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-1- MEMBRANES AND ELECTROCHEM CAL CELLS | NCORPORATI NG
SUCH MEMBRANES Rel ated Applications 5 [00011 The
subject matter of this application is related to that
of a co-owned US application no. 11/047,560 entitled
"ELECTROCHEM CAL CELLS HAVI CURRENT CARRYI NG
STRUCTURES UNDERLY! NG ELECT EM CAL REACTI ON
LAYERS" filed concurrently herewith and a co-owned US

NO. 11/ 047 557 entit|ed "ELECTROCHEM CAL
CEL MR M SR Sy 1) ROCHBATOWE CEILS ENCORPORATING

concurrently her ew t h § 7,201, 986),
both of which are her eWM%Mﬁh{jﬁﬂ\&ré\bby ref erence
herein. This application clainms priority from United

teg Paiient Application No. 60/567437 filed on 4 My
268 ed States Patent Application No. 1
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enbodi nents of the invention provide Ion-conductin
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avai lability of materials which are solid and can
conduct protons has allowed a breakthrough in the

griggwmeqav@{tw%l nmpl e and robust fuel cell devices. 30
WO 2005/ 106992 PCT/ CA2005/ 000663
[0002] Thls invention rclates 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, clectrolysis 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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-2- [0004] In typical prior art fuel cells, the

i on-conducting nenbrane is an ionomeric nmenbrane that
fulfills several functions including providing ion
and providing a structural spacer that withst ané&’”{"ﬁ’g“
clamping forces 5 necessaryato seal the fuel cell.

[ 0005] The design of ion-conducting nmenbranes for use

in electrochemical cells typically requires baI anci ng
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[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
235 microns. Figure 1 is a schematic cross-sectional view of a Nafion™
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
membrane, which are inevitable during proton conduction, cause
considerable shrinking and swelling. Electrochemical cells
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Nafi onTM nenbr anes nust. be desi gned to accomobdat e
such shrinking and swelling. [0007] Gore-SelectTMis a
perfluorinated material 5 consis
‘ﬁ‘gﬁn}gggirﬁge%usl y porous substrate filled with EéiﬂgA%”’/&om
conducting material. US patent No. 6,613,203 describes
a menbrane of this type. Figure 2 schematically
depicts a Core-Sel ect TM nenbrane 10 having a
hO'ﬂi@cﬁﬁﬁ@%ﬁl NRFohaw
mat erl a gSPo?bEs gﬁ%ébff%%égqﬁgwpﬁ%gé%%h&pf%?%ﬁé&fg@ te
wi BHCR go@'@jf%‘é(eﬂﬂ’l&t ructural integrity and
dinenS|onaI stability, while ion- conducting filler 14
provides proton conductivity. [0008] There remains a
neé@Wr | orGormBateciTyiseotimposise pelrﬂumte@ material
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conductive than the substrate. 25 [0010] Another
aspect of the invention provides an ion-conducting
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passagemays Erou he substr . The ion uct 1 ng
neRIOPFHICS an yén& R BORGECIEBRGEUCt i ve t han the
substrate.

Summary of the Invention

[0009] A first aspect of the invention provides an ion-conducting

20  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 jon
conductive than the substrate.

25
[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

30  passageways through the substrate. The ion-conducting material is
relatively more ion conductive than the substrate.
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WD 2005/ 106992 PCT/ CA2005/ 000663 -4- [0011] Anot her
aspect of the invention provides an ion-conducting
menbrane, which conprises: a substrate penetrated by

wb h@AslePNe opening; and an ion-conductin i_al
whi ch f‘lbf'fs the at | east one opening to pr%\#géés@ﬁsw’“
i on-conducting passageway tfjrough the substrate 5 and
whi ch provides a first skin |ayer on a first side of
the substrate, the skin |ayer extending transversely
pasfooa1per i MRih& asper OPRIR i \onpconducting.
mat ltgri al is relatively rmfgl%i lg%_e%%ﬂ%’gBg#ﬁ@ggt%ﬁéﬁﬁtqﬁ)@%uctmg
suberdiane, iphicherzpisest hetubsispeqienstratdteby mt dsst one
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corPRsBlitiRE fanteral 1 Tslativsl mar ign mendugting fhan the

[ OQLBLirdyaot her aspect of the invention provides an

el ectrochem cal cell conprising an ion-conducting
menbrane in 20 accordance with the invention. [0014]
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provides a nethod for fabricating an 1on-condu
me Hi-GABAYGEHIY BASSAEEWAY®I ect r ocheni cal WD 2005/ 106992
PCT/ CA2005/ 000663

[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



-5- cell. The method conprises selectively converting

a sheet of substrate naterial to a relatively nore

ion conductive state in a plurality of |locations to
WH8@kR@Pl urality of ion-conducting passaggpay.s, . <ioncss
through the sheet and to create an ion-conducting
region in the sheet. 5 [001€]. Another aspect of the

i nvention provides a nmethod for fabricating an

i on-conducting nmenbrane for use in an el ectrochem cal
celde]l. The mBiHwc: ' ' ' i :
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invention: Figure 1 is a cross-sectional schefratic

vi BRngiralgs ardicet of subsiinte srafedel; agdntilling the aifleattone

0Ly BESERR i T g 3y by A i

Fi gure [ Cross-secti
pr Passageway tbreughpthsi substratbmateridlpand domning a first skin

ho S rat filled wt .

| oRDE R First s BER St e shon g bk iending

cr trepsweastlygrest agehineter of vievpedingn i on- conducting
menbrane according to a particul ar enbodi nent of the
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the Figure 3A nbr ane, taken al on
1%(‘) 1invention are described below. J

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



WO 2005/ 106992 PCT/ CA2005/ 000663 -6- the line 3-3 (see
Figure 3A) in accordance with a particular enbodi nent
of the invention; Figure 3Cis a partial transverse

w6 9Rsn&est i onal view of the ion-conducting [Neln el /g
t he Filgure 3A nenbrane taken along 5 the llﬁéﬂ%{\%ﬂ?@@gs
Figure 3A) in accordance W gh another enbodi ment of
the invention; Figure 4 is a perspective view of a
sheet of substrate material which may be used in a
menbr angh®fink Re3 {HREFBHENM AYIn 5L i i8%ak ©
a particular _errbgdi me%i& %Afg .t)heai nvgﬁﬁcgﬁyﬂig%ﬁd%g}S

i s a peedpustimeat of dw isrventionecet of substrate

ial whi - . f the, t)
e r ! GILTBA(O8 R By VRTRLAOE Sk R
the i nvemn-condudtingregion of thanFeupk ddedgmabapeaukye along

Srur 1 pt S RHERES Bie8 BRER 200 ShaPer e Wil aipter rmy

be usedentbodimenbobiie divehtiént ype shown in Figure 3A
accordi ng to_anot Her enbodi nent .of the invention;

Fi gures 7A- TDEXF@4dP aRSIERTVEIAPVsle Hegat o fsubssatsf
I on- COﬁfﬁlﬂ@ﬁam@hféﬁqﬁﬁ?'B%SJS.%Q‘EHradISx@ﬁlHrQné! 3?@2@’@@3(3 shown in
he 20 F - are

enbodi nents of t I nvention; I gur es _
cr oss- sEHEUB R4} agetding faca pagveulaf e ndimenvefthierigvention;
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menbr anemagenial owhich; m&y @Bmsdgmaandnﬁﬁas@gﬁﬁﬁ typal dhywn in
depi ct . ricati,on of an i on-condugctin .
oy skt ar R A & andRef b S dunRate F s Nyenions

i nvention; Higures $CanedpRidedoiaspddtial ¥iéwisPh Slibstrate

di fferent .cross- sectignal .views of an iqgn-conducting,
menbr anlglafiggfqrggt ]@anna‘uon of nn?luple sheets of precursor rnate%als

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



according to anot her enbodi nent of the invention; and
WO 2005/ 106992 PCT/ CA2005/ 000663 -7 Figures |1 QA-10C
schematical ly depict the fabrication of an
cting nmenbrane according to anothe

WQ "@?(?rg‘%t of the invention. 5 Detailed Deé
[0019] Throughout the follow ng description, specific
details are set forth in order to provide a nore
t horough understandi ng of the invention. However, the
i nvention nae t .
vent, on et o e e IRHLIE IRPR BRE RMAL R of an
shown oﬁor&égﬂdﬂm nenbraet asicbrding 4o ahdthenreecesdiarednt pf
obscuri ﬂ&‘t ention. Accordingly, the
speci ficatron an "drawi ngs are to be regarded in an
illustrative, rather than a restrictive, sense.
[O 0 |B)rane .suitable for use in el ectrocheni cal
ceI bricated by praoviding a sheet of
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.o a rel atlvely nmore i on conducti ve state in
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C be made djfferent in different regions
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greater than that of the surrounding substrate material. Ion-conducting
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passageway(s) may be formed by creating opening(s) which penetrate

20  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

25 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
30  the invention. Membrane 20 comprises one or more ion-conducting

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



regi ons 33 and one or nore non-ion-conducting regions
35A, 35B WD 2005/106992 PCT/ CA2005/ 000663 8-
(collectively 35). Figure 3A shows a nenbrane 20

WwéYhdago@se ion- conducting region 33 border

pai r of non-ion-conducting regions 35A, SSEQT@é%@Wgﬁg”
20 conprises a substrate 21gof substrate material 22
and optionally conprises first and/or second skins 28,
29 on 5 respective sides 32, 37 of substrate 21.
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(g optignal gw @@nﬁrlswﬁrﬁtm@i{omecohd sking 2829 o4
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material 26 is an iononeric material. Optional skins
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relative n]g on 20 conductplégélgg%rg Olgfgoé(g't‘(fatbvﬂfy S)
of BGHEY, ﬁa& i Hghp svsayedeng sipterbdi(he. tfe mbestal outside of
f afyl. ssed nore detail
ol e S BRI G D), Th SEHR SOt e of
t H‘@ndwéwg waieriad s aneoﬂﬂxlmmmhamﬁd aOpﬁbﬁéIfz Hifs 28, 29
nat.erl. a eni ngs 24 are
for 311§%C%e%§1§3?g{)§ Cgﬂgg?tﬂ%%@ i“%ltszggl ect ed
| ocations. Openings 24 may be micro-structures. In
t hi { scl osure, m cro- struc is a structure
cA9BRRL° ot TR Ravile brsmgewam D dsmepde Ravioddbus
rrmgamﬁm aberihg0d) Bt i
gopst r &gt) res. Eel%ﬁ g%etﬁ%% S@&Q{%@%t%gaém %Ec{]%n
af’t‘gl ég ©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.
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Openi ngs 24 provide substrate 21 with one or nore
porous regions 30 which are relatively nore porous

whasisasosoundi ng regions 31A, 31B. Each po?@’r‘r&du‘ﬁgj}(@&s

30 of substrate 21 conprises a plurality of opening

24 and corresponds w th an_.igan-conducting regi on 33 of

5 menbrane 20. Non-porous regions 31A, 31B
(collectively, 31) respectively correspond to
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mesimprise, 20 fexampde,fd matersdidel@2ed 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
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21. lon-conducting material 26 is relatively nore
i on-conductive than the surroundi ng WD 2005/ 106992
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' ave a

il lustrated enbodi nent, passageways 27 each

path length equal to the thickness Lcore of substrate
21. In other words, passageways 27 have tortuosity
factors of 1, where tortuosity is equal to tge A

di { r i, : throu
U e h Iy BB e By DRy ey
sulssch heye 2pathlengd) equab i thysthiekmeay Ihe, bbsnledrdta 21. In

. ' i tapl thod. B of
oo Bres pSLARARX 2 BT 1R g e
t hitauygbsisubsequatl ¢o 2e Histark@ thheapagicleheltithvel k@ pass

5 m ?ﬁ%{ﬁ%&hslu isﬁ%fq ;}]gl?\%%éd gﬁé{;}{*%gtgess (E;B gy%égggswgge 21.

dri
printed circuit board fabrication techni ques;

hic_fabric on techni ques; nechanical dies;

anilﬁ] aIOt h eOPf"R’_QBS %g Hay é?@_ fapwed in substagievil vsimgyany
o SRR, o AP AR T P

24 by sel ectively cohverting
21 foand Breugh subs

rateaddobyver, for exanpl e by

selecti : Lyzing a NafionTM precursor resin.
o g g

15

20

25

30

25 [ 002
spaci ngabeit méaomauddsiageways 27, the shapes of
pa§sagel\3@(¥rsdl%ﬁi and the arrangenent of

i ons of passageways 27, the

ng;
. 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



passageways 27 can be selected to suit particular
applications and may be influenced by cost factors.

In one particul ar exanpl e, passageways 30 27 are
WweLeLehdy t he shape of slits in openings 24?9BQEMH§@@%3
conventi onal sheet conversion nethods. Passageways

may be round WO 2005/ 106992 jRCT/ CA2005/ 000663 - 11- or
may have ot her shapes, such as cross shapes, hexagona
shapes, oval-shapes, elliptical shapes or star

shapesay h8930ihdrihaped uERGsFHQY S )&2%

27 arg éor ned. .l n. pﬁr der edSar r%*{ge Isﬁl%e:, sﬁ%%%%%ég’
t 0 PYPaCEHP e e}l%%iﬁ RSt 9loviar shapes. sui t abl e patterns
may be used. For exanple, passageways 27 may be

Io;ﬁ%ed at nodes of: a square or rectangular array;
a HHgul arlnaprefgrred embodimantn phssagessys Q7 are @B¥med in
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33seitablepaittenes @Ay deongd Forlexample, pdsseeFigure b
3Aiod'a c?&tcl%(ge%n e with a particular ?perrbﬁ% me)%?z o%na&ﬁee
i nventi on. i's enbodi nent, ion-conducti ng

passagemeywsard braeetafpiRidlagray; N transverse
cross-section,and are arranged in a rectangular array.

[0032] HEISRIAAITBH D is used to denote the wi dest

10 transves hexafdrdl BRAGI A of ion-conducting passageways
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27. In the Figure 3B énbodi ment, passageways 27 are
al1 t héWapfbeE puitablpartamgepwendneter D is equal to the
di aneter of the openings 24 in which passageways 27
are fornmed. The parameter L denotes the

cel¥08d] t o- cEFigwe 3B ins pertid apessaginfal ey bEasest

adj . ,QN: N ass s 27.. 25 [0033]
R ooREERY b5 RAL Y 6t bl Pane AEADYG B sk 3 et tgure
i G oachortang: withi Dpaditudir SRBBERAGZT BE MRGdf. In
|IH€ 3-% &see Floqlure . . .

this embodiment, toh-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, jon-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



3A) according to another enbodinent of the invention.
In the Figure 3C enbodinent, ion-conducting
passageways 27 are hexagonal in 30 transverse

ion and are arranged in a _hexagon@,ICT}&g&i‘.}a{%)63
‘gP?g‘&-l%%e paraneters D (i.e. the w dest dirrensi oR Of

passageways 27) and L WO 20{:5/ 106992 PCT/ CA2005/ 000663
-12- (i.e. the center-to-center spacing between
near est adj acent passageways 27) are also illustrated
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mepbranes according to the invention are con
ha¥q'hg aﬁ%ﬁa?é%&()énsr?&w@% D not exceeding 1.5. 25

[ 0036] Another ratio paraneter y nay be used to
characterize L
[003 For maximum conductivity through membrane 20, itis

desirable for the parameter ratio L/D to be as close to unity as possible.

20 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,

25
[0036] Another ratio parameter y 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-

30 conducting passageways 27within the ion-conducting region. In some

embodiments, membranes according to the invention are constructed



conducting regions of menbranes according to the
invention. The ratio paraneter y may be defined as
the ratio of the total transverse area of an

WwBidRARdscting region to the total transver rea_of
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i on-conducting region. In _some enbodiments, menbranes
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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
25 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
30  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
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[0039] It is not necessary that porous region 30 be
uniformy porous. In sone cases, it is advantageous
to vary characteristics of openings 24 (e.g. size,
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and/ or the paraneters associ ated wth openi ngs
(e.g. L, D, L/D and/or y)_ gf£ross a porous region,
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the paraneter ratio L/D and/or the paraneter y may be
made relatively low. 20 For exanple, in such regions,

t 044} anet B regibho ekp&etaned B L1y 158y be
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For example, in such regions, the parameter ratio L/D and/or the
p.'arameter 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 spatial 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



[0042] Figure 5 shows a planar sheet 40 of substrate
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L/D and v. 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
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nature and formation of substrates comprising porous regions formed in
substrate material. lon-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. Ton-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. Ton-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



deposited in various arrangenents on such substrates

to make ion 25 conducting nenbranes according to the
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embodiment, the thickness L, 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).



fromone another. 25 [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
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regions and porous regions of substrate 21 (i.e

bet ween i on-conducti ng and Iigon- i on-conducti ng reglons
of menbrane 60B) and between non-porous 30 regi ons on
opposi ng sides of substrate 21 (i.e. between non-ion-
conducting regions on either side of nenbrane 60B). WO
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[0052] Figure 8A shows an ion-conducting membrane 70A

20  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

25  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

30  first material 72 and second material 26) on a second side 77 of
membrane 70A. Ion-conducting materials 72, 26, 76 are relatively more
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acondBetindenabiishiiley adh cdr bdt& LA Cae RnRld 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



an ion-conducting nenbrane according to a particular
enbodi ment of the invention. Figure 9A depicts the
formation of a substrate 80. Substrate 80 conprises a
wobski@be material 22 in which openings 24 26rBa¥%8sw00663
been formed at selected |ocations as described above
to provide porous region 3f).and non-porous regions
31A, 31B on either side thereof. [0056] In the Figure
9A enbodi nent, each of non-porous regions 30 31A, 31B
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aq\ﬁglncta?egde at 2?61}\,h g&B) 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.
Ton-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.

10058] Figure 9C and 9D schematically depict different cross-
sectional views of an ion-conducting membrane fabricated according to
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g&a%?gg-%oggching 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
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,



i on-conducting material 26 is applied in such a manner
(e.g. by casting) 20 that ion-conducting material 26
coats substrate 120, filling opening 122, filling
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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 ion-
conducting state. For example, the resin precursor to Nafion™ ig
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. Ton-
conducting passageways 96 may be arranged in any suitable

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



Substrate material 92 is preferably nelt processabl e.
In one particular enbodi nent, substrate material 92
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W6 25009 ymer of tetrafl uoroethlyene and <0006
perfiuoro-3, 6-dioxa-4-methyl-7-octenesul fonyl 2003000663

fluoride. Substrate materisal 92 is convertible in
selected locations to a relatively ion- conducting
state. For exanple, the resin precursor to NafionTMis

corvarigubtEahd ad ' f-ionTM which .
condugf@é ons. %gg[é%glg%&%?tgt%?%%gggglel%?@?g/gf’ﬂénré}a“mn
_coﬁQ/ Q?gzwwsﬁb%eﬁi 20 !tm}ebef dbi@fbeld ad I?gﬁnge{@t ?;\/ﬁbye
io g Sk .n sel ect.e ations to form
o EeRauacting 1olights) 33 18, 6 Rl sl dtinsingucting
s sy oy auonaor Consmelest ORBAIPr oA IR Bach
5 gt IREBnaERle Foiaht 33 Sonimies ShEmpe Rt condveting
exp ewiage 960 hdl gt a9PPEIf ; -iof- '
20?2?%63% 5 005/ rgogas -‘é’f%?‘ﬁ%%ﬁ‘f ?‘S*u"r‘eﬁ %@éﬁuc{mg
ar I ang_y- Pt Ey%ﬂe pre Ithes stdveliicabovediating region
reBdti on to passageways 27. Sheet 90 nmmy be descri bed

as having one or nore ion-conducting region(s) 33
(i.e. inavicinity of ion-conducting passageways 96)

10 an@oa3e Or YLt IR LR hng. regions 35. Each 5

ofwi onfc,onduct i %g@géﬁghag @ggﬂg{éﬂﬁﬁgﬁ@é{gﬂgﬁ tgr"’r%ﬁtb‘[‘eqy ion-

i ot tstaig to_ﬁamﬂagavmﬁit uBfing mssdg%vﬁag%?@%%{%g an

e - ilpNn-conduct i ng . .regi ons 35A, ar

| ocat :le)? Egﬁhélﬁ]%egg?"% ngﬁql%ﬁgf%ﬁa%&%ef@@rw@mng

1(AS6a53YayBL06 it be toingsd BY sORCHRYIPEGSANELIE] J© 2

r lu%%{%gelu%} 'eﬁ b cogxductl ng state toform

i ON-R0 9 9 FeCLsRUGRlystadeating, hgatay theslike.ddlasks may

15 t dehiedue. seByctivaYy ekps@Nareh b .,

i Qn@%?.ndui_:lt i ng %Séss% evva)?gyggbﬁngsfﬁggga%%n%%t%)clhcmwals’

s $PEELOPe NGaleatobs [He. AMbaslitfograpliist ewhing hadior Pirted

C s Sardrfagkakd r like. sks may 15

be used t cl)ds%ﬁggﬁ(&gfefﬁgx uc?gemé{]g'gg lbef Ustbst rat e’ sheet

90 to chemi cal s, ‘
[0064] In one particular embodiment, where non-ion-conducting

20 material 92 is a resin precursor to Nafion™, conversion of non-iop-

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,

25

[0065] Ton-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-

30  conducting passageways 96 formed by selective conversion may be
formed to have characteristics (e.g. size, shape, density and/or



radi ation, heat or the like. Qher |ithographic,
etching and or printed circuit board fabrication
techni ques may al so be used. [0064] In one particular
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t Rertiemiol artaembrane), 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 L, 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 Lg, is in a range of 5-50 microns. In some
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cgfagle of providing desire
pePt ility and nmechanical strength characteristics
that can be varied at the designer's discretion over

tgﬁ saati al extent of the menbrane. This affords a
dd¥0dBEr gr S ideentipn Mayxbdptividedidial fFawsofhe | ocal
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S [ 0070] .The inventjon may be provided In
f @Er’nle%%ns (gli %‘?%’?‘F@H%‘ﬁ?ﬁgiod@#ﬁén%heaﬁyr Sudiltcgtlse type
whi ch incorporate nenbranes 15 according to the

[ ion. Sone_ enbodi nents of the invention provide
f E@%a I's gﬁ Vi aprarenteiet thode sk keehninl thesarf oy theUedht of

ceftd 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.



[0071] As will be apparent to those skilled in the art
inthe light of the foregoing disclosure, many
alterations and nodifications are 20 possible in the
practice of this invention w tiput departing fromthe
spirit or scope thereof, Accordingly, the scope of the
CLiAMNgAtion is to be construed in accordance with the
substance defined by the following clains. -26-
AMQHH&TH J q@nane conprising: a substrate
'conprrsrné AR T %ﬁnductrng region in which ions can

pass t hi ougltatRempHibiak hatich- é‘(ﬂdiu@tn'ﬂﬂfégio@rin %Th‘ﬂ%ﬁé &3 pass
region in which the ions cannot pass throu

sub¥teughdhe githstralp and a npfréor-eendustimiseiongn M@gqhdhe lomh eannot
sub SEEES¢QQ¥E@@”8Q or nore ion- conducting

passagewa end through the substrate; and the

passagewajiaeindanlicion-candicding eanohchd Ao sime BiHAL onor ore ion-
nenb ne.according to claiml1, wherein the

i ont H%ttfhgtﬁaﬁﬁ‘éi?‘é@fsdhatéér?&rj|t§1@§blathcrwbﬁﬂa¥qa eid B passageways

| onedrofdiE NG oRASAAdRYENS. 3. A membrane according to
claiml 2, wherein each of the passageways

penetrates t he substrate substantial ly
per endlcularl A, menpr gne .accarding to claim1, 2

MEpRIARg %Cé@&l}g 9 ceargls ¢ ‘é‘rl%{l theqpn pgndélf:tmg? region comprises a

paSﬁ&&ﬁWﬁoﬁ@HM&cﬁﬁép@ssﬁ% gleanly cut directly
t hrough the substrate. 5. nenbrane according to any

one of clains 1-4, mhereln the substrate conprlses a

- non PR R RN BEEE Y G R hERRRINE Pyt

ITe rfen eiete SIHe Quilskirae sh@qta:ﬂtarlﬂtp'é) penieuglip. the
I on-conducting region of t substrate I's surrounded

by the non-porous region of the substrate. 7. A

. ”e'wlfr%ﬁﬁ)rﬁfeca%bajd tb %Ia‘ﬂgyl 9%? 30&115113111 gglgedtl) !éu df{{B bf

wher el n each

di nmswgma}(slh)nrtphlaés d 150143 eESnly haﬂdlﬁctIQQM@hg,H e s@mute.
2500 mcrons. 8. A nenbrane according to any one of
the preceding clainms, wherein a transverse

A membrane according to any one of claims 1-4, wherein the substrate comprises a
substantially non-porous region corresponding to the non-ion-conducting region of

the membrane.

A membrane according to claim 3, wherein the ion-conducting region of the

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

A membrane according to any one of the preceding claims, wherein each
passageway has a maximum transverse dimension (D) that is less than or equal to

about 2500 microns.

A membrane according to any one of the preceding claims, wherein a transverse
center to center spacing between nearest neighboring passageways (L) is less than

or equal to about 5000 microns.



center to center spacing between nearest neighboring
passageways (L) is less than or equal to about 5000

m crons. -27- 9. A menbrane according to any one of

t he preceding cl ai nms, wherein_g.maxi num transverse

di mension (D) of each passageway and a transverse
center to center spacing between nearest nei ghboring
passageways (L) are selected such that a paraneter

r at hanéthbihe ascokdiag td figronerof eausabccmgaloms, Wh&einkOnadmum
menbrane accordin 0 an¥ one of the preceding clains,
mheP%‘i‘%ﬁ’eré%gHm“é%’g@éé?\%%ﬁ IPASSage YV aHshAlF e verse Center to center
Cr 0§S;; Lonal . .ar " I .
o T A it B B B b s gty
pr epadinnigr citiai (hd)) wiess dian oa eqadl itoalefut 2.5. t ot al

transverse cross-sectional area of the ion-conducting
region to a total transverse cross-sectional area of

10.t heARASERABNANSrdiNg td dhyl RS Sf IR QHin %%hs,t@}ae%ciﬁ-eaéi?-

1.

12.

13.

14.

15.

A menbrane according to any one of the precedi ng .
cl aPassageivar has a rangyert spss-seotiand \aerad essdharemsiqanl tofabout 1x10
eac:passageway is greater than 25 microns. 13. A
menbr'ane according to any one of the preceding clains,
wherein the passageways include passageways havi ng
transverse cross-sections that include at |east one

of AupRnRARS agcpiding tocumy pne of tisressding claympaxlageinalratio of a
su pal ] I d.sub ntial Ly

oi P ERaR Rt prd A B S BN T akon e gy

t hetrprseasdimes-sctoms amamp thespasgigawhysr (3] is$des hanl d¥qualab 2.5.

i on-conducting material |ocated on a first side of the
substrate, wherein the ion-conducting material of the

fir i .1 s, i L W LR . 1.0n- ctin
N S R D A S
e nmang sadicendongf tahglasdape i, is geampdritisdn iy @ics@sond

skin layer of ion- conducting material |ocated on a
second side of the substrate, wherein the ion-

CONAl e iR TREE1 1R 10Qhy LRE o PEE g%e(ﬁlﬁ% Rlali Y, Shek Sin ik
contact with the ion-conducting naterial of at |east
onePagfage Wey siaslvde pasasesway 9 Bavindiranavenserbivanseciocothdi inglude at

lt 23}%?5%/ 81?en§f: g&bs?a'n%hﬂ? ci%éuzl'aﬁ", &%%Higﬂyn[%xgg&a[, Sé&bs%(nltglly

rectangular and substantially slit-shaped.

A membrane according to any one of the preceding claims comprising a first skin
layer of ion-conducting material located on a first side of the substrate, wherein the
lon-conducting material of the first skin layer is in contact with the ion-conducting

material of at least one of the passageways.

A membrane according to claim 14, comprising a second skin layer of ion-
conducting material located on a second side of the substrate, wherein the ion-
conducting material of the second skin layer is in contact with the ion-conducting

material of at least one of the passageways.



i on-conducting material, the first skin |ayer |ocated

on a first side of the substrate and extending

transversely over at least a first portion of a porous

region of the substrate such.ighat the ion-conducting

material of the first skin layer is in contact wth

t heal = I L f rial . e __l . f“th , o
16 acbapana R i IS g or Bhuf 1 RA0 bR ARaR rigRin taverof

conpni®ndgctagseceand, bk fist kkinesyeolodatd-oncoeigdd ¢TQhe substrate

materjal, the second skin Ha er .| ocated gn a second

of R e s Ove 7l lea et PRjLiPR ghg pesiouBIegiamaf the

at  4@agite SutRRANHe RALIInAM 1Rl hAE AU AULSHLEH:PRL A i1£ (Eb%tact

substrate such that the 1 on-conducting materi al of e

secwitll thykion-cbadusting snakanial chaitlerst ond offthe hassageways.

i on-conducting material of at |east one of the

passageways. 18. A menbrane according to claim 14 or
17.16, Awh@nighic 4d26rdiQNoCeNaUR, coidpABhekisedont SkinfRr bf foil

skin layer is the same as the i1on-conducting rateri al

i n ¢Wdugiesaeiiydie secpad shinrteyaslenatedancnsedomipidaoichasuhstrate

14 reLn.. i On: ' mterial in the
1 2 Afend AR ot B ERNAEL LRI ERE 86 nius feiipn of
matthe sestrate subiethpags agevayisctin@ateAalEIRE SREnBEGOHENE in
to claim 15 or wherein the ion-conducting materi al

17, .
i n Copfst ’r‘/ftﬁélfe iQRiCANdueiag maderwl pf drleast ophelrthe pessageways.
i on-conducting material in the second skin |ayer. 21.
A nmenbrane according to claim15 or 17, wherein the
18.1 i r&meadasecondirgkiorldiayldrs |6haterctrhihe kiessdsctlng, daterial in

,,)that are substantially the same. 22. A menbrane

wc bt B RS RY e R o torupRibring atony g {hedpiesageways.
second skin layers have thicknesses (L,k;,,, and Lsk;
,,ﬁ% that are in a range of 5-50 mcrons. 23. A
menbr@Ererasssceiding o claohdidmr 16, whertin thakher@indudting material in
firgst . .second in layers . each,conprises the sanme
o BRETATRET bl oy PSR 1nRASRO IR ISR g o

cl gamagdbw@rs. 17, wherein the substrate has a thickness
-29- (L..0), the first and second skin |layers have

t hi cknesses (Lsti;,,i and Lsk;,,2) and wherein a

raty I | Lsk; . .2). of the..
£ s bbb AT SRER 1507 17 whore B Diont Eipf oyt in
of thdBrsssiis layat B diferont thar &e geén-0dnddc@D ndteBbal idPhe Heond skin
menbrane according to any one of the precedi ng clains,
whePéf'n the substrate conprises a plurality of

| ayers.

19.

20.

21. A membrane according to claim 15 or 17, wherein the first and second skin layers

have thicknesses (L) that are substantially the same.

22. A membrane according to claim 15 or 17, wherein the first and second skin layers

have thicknesses (Lgkin and Lgxinz) that are in a range of 5-50 microns.

23. A membrane according to claim 15 or 17, wherein the first and second skin layers

each comprises the same ion-conducting material.

24, A membrane according to claim 15 or 17, wherein the substrate has a thickness



25.

26.

27

28.

29.

31.

32.

26. A nenbrane according to claim25, wherein at |east
one of the plurality of layers of the substrate
conprises a nesh material. 27. A nmenbrane according to
any one of the preceding claisg, wherein the substrate
is penetrated by one or nDre vias, the vias

sver.ge [ nductln
RS Rel ) RSES R0 o LM [lh B HODSUERL 09
cl aiherdid,a ratieb€ile thioknegsadl(Laf LarfdilllgHoMhe Mirst and second skin
ion-conducting material. 29. A nenbrane accordlng to
cl drygra t %m@fsmq%s Elneduoéi Hecyhying ISy Aieeof 8125tnat
fills the vias is contiguous with the ion-conducting
material that fills the passageways. 30. A nenbrane
ac o@mﬁnntgammacangdime anf otbef (he @eedding chiias, ivehersih @teesubstrate
the ion. cond In ion conprises a plurality of
|0#”85ﬁﬁﬁ%?? iP%gf%ﬁg each ion- conducting region
conpri sing one or nore correspondi ng ion-conducting
passageways that extend through the substrate, each
i onA @tfmlu@mei atgomég@g?@&mﬂS vbemein ilenyt erveo! the plurality of layers
|on _Hng mat.eri al A,menbrane according to
clal' %ﬁ% 8¥W“ﬁﬁ€‘pﬁﬁr%%ﬂﬁﬂctlng regions are
transversely spaced apart from one another. 32. A
menbrane according to claim30 or 31, wherein the one

-or ArBrE e acepiding fiongy opagkiag piRsyEng slafas pdiwein életS@bSUale is

each .j n r.egi east

o2 SRk OOEL TR 00 AL Pk S 0Bl oo
andoaduaihgaagenentheaiibstpassageways. -30- 33. A

menbrane according to any one of the preceding clains,

wherein the substrate conprises a copol yner of

tetg ﬁfeh%é&%g{)/ ﬂﬁ%eta%?ﬂg@qr &h&%k%ég rTJor Gafll O \ff"ti%‘h%lnductm{,

7-octenesul fo ane accor di I ng
anynaegalof the preceding clains, wherein the substrate
conprising a sheet of substantially non-ion-conducting
mat eri al wherein the passageways conprise a

hy ot alevashdf RESRIRTg th Q%nﬁ@tﬂsi\/ﬁ&%hﬁh& Yon-conducting material that fills
non-i on- conduct i ng material that is ion-conducti ng.

35 thwvige moaiguas oo thdiha épreeondnstingreatefial dhatifihs the B8sageways.
wherei n the passageways and substrate are forned of a
mat eri al having an ion-conducting formand a non-ion-

A membrane according to any one of the preceding claims, wherein the ion-
conducting region comprises 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.

A membrane according to claim 30, wherein the ion-conducting regions are

transversely spaced apart from one another.

A membrane according to claim 30 or 31, wherein the one or more fon-conducting
passageways corresponding to each ion-conducting region differ in at [east one of:
passageway size, passageway shape, passageway density and/or arrangement of

passageways.



conducting form wherein the passageways conprise the
i on-conducting formof the material and the substrate
surroundi ng the passageways conprises the non-ion-
conducting formof the materiagp 36. A nenbrane
according to any one of the preceding clains, wherein
the ion- conducting nmaterial conprises an iononer. 37.
A nmenbrane according to any one of clains 4-33 or

33.cl ahmatbranhedoeiding Reany @e of thieditededtg, M@EER! Witdrein the substrate
provides a first skin layer on a first side of the
SUbSQTPRITSES 2 CARPLYBRY ¢f trlgfBloreskhlyenti ang Perilpsudr &diogagagethyl-
a peri f apeni ng of the one or nore
pasggggﬁgﬁg?ﬁggﬁ%xagenbrane according to cl aim 37,
wherein the substrate is penetrated by one or nore
viag, the vias transversely spaced apart from the at

34, aRim IR BRP ARG RE° O IRIPTFaH P Wipgpvhorein the Substrate
| ONciRRsiet 4 QR Bbdi tialiPRbniSn- ORI GMOHR WL BREBS the
ion-conducting material in the first skin layer. 39.
A nepsstaggwey saoar e ndytmlxdedifonn8 8f thosphstaitiady aos-enemaducting
ski a of .ion- .cognducting material on a second
sid@a%Pﬁﬁﬁ@“gﬁﬁg?Wngﬁ%the i on- conducting material in
t he second skin layer contiguous with the
ion-conducting material in the vias. -31- 40. A

35. rend rafRebTARGHEAIdRE todnz e shelaivts tP 3 wiergindle; paskrgewiys and
t he al. ity i 4 : ' sc.are .
ar r s ' R SRR RS SRS ¥hnd a non-ion-
el eshdoghgrfooalwheslin thepapaisidig .compieihecdnge cacief it R8n of
to gny onge . of %Iains 1-40 and having first and . second
maj BF Mt ah pukthe gabstraiesupanding thediSpapyBsteRg  iseghe pon-ion-
t N.oRBRDIANGm BRI fadpns L0 pass through the
menbr ane between t he ?lrst and second maj or surfaces,
and in the non-ion-conducting region the first and
second jor surfaces of t menbr.ane are not .ion.

36. S oY A s Pl e PEGOUPaa ab g erein R fon-
| MehaRA:endi&idl ehSprithanRastageways having an
ion-conductivity that is greater than an
i on-conductivity of portions of the substrate that

sur Jhe . passageways. e nmenbrane separatin :
7.1 v B s RARIERNEHRe kIR ES? SRS S8 Heetfrsden-
i N doh@udting Statéreat@mdesaebl Rirdlagfithrea 58€ 906 orlhe elitadR, the
in the second reactant manifold. )
skin layer extending transversely past a perimeter of an opening of the one or more

passageways.

38. A membrane according to claim 37, wherein the substrate is penetrated by one or
more vias, the vias transversely spaced apart from the at least one opening and the
vias filled with ion-conducting material that is contiguous with the ion-conducting

material in the first skin layer.

39. A membrane according to claim 38 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 vias.



42. An el ectrochem cal cell according to claim41,
wherei n the passageways are arranged in a regular
array in the ion-conducting region. 43. An

el ectrochem cal cell accordingito claim4l or 42,
wherein the el ectrochem cal cell conprises an

40.6! e}itnééﬁl 1%%63 accﬁggllifﬁ% ti)iangé)%ﬁgl,f gl%tngsof—?%n\%f ('%Liﬂ%ﬁ(‘! Iglurality of ion-

accor
el eamdocthepsgigewas dre e0iRcd $€ford dnu@lere@hhay. 45. An
el ectrochem cal cell according to claim44, wherein
the first and second reactant manifol ds respectively

C ere

i ng

41.COMRE bR Euotletfibal TBNLSAhSiARd an oxi dant mani fol d.

42.

43,

44.

45.

a membrane according to any one of claims 1-40 and having first and
second major surfaces, wherein, in the ion-conducting region the membrane
permits ions to pass through the membrane between the first and second major
surfaces, and in the non-ion-conducting region the first and second major surfaces
of the membrane are not ion conducting and the membrane is substantially
impermeable to ions, the passageways having an ion-conductivity that is greater
than an ion-conductivity of portions of the substrate that surround the
passageways, the membrane separating first and second reactant manifolds,

a first electrode in the first reactant manifold and a second electrode in the

second reactant manifold.

An electrochemical cell according to claim 41, wherein the passageways are

arranged in a regular array in the ion-conducting region.

An electrochemicai cell according to claim 41 or 42, wherein the electrochemical

cell comprises an electrolysis cell.

An electrochemical cell according to claim 41 or 42, wherein the electrochemical

cell comprises a fuel cell.

An electrochemical cell according to claim 44, wherein the first and second

reactant manifolds respectively comprise a fuel manifold and an oxidant manifold.



