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THERETO BACKGROUND 5[0001] Electrochemical cells, such as fuel cells, include pathways for the -

transport of charéq?%% Psi)ecies. lons from electrochemical reactions are transported throu%h an
r

ion-exchang“g(?’n2 {8 of a fuel cell, such as a proton exchange membprgﬁ!gf%%ﬂ ‘U&&Fons are

transferred between adjacent fuel cells. Specifically, a path for proton conductivity can be integrated

within the fuel ceIIgﬂﬁ@ﬁ%ﬁw@g&tr@ﬁ@w%xﬁﬁgggtﬁgﬁﬂm%ﬁgt fuel cells to

provide an electrical circuit from the overall positive and negative electrical connections of the fuel cell
device. Bipolar fuel cells are arranged to provide an electrical current flow in a direction opposite to an
ion flow through the membrane. Alternately, gdgg-eqllgcigeh fuel cells provide electrical current flow
parallel to the membrane while ion flow occurs 15 through the membrane. [0002] Systems having
electrochemical cells may be used to supply power to portable or large-scale applications.

ElectrochgmicaigalsHiaxiochsRass AU eOHRTLHRS RrNBE pasedln Betratiggaeirint of the
power supply relative to the overall system. 20 Batteries for such applications exjst. However, existing

battery architetbareeispesissafons ot elarrorheaneal Seachong HRTFRROTEY HHIPHEM 3m structures
deposited on rigideglatiobtasmbueb & Joilcon/dackeranticoale Gxolyins, muhiliddenaiatl structural
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from the overall positive and negative electrical connections of the fuel cell device.

Bipolar fuel cells are arranged to provide an electrical current flow in a direction

opposite to an ion flow through the membrane. Alternately, edge-collected fuel cells

provide electrical current flow parallel to the membrane while ion flow oceurs

15  through the membrane.

[0002] Systems having electrochemical cells may be used to supply power to portable
or large-scale applications. Electrochemical cells having space-saving architectures
can be used to reduce the footprint of the power supply relative to the overall system.

20  Batteries for such applications exist. However, existing battery architectures pose
safety concerns under stress, and fuel cells having thin-film structures deposited on
rigid electrolytes, such as solid oxide ceramic electrolytes, exhibit limited structural
flexibility. While thin-layer fuel cells having solid polymer clectrolytes offer more
flexibility, such architectures often rely on additional structural components to

25  provide robustness. However, substrates and structural members consume volume

without contributing to energy for power delivery.
BRIFF DESCRIPTION OF THE DRAWINGS

30  [6003] In the drawings, which are not necessarily drawn to scale, like numerals
describe substantially similar components throughout the several views. Like

numerals having different letter suffixes represent different instances of substantially



describe substantially similar components throughout the several views. Like numerals having different
letter suffixes represent different instances of substantially similar components. The drawings illustrate
generally, by way of example, but not by way efjimitation, various embodiments discussed in the
present document. [0004] FIG. 1 illustrates a cross-sectional view of an ion-conducting composite
layer, according to some embodiments. [00051 FIG. 2 illustrates a perspective view of an

ion-conductingiearnsiolays, TR0 Tasparephad %%%7] I%@k%pfa,iBH?H&I%? a vertical

view of a composite Jayer, according to some embodiments. G. 4 illustrates a vertical view of
a composite I%f’gmﬁw&ﬁ%’&m&m%?ﬁ%ﬁ]‘ﬁi@?ﬁﬂ?@@ﬁf@@ﬁf%rtmal view of a
composite layer, according to some embodiments. [0009] FIG. 6 illustrates a cross-sectional view of
an electroche;bi&?‘{ﬁ%kjaagzé, accordigg to some embodiments. [0010] FIG. 7 illustrates a
cross-sectional vie SEHER & ST R IaY Y A B AT RS MIARRSTBR 9IRS 8K Hing to some
embodiments.afdoididgftGothélkiatiedasentsross-sectional view of an electrochemical cell layer including

a flexible plen ding.to some embodiments. 100121 FIGS, 9A-D illustrate cross-sectional
views of mamk@:q Ci‘ﬁgés?eg‘s“ﬁ?"rﬁ% REEPEE R S5TS ?3%\'3%?658?&1‘?‘%‘?5 SRR B Fments.

SUMMARY 1l0eigimbogime atsbolitimentresent disclosure relate to an ion-conducting composite layer
for an eledmct&lﬁﬂ@f %k&egiﬁgﬁrla%gg A %‘E—L‘é‘%?%e%" %A %%Soesg eC Egggrl%ccarding o some
embodiments, :
[0607] FIG. 4 illustrates a verfical view of a composite layer, according to some
embodiments.
[0008] FIG. 5 illustrates a vertical view of a comiposite layer, according to some
embodiments.
[0009] FIG. 6 illustrates a cross-sectional view of an electrochemical cell layer,
according to some embodiments.
[0010] FIG. 7 illustrates a cross-sectional view of an electrochemical cell layer
including gas diffusion layers, according to some embodiments.
[0011] FIG. 8 illustrates a cross-sectional view of an electrochemical cell layer
including a flexible plenum, according to some embodiments.
[0012] FIGS. 9A-D illustrate cross-sectional views of manufacturing steps in making

a composite layer, according to some embodiments.
SUMMARY

[0013] Embodiments of the present disclosure relate to an jon-conducting composite

layer for an electrochemical cell. The layer includes two or more electrically
conductive components, each electrically conductive component having one or more
electrically conductive passageways and one or more dielectric components, each
dielectric component having one or more ion-conducting passageways. The
electrically conductive components and the diclectric components are adjacently

arranged to provide a fluidically impermeable composite layer.



conductive components, each electrically conductive component having one or more electrically
conductive passageways and one or more dielectric components, each dielectric component having
one or more ion-conducting passageways. The glectrically conductive components and the dielectric
components are adjacently arranged to provide a fluidically impermeable composite layer. 2 a [0013a]
In one aspect, there is provided an ion-conducting composite layer for an electrochemical cell,
comprisingiisypihreorgleatsiealyvernduclivecempaneptsoeaghealastitally caatsutivecgomponent
having ong o, more;eleqlrically.condctive. Rassaasuay Sqans.armare disleclris compangats, each
dielectric co’mpoﬁen{’%avmg one or more 1on-conducting passageways; and one”or more interface
regions; MATPRSIFTHEEERECIPRCAIy CONE LR ERIE ClinsorBRtT arigtectimRectie CBnissnahitedrs adjacently
arranged:ta.psauiiecact idieally impermeabléngompasitertayercandiwhereizdheyinteface segions are
disposed petvren.adiarant dieleslic cRmpaneia AR, CABNGINR SAMPPRENIN AN gLein the

interface regions are adapted to provide a bonding interface to promote adhesion between the

dielectrico AR aMEh dcBIuITEL Y d RGN EmE ™ I 4T BRI bHiERt < s S herite §6 an
electrochiamiead eeiontray, disphselrigtoveampesite dajenhavingadinstasdrfacd:aive eospomdksurface.
The composite [Byerdngiydes MQ:ermere slrciricallycanductive CompoRentscath Alrciically

conductive component having one or more electrically conductive passageways, and one or more
dielectric EOHRBLHE At eLHe AP mRIBEH CEORT AT HAHE VIT8"r more ion-conducting passageways.
The electrically conductive components and the dielectric components are adjacently arranged. The
array also includes one or more first coatings in contact with the first side of the composite layer and
one or more second coatings in contact with the second side of the composite layer. Each first coating
is in contact with at least one of the ion-conducting passageways of a first dielectric component and in
electrical contact with at least one of the electrically conductive passageways of a first electrically
conductive component. Each second coating is in contact with at least one of the ion-conducting
passageways of a second dielectric component and in electrical contact with the at least one
electrically conductive passageways of the first electrically conductive component, sufficient to provide
an electrically conductive pathway from the first side of the composite layer to the second side of
composite layer between adjacent electrochemical cells in the array. 10014a] In a second aspect,
there is provided an electrochemical cell array, comprising, a composite layer as defined above; one or
more first coatings in contact with a first side of the composite layer; one or more second coatings in
contact with a second side of the composite layer; wherein each first coating is in contact with at least
one of the ion-conducting passageways of a first dielectric component and in electrical contact with at
least one of the electrically conductive passageways of a first electrically conductive component;
wherein each second coating is in contact with at least one of the ion-conducting passageways of a
second dielectric component and in electrical contact with the at least one electrically conductive
passageway of the first electrically conductive component, sufficient to provide an electrically
conductive pathway from the first side of the composite layer to the second side of composite layer
between adjacent electrochemical cells in the array; and wherein one or both of the first coating and
the second coating includes a catalytically active material. 3a 100151 Embodiments of the present
disclosure relate to an electrochemical cell array. The array includes a composite layer having a first
side and a second side. The composite layer includes a plurality of dielectric components, each
dielectric component having at least one ion-conducting passageway and at least one electrically
conductive component, each component having at least one electrically conductive passageway. The
electrically conductive component is disposed adjacent one or more of the dielectric components. The
array also includes at least two electrochemical cells positioned to form an array along the composite
layer. Each electrochemical cell includes one of the dielectric components disposed between the first
and second surfaces, an anode layer disposed on a first surface of the one dielectric component and a
cathode layer disposed on a second surface of the one dielectric component. The ion-conducting
passageway of the one dielectric component ionically connects the anode layer and the cathode layer,
and pairs of adjacent electrochemical cells in the array are coupled to a common electrically
conductive component [0016] In a third aspect, there is provided an electrochemical system
comprising: the electrochemical cell array as defined above; and one or more fluidic plenums; wherein
the one or more fluidic plenums are at least partially defined by the electrochemical cell array.



[0016a] In a fourth aspect, there is provided a method of forming an electrochemical cell array,
comprising: forming at least two electrically canguctive components; adhering at least one interface
region to a surface of each electrically conductive component; adhering at least one interface region to
a surface of each electrically conductive component; forming at least one dielectric component by

casting an io”m-%ﬁﬂﬁ'{ﬂﬂéﬁ{@a@é&%ﬂ@t&%ﬂ 885{&?81%%&%9 égﬁei[ff_% eirnei?kilgn and in contact with the

. . : . INng a .
interface region; curing the ionomer dispersion sufficient to form a flurdically |m%ermeable composite

layer; and, dispariagitatarashayirecobshsroiag Andisartaod pirfacccathpositpdaijetayeherein the coating
is in contact witione diglBriisComRang cmﬁgesayoﬁk%%r i !ye%@fé&ﬁi}v‘éo%ﬁ{%e%?@.e-“ﬁ and an

interface region. 100171 Embodiments also relate to a method of forming an electrochemical layer,
including formfRBRANEHAATNE eNsriamty ebrdiseliycenfipreRrSAEERENBHAg ardersewne interface

region to a sufRER ek RARHEIGAYIcalY SRRAHLIVEHISPANERnd BRUEOY Alsinalugs forming at

least one dielectric component by casting an ionomer dispersion in proximity to a corresponding

interface regidRSIABF RSN RS ERTHTRL AR RCE e SR A RS bl Retin SoBRMANS U fficient to

form a fluidicadly ijacEREaRignged PO te-ay ela R HigRPSHRLASRERNESRALE eBniudirst surface of
the composite%a&%ghe c,oatinﬁ?i in contact with one dielectric component, an adjacent electrically

conductive co TS TS TR PR PGB Er AR ERES AT B SRS RIBTRER I IEF T he following
detailed descripitiothénekid@isiiiefehe esnipdiie: doesmFaskinesttaxing s whitshdarnnm fart of the -

detailed descrjption. The drawings show, by way of illustration,. specific embodiments in which the
invention may{gaes%rréecﬂgtehﬁ .1%82%(13%%8%%%":’%?1i%iaﬁésgﬁ}é%%%“rfé’mﬂ@?@ﬁ% "examples,” are
described in edlectghati etaitto veitia bl detisoercsiileiciedhé-gliy toopdactice pheipyentionf Afigtembodiments

may be combined. .other embodiments may. be utilized. or structural, and lggical changes may be
made without eé‘%&‘ﬁ?@& ?E)%l%u%]lgcs%%%%goﬁf’%(ﬁ %a% secondies tmr% L‘f‘ﬁ%c}% oa%matc‘l%

e present inventio wing affes description is,
therefore, not eadef thkéenincadirlithgpessagey ayrbileesscopbdifiteivrasepenaneantibin is defined by the

appended claiis e} i AT i | QAORSAOSAYORCTICAZ0001000263 1L In thi

document, the terms "a” or "an"' are used to mclud_e one‘or more an erm "or" is used to
refer to a noné&kstitsieldy epndusiiscompengsb sufficisatiolnravidision clettricalbe envdursisod that the

phraseology 4&%@9@%M&Q&%@im{a@kﬁeﬁms%ﬂaeﬂd&%&%ﬁog pose of

description only and 5not of limitation. Furthermore, all'publications, patents, and patent documents
layer between adjacent electrochemical cells in the array. _

[6014a) In a second aspect, there is provided an electrochemical cell array, comprising: a composite
layer as defined above; one or more first coatings in contact with a first side of the composite layer;
one or more second coatings in contact with a second side of the composite layer; wherein each first
coating is in contact with at least one of the ion-conducting passageways. of a first dielectric
component and in electrical contact with at Jeast one of the electrically conductive passageways of a
first electrically conductive component; wherein each second coating is in contact with at least one of
the ion-conducting passageways of a second dielectric component and in electrical contact with the at
least one electrically conductive passageway of the first electrically conductive component, sufficient
to provide an electrically conductive pathway from the first side of the composite laver to the second
side of composite layer between adjacent electrochemical cells in the array; and wherein one or both

of the first coating and the second coating includes a catalytically active material.



referred to in this document are incorporated by reference herein in their entirety, as though
individually incorporated by reference. In the eve#t of inconsistent usages between this document and
those documents so incorporated by reference, t eausage in the incorporated reference should be
considered supplementary to that of this 10document; for irreconcilable inconsistencies, the usage in
this document controls. [00201 Embodiments of the present invention relate to electrochemical cells
such as fuel cells, electrolyzers, and batteries, and may also have application in other types of
electrochemigg} eells Slahnesdbose peadlarchias alkalipractssingeSome:l sembodiments of the
invention provide electrochemical cell Jayers comprising arrays of.individual. or "unit" cells. Arrays may
be substantia@emwwm%?é%c}&g%ﬁfiﬁ “*ﬁfﬁ%%ﬁ&%%éé& +eii'ecell and appropriate
materials can-hgpiiaed ReepisindaG iphiheiprebdiicorentionpditmeleativfitdertdy comprise, for
example, a proton exchange membrane, Cgrtagsllcetmbodirgr’\ents of th(?a!ﬁveer%ti(g)IQ3 permit construction of
an electrochetATEREat Wg}gc% Ws‘fﬂ%lgnpﬁ??a [ ylggi%?vﬁﬁ?ﬁaﬁrnﬁ?ce ISF5red on the electrolyte.
25[0022] An elesifioshe cisabanlt layapinehhiach apiupationdiamigcs leas apbeatmstiiycted by
providing a substyate including a plurality of ion condeicting region . uld be
provided, for 8%%‘\%?3 WE%%%%%%ﬁFe%yﬁﬁé‘%@é’hgge % é%%%—%%%?ﬁg%ﬁ%%%%%ﬁéﬁggggﬁaI to form the
ion conductingmegianseaf ke setstmielsotnpatierjsa Ihecrohiekscondudting lsrstdwal to form

non-conducting regions. .a Eﬁ%ﬁgd forsxanPie o the, onbysawneckappligation US Pub.
No. 2005/0245%@%3;“?51%‘3’5%2%%%%% 2005, entitled " EESIBRA%ES AND. Wogge
2009/105896 REF/GAni9lostiigdudes one of the dielectric components disposed between the

first and second surfaces, an anode layer disposed on a first surface of the one
dielectric component and 2 cathode layer disposed on a second surface of the one |
dielectric component. The ion-conducting passageway of the one dielectric

compenent ionically connects the anode layer and the cathode layer, and pairs of



ELECTROCHEMICAL CELLS INCORPORATING SUCH MEMBRANES", the disclosure of which is
herein incorporated by reference. Unit cells according to the invention may be used in a planar
electrochemical cell layer that is conformable‘té Other geometries, as described in commonly-owned
U.S. Patent 7,474,075, entitled "DEVICES POWERED BY CONFORMABLE FUEL CELLS" and
commonly owned U.S. application Ser. No. 12/238,241, filed 25 September 2008, entitled "FUEL
CELL SYSTeNistNGiagmshensmahahs Sisnmay Bk pmpEdio M aNpREISSTESIMETHODS," which
are hereby ing&m&g@@gg@{p@fgﬁgnce. 10[0023] Arrays of unit cells can be constructed to provide
varied-power generating electrochemical cell layers in which the entire electrochemical structure is
contained within the layer. This means additional components such as plates for collecting currents
etc. can be ejiminptac; ofrfeptece deith stridedrascienvidgdiftié sestefurctiprm S the cleres ke ose

described heygin, are welladaniad 1. peMANHAGIIGH k1A CORLRIKAUS PrOSESSeTBCAS HCIUres

can be designed in‘a way which does not require thelm%chanical assembly of individual parts. In some
embodiment&r¢AE'ES bele s RGN SHHLE¥e may be kept extremely short so that

ohmic losses in the catalyst layer are minimized. 20[0024] Array may refer to a plurality of individual
unit cells. The plurality of cells may be formed on a sheet of ion exchange membrane material, a
substrate, onggasape formea byeasemblinganwnherefconponsis i alpartidisacmasnerafrrays

can be formed to any suitable geometry..Exa 0 rarr f fuel.cel ' in
cammonty oW RS e Al e DO R OLaas Hu e shEE s SIS HRCHHDRE,
"ELECTROCHEMICAREE ¢Sl ric b e CRReetN ess TR C e RESNESEREVIRG

ELECTROCHEMicAIs BEASIIENILAYIER S refepke:io thove. & lekrcelis diermarransarmalsp follow
other planar sufaces, such.as lubes asfaundin o/lindicahiielsela-Alemalab.oLdn.ndion. the

array can incﬁfi le materials that can bé conformed to other geometries. W _
2009/105896PERAE KEDBOFTIDES ene BIPEbEHTEIH BrRE breddi nTRriBpe serpgsite

electrochem iﬁ@fk@@ﬂ&, disposing at least one coating on a first surface of the composite layer, wherein the coating
is in contact with one dielectric component, a first adjacent electrically conductive component, and an

interface region.

[0617] Embodiments also relate to 2 method of forming an electrochemical layer,
including forming at least one elecirically conductive component and adhering at least
one interface region to a surface of each electrically conductive component. The
method also incindes forming at least one dielectric component by casting an ionomer
dispersion in proximity to a corresponding interface region and in contact with the
interface region, curing the jonomer dispersion sufficient to form a fludically
impermeable composite layer and disposing at least one coating on a first surface of
the composite layer. The coating is in contact with one dielectric component, an

adjacent electrically conductive component, and an interface region.



providing structural flexibility without reliance on structural components that are electrochemically
inactive. The present invention provides an ion-conducting membrane having active functional
members that can be coordinated to provide an g@lectrochemlcal cell with robustness and improved
form factor flexibility. This functionality allows for flexible coupling with a variety of electrical and
structural components, such as a circuit board. Embodiments of the present invention relate to
portable electronic applications, as well as larger-scale power applications such as automobiles, boats
and forklifts, for example. 10 Deﬁmﬂo%@gﬂﬁww ‘electrochemical cell” refers to a
device that converts chemical energy to electrical energy or converts electrical energy to chemical
energy. Examples of electrochemical cells may include galvanic cells, electrolytic cells,

15electrolyzeys fuehielisnBalier R A0 ek %q%@&&geéfm@&%ﬁ&%?a pyihgtteries. Any

suitable type of electrochemlca cell including fuel cells and appropriate materials can be used

according to teviingsevihish &rmonpaod the Aetaiigtidseramionc ks 2 BIBES ERB¥ BT cell array”
refers to a flexjalg,aRabeabudik Lisysinernens dren Bl iraesieiiakySsPpRKSRAUrABRS Of

electrochemical cells. The fuel cells have active areas of one type (e.g. cathodes) that are accessible

from one facEBPASEMSHE PANFh AR SCFEEEYS IRTFRIR R9p EXET Stn oRIE JEESEPE dt ccessible from an

opposed faceeﬂéﬁge &élﬁﬂo-gﬁﬁ)ﬁ%ﬁ@e%@ﬁﬁmaihb%r@l’éﬁﬁ&@tﬁtéﬁ;ﬂtﬁﬂ%ﬁtﬁbﬁreﬁ&on their respective
faces of the sheet (e.qg. it is nqt mangdatory %I{;Bt th entlre sheet b% oyered WI'[ tive areas,

however, theer%‘? SRS &BY RS g{g& BPCIES Soéé[ff\% a). There are
various conswgu@gﬁam@hgema@wmemmﬁ Hepibie P Poalebiremiperoftak getisemtays. Examples of

flexible 2D electroche arrays m ound in cammonly-own S. Pat App. Serial No.
12/341,294 MR %@6@&%‘&?@% %ﬁﬁ R@’s‘ﬁn%ﬂ"ﬁ%ﬁﬁ&%%?@ WREGION OF
DISCONTINUihifingsendés elabthescipehit théspnesariniineotisorstdefibyd efctanappandtdat. App. Serial
No. 12/238,24}. entitle&l Fugcln%':r&h SYSTEMS

claims and their equi S



WO 2009/105896PCT1CA20091000253 -8 INCLUDING SPACE-SAVING FLUID PLENUM AND
RELATED METHODS", referred to above. [0028i As used herein, "flexible electrochemical layer"
refers to an electrochemical 5layer that is flexible in whole or in part, so-as-to embrace, for example,
an electroch‘éfﬁli@zﬂf’m&?é?(having one or more rigid components integrateoPﬁ/W‘ﬁ?Pg%qﬂma}e flexible
components. Examples of flexible layers and electrochemical layers that may adapted for use in the
present invention may be found in commonly-owned McLean, et al., U.S. Patent Application Pub. No.
2006/0127734, entitled "FLEXIBLE 10 FUEL CELL STRUCTURES HAVING EXTERNAL SUPPORT",
the disclosure of which is herein incorporated in its entirety. [00291 As used herein, "electrochemical
cell array" refers to one or more electrochemical cells configured to form an array th&[ﬂéncludes

individual 15elE89¥8LAR this dpeemsnhbeiems h g d HVRHRMRSALDOISIRAR IR POIVLF AL suitable ways
on an area coygegd hyHhafiray Roredageier Aciivenseiansof individsabtiastiachemical cells may

o cimonsiorPHaHIEb SBABUIACh S R AP BB PR O LRE0E STEGUTAY o hovagona
lattice, for exagyetherein, and not otherwise defined, is for the purpose of description only and
5  not of limitation. Furthermore, all publications, patents, and patent documents
referred to in this document are incorporated by reference herein in their entirety, as
though individually incorporated by reference. In the event of inconsistent usages
between this document and those documents so incorporated by reference, the usage
in the incorporated reference should be considered supplementary to that of this

10  document; for irreconcilable inconsistencies, the usage in this document controls.

{0620} Embodiments of the present invention relate to electrochemical cells such as
fuel cells, electrolyzers, and batteties, and may also have application in other types of
electrochemical cells, such as those used for chlor-alkali processing. Some

15 embodiments of the invention provide electrochemical cell layers comprising arrays
of individual or “unit” cells. Arrays may be substantially planar or cylindrical, for

example.

[0021] Any suitable type of fuel cell and appropriate materials can be used according
20  to the present invention. The electrolyte may comprise, for example, a proton

exchange membrane. Certain embodiments of the invention permit construction of an

electrochemical cell layer comprising a plurality of individual unit cells formed on the

electrolyte.

25  [0622] An electrochemical cell layer including a plurality of unit cells may be
constructed by providing.a substrate including a plurality of ion conducting regions.
Such a substrate could be provided, for example by selectively treating a sheet of non-
or partially-conducting material {o form the ion conducting regions, or by selectively
treating a sheet of ion conducting material to form non-conducting regions, as

30  described, for example in the commonly-owned application US Pub. No.
2005/0249994, filed 2 February 2005, entitled “MEMBRANES AND



20 which is not necessarily completely regular. A pattern of shapes distributed in both a width and a
length dimension of the area covered by the array may be provided, such that a pattern may be less
regular than a lattice-type pattern, for example. Thin layer electrochemical cells, such as fuel cells,
may be arraWébﬂJ?ﬁﬂf' ys constructed of very thin layers. Within such 3ﬁ%ﬂ%ﬂ“ﬁﬁwaﬁal unit fuel
cells may be electrically 25coupled in a series or series-parallel arrangement. Electrically coupling fuel
cells in such an arrangement may permit electrical power to be delivered from an array of fuel cells at
increased voltages and reduced currents. This, inturn, may permit electrical conductors having
smaller cross-sectional areas to be used to collect the electrical current. 100301 As used herein, "gas

diffusion layers" or "gas permeable layers or material" may refer to one ore perous conductive or
dielectric mentis. @MW%Q%%T%%%&W&%@&a g or may be
integrated in thpqeatiess Wi H asheiusinmbiByRIBAbR Fdisenperdiiinatsageoadiggsetithrough the gas

diffusion 5layers to a catalyst layer. Suitable gas diffusion layers may be fabyicat sing carbon black
powders, carbBHCOB FRXES A0 A RIS 8?%%_8%%8@%?’% tésrﬁﬁg?r@laaegqgli‘?usion layers may

also be non-cakhenpsoaieriirls asdesaybbé in composijecofmelilfiSlcPlayers, 474idkeratitetich may have

differi iSHi (ffusi i fuel cell h as d ibed

in detail 191 cOmE oo Nl KB e oL cevt

COVER", filedoS@ptcithBearpbc 20085 anNdn128ad |y fbedritidSepB nidat@0Asplidledon Serial No.

121955 554, califp) (COVERSFOR FAECTAEHPNEAAGBL SLVID AEhATHOMETHODS" fled
, the'di [ db

January 16, 20 Sclosures of which are herein incorporate reference. 15 [0031] As used
herein, "flexib[BEIASHSRIMEIBNEN:, totiph avarharedy deerowtsd iy &efcrsant. flexed or plied.
Electrochemical cell layers, arrays, composite layers, components or coatings may be partially or
substantially flexible in one or more directions. 20 100321 As used herein, "dielectric material" or

"ion-cond@ctinf¥Aaletiaryreatnitrel s gpa Riranereiiod iRy DsRYNS KE edeRa e BEBTALRSVity. Dielectric
materials may Jg Hadaraieadia IREHOs WRGoRE UaHRIBIRER MIBARHABGRNE uehataaaterials, and
combinations thereof. Examples of ion-conducting materials include any jonomer or

within the layer. This means additional components such as plates tor collecting

currents etc. can be eliminated, or replaced with structures serving different functions.

Structures like those described herein are well adapted to be manufactured by

15  continuous processes. Such structures can be designed in a way which does not
require the mechanical assembly of individual parts. In some embodiments, the
conductive path lengths within this structure may be kept extremely short so that

ohmic losses in the catalyst layer are minimized.

20  [0024] Array may refer to a plurality of individual unit cells. The plurality of cells
may be formed on a sheet of ion exchange membrane material, a substrate, or may be
formed by assembling a number of components in a particular manner. Arrays can be
formed to any suitable geometry. Examples of planar arrays of fuel cells are described
in commenty-owned U.S. application Pub. No. 2005/0250004 filed on 2 Feb. 2005

25  entitled “ELECTROCHEMICAL CELLS HAVING CURRENT CARRYING
STRUCTURES UNDERLYING ELECTROCHEMICAL REACTION LAYERS”,
referred to above. Fuel cells in an array can also follow other planar surfaces, such as
tubes as found in cylindrical fuel cells. Aiternately or in addition, the array can

include flexible materials that can be conformed to other geometries.

30



25electrolyte suitable to the application, such as ion-exchange polymers, alkaline solutions, and
phosphoric acid. Examples of non-ion-conducting materials include polymers, such as polypropylene,
polyethylene, polycarbonate, polyimides, polyamides, polyurethane, polyester, fluoropolymers and
other polyméy%ﬁ%@wﬁgge@(ample of a polyimide includes KaptonTM film. Kﬁggéﬁ%?@%’lgé
fluoropolymer is 30 PTFE (polytetrafluoroethylene) or Teflon™ film. Other fluoropolymers include PFSA
(perfluorosulfonic acid), FEP (fluorinated ethylene propylene), PEEK (poly - 10 - ethylene ether
ketones) and PFA (perfluoroalkoxyethylene). Dielectric materials may include thermoset polymers
such as epoxies, phenolics, urethanes, and silicone. Dielectric materials may also include reinforced
composite materials such as fiberglass, any suitable noriﬁ;goly er materials su&? as silicon or glass,

|

and 5combinali9FShEamBofirrens AL IBE RIS AIVER AR JoIRLT 1B & S e RSPt ot

r example. The
electrolyte mayrbeidifolichetenir b ngnmitane 0038 dn srusethhamipyraosthatsite layer refers to a
layer including at least two surfaces hayin gstgt%r‘}gg& I\l/vhr((errve1 eglgn%rrpgggdioq-conducting
passageways PEUS SR BRI tRR AL SS ah ere one or more éjlcelé}ﬁcally conducting
passageways mentiefieddinpuetvetimciriabesnberssbaticatipgconspieatied tamdozldeaical conducting
bropertiessof Ing. SerRasite) RYFL AN ARAKRAIA Hietea FopiPRs:af HasiGRMPoRile aver by defining

ion-conduCting passageways and electrica y con Ing passageways with varying sizes, shapes,
densities and/GertSanatitygRloes for Tlaiblovppling kife e deserbelriesrapaliandssamsiral providing
desired electrigalcandctilty lonicinandual YniRaRrmeanibpendmRehaoiRlaleIoth
characteristics that can be varied at the designer's discretion over the spatial extent of the composite

layer. This affdrertableelestioaisgnmliogiong e R SR SRa PRI SRBHRIECARMIEAPAN electrical
parameters to hgshiiaRk 1B6FOMATHAG AL F6ISRhie.

10
Definitions
[8026] As used herein, “electrochemical cell” refers to a device that converts
chemical energy to electrical energy or converts electrical energy to chemical energy.
Examples of electrochemical cells may include galvanic cells, electrolytic cells,

15  electrolyzers, fuel cells, batteries and metal-air cells, such as zinc air fuel cells or
batteries. Any suitable type of electrochemical cell including fuel cells and

appropriate materials can be used according to the present invention.

[6027] As used herein, “flexible 2D electrochemical cell array” refers to a flexible

20  sheet which is thin in one dimension and which supports a number of electrochemical
cells. The fuel cells have active areas of one type (e.g. cathodes) that are accessible
from one face of the sheet and active areas of another type (e.g. anodes) that are
accessible from an opposed face of the sheet. The active areas may be disposed to lie
within areas on their respective faces of the sheet (e.g. it is not mandatory that the

25  entire sheet be covered with active areas, however, the performance of a fuel cell may
be increased by increasing its active area). There are various constructions which may
be used to make flexible 2D electrochemical cell arrays. Examples of flexible 2D
electrochemical cell arrays may be found in commonty-owned U.S. Pat. App. Serial
No. 12/341,294 entitled “ELECTROCHEMICAL CELL ASSMBLIES INCLUDING

30 A REGION OF DISCONTINUITY™, the disclosure of which is herein incorporated
by reference and Pat. App. Serial No. 12/238,241 entitled “FUEL CELL SYSTEMS



20 conductivity and mechanical strength within a fuel cell or similar system. As examples, the
composite layer may include one or more electrically conductive components such as cell
interconnects for providing desired electrical conductivity, ionically conductive components such as
electrolytes %PBPE%&ﬁ'%Gdesired ionic conductivity, and other non-ionicaﬁ}f ESHEAHVE Biblectric
components (as described 25 below) for reducing gas permeability and/or increasing mechanical
strength. 100341 As used herein, "dielectric corgponent” refers to a component of the composite layer
including at least one or more ion-conducting passageways. The dielectric component may further
include one or more dielectric materials. The 30 dielectric component of the composite membrane can

include an ion-conducti aterial, jQns ' e ' {ri ive layer, a
dielectric skin,qCL}Pﬁ%e%&%ggm%%%%m c‘gﬁéina |$\ﬁﬁ§r§%§3ﬁh§eﬁ ie’lect%ic
component masfanetibeabopeoton exchange membrane component, for example, and may be a sheet
of ionically-conductive material, or may be formed by curing an ionomer dispersion, for example. The
dielectric component may include fluoropolymer-based 5ion-conducting material or dispersions, such

as perfluorosujtoaR] asdsgdfswinot eriloebsiifchtmitsid Ay er Eefpwjecansmemsrorismiete) copolymers

in the acid (H4) fore, o ARSIV AR MXdiaRaoRPRSB IR RQALIS G Eratgsal o dispersions. The
ielectric tompanents may ea

r
urther inclu elasticizing agent, a cross-linking agent, a photoinitiator,
a thermally cuekisteciclitmiorldryaimiingieneiareotisiheoaaeiensiglagalsd WD acrylonitrile. The

photoinitiator Mav.IRGIHER PEAG¥hEREEExamples of flexible layers and electrochemical layers that
may adapted for use in the present invention may be found in commonly-owned
McLean, et al., U.S. Patent Application Pub. No. 2006/0127734, entitled “FLEXIBLE
10 FUEL CELL STRUCTURES HAVING EXTERNAL SUPPORT”, the disclosure of

which is herein incorporated in its entirety.

[0029] As used herein, “electrochemical cell array” refers to one or more
electrochemical cells configured to form an array that includes individual

15 electrochemical cells that are arranged two-dimensionally in any of various suitable
ways on an area covered by the array. For example, active regions of individual
electrochemical cells may be arranged to provide columns of substantially parallel
stripes, or shapes distributed at nodes of a two-dimensional lattice configuration,
which may be a rectangular, square, triangular or hexagonal lattice, for example, and

20  which is not necessarily completely regular. A pattern of shapes distributed in both a
width and a length dimension of the area covered by the array may be provided, such
that a pattern may be less regular than a lattice-type pattern, for example. Thin layer
electrochemical cells, such as fuel cells, may be arranged into arrays constructed of
very thin layers. Within such an array, individual unit fuel cells may be electrically

25  coupled in a series or series-paralle] arrangement. Electricaily coupling fuel cells in
such an arrangement may permit electrical power to be delivered from an array of fuel
cells at increased voltages and reduced currents. This, in turn, may permit electrical
conductors having smaller cross-sectional areas to be used to collect the electrical

current.
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acetophenomes, zanthones or a combination thereof. [00351 As used herein, a "conductive
component” refers to an area or eomponent of the composite layer which is electrically conductive. A

conductive comei)onent may be 15an area of the surface of the compositePl(%%r %‘;{M I jalso include

aspects disﬁ%g 8ﬂgﬁﬂg¥%ﬁtegral to the composite layer. A conductive componeﬁ may for example,

form "cell interconnects", electrically conductive components which provide an electrical connection
between adjacent cells and enable electricity to e extracted from the electrochemical layer. The
conductive component may further be in electrical contact 20 with a "conductive region" of the
electrochemical cell. The conductive region may include exposed surfaces of the cell interconnects

underlying a caii uch as a catalyst Jayer ondLIcliv iffusion laye . Suitable
conductive mﬁn%gggsg%}lsggnﬂg%%m w?éi%xﬁls%ﬁgr%%%éé ﬁﬁ?ﬁﬁ%ﬁ%ﬁﬁéﬁ%ﬁg Eléonductive region
may be manutasyurder foonnoetaly ¢pararecobistorearcdinktits cosmbdrwilfonesamplsiche25 resistant

layer, such as PEMEaRIT I oML INE GS,GIUPER AMBISHSR veilopaaam RE 2k conducive

non-metals su&h as metals, metal foam, carbonaceous materials, graphite composite, conductive

epoxy, carbonTheehdiffusioh dyetsansy s DRI RetsRRs O brases cipp b s mandfesighics, electrically
conductivg pomd%%%ooar &emgmgan%mame Aaagdifionapaise) biemanduativadggion may also be
30ionically conductive. WO 2009/105896PCT/CA2009/000253 - 12 -
carben black powders, carbon cloth materials or carbon fiber paper materials, for
example. Gas diffusion layers may also be non-carbon materials, or may be a
composite of multiple layers of material, which may have differing characteristics,
The gas diffusion layer may also include a fuel cell éover, such as described in detail
10  in commonly-owned U.S. Patent Application Serial No. 12/238,040, entitled “FUEL
CELL COVER?”, filed September 25, 2008, and in commonly-owned U.S. Patent
Application Serial No. 12/355,564, entitled “COVERS FOR ELECTROCHEMICAL
CELLS AND RELATED METHODS”, filed January 16, 2009, the disclosures of
which are herein incorporated by reference.
15 4
[0031] As used herein, “flexible” refers to a layer or component that can be deformed,
bent, flexed or plied. Electrochemical cell layers, arrays, composite layers,
components or coatings may be partially or substantially flexible in one or more
directions.
20
[6032] As used herein, “dielectric material” or “ion-conducting material” refers to a
substance exhibiting negligible electrical conductivity. Dielectric materials may be
understood to include ion-conducting materials, non-ion-conducting materials, and
combinations thereof. Examples of ion-conducting materials include any ionomer or
25  eclectrolyte suitable to the application, such as ion-exchange polymers, alkaline
solutions, and phosphoric acid. Examples of non-ion-conducting materials include
polymers, such as polypropylene, polyethylene, polycarbonate, polyimides,
polyamides, polyurethane, polyester, flucropolymers and other polymer films. An
example of a polyimide includes Kapton™ film. An example of a fluoropolymer is
30 PTFE (polytetrafiuoroethylene) or Teflon™ film. Other fiuoropolymers include
PFSA (perfluorosulfonic acid), FEP (fluorinated ethylene propylene), PEEK (poly



100361 As used herein, "discontinuity region” or "insular break" may refer to an area on the surface of
the composite layer that provides electrical separation between conductive regions. 5[0037] As used
herein, "coati_réq" refers to a conductive thin-layer disposed on the surfaci(% co ?(]88' layer. For

0

example, the ozgﬁ?{ﬁﬂ?ﬁ%ﬁ/ be a catalyst layer or electrodes, such as ano es‘arjl&(f ﬂcat es. [0038] As

used herein, "catalyst" refers to a material or substance that assists in 10 starting or increasing the
rate of a reaction, without being modified or cgrﬁéjr_ned itself. Catalyst layers may comprise any type of
electrocatalyst suitable for the application at haind. Catalysts or catalyst layers may include pure
platinum, carbon-supported platinum, platinum black, platinum-ruthenium, palladium, copper, tin oxide,

nickel, gold, mixtures of carbon black one gr more binders. Binders 15may.include ionomers,

polypropylene?{béi{?‘é‘?m@ﬁ%?tﬁgﬁiﬁ?gmé?’ﬁﬁtﬁ? Oi%l‘g(s}%%ﬁyj%%ésf %%]hr’(l')cprcrfésﬁgr% ‘5‘% other

polymer materigifidaniemasdiedlimerpawh esspoxidis phesiclins, Arethaeenprdotlicpatyimide includes

KaptonTm. An example of a.fluoropolymer.is.PTFE I eflonTm. Other
iR WG el AN bR Wt RGBSR Ul o

fluoropolymers’incitide uor onic acl uorinat ylene propylene), PEEK 20
(poly ethyleneféibmtdsetomes)itui: READGIpHronateiiair yudhde sdiconine sitfdetBay also include PVDF

(polyvinyliglens, cliflsoride) Rawder (G daunactiiandsliconidivddsipansge, Fie binder may include
P

any combination of polymers or ionomers. The carbon black may include any suitable finely divided
carbon materigkeupleahereieerohiesnay decrprikelneE s mEmPEIHon particles, carbon flakes,
carbon fibers, 25carbon needles, carbon nanotubes, and carbon nanoparticles. [0039] As used herein,
"current collecting area" or "current collector” refers tg an area of a coating, layer or catalyst layer in

contact with arfl09@Hresrpd bersiint FETBRORIOHYAT JElRE tOMBYTiaqliskng atjeast two

surfaces having a thickness, where one or more ion-conducting passageways are

10  defined between the surfaces and where one or more electrically conducting
passageways are defined between the surfaces. on-conducting properties and
electrical conducting properties of the composite layer can be varied in different
regions of the composite layer by defining ion-conducting passageways and
electrically conducting passageways with varying sizes, shapes, densities and/or

15  arrangements. The composite layer described herein is capable of providing desired
electrical conductivity, ionic conductivity, gas permeability, and mechanical strength
characteristics that can be varied at the designer's discretion over the spatial extent of
the composite layer. This affords greater design flexibility and gilows the local tuning
of mechanical and electrical parameters to best meet the competing needs of ion

20  conductivity and mechanical strength within a fuel cell or similar system. As
examples, the composite layer may include one or more electrically conductive
components such as cell interconnects for providing desired electrical conductivity,
jonically conductive components such as electrolytes for providing desired ionic
conductivity, and other non-ionically conductive dielectric components (as described

25  below) for reducing gas permeability and/or increasing mechanical strength.

[6034] As used herein, “dielectric component” refers to a component of the

composite layer including at least one or more ion-conducting passageways. The

dielectric component may further include one or more dielectric materials. The
30 dielectric component of the composite membrane can include an ion-conducting

material, ion-conducting passageways, a dielectric protective layer, a dielectric skin, a



[0040] As used herein, "cell interconnect” refers to an electrically conducting member that electrically
communicates electrodes of two or more fuel cell units. The cell interconnect may include any one of
the electrically conducting passageways of the composite layer and/or a terminal current collector for
communicatﬁz/a AR, Swith an external circuit. [0041] As used hereinl,] G@fgéﬁ%{}a@ﬂrﬂ@afons" or
"electrodes" refer to materials or components that act as anodes, cathodes or both in an
electrochemical reaction. The electrode region ? electrode may be part of the conductive components
or a 10 composite layer, a coating or both. Electrodes may include a catalyst layer, a gas permeable
material, or both. 100421 Referring to FIG. 1, a cross-sectional view 100 of an ion-conducting

composite layer or membrane is shown, according to some e iments. A 15composite layer 102
may include e@Eﬁﬁ%WW&%ﬁB@ﬁ?&%ﬁ&%@aﬁ g]ckz)ﬁ odﬁéelﬁ%‘fl ﬁ'ﬁ%mégc?ﬂ?:ally conductive

comdportl_ents l&@m‘:ﬂi&imm'bﬂaww m?;ﬁ?mmphswmg?tricﬂly -
conductive components may include electrically cqnductive passageways extending through the
composite Iaygbpﬁﬁgﬁ&céﬁgrﬁ%@?é}g% ng%a%grr]géjaga\)/ee 88%13%()8 e%rﬁ%gglﬁ?rﬁg 20include cell
interconnects dfsperstes fochamidel Erealiclecteinsomaponsne nayahebids SluorenstyriBidhestdc components

108 may igclude one or more ion-condct] S ngQ: cmposite layer
102. For egxamlﬁfle F%%ﬁécén ?ﬁ%g%fbaoﬁ%‘#ﬁﬁ%%ﬁéﬁﬁﬁ'gg@ﬁ%ﬂ@%%ﬁﬁQﬁrﬁg@ria|, such as an

electrolyte mateeifihoTorlfonisrsitd RIS Eqgo lyiarathpiosttlpned sagolmsig sy tbresid¢Hage of the
25composite Igygr 102,may HeB3REdI0H16R0PlisrigRRM ekl tigRpadionoraxample, in

embodiments where the Tayer forms part of a fuel cell, it may be very large for applications requiring
large amountsd¢lpeiiie coBPansps @ AIrhanineds R IASIHHEHAABAPHG FEISFERREART: power (e.g.

portable electrgpic.ayias), 1R suiRcarbibamiare: Srspesbseerabs qURIEnRlRIg Or may be
less than_gr equal to 30 about 200 square centimeters, about 10 entirpﬁter]s, about 50 square
Centimeté% oragent may be acrylonitrile. The photoinitiator may inchide benzyl ketals,

" acetophenomes, zanthones or a combination thereof.

[0035] As used herein, a “conductive component™ refers to an area or component of
the composite layer which is electrically conductive. A conductive component may be

15  an area of the surface of the composite layer and may also include aspects disposed on
or integral to the composite layer. A conductive component rhay for example, form
“cell interconnects”, electrically conductive components which provide an electrical
connection between adjacent cells and enable electricity to be extracted from the
electrochemical layer. The conductive component may further be in electrical contact

20  with a “conductive region” of the electrochemical cell. The conductive region may
include exposed surfaces of the cell interconnects underlying a coating such as a
catalyst layer, a conductive gas diffusion layer, other suitable conductive members, or
some combination thereof. The conductive component and conductive region may be
manufactured from metals that are noble or are metals coated with a corrosion

25  resistant layer, such as PEMCoat™ from INEOS Chlor™ Americas Inc., Wilmington,
DE or from conductive non-metals such as metals, metal foam, carbonaceous
materials, graphite composite, conductive epoxy, carbon, graphite, carbon fibers,
carbon nanotubes, electrically conductive ceramics, electrically conductive polymers
or combinations thereof. In addition, parts of the conductive region may also be

30  ionically conductive.



about 25 square centimeters, for example. Further examples of sizes, shapes and - 14 - applications
of the layer may be found in commonly-owned U.S. Patent 7,474,075, entitled "DEVICES ROWERED
BY CONFOR-MABLE FUEL CELLS", referred to above. 5(00431 The composite layer 102 may also
include coatl‘ﬁasz‘icﬁﬂ,ﬂiﬁé that may be arranged along portions of a surfa& 5’Fﬁfé‘0€vﬂ)ﬁ?ﬁ§%ite layer or
across the entire surface. Coatings 104, 106 may be discontinuous. Further, the ion-conducting
composite layer may include a perimeter 112 §;ﬁoynding the composite layer 102. The perimeter 112
may function to seal a reactant on a first surface 0f the composite 10 layer and be electrically
conductive and/or dielectric. In one example, the perimeter 112 may include one or more terminal
current collectors, As such, cell interconnects, such ag ter‘mina}I C%Er i coIIecPr mae};é)rovide'
electrical condfRALAS ISR rErSBRBIE TEIBb A THE'R ?%Isifg%%?ﬁ%ﬂhaya’mclude a first
surface and a sgepnshsfaciactiliheoagoshie Isysfahe pppaditceiberiirat sdfaeatitecbetatignconductive

components 110 qf the comgosite layer may include electrically conductive passageways that extend

from a first sid&BFHS chol;‘?ﬁ} e layer to a second side of the composite layer. The one or more

electrically conductive passageways and one or more ion-conducting 20 passageways extend

substantialy Ugap 20,24 St Aensions eLe.comngle ety EDgieasion may include one

or more of hei or leng ectrically-conducting passageways include an electrically
conductive maserfateTiie disiposiic byerpbererramids Sfetbeativgpaxite fsazlygdaymapinclude

ion-conductingepe%%%ggvg%atpﬁo%m framaefirst side of the composite layer 102 to a second side

25 of the composite layer 102. lon-conducting passageways include an ion-conducting material having
an ionic conductivity greater than that of the electrically conductive portions. In some embodiments,

ion-conductinggaatgrial isarHoRamedamatedaQpianatsoalindsskite 1A Mawaiso include

ion-conducting material. The thickness of the composite layer may be less than about 5nun, less than

about 2mifl |es@HBS WONSHRASINgChe G 6h IRESEIRHIOHELPTBE MAABHE BeRIsERh about 50
microns, for exagERlecWIP:PROS: Al IemEr -y @A GP@RReBocatalyst suitable for the

application at hand. Catalysts or catalyst layers may include pure platinum,
carbon-supported platinum, platinum black, platinum-ruthenium, palladium, copper,
tin oxide, nickel, gold, mixtures of carbon black and one or more binders. Binders

15  may include ionomers, polypropylene, polyethylene, polycarbonate, polyimides,
polyamides, fluoropolymers and other polymer materials, and may be films, powders,
or dispersions. An example of a polyimide includes Kapton™. An example of a
fluoropolymer is PTFE (polytetrafluorocthylene) or Teflon™. Other fluoropolymers
include PFSA (perfluorosulfonic acid), FEP (fluorinated ethylene propylene), PEEK

20  (poly ethylene ether ketones) and PFA (perfluoroalkoxyethylene). The binder may
also include PVDF (polyvinylidene difluoride) powder (e.g., Kynar™) and silicon
dioxide powder. The binder may include any combination of polymers or ionomers.
The carbon black may include any suitable finely divided carbon material such as one
or more of acetylene black carbon, carbon particles, carbon flakes, carbon fibers,

25  carbon needles, carbon nanotubes, and carbon nanoparticles.

[0039] As used herein, “current collecting area” or “current collector” refers to an
ares of a coating, layer or catalyst layer in contact with an electrically conductive

component of the composite layer.
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- 15- 100451 The composite layer may 102 be substantially impermeable, such as fluidically
impermeable. The composite layer 102 may be substantially fluidically impermeable at a pressure
differential of at or below about 5 psi, at or below about 15 psi or at or bew&%wﬁ@&% The

r

permeabiIity%?t%?gg(/:}c‘?r‘?%%site layer 102 may be 5 at or below about 0.08 grams per hour of hydrogen

gas, at or below about 0.016 grams per hour or at or below about 0.0032 grams per hour. [0046] The
composite layer 102 may be a flexible electroc_hﬁ[-cal cell layer. The components 108, 110 may each
individually or together be flexible, for example. The 10 two or more electrically conductive
components 110 may be flexible, for example, or alternately, the electrically conductive components

110 may be suﬁ?s?t tially ri 'gﬁan.d Lbegiielectric companents 108 ma %e flexible, or both the
electrically con é%ﬂe‘%d‘ﬁi% SHits 1 g‘ﬁ%ﬁ%‘@‘%‘félé%%% %:ooarﬁﬁfer?rgﬁ al 1@%&@%&5 flexible in one or
more dimensionsmibee i lcettidcatiyn@ponantici@s dedioddh efatee tricatiye doelchedtineits SBesmponents 110
may include a filler.material to reduce fluidic transpgr. ' gler material
may be used to ?grlr%t%rﬁ%?gcr Ace rlgﬁ |]’(])($1é t%g"f'V\?ggr§ %&éﬁ%ﬁ%@%ﬁ%ﬁ%@a@ﬁ@%@ %ﬁ%peglégtrically
conductive conthocentetisepryrotelor etdranind seutirigofienondyerompraicatigdhapayoxy filler may
be disposesi within ecglgﬁgiqﬁlgﬁﬁpnductive material. Examples of fillers include a sealant, silicon
20material, epoxy, adhesive material, binder material, filler material, polymer or a combination thereof.
Further, the ion-conducting components 108 and the electrically conductive components 108 of the

composite laye(ghQd MBiFiE A tieiiage RRBIe B Uiisleetiankas Andsalaciically conduciive
components 110 to provide a hermetic seal. 2500471 Ion-conducting materials of the dielectric

components 10®WRENEHS sty ahpiesIRpbrfse chARtR ANyhelsE micelfeatRrBortdictive

materials. The bRRGEHE PG PEraIcORBIREPBOS D eNMiRAldHidddBRY YemboIRaRsrMaterials included in
th
© 10 composite layer, a coating ot both. Electrodes may include a catalyst layer, a gas

permeable material, or both.

{0042} Referring to FIG. 1, a cross-sectional view 100 of an ion-conducting
composite layer or membrane is shown, according to some embodiments. A

15  composite layer 102 may include electrically conductive components and dielectric
components. The electrically conductive components 110 may include cell
interconnects for an electrochemical assembly. Electrically conductive components
110 may include electrically conductive passageways extending through the
composite layer 102. For example, electrically conductive components 110 may

20  include cell interconnects of an electrochemical array or terminal current collectors,
or bath. Dielectric components 108 may inclu_de one or more ion-conducting
passageways extending through the composite layer 102. For example, dielectric
components 108 may include an ion-conducting material, such as an electrolyte
material. The components 108, 110 may be adjacently arranged. The surface of the

25  composite layer 102 may be adapted to the application for which it is intended. For
example, in embodiments where the layer forms part of a fuel cell, it may be very
large for applications requiring large amounts of power, or may be very small for
applications which do not require much power (e.g. portable electronic devices}. The
surface of the layer may exceed several square meters, or may be less than or equal to

30  about 200 square centimeters, about 100 centimeters, about 50 square centimeters or

about 25 square centimeters, for example. Further examples of sizes, shapes and



dielectric and electrically conductive portions may exhibit properties that may 30 improve bonding. It
may be challenging to obtain satisfactory bonds at interfaces between components 108 and 110. The
bonds may need to meet various mechanical - 16 - and chemical requir i rd to
strength, pengezaeB?l{iw?Sf?gxibility, corrosion resistance and the like. Furth?ﬁ;E &%%\gé%bs@n%;}y need to be
reliable and durable. However, it may be difficult to achieve suitable bonds between dielectric
materials and electrically conductive materials ( g between ionomer materials and carbon
5materials). In this respect, it may be beneficial to"utilize and interface region to promote bonding
between the dielectric components 108 and the electrically conductive components 110. 100481
Electrically conductive companents 110 ma¥ further include additive 10materials to increase tensile

strength, durabBHSHBEEH RS BYE FRRG PO Sty BFBRR iemedly L & édtponents 110, or
otherwise alter @il TDEVITED EORFERFD B GUNROR MaABIHE R BN OEIIES SditReBands between
coatings 104, 106 and the composite layer 102 may also add tensile strength to the composite layer.
The conductive® Yﬁponents 110 may include carbon fibers that extend from a first surface 15 of the
composite layer 102 to a second surface of the composite layer 102. The components 110 may

include carhon (ipess hat exiend paralel 19 asiiacs,alihe omposts IASrIPR, The components 110
may includé a metal; a meta oam, & carbonaceous malferla, a graphife componslﬁg, a conductive
epoxy, a conduztizegpd hlmey fertppalfasilife); of donchistivstedamenio, pulivs thecbammposites, carbon

: Jﬂg%?ﬁﬁ[‘lﬁ%%&? ﬁ%{@c@&mg}é r}élg@‘%i{sdfeaf&%o&%e epoxy, graphite

fiber, 20 expan gL hé
filled epoxies, ggr%%%itg{?me ymers, or tombinations t or example. omponents 110

may include corepusissiayetanes inmissiageiristan %ﬂﬁ@@dﬂg& for eorapaplts, lepenl 822 woven
carbon cloth impegnatiads iR AR £PANY et 4P LISGEER £BRPAREIEHIR Abrpyaprsite layer 102

may further include . .
10 layer and be electrically conductive and/or dielectric. In one example, the perimeter

112 may include one or more terminal current collectors. As such, cell interconnects,
such as terminal current collectors, may provide electrical conductivity and sealing,

for example.

- 15 [0044] The composite layer 102 may include a first surface and a second surface, the
second surface opposite the first. The electrically conductive components 110 of the
composite layer may include electrically conductive passageways that extend from a
first side of the composite layer to a second side of the composite layer. The one or
more electrically conductive passageways and one or more ion~conducting

20 passageways extend substantially through one or more dimensions of the composite
layer. The dimensions may include one or more of height, width or length.
Electrically-conducting passageways include an electrically conductive material. The
dielectric components 108 of the composite layer 102 may include ion-conducting
passageways that extend from a first side of the composite layer 102 to a second side

25  of the composite layer 102. Ion-conducting passageways include an jon-conducting
material having an ionic conductivity greater than that of the electrically conductive
portions. In some embodiments, ion-conducting material is an ionomeric material.
Optional coatings 104, 106 may also include ion-conducting material. The thickness
of the composite layer may be less than about 5mm, less than about 2mm, less than

30 about 500 microns, less than about 200 microns or less than about 50 microns, for

example.



microfs_tructures. A "micro-structure” is a structure capable of being revealed by a microscope having a
magnificatiorr of 5 times or more. The microstructures may be electrically conductive or dielectric and

may provide hé')gzher surface area interfaces between the dielectric compo lectricall
WO 2009/ 10585 . . y
conductive componenris 910. 30 Microstructures may include a polymer rﬁgﬁki}&g{%&%%% of polymer

_matrices include polybenzimidazole, and silicon carbide. The composite layer 102 may include - 17 -
ion-conducting passageways and electrically golrgzlgctive passageways where one or both are created
from a unitary sheet of material, such as precursors. For example, the composite layer 102 may
include ion-conducting passageways formed in a resin precursor. In one embodiment, the

passageways each have a path lepgth equal to the 5 thickness (Lcare) ,of composite layer 102. In
other words, tﬁ@“ﬁ%ggﬁém%s Wé\‘/‘égl(o%éo%qt %x@t%%‘% of ™M n&%a%écﬁﬁ%%glgsis equal to the
<(1Llstan§e ]Ehat &m%ﬁt;glgz Rsriieasiel T hassriposite epani{d sitey lay subte@tdilicBuidigaihe thickness

core) of any substrate, 10100501 T lectrically, conductive ¢ n I;ijﬂg}ng a closed
path, or a subé@?ﬁmf?%ﬁ)%te%pﬁﬁwigr%%fr%eg%gﬁ%%nte?g/%gr%wrg%g?g%@o% 1étgstr:f;r?face of t?]éélftg{)?n posite layer.
In the case of gssubstantaliywcibse3pati, fHie paoisdzlyyodithe civpesinpyee e may tubstantially

K(}iﬂqg*)ﬁggﬁ.iogéﬁ iwi&yggltg@ram[]dg@jgg continuous. The

surround the dielegtric co S, but ma
componernts li%oﬁﬁbfyofbvr%(%%%?gg\%?ﬁiigg circular, ical, rectangular, hexagonal or polygonal

geometry. Thegtamsenbnts ¢4 méplow powiti0N8a2iemmrsdertaWay. The dielectric components 108
and electrically conductive components 110 may be positioned in a concentric arrangement. The
components 108, 110 may be positioned in strips, such as in alternating strips. Each strip may be less

than about 2 i &he rommsiteryenidampides Ssxiblssiecarbeavsslrel AyehidEen or more
electrically condyelive. i< 108, 110 may each individually or together be flexible, for example. The

10 two or more electrically conductive components 110 may be flexible, for example, or
alternately, the electrically conductive components 110 may be substantially rigid and
the dielectric components 108 may be flexible, or both the electrically conductive
components 110 and the dielectric components 110 may be flexible in one or more
dimensions. The dielectric components 108 and/or the electrically conductive

15 components 110 may include a filler material to reduce fluidic transport across the
composite layer. The filler material may be used to form an interface region between
the dielectric components and the electrically conductive components to promote or
enhance sealing of the layer. For example, an epoxy filler may be disposed within the
electrically conductive material. Examples of fillers include a sealant, silicon

20  material, epoxy, adhesive material, binder material, filler material, polymer or a
combination thereof, Further, the ion-conducting components 108 and the electrically
conductive components 108 of the composite layer 102 may interact at interfaces
hetween the dielectric 108 and electrically conductive components 110 to provide a
hermetic seal.

25
[0047] Jon-conducting materials of the dielectric components 108 may chemically,
physically or mechanically bond with electrically conductive materials. The bonding
may be a combination of chemical and physical means. Materials included in the
dielectric and electricaily conductive portions may exhibit properties that may

30  improve bonding. It may be challenging to obtain satisfactory bonds at interfaces

between components 108 and 110. The bonds may need to meet various mechanical



components 110. The layer may include more than twenty electrically conductive components 110 or
more than fifty electrically conductive components 110 or more than several hundred electrically
conductive coms[%)onents. 25[0051] Referring to FIG. 2, a perspective view 200 of an electrochemical

array or com‘ﬁg ?89@?;3??3 shown, according to some embodiments. Elecgﬁgéfﬂ@z%%a]ﬂaf\/e

components 208 may be positioned in many ways relative to the dielectric component 202. The
dielectric component 202 and electrically cono_lug ive components 208 may be arranged in any suitable
pattern. Further planar layers 204, 206 may be Contacted 30to form a composite layer or
electrochemical cell. - 18 - 100521 Referring to FIG. 3, a vertical view 300 of an electrochemical array

or composite layer is shown, according tQ some embodiments. Electrically copductive components 304
may be arrang"é’éi Wmﬁ?gvﬁﬂglmﬁﬂﬁérﬁﬁg6?7?%@’@8%%%%5%%%[%%\98’5%60nents 304
may be arrangestdtasiei padiat likte hatkey e tbenB¢linigciciaico hpatable aPd@Ribler examples include

the dielectric com onenEs 302 or,] e[{ ctri%all‘y coq civeci:S mponents 304. bej loFated at nodes of
i 1cu? e sultagle bon een diglectric matéria

T, I may be ¢ achie 111 S .
a square or rec 3na¥ﬁal‘ arreK/, a‘%rlangu ar array, or a exagona? array. e IOﬂ-COﬂIaUCtIng

components aanﬂdbcﬁcdllymdd%mmﬁmmtbemym'@mm&eﬁm aglifladwated in FIG. 2, or
may have oL SURRER A ARISSCHSh IR RS AARG S RO Tlnshene RSl (See FIC. 4)
see FIG. 5), g

hexagonal shapes oriey-comb configuration, concentric circles, oval-shapes, elliptical
shapes, star shapretobosiingihetions thedidtcTivespmpopesgdiimod ibalbjegirisaied substantially in
parallel, for examplRTHE, 9ReNs may be irregularly shaped and have an asymmetrical pattern
as well. 15 100531 Electrically conductive passageways may be integrated in an electrically
conductive component or components and ion-conducting passageways may be integrated in a

dielectric ComR@@ﬁ]@&&%ﬂ?%ﬂﬁwﬁb@&?Aﬁ&ﬁ&ﬁ&@m%%ﬁiﬁﬁa%aﬁda%dﬁﬂz@f interact. The

components may be hermetically bonded. The electrically 20 conductive components 304 may include

a first makBrial BHETIAE WANSTare tamifsoresnatis oAbt auehness Jadesnae RAOsiirst and second
materials may iRteqaatickng foalReale apiiaiachioherygaivRE RlkSKERIVs A€ srspiigssThe first

e My B D eally conduchos tampontats 3 0, Bonds betaens Yosngs 10410 ad & SOlvent. for
example. Y PO - B0 g8 105,
the composite layer 102 may also add tensile strength to the composite layer. The
conductive components 110 may include carbon fibers that extend from a first surface
15  of the composite layer 102 to a second surface of the composite layer 102. The
components 110 may include carbon fibers that extend parallel to a surface of the
composite layer 102. The components 110 may include a metal, a metal foam, a
carbonaceous material, a graphite composite, a conductive epoxy, a conductive
polymer (e.g. polyaniline), a conductive ceramic, pultruded composites, carbon fiber,
20  expanded graphite, woven carbon cloth, graphite, vitreous carbon, carbon, epoxy,
graphite filled epoxies, graphite filled polymers, or combinations thereof, for
example, The components 110 may include composite structures including carbon

and an epoxy, for example, such as a woven carbon cloth impregnated with an epoxy.

25  [0049] Dielectric components 108 of composite layer 102 may further include
micro-structures. A “micro-structure” is a structure capable of being revealed by a
microscope having a magnification of 5 times or more. The microstructures may be
electricaily conductive or dielectric and may provide higher surface area interfaces
between the dielectric components 108 and electrically conductive components 110.

30  Microstructures may include a polymer matrix. Examples of polymer matrices include

polybenzimidazole, and silicon carbide. The composite iayer 102 may include



25 100541 Referring to FIG. 6, a cross-sectional view 600 of a composite layer is shown, according to
some embodiments. Coatings 602, 604, 606, 608 may be in contact with a composite layer 616.7In -
some embodim%}tgs (’{Qs%ﬁcoatings may be electrically conductive, ionicall c%pdu%%iggog?sg catalytically
active. A reg}?’o% aii (ﬁs‘continuity 30614 may separate and electrically insu At gﬁfacént conductive
coatings 602, 606 and 604, 608 along the surface of each side of the composite layer 616. The
composite - 19 - layer 616 may include electricaly conductive components and dielectric components.
In the embodiment shown in FIG. 6, composite layer 616 also comprises interface regions 618
between the electrically conductive components (or cell interconnects) 610 and the ionomer
electrolytes 61.2. Inteéfa?@1 re%'sons 618 maﬁy e of ap 5electrically non-conductive and ionically

e

| ma
non-conductive Gielectic TAatare (o). po yeél)gfg}? qﬁo&?‘?‘%ﬁ&ﬁ%ﬁé& é)fﬁﬁ%gg?rs‘?l?@ﬁr?é) and the edges
of coatings 60BotBGs G6tedritbBOBumitanbshtet afeshiwithinstich wsigthsuafoseBeriateniplzettegions 618

e 2 cealons EAEIS AR IRE A ISERIS I iy fgcoaln edoes oo

within“a given tolerance, for examp 0 equwe(rﬁ(l)nenable a
manufacturingPpretiees Inprisisrkedivegic ts fassagawayieetb diicati patsidagthcoathigs!802, 604, 606,

608 from MmadygrigpielechiepbFomiaR B WoRGaR W&?&Q%@%ﬁ&%&%@&ﬁé@éﬁ%’ undesirably

shorting out the associated electrochemical cells. The thickness of the interf on may be as

small as aboutrtesitrésemsef forbsEipsiaody meauaidribedistnce thesf#pettieeovst
travel to pass through composite layer 102 divided by the thickness (I.core) of any

substrate.

10 [0050] The electrically conductive components 110 may form a closed path, or a
substantially closed path around a periphery of a region on a surface of the composite
layer. In the case of a substantially closed path, the elecirically conductive
components may substantially surround the dielectric components, but may include a
discontinuity rather than being continuous. The components 110 may form fraces with

15  acircular, elliptical, rectangular, hexagonal or polygonal geometry. The components
110 may be positioned in a regular array. The dielectric components 108 and
electrically conductive components 110 may be positioned in a concentric
arrangement. The components 108, 110 may be positioned in strips, such as in
alternating strips. Each strip may be less than about 2 millimeters in width, for

20 example. A composite layer 102 may include ten or more electrically conductive
components 110. The layer may include more than twenty electrically conductive
components 110 or more than fifty electrically conductive components 110 or more

than several hundred electrically conductive components.

25  [06051] Referring to FIG. 2, a perspective view 200 of an electrochemical array or
composite layer is shown, according to some embodiments. Electrically conductive
components 208 may be positioned in many ways relative to the dielectric component
202, The dielectric component 202 and electrically conductive components 208 may
be arranged in any suitable pattern. Further planar layers 204, 206 may be contacted

30  to form a composite layer or electrochemical cell.



15 may be about 100 micrometers or about 200 micrometers or greater. The thickness of the interface
region may be chosen so as to enable a tool or a machine of a given radius to form an electrical
discontinui%{between coatings of adjacent electrochemical cells. The to'%@ﬂ%%zmﬁ%)/g{i;ﬂt%%'de a
minimum dis %%Oé)gr’é%f&i‘}rﬁed to form and maintain electrical insulation between adjacent coatings. Use
of this design 20 may be particularly important when using certain ionomer electrolytes, such as
perfluorosulfonic acid copolymers, to enable rpzigujacturing. Additionally, with this design, coatings
602, 604, 606, 608 can still cover the full surface of electrolytes 612 thereby making maximum use of
the available surface area of electrolytes 612, the available electrochemical reaction sites, and

therefore alsoi i otent] wer 25densit it area of the .array as a whole. 10055] By
having a subs{%%%ﬁ%%gz?%%ﬁgc? BERRR ! ‘%%@a%?\a&sc%ﬁag?%t&ﬂcﬁé aélgwiﬂ{erconnects 610, a
more effectivectnapsbie ddyanie Erotvic, ancredinf oot eisotdinizetnidElentactlpnesitdecfwithin the
coatings or at the interf f the,coatings 30an ] ite laver, for le) to the cell
interconnect rggﬁ%g.ne_n %O ~ 0056 %C%%ﬁﬁas }gdﬂjg%%ﬁug&%g@%%g?n% t‘”:cflr}gi?ézl(gs?irgs(%]g:oating on a first
surface of the amplssitendistivandnpsaetnd Komdy dorrrangsddndtepsithes alfamatecwitbdsite layer. The
coatings §02. Gk iR%: Sk il dieciiplx e mRLeHRLdaRdRAL NG, material or

both. A first coating may be an anode layer with a second 5. coating including a cathode layer. The

anode layers dtedentrioallyl agedusiiye serenepentahideing lasated atnples aE atautrrally conductive
components. The,a A7, calipdaliRves May shidnaaidiytically satiaaiggal or ion-conducting

material. The cathode and anode |layers may include some combination of electrically conductive

material, catal{RRRMNVER v Flsrs Al RPRTHCES R SORRRgTHa fBA% Pt Starad conest as

illustrated in FIG. 2, or may have other shapes or patterns, such as cross shapes, a

10 herringbone pattern (see FIG. 4), hexagonal shapes ( see FIG. 5), honey-comb
configuration, concentric circles, oval-shapes, elliptical shapes, star shapes or
combinations thereof. They may be geometrically arranged substantially in parallel,
for example. The components may be irregularly shaped and have an asymmetrical
pattern as well,

15
[6053] Electrically conductive passageways may be integrated in an electrically
conductive component or components and ion-conducting passageways may be
integrated in a dielectric component or components. The adjacent components may
be bonded or interact. The components may be hermetically bonded. The electrically

20  conductive components 304 may include a first material and the dielectric
components 302 may include a second material. The first and second materials may
interact. The materials may interact chemically or physically, for example. The first
material may be carbonaceous, for example. The second material may be an ionomer
or a solvent, for example.

25
[8054] Referring to FIG. 6, a cross-sectional view 600 of a composite layer is shown,
according to some embediments. Coatings 602, 604, 606, 608 may be in contact with
a composite layer 616. In some embodiments, the coatings may be electrically
conductive, ionically conductive and catalytically active. A region of discontinuity

30 614 may separate and electrically insulate adjacent conductive coatings 602, 606 and
604, 608 along the surface of each side of the composite layer 616. The composite



[0057] As illustrated in FIGS. 6 and 7, the coatings 602, 604, 606, 608 may be disposed in a variety of
positions relative to the conductive components and the interface regions. The edges of adjacent
coatings may be located on the dielectric 15component 612, on the inter on the
conductive c%%f)c?ﬁé?ﬁ% %10 or combinations thereof, as long as electrlcgfgﬁé‘:&g@gﬁ%ﬁ%alntalned
between adjacent cells. For example, the coatings may be disposed such that the edges of adjacent
coatings are both located on the interface regiong18. Alternately, as illustrated in FIG. 6, the edge of a
first coating (e.g. 602) may be located on the iniérface region 20618, while the edge of an adjacent
coating (e.g. 606) may be Iocated on the conductive component 610. [0058] Further still, as illustrated

in FIG. 7, the ?d f6a first C(%u gf&%@ﬁ 2)11 ax}k‘)% ‘I:(())captgg on thﬁerfgc"%‘!c"é;r??ﬁonem 612, while

the edge ofa s con coa¥ng e ocate he i ereqi 8?%Flown) at the
edge of the cdmmmmmwm Eﬁ@mﬁmamWéadsrfﬁdﬁntkmwgmmthﬂec&nductlve

component (¢ 4o SIS AEIASERA L s0ALIGS COMANKORINGI Bl coce of 2

parallel electrlc connectl not s ow oating (e on one surface may extend across
adjacent dleleéﬂrﬂkﬁéémmr@i@ﬁmmmefp@s@dwsmm sexbepedenf 810, so long as

coatings iy copletily i CAHERRIPIING HIRERY IR FRURARANRIZAR e gRRRse surface (6.9

604, 608) are electrically isolated from - 21
polyester, epoxy, phenolics, urethanes, silicone) and the edges of coatings 602, 604,

606, and 608 may be located within the widths of these interface regions 618 (e.g. at
locations 620 in FIG. 6). Regions 618 may be sufficiently wide such that the coating
edges can be located thereon within a given tolerance, for example, a tolerance

10 required to enable a manufacturing process. In this way, regions 618 serve to
electrically insulate coatings 602, 604, 606, 608 from inadvertent electrical contact
with the wrong cell interconnects 610 and thereby undesirably shorting out the
associated electrochemical cells. The thickness of the interface region may be as
small as about 15 micrometers, for example. Or, the thickness of the interface region

15  may be about 100 micrometers or about 200 micrometers or greater. The thickness of
the interface region may be chosen so as to enable a tool or a machine of a given
radius to form an electrical discontinuity between coatings of adjacent
electrochemical cells, The tolerance may include a minimum distance required to
form and maintain electrical insulation between adjacent coatings. Use of this design

20  may be particularly important when using certain ionomer electrolytes, such as
perfluorosulfonic acid copolymers, to enable manufacturing. Additionally, with this
design, coatings 602, 604, 606, 608 can still cover the full surface of electrolytes 612
thereby making maximum use of the available surface area of electrolytes 612, the
available electrochemical reaction sites, and therefore also increasing potential power

25  density per unit area of the array as a whole.

[6055] By having a substantial overlap or contact between the coatings 602, 604 and
cell interconnects 610, a more effective transfer of an electric current from the
electrochemical reaction sites (within the coatings or at the interface of the coatings

30  and the composite layer, for example) to the cell interconnect results.



the interposed conductive component 610. Optional gas diffusion layers or gas permeable layers or
material 702 (see FIG.7) may be in contact with the coatings 602, 606 and 604, 608. The gas

permeable material 702 may be electrically conductive or dielectric. A dielectric gas permeable
material YOZWa%??%l‘ggaf)led to 5 one or both surfaces of a composite Ia)})é:l:,”%? 3%&%‘?@3 100591
Aside from the presence of gas diffusion layers 702, the embodiment in FIG. 7 differs from that in FIG.

6 in that no substantial interface regions 618 argemployed in composite layer 616. Instead, regions of
discontinuity 614 separate and electrically 10 insulate adjacent conductive coatings 602, 606 and 604,
608 along the surface of each side of the composite layer 616. In such embodiments, interface regions

may still be us omote ' ween the dielectric. compgnents and the conductive
components; t%%vgeg\]/g% ggrse%(?g%%agﬁng%eﬂ}aﬁé?gﬁe&%ﬁt89%‘?&8%2%56@“5@%10 oating on the
surface of the tergugoséchyganéntscdbdl@a60d dgaiaceldciitalesitaringnpadiatgni-fuel cell units
should be prevgnt ti arranged. such that.electrical communication between
coatings 602 ;ﬁ% gg%%%%%@?a%rgdﬁ ’650%? %Srg &5 m“ﬁ%guf? r?%? ?gngl gﬁé}’f %dgatﬁYﬁ/%? 3n%ﬁanufacturing process
to produce sudpizcongrstingisednim otp@h4 nflertvoatinhome boamamste RYoomisidesatipd However, this

and othergm %‘JHH 'ﬂﬁélﬁgﬁ‘ﬁ’ isiELiR p%épnpﬁci Q}Bpﬁqu%& in, m%g}\%%%ﬁﬁ% r{ﬁ; ||I C(;)b;ain a working

cell, although possibly with a differing performance than'the embo 100611

The composit€ksfasniysondueivapnd agcinss elepiricaldy eordupiize kovegusatesiibristeda one or more
directions, or @ﬁﬁ@lﬁd&éﬁé@a@rﬂﬂ%'ﬁﬁéﬁid@@%ﬂﬁi@ﬁﬂ%tﬁ?é%ﬁa%ﬂgﬁlﬁ%lﬂ%% r spiral bound, such

as in a rolled configuration. 100621 A fluidic plenum, for example a fuel or an oxidant plenum, may be

in contact with'SHe 8l nlBFeehads aehirrsls bysromevanel stuscsmacanbirasioneos eecsisallr more 30 of

the gas diffusiesni@yerce fHideeca ORI INR € b iBIRIGRIANGAISA LRI ERARINation thereof. A fuel
or fluid nizay b%%é/lgcr:g‘%n, for example, although any

[8057] As illustrated in FIGS. 6 and 7, the coatings 602, 604, 606, 608 may be
disposed in a variety of positions relative to the conductive components and the
interface regions, The edges of adjacent coatings may be located on the dielectric
15  component 612, on the interface region 618, on the conductive components 610, or
combinations thereof, as long as electrical insulation is maintained between adjacent
cells. For example, the coatings may be disposed such that the edges of adjacent
coatings are both located on the interface region 618, Alternately, as illustrated in
FIG. 6, the edge of a first coating (e.g. 602) may be located on the interface region
20 618, while the edge of an adjacent coating (e.g. 606) may be located on the

conductive component 610,

[0658] Further still, as illustrated in FIG. 7, the edge of a first coating (e.g. 602) may
be located on the dielectric component 612, while the edge of a second coating (e.g.

25  606) may be located on the interface region (not shown), at the edge of the conductive
component 610 (shown), or inwards from the edge of the conductive component (e.g.
as illustrated by placement of coatings 604 and 608 in FIG. 7). In the case of a
pa:raﬁel electrical connection (not shown), a coating (e.g. 602) on one surface may
extend across adjacent dielectric components 612 and an interposed conductive

30  component 610, so long as coatings in contact with the corresponding dielectric

components 612 on the opposite surface (¢.g. 604, 608) are electrically isolated from



- 22 - suitable fuel such as methanol, ammonia, ammonia borane, hydrazine, ethanol, formic acid,
butane, borohydride compounds etc. may be utilized. The oxidant may be air or oxygen, for example.
5[00631 A first plenum may be coupled to a first surface of the composite layer, including a first -
re[actant. A %%(%)H‘H/Mg??ﬁm may be coupled to a second surface of the Ia%#?wafw&zasg’second
reactant. Fluidic plenums may include fuel plenums and oxidant plenums, for example. Multiple
substantially fluidically impermeable composit_ed yers may be stacked, in which any adjacent
composite layers share a 10 fluidic plenum in between. A fluidic plenum may be defined by contact
with some or all of one or more composite layers, coatings, electrically conductive components,

ers cathode layers, internal

dielectric companents ermeable materials, catalyst layers,.anode \a
support struct{lﬁ]reegft?ﬁ%%:ad?ﬁ%%?&%%ccﬂ?%prﬁngg Ié(l:?:b r? s}é’gz,ggfc#fﬁsalr%np %éé %f%rﬁ%%nt collectors
include internpsdineabde fagenscoltoatoral 402 (eakiltl T5vayrenincoligetoritibtal saxtinginclude

ermediate SRS RENTRIE, SERISrArTASSA5 A ORAAIONS 8IS gl supportsiuctures may

be structural components or electrical uctive components unction for structural support as

well. 100641 Thedusfiveai<ligierticimefiedentioe gad Rermaablesmaiesi(E04 may tre cramledte 20array of
cells, thempby mgr&q%ﬁgsm@apégtgpy%%weqé?ggtf&f%@égr, either by increasing the potential

voltage, current output, or combinations thereof. Individual unit cells can be connected in series or in
parallel, as described in U.S. application

[0059] Aside from the presence of gas diffusion layers 702, the embodiment in FIG. 7
differs from that in FIG. 6 in that no substantial interface regions 618 are employed in
composite layer 616. Instead, regions of discontinuity 614 separate and electricaily

10 insulate adjacent conductive coatings 602, 606 and 604, 608 along the surface of each
side of the composite layer 616. In such embodiments, interface regions may still be
used to promote bonding between the dielectric components and the conductive
components; however, the regions may be very narrow, or for example may be a thin
coating on the surface of the conductive components,

15 .
[0066] Apgain, electrical shorting of adjacent fuel cell units should be prevenied, and
the coatings are arranged such that electrical communication between coatings 602
and 606 or 604 and 608, for example is mitigated. The ability of a manufacturing
process to produce such a narrow discontinuity 614 influences the performance

20  considerably. However, this and other embodiments allow there to be some
imprecision in manufacturing and still obtain a working cell, although possibly with a

differing performance than the embodiment shown in FIG. 7.

[8061] The composite layer or entire array may be flexible, for example. 1t may be
25  flexible in one or more directions, or partially curved. The layer may be curved to

form a cylindrical layer or spiral bound, such as in a rolled configuration.

{0062] A fluidic plenum, for example a fuel or an oxidant plenum, may be in contact
with one or more of the coatings 602, 606 and 604, 608, electrolyte 612, one or more
30  of the gas diffusion layers 702, one or more of the cell interconnects 610, ora

combination thereof. A fuel or fluid may be hydrogen, for example, although any



Pub. No. 2005/0250004 filed on 2 Feb. 2005 entitled "ELECTROCHEMICAL CELLS HAVING
CURRENT CARRYING STRUCTURES UNDERLYING 25 ELECTROCHEMICAL REACTION -
LAYERS," referred to above. Electrochemical cell arrays may be connécted in series or in parallel as
well. 10065 ﬁ&ﬁg?ﬁﬁas?g FIG. 8, a cross-sectional view 800 of an electro%%gﬁﬁgg?gé‘&?%g§er including
a flexible plenum is shown, according to some embodiments. A 30flexible electrochemical cell layer
802 may include discrete regions 808 separategyby cell interconnects or internal support structures
804. When a fuel is introduced into WO 2009/105896PCT/CA2009/000253 - 23 - the system, the
flexible layer 802 may deform, creating a fuel plenum 806 or enclosed region (shown in dashed lines in

FIG. 8). In an le, the composite layer can.be integrated in a. flexible electrochemical cell, and the
plenums may%é%agrlf%ﬁfge}eglg%ag's g%ﬁﬁm%ngagcg%o&}%ﬁwﬁ]gy ﬁ%ﬁ%’é’?@’g’%‘ésed in
commonly-owarddi biBn&Parohyidridé Pereotrifsicatiop IRarididdd. TREBSGdRAI niefdreadt tar above. In
such an examp) gé}ﬂ%%%g{ﬂépel cells are substantially integrated within a flexible electrochemical
layer. The flexibl€ electrochemical layer may optionally include one or more rigid components, and

thus, may not be flexible in its entirety. 10 [00661 The system may include a space-saving fluid plenum

ransformble s i AR M SIESR ARASRELRRIN AL i agllows for the creation
[ o fit withi

of smaller, maore compact electrochemical cell systems configurable t in‘an existing electronic

device. The eHOBSIE R frstreaqtsahiat ssevndelenum mer baworalpsént sacnmenfeerbH or both of a

fluid manifold @y@,ﬂﬁ'&%ﬂfﬁg%Ls@%éﬁmaé%tlﬁlﬂaiéﬁﬁéﬁﬁnﬁnﬁ@til%é&@ﬂﬁlf#ﬁhﬁﬁlb dhgan example, the
enclosed region.is formed by a peripherail;;tl‘é{/l e of cou%in,g between an outlet side of the fluid control

system 812 aRd #ABt HIBUTE 98 SRanelsy i st Py Beidiplly-rpnsgraseliaples, the enclosed

region transfosegpitiitedaieie paNbentBdedvienadivisyaxinaiheepotiel Rysiernaia pressurizes the
encloseq egi%n. ausing one or more O@tio s of the at least one 20 electrochemical cell to deform
away froré a positioh & g?:é‘h?'fﬂge%‘tlg\ H@%?%m%%ﬁ S%E%thfﬁ@ﬁgﬁ@%aving fluid

plenum can belusBshénocanjrmetioposiithl sttie doustinsl decnialipnisndugivasompuidmeservoir, a fluid
e, R AR R SR ARRERIOCIE RS, S Wy ahegerma! suppor
layers, internal support structures, fluidic manifold, current collectors, seals, etc.
Examples of current collectors include intermediate current collectors and terminal
15  current collectors. Seals may include intermediate seals, perimeter seals, end seals or
combinations thereof. Internal support structures may be structural components or

electrically conductive components that function for structural support as welil.

[0064] The unit cells can be interconnected in various possible ways to create an

20  array of cells, thereby increasing the potential power output of the layer, either by
increasing the potential voltage, current output, or combinations thereof. Individual
unit cells can be connected in series or in parallel, as described in U.S. application
Pub. No. 2005/0250004 filed on 2 Feb. 2005 entitled “ELECTROCHEMICAL
CELLS HAVING CURRENT CARRYING STRUCTURES UNDERLYING

25 ELECTROCHEMICAL REACTION LAYERS,” referred to above. Electrochemical

cell arrays may be connected in series or in parallel as well.

[0065] Referring to FIG. 8, a cross-sectional view 800 of an electrochemical cell
layer including a flexible plenum is shown, according to some embodiments. A
30 flexible electrochemical cell layer 802 may include discrete regions 808 separated by

cell interconnects or internal support structures 804. When a fuel is introduced into



25 [0067f At least one fuel cell in the flexible layer may be coupled with portions of a fluid manifold via
a bond member 810, and in this way, creates one or more enclosed regions-therebetween. The bond
member 810 may include any physical or chemical means, such as an a \Y , aweld
member, a Y& ﬁ?ﬁ@ﬁff%‘ser, a braze 30 member, or mechanical fastenersggr‘%@r% ?umé%olar]]%ggln an
example, the enclosed region has a thickness that is approximately equal to a cross-sectional
thickness of the bond WO 2009/105896PCT/CA2009/000253 - 24 - member, such as about 0.05 mm
or less. In another example, the fluid manifold and the at least one fuel cell have a combined
cross-sectional thickness of about 5 mm or less, about 2 mm or less, or about 0.6 mm or less. 5[0068]

The fluid man| ' Q rial.directing recess.814.extengding therethrough. Each
material di recg% gq#é{géﬂéitggl@l%gogg it{? %? g? %ﬁ?&dgﬁ S Icf%@vg%oa}ifug}fﬁ} ) ?gls%é%%ﬁ eanr?gc’S'|Ejer‘((f)vides, at an
output, the fuatgiowm (thoma éndisbedilingsionEIG6 8)n reexaamyiits, the fomplisite laptudes Ixt least one of

hydrogen, mefanohelPHTIfBH. ARG HBRIOINAICEG sy ARG ANG Porassum

10borohydride), or liquid organic hydrogen carriers. The continuing receip w to the enclosed
region 816 callBUNKSHRAS BIoMHEcA fos dat Plgauis) asdl disensisdhinasoryroly-enpedilibh. adjacent the

fluid maniold, ffsiey- 08 RRiRe A HHidRIR RULBRE. 19/enesatqnrtag: b ighiveenvaindnay be filled with

fuel by pressurizing a charge port. A fluid pressure re?ulator assembly, including an array of fluid

pressure regufXtPPl& RGeS cqlsce substrntialty intassviad wirasslegiMehe fluid plenum 806 to
a

electrochemical layer. The flexible electrochemical layer may optionally include one

or more rigid components, and thus, may not be flexible in its entirety.

10 [0066] The system may include a space-saving fluid plenum transformable from a
substantially volumeless enclosed region and in this way, allows for the creation of
smaller, more compact electrochemical cell systems configurable to fit within an
existing electronic device. The enclosed region is located between a fluid control
system 812, including one or both of a fluid manifold or a fluid pressure regulator

15  device(s), and at least one fuel cell. In an example, the enclosed region is formed by a
peripheral-type of coupling between an outlet side of the fluid control system 812 and
the at least one fuel cell via a bond member 8§10. In varying examples, the enclosed
region transforms into a fluid plenum 816 when a fluid exiting the control system 812
pressurizes the enclosed region causing one or more portions of the at least one

20  electrochemical cell to deform away from a position adjacent the outlet side of the
fluid control system 812. The space-saving fluid plenum can be used in conjunction
with other fuel cell components, such as a fluid reservoir, a fluid pressure regulator
device(s), a fluid manifold, an electrochemical cell layer having an internal support
structure, to create a compact fuel cell system.

25
[0067] At least one fuel cell in the flexible layer may be coupled with portions of a
fluid manifold via a bond member 810, and in this way, creates one or more enclosed
regions therebetween. The bond member 810 may include any physical or chemical
means, such as an adhesive member, a weld member, a solder member, a braze

30  member, or mechanical fasteners or protrusions. In an example, the enclosed region

has a thickness that is approximately equal to a cross-sectional thickness of the bond



level sufficient for the operation and movement of the at least one fuel cell, such as to the position
shown in phantom. In an example, a distance between the fluid manifold and the at least one fuel cell

is about 5 mm or less at the pressurized plenum state. 20[0069] A first side of a fluid manifold may be
coupled to TP EEEB 4 electrochemical cell layer and a second side gFﬁS%(g%%?éséoupled toa

first side of different electrochemical cell layer, for example. The manifold or fluidic control system may
be coupled to an array in parallel or in series, jc?@g_(ample. The manifold may provide a fuel plenum
that contacts multiple arrays or multiple unit cellS, 25connected in parallel or in series, for example.
[0070] A method of using an electrochemical cell array is disclosed, according to some embodiments.

A first reactan e provided t uidic plenum coupled to a first side of an electrochemical cell
array having a%{fgé%%pbsn%g%g ‘"?ruw gg:ocaj{r)wgngg?} (ﬁhﬁ" §%3%3ﬁ?§lgﬁﬁ’éﬁ?ﬁfaﬁgﬁ§5 ?B{éﬂdfm Iat least t2h5e
first reactant. Theeatleatrivsl Sghenit vy Do ubiested iosactim il diisidess btubesripasite layer. - 25 -
[0071] Providig&sggyah@mI%Qyom#&mig%%%gressure of the fluidic plenum. Providing may

include supplying a first reactant from a c man coupled to the first side of the electrochemical
cell array. Providing may also include 5at least portions of the first side of the electrochemical cell

array mowng guuas) e Mk IHidie.MaRURlEs at least one material directing recess 814
extending therethrough. Each material directing recess 814 receives, at an input, fuel
flow from a fluid reservoir and provides, at an output, the fue! flow to the enclosed
region 816. In an example, the fuel flow includes at least one of hydrogen, methanol,
forniic acid, butane, borohydride compounds (including sodium and potassium

1G  borohydride), or liquid organic hydrogen carriers. The continuing receipt of fuel flow
to the enclosed region 816 causes portions of the at least one fuel cell to deform away
from a position adjacent the fluid manifold, thereby forming a fluid plenum 806. In
operation, the fluid reservoir may be filled with fuel by pressurizing a charge port. A
fluid pressure regulator assembly, including an array of fluid pressure regulator

15  devices, may be used to reduce or maintain a pressure in the fluid plenum 806 to a
level sufficient for the operation and movement of the at least one fuel cell, such as to
the position shown in phantom. In an example, 2 distance between the fluid manifold

and the at least one fuel cell is about 5 mm or less at the pressurized plenum state.

20 [0069] A first side of a fluid manifold may be coupled to a first side of an
electrochemical cell layer and a second side of the manifold coupled to a first side of
different electrochemical cell layer, for example. The manifold or fluidic control
system may be coupled to an array in parallel or in series, for example. The manifold
may provide a fuel plenum that contacts muitiple arrays or multiple unit cells,

25  connected in parallel or in series, for example.

{0070] A method of using an electrochemical cell array is disclosed, according to
some embodiments. A first reactant may be provided to a fluidic plenum coupled to a
first side of an electrochemical cell array having at least one cell interconnect. An

3G electric current may be generated from at least the first reactant. The electrical

current may be collected from the first side of the composite layer.



[0072] The first side of the composite layer may be an anode side. A second side of the composite
layer may be a cathode side, for example. The first reactant may be 10 hydrogen. The second side of
the composite Ia er may be contacted with a second reactant, such as an OX|dant The second
reactant ma 8@ ﬂ?aﬁ%%d passively or actively. Generating may include’¢o ﬂgﬁ%ﬁ}?%}{tﬁ}tesﬂrst reactant,
thereby reducing the pressure of the fluidic plenum. 15100731 Collecting may include collecting the
current from a plurality of electrochemical cells%@ a series electrical configuration, a parallel
configuration, or a combination thereof. Collecting may also include collecting the current from terminal
current collectors or at least one interconnect between adjacent cells in the array. 20 [0074] The
composite layers described herein may be manufactured using any number of processes. For
example, the composite layers may be formed in a manner conducive to mass-manufacturing, such as
roll-to-roll maf#fEGtiringd Re tefinsigea etGBa P dbidn isoersiegiresime nfsheidugbenposite layers may
e oY ISR YR U AN N QAP RRRIS o bl may serve o
ETR Y TRl

cell 25|nterco%nemt% conductive components 910,911 may be formed by
laminating mtqm}:plbd:tsmlpﬁ)ﬁtshwimg’dhmlemhmﬁp#équh@f@tecﬁtéalrimg)ﬁ?@ﬂ@iﬁiél%h%onent 910, 911

may inclyde Qp. gt%t@%@ﬁﬁw&%mee@m&emfem Sid0elbdadoResiectrically

conductive components, such as an epoxy, for example. - 26 - [0075] An mterface region 918 may
then be adhe%ﬂ@i@tﬁl@éﬁtfetﬁ’e surface of each electrically conductive components 910,911 (see FIG.
9B). The interface region 918 may be a discrete component which is attached to the conductive
component, or m ?é/ be a material which is applied to a surface of the conductlve comggnent. For

r

example, 5 thidTR e iraigisls of Bssanpesierurhras s R A Mt Ma5B8RLsitiial to a surface of

the conductivg,¢emRRRREEYRE tha bk incadisrtiditToraRerpRI Tueetrioriakam sayposite solid
compongent including bath the conductlve component and the nterface r%% The thjckness of the

interface YegidHdREshel A7 958N diR G é“tété?éﬁ&%’s 7558 rocess: for
example, the t@éﬁéﬁt@@d&gi@m&tdﬂ:ﬁ hﬂhesacﬂsndkaasmmiﬁylbmbthdlgmmablamelectrical

discontinuity can b foé@?eg% ﬁ%%r}n% J} cent ceIIs '%c%ir ng eti%lr%@n&m ucm tpe

manufacturin§retés 350 e S RS e Aa Shall as & out 15
micrometers, pessexarnapiize ﬂlndib@l&mu:tmess of the interface region may be about 100 micrometers or
about 200 micrometers or greater. The thickness of the interface region may be
15  [0073] Collecting may include collecting the current from a plurality of
electrochemical cells in a series electrical configuration, a paraliel configuration, or a

combination thereof. Collecting may alse include collecting the current from terminal

current collectors or at least one interconnect between adjacent cells in the array.

20  [0074) The composite layers described herein may be manufactured using any
number of processes. For example, the composite layers may be formed in a manner
conducive to mass-manufacturing, such as roll-to-roll manufacturing. Referring to
FIGS. 9A-D, in some embodiments, the composite layers may be formed by forming
at least two electrically conductive components 910, 911, which may serve as cell

25  interconnects (see FIG. 9A). The electrically conductive components 910, 911 may be
formed by laminating multiple components together, for example. The electrically
conductive component 910, 911 may include one or more forms of carbon, for
example, and may further include non-electrically conductive components, such as an

epoxy, for example.

30



15chosen so as to enable a tool or a machine of a given radius to form an electrical discontinuity
~between coatings of adjacent electrochemical cells. Further, the interface region 918 may be utilized to
promote or enhance bonding between the dielectric components 912 and the electrically conductive
components*823*E{Y38hch bonding may be achieved via a combination 'S HfetN&HI8H Hhysical, and
chemical 20 bonding mechanisms. [00761 At least one dielectric component 912 may then be formed
by casting an ionomer dispersion in proximity ezland in contact with the interface region(s) 918, and
curing the ionomer dispersion sufficient to fornta fluidically impermeable layer 25(see FIG. 9C). The
ionomer dispersion may be cured using heat, pressure, or a combination thereof. The ionomer

dispersion may be a PESA copolymer, for example. 100771 Coatings 902, 904, 906, 908 may then
be disposed &%?ﬁé éﬂr’t‘é@@@cﬁfrﬂ%"&%% %’8%3&?5‘ pradagsdipat iepstinge ?PBQYC"é‘Fcﬁyst layers, for

example. In tbe®frandiEoedicie wnnpordiing B009S disRIEE SBL.Mwhikifate eqritact Mith dielectric
component - 27 - 912 and in electrical orgact ith cé)ndtﬂctivegcogn‘ponent 911, but electrically
ipeiedin iy hudueh

isolated from%%%aﬁ%t %%%?ﬁﬁg}?é’ﬂf“&l el %lf ﬁcaﬁ)‘f?s |n§ %%f}lé)é)élﬁf' 1E%'I‘(Z:'rc:rt?‘ci)%hemical cells.
Similarly, codiingffidrisliwldohiaapplith thed ectitceofppomth®ifs evdponetecticakemplact with

Athougnor IR BL NS 8 aing Do o e SHT SOBBRIFILL i ctve component
910, and furtiverfacecof tectanithctimeadjmpentic?é0r9d Conagonedfqmot asrbihen) cuared farther electrically
isolated fromf&ﬁH‘Edc&%BQéiféiéfcﬁid component including both the conductive component and the
interface region. The thickness of the interface region may be adjusted depending on
the tolerances of the manufacturing process; for example, the interface region may
10  have a thickness sufficient to ensure that an electrical discontinuity can be formed
between adjacent cells, including tolerances required for the manufacturing process.
The thickness of the interface region may be as small as about 15 micrometers, for
example. Or, the thickness of the interface region may be about 100 micrometers or
about 200 micrometers or greater. The thickness of the interface region may be
15  chosen so as to enable a tool or a machine of a given radius to form an electrical
discontinuity between coatings of adjacent electrochemical cells. Further, the
interface region 918 may be utilized to promote or enhance bonding between the
dielectric components 912 and the electrically conductive components 910, 911. Such
bonding may be achieved via a combination of mechanical, physical, and chemical

20  bonding mechanisms.

(6076] At least one dielectric component 912 may then be formed by casting an
ionomer dispersion in proximity to and in contact with the interface region(s) 918,
and curing the ionomer dispersion sufficient to form a fluidically impermeable layer
25  (see FIG. 9C). The ionomer dispersion may be cured using heat, pressure, or a
combination thereof. The ionomer dispersion may be a PESA copolymer, for

example.

[0677] Coatings 902, 904, 906, 908 may then be disposed on the surfaces of the layer
30 (see FIG. 9D3). The coatings may be catalyst layers, for example. In the embodiment

shown, coating 906 is disposed such that it is in contact with dielectric component



10 component (not shown). Similarly, coating 908 may be in electrical contact with conductive
component 911, in contact with a different adjacent dielectric component (not shown), and further

electrically isolated from a fourth conductive component (not shown). 15100791 The width, d, 920 of
the insular bPEARBENERN coatings 902, 906, provides the electrical isolafi&n’ Séﬁﬂ%@ﬂﬂéﬂ}acent cells.

In the embodiment shown, the thickness of the interface region is greater than the width, d, 920, plus
whatever tolerance is needed by the manufac%;jng process used to dispose the coatings 902, 904,
906, 908 to ensure that electrical isolation is afffays maintained 20 100801 The above description is
intended to be illustrative, and not restrictive. For example, the above-described examples (or one or

more features theregf) may be used in combination with each other. Other emhodiments can be used,
such as by o??é%iaﬁ%m Tigh eonRe LI ag?ﬁ‘@ﬁ/ﬁ?é"ﬁ?é‘%%é’5’8&8??5%?%&@8%‘%73% above

25Detailed D&sefipsfuctiat ouspeasdt 03 0 tyiebygsletipiedilp gelhntadiueamline the disclosure. This

should not be {Qég%é%gg%a sci tse gjﬂnlﬂfrtlhag an.ung 'rpeid glg Igtsedtg%?et% 5 gossentié:}lltto any claim.
Rather, inventive su jec hSker may o' TS tan Al featiires §ha particular aediosed embodiment.
In addition, Wil tne inzjecitycaf thitaptvatit choshmibetadinpassecdiit but elattaalyp sobrdetduid

applicatigns, ygo?ﬂogg&%;}th%g @g@fﬁm methods can be used for other fluid transfer applications in

ways similar to those discussed herein. Thus, the following claims are hereby incorporated into the -
28 - Detailed Description, with each claim standing on its own as a separate embodiment. The scope

of the inventionosapUlaRe AGie RIMPChyIR fefREe LR dRieRRRRRARS:S aikpsial g the full scope
of equivalents to which such claims are entitled. - 29 - ) ) _ ]
with conductive component 910, and further in contact with an adjacent dielectric
component {not shown), and further electrically isolated from a third conductive
10 component (not shown). Similarly, coating 908 may be in electrical contact with
conductive component 911, in contact with a different adjacent dielectric component
(not shown), and further electrically isolated from a fourth conductive component (not

shown).

15 [0079] The width, d, 920 of the insular break between coatings 902, 906, provides the
electrical isolation between adjacent cells. In the embodiment shown, the thickness of
the interface region is greater than the width, d, 920, plus whatever tolerance is
needed by the manufacturing process used to dispose the coatings 902, 904, 906, 508
to ensure that electrical isolation is always maintained

20
[0080] The above description is intended to be illustrative, and not restrictive. For
example, the above-described examples (or one or more features thereof) may be used
in combination with each other. Other embodiments can be used, such as by one of
ordinary skill in the art upon reviewing the above description. Also, in the above

25  Detailed Description, various features may be grouped together to streamline the
disclosure. This should not be interpreted as intending that an unclaimed disclosed
feature is essential to any claim. Rather, inventive subject matter may lie in less than
all features of a particular disclosed embodiment. In addition, while the majority of
this patent document discusses fuel or reactant based fluid applications, the present

30  systems and methods can be used for other fluid transfer applications in ways similar

to those discussed herein. Thus, the following claims are hereby incorporated into the



CLAIMS What is claimed is: 1. An ion-conducting composite layer for an electrochemical cell,

comprising: two or more electrically conductive components, each electrically conductive
component having one or more electrically conductive passageways; one or more dielectric

W STBIN : i : PEI/CAZON/000233
components, ric component having one or more ion-conduct sSageways; and one or

more interface regions; wherein the electrically conductive components and the dielectric
components are adjacently arranged to provi_d%a fluidically impermeable composite layer; and,
wherein the interface regions are disposed between adjacent dielectric components and conductive
components; and, wherein the interface regions are adapted to provide a bonding interface to

promote adhesion. befween the dielectri mpagnents and the conductive components, 2. The
ion-conductirﬁgeé%lrlﬁg &R lgrr”owié}?aﬁ?ﬁﬁlgp\?\mg%ﬁﬁﬂ%%noirtnsﬁ)&lﬁgs I?ﬁ%?%a%e%ﬁge&u%%he
ion-conductinghecaypesifdiayeveafiamghofitidienkttrontsdwhitherieeamts tf fhraptsotiidally conductive

components comprise a first,materi ' iIses a second
material and \(/:\? léiﬁ)g’lr? the W&%ﬁ"g&o ﬁfﬁ(ﬂ.}%ﬁgﬁiﬂ?&%ﬁ i%eﬁ?ﬁ%ﬂ%%%g%%%ﬁ both chemically
and physically. 4. The ion-conducting composite layer of any of claims 1-3, wherein the electrically
conductiwe components comprise a metal, a metal foam, a carbonaceous material, a graphite
composite, a conductive epoxy, a conductive polymer, a conductive ceramic, carbon fiber, woven
carbon cloth, a pultruded composite, - 30 -



expanded graphite, graphite, vitreous carbon, carbon, epoxy, graphite filled epoxies, graphite filled
polymers, or combinations thereof. 5. The ion-conducting composite layer of any of claims 1-4,
wherein the electrically conductive passageways extend from a first surface of the composite layer to a
second surface of the composite layer. 6. The ion-conducting composite layer of claim 1, wherein a
width of the interface region is greater than or egé@l-to about 15 micrometers. 7. The ion-conducting
composite layer of claim 1, wherein a width of the interface region is greater than or equal to about 200
micrometers. 8. The ion-conducting composite layer of any of claims 1-7, wherein the electrically
conductive €bfBéfents and the dielectric components are arranged in substantially parallel strips. 9.
The ion-conducting composite layer of claim 8, wherein the dielectric components and conductive
component¥apé lesithah 8 equal to 2 millimeters in width. 10. The ion-conducting composite layer
of any of claims 1-9, wherein the composite layer is substantially fiuidically impermeable at a pressure
differential of at or below 15 psi. 11. An electrochemical cell array, comprising: a composite layer of
claim 1; oné.or mdkxe firstcondtirigsgnaopart Vaihr ddirst sidetofchirencerhpdbitetayesing: one or
more second coatings in_contact with.a ecq wherein each first

pd sidde of the com(Posite I'axﬁr' :
AR .., LWO OF miore ele Ly con 1&0‘[1\{6 comp nents; eacl & ectfrlc?lgz :
coating Is In contact with at’least one o € ion-conauctng p ssagev\/ayS of a first dielectric
componentcanduittieteotrigadconizctindtbnatdeastro nkeatithel eleotdcallyeqendaeiveypassageways of a
first electrically conductive component; . . . :
one or more di¢lectric components, each dielectric component having
one or more ion-conducting passageways; and
one or more interface regions;
wherein the electrically conductive components and the dielectric
components are adjacently arranged to provide a fluidically impermeable composite
layer; and.
wherein the interface regions are disposed between adjacent dielectric
components and conductive components; and,
wherein the interface regions are adapted to provide a bonding
interface to promote adhesion between the dielectric components and the conductive

components,

2. The ion-conducting composite layer of claim 1, wherein the composite layer is
flexible.

3. The 1on-conducting composite layer of any of claims 1 or 2, wherein each of
the electrically conductive components comprise a first material and each of the
dielectric components comprises a second material and wherein the first and second

materials interact chemically, physically, or both chemically and physi-caliy.

4, The ion-conducting composite layer of any of claims 1-3, wherein the
electrically conductive components comprise a metal, a metal foam, a carbonaceous
material, a graphite composite, a conductive epoxy, a conductive polymer, a

conductive ceramic, carbon fiber, woven carbon cloth, a pultruded composite,



wherein each second coating is in contact with at least one of the ion-conducting passageways of a
second dielectric component and in electrical contact with the at least one electrically conductive
passageway of the first electrically conductive component, sufficient to provide an electrically
conductive pathway from the first side of the composite layer to the second side of composite layer
between adjacent electrochemical cells in the arraly;-and wherein one or both of the first coating and
the second coating includes a catalytically active material. - 32 - 12. The electrochemical cell array of
claim 11, wherein a width of the interface region is sufficient to enable an electrical discontinuity to be
formed betfsnEsbEigaitt aabEa dlERIRs acipicalaceis, cpexTmakittriipémoalasell array of
either of C'Qgimﬁhlé ﬂflé@p}’)‘@ﬂ&@ 6?%&%%%@%8?&&?"5 comprise fuel cells. 14._ An electrochemical
system, comprising: the electrochemical cell array of claim 11; and one or more fluidic plenums;
wherein the one or more fluidic plenums are at least partially defined by the electrochemical cell array.
15. The elegtrocheical s of claim 14. wherein-the fluidic plenums, comprise at least one fuel
plenum, at Teast o%@é&é%gr%g %%Hégﬁ}%rrn grsrll‘tgvi\;]ai%r?%%ﬁ roelflocf.mi%s. {F"H’é\i?giéef}rgg%%mical system of
either of claiferictlly dfducther worpeisnyg axthiditronanifokl sotipledftdhthenomprsiedayer. 17. The
electrochemical system of claim, 16, wherein,at least one of the fluidic plenums is defined by the
R

. 0 d Se Ce O e GOMPQSIe laver. . .
composite layer, IC’mani ola?a at Ilegslt one electrically conductive component. -3 -

6. The ion-conducting composite layer of claim 1, wherein a width of the

interface region is greater than or equal to about 15 micrometers.

7. The.ion-conducting composite layer of claim 1, wherein a width of the

interface region is greater than or equal to about 200 micrometers.

8. The ion-conducting composite layer of any of claims 1-7, wherein the
electrically conductive components and the dielectric components are arranged in

substantially parallel strips.

9. The i1on-conducting composite layer of claim 8, wherein the dielectric

components and conductive components are less than or equal to 2 millimeters in

width.



18. A method of founing an electrochemical cell array, comprising: fooning at least two electrically
conductive components; adhering at least one interface region to a surface of each electrically
conductive component; forming at least one dielectric component by casting an ionomer
dispersion in proximity to a corresponding interface region and in contact with the interface region;
curing the ionomer dispersion sufficient to foun a Jluidically impermeable composite layer; and,
disposing at least one coating on a first surface of the composite layer, wherein the coating is in
contact with one dielectric component, a first adjacent electrically conductive component, and an
interface reffion. IdeTRe-pratvstns wiainr 98 WrerefrmaeoAtlsiast bife wleetically conductive

component ogRses.a-capesidITl AR GabaR AR erax 20 T maiod ohelingr of claims 18

or 19, wherein the intefface region comprises oset polyme he 'me any of claims
18-20, wheteibelhw ibhosaer dispersion comprises a perfluorosulfonic acid copolymer. 22. The method
of any of claims 18-21, wherein a width of the interface region is sufficient to provide an electrical
discontinuity between coatings of adjacent electrochemical cells. 23. The method of any of claims
18-22, wheiéin theAoaatirigpishelectdicallyisatatedhfraring:second adjacent electrically conductive
component. . :
a composite layer of claim 1:
one or more first coatings in contact with a first side of the composite
layer;
one or more second coatings in contact with a second side of the
composite layer;
wherein each first coating is in contact with at least one of the
ion-conducting passageways of a first dielectric component and in electrical contact
with at least one of the electrically conductive passageways of a first electrically
conductive component;
wherein each second coating is in contact with at least one of the
~ ion-conducting passageways of a second dielectric component and in electrical contact
with the at least one electrically conductive passageway of the first electrically
conductive component, sufficient to provide an electrically conductive pathway from
the first side of the composite layer to the second side of composite layer between

adjacent electrochemical cells in the array; and wherein one or both of the first coating

and the second coating includes a catalytically active material.



232 -

12. The electrochemical cell array of claim 11, wherein a width of the interface
region is sufficient to enable an electrical discontinuity to be formed between coatings

of adjacent electrochemical cells.

13. The electrochemical cell array of either of claims 11 or 12, wherein the

electrochemical cells comprise fuel cells.

14.  An electrochemical system, comprising:
the electrochemical cell array of claim 11; and
one or more fluidic plenums;

wherein the one or more fluidic plenums are at least partially defined by the

electrochemical cell array.

15. The electrochemical system of claim 14, wherein the fluidic plenums comprise

at least one fuel plenum, at least one oxidant plenum or combinations thereof.

16. The electrochemical system of either of claims 14 or 15, further comprising a

flurdic manifold coupled to the composite layer.

17.  The electrochemical system of claim 16, wherein at least one of the fluidic
plenums is defined by the composite layer, the fluidic manifoid, and at least one

elecirically conductive component.
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18. A method of forming an electrochemical cell array, comprising:

forming at least two electrically conductive components;

adhering at least one interface region to a surface of each electrically
conductive component; |

forming at ieast one dielectric component by casting an ionomer
dispersion in proximity to a corresponding interface region and in contact with the -
interface region;

curing the ionomer dispersion sufficient to form a fiuidically
impermeable composite layer; and,

disposing at least one coating on a first surface of the composite layer,

wherein the coating 1s in contact with one dielectric component, a first

adjacent electrically conductive component, and an interface region.

19, The method of claim 18, wherein the at least one electrically conductive

component comprises a composite including carbon and epoxy.

20.-  The method of either of claims 18 or 19, wherein the interface region

comprises a thermoset polymer.

21.  The method of any of claims 18-20, wherein the ionomer dispersion comprises

a perfluorosulfonic acid copolymer.

22.  The method of any of claims 18-21, wherein a width of the interface region 1s
sufficient to provide an electrical discontinuity between coatings of adjacent

electrochemical cells.

23. The method of any of claims 18-22, wherein the coating is electrically isolated

from a second adjacent electrically conductive component.



