14 March 2006 1 FUEL CELL MEMBRANES AND CATALYTI C LAYERS The invention is
directed to nethods and apparatus for producing catalytic |ayers, such as
those used in the cathodes and anodes of fuel cells,14amardrugbogel | s having
proton- conducti ng nenbranes that provide enhanced properties. Background of
the Invention: Catalytic |layers for fuel cells are well known which conprise
an i ononer, e.g., persulfonated pol ytetrafl uoroethylene, such as that sold
as NAFION(r); conductive particulates, typically carbon; and catal yst that
is typically supported by the conductive particulates. Catalytic materials
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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, e.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



solution and a doctor blade is used in application of the solution, the
surface of the <catalytic |ayer away fromthe substrate is substantially
snooth. As the surface of the 14 March 2006 2 cat al yt4 Marely2006 hat cont acts
t he uneven substrate is simlarly uneven, the catalytic layer that is
fornmed is of uneven thickness. Al pordions of the catalytic |ayer nust be
sufficiently thick to ensure that substantially all of the gas passing
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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.



the l'ayer that forns contributes to the catalytic efficiency of the |ayer,
deposition of layers as described in U S. Patent No. 6,403, 245 has
difficulties with high speed, |arge- scal e depositiott MarcaR80§ti c material s
and does not account for a variable perneable substrate. 14 March 2006 3
Critical to the operation of the fuel gell, whether a PEFC or a DMC, is the
prot on-conducting nenbrane. The present invention is further directed to
prot on- conducti ng nmenbranes that provide unique properties or utilities and
the met hod of their manufacture. General properties of proton-conducting
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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



and/ or al cohol, is substantially renoved fromthe carbon-supported catal yst
prior to being introduced into a finely divided spray of a solution of

i onomer, such as NAFION(r). This mxture of iononerldaddraa®@t- support ed
catalyst is deposited on a substrate surface. In accordance w th anot her
aspect of the invention, when the subgtrate has sufficient porosity for
gases to flow through the substrate, a vacuumis applied to the substrate
fromthe side opposite the deposition surface, thereby pulling the
deposition 14 March 2006 4 m xture into pores of the substrate. By use of
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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.



very thin filmor layer of a nethanol barrier material, such as silica or
zirconium phosphate Brief Description of the Drawings: Fig. 1 is a
diagrammatic illustration of deposition apparatus irdadachd2®it: with the
invention. Fig. 2 is a side plan view of apparatus in which catalytic |ayers
are deposited with a nodification of sjapparatus of Figure 1. 14 March 2006 5
Fig. 3 i1s 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 schemtic
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Certain Preferred Enbodi nents: posi tion apparat us degcrl bed herein is
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having an intermediate thin film or layer.

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



herein in terns of this node of catalytic material |ayer deposition.
Subsequently, nore sinplified operation of the apparatus will be described
in reference to depositions in which two or nore ofl4tMarcte2@06 al s are
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bet ween t ove-descri bed regions t, are described herein in functional
terns Wi t fntroduction region (22), an intermediate drying region (24), a downstream ionomer
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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



respect to the deposition process. In a currently preferred enbodi nent,
nozzles (30), (32), and (34) are used to introduce material into the
upstream catal yst-introduction region (22) of the tddndarchZ06 Through
nozzles (30) are introduced a precursor solution for catalyst, such as
plati num ruthenium gold, palladium; etc. and m xtures 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-mcron droplets of solution. The apparatus
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vari ety ol el afd ®sGDSE forkRhplé, o USXPdted: ®o. 6,008,233, TRatent No.
6, 208, 234. The teachings of all patents_and applications di scussed herein
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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
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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



particul ates are substantially dry and free-flow ng, they do not
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noi sture may ate.particulates ether As a
result, epgyl@ﬁ 5 ?}FS Rr @%‘i‘)ﬂ?% 8’(9?05&0??13 5%1; OVaie U pronot e gas
passage |ﬁ1taf_anand t hrough the nmenbrane. This contrasts wi th above-di scussed
U S Patent No. 5,861,222 in h.the s er| st include a
pore-form ng nitedhatera Fﬁ‘é@‘“@iﬁﬁv@’ gp{%rtﬂe ‘r%“l%‘ \ﬁl‘r@ the | ayer and
nust be sybaeGURRTYeXe %c%ﬁ&i’ﬁqmo@-ﬂgwmgWyEan%ﬁh&%'n@n—pQ@@@&'atﬂoﬁ)ﬂs' n accordance
with the 1nvention not only obviates the step of renoving pore-formng

mat eri al , subgtrateliis sostdmpertpt hatdhenateriak baypndloging as deposited BEPRFEt e renpval of
such _mat SitlsHhee, sl EHal s%otsﬁg%ﬁ'ﬁ%@&ﬁws haEShIRH0 br fifoukPAENI Ng the

substrate eria eposite non-flow ng | ayer on
either a mdmrqﬁexrmooranan-pmr)mﬁslbst@tﬁbmsmmblelthat fhe layergrot flepwhemant t hat t he

materi al ge ostted. df %%rpeg ife sugs% tse i ﬁo%—p%?oug aRBERHRwill 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 layer
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



substrate, such that the material is not sucked by vacuum substantially into
or through the substrate. Even on a non-porous substrate, it is desirable
that the layer not flow when deposited. O course, 14fMatoh Zfistrate is

non- porous, a vacuumw Il not be used to draw the material into the
substrate, as maybe the case with porqys substrates. In such case it may be
beneficial to have the material sticker (wetter) and or use el ectrostatics.
At the end of the tunnel housing (19) there is provided a horizontal flange
(50) disposed closely adjacent to the substrate surface passing therebel ow
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Wet carbon could be introduced either through nozzle (34) or nozzle (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



conposition of the layer-formng material being deposited on the substrate
surface (12). As noted above, the carbon particul ates, rather than being

i ntroduced dry, could be dispersed in water or an adldawct ZM6uti on and this
di spersion introduced into the upstreamregion along with the

catal yst-producing CCVD flame. By thig variation, a separate spray of
quench water nmaybe elimnated as the wet particulates wll not burn. Wt
carbon coul d be introduced either through nozzle (34) or nozzle (32). As a
further alternative pre-fornmed carbon-supported catal yst particul ates,
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with ordi BESredioyera aﬁletsﬂésmé?’?lgg?‘@m@%é’?% ‘?‘E?%?v;fﬁ (?%e scope of the
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described herein"with respect to certain enbodi nents as being introduced

t hrough splosil {42 ohwpparied cgt@yst. (34) and/ or (48); however introduction
through a choi ge, @fnSHifraR%Z 4 ShutioWibHbnsihor fil Akl ¥ AMTR%ER! € may vary

according to
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, e.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.



need in any specific application. Carbon supported catal yst could al so be
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cloud (42) of supported catalyst. As a further alternative, a
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and iononer may be introduced through a single nozzle, e.g., nozzle (34).
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ol oot ocat PP o o S0faelef g gitenef bRt Reahashersaniyie eor oabl o
substrate @mlystmmmg ;aatmr betd pladibahithinni]BhIBA, SRSt ed t hereon,

catal yst loading is 9 in the nore gas perneable regions
necessartly the othe matenals of the layer, such™as carbon particulates. Such loading

variations are achievable by the apparatus of the present invention which uses a pressure
differential to draw material into a porous substrate, e.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).



of the ECL than in the | ess gas perneable regions of the ECL. In this
regard, the ECLs of the present invention have a maxi num catal yst | oadi ng,
in the through-the-ECL direction, (nore gas perneablé Maghdt¥)6 t hat is at

| east 10% greater then the average catal yst |oading, preferably at |east
30% greater, and nore preferably at {gast 50%greater. This differential in
catalyst loading refers only to the catalyst itself, e.g., platinum gold,
pl ati nuni rut henium palladium etc., and not necessarily the other
materials of the Iayer such as carbon particul ates. Such | oadi ng
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Hlustrated 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



pressure gradients, e.g., those produced by a vacuum source. The present
invention provides fora very fine spray with internedi ate drying such that
the resulting deposited material does not |iquid fHéMancder008 pressure
gradient of 2 inches (5 cm) of water, and nore preferably does not |iquid
fl ow under even higher pressure gradignts, such as 5 inches (12.7 cm of
wat er, 10 inches (25.4 cn) of water, 15 inches (38.1 cn) of water, 20

i nches (50.8 cnm) of water, and even higher. The higher the pressure
differential, the nore unlforn1a non-cat al yti ¢ base coat or the nore
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considering that the catalytic rnatenal includes expensive metals such as platinum, goid,

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 thevconﬁguration 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.



In each of the apparatuses of Figures 2 and 3, catalytic material is
produced and/or supplied froma pair of chanbers (21), such as is described
in detail-with respect to Figure 1. Attached to th& Marehi2806exit ends of
chanbers (21) are interior fluid dans (64) which in cooperation with side
fluid danms (74) define substantially 4@nclosed regions (62) and (66) in
Figure 2 and (70) and (72) in Figure 3 along with one of the porous webs
(58) or (60) and the proton exchange nmenbrane (56). Wth the materi al
exiting chanbers (21) into these enclosed regions, (62), (66), (70) and
(72), a nmajor RG fkPsbnRinpldidiyitit @6 inddntiSX trbd 138 of 1R BAGRIGhanber contacts
and deposits on the nenbrane (56) or the web (58) or (60). This enhances
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substrate. In many cases it is desired that a relatively | ow concentration
of higher concentration of catalyst.

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



catal yst be present near the electrode substrate and a relatively higher
concentration of catalyst be present away fromthe el ectrode substrate.
Thus, at an upstream | ocation, a deposition apparaté4dqrah?008y be used to
deposit material that contains little or no catalyst. This initially
deposited material helps to equalize qpermeability across the substrate.
Subsequently, at a downstream | ocation, a second deposition apparatus (21)
may be used to deposit the material having the relatively high concentration
of catalyst. Wen the electrocatalytic layer (ECL) is assenbled in a fuel
cell, the_hi.gher I Y | At t 0 the proton
exchange HBND r"g?%’ %@%em‘f‘%%@%%f P I&Sﬁg@%o%ﬁig%&%%g %{:g%oﬁlsgs?ﬁson( or |iquid)
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in a base pport layer are acconplishedthrough the use
e.g., carbon “paper”, have gas permeabilities that vary from location to location, e.g.,

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



of mnimal liquid remaining in the flow spray deposition with a flow field
through the substrate, e.g., as by drawing the gases and material through
the substrate. The deposition of finely divided maiéMarch2886s to be nore
gas flow field controlled than nonentum controlled. To achieve this, very
fine droplet sizes are required such {7hat the droplets achieve a velocity
simlar 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 Iightly "bunp" into the substrate, e.g.
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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; + 6e”+ 6H" — 3H,0

Anode: CH;OH +H,0 — 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
amodified 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



the protons that diffuse through the proton exchange nenbrane (82) toward
the cathode (84) side. The catalytic |ayer contains materials such as

pl ati num rutheniumas a carbon nonoxi de scavenger j4avdschagioeonal |y, carbon.
particul ates as a platinum ruthenium support. The cat hode el ectrode
structure (84) is simlar to the anodg el ectrode (83) structure, having
fromright-to-left with respect to Fig. 5 a gas flow plate (100) having gas
fl ow grooves (101), a bonded carbon cloth (102), and the layer (104) into
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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®,



18 proton-conducting nenbranes and/ or deposit very snmall, honbgeneously
adm xed domains of materials that provide unique properties to the
prot on-conducti ng nenbranes. It is known that, up td4avpmh2008 he hi gher the -
operating tenperature of the fuel cell, the nore efficiently the fuel cell
operates; this is true of both PEFC ajyl DMFC cells. However, operating
tenperature is limted by the need to naintain the degree of hydration of
t he hydrogen conducting nmenbrane required for proton-transfer through the
menbr ane. Wil e the nmenbranes are described as "proton-conducting”
menbr anes, A .exi Al [ape a at ed speci es,
not as i sofr{%’?gé"‘gé@t% %ﬁg S a%dlﬂléwat)ﬂr@ ai%)?%‘ age[néﬂ-t%hc{egs%%gg 8 aWéﬁe’adequat e
hydr ati on & weisebipdiog oxidesaneldepbsited imerntamat domBecthaisee Maicgtndosly S at 100C,
operation . fuel cells 100C or, above ,has proven difficult.
Vari ous pa%lIéin F@%%gédn%p%@%epﬁoﬁnﬁ%n?ﬁr %%e%?‘”éirsﬁrvg AR aﬁ??é‘?‘@ri als within
t he pr ot onhylooiyhisdtvetspfiterherabirenerThe veight rattdfieeTater Biddiie nfdrial foQkNi ques for
ged. relatively | arge,

i ncl usi on of, sych wat er:r et ai ni mat eri al s have pr.ovi

spatially PISES’P'E?’ASJ“&BBS@%? ?m%n@ﬁﬂed’éanyé’ﬂyéwsf ¥ idpraior dependingpemmtds, and
wat er - r et epdriiclir mareials et teyiedifen Opepfiing Rehpetstire S8hd ScaE Peen | ess
efficient than_desired. By using CCVD or nodified CCVD processes, very

smal | donaf Yrécaly thgyeight rasip of the mgterriinding mpisrial duthe bwtaeposferagtenal t hi n and

honogeneoughyes $lomtabbirUt B0 WhdupbA. @ proton-conducting nedium This allows
operation of fuel cells at tenperatures above 100C, preferably at 150C, and

even at tenper &tGifle shesticap pyeirenrs fp oxides Thdmirod oxidenasovellas diieoriea r ansf er nedi a

for use i i R r ononers, ,such as a,sul fonated
per 1 aor o BERapR AR JHRARE AR Bl A RARE o iEE RSB be

deposi t ed UrSoPatent spriligationrNd. A%/ 98,%54dihedd Noserhisedl 1998t h CCVD f | ame- produced
mat eri al . I—|0\/ve\1ﬁt:the xIp%))f)oton-fcon uctli. ng.nmat eri al ng.ﬁ%/bﬁ an. i norganic material,
such as zi rconi tfy BHoY SFAPET gptonal i 48 iorgagicmaterial fugh a8, Kireonih pe deposi t ed
directly fptosphate oEGME i gsti®aotd, BEtE thbiptdior RRsMALREd kiithO GafBbiRdhg! - The
wat er - bi ndi gtgﬂzgaterlqal th é provides for water retention wthin"the proton-
conduct i ng™ cafrhes egos&é‘ﬂ PR comaon oL ¥ P-flsmsdiomy mikedpregmsorsolatibnpxi de, such
as silica ffis dRcfRed atb%ve-Ze?é?éch@@,S@PzﬁenE‘gﬁ).%6%5,'03{2.hyqr ated silicates of

al um num pl us sodi um and/ or cal cium and/ or potassium Such wat er-bi ndi ng

oxi des are easiNGest paneaend s dowgvectviprottl-tianster mpterial dorghemrotos-condsctingt i on
cont ai ni ngLEh&M Gakn BR&HL, RV eidg M JHEEY pRfA8 Sonomer. In such case,

the ionomer is deposited from a non-flame spray(s) of ionomer solution, while the

o]

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.



When co-deposited with a proton-transfer material, either an ionomer, such
as Nafion(r), 14 March 2006 19 from a co-deposition solution, or an

i norgani ¢ material co-deposited froma CCVD fl ane, 1uhdamshtZ23060i ndi ng oxi des
are deposited in very snmall domai ns that are honopgeneously and intimtely
adm xed with the proton-transfer mategsdal and serve to maintain adequate
hydrol ysis | evels 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 operati Typical | wei ght ratio
of the vvater-blﬁnlg? %lgﬁgngctégiﬁ% 7%3{1(%9[6& atﬁ)ﬁ%&rugeﬁg Xﬁ)ﬂ gﬁ?ache ranges from
about 1: ZOSQ lgioatsenteining tissabedonpimsni ./?sat 1S}dcmd|t‘tmﬁhsmhm:nemtldﬁ§ itind i xed

oxi des, r Of S for tals such as platinum are
descri bed edﬂlﬁttﬁ{:‘?&lze%%ys %vtgﬁgee ‘ﬁc‘%’& afjegpary; ﬂ%ﬁtﬂi‘ tion No.
091198, 954p¢rtwreofv@aer;\iwenmt aROR wﬂ% oﬂﬂlibesob/léﬁtts?mrﬁ {sppetbetly WRfegr i al s an

i nor gani c on ate or sjilicotungstic acid,
bot h gt he p ?%% @%ér?err 5?43& mjrgﬁft Oé’%l é?Pga“? ﬂjgp%a&;ﬁa‘tﬁilﬁﬁﬁ at??hﬁlgethgtal can be
deposi t ed fvouithimpaciiesiedd @R stiod v tHe b8l 948K iRk el On, as is

dg%e?lﬁé&rfﬁﬂfc
descri bed h’@ E]Pove referenged U S. Patent No. 5 Most commnly
however , t RRICHNG S 1% ralige pEADORAOSaTometersr lashe pr ot on- conducting menbrane i s

an i onomer, Nafil@Rgry 1@5@&&911&&1% 19%&&@&&&/&%@&1 %’p@ e%ﬁ'ﬁ&i}vedt'ﬁ such case,

t he ionorrer is de osited froma non-flane s Lononer. <ol ut i on,
whi | e the tWoitameah?% wheteby thswmtwr—hlgdmtpentlmaatemntdmpgsﬂm@rdduom a CCVD fl ame.
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materi al .
surface Ofmatesllbsdpratoe-tfaﬁﬁbrméférmlﬁrbamréq)oafedoﬁ&&hum&@téUCEd by burning, in
open at nbspher AN fi neI om zed solu wat er - bi ndi ng oxi de or
m xed oxi de prchurso %P‘ins%mwaﬁa‘i’%‘? ‘ﬁﬁ’c?@l%t%ﬁbﬂﬁert%‘? -on of the

precur sor ddpesii thabvé.ts;)-bmdhdg hﬁﬁnﬂlaﬁ@p@fon&ﬂaﬁ’sf&&ﬂ?érﬁf ﬁoWé‘weﬁ bere@REQROl . as is
known in the art, the doggl n%a@ﬁ ter-binding material may be varled over a

wi de size 95PS5IERN temperatare S'(fi:HéSRS?feW thexdlaghe og8amesbs are in the
range of W&?date@atf dnl aﬁgllle%BH’que% e s&%tr&’i‘pﬁl’fﬁce%gd glg&neﬂeﬁné s@ra%'b@ﬁ? er or less,
o)

nore preferably nanoneters or |ess. he sna onmal n t he
wat er - bi ndﬁorﬁigeﬁﬁheé}afnérpr?%%d eer tPWdthérS‘}bS@ﬁﬁ surfage t Gdvierally,itgis desirable

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 a2 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



bling operation of the fuel cell at
gr e\\//\/:t g(rj t?éﬁggrg%rgge rlrznbl\/tra?(r:]ﬁ 2882 20 g\lsg, illustrated in Fig. 7 is a
ozzl e 124 that producés a non-flame spray of a solutMarchc200ai ni ng
3' solved iononer. As it is desired that the iononer not burn, it is _
o : I temforothe re-direct, non-flane spary contain
preferred that the solvent system 24 , ; I t
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substrate. Bot Ry, nd. t.h no n-fla could be directed at the
substrate to co- gbetho&{I%t 3%%@2’?9 fm&w&%@@wﬁ%@%&gﬁ@ﬂ@b@n t ransf er
material ; membrass, 1t it prefeﬁﬁthh@t 1t$b&1epd!;ﬁapﬁlatla}@fll ltSQﬁEEL%Ieﬁfa‘cérIEye?stUB 47 lame
surface, rre at t ame or flanmes be diTectel at an angl e
obl i'que to ftpﬁ(g IEE' g@ﬁ?‘?ﬁé&%@%éﬁ“@ﬁ%ﬂﬁo@ Alsaupecfeghlpythive usefjI to t
s desi r ab| fﬁ""“@haf”“?ﬁzﬁﬁ‘é ey pHlonoRRl o) i PO WA e T ARD 46 T50C of
s desira
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B or o oAk, B EbOL e U o R b e on my
it etneendivame to A00GGt foi the hipher rplagfecr ably from
hoor 10 (SR ACS T Poicetioun ns a cordan th aﬁ@spect of the present
?ﬁ\?gf’]t |1 gntrﬁaraﬁgfgﬂ }ﬁ%eglg‘%ﬂgﬁ) Oxb' % FdsH %’c‘?’lﬁ{l%mﬁwp%@@ﬁ 7 BXggentPEFCs, a
wat er - pro owqatab&tiahzgamnal thronghoot thopratos dransféranatdiial anBaRb BRvigaRAUCt i ng

rot on- conductin menbr ane or,
g\re 2? (ra?ggl y‘ﬁéc%]é? eposi ?r %Pyeléléytéegﬁtaég{ gl&agho ' ?@Pgl‘ leyenl b ofpatalytie m%md]l ate
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PEFC cel | s 'ufﬂtc1en{1y porous to provide for proton-transfer 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 119is
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



i nevitably occurs a m nor anount of undesired conduction of oxygen and
hydr ogen (not as protons) through the nenbrane. This results in a m nor

| oss of electrical potential at both el ectrodes. By4iMamh0Gg i ng a
catalytic material, such as platinumin the proton- conducting nenbrane,

di ffusi ng oxygen and hydrogen gas areygonverted to water w thin 14 March
2006 21 the nenbrane. This avoids the Toss of electrical potential at the
el ectrodes. More inportantly, however, the production of water within the
menbrane helps to maintain the desired |evel of hydration within the

pr ot on- condeiGiinicieh WRR HeaR8 : L rroduci ng wat er
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from stray, oxygen and hydrogen nol ecul es.
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catal ytic fenositsden a myiesiahsuchds s meiaboil eda pdiyteteglnotstthyles (Tefdn®)- t r ansf er
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mat eri al , tanste'Stectiniped. Alsohsequefti layer 8f protbu skttt BStedalRFdlORaONduUct i ng
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bet ween | a @Pgl%fgi’mplgfgn%@yﬁgr @Pgﬂa&’gﬁy‘é’m FgYP%Jil? or | 1 argidepositede, t he
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. gh the Dol
Met hanol %ﬁﬁteﬁléhean%tP’g‘ﬁW’FItgﬁme‘qbfa@bFP@rM)imﬁt@wl:@siemit&dﬂo fitabl , whi ch
m gr at es ey8finbaskabil; Med e iy t w.heduces efficiency of
t he cat hode. B%%pr ovli (ti’f r_1dg t‘ﬁ%& ° %&Qm, tﬁng@é)%?behmmrm
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.



met hanol - bl ocki ng | ayer 119, this problemis reduced or elimnated. The

‘met hanol - bl ocki ng | ayer maybe very thin, typically 1-100 manoneters in

t hi ckness, preferably 5-50 nanoneters. It maybe that4 Masce2008i ency of the ~
met hanol - bl ocki ng nenbrane 119 is optim zed when di sposed closer to the
anode than-the cathode because the neppBanol mgrates fromthe anode. Again,
this aspect of the invention may optionally be used in 14 March 2006 22
conjunction with the enbodi nent of the invention in which a water-binding
material is incorporated in the proton-transfer material. Wen an

i nternedi ate |layer 113 or 119 is forned for proton-conducting nenbranes 82
- or 82", respectively, various orders of fabrication naybe used. The
menbrane 113 or 119 naybe deposited directly on a | ayer of proton-transfer
material and a second | ayer of proton-transfer material subsequently
deposited thereon. Such alternate deposition may be effected with the
appar at us of Flvéhatvcﬂfy“%ﬁlﬁernately using the non-flame spray flanme to
deposit iononer andi. umnﬁbgmtihlﬁdfaﬂoaﬁi%aohtslym jet Gl shi@dde W £ ddbBath, §re di rect spray,
e.g., water, fromthe flarre spray, to deposit the material of the

i nternedi ate | ayer 11'33»l TT@ "B t ernati vel y, the internedi ate |ayer 113 or
119 may be deposited oﬁla&unme@nreaionofsnﬂ@ﬁ saemasepttelly iftroducing Eatdytic

pol yt et raf | uor oet hyl e;ﬁaer{aT&fdseﬂfoﬁLa)atmgm,{ waid subsequently transferred
to an iononer |ayer (e ecal  transfer” technique. A

subsequent | ayer of pro Wf’fﬁ%’?efg)%rﬁgtsﬂ?ﬁ‘ﬁﬁsqﬁﬁ'ﬂiwwﬁwsﬁ@cw&éﬂted on top
of this layer. Opti rmnObyr,leﬂp matefid fexsnedx atiépdrtivylbres ditBsadirpolyhBricanferde posi t ed
with the nethods and @gparatus described with respect to Figs. 1-3. In this
case, after the ECL is, de ongH t he roton exchange nmenbrane (PEM
material is deposited t18°“f Ene 5y “’dam 7 i “b‘??F?FﬁBF“Ta?etsﬁ?a%‘P"?ﬁ‘é’“l“ayer In
such @ system the PEdpa& ulstesandmiddolymeen sgd subgraidsivédeand t he two si des

conmbi ned directly. sThgeRead Q&Qrd{rlgtJ@J(M%h%Q%@%S&EMQ&JmUSQl‘%l) and the
i ntermedi ate | ayer frq)(ﬂ anot her tunp In the correct sequence. Sone

amount of PEM can be YSFoHEh AHR e amlt bsiratgoRPRdtessid Brfagep st | ayer via
anot her tunnel conn@erdlpolummiﬂmMabdndWﬂatWMcoi@p@mﬁ nmed is:

3. The method according to Claim 1 wherein said support material cornprises a
conducting support material and said catalytic material is deposited on the
surface of said conducting support material.

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

5. The method according to Claim 3 wherein said support material is introduced

; into said upstream region as a dry powder.
6. The method according to Claim 4 wherein a spray of quench liquid is

- : introduced into said upstream region.



I 1. A nethod for depositing a catalytic |layer on a surface of a substrate,
the nmethod conprising in an upstreamregion of a fluid stream separately
introducing catalytic material and support materi al14t'\63r105r390@arti cul ates,
in a downstreamregion of said fluid stream providing a spray conpri sing
polymeric material so as to mx said Particulates wth said polyneric
material, and inpinging said fluid streamon said substrate surface so as
to co-deposit said particulates and said polyner on said substrate surface.
2. The nethod according to Claiml wherein said substrate is porous and
wherein a vacuumis applied to said substrate opposite said surface on which
said polyneric material and said particul ates are co-deposited. 3. The

nmet hod according to Claiml wherein said support material conprises a
conducting support material and said catalytic material is deposited on the
surface of said conducting support material. 4. The nethod according to

C ai m 3 wher ei n sap.d Appdrarhs)fbr depasdihgi ¢agalytic siatbuinl oreakubstrate said dppappdtsr eam r egi on
by conbustion chem cg&m\(_@ﬁg?r deposition. 5. The nethod according to Caim3
wher ei n sai d support materral is introduced intg said ugstream region as a
dry powder. 6. The net iﬂeﬁﬂ%@ﬁ%@h‘ﬁwlﬁgﬁmﬁgﬂﬁﬁéﬁ@m‘ HPY &F Bt quench
liquid is introducedowitrems@gich, apistdegaition egoon. 14 March 2006 24 7.

Apparatus for depositi Nkal fgrqu'%LIYgtal sHbsHRL ﬁrsjli@hep%ioﬁ RSt Lmesai d appar at us
conprising gas flow neans for directing a strew gas through an upstream

! ) of
region, a downstreanireeBdit &1 IMBIREFS oP ¥ kAR ®Fon, neans for locating a
substrate in sai d deposhdahsansaidagiteamsagidh fdr heptratelyéntroducing gatelgtfic magial mpi nges on

a surface of said substr ogtma{gggg,%g%pmgmggﬁgream region for separately
su

introducing catalytic nmaterial an pport nater.ial t.g form garti cul ates,
and mesans at said downstream region for intreducing a fluid comprising a
) polymer in finely divided form such that said particulatcs mix with said

polymer,
whereby said gas stream carries 8 mixture of particulates and polymer to

said substrate surface.

8. A combination comprising fwo Or more apparatuses accordihg toclaim7,a
first for depositing material of one composition on a substrate, and a second
for subsequently depositing material of a second composition.

9. Apparatus according to Claim 7 comprising vacuum means for pulling said
gas stream through a porous substrate and gas-stream-entrained material into

pores of the porous substrate.



means at said downstreamregion for introducing a fluid conprising a
‘polyner in finely divided formsuch that said particulates mx wth said __
pol ymer, whereby said gas streamcarries a mxture dft Maﬁhi%(maat es and
polyner to said substrate surface. 8. A conbination conprising two or nore
apparatuses according to claim7, a 25rst for depositing material of one
conposition on a substrate, and a second for subsequently depositing
material of a second conposition. 9. Apparatus according to daim?7

conpri sing vacuum nmeans for pulling said gas streamthrough a porous
substrate and gas-streamentrained material into pores of the porous
substrate. 14 March 2006 25 | 10. A nethod of depositing on a substrate
surface a | ayer containing both hydrating and proton conducting nateri al
and having sufficiently low porosity to not allow gas flowinto said |ayer,
the nethod conprising, providing a solution/slurry conprising particul ates
of a hydrating or 10X aitthel afdeydsiting ang s¥hatrasg ugfrce p e con@MPERoh Tqui d,  at oni zi ng
sai d sol ution/slurry b o.0r Q6 Heen Baiidisdthairpng haamgisaficisnly itw BrRIsEY ur ry,
directing said solutron/slurry gar{ﬁiﬂ&il atg)gmgtth?dsc%hgﬁ%bstrate surface, and
prior to reaching s dp potalipys gas AP it re creating a_ sufficient gas stream
environment to renove goddiff i eluinysharysomprissr PFHEAE 5F + YEPYE Yui d f r om sai d

solution/slurry par tljrgtglllgogm%,bﬂ{aha&c&a&rdqﬁal ution/slurry particul ates
aggl onerate on sai d 'subs

Lrate sohdd and. ¢ %‘:Ii GEmteddtlaigflo not liquid flow
in the layer that is MoPHE8 ?a“iTF“h?ﬁsz%? ?lrgfgl al?:ﬂg[or ing to O aim10 wherein
sai d sol ution/sl urrysoptibi/shea, at es  are introduced into, dried, and directed
at said substrate surfgace,. . | OB @t Eadibswate befacamed et hod

Hing to Oalm 1o Dratgbaidscibionsl o egl i
aee O~r g te arm prioer I;coe :egchi?xg ga?ti: s?lgs ato borfacd, Beatihga LA A0S Qfbam
! environment to remove 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. -
11. The method according to Claim 10 wherein said solution/slurry particulates
are introduced into, dried, and directed at said substrate surface through an
enclosed region. . N
12. The method according to Claim 10 wherein a second material is introduced
separately from the said solution/slurry.
13. The mcthod according to Claim 12 wherein said substratc is porous.
14. A method of producing a porous layer of solid material on a surface of a
porous substrate comprising
providing a flow of gases directed to said gubstrate surface,
providing a solution and/or slurry of said solid material in a carrier liquid,
atomizing said solution and/or shurry in said gas stream to produce
particulates of seid solution and/or slurry,
prior to reaching said substrate surface, creating a sufficient gas stream
cnvironment to remove a sufficient amount of said carrier liquid from said
solution/slurry particulates such that said solution and/or sturry particulates
agglomerate on said substrate surface but do not fully coalesce, but leave
porces in the layer of solid material that is formed, and



separately fromthe said solution/slurry. 13. The nethod according to claim
12 wherein said substrate is porous. 14. A nethod of oducing a porous

| ayer of solid naterial on a surface of a porous sng éﬁ@zgaﬁprising
providing a flow of gases directed to said substrate surface, providing a
solution and/or slurry of said solid B@terial in a carrier |iquid,

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, creating a sufficient gas stream environnent to renove a
sufficient anount of said carrier liquid fromsaid solution/slurry

particul ates such that said solution and/or slurry particul ates agglonerate
on said substrate surface but do not fully coal esce, but |leave pores in the
| ayer of solid material that is forned, and 14 March 2006 26 providing a
vacuum behi nd sai d sulpsividisge vecourd behindseiil ebpatets ey spidrertioglaiesp 84 sypstrat e
surface. 15. A methggfaradgpositing a catalytic |ayer on a surface of a

substrate, the nethod c risi.ng: in upst.r ' f fluid stream
separately introdlt f"rf@“@gg‘gld%"?’g’gg 3 ‘f“é‘? ‘fnlﬁ’(ep%nnad& g%%ﬁ%uggr@r%t?’eﬂrl?al to form
particul ates, in a detmdétorpasieg:egi on of said fluid stream providing a spray
conprising polyneri ¢ el pkdeath rep@n86a i difcitn, Sphrdhely aitfoliitlgateigtion t h sai d
pol ynmeric material, and iq?iaginc sgudfflqiqmﬁkgean1on said substrate
surface so as to co™3KpHerd SUPROLTIHAY [ORp PAT RS dnd said pol yner on said
substrate surface. 16.indqvastetm segionof Bidflyi siiamgpravifing eerTRyoCE{Heyt i ¢
material between a Web,Ofc RHUHAUS as BRbESRIdPhriadlies &ithedd pilynpriotrerridx change
menbr ane conpri sing, ans at an upstream | ocation for conveying said web of
prot on exchange nmeft ane and said web of porous material in paralle
spac ed- apart rel ati orishingpg said fluid stream on said substrate surface so as to co-deposit

said particulates and seid polymer on said substrate surface.

16. Apparatus for depositing a layer of catalytic material between a web of porous

material and a web of proton exchange membrane comprising,
means at an upstream location for conveying said web of proton exchange
membrane and said web of porous material in paralle] spaced-apart
relationship, ' .
means at a downstream location for nipping said membrane and said web
together, and .
means for directing catalytic material between said web and said
membrane at upstream location to deposit cgtalytic material on said web and
said membrane prior to said downstream location.
17. Apparatus according to Claim 16 further compriging fluid dam means for
defining a confined deposition region between said membrane and said web.
18. An electrocatalytic layer comprising in combination,
a gas permeable substrate having regions of greatcr gas permeability and
regions of lesser gas permeability, and
material comprising a catalyst deposited on gaid substrate such that said
combination has a higher catalyst loadings in regions of higher gas
permeability than in regions of lower catalytic toading.



means at a downstream | ocation for nipping said nmenbrane and said web

.together, and neans for directing catalytic nateri al q\ﬁt e aid web and
said nmenbrane at upstream | ocation to deposit cat al1§t ar 9al on said

web and said nenbrane prior to said downstream | ocation. 17. Apparatus

according to Claim116 further conpristhg fluid darn neans for defining a
confined deposition region between said nenbrane and said web. 18. An

el ectrocatal ytic |ayer conprising in conbination, a gas perneable substrate
havi ng regi ons of greater gas perneability and regions of |esser gas

perneability, and material conprising a catalyst deposited on said substrate
such that said conbination has a higher catal yst |oadings in regions of

hi gher gas perneability than in regions of |ower catalytic |oading. 14
March 2006 27 19. The electrocatalytic |ayer according to Claim 18 wherein a
mexi mum cat al yst ol BadicRheat@$td IB@aicesdingro Cog bhwherfn HpgHEr™ G her meabi | i ty,
in a through-the- |ayer direction,. ISs | Basimehibilitygih @@itr@rghitican an aver age
catal yst | oadi ng. Zle?d%”é?cétg{l Focat al y}fﬁélh(e: i

or gas_di i ayer conprising
in conbination, a gmmrpiewcﬁﬂablaél%s&%t?ﬁfcé%a&?i%‘r'@mgfé:;gﬂ&g%lso%?é greater gas
perneabi lity and ,g RLidSc@iiytcessRuifde lper wuatiying p ompaiet st material of a
first conposition deposited as %bgt}u[e%[wh%qggqmgpﬂgmtoaggmmmxbilsam substrat e,
said first material |A&§%P Ct i

ioning to equalize gas perneability across
sai d combi nation, angioss sfdessergeTrer eI Y of a second conposjtion deposited on

said first layer. 21, pkiga@lifet4 meabapoyitiondepsiteis 2 §st PR8N 'PHyer of G aim
20 wherein said first ,co ot%istag %Qst&gk@?é}iia%&n&ﬁnﬁét@wﬁh% arelatively | ow
concentration of a °RFY] ’ang_sal . second conposition conprises a

rel atively hi gh conpenesbiity appspfaidceepinige-Afyst. 22. The e catal ytic or

gas di ffusion layer of;s6doad mutdfal bia stved copppsion §PResjted on %érgtg%yrﬁ‘gabl o
substrate, the gas perneabll Ly, (PfasSfhGondhyRCriCRsa baldreie sabt firgas
composition comprises no catalyst or a relatively low concentration of a
catalyst and said second composition comprises & relatively high
concentration of said catalyst. -

272 The electrocatalytic or gas diffusion layer of Claim 20 further coml?nsmg :
gas-permeable substrate, the gas pe'rmeability of said electrocatalytic or gas
diffusion layer varying by 50% or less between predominately any 10,680
tmicron” area and any other 10,000 micron’ area. .

23. A proton-conducting membrane for a fuel cell comprising polyme:'ncnproton-
transfer material intimately admixed with an amount of a water-binding
material effective to allow continued operation of a fuel cell at temperatures
above 100°C, o

24. The proton-conducting membrane of Claim 23 wherein said water-hinding
material is in amounts effective to allow continued operation of a fuel cell at

temperatures of about 150°C or above. o

25. The proton-conducting membrane of Claim 23 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. N

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



di ffusion | ayer varying by 50% or | ess between predom nately any 10, 000
m'cron2 area and any other 10,000 mcron area. 23. AREQLAPpeENAUCti ng
menbrane for a fuel cell conprising polynmeric proton- transtfer nateri al
intimtely adm xed with an anount of a water-binding material effective to
al l ow continued operation of a fuel &3 | at tenperatures above 100C. 24.
The proton-conducting nenbrane of C aim 23 wherein said water-binding
material is in amounts effective to allow continued operation of a fuel cell
at tenperatures of about 150C or above. 25. The proton-conducting nenbrane
of Claim23 wherein said water-binding material is in anounts effective to
all ow continued operation of a fuel cell at tenperatures of about 200C or
above. 26. A proton-conducting nmenbrane for a hydrogen/oxygen fuel cell
conprising a proton-transfer material plus a catalytic material for

conver gi ng oxygen and h%/drgggnglg oind 148 8mi26 Whersinbal @rbtiomatedduct i ng
menbrane to wat er . 271 AhNEPERCDE 27. The nrot n- conducki pgAgbr ane of

Cl ai m 26 wherein sai dorqaimlayltsmteﬁﬁlf%‘rl?yé‘lbctwfﬁtﬁﬁcfbseg_ a discrete filmor layer
bet ween | ayers of g%q\gﬂﬁg}afoﬁ-@(ﬂﬁ&dﬁﬁgmmafclai@@§ WW@“&%F&&?—“&WHBCH ng
menbrane of C aim erein said catalytic material conprises platinum
29. The pr oton-condué?‘?‘?’r‘&eﬁ%”t’?ﬂ%ne of d ai m.262 er, isgdﬁlzg,{oq_ugﬁs@gron-transfer
material contains patiees ploiondendgctinamerirane of ™ R ¥EEPSA Eonduct | ng nenbr ane
for a met hanol / oxygen fdked cofifihd waQWPkingingriad | ayer of net hanol - bl ocki ng
materi al between |ayers of proton-tra §ff§5memoe5{ygénmabeuco?ﬁp@singa

prot on- conduct i ng ABHPEARE TGP S0 wher ei n sai d et hangks bl ocki ng
materi al conprises zilﬁﬁedsﬂmumagﬂ@k’p‘ﬁm’@tmsl?“wfﬁb]%cfsé’t ggral-conducti ng nmenbrane
of O aim30 wherein sgjdiproton-transfer material contains water-binding
materi gl .

31. The proton-conducting membrane of Claim 30 whercin said methanol-

blocking material comprises zirconjum phosphate.

32. The proton-ccmducting membrane of Claim 30 wherein said proton-transfer

material contains water-binding material.



