the- Ia di recti.on at | east 10% greater than an average
cat al yst | oadi ng. cen aem f“rdd:é‘@{yéfyti c or gas diffusion |ayer conprising
in conbination, 23ama%1e5@6<mﬁi&orsgabaffﬁ1§foﬁ 1&3@%@@1;1{1&91%%1&%019{)@&&@5 gas
perneability and regions of” | esser gas perneability, a first  material of a
first conpositi ongaepayicldd substrgtef thegas mn&lablye)flsaﬂ@lecﬁmt&lmdowbst rate,

said first materi e q ize neab across
sai d conbi nati on, ﬁlffdé% fagcong%}ﬁ%pgrglgoé’logl Sgatg’g%ﬂ%g%%ﬁﬁge& ?qyow’%dé%osi ted
on said first Iaymlcron?ﬁemmwmeﬂboml&imlﬂ 22. The

el ectrocatal ytic or gas diffusion |ayer_ of C aim 21 wherein said first

conposi tion corﬁf’r %@@W%Q‘t‘%nﬁﬂe@m% foet fitel ¢l posisingametonttraasienn of a
catal yst and sai dppeconhon ?%&r%g&@ TRahRG: & ar\?z}t@ﬁl&ﬁ{&hé i

concentration of saird cataly e el ectrocatalytic or gas diffusion
| ayer of O ai m 21effestiviedo a]dIDMpmntmua@opﬂratgm&f[aé’uﬂEabhﬁempbmhrréﬁz&),ové he gas
perneability of Sihgo | ectrocatalytic or gas diffusion |ayer varying by
50% or | ess betwe 6$edom' nately any 10, 000

25. The proton-conducting membrane of Claim 24 wherein said water-binding

material is in amounts effective to allow continued operation of a fuel cell at
temperatures of about 150°C or above.

26. The proton-conducting membrane of Claim 24 wherein said water-binding
material is in amounts effective to allow continued operation of a fuel cell at
temperatures of about 200°C or above.

27. A proton-conducting membrane for a hydrogen/oxygen fuel cell comprising a
proton-transfer material plus a catalytic material for converging oxygen and
hydrogen that diffuse into said proton-conducting membrane to water.

28. The proton-conducting membrane of Claim 27 wherein said catalytic material
comprises a discrete film or layer between layers of proton-transfer material.

29. The proton-conducting membrane of Claim 27 wherein said catalytic material
comprises platinum.

30. The proton-conducting membrane of Claim 27 wherein said proton-transfer
material contains water-binding material.

31. A proton-conducting membrane for a methanol/oxygen fuel cell comprising a
layer of methanol-blocking material between layers of proton-transfer

material.
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m cron area and any other 10,000 micron area. 24. A proton-conducting
menbrane for a fuel cell conprising proton-transfer material intimtely
adm xed wwohsaniasrount of a water-binding material effecPcCrasodoaki ow
continued operation of a fuel cell at tenperatures above 100C. 25. The

pr ot on- conducti ng nenbrane of C aim 24 wherein said water-binding nmaterial
is in anobunts effective to allow continued operation of a fuel cell at

t enperatures of about 150C or above. 26. The proton-conducting nenbrane of
Claim 24 wherein said water-binding material is in anounts effective to
al | ow cont i nued2opbbe protamcanduetingine¢mbrand offtlaim 8 hpdheminsasbmethandlout 200C or
above. 27. A prot > n?ﬁla tr{ g rrensbr ane for g hgc{r ogen/ oxygen fuel cell
conprising a proton-transter “WEEST 4P PAORRY S| vtic naterial for
conver gi ng oxygsnTheprotdiyetndgetihgtiahbrdhd 6fUSIain Bl WheRirtsal srofun=teAReBACt i Ng
menbrane to water. 28. The proton-conducting nenbrane of C aim 27 wherein
sai d catal ytic nafwierial contaipg,wateiskinding  filmor layer between |ayers
of proton-transfer material. 29. The proton-conducting nenbrane of Caim
27 wherein said catalytic material conprises platinum 30. The

pr ot on- conducti ng nenbrane of Cl aim 27 wherein said proton-transfer

mat eri al contains water-binding material. 31. A proton-conducting nenbrane
for a nethanol/oxygen fuel cell conprising a |ayer of methanol -bl ocking
mat eri al between | ayers of proton-transfer material. 27 WO 03/074195

PCT/ US03/ 06121 32. The proton-conducting nenbrane of Caim 31 wherein said
nmet hanol bl ocki ng naterial conprises zirconium phosphate. 33. The

pr ot on- conducti ng nenbrane of Cl aim 31 wherein said proton-transfer
material contains water-binding material. 28
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