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Field of the Invention

[0002] . This invention relates to electrochemical cells, such as fuel
cells, electrolysis cells and the like which incorporate ion-conducting
membranes. Particular embodiments of the invention provide ion-

conducting membranes for use in such cells.

Background
[0003] Ion-conducting membranes, including ionomeric

membranes such as Nafion™, are an important component in
membrane separation processes and electrochemical reactor systems
including chlor-alkali cells, electrolysis cells and fuel cells. Such
membranes act as ion conductors while preventing reactants from inter-
mixing. In some applications, the ions conducted by such membranes
are protons. The availability of materials which are solid and can
conduct protons has allowed a breakthrough in the production of simple

and robust fuel cell devices.
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fuel cell devices.[0004] In typical prior art fue

cells, the ion-conducting wélvbrane is an iononeric

menbrane that fulfills several functions including

provi ding ion conductivity, providing a barrier

bq000d] r eadnafyipicalnstior ami filichgelssthaidriicahdapefag membrane
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" maxi m ze the conductivity of the ion-conducting

5 navesessarytio sealithe foebeellat i onal | osses. This first
objective tends to favor ionconducting materials which
have hi gh water contents and therefore approach liquid

f q000Specondlye desigrsofiecandyctiag mabhisranesfoevisddna
nmenbrane that is _robust and usable as a structural
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10 i gnaxonikecthencomdieiviey ®fwhe dbnacendiadting atembasee to gh
strength. It will be appreciated that these_ two design

onBuMigeppsradanablassest This Hrygrebjastivadendete faver ion-
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Nafion(tm,. whjich_ is typically provided in the form of
sieembrangithabls 1ebust andiysable 25 ateveiteal magerial within the
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| Presaneycickoss ths eienabrarsafTHis (SetbndwviBieeties tands to favor
susceptible to nmechanical failure ) )
ion-conducting materials which are solid and have high strength. It will
be appreciated that these two design objectives often conflict with one
another. Current practices for designing electrochemical cells involve

20 making compromises between these design objectives.

[0006] An example of an ion-conducting material is Nafion™,
which is typically provided in the form of sheets that may be as thin as
25 microns. Figure 1 is a schematic cross-sectional view of a Nafion™
25 membrane 8. Membrane 8 is a continuous sheet of ion-conducting
material. Nafion™ membranes are susceptible to mechanical failure
and are difficult to work with, especially if they are very thin. Another
problem with materials like Nafion™ is that they are not dimensionally
stable when used to conduct protons. Variations in water content of the
30 membrane, which are inevitable during proton conduction, cause

considerable shrinking and swelling. Electrochemical cells
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when used to conduct protons. Variations in water
content of the nenbrane, whidkh are inevitable during
prot on conduction, cause consi derabl e shrinking and
swel l'ing. Electrochenical cellsincorporating Nafon(tm
nEnbe uratingsN abie nd®sinenssk dnes aa aonbe dek it accommodate
shripking and swelling. [0007] Core-Select(tm is a
céﬁﬁgsﬁm’@lﬁﬁgﬁ pwiedliRg material consisti ng of a
honogeneously porous substrate filled with an

i onconducting material. US patent No. 6,613, 203
d¢e00vpes a GerdSehect®¥ it hi corhppsite Pedfli@rihated material
schemptj cal |y depicts a Gore-Select(tn) nenbrane 10
h&ensstngehddimegensoushyr peroussyubstrasg filled veith an ion-
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i nhisayipey FagdralR nehshenlal Bt dgpicts ¥.Gore-Select™ membrane 10
nconducting filler 1%ﬁ§r ovi des prot.on conductivity.
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ne%aagll cal fgﬁopertl es.and desirably high ion

c 6raductipgiyllesidmgoyides preifo UGHIED009] A first
aspect of the invention provides an ion-conducting
menbrane conprising an ion-conducting region. The

I ppeoshduct Mgereagheding anpsdd fsr Rrevbatnstiaghavhitetafss for
or nmpre ion-condycting passageways that extend throqugh
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Summary of the Invention

[0009] A first aspect of the invention provides an ion-conducting
membrane comprising an ‘ion-conducting region. The ion-conducting
region comprises a substrate having one or more ion-conducting
passageways that extend through the substrate. Each passageway
comprises an ion-conducting material that is relatively more ion

conductive than the substrate.

[0010] Another aspect of the invention provides an ion-conducting
membrane which comprises: a substrate penetrated by a plurality of
openings in a porous region thereof; and an ion-conducting material
which fills the openings to provide a plurality of ion-conducting
passageways through the substrate. The ion-conducting material is

relatively more ion conductive than the substrate.
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provide a plurality of ion-conducting passageways

t hrough the substrate. The-ifn-conducting material is
relatively nore ion conductive than the
substrate.[0011] Another aspect of the invention

P00 dEs an Apstirendpect bY the M ekton Xﬁbﬂﬂ@%ﬁ’ id$R®nducting
a substrate penetrated by at |east one opening; and an
i sgRedane: wiicheosprisesita swbstratepeanesraied lhyast leastone
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| pRming té provide éhci@noéoﬁdifbtﬁ@?bés'ﬁg%wé}h ehidtigh 1Y Slibstrate
extending transversely past a perineter of the

og&l w@.lcgméovm@ﬁmstcskinglayar oni afirstssideloftthesdubstrate, the

han- C [ ve than the substrate. [0Q Anot.her
s A A 3R Crsely et E afetl Brtcsaniiits PRGRDE. The
MR EIRI A hidtegabis tlativeRAHdreIBnt E8h@Hetivd than the
i on-conducting region conpri sés a substrate having one
oﬁubﬁﬁﬁﬂlon-conducting passageways that extend through
t he substrate. The ion-conducting passageways are
formed by selectively converting the substrate to a

rq0eIRyel y noisthe?mspestyt they tnvidich bPoVRkatdrPth-conducting
corresponding tQ the ion-conducting p _ssa%evvays.
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fabricating an ion-conducting nenbrane for use in an
elpassagtiays atg feuned byheelgetivoly eonpertigsthe substnatedo a

CoReRay rRne DR OBt & 5 R JoBiofs S0Eordaging to the

ion-conducting passageways.

[0013] Another aspect of the invention provides an
electrochemical cell comprising an ion-conducting membrane in

accordance with the invention.

[0014] Another aspect of the invention provides a method for
fabricating an ion-conducting membrane for use in an electrochemical
cell. The method comprises: forming a plurality of openings which
penetrate a sheet of substrate material at selected locations to create a
porous region; and, filling the openings with an ion-conducting material
to create a plurality of ion-conducting passageways through the

substrate material.

[0015] Another aspect of the invention provides a method for

fabricating an ion-conducting membrane for use in an electrochemical
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mat eri al. [0015] Anot her aspect of the invention

provi des a nethod for fabri-dating an ion-conducting
menbrane for use in an el ectrochem calcell. The nethod
conpri ses selectively converting a sheet of substrate

nﬁie@l Fhe hmthodeioah?ﬁgéy sORICEvVied coAREHh S ‘aes}&te@to‘f substrate
plurality of |ocations to create_a plurality of

i éﬁat%tﬁil]?@tar relafinsbamargyion eondugiivastate se e paluda]uty of

a0 810 BReASA YR IRk SRID ALt g PE sy s trough

f aheishebt a0dao dreatecann iie-condudein wdgoh 9h tHE §hkBt, an
el ectrochem cal cell. The nethod conprises: form ng at

| east one openi ng which penetrates a sheet of

o ORART" W [ RAIDl R psBBRu L Hhe, i Peattln Broy %8 4 Biingd for

I @bﬁ@ﬂﬁngtamﬂarpaéﬁdg@t&ﬁ? hentiahetfoe (BetdatdribRctrochemical
materla{1 and formng,a first skin.layer on a first
€

smél of he peethaskeompsisesh forning phleast exeamining which

RBRBACh KRR AP e il AR 2B 400 e

eipeaing with ah fohecdNIeOtin e aleeidles WreARMP Wonducting
Bri ef Descrlﬁtlon of the Draw ngs [0018 In drawi ngs

wiaspageway theaughhthe substratey forptingre first skin

PAFRLRE SRS ot BEShERL AEHTIR o SUBRRIAE

C oFAIveYsed ARy athdrimetdros f eHe oﬁélﬁ‘inge' I's; Figure 2 is
a cross-sectional schematic view of a prior art

conposi te nenbrane havi ng a honbgeneously porous
STBﬁiﬁ]at € Further features and applications of specific embodiments of
the invention are described below.

Brief Description of the Drawings

[0018] In drawings which illustrate non-limiting embodiments of
the invention:

Figure 1 is a cross-sectional schematic view of a sheet of
ion-conducting material of the type commonly employed in prior
art fuel cells;

Figure 2 is a cross-sectional schematic view of a prior art
composite membrane having a homogeneously porous substrate
filled with ion-conducting material,;

Figure 3A is a cross-sectional schematic view of an ion-
conducting membrane according to a particular embodiment of
the invention;

Figure 3B is a partial transverse cross-sectional view of the

ion-conducting region of the Figure 3A membrane taken along
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cross-sectional schematic view of an ionconducting
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invention; Figure 3B is a partial transverse
cross-sectional view of the6en-conducting regi on of
the Figure 3A nenbrane taken alongthe line 3-3 (see
Figure 3A) in accordance with a particul ar enbodi nment

of the thavan BoR(sdd mg&teﬁgAb $n aceBfdafle Mﬂf‘é?{ﬁ&ﬁ@?lar

cross-sectional view of _fon-conducting region o

t he Fi qunbodmnesibi dhe inegmtion) ong the |ine 3-3 (see

Figure 3A) i accardance w.th anot her enbodi nent of .

the' T nvent | JHEREF ity & & hettial pBRSHERs oSS TashTignatview of the
sheet QbnSetredvictige MBS &f thF EUreBYARR el nkNaken along
menbrane of the type Shown in Figure 3A according to a

par t i cthadingBedli(senFigiiret 1) imaenordancervitr ensthies a

per spectiye ,view, o sheet .of substrate materi al
whi ch ml\éggnagg&ohﬁ‘%l%%%e of the type shown in

Fi gure 3A aquigngb agist PparlcleiveafRdbIANheRt ofi®@bstrat

invention; Figure 6 is an exploded perspective view 0 .
a substmateriatavbidh orayabé aisedanicomemhbrane oHthe tpeslsown in

o pr et gt ae TSR Be ek L ORI ANE
embodi ment  gfjglhe i R@Féfs‘f)&bti%%éﬁ? of ﬁ'siq?e’ti 0f substrate

cross-sectional schematic views of ionconducting )
nmenbr amestesitd ovliolgmay beuised snenbedibeanesoHthe tygpe shown in
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different iqrigapsecisidtdexploded perspective view of a substrate
made from a lamination of multiple sheets of precursor materials
which may be used in a membrane of the type shown in Figure
3A according to another embodiment of the invention;

Figures 7A-7D are cross-sectional schematic views of ion-
conducting membranes according to various embodiments of the
invention;

Figures 8A-8B are cross-sectional schematic views of ion-
conducting membranes in which multiple different ion-
conducting materials are applied in layers to form a composite
membrane structure;

Figures 9A and 9B schematically depict the fabrication of
an ion-conducting membrane according to a particular
embodiment of the invention;

Figure 9C and 9D schematically depict different cross-
sectional views of an ion-conducting membrane fabricated

according to another embodiment of the invention; and
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according to a particul ar enbodi nent of the invention;
Figure 9C and 9D schematicalTy depict different
crosssectional views of an ion-conducting nmenbrane
fabricated accordi ng to another enbodi ment of the

i nvention; arigiiresnOA-NUE séhdmatical®tdesitt thdl eiéation of an
the fabricatign of an ion-conducting” menbrane

accor diieg-condudiing membsaneaacoxdingie annther eombodiment of

Det ai | De j:pt.ion [0019] Throughout the foll ow ng
descri ﬁg%ﬂ,%éjk}@brfi c details are set forth in order
to provide a nore thorough understandi ng of the

i nvention. However, the invention may be practiced

i € culars. In other instances, well

W | §
qdPUAOT: oot g VBl Bhe BRSO Pl KPR iftei are set
Adfepthdinnerdér 16 peowiklecd ﬁid%@&h@fbt%hﬂg.:@eﬂ\ﬂaﬁﬂﬁmg'\bﬁ theiention.

rs&ardedln an“illustrative, ra _than a ]
r ddeowierer, ibe iseenfion pog2be presinednwithout thaseparticulass In

in_.electroc . C.al S e fabricated b . .
ol A R TR eno CR G e p rglgscribed in
onfetsil téaveid eAnccidutly HBsaaEsRaRRNentibhoUlibcdidengly, the
sheet of substrate matérial. The ion-conducting,
papsaifesadipnsgnddrawvingsiasa tobedegarddd in ap dhussrativegmather than
that of the surroundi ng substrate material.
I&teégrﬁ%%ef’isﬁﬁs%assageway(s) may be formed by creating
openi ng(s) which penetrate the substrate material and

then filling the opening(s) wth ionconducting

nd0820%1 andVlsmranss|sadtable for vseve el¢gigoehemical cells may

sSYsHifiGted by providing a sheet of substrate material and forming one
or more ion-conducting passageways through the sheet of substrate
material. The ion-conducting passageway(s) have an ion conductivity
greater than that of the surrounding substrate material. Ion-conducting
passageway(s) may be formed by creating opening(s) which penetrate
the substrate material and then filling the opening(s) with ion-
conducting material and/or by selectively converting the substrate
material to a relatively more ion conductive state in location(s) of the
ion-conducting passageway(s). Mechanical and ion-conducting
properties of the membranes can be made different in different regions
by providing the ion-conducting passageway(s) with varying sizes,

shapes, densities and/or arrangements.

[0021] Figure 3A is a schematic cross-sectional depiction of an
ion-conducting membrane 20 according to a particular embodiment of
the invention. Membrane 20 comprises one or more ion-conducting

regions 33 and one or more non-ion-conducting regions 35A, 35B



material to a relatively nore ion conductive state in
| ocation(s) of the ion-conducting passageway(s).
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menbranes can be made different in different regions
by providing the ion-conduetd ng passageway(s) wth
varying sizes, shapes, densities and/or arrangenents.
[0021] Figure 3A is a schematic cross-sectiona

dépolectinehf 35N Figmre 05l shbiwnga iedbange 20 Mﬁgﬁéﬂ@mn—
to a particul ar enbodi pent of the invention. Mfbrane
2 GoBgMstingLegian 35 bﬁ{fi%edd?y aaradu of ineg-raycondustingnegions

s . . A :
308 o T2 S 2R o SRTRRS Bt ubratg material
h22 mgd opeionablyoccingirisey firsgiaad/GBsdirEsleitsD8, 2Pah!

of non-ion-conducting regl ons 35A, 35B. Menbrane 20
cpspectae sides rﬁ]@fﬁq gragubbt rate material 22 and

optionally conprises first and/ or second skins 28, 29
on respective sides 32, 37 of substrate 21. [0022]

| $6022hduct ilog-caghwiidSredioned® odmeeRbrafd Rl &&hiprises ion-
i oncgnducti ng passageways 27 that extend froma first

sCQBAYstIne RassagewRys 2/ thatexdend Atomy aléirstyside 32 of substrate

[ S € J Cconprise
A o sl T e B TS R S B Agvays 27
coothmiisevah ogreatductitmmatbeiul 96 Hdvingd RiEbAGuctivity
material, (i..e. tth mat eri al  outside of “i on-conducting °
p8LeAgE than thet)o {fW sykeuadingimateria] (i.oriberatarialputside of

il [ [ i -Fat er al 1onal skins
SRl Rductine Sy Aok BUATRS D), TR SR it afotg.
[ 66Adhcting-matetixl 136\ MescReRERId Mat@dallyphenaPskRd 28, 29
gé%cre ting openi.ng(s) 24 which penetrate a substrate

B IOWﬁﬁ@etlﬁﬁnc¢mdm¢%m@ebl@éﬂiﬁng(s). 24 with
i on-conducting material 26 and/or by selectively
converting substrate material 22 to a relatively nore

i 1023jnduct lore-conalueting pasaeoy(y) 27 mapteoriuedd By
passageway(s) . 052 . )
creatihg ofv)emng(s which penetrate a substrate material 22 and then
filling the opening(s) 24 with ion-conducting material 26 and/or by
selectively converting substrate material 22 to a relatively more ion
conductive state in location(s) of ion-conducting passageway(s). Both

of these fabrication techniques are discussed in more detail below.

[0024] In accordance with one embodiment of the invention,
membrane 20 comprises a substrate 21 made of a substrate material 22.
Openings 24 are formed to penetrate substrate 21 at selected locations.
Openings 24 may be micro-structures. In this disclosure, a “micro-
structure” is a structure capable of being revealed by a microscope
having a magnification of 5 times or more. Openings 24 need not be

micro-structures. In some embodiments, openings 24 are larger.



of these fabrication techniques are discussed in nore
detail below. [0024] In accordance with one enbodi nent
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made of a substrate material 22. Openings 24 are

formed to penetrate substrat®-21 at sel ected

| ocati ons. Qpeni ngs 24 may be m cro-structures. In

this disclosure, "“m crostructure” |sas}%ructure

c0825¢ of OpegInEVRARevide SubdtEAleSIPRAN Y%L Rore poro
rrggnlf?cg p ﬁ 5g%\/| rrelpg or nore. QOpeni ngs %4 nee @ o orous
bdCEI MY é ﬁll@srelillﬁw@b'rm%ﬁmpnsﬁhan supmurrd;ﬁgaaéglons

21
o, rﬂa%.‘*?@é 1SRN G pE O e BpaPriscs'a plurality
r elfasperdhys Dok an@@b‘iﬂté‘s bha@ \ﬁithfeﬁ#ﬂﬁi eanaaatlﬁ Sre%}c')oh 33 of
31B. Each rQus region 30 of substrate
pm@la%rapeg’fﬂ gﬁ@mmg@uﬂzregm&%meéﬂ&; g@&mmm 31)
3 f. ne ne
- SRR CTERARY o o R oy COABHC B seRiar eR3A, 35B of

i 0
comrtpang 2 e Sguseo g UAagO e o By 24

rane 20. In the
E HPRYINA0R-HOFEHS Tagkurs- pbAo3d Br efjsubstrate21.31B of
substrate 21. [0026] Substrate material 22 nmay
conprise any suitable material or conbination of
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t th i ch nenbrane 2
:a%gc&ﬁa ﬁl@wkﬁéhﬁ materighs thas prﬁvsderwm subeﬁammm blandkr to the

RPN SR S MRS i
camgmbsane for uex gl l@zd@g@ﬁl’ﬁf ifabl &6l 9§ b@@fefras{p Sles n,?ntlally

I d yimde filnms, such
Bl%P%g;nstlﬁstquVﬁlﬁog%ﬁndmygeﬁ gases. Subistrage materlal 22 may

CRARIPrHd] Qfof’tegkﬁfnﬁgl, AMihterial selected from:

. polyamide films,
. polyimide films, such as Kapton™,

. polyethylene films,

*  Teflon™ films,

. films comprising other polymers,

. a resin precursor to hydrolyzed Nafion™ |

. non-polymer materials such as silicon or glass.

Substrate material 22 is selected to be suitable for the desired
application. In some embodiments, it is advantageous for substrate

material 22 to be flexible to some degree.

[0027] In porous region(s) 30 of substrate 21, openings 24 are
filled with an ion-conducting material 26 to form ion-conducting
passageways 27 that extend through membrane 20 from a first side 32
of substrate 21 to a second side 37 of substrate 21. Ion-conducting
material 26 is relatively more ion-conductive than the surrounding



a resin precursor to hydrolyzed Nafion(tm
non-pol ymer materials such as silicon or gl ass.
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the desired application. In sone enbodi nents, it is
advant ageous for substrate-if@terial 22 to be flexible
to sone degree. [0027] In porous region(s) 30 of
substrate 21, openings 24 are filled with an

| QbsaatlIAidtealBReTh Fhe ?ﬁu;‘;t?atfe@lrﬂhkgﬂ‘&%ﬁ@,“g%és?ggynvags 27

passageways 27 that extend throug rane
f ieash heivgen patholengthsequaldodhetthickessdng, o fkl@trané 21. In

L eSS W T st Pt
MpdRLLIMY 39 eg'l%ﬁl té Ehéra] Hﬁétﬁh&é‘ttﬁﬂt ﬁ? gﬁg?%l@elﬁhsf trave] o pass

passageways each have a pat equa
t bhesuglssubstoate 2t déviskedrthieethddkndss (@t hey ofisubistrate 21.
passageways 27 have tortuosity factors of 1, where
tortuosity is equal to the distance that a particle

avel A [ :
{nr[:ig?:%(ﬂess ( glg?rg) 28 248 t?%?g%%aqf'g%%’]ﬁa% gﬁfﬁ%@%%ﬂ
mayitaeler metkadi Byswaytofmensdimitng gxanypleyibpehiegs 24 may be

hod. Q on-Lim ting exanple, openings 24
ggénﬁgdftgﬁfﬁ){ts}}f’ﬁﬁﬁf? éLEQ’t'rate 21 by: chemi cal
ebchi ngherﬂiggleétcﬁiiﬁgprmchi ning; laser drilling;
mechani cal drilling; mlling; punching;

cal endlﬂﬁeﬁgnlcrpmaq jding;rcuit board fabrication
t echni Fa%%%driﬂ'i t hographi c fabrication techniques;

1ng;
. mechanical drilling;
. milling;
. punching;
. calendaring;
. printed circuit board fabrication techniques;
. lithographic fabrication techniques;
. mechanical dies; and
. the like.

As noted above, passageways may also be formed without forming and
filling openings 24 by selectively converting the material of substrate
21 from one state to another, for example by selectively hydrolyzing a
Nafion™ precursor resin.

[0029] The dimensions of passageways 27, the spacing between
passageways 27, the shapes of passageways 27 and the arrangement of
passageways 27 can be selected to suit particular applications and may
be influenced by cost factors. In one particular example, passageways
27 are formed in the shape of slits in openings 24 made using

conventional sheet conversion methods. Passageways 27 may be round



mechani cal dies; and the |like. As noted above,
passageways nay al so be fornmed w thout form ng and
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material of substrate 21 fromone state to another,

for exanple by selectively-Bydrolyzing a Nafion(tm
precursor resin. [0029] The di nensi ons of passageways
27, the spaci ng between passageways 27, the shapes of
parsagyveyre dthearshaphe, auclragerssy sidpda hexagvans sRdpes,
can aﬁe sel ected to suit particular applications and
mayy

exanpl e, passageways 27 are forned in the shape of
slits in openings 24 made using conventional sheet

cqf080}i on ratpreferrcBagnbodivagats? ﬁmg@eaw Q"ideﬁfel f#ied in

shapes elintical shapes orstaioskapass one parti cul ar

have ot her shapes, such as cross_shapeS, hexagona

sivApeEed aurangsngiKs, asppppsed &9 pd at rﬂnc&mrzggaapas. Any
i S e
t Shadblq RaRLALCATA LETRAT, IOP ekapfARs BISUREUAYS 2idnay be

aflocatedahdabstofons. Any suitable patterns may be
used. For exanpl e, passageways 27 may be | ocated at
nddes @fSquage yugetangulaeartiygul ar array; a

t‘iang'élt?fan%gﬂé‘lyérra?; hexagonal array; or, any other

sui tabl e arrangenen [0031] Figure 3B is a parti al
cross- adubiagualal airey;ar, i onconduct i ng regi on 33 of
menbr ane 20, al on E;e line 3-3 (see Figure 3A) in
alcor daR¥ther guabls pirapegmesthodi ment of the
invention. In this enbodi nent, ion-conducting
passageways 27 are circular in transverse

c{@@31ect i bigared3Brig @apartivlastoss-sactioabRisil &f idhray.

conducting region 33 of membrane 20 along the line 3-3 (see Figure
3A) in accordance with a particular embodiment of the invention. In
this embodiment, ion-conducting passageways 27 are circular in

transverse cross-section and are arranged in a rectangular array.

[0032] The parameter D is used to denote the widest transverse
dimension of ion-conducting passageways 27. In the Figure 3B
embodiment, passageways 27 are all the same size and the parameter D
is equal to the diameter of the openings 24 in which passageways 27 are
formed. The parameter L denotes the center-to-center transverse

spacing of the nearest adjacent ion-conducting passageways 27.

[0033] Figure 3C depicts a partial cross-sectional view of ion-
conducting region 33 of membrane 20 along the line 3-3 (see Figure
3A) according to another embodiment of the invention. In the Figure
3C embodiment, ion-conducting passageways 27 are hexagonal in
transverse cross-section and are arranged in a hexagonal packing array.
The parameters D (i.e. the widest dimension of passageways 27) and L



[0032] The paranmeter D is used to denote the w dest
transverse di nensi on of ion-conducting passageways 27.
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the same size and the paraneter Dis equal to the
di aneter of the openings 24]Rn whi ch passageways 27
are forned. The paraneter L denotes the
center-to-center transverse spacing of the nearest

adji.ecend centerclongdeitier R aBRESBEENES nédrest A0 ?Q‘;;t]erﬁ pHsEgeways

3 epicts a partial cross-sectional view o
%(ﬂ#’@lﬁéﬁ?ﬁﬂ%@@ﬁ%lmﬁlgﬂenﬂbrane 20 along the |ine

3 3 (see Figure 3A) according to another enbodi nent of

the invention. In the Figure 3C enbodi nent,

| 008dhduct ilngsdrnecagbyditfients, ¢he B%ﬁ@ﬁé}ab df;passageways 27
transver se cross-section and are arrange

hd§ agSrancronsonlessr Iapthemembediments,she ;(arameteh}) of

c B e tWEER 2R S0P REREIR B Teil kAt fpiffadments,
gﬁgwﬁ $s 27) have cPds30sddti a1l raab £ nbp ek_bgé’dlflg3§(1 0® m? In

4] sqome enbodi ments, the paraneter
iments, passagewrayss2 bhave ssoss-sectioral areas not

b of agewa 7.1s 2500
?E%?%%Hﬁgfré?s%”af T eiRRREs I0S o biatyie 27
hpassag®say s QTthonah rﬁi’rﬁﬁﬁnﬁ(ﬁa@%@*@é’ 'dﬁ‘ﬂle'ﬁ’éﬁlorp of affeast 25
I n other enbodi nents, passageways 27 have

ciissoBack ethar enbadimentseteranindndtinnpsssageway sdihave a

e Canb &g AN AP A TERTD B lE e

| eﬂd&maﬂﬂsodﬁé@ﬁfﬁnete@m %9"]511‘&@{1% ?gmeast ﬂ%%Fons or

ave a m n| mum transver se di nensi
essosat leasksomeaansas odmorous ragiqma@ntn ethdr embodiments,

RS BRI S e By T B 3000 EnisBahoniess invet foast

pavarei®aslo OIARSRILIRBY. 27 is 500_0 m crons or |ess
in at | east ﬁsj%me areas of porous region 30.

[0035] For maximum conductivity through membrane 20, it is
desirable for the parameter ratio L/D to be as close to unity as possible.
In some embodiments, membranes according to the invention are
constructed having a parameter ratio L/D not exceeding 2.5 in one or
more ion-conducting regions. In other embodiments, membranes
according to the invention are constructed having a parameter ratio L/D

not exceeding 1.5.

[0036] Another ratio parameter ¥ may be used to characterize
conducting regions of membranes according to the invention. The ratio
parameter y may be defined as the ratio of the total transverse area of
an ion-conducting region to the total transverse area of the ion-
conducting passageways 27within the ion-conducting region. In some

embodiments, membranes according to the invention are constructed



[ 0035] For maxi mum conductivity through nenbrane 20,
it is desirable for the paraneter ratio L/D to be as
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menbr anes according to the invention are constructed
having a paraneter ratio Lf{D3rot exceeding 2.5 in one
or nore ion-conducting regions. In other enbodi nents,
menbranes according to the invention are constructed

haivigd Paraneice ratiely ﬁotégece@aingxg.%eﬂi B brinol&f3pl
Anot her ratio parameter g nay be used to characterize
c edgsrciting regippaslndthemembhadimsotymentranes hecording to the

i nventj.on. The rati ramet er may be defined as the

- 78R PR arg ststiilfed Mo B 8 nitalller oS y Sf efCecdifig 1.5.
I on-conducting region to the total transverse area of

the i onconducti ng passageways 27within the

i dA038hduct iSupsteaje & providesstmiatonil sepport femoreoeaducting

oanaliil 2 Sl o5l BTl Fip BT Forisabine &9 dsee Figure
i @)@}?Whiétﬂldrﬁ%loﬁl%pdrﬂegﬁf%hb@%@éﬂhméﬁhe TR &N S match

according to the invention are constructe aving a

pahemecchanigal propertiesalesinedi fog particulaogThlictbens. e
Bl B Viry 36 dh&deRS Ry i, ShandBpgier ¥ngdment of
n@mhgqggs 249 iﬁ&ﬁfféf'bﬁtlf@gi%lﬁh of HifbsiREs t@giﬁ %ﬁgeéarpﬁ?d&iués

rate 21 can be Selected to ma

Of . S u . . . .
neléHarerdaneghapimal iprepadi¢s anid fosrdifferentidraconducting
appljcations, Far..aexa e, .by varying the density,
s&ggbeéﬁﬁbglgﬁﬁﬁép%gﬁggtﬂgﬁ8ﬁ§'of openings 24 in
different regions of substrate 21, one can provide
di fferent nmechani cal properties and/or different

i $0038hduct ifigupe dphawse planahshectd4 dfsubstrateyhmrerial

38]  Fi 4 sh | h 4 .of substpat
aeotoaraBe £ & FRNG 14 AnBRRinal PLE iBkaRtieR. SBeSt 34 may
t be isededy 4 @ubsEaReD1 arfﬁi/om%oﬂagfetitﬁ BefBiHne ¢ ofthe type

of an ion-conducting nmenbrane 20 e type

shown in Figure 3A for use in an electrochemical cell, such as a fuel
cell. In the Figure 4 embodiment, sheet 34 is fabricated from a thin
sheet of substrate material 22 and is divided into perimeter (non-
porous) seal region 31, which surrounds porous region 30. Porous
region 30 has openings 24 which penetrate sheet 34. When a fuel cell
having an ion-conducting membrane 20 is constructed using sheet 34 as
a substrate 21, ions may be conducted through openings 24 of porous
region 30, while perimeter seal region 31 provides structural strength in

the vicinity of the fuel cell's compressive seals.

[0039] It is not necessary that porous region 30 be uniformly
porous. In some cases, it is advantageous to vary characteristics of
openings 24 (e.g. size, shape, density and/or arrangement of openings
24) and/or the parameters associated with openings 24 (e.g. L, D, L/D

and/or y) across a porous region, such as region 30. In some cases, it is



shown in Figure 3A for use in an electrochenical cel

such as a fuel cell. In the Figure 4 enbodi nent, sheet
w@2o0580d9abri cated froma thin sheet of substr aP@I/CA2005/000663

material 22 and is divided into perinmeter (nonporous)

seal region 31, which surreldds porous region 30.

Porous regi on 30 has openi ngs 24 which penetrate sheet

34. When a fuel cell having an ion-conducting nmenbrane

2@diva: mgezduwmt videngsebaeite AtlRaasa] 8t 3
i ons, T alil congﬁt::t ed tshrougheopenl n92§5214 o 8; é sous

r é”ag’cﬂ%l apharackisties of op@mng&eyi @?dq?]am?wnlecba alss|0c1ated
of ;t he ue ce
o ors deRtingd 24160 Hdigterah 3 U sohlESiaus Fagion.

porous region 30 be uniformy porous. In sone cases,

d to vary characteristics of openings
25[0Q520E van 8%&?&&%@1’(@%@%{1&9 besulyectad mgfeiaﬁlvtelynhlgh local

d
8%”2‘%%@"%‘4 sy SR poedfnd AR BT bR 358 SRSy s and/or
r thyg densisyof cq:sernﬁgs o4 3y b n%tiﬁerélﬁﬁ%ly lc%vr\]/ In regions

|sadvanta ous t}o provi de substrate 21

pPﬁPﬁ?‘ie@yt © pubIsEded ég |1‘©]r¢1§1VeT}ﬁéllghdoa@]t melchanmalcsftresses the
RO iAGBE DT e pBRIREIS L Sﬁngﬁgég fivaly

10 r haggenEoe epanisld, iwsheh %Qi(ﬁfst ¢hle b@raﬁﬁb@éﬂ t‘é\b o Lb'lgge{hd/or the

I I h cal] stresses, enlngs
rﬁgﬁmge Cy?{ag’;f?é/l Le arepter thne e%khoyghfsuohamgmgns Mayrhgve

SOy R e cOBMclil iy Phindi BRG ke TatiVely high
sireehanscaltshiengahanet er rat | o L/ D and/ or the paraneter

g may be made relatively large. For exanple, in such
regl ons, the paraneter ratio L/ D and/or the paraneter
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i ppeea s pa Supreciian SRSl ARk ditior
" c?en51 ¢ openings 24 may be made relatively high. In regions
expected to be subjected to relatively low mechanical stresses, the
parameter ratio L/D and/or the parameter y may be made relatively low.
For example, in such regions, the parameter ratio L/D and/or the
parameter y may be less than 3. Such regions may provide relatively
high proton conductivity at the expense of mechanical strength. Using
these techniques, it is possible tune the performance (i.e. mechanical

strength and proton conductivity) over the spatlal dimensions of a fuel
cell membrane.

[0042] Figure 5 shows a planar sheet 40 of substrate material 22
according to another example embodiment of the invention. Sheet 40
may be used as a substrate 21 of an ion-conducting membrane 20 of the
type shown in Figure 3A for use in a fuel cell. Sheet 40 is formed from
a substrate material 22 and comprises: a non-porous perimeter region



mechani cal stresses, openings 24 nay be made
relatively large and/or the density of openings 24 nmay

wheoosaa®9z el ati vely high. In regions expected POI/B&2005/000663

subjected to relatively | ow nechani cal stresses, the
paraneter ratio L/D and/or-d6e paraneter g may be nade
relatively low For exanple, in such regions, the

paraneter ratio L/ D and/or thegparl%rret_er g rra@y be | ess

t i) B3firsiusdroiRdie@ien W6y alye@¥ndep st iessdd 48 Nd a third
p??t?on corlij%l}ctivi y a{“?h_e ex eﬁ%e_of nég{)wan! égp a .
straRYsHegian AY. Pesews regionisqtibsA8,iand 49 pashitidve opesings 24.

i o€, i, cal th d t
o it EhDITBIS i b PrgBeR P4 e/ S Brtuples pisociated
celithropeniags 24{1@\015@?0@ 1@8i6n S g_sb 48549 dif %ﬁ#gﬁ% lagl%ther_

of substrate material 22 according fo another exanpl’
edissxmnplefthesize af dir openshge 244 therdgnbigy ufaspatngs 24,

. QN - [ nb 20 of th
R T T A
4BetwetarpordubrepichsS46548 049, FRHRS Fg%lﬁiaéﬁgo%iirné?nt, the

coppri ses; a non-por.ous perinmeter redi |

pé%ﬁ—‘u%n& ébﬁbﬂ of@penings Wme%betwegn pord8s regubnz 46, 48, 49.
third porous region 49. Porous regions 46, 48, and 49

each have openings 24. The characteristics of openings

! h . ;
10 2§0043] or tlis cﬂhélﬂﬁﬁﬂﬁ)’cﬁl‘r%zgc@gih?i §H0$Nr ! tﬁ@éﬂéﬁ%?%%sft_lcs of
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I n porous_regions 46, 48, fer m one ano
Fepeaingh? 4 (St elenisity, 6ize, ishape epekion gerageniere) and/or the

aRarsRedts TSR 2 (o LoLe A0 an 5 y) Barviemmpothly over
parpatous 88 Ns of @ subdtraAdd. Fop ekﬁﬁﬁé,gﬂfeip%rgtﬁm%g rHG6./D

the size and shape of openings 24°varies _ '
p%’fi@f@ t%@g?a;‘ﬁm@ter Y43 opening3Bmaynverhan aechatinventvith a

. haract eristics of. ni ngs, 24.(e.g.
bRt MBbioh GROA ARG bl Tn G EREeretapoditaats (not
pshiewel)es sheét 6P sibs@ste2hale sl 22 msgy be/ begf&‘a{éq 1§ h)gve
vary snoot hly over a Borous region of a substrate. For .
eBeRINgs 24 o1 puvitoree eharaatetistic®and/or parameters over the entire

sheet of substrate material 22. Openings 24 are described herein as
having various characteristics, such as size, shape, density, arrangement
and various parameters, such as L, D, minimum transverse dimension,
L/D and y. Any of these characteristics and/or parameters may also be

used to describe ion-conducting passageways generally.

[0044] Each of the embodiments described above comprises a
single sheet of substrate material through which ion-conducting
passageways 27are formed to provide one or more ion-conducting
regions. In some embodiments of the invention, ion-conducting
membranes comprise composite substrates made of multiple layers of
different materials. Some layers of a composite substrate may be
porous. For example, one or more layers of a composite substrate may

comprise a mesh material. Other layers of such a composite substrate



and/or the parameter g of openings 25 may vary in
accordance with a snooth function such as a bell
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of substrate material 22 may be fabricated to have
openi ngs 24 of uniform char &6t-eristics and/ or _
parameters over the entire sheet of substrate nateri al
22. (Openings 24 are described herein as having various

A prisé Gon- AfgSiefons ARG ondBBALddh ducti i
grrg%@r}e]r)l? andl;,lvwrigiglus pggre:lgqrrg?ers, _guch as (%1 15,:1ng'reg10ns
AL #nd pu#tgpleipRenfitbe cansbustivny destmibet hetdaeA

| st I b ed o
GRREOEN: ShbETa R o R SThE By IRt Bl e suier
Emeéclufnithkesteehgtli.nent s descri bed above conprises a

singl e sheet of substrate material through which
i on-conducti ng passageways 27are fornmed to provi de one

- i i . nmbodi ment s _of .
Clooese o0 gﬁgﬂ?é; ﬁtlé g&%ﬁgﬁoﬁgﬁﬂﬁgw of ggcq?}gﬁgﬁitg substrate 50 in
cacporldrneeswitht 4 pheculad endhodihéhidd LtHEURFehtRin. Composite

di f t terigls. Some |layers of a conposite
séBé%eﬁ?g{éeS&g?Wlw aiyst kyerdahmayer Sheay cnmprlshe a

oy BeteafdlageF SIPRY 15 aT8POL {1fis? SRbriBET s Ve, For example. In
sthssilhesteateg enbpdiraent,dayepsg l&)tlﬁgﬂséée g'rﬁﬁﬁipt%ggvsé r%%ié)n 31

- non- ducting regions accordihg to a su .
IO?V 1 gb‘%‘?ﬁg%rllfj @P%ﬁ@ugé@&hquw hawirg opeaingsipdormed therein.

R EERUE TV S Bieh oM R diis Sughire hartleckto firs
viager &2 @ prowidei gtmaub@tﬁe@ﬁﬁ)ré&ﬁeﬁt.aeiﬁfé%ﬁ% g»gcyéﬁg 18yer 56

articul ar enbodi ment of the invention: )
g@é’éft agdgmusations 69 that intermediage 15ger Sdyie enSapswhated

' t | ayer simidar to a of those
PO EIA Y52 A 36, NSRSy bbb Fore than
eoo @ hrtrs of aydstiate PRERITSSE tnAtefi@ls, POr ous region 31
whi ch surrounds a porous region 30 having openi ngs 24

formed therein.

[0046] The foregoing discussion has dealt primarily with the
nature and formation of substrates comprising porous regions formed in
substrate material. Ion-conducting materials, such as ionomers, can be
deposited into porous regions of such substrates to form ion-conducting
membranes having ion-conducting passageways for use in fuel cells,
electrolysis cells and the like. Ion-conducting materials may be
deposited in various arrangements on such substrates to make ion-

conducting membranes according to the invention.

[0047] Figures 7A, 7B, 7C and 7D show cross-sections of a
number of exemplary ion-conducting membranes according to various
embodiments of the invention. Ion-conducting material is arranged
differently in each of the membranes depicted in Figures 7A, 7B, 7C
and 7D. Figure 7A shows a membrane 60A comprising a substrate 21



I nternmedi ate layer 54 conprises a mesh-like structure
bonded to first layer 52 to provide structural
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| am nation, so that internediate |ayer 54 is _
encapsul at ed between | ayers1%2 and 56. A conposite
substrate may have nore than 2 or 3 layers of .
substrate precursor materials. [0046] The foregoing

difermedi fronhasubetiate pratervial 22. Sublirabse 2034y Ié]gﬁxgi‘ﬁgs 24

[ f. tr.at rising porous re e
t Spigdfeteine Lpeings ad o hmembrnsbAlacatentled with fon-

MRbAkLRtiR _&ﬁ%i@%fi? or 2%0@%?@@3?@?1&%%%555&\%%3 27 through

porous regions oOr suc

i onermbnaine 6049 IoerboadestihavhagriL 2ERNIEE| 8 more ion-
? cells, electrolysrs cells

A RRREREHYFitbat ol Gataimaierig] aa: b maembraye BBA, the thickness

j ' i : ch substrates,
£ SR ORL 68 ORI AR G T BB S i repidicting
i passageowvayd DD4re shbgturial RAsintBar ?&tl@ﬁ)i@%%@@%m of

OBt e B b et Bl Szt 00
(REHLERE (AR EETRHE IR B Sinde Syl 202Titar from the
Fihjokeess7R,, 7&f silstasmgt FD. Fi gure 7A shows a nenbrane

60A conprising a substrate 21formed froma substrate
material 22. Substrate 21 has openings 24 forned

' ' fill.ed with
| A oo e B S SR eI ARE G0 Brcorcdifizgd dnother
perndbagemens o the invegtione Mismbea®OB0B RAs fé?gﬁti&%gnﬁa filled

rial 26.is.relatively nore ionconducti

gY% jon-gonduetingmaterial 2 Gt borndosamndunting pakseesvays

i D= ' j d t.he l.engt .
oL R BRI L B2l SRS IERESE. ¥ which
stontlsabstrate heatehiat R2esis cither sidy tetbst. Ph idh-cdiucting

. enbodi . the thickness of ion-conducting
?Ftﬂtt‘]‘grilaf\ll mg%@'lﬁaﬁ gk’ﬁ’é %rﬁ‘igﬂﬁ@ﬂém pamgassdiféowyd and)may be

ahbfs@imd 28 Bridifferent than the ion-conducting material 26 in openings
24. The ion-conducting material in each of skins 62, 64 is relatively
more ion conductive than substrate material 22. In the Figure 7B
embodiment, the thickness Ly, of each skin 62, 64 is substantially

similar. In other embodiments, the thicknesses of skins 62, 64 differ
from one another.

[0049] Coating substrate 21 with skins 62, 64 is optional. The
provision of skins 62, 64 may be advantageous in that skins 62, 64 can
provide ion-conducting passageways between non-porous regions and
porous regions of substrate 21 (i.e. between ion-conducting and non-
ion-conducting regions of membrane 60B) and between non-porous
regions on opposing sides of substrate 21 (i.e. between non-ion-
conducting regions on either side of membrane 60B).



t hi ckness L- cnore of substrate 21. [0048] Figure 7B
shows a nenbrane 60B accordi ng to anot her enbodi nent
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with ion-conducting material 26 to formion-conducting
passageways 27. Menbrane 60B3al so conpri ses

i on-conducting skins 62, 64 which coat substrate

material 22 on either side thereof. The ion-conducting
material in each of skins 62, 64 may the sanme or

different and may be the sane as or different than the

i 4d8088hduct itigura/ér showse mmém%@@szmpm@mg a substrate

- LR ORI A Bfted BN RonabbRRe st ial 3 1oy form
2 2onioordirctirig aﬁsa}B_v@[gtm’v.nSubstrmeZI hé elsarebwitkidh-
g, 6 S bstantially simlar. In other

f h skin 6
gwga%ﬁﬁ%é;kinﬁ &% Mi4|e anﬁgé%lg@re dki ambpdingentyskins 62, 64

Jrv T et
64ntrthdgonp@viuggegisn off substrask2hsI® dthérdemdddiments, skins
prqvi de ion-conducting passageways between non-por ous

&extgndgsaniersely ovier enlsaipart af hoporeusregion of

r Ogb
R R R R R DA N
opResivessall dtsferainlsubstp@iotisdtgion of sabkiaen21 and do not
non-i onconducting .regions on elther side of nenbrane

6@Bfe1b s VeTsply dnteahepor-potessdesten ebsubsirpte 3ing
a substrate 21 having openings 24 filled with
i on-conducting material 26 to formion-conducting

P§OOSIEWaYS FgurSuDstlieive a2idrBbrans _GGDM:CBI*ﬁBriSing a substrate
i onconducting skins 62, 64. In the Figure 7

ehb¥igriad A2 havingsopenings %k fitled withnopeeerdycidngmatesial 26

T S8 RSP G 0 A b Buctin
egkid6@erhich séaRsofly, o sk @NgubsteieV2r.Skiv 6% efiay have

onl_%( a part of the porqus region of, .
different transverse extension characteristics as described above.

[0052] Figure 8A shows an ion-conducting membrane 70A
according to another embodiment of the invention. Membrane 70A
comprises a substrate 21 made of substrate material 22 with openings
24 formed at selected locations as described above. Substrate 21
supports a plurality of ion-conducting materials of different
compositions. In the Figure 8A embodiment, membrane 70A comprises
three layers of ion-conducting material including: a skin layer 62 of a
first ion-conducting material 72 on a first side 73 of membrane 70A; a
mid layer of a second ion-conducting material 26 different from first
material 72; and a skin layer 64 of a third ion-conducting material 76
different from second material 26 (and optionally different from both
first material 72 and second material 26) on a second side 77 of

membrane 70A. Ion-conducting materials 72, 26, 76 are relatively more



substrate 21. In still other enbodiments, skins 62, 62
extend transversely over only the porous region of
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non-porous region of substrate 21. [0051] Figure 7D
shows a nenbrane 60D conpri$9ng a substrate materi al
22 having openings 24 filled with ion-conducting
material 26 to formion-conducti \ndgz pgssagevvaysl 27oﬁ2d
silglé of éllfbstrat glugilbﬁ%g?n%%%@%éy hg\{etﬁglq?%g?g%

ingente skas 63n 64 hothdiasve approxiamtebsequdlethickness

tie i

abpve. L sElgyre 8A shows an ion-conducting

ngi%ﬂ‘i’ hte)ggﬁ]ségglg#d}eﬁ‘&s?a&yanot her embodi nent of the

i nvention. Menbrane 7Q0A conprises a substrate 21 nade

0 strate material 22 with openings 24 fornmed at
si@@%ﬁed | 0&'d8VEsh 8 Basheiws ani ioedcanduetinguhsintatae Z0B

. ' .i on- i terjals of
arPeStdifie SoRirtiBLL bR pf R e et Mo brene, 0B has
e ' r f: 1LON< ST .

Bl el G Do s T ol Sl ioh MRS Wikterials.
ini dondeRndwefing meatesial of loyiers 78,79 is reilatﬁ/%éybfmore ion-
u

; ] ayer.of second i on-conducti ng
g&&?l a[ﬁ'ggﬁbﬁl?}lg%’%ﬂ{e ‘\r{}ﬂaﬁﬁl?\ t material 72; and a
skin layer 64 of a third ion-conducting material 76

different fromsecond material 26 (and optionally '
qug] ent fI(Umcﬁﬁdhlcfmgsmam:d(a’;)ama?%adépasﬁedd)nto and into

j d sjide 77 of menbrane 70A.
B 0SRG2 niR s AR5l R R v o the
rinveneiorciendiug vevatiary SERIINBYE ifBRRIINE!cRfing] Riffihe,
Fi gure 8A enbodi ment sKins 62, 64 bot ve =
preREgnayEngedairatiarhand meklings Kumherpwthenhbse o ridte

095 Fi_gur sho an i gn-conducting
N I N AN T TR
i substtate havieararpaneusPBehies 16 Wi rbd Qﬁ%:étn(gf {yers
78, 79 of different ion-conducting nmaterials.
conducting material (i.e. a skin) or between two pre-formed sheets of
ion-conducting material. A membrane may also be formed by bonding

ion-conducting sheets (skins) to a liquid precursor.

[0055] Figures 9A and 9B schematically depict the fabrication of
an ion-conducting membrane according to a particular embodiment of
the invention. Figure 9A depicts the formation of a substrate 80.
Substrate 80 comprises a substrate material 22 in which openings 24
have been formed at selected locations as described above to provide

porous region 30 and non-porous regions 31A, 31B on either side
thereof.

[0056] In the Figure 9A embodiment, each of non-porous regions
31A, 31B is provided with one or more optional fabrication vias 82A,
82B. Fabrication vias 82A, 82B may be formed in the same manner as



The ion-conducting material of layers 78, 79 is _
relatively nore ionconductive than substrate nateri al
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onto and into a substrate to make an ion-conducting
menbrane according to the ifggention in any of a

vari ety of nethods including casting, dipping,
printing syringe injection and nol ding. Further, when

e@ﬁn?@ ¢, Fabhicatich Vi%ﬁ,OB dAt 82B e%lealﬂg S\Paced apart

fabrlcaearrenbraneb ng a substrate
p @mspewmglonas(brla srcnnmambodnnenfs lfainmoam(idnwlag 82 are

o Brsdat logfrioB el breotramrusiely SphvEhBpardTagy af so
be o e dig W@ug%gﬁfhé%? L{?}E hrtﬁsél%%%?fgétsl‘é'agﬂl/ﬂ where

a I I qui d precur sor es 9A an
dnisthe @gmuey te @pm@r ’trhnsvmﬁlsqnam@ between nearest adjacent

ook ol At AR 3G s i) B afathehe
f@hﬂl@d}dmel@ﬁ‘s fatﬁ*ﬂ@éﬂiéﬁt\ﬁasggz fé%?ﬁ‘f%ﬂea 42& ﬂ'gﬁsaré
ave bee

substrate ITH{ eri al openi ngs
f &aﬁécremely@p@ceécapa@tﬁmm mm&sp@mhng pedoabregidn(s) 30 by a

r on 30 and non-porous regions 31A,
pfi%%gﬂ(e’%%?{r?gﬁeﬁ thereof [0056] In the Figure 9A
enbodi ment, each of non-porous regions 31A 31Bis

provi ded with one or nore optional fabrication vias
810858pB. FabguradBodeicss teoaddisim ofyobeonuhuctihg material

628 DTRLIRIE S0 A0RBER 08 cefitind i b e Vé@%ﬁé\g@n_
| Sondnetingpdiagshays PR TbA (MR nidefaf 20 TRiiVely

| ocations that are y spac part
c BO1ESIOBnePRGUSIY S mham sgbsfnra‘&) nBoetigl 22 dlrs thmEegmfe 2B

AT B, SRR SRS 0 i Y S aher
C Qs Be B aHdtihg) ﬂﬁé@ﬂﬁi—b@ﬁdﬁ@flﬁk B8teridl 26 BB4ts substrate 80,
filling openings 24, filling optional fabrication vias 82A, 82B (as
indicated at 86A, 86B) and forming ion-conducting skins 62, 64.
Optional fabrication vias 82A, 82B may provide an advantage in that
when ion-conducting material 26 is applied it may be in a liquid form.
Ion-conducting material 86A, 86B in fabrication vias 82A, 82B may act
like anchors which provide ion-conducting material 26 with tensile
strength, thereby tending to prevent deformation of ion-conducting
material 26 during drying. In particular, fabrication vias 82A, 82B may
improve the uniformity of skins 62, 64. Bonds between skins 62, 64 and
substrate 80 (for example, at locations 83, 85) may also add tensile
strength to ion-conducting material 26 and thereby reduce deformation

of ion-conducting material 26 when drying.

[0058] Figure 9C and 9D schematically depict different cross-

sectional views of an ion-conducting membrane fabricated according to
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. . g ¢
| east 3L. [0057] Figure 9B depicts the addition o

i on-conducting nmateri al 26-Q¢-§ubs;rate 80 to form
i on-conducting nmenbrane 84 having ionconducting
passageways 27. lon-conducting material 26 is

r eirmthmeémbnﬂlmemrbﬁifh@dh%h‘tf%nt @%bs%?ég%t@m%}ﬁ 53
ihe Fig Le 9B enbaodi nent, ion-conduct

msubsiraie g@tpgla 881 inewhich en@pening 2@ hiebgen tﬂ?)rmed

c TR T A8 ory R B U5 & S0 i S sbpesimeter as

f ahomaFugamre\/SDEStOB&ﬁmdSS%E’es(saéoﬂéﬁitPéﬁ & @or?&ﬂeglon(s)

rmng ion-conducting skins 62,
f r'ﬁ1 aceBhopeningsbA?2 neay qimded drelthmmdmmma)ptﬁbnal

l.ied it may
b TEbribditn vids SACHEIS RO IBLATLS, 805, ERbARRHongrias dmay be
i fofmbdiinatriyosuivalsle BaAneSaB dé%rl%ﬂ de‘s% 9{?(2'3?& %refegably

rowd i on-conducting material 26 w

\é\gbé‘?ﬁffﬁpa’ft PREHOPERIY hy21 pomaeemb@eiﬁmalms i fabrWation vias
o 32 BB IR Plhef ArE kY eoel ok thsnavt. frowe
uaofmspondlng ogknﬂ%oliﬂ HAa digadse Qﬁtéﬁégslsf‘%@ﬁn%?ng “m

subs r. exanpl e, at | ocations
n% =Y %ﬁaaan@@%. fabrisatiengtins 82 arenfornretliat lowitions that are

TR B AR d RERRNOBEBERIS 22 1Y b uSlpe migudeast 200

a@icrohsOD schematical |y depi ct different
crosssectional views of an |on conducti ng nmenbrane
fabricated accordi ng toW - - anot her enbodi nent of

RS e Rk 5y ﬁwaﬁ;’f@r el ta sHbrarinl20 to
form 10n-conduct1ng membrane 124 having an ion-conducting
passageway 27. Ion-conducting material 26 is relatively more ion-
conductive than substrate material 22. In the F igure 9C embodiment,
ion-conducting material 26 is applied in such a manner (e.g. by casting)
that ion-conducting material 26 coats substrate 120, filling opening 122
filling optional fabrication vias 82 (as indicated at 86A, 86B
(collectively, 86)) and forming ion-conducting skins 62, 64. As

discussed above, where fabrication vias 82 are present, they may act

2

like anchors which secure ion-conducting material 26 around the edges
of opening 122. Providing such anchors can help to prevent
deformation of ion-conducting material 26 during drying and makes the
overall structure more rugged. Whether or not fabrication vias 82 are
present, bonds between skins 62, 64 and non-porous region(s) 31 of
substrate 120 (for example, at locations 83, 85) may permit adhesion of
ion-conducting material 26 around the edges of opening 122 that is
adequate for some applications.



Opening 122 preferably conprises a snoothly curved
perineter as shown Figure 9D to avoid stress
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opening 122 may be provided with one or nore optional
fabrication vias 82A, 82B (@@l-lectively, 82).
Fabrication vias 82 nmay be forned in any suitable
manner as described above and are preferably spaced
apart fromopening 122. In sone enbodinents,
fabrication vias 82 are fornmed a | ocations that are

t 18060Er sel v b@mﬁbaamst désaribeal above spay denfprapahbyg

0 TSR e 9S00 T B W S
| openings 2ultalv b ol T@ﬂﬁ&&f g@&%oﬁaﬁ%ﬁﬁgg@g&éﬂéf 8 sills,

. openi ng by a di stance | 'east

[ wgg}ngs)24 dHerebyi pag)mdtrg iant-cpfdustiagdeaksagewa Xs 27) and

RSBTRERAR PR dBE o iR e P oA o scrms ltarmagive
meireo diim &ftsi ?oﬂ-%bﬁﬂh%ﬁ'nﬁ I‘i’%h’?oﬂaﬁ% ‘%ﬁ‘g %ﬁBt,‘gﬁt(ftcf‘Bﬂ tproviding a

sgﬁstrate material 22 Figure
siebstriafermetariall argb se]scapply edniverting tha subsirere

e lerid BT r st on bnEisTiS #% RsSleriad fopations to
ofigire@rah- écﬂmw&ﬁ% ?ﬁsé’dog%i%% 6PBP/ oﬁi@ﬁ&gfg?%heg?p‘f @@-B

(col | ectivel an con i ng sR
poonducting syibstrate matatial and ca:Nealyroc&ﬁterﬁngvuh@slo&z
I G Secure

S BAERER ats il B sftebixely SaRriomecadyeine stapatisstpoted
1R atiim@viodfdith $6i b oiRRMNS FA4%al %Ek?a o prevent

def ormati on of ion-conducti "26 during
dryi ng and nmakes the overall structure nore rugged.

TR LTI R W A
sidstoatdactag heafbana Rsrdily (PR erfibod iRbnl'BY the
plirvrgnttlo?ld rﬁgu?g 1(())A depicts a sheet 90 of a substrate material 92.
Substrate material 92 is preferably melt processable. In one particular
embodiment, substrate material 92 comprises a resin precursor to
Nafion™ which may be a copolymer of tetrafluoroethlyene and
perfluoro-3, 6-dioxa-4-methyl-7-octenesulfony! fluoride. Substrate
material 92 is convertible in selected locations to a relatively jon-
conducting state. For example, the resin precursor to Nafion™ is

convertible in selected locations to Nafion™, which conducts ions.

[0062] Figure 10B depicts the conversion of substrate material 92
into a relatively ion-conducting state 94 in selected locations to form
ion-conducting passageways 96. Ion-conducting passageways 96
provide ion-conduction paths through substrate sheet 90. Ion-
conducting passageways 96 may be arranged in any suitable

arrangement. for example, ion-conducting passageways 96 may be



i on-conducting material 26 around the edges of opening
122 that is adequate for sone applications.[0060] The

woreosbnedyes descri bed above may be fornmed by apptH/CAgp08/000663

10

15

20

25

30

i on-conducting material 26 to a substrate 21 in which
openi ngs 24 have been forne@3 -1 on-conducting materi al
26 fills openings 24 (thereby providing ion-conducting
passageways 27) and optionally provides ion-conducting

skionfigazed@hd hfraf n_g@ﬁ il a* oY W%c@ﬁfgg%l\a/?\é? ﬁ% relation

i on- conducti ng ranes re fabri
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i 0 conductl substrate material and selec
c@ vantgang Ltq%mg mgiond A& C@mpmtesramarray af 1ogl-abhietting

"BRsLARGANTHET LS FILS 2T 0BEhesh D ,:ésggan;%@{&é{lng

st:é@ﬁiﬁklml 35Betriedochir] Bﬁké'itffe“i‘ts'l&é‘ ofi iofiitonducting region

i on- conduct | ng nenbrane according to ano _

eflBodi nent of the invention. Figure 10A depicts a
sheet 90 of a substrate material 92. Substrate
material 92 is preferably nelt processable. In one

p[i()063]u| ar Substtat®hiatefinbo2 AL H@é(ﬁxﬂ/@ilte%%o GOBLSES ion-

resin precursor_to Nafion(tm
yeting state é@rf@trnumm@tondyetlagqm;spgeWaye% fsing any

‘?E%B(l% tEgBRIQUE, 35 7Y B Sonr Bt ng SmadeBncondiding
r pdisshgéw si 96 e betfopgh ot B& %elé:c‘?fve?g %&?o%n?% gfez([jseéf :

p cur sor to Nafi'on(tm is converti bl

radpshest RAftoghamical sriadiatoamdhertor thesliké. 00BRks may

9163 R 13 SRR ST S SBL I ool

Al I
L“S‘Siﬁ“‘%ﬁ e o o) o pRRE e Ifigand or printed
0

circult board fabrication techniques may also be used.

[0064] In one particular embodiment, where non-ion-conducting
material 92 is a resin precursor to Nafion™, conversion of non-ion-
conducting material 92 into an ion-conducting material 94 in the
selected locations of ion-conducting passageways 96 may comprise

masking sheet 90 and selectively hydrolyzing areas of sheet 90 by
exposure to water.

[0065] lIon-conducting membranes formed by selective conversion
of a substrate material may be tailored to provide different spatial
membrane regions with different ion conductivity and/or mechanical
characteristics to suit particular applications. For example, ion-
conducting passageways 96 formed by selective conversion may be

formed to have characteristics (e.g. size, shape, density and/or



provi de i on-conduction paths through substrate sheet

90. lonconducting passageways 96 may be arranged in
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passageways 96 may beconfgured and arranged in any of

the ways descri bed above in24el ation to passageways

27. Sheet 90 may be described as having one or nore
i on-conducting region(s) 33 (i.e. in a vicinity of

i m&@&a@h@%&@% wﬁwérsgg. 2. E,nﬁ;, LID,%) Siar o qpenings

ngn-i on- conducti ng regi ons Eac conduc

r &4 (wsl/gB iewmendiistingnpassagg waly si 2H) d?m‘ﬂmd above. Ion-
. h [ 10B. I nent, ..

SRR ook b5l S BRRY Poliaios andir
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S A i T enE Settons TMHARIO0 Sieh ARkt | e

| hetandenisting asdévepamanietens nuay vany smdcrtfhl)p 28 SAGEWAY' G

96;. Usi hhabl e .t eghni que way . of _, ]

OBy SRt BB HERIL e P S ivenydagers in

Mayc Ol drivemithbtheSahodinehnys ﬁé E‘%}? aBB%@.SCﬁ{e or more layers

substrate sheet 90 to chem cals, radi ation, heat or

t heay braddagstosshest Heasidescibed abewvei vel y expose

areas of substrate sheet 90 to chem cal s, _radi ation,
heat or the like. O her |ithographic, etching and or

IO <11 POl 68 AT 02, o

noh iprreonshwtictg ngteraktd shet20.Skinseaid, 64 negubs applied

oS o, B e EasE s seibeid Ao 1ok exAEIRle: cct ed

| ocati ons of ion-conducting passageways 96 may _

conpri se maski ng sheet 90 and sel ectively hydrol yzi ng

al¥e7lof shdboseskiled:ipthamet wollappreciali® ed there are energy

T T N ——

PdeyiriteedlnbboE ETH sSRRL éales, it is desirable to minimize the losses
associated with the conduction of ions through a membrane (ora
portion of a membrane). Referring to the embodiment of Figure 7B as
an example, the inventors have determined, that for a given core
thickness L, and parameter ratio L/D, there is an optimal skin
thickness Ly, which provides minimum losses across membrane. If the
skin thickness Ly, is below the optimum level, then the overall
membrane losses will be relatively high and will increase with further
decreases in skin thickness Ly, below the optimum level, Conversely,
if the skin thickness Ly, is above the optimum level, then the overall
membrane losses will be relatively high and will increase with further

increases in skin thickness Ly, above the optimum level.

[0068] In some embodiments of the invention, the optimum skin
layer thickness Ly, is in a range of 5-50 microns. In some



menbrane regions with different ion conductivity
and/ or nmechani cal characteristics to suit particul ar
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96 formed by selective conversion may be forned to
have characteristics (e.g.-3bze, shape, density

and/ orarrangenent) and/or paraneters (e.g. L, D, L/D,
g ) simlar to openings 24 (and/or ion-conducting

passboditayais? the dﬁi@ﬁﬁﬁ?ﬂ(iﬁb@;{l@r tl‘lféﬂ&%@géﬂ:t | in g range of

pﬁziggewa%/_s 96 may have diffefent charactéfifsti

a O patifs dresthiekuesst of thet coregiayes Igf . sheet  90.
Such different characteristics and/or paraneters nay
vary snoothly or may vary discretely. Sheet 90 may be

f $0068pt ed framon-pbudabiing MElHYAGS difbIBEEA MG re

W th tPe nbodj nents descr above.
I Q?Eab enﬁgpﬁéVlﬁl(mlg@%nedfmntd@1mw,cmpemaa]@ibny@ndl

1 gu epicts.the application . of opiional
- e A et Il st BRE caR b Venod bahe domigner's
SHigtgetidn drerrthy ; ' 'Haﬁn%ﬂy? ! A8,
t chniequgs dgscr_iggggﬁggg{gg(%&zﬂr exanp Igdfne[ glggsi]af%rggea
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e s 0SS sociated with the, conduction of 1ons
At CHORRL AERATLE GlalhoBeatabeobmah B onapsing needs
i of ion deaduati dniedH i ' ' :
the conducti okﬁatgf‘ﬂil ons @ﬁ%ﬁ%lh%gé%ﬁéﬁzﬁ%%g%gn%g g‘imllar
p®XHEBh of a nenbrane). Referring to the enbodi nent of

Figure 7B as an exanple, the inventors have
deternmi ned, that for a given core thickness Lcore and

FOeT63t er 1 ThednbERtiohA® BSpASyiRk!iftheSthh of

p
L%i cknegs Lskin which prov m ni mum [ 0SSeés acr oss
getrasaemical pells kif anyriuitabde gy pe kivhichsineerpurdtb@nembranes

i . .th | mb I AR
poBe B Bhe ivMtiGR SPVE Snbodiieniy of thesevention provide
ditre] eatls o1 MepkbranehéRkRowS dsskiThIRa) R filde (BRI mum

| evel . Conversely, if the skin thickness Lskinis
above the optinum|level, then the overall

[0071] As will be apparent to those skilled in the art in the light of
the foregoing disclosure, many alterations and modifications are
possible in the practice of this invention without departing from the
spirit or scope thereof. Accordingly, the scope of the invention is to be

construed in accordance with the substance defined by the following
claims.



menbrane | osses will be relatively high and w |
increase with further increases in skin thickness
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enbodi nents of the invention, the optinmmskin |ayer

thi ckness Lskjn is in a ran@é-of 5-50 mcrons. In

soneenbodi nents, the optimum skin [ayer thickness

Lskin is in a range of 0.25 to 5 tines the thickness

of the core |ayer Lcore . [0069] The ion-conducting
nhranes di scl osed above are capabl e of providing

deWiHAd By kdudIMED/ISgyas permeability and mechani cal

strength characteristics that can be varied at the

designer's discretion over the spatial extent of the

meinbr ankn idhlcoradudti ' LS :

flexibility and all o%“ﬁ%gfi‘gﬁb?ﬁﬁﬁég%%@ﬁgﬁwgrmg

and el degiinsdhejanacenducting région cemiprisieg aosyintiatg having

needs qf. | conauct i vi and nechanij cal .strengt

wi thi n 06 GEpig |1P%6?°‘%ﬁ5$¥‘?"11%$ Paysagmvaypthas e ﬁ@g through the

i nvent isabstrate, kachr 944 ' ion- ;

el ectrochenj cal celﬁdsggggr@ i%}?lpgﬁﬁlg%%&plgnmﬁ?réﬂuctmg

i ncor pénafesiakdhat isnesdativelyr miorg ion-edmeduatirentliznthcSomsstrate.

enbodi nents of the invention provide fuel cells or

nmenbr ane- el ectrode assenblies for fuel cells. [0071]

Ag. i | A beciabpane abcoRlihbavelalth! 1 SthdrBin fife fi-coldifing

l'ight of the foregoing di'sclosure, nany a ations
and nmoéegiodeompsiseser pbuslity efiiontdvmdirctintg passdgardyss.
i nvention wthout departing fromthe spirit or scope

t hereof. Accordingly, the scope of the invention is to

bg. consy niebraneacasANEoWIhlin NGRS 8295 pAeldSthy

by the follow ng clainms. WHAT 'S CLAI
i on- coRBUNNLIRS Freppicspendomp opshing thmti menatratds thé 8gbstrate

ubst r 2P0 IR SRR SANEHES | igebRRuRtasbiaTeg”
passageways that extend through the
4, A membrane according to claim 3 wherein the substrate is
penetrated by a plurality of openings in a porous region of the
substrate, the porous region of the substrate corresponding to the
ion-conducting region of the membrane.

5. A membrane according to claim 4 wherein the substrate

comprises a substantially non-porous region corresponding to a
non-ion conducting region of the membrane.

6. A membrane according to claim 5 wherein the porous region of

the substrate is surrounded by the non-porous region of the
substrate.



substrate, each passageway conprising an
i on-conducting nmaterial that is relatively nore
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according to claim1 wherein the ion-conducting region
conprises a plurality of iofg7conducting passageways.

3. A nenbrane according to claim2 wherein each
passageway conprises a correspondi ng openi ng that

pehet r A gfeidirafl %bb??i?lgzﬁd%lia?rrgﬁ% Wiseth %QF% :h%js%eway has

i on-conducting material. 4. BNDrane -acco
cl ai m 3 Wagu@um thanssiense danensiorp@Dy that sdeby tifan or equal to

pl urali f ni.ngs_in a porous region of the
substrgiépggﬁgﬁggpﬁﬁgn¥egion of the substrate
corresponding to the ion-conducting region of the

mgnbrane. 5. A nmenbrane according to claim4 wherein
t Re sudsimembranepecerding toutlahmr didrgimanragieySe center to

| nd] - on .conduct | i f
{he. nosehich ot e e R itieaiciciehBoripe pliseesways (L) is
uher ei FedsihaRahiosqualae) Aol s00E niibghs AL e 15

surrounded by the non-porous region of the
substrate. 7. A nenbrane according to claim2 wherein

egch pas 1y _has a jaxinmum transyerse di mensi on (D)

that | o PO g, Heeotdiig 10 Gl dvhstem aiedeeuBtransverse
menbr agimaasiyo{D | '

center to cent e{r gog?iagg%bdgts%%%\ﬁ%g?ga egt&%lgslq%ﬁ%ﬁgﬂt&r to
passagedrps spaying bebyeen haafjefsrt m@ghboﬁingqﬂ;as&%gé%% (L) are
m cron rane according.to._claim2 wherein a

maxi rru?ﬁlF &;ﬁﬁ%%aél FRRAmpEter tl@f(ubﬁﬁhééé% lagevthgn or

and a équdlspeeslseyceRter to center spacing between

near est nei ghbori ng passageways (L) are sel ected such

that a paraneter ratio (LfD) that is less than or
10. A membrane according to claim 2 wherein each passageway has

a transverse cross-sectional area less than or equal to about
1x10%° m?.

11. A membrane according to claim 2 wherein a ratio of a total
transverse cross-sectional area of the ion-conducting region to a
total transverse cross-sectional area of the plurality of
passageways () is less than or equal to 2.5.

12. A membrane according to claim 2 wherein a minimum transverse

dimension of each passageway is greater than 25 microns,

13. A membrane according to claim 2 wherein the passageways
include passageways having transverse cross-sections that
include at least one of: substantially circular, substantially

hexagonal, substantially rectangular and substantially slit-shaped.



equal to about 2.5. 10. A nenbrane according to claim
2 wherein each passageway has a transverse

wee@sse®erti onal area | ess than or equal to abpti/CA2105/00663

5 n2. 11. A nmenbrane according to claim2 wherein a
ratio of a total transverse2gross-sectional area of

the ion-conducting region to a total transverse
cross-sectional area of the plurality of passageways
(dd.is Aeﬁémtﬂiraﬁe %c@?dﬁ Cc

according to claim 2 |get:bn 1énéalnzr]l‘]:r%rum tlragéﬁ‘g‘éSkm layer of
di mensiloR- QﬁnChh?Gmr%Magel/vk;caésd gmeatf‘&lst Slm%ﬁie substrate,
rricron menbr ane, accor di n aim?2 erein

the pas l?fé%&% © 1R o g@@a‘&’éﬁg%loﬁﬁthfh 18t geisvlgyee is in
cross- geatadingithfiik 1bﬁ0é<s&‘i{g1 ﬁ??t%

substantially circular, subst an% rﬁﬂ?{{;ﬁftg% qt one of the
subst aRAPAFEVAESt angul ar and substantially

slit-shaped. 14. A nmenbrane according to claim2
conprising a first skin layer of ion-conducting

maber i A maabiAk secordihg b JhRE 19 t & i
wherei p the ion-conducti %g rrati[(ieil?llg1 c@n?ﬁ)r%qﬁg %Cdm ﬁkm

| ayer layerpidenteendugting mhaterizl looatddosn agsevanel sidk of the
of at g 15. A.nenbra

f h
accor di ‘E@ﬁjf%t% O t ?%?"%gpﬁg%ﬁngé@éﬁlmﬁthﬂamnd skin

10 of i onlay@rdy ¢ icomtamE! |
t he su%}ﬁﬁate V\herel‘ﬁwthﬁdgellg%a%on ?fellrli%glc‘lﬂ‘%&%‘St one
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the se@ ﬂtﬁ@ﬂ'ﬁ&ﬂgeézwﬁs in contact W|th the
i on-conducting nmaterial of at |east one of the
passageways. 16. A mermbrane according to claim4

ator Al ot o Aperedoiiig R Slaif ¢ QIDEPRRHER ARy skip ayer of

of t heloghggndmt@ngmat@xtzdnﬂlmﬁrstrmn\lay6161()(:2@@’@ lon?d first side

least & fd §lbstrate and extending transversely over at least a first
portion of the porous region of the substrate such that the ion-
conducting material of the first skin layer is in contact with the

ion-conducting material of at least one of the passageways.

17. A membrane according to claim 16 comprising a second skin
layer of ion-conducting material, the second skin layer located on
a second side of the substrate and extending transversely over at
least a second portion of the porous region of the substrate such
that the ion-conducting material of the second skin layer is in

contact with the ion-conducting material of at least one of the
passageways.

18. A membrane according to claim 14 wherein the ion-conducting
material in the first skin layer is the same as the ion-conducting
material in the passageways.



portion of the porous region of the substrate such
that the ionconducting nmaterial of the first skin

WO 2008104932 i n contact with the ion-conducting neCECA2105/000663
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of at |least one of the passageways. 17. A nenbrane
according to claim 16 conprP®i-ng a second skin |ayer

of ion-conducting material, the second skin | ayer

| ocated on a second side of the substrate and

extendi ng transversely over at |east a second portion

of the porous region of the substrate such that the

i df: co Rembganeeecordingftotdaimebbnehakim t}h@i/(ﬁ[-cbﬁdh@ting

\ e one conduct | Tt |
one. of THeHRLdf Tt M SRRy R s dbkErRndeont thnipn-sonducting
claim Mawﬁaﬂ@hfﬂhéb@séég’e—\ﬁﬂg jucting material in the

first skin layer IS the sa as the ion-conducting
material in the passageways.19. A nmenbrane accordi ng

topcl ai ein t i gn-conducting nmaterial in the
f'?(r)'st ék%%‘?@%[e MY lﬁ%ggﬁﬁalﬁ? (LH vherewntheoieucondycting
mat er i Alaterial he tRAFIFAIENR pusiels ¢eording, .
to claim15 wherein the i gﬁy%gsdﬁl?a ng r@?@}ﬁgﬂo{l}p(}rﬁpctmg
first Biateriphinethe seahirtd skiantaytelan t he i on- conducti ng
material in the second skin layer. 21. A nmenbrane
according to claim15 wherein the ion-conducting

rBler | A membiamel ddstirdig b bRUA 13"1ERSY the foprconducting

i on-conducting material
passag®fisidal i e fisstekin daper amd the iorudichicihg material in

mat er i ' nd skin | ayer.and_a second portion

OF 1 net ErsCnotfor 8796 bRk dhamings is detioieat fgan ch o

15 whesaidudthey fidtstiapiiflt &5&! ' 2% -

t hi cknesses i(hligski n) Phat }gfg su %Flé{rh !@ﬁﬁﬁggsgﬁﬁﬁd portion
23. A(}étilﬁrléﬁﬁéagﬁﬁ/@wi ng to claim15 the first and

second skin

22. A membrane according to claim 15 wherein the first and second

skin layers have thicknesses (L) that are substantially the same.

23. A membrane according to claim 15 the first and second skin

layers have thicknesses (Lgin; and L, ) that are in a range of
5-50 microns.

24. A membrane according to claim 15 wherein the first and second

skin layers each comprise the same ion-conducting material.

25. A membrane according to claim 15 wherein the substrate has a
thickness (L), the first and second skin layers have thicknesses
(Lskin1 and Ly,) and wherein a ratio of the thicknesses (L, and

Lyinz) of the first and second skin layers to the thickness (Leore) Of
the substrate is in a range of 0.25 to 5.



| ayers have thicknesses (Lsldnl and Lskin2) that are
in a range of 5-50 mcrons. 24. A nenbrane according

wao o00sheiom 15 wherein the first and second ski nPCEHZ&2®5/000663
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each conprise the sane ion-conducting material. 25. A
menbr ane according to cl aiaB8@5 wherein the substrate
has a thickness (Lcore), the first and second skin

| ayers have thicknesses (Lskinl and Lskin2) and

wér. ei A anemibraneactbadind! ok IaRnes v&ﬁeﬁjépﬂ ih? ﬁﬁh%ﬁé n2)

of the first, and second Skin layers to S
( Lcor eFOBIPHSRS 8 pluraldyef kayers.a range of 0.25 to
5.26. A nenbrane according to claim3 wherein the
substrate conprises a plurality of layers. 27. A

n@ifor adenzanbraie Botrdih @B\ AR Gtr8in %ﬁ%%}sg 888 oF the

t he pluial',ty of layers of the tratec

mesh nR{WRAY ofdgyers ofthe swbsteatearatnpgists achkMaterial.
wherein the substrate is penetrated by one or nore
fabrication vias, the fabrication vias transversely

spécedAapmmbfareadds Byl ; syhstrat e.
29. A nenbrane accor d%%%&%lﬁ[?f@?@&ﬂé@g%im s
f abr i cRERYHAIRY gne a1 mioed fabribation-dasdthet fatication vias

mat er i rane ordj,ng to claim?29 wherein

the i oﬁ%‘%%‘ﬁ%ﬁgﬁf E@%ﬁ %P?‘ilcf%?lﬁ’a‘ltherp@lr@& 1egleatdi thetsubstrate.
vias is contiguous with the ionconducting materi al

tﬁt fills the passageways. 31. A nenbrane according

to’-cl

regi o ~-conduct i ng region conprising one or
mor e %Fr@%%r@?ﬁé&%&% T"%’éelﬂﬁgsageways t hat
extend through the substrate, each ion-conducting
sagewa onprising the ion-conducting naterial. 32.
m nb& %én.&}f@@@ d@icagrdingctioatlairR12 Mveieriein the ion-conductin g
| On- CORANTAIMat fills the fabrication vias is contiguous with the ion-
conducting material that fills the passageways.

31. A membrane according to claim 1 comprising a plurality of ion-
conducting regions, each ion-conducting region comprising one
or more corresponding ion-conducting passageways that extend
through the substrate, each ion-conducting passageway
comprising the ion-conducting material.

32. A membrane according to claim 31 wherein the ion-conducting
regions are contiguous with one another.

33. A membrane according to claim 31 wherein the ion-conducting

regions are transversely spaced apart from one another.

34. A membrane according to claim 31 wherein the one or more ion-

conducting passageways corresponding to each ion-conducting



regions are contiguous with one another. 33. A
menbr ane according to claim 31 wherein the

WO ewsgoqguct i ng regi ons are transversely spaceRCHPARI05/000663
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fromone another. 34. A nenbrane according to claim 31
wherein the one or nore ionggnducti ng passageways
correspondi ng to each ion-conductingregion differ in
at | east one of: passageway size, passageway shape,

passagewegyounl ehiffel ¥n 2P Jé syt LS PAssageways.

35. A nenbrane according td_gfecr: ai'm Qgﬁg{agisﬁ%%ﬁassa ceway
passag g‘?)@?§ » RABSagawiayl depsityranel/or agranpensetss ?égsa’g%ways.
a relatively nore ion conductive state in selecte

| ocati ons corresponding to the passageways. 36. A

mafor ane mesbrehe Gck8rdingd {9 Jaihe "Vfljlé}.eﬁlF ?1&% If;%%asée;w%ys are

substantial |y non-ion-conducting nmateria
copol y#AeFMEH by converting ehé sybsizatntd @@éfdti’l@lg“rﬁore jon
7. A

6- di oxa- Dyl -7- octene fonyl fluoride.
menbr a%gﬁgc@?%‘%i sigte 3 %‘ﬁﬁ?ﬁsﬁﬁz@%ﬁ@miWHWQ@ag tofthe
subst apassddewapg- i on-conducting material is converted

to the relatively nore ion conductive state by
hydrol yzation. 38. A nenbrane according to claim?2

[ f db ti th
ouBstr & B BEAREAG S EnG F sl wihenomn ihecslagettat | n
| ect sabitanst ' ' .t hat
surroung. t he ‘8222‘?’5@%‘2%9% et b AT oBUAe rgpatymer
menbr afbtefteidnaregthiyend andnperflaero &Hﬁ@ié@ﬁ%tﬁ{l—%
cel | cg%hleggﬂgp%qf@%&ne according to claiml. 41. A

menbr ané acc %im 1 wherein the

i on-conducting material conprises an iononmer. 42. An
i pn- conducting menbrane conprising:a substrate

rfgﬂet r/é{@&nb@ra@epamdmg/t@blmneBBrwhefefinathe sheet of

substantially non-ion-conducting material is converted to the
relatively more ion conductive state by hydrolyzation.

38. A membrane according to claim 2 wherein the passageways are

formed by converting the substrate to a relatively less ion

conductive state in selected locations corresponding to locations
that surround the passageways.

39. A fuel cell comprising a membrane according to claim 1.

40.  An electrolysis cell comprising a membrane according to claim 1.

41. A membrane according to claim 1 wherein the ion-conducting
material comprises an ionomer.

42.  Anion-conducting membrane comprising;:



porous region thereof; an ion-conducting material
which fills the openings to provide a plurality of

WO o0vsaeiict i ng passageways through the subst reCECARI08000663
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i on-conducting material being relatively nore ion
conductive than the substrage.. 43. An ion-conducting
menbrane conprising: a substrate penetrated by at

| east one opening; an ion-conducting material which

fills the aty §gsst | i8S A0 ani .

i on- conduct iang pasastga%way {%@%&/&%pﬁ% s:[gbosf?]%‘?lémgﬁdn a
whi ch poyoudesgeorf thextofki n | ayer on a first side of
the substrate,. the slai n.l ayer extendjng_transversely

past a peri f&lQn-6pnduetingdnategial waich fillsithe openings to

i on-co -

i oncon %gf}%c{/é;g tﬁ%ﬁ;ﬁ;}ﬁ{tﬁéfgf@ s %?g?gbﬂﬁg%aﬁgﬁgmﬁgﬁ dhrough the

accor disnpstrate; Ithe riona:omhm?irf)g tﬂwteﬁabbé_frﬁg ﬁelthﬁgely more ion
enetrated hy. one or.nor abrication vias,

Pabri 089PchéiV§3ﬁ?P§h§\§ $HR{E-spaced apart fromthe at

| east one opening and the fabrication vias filled wth

i on-conducting material that is contiguous with the

i 3- coAduian-egndactinganembrane domptisikgn | ayer. 45. A

menbr ane accor di to claima4 conprising a second
skin |ayer Gfsq%gﬁ%&ﬁﬁl}@?r?@ Byt deast ene apesingid si de

second ski n ays;cRRuctfll BRACHEL WiGRTAE U5 gl fedshgne
mat er i apenimg tepfevidecat iamcondsicting passageway through the
substrate and which provides a first skin layer on a first side of
the substrate, the skin layer extending transversely past a
perimeter of the opening;
wherein the ion-conducting material is relatively more ion-
conductive than the substrate.

44. A membrane according to claim 43 wherein the substrate is
penetrated by one or more fabrication vias, the fabrication vias
transversely spaced apart from the at least one opening and the
fabrication vias filled with ion-conducting material that is

contiguous with the ion-conducting material in the first skin
layer.

45. A membrane according to claim 44 comprising a second skin
layer of ion-conducting material on a second side of the substrate,

the ion-conducting material in the second skin layer contiguous
with the ion-conducting material in the fabrication vias,



