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CELLS HAVI NG CURRENT- CARRYl NG STRUCTURES UNDERLYI NG
ELECTROCHEM CAL REACTI ON LAYERS Reference to Rel ated
Application. [0001] This application clains priority
fromUnited States Patent Application Nos. 60/567648
filed 4 May 2004, 60/608879 filed 13 Septenber. 2004,
~and 11/047560 filed 2 February 2005, all of which are
her eBYP 19¢¢186or at ed by reference herein. Tedumicazbsoosss
Field [QQQ The invention relates to el ectrochem cal
cel |'s. FeHHRGHEMICAL, CRLLSJEAKING CURRENEICARRIVING

el eSTRUQYRIRES ein £ i ' !

types. Backgr our%z [0003] A c@%é@[%lg‘ﬁ’ hﬁA%fTIBNE&YERS
el ectrochemcal cell 10 is shown in Figure 1. Cell 10

MAYR e fE1Qfice8Y R , | se a PEM (proton exchange
mn’(m%%&%ﬂp%% 10 has a manifold 12 into.
whi [8804]s | ntThisdpplwtion ¢leieds pristiTroas URYr SIEE P 235 Apﬂmﬁtion
fu C t.hrou s current-carrying Tayer
1345 835G s d Nt FBRoR B 56 Seamemter Yatestee
underigosss tled hEebraa) 2005961 bORhiLOaRhog ;

el g{f:}t rons and positively charged i ong}cﬁyr%(lﬁgtg?mmfemnce
pr 6fB#5) . *The free el ectrons are collected by
current-carrying |layer 13A, and the ions pass through

an_el ectrically-insulating i on exchange nenbrane 15.
| odeeBiigpbRigld nenbrane 15 Iies between anode catal yst

| a 4A a atal yst |ayer 14B, Ce]l 10
h a)s[@gnﬁani f gﬁ%@@éﬁ?@?‘%ﬂé Bé?ﬁ“%“?&?%%tce £ The Inyertiogmay be
ox ygéedied inThe celisi eleatiolysBRelRamE cldofeuhBiRical RAE BESther tynes.
current-carrying layer 13B to access cathode cata j§/st
| ayer 14B. [0004] As shown in Figure IA electrons

t r Buelgrdun@m t he sites of chemi cal reactions in anode
cat@l %ﬁit I axer 14A to current-carrying layer 13A

Pr 083k ( or Agemsntiongkrisctiochenyicat hell Heid showmsih Figuaye! Cell 10

i nh@y,%ﬁeﬁﬁf&%}*’&@nﬂi@@a Fﬁl&*‘(&%% €x¢ rg?lrgg x?lgml])'r%né) q‘ue? cell, Cell 10 has

a manifold 12 into. which is introduced a fuel, such as hydrogen gas. The fuel can pass

h 0

through a porous current-carrying layer 13A into an anode catalyst layer 14A, where
the fuel undergoes a chemical reaction to produce free electrons and positively
charged ions (typically protons), The free electrons are collected by current-carrying
layer 134, and the ions pass through an electrically-insulating jon exchange membrane
15. Ion exchange membrane 15 lies between anode catalyst layer 14A and a cathode
catalyst layer 14B. Cell 10 has a manifold 16 carrying an oxidant (e.g. air or oxygen),

The oxidant can pass through a porous current-carrying layer 13B to access cathode
catalyst layer 14B.

[0004] As shown in Figure 1A, electrons travel from the sites of chemical
reactions in anode catalyst layer 14A to current-carrying layer 13A. Protons (or other

positively charged ions) trave! into and through ion exchange membrane 15 in a
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WD 2005/ 106078 PCT/ CA2005/ 000669 direction opposite

to the direction of electron flow. Electrons collected
in current- carrying layer 13A travel through an
external circuit 18 to the porous current-carrying

| ayer 13B on the ca"7de side of cell 10. In such

cells, electron flow and ion flow occur in generally
opposite directions and are both substantially

per p&RdPELtes to the 5 pl ane of ion exchang@CHemorsamsss

i‘ FSJ edéll[egtgogxcclgﬁé;ﬁ d1r€<ft 07 o? ?I%%Apn ?ﬁﬂls %%Sf% ,Scéﬂéetét%d lrfj gu?‘rlent-
C orvdtigii g i@em&@avfepthrduﬁl@‘ art é}@é‘i/né?fwaf?@ 13 tg ltl‘f%ia%fo%? Suf! ~carrying

g}) |.on exchange nenbrane

sp Bick 38 g C# _vee side of celf 100. iﬂmss,lch pdlsmhtcmomﬂswtand fondlow
Whiok, N

Cers i el e bl Py ity g o he
el ®kme oties skdahgaieahires: 150c! ude soma form of porous
conductive reactant diffusion nmedia to carry current
away froma catalyst layer. This conprom ses the

ab.[ouosy t 0 Cotalysideyets 1428641a8B SndsOhel ﬁﬁal%ﬁéc?éslééﬁdu%w}eefre they
and |ntroguces a difficult materia

FurPigrovifheanductive pathinier ghetflom of @O@I’ﬂﬁcﬁ'@f@taﬂd wa}e §on exchange
as gRmbane 45 WubtbelshBle 4G nt d| ff sion

| ayers. A major °S?’§e§8m +Sn%gesfl&f 15??&?11{1& l{f’ngﬁ? yhile
el E@Mdéﬂgwéwrecal ingigdtion th SVCqumtzmmi/slrﬂbet mmnegmmnuow ng

| ayers which permt current to be passed into or

W thdrawn fromthe cell while permtting reactants to

enl08p6]t he bty eiéuﬂroclmi‘rﬁehﬂ @évaced fnclulde sdn@delh Gf‘ﬁors& Bfductive
renove ggﬁgn1the cell . [ 0007] Despite the vast

anS e {oamedia tp Cﬁl@swawvwﬁ&owa@m@ﬁmm Tfhmomm@mses
betn aiffyeo @¥@polt RRcRAS to HlE Gﬁﬂﬁ% sitddehng e{q%ﬁﬁ%eﬁ 3 df dq”ﬂguﬁte Tgerial

for pore efficient electrochem cal
pr 3alees fupber, terecse morifycturing andhiashisprepsssotdated Wil feed

aCR88sod @F rea[c%? §2REEn ?5 !:& efs N8 m%{g?%%;hpc heg‘ anlTxrgehlg Clt)e!r ormance

sites. Sunmary o e’ 1'nv
i rﬂl@ﬁwf@mmaébdls éstotpoovideanireaneyihg &Jyer@ arlhicﬁ pefiNcRnt to be

f
%%Lse& ﬁ'!t(l) Sr Withdrawn from the cell while permitting reactants to enter the cell and

products of the reactions to be removed from the ceil.

[06067] Despite the vast amount of fuel cell research and development that has
been done over the past decades there remains a need for more efficient
electrochemical cells that can be produced cost effectively and which provide

improved access for reactants to the elecirochemical reaction sites,

Summary of the Invention -
[0008] The invention relates to electrochemical cells such as fuel cells or
electrolyzers. Some embodiments of the invention have application in electrochemical

cells of other types such as those used for chlor-alkali processing., Some embodiments
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el ectrolyzers. Sonme enbodi nents of . the invention have
application in electrochem cal cells of other types
such as those used for chlor-al kali processing. Sone
enbodi nents -2 WD 2005/ 106078 PCT/ CA2005/ 000669 of

the invention provide electrochem cal cell |ayers
conprising arrays of individual or "unit" cells.

[OOO%J, One aspect of the invention provides a thin

| ayer" TRPY* QB uct ure 5 conprising an ion exclPamGa200s/000669

nme vin | ectrochem cal reaction |ayer on
eagﬁf@? 5%’ E? Y6 %)a’? © ﬂ%%ﬁ"?haww@ CHdwge wErtinmarayayf individual or

conpmitSeells. | ayer of unitary construction, or may
conprise a conposite |ayer nade up of nore than one
material. The ion exchange nenbrane may conprise, for

exajgpdyg, a Rt EHGRS: : [ el ectrical
curr en?_— carryi r?g& gt ruct ﬁ?%tlg{{s{ggg@{]a thnA%%‘?rtcgﬁﬂa@Pm es
one“OBPriERE an pg c&shente wohlamicialingenelebtonthbBiaactibPRiG bn

Ang : .t he 1nvention provides, core -
asse %I@%@Qfgg ﬂfg In;enceig{P f_’éa@ﬁ%me’élgﬁan BRY Compaisg a fayerof gnitdyy v

CornIBtomA gneanThan San TRk XA %iaddp 0P khdn b Infrerial
conﬂlléqér] &ghel ec%rﬁchem cal reaction |layer on at [eas

a first sruecol “TREN BAY $8riseHargyemirienbprete exaange an

el endnitira®| Ay eloarich) Gl chif St Yd ctyre in

el eget i cal ., contact with ?ﬁ% el egfta?{)a%éggr%g% %J‘?nélﬁrg’tef%’}?"fthe
| ay St rORFmisakigsctien javerse of the el ectrocheni cal

reaction | ayer overlies at |east a portion of the
current-carrying structure. 20 [0011] A further

asp¥EP] of tArotherverset afiihqinvanitide provRehaes ak@bIRPSEAL | NG

an gk 1 gal _cel | .. Such net hods conpri se
pr ovi d‘%ﬁgﬁ%%t&g éca°P%"c & POLFOMPEISES anpion exghanga membrane; an

caslattyistllycombuaiing digtebieadicLRRBnGAer HEATLOI LAY RN of the jon
ha&cﬂg} an e?qlf)t er face and, an inner face; an electrical
curtente ¢y {ﬁr"ﬁgmgt i flactricallyrpendpetivie sarretearrying structure in

el dedtriet bamceaith te ' t art ; d
an_i on- conduct i ng %g?g?%@rﬁkc%%xﬁ{wg?{] 1A%§§§ntoH§r ?‘ﬁﬁ&‘? Ofgge

f aPeCt9eharHenl eagtian asen evariiesiat least o pboion bathe currak-caWing a
reagb@d to diffuse into the

[0011] - A further aspect of the invention provides methods for operating an
electrochemical cell. Such methods comprise providing an electrochemical cell
having: a catalyst-containing electrochemical reaction layer having an outer face and
an inner face; an electrical current-carrying structure underlying the electrochemical
reaction layer at least in part; and an ion-conducting layer in contact with the inner
face of the electrochemical reaction layer; allowing a reactant to diffuse into the
electrochemical reaction layer; allowing the reactant to undergo a catalysed
electrochemical reaction to produce an ion at a location in the electrochemical reaction

layer between a surface of the electrochemical layer énd the current-carrying layer:



10

15

20

25

el ectrochem cal reaction |ayer; allow ng the reactant

to undergo a catal ysed electrochem cal reaction to
produce an ion at a location in the el ectrocheni cal
reaction |ayer between a surface of the

el ectrochem cal layer and the current-carrying |ayer;

-3 WD 2005/ 106078 PCT/ CA2005/ 000669 and, allow ng the
ion to travel to the ion-conducting |ayer along a path

t hat YQ81A¥Bhe current-carrying structure. PE0042845000669
Fur.t.he ects of the invention and features of

sp egcl:l?‘f ﬁmé) QE’P%@% }"H'g‘hf‘ Veg‘r" tg%“’i‘ﬁ@ld“ﬁ%ﬂ)i’% Alopg epale that avoiid the
belcowentBairghg Besgire.pt i on of the Drawi ngs [0013] In

drawi ngs which illustrate non-limti-ng enbodi nments of
the invention: Figure 1 is a cross-sectional

schiegmyi c di ' rt el.ectrochenm cal 10
el H qur o e P8 i Ehan RS BT Geeio srvadmentsof
porth€ iByengipn aiselesseibed twdovki gure 1; Figures 2A-D are
schematic views of unit cell structures according to
errbo_di nments of the invention; Figure 3 is a schematic

di Sgiefbesefiption Eitteddmaihes accordi ng to an enbodi nent of

15 inveption. Figure 4 is a schematic diagram

Shg%l!i%’g el eﬂit(ir%vlv]ln% 16 ’Zlf‘gﬁtec’&ﬂdll@tmg)ﬂnwﬂmts of the invention:

accor dirighré 0 a7 creRaHHR BheRatid Bifah MG ILHO N Flgure 5
oot B 68 Aot i losliemg!

is g schematic view of a unit celf str \ofols]
t o°&hot her enbodi nent of the invention; 20 Figure 6

Is a crass et menbrane el ecirode
assembl y of ﬁﬁ% dn%ﬁitafe%g ?1 g%l?@%@%‘ﬁ%‘ga Fﬁﬁ?ﬂl%ﬁafc%@ﬂ of Figure 1;
i nvent FegvreaiérRiare sohintatic lohs ofttut QANBEGHEHadeBrdfEth €5
Fiéi’ﬁgo‘ainge/ﬂté'osftﬁeiﬁfﬁ%g"ati c illustration show ng current

f

l'ow and" pr ot on Wi n the menbrane el ectrode
assenbFiguof3 Fiageletatis diagram of an electrode according to an embodiment of
the invention;

Figure 4 is a schematic diagram showing electron and proton conduction paths
according to an embodiment of the invention;

Figure 5 is a schematic view of a unit cell structure according to another
embodiment of the invention;

Figure 6 is a cross section through a membrane electrode assembly of an
alternative embodiment of the invention wherein unit cells are connected in series;

Figure 6A is a schematic illustration showing current flow and proton flow in
the membrane electrode assembly of Figure 6;

Figure 6B is a cross section through a membrane electrode assembly in which
unit cells are interconnected by current conductors embedded in a substrate;

Figure 7 is a partial plan view of an electrochemical cell layer having an array
of hexagonal unit cells;

4
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Figure 6B is a cross section through a nenbrane

el ectrode assenbly in which 25 unit cells are

i nterconnected by current conductors enbedded in a
substrate; Figure 7 is a partial plan view of an

el ectrochem cal cell |ayer having an array of

hexagonal unit cells; -4 WO 2005/106078

PCT/ CA2005/ 000669 Fi gures 8A, 8B and 8C are

r esp¥@PHEIYSschemat i c vi ews showi ng el ect r s€hesmoesabose

cell la ers v lurality of unit cells connected
i n par af B8 Qg b %@fﬁcggre é‘ﬁﬁe‘ﬁtl%e ¢ shewatiqiewy shewingFi gur e
9 i eSec&oéhedﬁca!/b&M/a)%Es I@vﬁ% epheslitp bf Mﬁttééfléacqglﬂec\é!& i Bar gei in

cells ac%ordln to e invention nay
Fi gt a0 I serighpasslisi: oded view of a fuel cell deV| ce

accor di Rgule ;885 featefl) Etg%ch.ﬁe o ‘\f/" IC& Bm? ¢plls ac%ordmg to

OA shows the fuel ce I VI ce i gu
asé@h@ﬂ%@ﬁﬁﬁmnbemﬁwgmfe 11 shows a fuel cel | device

accordi ot her odi t the 10 jnvention;

Fi gure ]?guégg\?\s/snana e!f)ge Gl O{re Ic(‘? |¢V1P%§Pé?r§1naé%mmhﬂglment
t o ofitietihentienbodi nent of the invention; and Figure 13

is as 0 r fuel cell having a filter |ayer
over | yﬁﬁ%urg%‘%glf 'a‘fglde‘”&%‘)flﬁé@lf? Ngtnlaé‘f\?mb[e@(ﬁdmi

Thr ougTagiire § Nehoha Ialmaga&fc%%eo?(ghg{b anSREiofind] de{qﬁld,e

are set forth in order to provide a nore
unH@P@Fﬁndlng of the invention. Fbmever t he

i nvent 'F@@rm sRGs RS m+1f1€% c\@fl 9% ecloé par gl %}erlqgcglfc’nent of

I n ot her i nstances, NOWN
beths instguiion; @Wd descrl bed in detail to avoi d

unnec e%“f“g% é 3}’ is g?cc%on hr(%gh a fuel cell having a filter layer overlying a
catalyst layer,

Description

[0014] Throughout the following description, specific details are set forth in
order to provide a more thorough understanding of the.invention. However, the
invention may be practised without these particulars. In other instances, well known
clements have not been shown or described in detail to avoid unnecessarily obscuring
the invention. Accordingly, the specification and drawings are to be regarded in an

illustrative, rather than a restrictive, sense.

[0015] The invention relates to electrochemical cells such as fuel cells or
electrolyzers, and may also have application in other types of electrochemical cells,
such as those used for chlor-alkali processing. Some embodiments of the invention

provide electrochemical cell layers comprising arrays of individual or “unit” cells.



the invention. Accordingly, the specification and

drawi ngs are to be regarded in an illustrative,

rather than a restrictive, sense. [0015] The invention
relates to electrochenmical cells such as fuel cells or

25 electrolyzers, and may al so have application in

B9y ¢ ypéécwfocb%@@lr@blh agrosding &egoms; embndahenis of ﬁowcntlon

lllé?f@gt}flﬁ’ fa a@meﬁ’l" stlchal gh&eﬁcﬁsesllcrﬂ%ai 2] n‘tecl;lr]}:)?iglli, 240 8?tgle ok least in

I nvention provi rochemca
praﬂrqmdexﬂ;nemp eiect&}cﬁcmfcdl melichonl igbr @ferrediot ler@f bk 8 "catalPst layer").
1001 El ectrochem cal cells according to sone

g%ﬁ%ﬁ?@ﬁeéflﬂ 1R RRRER TRERPraRtaRAYIng 3 $iLHY YL gyt op eadh side

tﬁ*&é(ﬂcﬁ RE ﬁ)n"&@lﬁ(ﬁ"l E‘ nﬁﬁlb@éﬂﬁicl{’lg)} Sthpr eﬁlurfo? @)t(an‘l"}ﬁg ry ;')189)1} exchange

structure at In part” un
nedrelping éhemnmhhodnnmts olothe irayetiorn p@ﬁlarcroa@h detiohef i n as

t al. "). .Each cell rises an io
Bl s PR edrwings p By SRR AdaF udoaidmsdan o
sh&r@ bERM. ex&ﬁlﬁng@r&llﬂ%Wﬂﬂ@nﬂE”’or ane may conprise, for
exanpl e, a proton exchange menbrane. Certain

enbodi ments of the invention permt construction of an

troch ,olaye onpr | urality of
BTV Guan Tt oEBites P RhabO BRY S0k Bt Roft' iy
cexstitiengs ofenp lcam@ris®@d e6ihpdsite 18QLAhdd BE of AOrEReNBRIRaterial.
menbrane nay conprise a layer of unitary
SeBwsEpmRics Shconaposiayirediss prsalescribsdpo dictceninzypdy-owsnerk United

S%h‘%?raiatéﬁ? 5&1&9% Qn&orRLeR baénmlegolgﬁcﬁéaﬁ?ﬂ{ﬁé r?RED

osite str ures ‘ar e di
I\&:IOMWNE&MDI EUMCIED CISEMI €2 L p@EEDS IHOPIRPOR ADINGSIUCH

T Rl et T R B e

lﬁcbhﬁﬁm@@wwi&%ﬂéé%;aﬁr ewith on 4 May 2004, which is
hereby i'ncorporated by reference herein. 100181 The

conflguratlon of the current carrying structures in
nt s the jnvention provides

d
8L o o T Pt RS T el PR Db SRl s oot

e@bAdiRRA¥ Jf $hd 1heelﬁ@)ﬂ5pt1 &Hgds ren1afis ®iB %}bl‘?ﬁ@@ REH ek ERalyst
whi ch are thinner than simlar prior art

legpie end pemul thasonsehepngtt elagroehepac aellsnghich are thinner than
sittHfak BHBI ﬁ%léé’d&geilnﬁ%%eﬁls of the type having current-carrying layers

positioned on outer surfaces of the catalyst layers. Throughout this description, the terms
"outer" and "inner" are respectively used to refer to directions closer to and farther from

the center of the ion exchange membrane.

[0019] Figures 2A and 2B show unit cell structures 20A and 20B according to
alternative embodiments of the invention. Structures 20A and 20B are similar to one
another, and each comprise current-carrying structures 23A and 23B positioned on
opposite sides of an ion exchange membrane 25. Electrochemical reaction layers 24A

and 248 are positioned on the outside of current-carrying structures 23A and 23B and



posi tioned on outer surfaces of the catal yst |ayers.
Throughout this description, the terns "outer"” and
"inner" are respectively used to refer to directions
closer to and farther from the center of the ion
exchange nenbrane. 100191 Fi gures 2A and 2B show unit

cell structures 20A and 20B according to alternative
enbodi nents of the invention. Structures 20A and 20B

are siarotsapsotso one anot her, and each conpri $@r/ca2005/000669
current-carrying structures 23A and 2311 positioned on
oppis8 Fxdergegeembyine§. Tha disfecsnombpewevaisivnaunes 2B and 20B is that in

El ' [ 2 and 24B are
0o ?@F@ﬁi@:&oﬁﬂeﬁéﬁgﬁn 2 ?gtééh%%e{}% z}néﬁ?]} é‘frﬂoﬁitlﬁ@eJ on the outer
st rwchess eficA3Aclangk Iﬁa%rjﬂ(i:ﬂglasﬁ g'gﬂ?g m% Qg@ Z@f_]f_%né-caHyMg

PCT/ 005/ 000 i on

di f%c%lr?é gé‘g QP%M&WE%? shopser sadacenof ios exdhangeimembrane
strascture 20A current-carrying structures 23A and 23B

are positioned on the outer surfaces of ion exchange
menbrane 25, while in structure 20B current-carrying

st r[y@jogr €3 %%e%ri@! . g%ghﬁweﬁgfgeﬁlgﬁgg{ugga&? etg:g%ﬁ)r according to

surfaces of 1on exc
Fi dunttes alxEnaive e@Bbdinems ofthé inveltion Ih EHEdHE Q@C,%eﬁ’t&q%rying

20D _accordj n further alternative enbodi nents o
OGS fhd B et et SBEHa SRttty porgtracted from

10 st nuehkbmc@pAnanth123B are formed on a substrate 30.
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Substrate 30 is constructed from 10 a non-conducti ng
material. [0021] Substrate 30 is penetrated by an

(o] oL1)] 32. LRA ; ' il | Wi t h.a . . .

D o SR B8 isiepbifudd oy o Sodlle it Bponipa iz s g with an
rrﬁwnc@n@mtisgmmial_? hﬁm-@mduoghgmreﬁhm@ csu;&;fiﬁa%qoﬁ&ner or

t n. e .l on-cC uctin r[aterla ma

ox PRk S8leb R tpb AGpRons P fometag uclng matertl may extend

C uvutemntd-10 deronieh 8dgeh bEQLMACGYRA sRitd: { St kR, 5
exchsn e ngnbrané§55 of unit cgfl Sfﬁﬁ%%ﬁﬁﬁ?%?%@?hﬁﬁlml

t BTG S g 28 bl eallistructuig 386 Frthe Hlustsatedemishdirbarnt,

t i Seni | Yay..be af any .
urIEnlo 329 ol Bt fe nd RERNAR, OFenRYs2 Bt Bhpsuiapte

| othgpeadisanzer endwdintentss opeeing 32 ddbigemidiarrow. In some embodiments,

each unit cell has a plurality of openings 32.

[0022) In some embodiments, openings 32 comprise a pattern of openings,
which may be microstructured openings, as described, for example in the commonly-
assigned application entitled “MICRO-STRUCTURED MEMBRANES AND
ELECTROCHEMICAL CELLS INCORPORATING SUCH MEMBRANES” which

is referred to above.

[6023] Examples of materials that may be suitable for substrate 30 in specific

applications include:

. printed circuit board (PCB) material,

-7-



each unit cell has a plurality of openings 32. 20
[0022] In sone enbodi nents, openings 32 conprise a
pattern of openings, which may be m crostructured
openi ngs, as described, for exanple in the conmonly-
assigned application entitled "M CRO STRUCTURED
MEMBRANES AND ELECTROCHEM CAL CELLS | NCORPORATI NG
SUCH MEMBRANES" which 25 is referred to above. [0023]
ExanppPe®sigiorerat eri al s that may be suitabl e feericazoosnooosss

substrate 3Q in specific applications include:
pri nt e&oiYaPE@ﬁftﬂnﬁbard (PCB) material, -7 WO

2065/ 1%7&@3%%@%@1%9@@9 pol yam de fil ns;

polyim'de filnms such as Kapt bnTM pol yet hyl ene
fil'ns, PeéfefyleTdfibind,ns, 5 ot her polyner fil ns,
rei.nforﬁﬁgnﬁpi site materials such as fibregl ass,

sui t abl e non-polrynmer materials such as silicon or

gl ass. dther paymeafilplsi cati ons it is advant ageous t hat
substrate.30 .be flexible. In_such applications it is

desi raﬁflgfof??ﬂtco@ﬂﬁ%tﬁ“%?feéia@@“%sﬁﬁﬁ’éla@f, a flexible
mat er i ahitablelfdnl 3O nlalbrigk Satgla "si‘ﬁcglp%%ss_
d are forned on

current-carrying structures 23A an
pr Gt R CBRMIFARENSAGS Adisbieasves thet whstratd M e flesibieoIn such

sulsiitabgs 3G r hffers from.structure
20ATi N t hat cdﬁﬁ?%ﬁ%éﬁ?%gﬁgggf MRS o LA iamERHalp 371
project respectively through the outer surfaces of

c %%MSt | 3 ?trréctuzrgré‘ﬂﬂ,nc%rrgé—sdarrﬁng tstg'uucct:&rger%A and 23B are formed on
proton conducting membrane 25 and there is no subsirate 30, Structure 20D differs
from structure 20A. in that current-carrying structures 23A and 23B project
respectively through the outer surfaces of catalyst layers 24A and 24B. A structure
like structure 20D may have its catalyst layers 24A and 24B divided into isolated areas
by current-carrying structures 23A and 23B. Structure 20D has the disadvantage that
the exposed surface area of catalyst areas 24A and 24B is somewhat reduced in

comparison to structures 20A, 208, and 20C.

[0025] In each of unit cell structures 20A-D, current-carrying structures 23A
and 23B underlie portions of catalyst layers 24A and 24B respectively. In the
embodiments of Figures 2A-C, ions liberated at reaction sites which are over current-
carrying structures 23A (or, in Figure 2C, over substrate 30) are blocked from flowing
directly into and through ion exchange membrane 25 by the shortest straight-line path.
Tons liberated at such sites must take longer paths to reach catalyst layer 24B.
However, by appropriately positioning current-carrying structures 23A and 23B, the
thicknesses of the various layers and other dimensions (such as the width D of opening

32 in Figure 2C) one can achieve a situation in which the lengths of paths taken by



15 li ke structure 20D may have its catal yst |ayers 24A
and 2413 divided into isolated areas by
current-carrying structures 23A and 23B. Structure 20D
has the di sadvantage that the exposed surface area of
catal yst areas 24A and 24B is sonewhat reduced in
conparison to structures 20A, 20B, and 20C. 20 [0025]
In each of unit cell structures 20A-D,

cur rentessameyi ng structures 23A and 23B unde¢tid 2005000669
portions of catalyst |ayers 24A and 24B respectively.

| n 'Phend gleplsRiis gEeritos vasy nforlylongs IRAc@respomiing palieleagierinat

r e%%h’%’%bléip%g‘zaﬂ('\%%c%}yﬁc@ E?lfg}/er current- carrying

struc

ures gure 2C, over substrate 30)

are bl ocked fromflowing directly into and through

i o han menprane 25 by the shortest straight-Iline
o255 O i it 67 Bt irads ainprsased itk s

patphgord eontieah agatst i SicrdaddBheRAfea

YWt resul¥he from the

appropriately positioning current- ég‘ggyl ng st FUet U es
23 Rregenge oBRstraindd. t hi cknesses of the various |ayers
and ot her dinensions (such as the width D of opening
32 in Figure 2C) one can achieve a situation in which
t hé002€hgt hsAdtatpapfistucaker2oAyhBudN2 020 Blal H6 QdBent-carryin

P

CTLCARICRI ORI s R, B LI LS NS VoL el

10 pr reattams to be®iough Hebelst@Btes. [ 0026] The enbodi ment of
Figure 2C trades off increased path length for 5
prot on conducti on agai nst the increased nechani cal

j : b te ..
30 [ 0027] AT ey RGO e PRERER I R T Sl b Byane

t heitrephearyingrsenetutea 24y amP3Bsthataot aonmson 3 Aeaidedd Bnitkdls, or

15

20

25

F o IGRH AT b B S AP AT ise 25 o llicmiets and

P
S

[ 0GR8ht-dallyagartotrel 3B behdjgehd SITBNGRRNGAMNEE AL 4% be
ar,al I.ehég% either providing current-carryin

t PR

i frgrponeapotherain vahich @emtenmanbe ¢eanertidac sevtes,

it . toL i i r ; i .
ity A S Sty

acen
structures may be provided by rendering portions of a catalyst layer non-conducting

electrically, by making a catalyst layer discontinuous in its portions between unit cells

and/or by providing electrically insulating barriers between the unit cell structures.

[0029] Optimising catalyst layer 24A to promote reactions does not always
result in the highest electrical conductivity in catalyst layer 24A. The materials used in
the catalyst layer may not be extremely good electrical conductors. However, the
losses resulting from the electrical resistivity of catalyst layer 24 A can be minimized
by laying out each unit cell so that the distance between any point in catalyst layer 24A

and the closest part of current-carrying member 23A is small.
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15 current-carrying structures 23B of adjacent cells.
Adj acent unit cells nmay also be electrically isolated
fromone another, in which case they nmay be connected

in series, as discussed belowwth reference to

Figures 6 and 6B. Electrical isolation of unit cel
structures nmay be provided by rendering portions of a
catal yst layer non-conducting electrically, by making
a cavapepgteeq7ayer di sconti nuous in its porti OPSH/MXeI8®BEES
uni {’H@f' I's 20 and/or, by providing electrically

i nd®3W i ng Ber PPBPY. BapwReeRbediEeningftheisyntion fhedengesspath
[O h b0 S Qe I r,onot e .
oan e 60 Gy B Ble A 1 Bl RbSponaine

el é@lﬁ?ﬁt'@mi@@?@pmf i%ﬁt BHWS Gmhalt?/ﬁher|eﬁ1}b&dim21&é’,\.ﬂt1)e-rlb@gest path
ma _ used.in..the, cat t r.may not be

ext Tl B3Pt eg Bk HE B aveomopnuing

| oswesit-castihg megbdr 208) 23Beis 0158fh! ECH sniaBisd dihotdst YreQlso
catal yst | ayer 24A can be mnimzed by |aying out
eaB?Fsﬁﬁ' o éé'ref"algad‘{cﬁ‘gtthft Fiamelprdesisesss the ohmisriossep/aspoiatet with
| Neleatiadi - : '
etk Bk 1R AR B e Bhucture becomes
20857l o dE7T@ \PETRGMPOBTO00668ng MOHBET 25A23BXANRKE,ini N

SO I i ntion t | ongest . pat

 chop e & BE N Cbe b0 G ol ke B pdpaRerlige e
24sucdd dantsefférhe corresponding current-carrying

menber 23A, 23Bis 5 nm In other enbodi nents, the

| ongest path length fromany point within either
cajoasyst | Bigire 2 Mdstrdddh 4B FEARBH} imati
cﬁlrnr e%_t -car rQiI ng nenber %Blge %%leﬁqé 0. SQ@n%‘%Pg%\?%%namgthc
s Rfitgdal dpmy egtrages3dqbdish npaydeielihes an huvdg enecatiode).

i ' th i.C | .
St 3 Clmit TR ilen LR BT lot 008 MG £ P35 ion prgbinee
cavatbrjd 254 syeesin andowenliat lay@ 24 A REsp6ied Walside teRBE ooﬁ%he portion
I ng nmenbers

snal ler . .the I .taken up current carr

> SA o5 103E 44 bR s 0KS Bipp rpRInEs IS $BA dndepistodiine

OVERgat B. Blebt6doB48s padfifdnd oftbdplofidi ;

St ot b 6 ot e AP BRR o R kRl dPugb o i

g OBt PO aRteaY fase olareidn pxahargspretiime (it ghdvinein Figure 3)

gﬁhgﬂ%rgg (g?ﬁag%ggl%%égﬂngﬁo%@rﬁggﬁage%agmm@ st?brg;trzrtrtg XO Elgbeeddgcp er
therein. In the Figure 3 embodiment, current-carrying structure 23A comprises an

annular trace, wherein Dy is the outer diameter of the circular trace, T and T are the
thicknesses of catalyst layer 24A and the circular trace, respectively, and W, is the

width of the circular trace. In some embodiments, thé ratio of trace diameter to trace
width (D%} is at least 10,

[0032] Current-carrying structures 23A and 23B are constructed from
electrically conductive materials, The following table lists some suitable materials for

current-carrying structures 23A and 23B and their electrical conductivities:

=10~
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El ectrode 34 conprises a current-carrying structure
23A having a skin of ion exchange 15 material 25A
therein and catal yst |ayer 24A di sposed outside _
thereof. Only the portion of catalyst l|ayer 24A which
i s above current-carrying structure 23A is depicted in
Figure 3. Electrode 34 is positioned opposite a
correspondi ng el ectrode (not shown in Figure 3) on an
out ewogusdmee of an ion exchange nenbrane (nptr/c2008000669
in Figure 3) which nay or may not be a conposite

menbr ane havi ng substrate 30 enbedded 20 therein. In

t h¢~Frgore 3—enbodiment—curren -barryﬁng Struet-bre

23A conprises Hhteriplnul ar trace| WestrdiahCBifdhictivit£0” (S/m)
out ' ter of the circular e, IcL and TTare
the_ﬁ_{ufﬁogﬂneecpc of .catalyst |a é%MA and the

Cci {BukedFold race, respectively, aplsV is the width of

A ) . ohi o h i
t hETTiTeular trace—Hmr—sone—enbpdi-nents—the—rati-o—of

tr pPwedligktbter to trace width [DAIWN) is at |east 10.

25! pQ93k Gr rent-carrying strug es Z3Aand 2Z3Bare

copst+uctedfrom —electrically conductive nmaterjals,

TheTihaddidenisng,;t:pflied withs! SO SRR Snidzapse materials for

Currént-carryi ng structures 23A-amd—23B—and—ttetr
electrical conductivities: -10 WD 2005/106078

005/ ; ial.Electrical .Conductivity 107
(SRR o, R Rk el By 198 st curtene
Ni chepiinglstrbBurcPaB & af 238, MuRbMe SbobimedaX cGlent-SR83ng structures
appljed with a COZ | aser) 0.003125, 00331 Any =~
oF 2 Frtle 3Fe Cotititieed fem mstedsrihad e qithgr nobleie begin with or are
C OGSttt £4RISIE brnteli (S o PRIIEHIMH M RE:R3AuERH A%%Sfcas

In_some embodi ments, current-carrying structures
antre2 3flnipgtop.Pelawaydise thaf thoywenist catresiom aforaus@n @b het problem

nojhér hQalRE gj)l{huwlolsrﬁreoﬁse@fneelectrochemical cells, and fuel cells in particular.

The cross sectional dimensions of current-carrying structures 23A and 23B can be
chosen based on the total current desired to be carried and the electrical losses which

are deemed acceptable in the design.

[0034] Current-carrying structures 23A and 23B may have thicknesses, for
example, in the range of 5-75 pm. In some embodiments, the thickness of current-
carrying structures 23A and 23B is in the range of 25-50 pm. Current-carrying
structures 23A and 23B need not have the same thickness, Where current-carrying
structures 23A and 23B comprise annular traces, the traces may have a width of 5-200
pm. In some embodiments, the traces may have a thickness on the order to 5 pm and a
width on the order of 25 pm. Current-carrying structures 23A and 23B can be formed
ﬁsing any suitable techniques. For example, various printed circuit board fabrication

techniques may be used to form structures 23A and 23B. Laminating, PVD, sputtering

-11-
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coated with a suitable material (Such as PEMCoat TM
fromINEGCS Chl orTM Anericas Inc., WI m ngton,

Del aware) so that they resist corrosion. Corrosion can
be a problem when netallic conductors are used in

el ectrochemcal cells, and fuel cells in particular.

15 The cross sectional dinensions of current-carrying
structures 23A and 23B can be chosen based on the

t ot aVO2E/EENE desired to be carried and the eCECAMISOERI6

| os ich a d, acceptable in the design
Oa%‘g]spi P& r?i‘a“&Pj?Sr‘%jb t?%mgtlwk%t g §¢ D3 alonel onig Bombipation to

hawﬁﬁ&mMﬁkﬁaﬁses for 20 exanple, in the range of

5-75 m In sone enbodi nents, the thickness of current-

carrying structures 23A and 23B is in the range of

25- 5@’:5?”‘ Cetta Jagedd fcyf% ﬂ'gicl’knte; o t Lt e? 2t3ﬂA from mate%%ls which

need not have the ‘sane
c u cpedyct kodlr elyitrogs arst theizns fma&ﬁﬁhm&tﬁﬁﬁwﬁ@m&mﬁﬁ the cell in
0

o A I S P b,
t h |Qataﬂ}eshy&ﬂmma1d014m{1aﬁ OnrEHARFhedE gl%ctYMcQtﬁggﬁﬂlte{bE}:efor the

or der.. of rrent-carrying structures

25
Do BB Pt el idpsompoimiquesy o
ex 3ofubtive \paFdu® Mﬁtefyd gﬁgﬂ Ex‘falilé k r%?zﬁﬂgpg? esbrfl:‘f cghghez‘gglyst

technl ques may orm st
Lalkiyeraman Qomwgpl@pmtoercanbgn, faﬂﬁkam2ﬁﬂ5fn3:@ﬁl®acﬁments catalyst

C%%“%ﬁ%é‘w?%“?@ g’rﬁg‘seo mé‘@ﬁn ° &ﬁf %fﬁ ﬂé&ﬁ%ma?rp@ﬁf’mﬁ

rrak@vdmd’mlhmsler [swﬁﬁhisﬁaﬂabyﬁaerj A @nls,m%&ae%‘dv € Bhe
structed from gerl als which 5 conduct

bo E‘ﬁgoéll bg%c? KB SO ARE 5‘1“ fmslyifividedieasbe material sudinss one or
whinott o?aestfledebldck @arbOi, lcarbBn fi¥dd %Qrb%rhﬁ%éfﬂ%g %@WF%&%BS
n-fuelled ?

(The, i ons are protons in hydroge

cefAon nangpattigleyst | ayers 24A and 24B rmay conprise any
type of electrocatalyst suitable for the application
at hand. Catal yst |ayers 24A and 24B nay conprise

el 18834l cal Ihy Sccmmhuhm;m@tqo ostalyst e LeA afki PAEIE Formed of

T R O ol B
eXaywp IZM MB r8Q1R reidb O iof RS 1apd & Hlrent compositions,

[0037] In some embodiments, catalyst layers 24A and 24B have thicknesses of
250 pm or less. In some embodiments, the thickness of catalyst layers 24A and 24B is
about 10-25 pm. The thickness of catalys layers 24A and 24B may be about 20 pm,
for example. Catalyst layers 24A and 24B need not have the same thickness.

[0038] Where ion exchange membrane 25 has a composite structure such as a
structure including a substrate 30, substrate 30 provides mechanical strength to
membrane 25. The presence of substrate 30 permits membrane 25 to be made thinner

than ordinary proton conducting membranes. This decreased thickness can compensate

~12.



10

15

20

25

| ayers 24A and/or 24B conprise m xtures of carbon

bl ack and one or nore of PTFE powder, PVDF powder,
such as Kynar TM powder, and silicon oxi de powder. The
carbon bl ack may conprise any suitable finely divided
carbon material such as one or nore of acetylene

bl ack carbon, carbon fibers, carbon needl es, carbon
nanot ubes, 15 carbon nanoparticles. [0036] In sone
enboWPALHEI®O8cat al yst | ayers 24A and 24B ar e PEUCsmabombes

natergpl§ havi n %Ie trical conductivities in the
" arfa B EreAgttetonie BgeHortouBPaji taken by protonsavhichime
MelibofddRE Rokton® WhREURI Rt inlANElidy %%%lh{rté %%%Hﬁ%s in gtfb}:;t&te 30.

conposi tions. 20 [0037] In sone e
| ay'BFanogpbasirdenty Behbivinessvif olembsme 25 af in tRSangerofabout 5 pm to

l e di ments, .t he 1 hi ckness of catal yst

| oo 230 RAE 18 BRI b ionS o8 e B o0 i cer e

catal ys layers 24A and 24B may be about 20 pm for
ers 24A and 24B need not have the

SAROF clonERLTE Lo b6 Bationb it coH SeHcEnaABS smontingon

25 ah@Ber@an®bOMBRE! dreheSthidAGbH M GniP AR tructyre '
i ncl udi ng a substrate 30, suﬁstra?@ﬁggzgigeﬁ%é@&alwmﬂﬁml

e ESThYItR Etbsigate 3¢ baving aplumlitiof apraings 32. Ther@oeaehare afaterial

subst b 39, ' ne,25. to.be nmade thinner

t han &?ﬁ?ﬁhryggioko%“ggﬁ%%%?gg IBREH Pg?ﬁngmncza

debimrstshonhpathniabe yanotomnpEGal trecldaVfe 20286108075

PQ§Q§A%E 000639 to ;% | east sone degree for the

more P8 T IotLIBLHEY S 294 AT TRPClrANER Suqiendeon exckange membrane

| | penatiod dfalkOeRE 2OB% Mk 6heAbSmPRLIMIRHa58hY:

adj acent to aper?ﬁres in substratg §6FH&F%&§%%g33Eam“BF‘

enb@iefetioshovnbe prhelleadyy eisftromsrtbn) dioen 125ctios sies 38338 and

I afge 1 Ohur RO Bi bouyt. 250 Pm The thickness

of neﬁ%?ane(%Eyﬁﬁﬁﬁgéhgg%g@ngéoﬁﬁ?n? AR AR Preture 23B to

[ OB88ionFitgp B3P, 3B hold3Fa portion of a unit cell

structure 20E according to
[0640] It can be seen that from reaction site 33A. and 338 the electron and
proton paths through catalyst layer 24A are roughly equal in length. From reaction site
33A, which is over current-carrying structure 23A, the path taken by electrons through
catalyst layer 24A is shorter than that taken by protons which must detour around
current-carrying structure 23A. From reaction site 33C the path taken through catalyst
layer 24A by protons is significantly shorter than that taken by electrons. In the
illustrated examples, the paths taken by electrons and protons in catalyst layer 24B to
reach reaction sites 33D, 33E and 33F have lengths similar to the lengths of the paths

taken in catalyst layer 24A.

[0041) The paths taken by protons through ion exchange membrane 25 is not
equal, due to the presence of substrate 30. The protons must detour throngh openings

32. In the examples illustrated, the path taken by the proton travelling from reaction

13-
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anot her enbodi rent of the invention. Unit cel

structure 20E constitutes a PEMfuel cell wth
substrate 30 having a plurality of openings 32. A
proton exchange material fills openings 32 and
surrounds substrate 30 to formion exchange nmenbrane
25. 10 Figure 4 shows paths taken by protons (I11")
fromthree exanple reaction sites 33A, 33B and 33C in
catdW?@WﬂMﬁV&r 24A of structure 20E, throughrimmm2005/000669

d t t al t | 24B t
©h e R AR 1R hea i choriet didtnco Yopuehatn exoagmombrane
Fi gBrvehift the S4ih BREYSy hi Sroaﬁttﬁ%ﬂngé(ﬁgrg gé/act%n H:598% I(eactPon site

fromreaction sites A,

curPEHes thalongesh glsi@tlwmouglewﬂ Sfhaeondnbeame 25.
current-carrying structure 23B to 15 reaction sites
33D, 33E and 33F. [0040] It can be seen that from

r edfon siteaBBrscanth F3ARe 4 bRt B 61dhOR e3P& jes %E&E&%H

at S ttf %é}a al yst | ayer 24A are roughly equa

ﬁ 1 1A HUPRS R §5eft@n5)§8’ﬂ‘ S ircgengrallothe same dlrectmn
C U{elgS dbwidrl Yl Fﬂu& Hided! fr@m@%eactngﬁ s@ea‘&llikré ﬁkgﬁ ?g?rated to

I ctrons throu 20 catal yst | ayer
cprlyptor Rt Wﬂ"{é thsto Adkentigecthe numiictifetspenies aeiLin the

A F tion site 33C
?“‘é’ﬁ%‘“ oK oDy 2 b o Ben B S5 ricB i oms

i sdcs;?vngwrd md’*‘agmb ¥ mtgeirftcan tfteraamduthato thekegionyit€! ect rons.
In the illustrated exanples, the paths taken by
el ectrons and protons in cat aI yst layer 24B to reach

r el@843)on siFigse 33MdwsIdkledmetndiican@N Gy
o.the Izn}gt hs of  the pat hs Zgatakenkﬁ&gg@nﬁhgwoqmtceu

| a\?@?‘wfﬂ [ BohaTistee gybofiment redhlatsy 3p isfommsl ﬁdm mugh
| OfdnEHARARYShIE IPLARE h ekérﬁé‘a%d to S 1ot

presence_of substrate ons 00&8?%13}81'3810118

t 7o Sheet 3p my;fgsexa&zle bfncdnktalcmd @ﬁ‘ﬁ) k@Slyinmdr dbletraiRtbeityRe

820 E80 s A b0 sebion ter St e on

sipreuldfo MNagioh ™y, i otk 8 beldliistianeRed
e chang n%)rzﬁe 25@ vvh? I él tﬁe pgt%y%m&%ﬁong{ocessm
1‘3?‘2‘51@11‘[13 IRgiopy Hirpt EsetbedfosrempRIChe sompanlyiassigned

S Iapﬁlcatﬁﬁl':enﬁﬁ&i *mﬁ@ﬂgﬁ%m%ﬂﬁﬁgw n

exchan ﬂ nbr ane
ELECTROCHEMICAL CELLS INCORPORATING SUCH MEIVBBRANES” which

is referred to above.

[0044] Current-carrying structures 23A and 23B are placed on opposite sides of
sheet 26 around the periphery of each ion-conducting region 27. Current-carrying
structures 23A and 23B may be ring-shaped, or may have different shapes. Ion-
conducting skins 25A and 25B may optionally be placed on the outer surfaces of each
ion-conducting region 27 within current-carrying structures 23A and 238,
respectively. Ion-conducting skins 25A and 25B and ion-conducting region 27

together form ion-conducting membrane 25 for each structure 20F. Catalyst layers

-14-
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5 [0042] It can be seen in Figure 4 that the

conducti ve species generated in catalyst |ayer 24A
(protons and el ectrons) both flow in generally the

same direction (e.g. dowward in Figure 4) to get
fromthe reaction site where they are liberated to

the conductor that will carry them Likew se, the
conductive species used in the reactions in catalyst

| ayeWOZAW14568h fl ow i n generally the sane di PeTCAWI3/000669

e.q.. 1 wnward in Figure 4) to get fromthe
gon%&%’%ﬁqg&‘r‘}tl\ﬁgﬂ?dé&éh? g}ﬁ@fs’w’t goes pb@gymrsqmqarrgimg etritigbole\. and

an BlipeskLac Wen i si t Wo it

ol AR, S 154 PSR SOTRY SR sBlinta da e

| aylBystrapdiembedimamdeatatoiiagers Rk anhZARol 8@h SHERHCRE: 20F are

whi n jreated to,.formtwo ion-conducting

; egf:ﬁ%r}]ésa%g%apag%y gﬂ\g%w{er, fngataga}Ia& 4 1ceuld gever one side of both

conshotues 24F, afd otePahyeestalps e 14%féoufafc‘a§é *@M{ G sia@ Wvoth
- y

T

perfl uyoro-3,  6-di oxa-4-nethyl-7-octenesulfon
fl 6&\"#‘&‘89’ %‘fﬁa iteosll ptgncgpresdBiFipre jorhs connsoted inpatdiel. onTM) |
and may be selectively treated by a hydrolyzation
process to formion-conducting regions 27, as
ded®M¥Sbed, Neighexingphiecilis niayée clonmivallyyiscdasa BRE dne another. In

appl:d ' ' "\ STRUCTURED NENBRANES AND

20 méi%%%%ﬁ%ﬁlkéﬁe %Et%cﬁ%ﬁﬁﬁ YRS CR ST P AeERANE S her
whiheh patiaiel merhregements. t\daedagyiss usbORAAErcEMMeb I ar&R URY b 1
stLd %g%%s 23A etmd %gg‘rar,_e ﬁl aced on opposite sides o
shE2- 28 CRPETIREPtS Mavhich yodrells arg ponageted nseries orathlist lapgs 24A
r egl Reseiés cpMBAEI el A k) ’ nd 2

may be ring-shaped, or ngﬂgaﬁéésé(ﬁg%ﬁéﬂr{gﬁ?méﬁ@bgn?rﬁ%ﬁiows
c ot e serfiprdhiopgh omiK ofied ckeB chreryicapell bived 40yin béichlaageder of
0Nyt ach . .i.0n-condycti ng. region
27t P B B B BE el BRI s -G b amatinp 88 pes

r | Pretbns. antl oleetooms dhihit bs¥gmblyio BigdRAs. and 25B and

i on-conducting region 27 together formion-conducting
menbrane 25 for each structure 20F. Catal yst |ayers

- 1[00alD 20054 HRGABERET EAZRAASE, 0096624 %1%1&{}%%@5&&%.

fol{ned on the outer surfaces of current-carryi
s 8908 Ad may eompyisg a dielectric material, an air gap, or the like. Regions 44

electrically isolate adjoining electrochemical unit cells from one another,

[0047] Current-carrying structure 23A of each unit cell 42 is connected to the
current-carrying structure 23B of the adjacent unit cell 42 by an electrically conductive
pathway 23C which passes through a via in substrate 30.

[0048) Figure 6B shows an electrochemical cell layer 40A wherein unit cells
are interconnected with one another by way of eiectrically conducting paths 46
embedded in substrate 30. Conducting paths 46 may be connected to current-carrying
structures 23A and/or 23B by way of electrically conducting vias 47 formed in

substrate 30. The conducting paths may be used to interconnect unit cells in series

-15-
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231B and ion-conducting skins 25A and 25B for each of
cell structures 20F. In the illustrated enbodi nent,
catal yst layers 24A and 24B for each cell structure
20F are forned separately. However, a single catalyst
| ayer 24A could cover one side of both 5 structures
20F, and anot her single catalyst |ayer 24B could cover
the other side of both structures ZOF, if cel
st rusomees@2®F are to be connected i n paral | etrcd2084@460
Nei ghboring unit cells may be electrically isolated
f r B/ rie parakel méth ong anotheni A nembe of inderenpassisaifeoiducting paths
el nne e unit cells in
ar§§%%%%§n£¥Mb?ﬁ %gfg)ﬁﬁgnﬁparallel arrangenents.
Vias may be used to |nterconnect adj acent unit cells
in ies. In enpodinments in which unit cells are
Wﬁg@t ed i ITLw' nﬁf‘é@cﬂg Vs‘*PA| of Jiguee GRqnay hsfcopstencted usmg a
S embRSlaf BROGE IRErCR LN & Al &Ilc@i@tfﬂ@ﬁw&{es 1§8La§%tﬁ&1§e
one another. Figure 6 shows Cross section
pafHLyBE cappey & thegynaHicurment @@Illﬁlctltbrayépm&ﬂthbm rmtuonﬂg th?e surface
n U&F@ﬂ L1 |
R arriole 1t Bl 1 PRE AAURTGUE A BF R 02 ¢ aken
by protons and electrons in the assenbly of Fi gure 6.
[O In the e ure 6, regions 44 are
ol B0 oo 1% RUETE0RTE o CrbgliBRE altbe iy hson iy Sevesny
dl witeldt staPest &fay Bk arr@Rd &l &ny&@i@ableqﬁarﬁmgteﬂgbll@ei Sh%gi)ﬁ’éqs
44 electrically isolate adjoining el ectrochemca
urfpmpls|of &n ?'F‘if'fﬂ%ﬁ%‘cad 8l Heer. comprisimmaiprality of unit cell structures
DAk BR B GeREL HE e el
connected to the cm?r?ge#% O%fﬁéﬁgtt?r uc{]1 grcz%lgagefo
t tﬁéu@tdqeaé@hpomd] b@ cavetell with Etxyita&mt leyee 24 A ifakebited. In alternative

% eYn% at hm?%lba ]eczio\gg}jé%{]sg as ?rg\?i}gtg\gg ng]eHSloan z\illlm?geli "

elpemmpmmhem sigchﬁ@@ﬂj/ longtahartndheese Qirentih.tF of 8kdnthle, @ﬁc%
|nterc nnecteg Wi t h one anot her by way of electricall

p3Rcd ige clapgsédrbiipsesnelonasied restangles elongated
Q@;Bﬂ)‘l&ﬁ& 5 esp:ﬁtt
o ey QEARFL Sk it o G gt
elbegtleast &1 5 g 10dmes darban dhanithestratigveisshetir dimensiodst r at e
30. The conducting paths nay be used to interconnect
unit cells in series -15

[0051) It can be appreciated that various embodiments of the invention

described above (e.g., structures 20D and 40 or 40A) can be combined to provide
assemblies of unit cells which are electrically interconnected in a series-parallel
arrangement of any desired complexity. Generally available electrical conductors
(such as suitable metals) have much less resistance to the flow of electrons than do
generally available proton conductors to the flow of protons. Therefore, the conductors
which carry electrons can have significantly smaller cross sectional areas than do the
pathways which carry protons. Substrate 30 may comprise a multi-layer structure (as,
for example, a multi-layer circuit board) in which case, conductors for carrying

electrical currents may be embedded inside substrate 30.

-16-



10

15

20

25

WD 2005/ 106078 PCT/ CA2005/ 000669 and/or in parall el

Wi th one another. A nunber of independent sets of
conducting paths 46 may be provided in or on

substrate 30. [00491 El ectrochem cal cell |ayer 40A of
Figure 6B may be constructed using a 5 nulti-I|ayer
circuit board such as a flex circuit. This provides

i ncreased current- carrying capacity for the overal

cur r ¥R208aP%Ect i on system wi t hout reduci ng t RET/SH0FsR0E69
area available for the cell reactions in the catal yst

| ayers 24A and 2411. [0050] Unit cells according to
enbpgsarent s mfur i i : : : i.tabl e
ShapeeTand s S AR Ric0EN BBkt i At el
Fi disHeina ssilagap fie thissxamplees wiry simalldrey hadiogenty ¢ Gunicelllk)

| ay LS tural jity. of it cell structures
20t S iRl I P A i Bk GRpcordd i vl The
corfuiytiveltzgois.1 (Wheredris ihe@upurforage ofh singlerusticdlBmd 8RRutput
coyl d g%ggy .ed mﬁ%h a catal yst |layer 24A if desired.

| n AFPRPHI G CEfid 8 4 e Saiam shrientefong upihiged]). An open
el aigsit fadtusoe e Sorelor Mol ABRH NS Y 0 fhe RrrPfrom
prlnC|PIe axis is significantly | onger than a

t r SRSPURE@EL FifeARed oBtpat Eeentpstdiated veltaeh (1 umil)t Howdves a short-
MBVsir ' Ly , n ed. .
e ey o i AR bl B0 o AT oning o
| onger di nension of such unit cells may, for exanple,

be east . 5 10, t] | ar ger .t han the .

tr &%\%Lr se Isnﬁ%l gr%ﬁd%%g%m %‘g‘?%@ﬂ seyigs qogfigysation. The
appolege atpol it Va(in MirchRUS R GlivBRIYe f @5ink R it RMBMHON
descri bed above gg= ., Structures 20D and 40 or "40A)

cafP e O Ry Y lsglr GPiOBEN CiLgul Eiyre efgny pnarineore wiif eells will
WhpgRer ER a8da® Eofl dpadalidg. 'ﬂh@ﬁ%ﬁ?ﬂ@ﬁﬂtﬁg of Eml)/ao e or more unit cells
series-parallel arrangenent of any desi ed

c oMl estiprayentdravaray ftop provitling bireentbtadtadiicd) megintincaunyus
(sygheas suitable nmetals) have nmuch | ess resistance to
t he fﬁow of electrons than do 25 generally avail abl e
proton conductors to the flow of protons. Therefore,

th nduct.Qr s jch carry electrons can have

si E" r(l,lgﬁl cant$§ur§ ﬁ%b%‘?g ft?‘&%r %Ilé‘lf‘ftic 2 agrepged 1 g spricggparallel
t heonfipatbhioRgisthistvased thHe afrhy is Pt b EASete dIHABLL 1R E ard PodlBYoups of
colirlrrﬁ{éee a multi-layer structure (as, for exanple, g
nu _

BEREPOLGd B §Pes éash @oup AT Wi ceHs eareiseciontunit his
f Ofonfi@fiddih Patallel. Note that each unit cell is connected o 2 neighbor which is

diagonally adjacent. Note that one of the groups of parallel connected unit cells is split
into two parts which are located in spatially separated areas of the array. In some
embodiments of the invention, unit cells of a group of unit cells are spatially
distributed. This makes it less likely that a failure caused by trauma to an area of the

array will cause all of the unit cells of a group to fail.

[0055] In the embodiment of Figure 8C the output voltage is 4 units at a current

of four times the current capacity of one unit cell. The failure of any unit cell in either
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el ectrical currents may be enbedded inside substrate
30. -16 WD 2005/ 106078 PCT/ CA2005/ 000669 (0052]
Fi gures 8A, 8B and 8C show vari ous possible ways in
which the unit cells in a small array (in this
exanple, a very small array having only 16 unit cells)
may be interconnected. In Figure 8A, unit cells 42 are
connected in parallel. The 5 output voltage is 1
(mheW@z%ﬁ?%W$he output voltage of a single uRETCoelslyosss
current .is N (in _this case 16 tines

h
© e SR SR o8P it igte WHEAG provimn Tisgemy from providing
Ci ronrtesit aftBodgh e 0ixia it a0 RbR oulpRY ﬁ)lt‘&%ﬁ c%t ofiffbidt oo g%e %guced

not prevent the array from opératin at are
output current) at the rated voltage (1 unit).
one it cell

, birafs! F GHk Beifs %54 t%rconé%wﬁta ? oowp}zf&e akge power-

Can prevent t e entire arra rom
[ OGSHrating eﬁcgmm&elidwets it ehich tieZnfife@lRrb@RBRY] dHicRre is

ser The v output is N
gr‘?t%g%g%fgg#f 3%" TS RG0S & 08?’ C&“’@P‘?F@Fséu@’fﬁstpg%@lfbt)
Th eollemmxg crurents Btel emtbe@inRiatedi @rtrApiaolémwﬁH %u&aréscééhhz}ﬁ different
or nore uni ce

f
al ﬁ% Solg%rﬂ%ﬁs\s Heperibeddisin are welt @tﬂatpteﬁam bemanudfctured
a n jzsy @cﬂﬁm@cﬁus WedcBssb iShcle@hubred %ari%ej de 1 iRh %;Q? Whm?] :;?ﬁ not
uc ed iy

array, from providing current at

outgglire the t‘ffef’]é?@@al Isomudy Oﬁn@wdealsﬁts Iﬁhi/ll'se ‘adgﬁnﬁﬁedtecbﬁclls the
u anndQ&Ne?)laﬁiZier%[Hs% hlsReRefiE! Ia?ri? g%{t %%(tgemely short so that

configura I's case, the
mt’@?‘é@ﬁ@otéﬁcs@ysmmernﬂammu&xee four groups of 20
unit cells connected in series. Each group of unit
cells conprises four unit cells connected in parallel.

Nol0@5Tjhat - efcélcaichensied kell By & 10rafty 2 LGD DI

which is  di a onal l'y adj acent l\g‘%'ﬂ%h%t g‘%’ ?i ?@Smaybe

g r isinicid bﬁé’f’ iqing a @@ﬁﬁ@@@(@@prumgﬁ pbwdlitg off isn squiduttmglregmns

L vEucalstsseaioila 86 BidyRER !B i 33

| Buchalslistilctulc ayﬁr VR aﬁﬁg%ggélg tlvglygrf—: ing 2 sgeet of non-

i ﬁv@ﬂlﬁqagyrcoqgin;t;ngg@qwrgﬂ b}ffoan glemmr{not;ﬂucﬁﬂg telgﬁmk |o;t3 bi;ﬁefl?ectlvely

S Hﬁ'«ta { £ S Ss.hakes |t €SS I Kely

{ hat ngé % she T ncéghgl.g:ltln%mateF@Jﬁgor?ldmgﬁog}uéténg)tpgif)% as
described, for example in the commonly-assigned application entitled
“MICRO-STRUCTURED MEMBRANES AND ELECTROCHEMICAL CELLS
INCORPORATING SUCH MEMBRANES” which is referred to above., Current-
carrying structures may be formed on each side of the substrate around the periphery
of each ion conducting region by means of laminating, PVD, sputtering, plating, or
other suitable techniques. An electrochemical reaction layer, which may comprise a
catalyst, may be deposited on each side of the ion conducting regions, in at least partial

contact with the current-carrying structures.

[0058] Individual unit cells may be very small. Other factors being equal,

smaller unit cells can operate at improved efficiencies because the conduction paths
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may will cause all of the unit cells of a group to
fail. [0055] In the enbodi nent of Figure 8C the output
voltage is 4 units at a current of four tinmes the
current capacity of one unit cell. The failure of any
unit cell in either -17 WO 2005/106078
PCT/ CA2005/ 000669 a short-circuit node or an open
circuit node will not prevent the array from providing
curré%%m%P%ﬁ@ugh t he maxi mum avai | abl e out putPCVoAh&Egersss
red ced 0056] Large arrays of

urr Q%
u n| T RI8 Fqnii alg';g%‘i 8“50% £ shogice Tﬁllb‘ﬁﬁwlgéh@aﬂ feccpunibeells The
genestakilgn Ve 6y s RENEH @@anfeei ton] ¥R Setdr O %P of %\%n 500 pm

entire el ectrochem Cal structure is contalne
t hen dignster ompnallerimypmezenbodimsntsiof dmmpwnnmt, snitestinh@® active

pl I 2N an. be

Cl i of Biput ER 1AL TR M AR P 83 e SFomrvipe 1 o

di fdiampasertunitoelhmy pnsuce Bttwaed ahroaSI hnd@mwﬁ)%m@@s& fileP&4] layer
her be manuf acture

contg%n rxﬁ{lngfF!)dogggc SS??@&@?‘?‘{?EIIS{{%P% be deS| gned

|n a way V\,hl ch does not 10 require the nmechani cal

?1? y of i vidual parts. Unlike “edge collected
t he %‘@Fhwcﬁlﬂeﬂ geepigingstohishinyentioh saay have as

fé?ﬁ??ﬁ‘“@‘%ﬁ”?ﬁﬁ%ﬁ PGkt B psdop mhions,

10 el ef tinib cbiénfociabd o8 bhe hl&%&ﬁteCEIH@frbéﬂdﬁﬁcﬁ Rl Whrathle¥ n@fde

15

20

25

uni t C(lels may be 15 constructed by providing a
suBSIFgrg te 6‘?1‘}3? Prateigpacpbedinientsyofdhisiiprention Haet inregcess of

regb@ﬂﬁﬁcelﬁlﬁ]ﬁ} fu%\%} strate coul d be provided, for
e

exanpl e by '3 eﬁy treating a sheet of non- or
partlally conducting material to formthe ion

co ting gegions, or by selectively treating a
B@F of i o$1° % @ﬁ@i‘tF A8 2pshmepbrape ¢lertiode semblies generally have
nOEbeﬁ@B@HBéd Aeh8 PlaRSTh &
t he conmonl ags?glr?ed aﬁgﬁlnggt%g%h&eﬁm 1539‘3 %8 JTIPg (6 the
" I\)I“WEW w&ml NENBRANES: #¢\Dx] Ba R TROBIHEe@AL uidbliSg as

" whi ch f d.t
above C%ﬁ& Hgﬁ;l%ryl ny SE g@{?ﬁ%g#p%&pgéegrggm?gﬁemm

eamdu@tm@aroé canhne ngudb sdtivatFarhen e forbieafe Is I8l beydhid the
i.on by neans of |am natin

conducting re
I)Lssg féﬁr é’lﬁ? H%PHSBI%?FF% Bace §5yals are required. Thus the undulat?ng area can

be tightly pleated since there is no porous medium between the pleats to interfere with
the diffusion of fuel and oxidant to the exposed catalyst layers of the unit cells. Unit
cells according to the invention may be incorporated in a pleated layer structure as
described, for example, in the commonly-assigned patent application entitled
“ELECTROCHEMICAL CELLS FORMED ON PLEATED SUBSTRATES” filed

concurrently herewith, which is hereby incorporated herein by reference.

[0061] Figures 10 and 10A show a fuel cell device 50 according to one
embodiment of the invention. Fuel cell device 50 comprises a fuel cell layer 52

comprising a plurality of unit cells 54. Fuel cell layer 52 comprises a positive terminal
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ot her suitable techniques. An el ectrochem cal reaction

| ayer, which may conprise a 25 catal yst, may be

deposited on each side of the ion conducting regions,

in at least partial contact with the current-carrying

structures. [0058] Individual unit cells may be very

small. O her factors being equal, smaller unit cells

can operate at inproved efficiencies because the

cond&@ﬂﬁ@h%w@ths -18 WD 2005/ 106078 PCT/ CA2005{ 00306869
n?tons and e|l ecirons can_be shorter in shall unit

c el § ARREALINE fespRalSSy ihich agy be conmpgied tgan extersil drcaia ot

be syew). TR dells £§431'ha é?:ted B osﬂlv%'f%fgg f% andjnggative

smal l er, or even 0 pm I aneter or
sortermih 52 irrmmswtabfe rhdmael. mmelmellduyar 32rik t;eateeltd; 53}{1@&%6 which

or et et BaEe oaf S g P D, Fohecs ool %f%@%a?f&%.at

ce Ipl[cnnm)ﬂﬂpfmddﬂm@g hel, WaRA nah O intbdadid tﬁo{%}/fgéé i 9:"&?2 /

fuel conpri si_ng .300- 1000 suc

l ﬁ‘ {N‘%lFt omist be @‘G@f%]‘ f gl faveisregyiy h‘émr l:fabomcellahon of
ggl(fllﬂﬂl g:‘r&ﬂm;f/a@ hg%ﬁg%aglc\g\gl??ﬂl&ﬁ g}';@é/ E}g(y tg}gﬁqﬁgl 08]r1 ayer,
ev EfeNt§d QppeHisly to dayed2. ukisd, spaebd 56 cbwlﬂlﬁietﬂulﬂﬁnt@ m@er 52, such that
su I C ruct ures nmad
R e T R .

i nfehtdlldayelsave i n excess of 500 unit cells, for
exanple. [0060] So far, substrate 30 and nenbrane
el ectrode assenblies generally have 15 been descri bed

as{io6zng plEBEE 11 Wiv 4 &n@%aﬁﬁ&%ﬁﬁ ﬁé‘M%e é&rycéorﬁﬁh o another

according to the invention may
el @BbqdyBE pf Bainvertian. Deyise 66 fsake same jBb émacf(}mxcept that fuel cell

u [ r_ex u . .Such
ot &5 ikt B0 RO, h e THE TR R et iried ggvee 1,
u nldysr &8, spgceammdcme TeargsitheedidtcoNBrm E)Uth& el of 5‘%1199&061& it
yond the catalyst |ayer ard no

UI r.ed
u né Sop% d?‘f‘%fa pd that @E‘?II”Q“ Rregancepliguratigns am ggually possible.
undul ating area can 20 be tightly pleated since there
IS ﬂ? porous nedi um between the pleats to interfere
P93It he digurul) Baven seeerf fael ¢elbleyatai? addupdess Suosdile

Cab @hotiSd: chnBYBhEntVr il IfvdiRbl K8 deHledtby spacers 56 may be filled

with fuel and oxidant in alternating fashion to provide reactants to layers 52.

[0064] Some embodiments of the invention provide unit cells wherein an
exposed area of a catalyst layer is greater than a cross sectiona) area of an ion-
conducting layer through which ions liberated by reactions in the catalyst layer can
pass through the cell. This can be seen, for example, in Figure 2D wherein a surface
124 of catalyst layer 24A has a surface area larger than a cross sectional area of the
portion 125 of ion-conducting layer 25 through which ions {e.g. protons) generated in
catalyst layer 24A pass to the opposing catalyst layer 24B.
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cells according to the invention may be incorporated
in a pleated | ayer structure as described, for
exanpl e, in the conmonl y-assi gned patent application
entitled "ELECTROCHEM CAL CELLS FORMED ON PLEATED
SUBSTRATES" filed 25 concurrently herewth, which is
hereby incorporated herein by reference. [0061]
Figures 10 and I OA show a fuel cell device 50
accobM@izpig1teey8sone enbodi ment of the inventi omCT/EAmdsH000669
cel %ﬁVICE 50 conprises a fuel cell layer 52

niBP i ng aBEERTEBIgNAsOgROVidhs meghods for gpératngeslectreqhemical cells,

I ay@ﬁe@ghﬁl@ﬁggb%@s positive term nal -19 WO
2005/ 106078 PCT/ 005/ 000669 53 and a negative

t er'm naproszslmgwnue@htrw&ymbei wHhndog: @dlalabfsmnémnm gladtrochemical

circui tre%&?otn Ia}%pﬁ%\\ﬂ')lg an%ﬂretr glarll nega %/c\e/: ? gﬁ@ﬁ%ﬁg R

bet ween positive
in any sam'yix@tsh'ecmrmné&rlylﬂ-'guhdz elecftl}obhdrraw Feabioni 18yes e1AbARCin part;
to a space %¥1 n turn sealed to a base 58.

Fuel cefld qné%?o yoting ﬂfﬁ'@"eﬁn gpactiithiisargdacsof fte a 5

pl enum @@ctfo@ﬁenhéﬁl@dae@nfluﬁr, whi ch may be introduced
through fuel inlet 62, An optional fuel outlet 64 may

be “pr oviitfadng 3 repqiant G iy igtorthaiectraehiemigal repotion layer;
regirc uilﬁ)Wn?g”th@feactErH% ux'x&r oeaoéé{afﬁgd el%@r%ﬁh al‘f Peiﬁ!:tﬂm to

optional 'y be replaced anot’her
ori ent enIO@lp?p @B fonef y lqcaildnay dre ehRtrookiemiyal :sptama ﬂay&ﬂaemmh d

be bui l t wo .such

could bl 8 Ao AeiniS Bl fine dthiiiiing BYR! S
devi ce dilmwinpghdé iM) to tvef tdﬂhe ioelcbnduaigy 1ayer hRAS 2 batfriatifids
11 sho non anar fuel cell device 66 according to
anot her @ﬁﬁﬁﬁ?ﬁ?ﬁESBPm?We i nvention. Device 66 is the

SalMpe p&h &R B dﬁthé on i K&%Bﬁstén'ﬁﬁl‘ly ztn%%ara@l@i tha plaﬂMﬁ{en BBbween the

spacer 70 and base 72 are curved. I n the éxanple

i | Ibﬁ sleptgicd gurent hfpt@mneth& focation 4nd jhercugent-ceppiog Brupdrand
base 72 are shaped to conformto the wall of a
cylinder, but it 1is to be understood that other
nof0d§bhnar Mnlfeiaglomabmemnéa gameeﬂpmbllyyep@sﬂbhlcﬁcm{, 6105 3

cp e a1 B G RB s it G i ek rmgonep rctucing

| Nyefrtideno a BhemenBhelad bomebrityes RAGELSNSEs diWalets b ihhed
component any component which performs the function of the described component
(i.e., that is functionally equivalent), including components which are not structurally
equivalent to the disclosed structure which performs the function in the illustrated

exemplary embodiments of the invention.

[00667] In some embodiments of the invention, a filter layer may be provided on
the outer surface of one or both of catalyst layers 24A, 24B. The filter layer may be
used to remove undesired materials from reactants before they reach catalyst layer 24A
or 24B. For example, a filter layer placed over the cathode catalyst layer may be

impermeable to water but permeable to air, to allow air to reach the catbode of the unit
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20 with fuel and oxidant in alternating fashion to

provide reactants to layers 52. [0064] Sone

enbodi ments of the invention provide unit cells

wherein an exposed area of a catalyst layer is

greater than a cross sectional area of an ion-

conducting |l ayer through which ions |iberated by

reactions in the catal yst layer can 25 pass through

t he 6@4995/1?‘19?35 can be seen, for exanple, in PCGWAZIADI6sY
al yst |ayer 24A has a

whe c e 24 of c
sur egf(’: g'hlger ‘é’Ft%’f ﬁ&’ﬁ I%C@P%% ugit e¢l]. Jrigre 43 dhlSWeStdne
pO r é}staﬁiple]o?-f 5‘1’&&01‘5 Q0A Q’ﬂ{é%é il Ialy@iyﬁ]'i) 0(’1'3 (9 ?&g@ Erzf;'&rface of

9 ?. protons) generated I'n l'ys

pas‘"s?‘t”cﬁt e Fposi ng catal yst | ayer 24B -20 WO

2005/ 106078 PCT/ CA2005/ 000669 [ 0065] The invention
al so provides nethods for operating el ectrocheni cal

cel[0808] One Ibiy mhtewattlhyotﬂatom BREnEE SF the RBYAifheRtd d&Rribed above,
el eq‘%cgrpc% . taﬁr el ; FVI n% a .catal yst-contai ni ng

el ectToChem ¢ S ZEASHOTS 25N SR 2catlyst Iyee is
and:oﬁmtednnﬁreﬁlm@fﬂﬁmaﬁiyaqg)rekcal current 5 carrying

structure underlying the electrochem cal reaction
| ayer at least in part; and an ion-conducting |ayer

|0 [ogsY act s b GaaRRielo 6 Gt ih IR oS AEUERENGT £l oine

reaction | ayer; I'ow ng a reac
th éhséioé‘t!?arf%%ﬁ@ﬁﬁf@mns raeémpduﬁnatioag/aa posst i0\Whd Ygadtd€of this

re sed ele em cal

R (N A T S A e

el ect r oBtieinvadion hmph@noxh Ryl cbl%téé@@:ﬂ a@ele%cﬁ&ﬁi%al%@lls of

the el ect %,ch r.and the current-carryi

| ayer ; ?ﬁa Sa?ulcg ?ﬁ]@h irstiereelp andetlectralysiy @ells

i on- coﬂdﬂd@ﬁﬂeﬂ@d EVCy lmﬁie@"ﬂg ée&@tﬁtblst Eﬂ;{'ﬁmﬁﬁé gl%,y ta]L E? uscd
en

current-carrying structure. The
i s not YElAFEPIORPTta Maierightelectipsal | eI to a path taken

bet weerrpt Qﬁodeé%cl@éth%h@s%ﬂﬂe%kt cglysrdro f,]begﬁ ftﬁvﬁ t%f er The

| ocati on and the current- carry
Wher e én‘&?ﬁm@hé‘ﬂlt expmply, heasormwbartam&l,ler |t}ﬂayi&lie. ca@fﬁ)\dbscﬁny exposed

i rcui
circu 'imce?tcgulzi bé Pocated on the anode side of the membrane electrode
assemblies.

. The catalyst layers are layers where electrochémical reactions occur. In some
embodiments these layers may not comprise catalysts in the strict sense of the
term,

. In some embodiments, the current-cartying structures are depicted as being in
direct contact with the ion exchange membrane, but this is not necessary. It is
to be understood that the current-carrying structures may be separated from the

ion exchange membrane by another material, such as a portion of the catalyst
layer.
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referred to above, unless otherw se indicated,

reference to that conponent (including a reference to
a "neans") should be interpreted as including as
equi val ents of that 20 conponent any conponent which
perfornms the function of the described conponent

(i.e., that is functionally equivalent), including
conmponents which are not structurally equivalent to

t he HOJBPHYEH structure which perforns the fRETCAIFDIGEY

t hepghbdsustrat ed .. exenpl ary odi nents of the

i NV Ogtq]on. %cf’r&%% H}%ﬁc@s ﬁgﬂg AYSHEGRER tosbegfonstived in accordance
i nveit ihesubstandd defigéd byaue folBRihgheiRs ovi ded on the
outer surface of one or both Of catal yst |ayers 24A,
248. The filter layer may be wused to renove undesired
materials fromreactants before they reach catal yst

| ayer 24A or 24B. For exanple, a filter layer placed
over the cathode catal yst |ayer may be inperneable to
wat er but perneable to air, to allow air to reach the
cat hode of the unit -21 WD 2005/ 106078

PCT/ CA2005/ 000669 cel |, while preventing water from
reaching the unit cell. Figure 13 illustrates an
exanpl e of structure 20A wherein a filter layer 200 is
provi ded on the outer surface of catalyst |ayer 24B.
5 [0068] It is noteworthy that in a nunber of the
enbodi nents descri bed above, electrical current from
el ectrochem cal reactions occurring in a catalyst

| ayer is collected in the plane of the catalyst

| ayer. [00691 ' As will be apparent to those skilled
inthe art in the light of the foregoing 10

di scl osure, many alterations and nodifications are
possible in the practice of this invention wthout
departing fromthe spirit or scope thereof For
exanple: This invention has application to fuel cells
as well as electrochemcal cells of other types such
as chlor-alkali reaction cells and electrolysis cells.
The invention is not |limted to gaseous fuels. Liquid
fuels may al so be used 15 with appropriate materia
sel ecti ons.

23~



The anodes and cat hodes of the unit cells do not need
to be the sane size. The anodes may, for exanple, be
somewhat snaller than the cathodes. Any exposed

traces could be |l ocated on the anode side of the
wenr pneL ahgety gde assenblies. 20 The catal yst |ayers
are layers where el ectrochem cal reactions occur. In
some enbodi nents these |ayers may not conprise

h I
lgﬁgd%ygﬁégédw§¥9ﬂgﬂj %ﬁ%aﬁﬁiﬁv%ngtsfruifﬂfés a?esone

depi cted a’;nsloi@exa}gngmmeﬁﬂbfa@l@t contact with the | on
exchange nenbrane but this is not necessary. i's

25 to be MdEHsERd Adsaocharicely caC@ntllayarSrlyw@ on opposite sides
stru e a

e nb%tgn%eeqég @g%gp 1%%}91% agltrei éjalcfl L%cuﬁa}agu%al xeacf o @9(& hdtVHlé an
cat aligst sulfayger ILdSlZ}:%lﬂMyZQGBMtl&Gﬁﬂ&hE’W @63&%@11@@@&@196 and an
[0070] Accardingly, the scope of the invention is to

be 06’E?FWE%’ﬁﬁpﬁﬁ@dhﬁﬁﬁééﬁnﬁﬁ%h t he substance defined

by the T QlhkoMfige fitsBLiFentcady NEtudide ChOL MR aFirsd 1(‘ﬁpof the

el ectrochem cal appar at us co%p i sI'ng an 1 on exc
menbiemeschingegheradns awbok @lneat rsexmhé TuCalt-oaaatiyi sm]ctums

| ayers cated on, o site sides of the ion exchang

o s B AL S o e e ORI R o e g s sde,
an  iehdedur®t- Eaﬁ&@n@hrdc@tﬁ@‘haﬂﬁ%%ie@u o)l 1}t Bmﬁﬁ@@u?gfﬁm%ﬁﬁn contact
the ion exchange nenbrane out er surface

op poéﬂlth@lleh@ﬂierﬁi@ﬁw@hmﬁmb‘ea%m layrer Sms\rheraim thetelectr 1cally

curr res cat ed irst sid

Che. SPAAEERE Kga S attEie RS of B ShE RSt sty ¥ ToSared
cur r @ivar@@riomh fig (ﬁitdh WGHBESS the associated electrochemical reaction layer:

and

an electrically-conducting pathway extending through the ion exchange
membrane and electrically connecting one of the first current-carrying structures

to one of the second current-carrying structures.

2. An electrochemical apparatus according to claim 1, wherein the electrically-
conducting portions of the first and second current-carrying structures are located
inwardly from the outer surfaces of the associated electrochemical reaction

layers.

An electrochemical apparatus according to claim 1 or 2, wherein at least one of the

current-carrying structures is in contact with the ion exchange membrane.

An electrochemical apparatus according to claim 3, wherein each of the current-

carrying structures is positioned on a surface of the ion exchange membrane.
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| ocated on a second side of the ion exchange nmenbrane
opposed to the first side, each current-carrying
structure having el ectrically-conducting portions in
contact wth one of the el ectrochem cal reaction

sl ay @%Seiec%@i'i&ﬁl@dlt ?Earﬁ u@%(fdz&ﬁk hy cia&?@%ﬁéhﬂ%a&%i‘l’hg urrent-
of | east one of "the current-carrying structur

| oc atceldym[, et otey isf enoimadtlad withiiner susild[:tf alcﬁae @dn (txhhang,c munbrane.
associ ated el ectrochem cal reaction layer; and an

el ectrical ly-conducting pathway extending through the

6l On AxEbanrgfemBRMYPARAREAIRAE Clgal 1] Wh@l‘éﬂ{‘ﬁ%dsf‘&l@mhe

of the first current-carrying structures to one of

t he §é%@ﬂd3@MW&éﬁvd@H$ﬂymﬁguyﬁd@Owwhemwazﬂyﬁnnlmcoumlmuﬁwc
el ec r. [ to claim1,

wher'ie)mlce gﬁkﬁﬁékﬁ&ﬁ%ﬁ %H%dgg%:ﬁgﬂlng portions of the

first and second current-carrying structures are

located inwardly fromthe outer surfaces of the ‘
Tassdtl HedipcerBical spamsaarordigde iclsim 1, whetein a Bortipn of at least
el ecEﬁ@SPﬁg‘c&%ntaogﬂgfn LS QRS LAY Jt&/ﬁﬁf@bé@l theWutdsurface of
wherel n at | east the CUrrent-Carr ng
struﬁwumaﬁnn@idaxumhmamhimmmhnﬁaﬁnjon exchange

menbrane. 4. An el ectrochem cal apparatus according to
claim 3, wherein each of the current- carrying

gStrugt éié&ﬁ)chénf%@lsdpﬁ)bl%ﬂﬁ%c@(ﬁ dﬁlgﬁb‘ 'éﬁ)a&?e H cldifg 1P vherein the ion
exchan?e nmenbr ane. €l ectrochem cal "apparat us
accoexihaged I@e@bmnw@mpm mslomwalcdwnlaombtme current -

carrying structures is enbedded within a surface of

the ion exchange nenbrane. 6. An el ectrocheni ca
9appamadlesrorBanicall pgataQiseladriing to WREHRI &Y Mimls 988 TwIRREN the ion
of the ~current-carrying structures is p03|t|oned

enti ?@119113%%&%1&?6 £owpisdsanden-eendugiifgeteriaf daphgted in an
assogé ln%hﬁg&&ﬁghen1cal reaction layer. 7. An

el ec m cal apparatus according to claiml1,

wherein a portion of at l|east one of the

urreqé car y|n structures extends outwardl past the
ut & %h“l"éi eéma? APpRESEHETREdel claime &t wherrirhe in exchange

r eachjoRibrd@%8hprises at least one ion-conducting skin deposited on a surface of

the ion-conducting material.

11.  An electrochemical apparatus according to claim 9 or 10, wherein one of the first

current-carrying structures extends around a periphery of the opening.

12. An ¢lectrochemical apparatus according to claim 11, wherein at least one of the

current-carrying structures is positioned on the substrate.

13, An electrochemical apparatus according to claim 9, wherein cach of the current-

carrying structures is positioned on the substrate.
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8. An el ectrochem cal apparatus according to any one

of clains 1-7, wherein the ion exchange nenbrane
conprises a conposite nmenbrane. 9. An el ectrochem ca
apparatus according to any one of clains 1-7, wherein

14he AIPaeciﬁ%&%&ﬂnQF AJ]S%TEM&[%@OI‘EI 6'c§a%§ ROk §E %f&!t‘rtcgﬁﬁl
material deposited'in an ope i'n A substrate.  10.

An ehemhmOn@pmbmay1&ﬂmwmddmhsnhc&dmﬂBMg to claim?9,

wherein the ion exchange nenbrane conprises at | east

one ion-conducting skin deposited on a surface of the
150N-L0REEdchBRi APt ks acddrdiNo @he6he 9608102l 4, wherein the
apparatus according to claim9 or 10, wherein one of

the fleegechegueal srrclioakyyishgvethiderseesolexeaddy Z0onietbmeters.
a periphery of the opening. 12. An el ectrochem ca
apparatus according to claim11l, wherein at |east one

16f t!h%lc@.llfch&ﬁtcab@fpﬁ%ﬂlﬁgics@ﬂU@tlu lcRSmilS, Phsicin 8 eldc@bchemical
the substrate. An el ectrocheni cal apparatus

accoFHicHe {dde‘élhéV‘?ﬁl@Cknﬁﬁé$ ef gbosbdhmirompigrseur r ent -
carrying structures is positioned on the substrate. 25

14. An el ectrochem cal apparatus according to claim?9,
1herfei dletthehahral appaaldsyccadimguo thngneaf dixveys 1i- 54, wherein the ion
enbeddad in the su strat .15, electrochenl al

appaf St HEeaRETPHNAgat ! aﬁsﬂ%@ faf rappg Phy o< 594!“1‘5\‘/@18‘?‘8%

the electrochem cal reaction |ayers have thicknesses

not exceeding 250 mcroneters. 16. An el ectrochem ca
18pparatiagrabooicdi amatawscacadnﬂin]jp clefirerl@j wherkhim the ion exchange

el ectrochemn,cal rs _have thicknesses of
about™® ﬂ%ﬁF@ﬁéQ%g%msiggxﬂﬁ¥§P%%PW8@H%nicaI appar at us
according to any one of clainms 1-14, wherein the ion

exchange nmenbrane has a thickness in the range of 5 to
1950 A ﬁ%f?@h@mml ap@arapys agt@dingde henbeadl cafppariat%svhelem the

cocoth 08 S S USRI RESE L migomeres
An el ectrochem cal apparatus according to any one of
Slalns 1-14, wherein the

An electrochemical apparatus according to claim 19, wherein the current-carrying

structures have thicknesses in the range of about 25 to 50 micrometers.

21.  An electrochemical apparatus according to claim 20, wherein the current-carrying

structures have widths in the range of about 5 to 200 micrometers.

22.  An electrochemical apparatus according to any one of claims 1-21, wherein each
of the current-carrying structures forms a closed path around a periphery of a

region on a surface of the ion exchange membrane.
23.  Anelectrochemical apparatus according to claim 22, wherein each of the current-

carrying structures comprises a trace having one of a circular, elliptical,

rectangular, hexagonal and polygonal shape.
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current-carrying structures have thicknesses in the

range of 5 to 75 mcroneters. 20. An el ectrochem ca
apparatus according to claim 19, wherein the
current-carrying structures have thicknesses in the
ZQan%l QEfecthltm(%p?j%ﬁ rat®s PGl d‘ﬂg@%‘[ﬁm 2Ly Ze‘nwh in the first and
el ectrochem cal ratus acc to cla %8
mherepmnﬂhmncMnmemn%Sanmyuﬂgucsmmmewmmssohamtwmhdmﬁsuwoﬂw
in the range of apout 5 to 200 microneters. 22. An
elecﬂ?%ﬁﬂgﬁWfﬁpmﬁ #4F-atus according to any one of

clains 1-21, wherein each of the current-carrying
structures forms a closed path around a periphery of a

2p eginelopirechsudehampagtus ah:eozldm toxohangef deinisrladd co@Prising a
aner A BISHREHR kg SO b S BERRYH et P e Rrochemica
conpr¢sesn tytrsace having one of a circular,

elliptical, rectangular, hexagonal and pol ygona

shape. 26 24. An el ectrochem cal apparatus according

260 ¢4k g&t?(?chgr%lc%?’%ptp Seicgoxldnﬁ, l()'dﬁ ton?gfjcl FxﬁClOI;ES%S Sonfjgured to
current carrying ructures

Wi t h preasqeec plutadity bigel cammhanmlakm@le aﬂﬁﬁgmﬂaﬁla layES An

el ectrochem cal apparatus according to any one of

clains 1-24, conprising a filter |ayer positioned on
2the @P@l@&r&%ﬁ}ﬁzﬁﬁa}% re@fs def ??h?ﬁn O8I g HNherein the plurality of

el ectrochem cal action
eIecpknth@nmnaﬁCprntaMMaﬁdcnequmgahayany one of

clains 1 to 25 configured to provide a plurality of

el ectrochem cal cells arranged in a |ayer. 27. An

28| ecA QeARITheR] caPdpafalsuRc@anRrtdicREn e, ﬁrh&*efﬁtg@plmahly of
wherein the plurality of electrochemcal cells are

ar r antgedodhemacal egflsl ase camealpd ingarallel. el ect rocheni cal
apparatus according to claim26, wherein the plurality

of electrochemcal cells are connected in parallel.

229. MinclediechénipeippatusaRpPataipus cRe6 Q6dvigeinQh€ bRkdNty of
26, wherein the plurality of electrochen1cal cells

are épnedeadcal pellsayrs eapnected in series.

30.  An electrochemical apparatus according 1o claim 26, wherein the plurality of

electrochemical cells are connected in series-parallel.
31.  An electrochemical apparatus according to claim 30, wherein the plurality of
electrochemical cells comprise a number of groups of cells connected in series,

the groups being connected in parallel.

32, An electrochemical apparatus according to claim 31, wherein each group

comprises electrochemical cells which are spatially separated.

33.  An electrochemical apparatus according to any one of claims 1 to 25 configured to

provide a plurality of electrochemical cells, wherein the plurality of
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30. An el ectrochem cal apparatus according to claim
26, wherein the plurality of electrochem cal cells
are connected in series-parallel. 31. An

el ectrochem cal apparatus according to claim30,

wher @jcRirbfiRniéAItals Jl ¥ cOnecl @1? &y f%@ |B? MCAcuSel llysconductmg
conpri se a nunber of groups of cel connected I n

seri @8thwayhe groups bei ng connected in parallel. 32.
An el ectrochem cal apparatus according to claim 31,
wherei n each group conprises electrochem cal cells

34hi otn ae@rdeRdhical doyl @ORBCARPHsingIn e S&Iﬁﬁﬁéa@‘é@;ﬁi@tﬁ@hwmdmg
apparat us according to any one of'clains

conf iyelrie 2.0vhaseinwindenuan isideriaed befwen b elstrodiverigat apparatus
cel I g, qwherein the plurality of 27 el ectrochem ca
cel | $"GF e Connected in series by the
eIectrlcaIIy conducting pathway. 34. An
cal cell device conprisij

lectr e
381 edts 8%&2}1831%5%&1@5%831% Bed? Figim "B heasimpglectrochemica
wher giingayigd %Hﬁﬂsbsqa def taeg %t, gﬁ gﬂlggvlﬂ.%ggl 1:~,X\nnfg,uied to hold

el ectrochem cal appar at us

el ectwabchemi cal cell device according to cl ai m 34,
wherein the el ectrochem cal cell device conprises a
fuel cell device, and the plenumis configured to hold

sbuelan @@euﬁﬁeﬁic@&kﬂ%bﬁ@‘a@&hdﬁiﬁ'té clARYBE 8y 35 EARHIRR LiPinlet for
claim 34 or 35 conprising an inlet for introducing

r eactrardycingrenctants iploshemen®m, An el ectrochenical cel
devi ce according to any one of clains 34-36 conpri sing
an outlet for renoving products fromthe plenum 38.

3AN e\hﬁaédiﬂﬁh@mc@laiclictﬁbice AedrgiRg &6 89 slend cldmany-38nenlising
claims 34-37 conpri si an inlet and an outl et
conf AROREA TergeaioN ww Py t@n 501 theoplpaimnt r oduced to and
renoved fromthe plenum 39. An el ectrocheni cal cel
according to any one of clainms 1-38, wherein the

38.  An electrochemical cell device according to any one of claims 34-37 comprising

an inlet and an outlet contfigured to atlow materials to be introduced to and

removed from the plenum,

39.  Anelectrochemical cell according to any one of claims 1-38, wherein the

electrochemical cell has a hexagonal shape.
40.  An electrochemical cell according to any one of claims 1-38, wherein the cell has
an elongated shape, the elongated shape having a longer dimension and a shorter

dimension.

41.  An electrochemical cell according to claim 40, wherein the longer dimension is at

least twice the shorter dimension.
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el ectrochem cal cell has a hexagonal shape. 40. An
el ectrochem cal cell according to any one of clains
1-38, wherein the cell has an el ongated shape, the
el ongat ed shape having a | onger dinension and a
4B honahelecudilivriisil@oll adcbrdiAR (etiei 10 6hevitrkeif Bel elongated shape
according to claim40, wherein the |longer dinension is
at Feastongied sectanguishshaber di mension. 28 42. An
el ectrochem cal cell according to claim40 or 41
wherein the el ongated shape is an el ongated
4%.echartputracheatiagd ect] 4&ording 6l daint ¢ hesl, eetlerdette elongated shape
according to cl in1ﬁ0 or 41, wherein the el ongated
shapé 4 ngﬂféF@WBQiéam%Tliptical shape. 44. An
el ectrochem cal cell according to claim40 or 41
wherein the el ongated shape is an el ongated obround
44 hape clegBochangen eclissonding tf dninafl et ¢k twischethecdingated shape

cell.. the cor ssembly conprising: an ion exchange
nenﬂFgﬂsﬁngﬁeng%WngE%Fy conducting el ectrocheni ca
reaction layer on a first side of the ion exchange

menbrane; a first electrically-conductive o
e ur pente wsamily dey an ¢lemroghemical esllethercpreassencdn ramprising:h

the el ec ] r j.on layer; and an

eIectric%{@é?ggkﬁgégfﬁgg%gthmay ext endi ng t hrough the

i on exchangectricatiyivoadectmpdl@trechomicalrbaction Myechi Agrd Ble of
first current-carrying structure to a second
cur rlBhtonEXF PR R d%B ur e on a second side of the ion

exchange, ;g gi@iﬁt?i@%i -m&@q‘i% @?reﬂﬂ%ﬁ}:yi ggthﬁ:ﬁﬁ\e A eibfical

el ectrochem cal redction | ayer overlies at east a

por tdoofacofith e dleatschanicalensctoarayerngdst ructure. 46. A

core assenmyl .aﬁcordin .to Iain145,_mhﬁreig t he

el ect r ocHe %xa?a aconduging ay exiending through the 1on exchange
membrane and electrically connecting the first current-carrying structure to a
second current-carrying structure on a second side of the ion exchange
membrane;

wherein an outer surface of the electrochemical reaction layer overlies at

feast a portion of the first current-carrying structure.

46. A core assembly according to claim 45, wherein the electrochemical reaction layer

comprises a catalyst.

47. A method of constructing an electrochemical cell layer, comprising:
providing a substrate having a plurality of ion-conducting regions;
forming a current-carrying structure around a periphery of each ion-

conducting region on each side of the substrate; and
forming an electrochemical reaction layer in contact with each current-

carrying structure and the associated ion-conducting region.
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conprises a catalyst. 47. A nethod of constructing an

el ectrochem cal cell layer, conprising: providing a
substrate having a plurality of ion-conducting

regions; formng a current-carrying structure around

48. P hRARIDAcAIdBREH clafh 49 ORAYEH ROviRY RN PR RAEAN LS

of the substrate; and form ng an el ectrochem cal

r eacts¢logiivichylegating asbert a€ nomicetlughishmaterinktotforns gherignagnducting
st ru% Y8 and the associ ated i on-conducting region. 29

48. fiethod accor di ng to claim47, wherein providing

the substrate conprises selectively treating a sheet

of non-conducting material to formthe ion-conducting
4P egi‘opgthodgccondimtio sldinadé oF A8 ighareinpieniding thegubstgite comprises
wher el in.RLAVi.ding t.he, t conmprisas oselectivel .
tr oatt n e e s B R R AR e R R bt fortucaing
t he reglerzonducting regions. 30
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