COVERS FOR ELECTROCHEMICAL CELLS AND RELATED METHODS PRIORITY OF INVENTION
This non-provisional application claims the benefit of priority under 35 U.S.C. 119(e) to U.S.
Provisional Patent Application Serial No. 61/021,822, filed January 17, 2008, which is herein
incorporated™dy XfhEéé. BACKGROUND [0001]Electrochemical cell syBtaras280petssuel cell
systems have been identified as attractive power supplies for a wide range of applications.
Environmental conditions both surrounding the system and proximal to the system can influence the
operation and performance of electrochemical cells. Favorable environments in proximity to the
electrochemical cells can improve cell performance. As examples, humidity, temperature,
mass-transport 6 FEER SIS R Rd-BETRME BEM Rt Bl b A Br Bddnp MERMIEEHOUM® mical cell can
affect performance of the cell. 100021 Currently, sub-systems can be integrated into an
electrochemical cell system to control operating parameters of the electrochemical cell and provide
desired conditions within the electrochepgigakcel. GPMEXERPIEIN some fuel cell systems, external

humidification systems, heaters and. cogling, Joops, and reactant deliyery pumps and flow fields exist
for adjusting internal c%‘o%jaiﬂ%%'gr(?f’ iﬁ%’ﬁ? ggﬁ?&ﬁ’eﬂﬁféglt ?EP@PE HGRHEHE AR Breen designed that
minimize use of &REINIErY160h potichtBriviinted ding fegtlicad doiSpassie 60 djatimexnal conditions.

For gxample, f%hﬁ?&ﬁ?%ﬁl%,p&%‘ﬁ{ %rgeggl%qtrlijcrgs f?z{téch'%ltycr% esrg}?;\é? _been developed that provide a
passive breathing sufface for receiving reactant. Water retention barriers can be used to manage

water evaporation from the fuel cells. Conventionally, water retention barriers include porous materials
disposed over the active areas and impermeghlefapss sealed around the perimeter of the fuel cells.

WO 2009/089634PCT/CA2009/000068 100031Active control systems can result in substantial
parasitic power[fHEBés Electrochemical celi systems, such as fuel cell systems have been

identified as attractive power supplies for a wide range of applications.
Environmental conditions both surrounding the system and proximal to the system
can influence the operation and performance of electrochemical cells. Favorable
environments in proximity to the electrochemical cells can improve cell
performance. As examples, humidity, temperature, mass-transport of reactants, and
pollutant or contaminant levels present in the electrochemical cell can affect
performance of the cell.

[0002] Currently, sub-systems can be integrated into an electrochemical cell
system to conirol operating parameters of the electrochemical cell and provide
desired conditions within the electrochemical cell. For example, in some fuel cell
systems, external humidification systems, heaters and cooling loops, and reactant
delivery pumps and flow fields exist for adjusting internal conditions of the fuel
cell. Alternately, fuel cell systems have been designed that minimize use of ancillary
components by integrating features for passive control of internai conditions. For
example, fuel cells having planar architectures for fuel cells have been developed
that provide a passive breathing surface for receiving reactant. Water retention
barmiers can be used to manage water evaporation from the fuel cells.
Conventionally, water retention barriers include porous materials disposed over the

active areas and impermeabie frames sealed around the perimeter of the fuel cells.



and a larger overall footprint. Further, existing technologies which attempt to passively control internal
conditions still exhibit membrane dehydration and significant performance losses. For fuel cells using
flow fields, overall performance can be low as a result of uneven water content and localized hot spots
across the fi? eiP@8A3%hough a net self-humidifying environment may BETI6A3MHIEEE planar fuel
cell architectures, evaporation of water from passive breathing surfaces can still cause membrane

dehydration, anggformancecirRmabns-dingiigehbycinsitfigientwrishraniertin Rimegkiane. BRIEF
DESCRIPTION OF THE DRAWINGSﬂ[‘gOM]In the drawings, which_are not necessarily drawn to scale,

like numerals d&%¢rih 25 sRYTRly RIRTI- b e S B UEHEH RS S SUBFAI SRS Like numerals
having differentiestiseBufiixssdiepiesest difgiachinstancesvisubstantiadlysimiaticampenents. The
drawings illustrate generally,. by way of example, but not by way of. limitation, varigus embodiments
discussed in thglﬁrrleéceaﬁg H%éﬁ%é‘% g[%éﬁqgllg—%%f?iﬁﬁjslfr‘é?ex a{? g%é%@%c?%ﬁ ! DS Srior art
electrochemicakeehsistema 16006]FIG: 2rllustatestent rogsartiiohhbiiputofcamseteetiicthemical cell

system, including,Ag,eff 5160 heACERTHIRAdM SNEARRRIN RIS IDOIARIC S sligtes a

cross-sectional view of an eléctrochemical cell System, including an off-set cover with optional porous

layer, accordingt¢l S8hRsCBHSEHRh T EboB PETa e fiRmsthsssty s ks atidires vl an

electrochemicalg@lt membrane dehydration, and performance remains limited by insufficient

water content in the membrane.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] In the drawings, which are not necessarily drawn to scale, like
numerals describe substantially similar components throughout the several views.
Like numerals having different letter suffixes represent different instances of
substantially similar components. The drawings illustrate generally, by way of
example, but not by way of limitation, various embodiments discussed in the present
document.
[6005] FIG. 1 1llustrates a cross-sectional view of a prior art electrochemical
cell system.
[0006] FIG. 2 illustrates a cross-sectional view of an electrochemical cell
system, including an off-set cover, according to some embodiments.
[0007] FIG. 3 illustrates a cross-sectional view of an electrochemical cell
system, including an off-set cover with optional porous layer, according to some
embodiments.
[0008] FIG. 4 illustrates a cross-sectional view of an electrochemical cell
system, including an off-set cover with an optional porous layer, according to some
embodiments.
{6009} FIG. 5 illustrates a perspective view of an electronic device powered
by an electrochemical cell utilizing an off-set cover, according to some

embodiments.



system, including an off-set cover with an optional porous layer, according to some embodiments.
[00091FIG. 5 illustrates a perspective view of an electronic device powered by an electrochemical cell
utilizing afg@fpet coveFl@ceoillingiesanpergmbodinévso @0 10¢eifent: ilasicateslzizer spective view

of an ele%tg%)ni(t: devicea u"t”iélnr% gnsgff-eset cover _act:scording to some embodiments. [0011]FIG. 7
illustrates’a BIoK iow 8|§é 4in SrE Method o’fnécerhv‘ering a reactant to an electrochemical cell array,

according@0idome emhadimernitsu{@0ER] k1 Gloskl tisnatém g grapiicavithodf of altdhrginesalts of
calculated diffusion Iengeth versus, zip hﬁigrht, accorgin to some emb dim?nts. SUMMARY
reactant fo an efectrochemical cel ay, accor mgto some embodiments,
[0012] FIG. 8 illustrates a graphical view of modeling results of calculated

diffusion length versus gap height, according to some embodiments.

SUMMARY

[6013] Embodiments of the present invention relate to an electrochemical cell
system. The system includes an array of electrochemical cells, including a. reactive
surface, the surface having one or more active regions and one or more less-active
regions in contact with the one or more active regions. The system also includes a cover,
including a transport layer having one or more transport barrier regions and one or more
opened regions. The transport barrier regions are in proximity to the active regions and
the opened regions are in proximity to the less-active regions. The opened regions are
substantially aligned with the less-active regions.

[0614] Embodiments also relate to an electrochemical cell array cover including a
transport layer, including one or more transport barrier regions and one or more opened
regions. The transport barrier regions overlay one or more active regions of one or more
electrochemical cells of an electrochemical array and the opened regions are substantially

aligned with less-active regions of the one or more electrochemical cells.



[0013]Embodiments of the present invention relate to an electrochemical cell system. The system
includes an array of electrochemical cells, including a reactive surface, the surface having one or more
active redi@ispnd onefhbodin tassadaiivdaeginasucticahfacopithtthe aneartrodrenactivectegions. The

system also incluge .a cover, including a transpott layer having one or.maore trapsport barrier regions
and one GFAor8 BPERESTREIBHE ?ﬁé‘gﬁéfr’%ﬁggt)%raa iglr%Fgéll(‘c"J}ﬁ%%é% ircleE)Ir(aJ&rla ity to %rgaé%?f\l;e regions

and the ofgided sagiemsiargziongroximity te, the:lekstaatheniegiondl Theyopehelinegiorstare
substantiallg alignglgJ W#g the, less-active req%?ns. LO 14]Embodi(1nn%nts also relartee fgsqgc%f\(;é:trochemical
cell array’ %F’int di aﬁ‘j‘[rgﬁglﬁgrt%?/eoﬁ NG ohé S mord ra%%%oorii barner resglons and one or
more opergibredicrsckbé traitaptid bakrier regiensctvertagiong dhenarecadtivhiddgionseoédne or more
electrochemical cells of an electrachemical array and the opened,regions are substantially aligned with
less-active NS IS (‘.ﬁécgr %%f?es eﬁlé%‘{ro%zhé’m%lé{ c%ﬂ’sgp‘i’gof %blbetfﬁlr%%snt‘s”}%g% raeyl?;lte to a
method fetepeidtiig ampetanisbbhentloalcelhawayihio dudingrcbatdcting activel thgicnsohzn
electrochemical cell arra Withta reactant ﬂ'%j?h\éia 0 eneg regions i{inla covr?rdtitéeie{%cgpﬁpgmical cell
array inclﬂbi‘?@)&rpétéfcfﬂ/ SUTfaLs, the Cirfice a%/lirng She ormore ac?ti\(/)gereeglong and dne or more
less-activeokeginrsaifgeeiosatl thithdhesonecarpiaie elclivearegions] tecovehingludingdpened regions

through which fluids may pass, .and transport barrier regions which are .substantially impermeable to
fluids whéF&fii e ?Fgg#gp%ggbea }Fé:FPng:%Iﬁ%%if?ﬁ?g T r&égg ?nap(r)&%rﬁlﬁv 8nfﬁgnatté |\%Or)é1§?(1){l¥s of the

array andvireredn thecgpaned thgiansyoithbitoges predaligfiadiViitntheilesseactive fegiotisof the array
and wherein the cover and the reactive syrface of the electrochemical cell array define a lgcal

g Ee V1T t}t%ﬁou use-0r the cover: varyin trh a%e ngﬁlc 6% ¥ea t ngl‘? 1%
environm &SP PSRRI T S 8RS 2 gionS D the ey, IRRiBIthg a product fidid om being
removed famhehecatipvisgivme ninthroagingshofdeeacotechvandng the daterathwhidithe reactant
fluid cont%%tts1 th acti.\/eﬁrr(retgi ns; and, varying the rate at which product fluid is removed from the local
environméhit. DETAEBDESCRIPTION 100161 The Detailed Description includes references to the

accompanying drawings, which foi in a part of the Detailed Description. The drawings show, by way of

illustration, specific embodiments in \zﬂﬁc}h tﬁn&g §'8ﬁﬁ?ﬂ %practiced. These embodiments are
. ; A ; = :
also referred to herein as "examples.™ All publications; patents, and patent documents referred to in

this docuje@npre incoiaraideldiled Description includes references to the accompanying
drawings, which form a part of the Detailed Description. The drawings show, by way of
illustration, specific embodiments in which the invention can be practiced. These
embodiments are also referred to herein as “examples.” All publications, patents, and

patent documents referred to in this document are incorporated by
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reference herein in their entirety, as though individually incorporated by reference. In the event of
inconsistent usages between this document and those documents so incorporated by reference, the
usage in the incorporated reference(s) should be considered supplementary to that of this document;
for irreconciBéMiésistétencies, the usage in this document controls. 10817 {iA%RILEHEEment, the
terms "a" or "an" are used, as is common in patent documents, to include one or more than one,

independent of amyraibehinstancerpretiages.othioladstnnel0r Reessrmasy lathisdocument, the
term "or" is useglnt?hrefer tooz% nonexclusive or, siuch that "A or B" includes "A but not B." "B but not A"

and "A and B," GBS OtRe RviES oAl P20 TE TIFC &S SIOSHIEH Ao SthE RS Feluding” and
"in which" are usedrasrthel phaindinglich) dguvalgnts achthmcespestidertderascecomiasiogeand

"wherein." Also,cm]m%fé%ilg\r%&gkg@m thgoter a"i%?ugﬂl?g'_' gggl "ceonq]prits ng: are og%%iended, that is,

[
. T T IFecon &
a system, device, articl cess that includes elements in addition to those fiste er such a term

in a claim are stific@aeftaies. faK witsinitHaisdoparshtirantielim. Moreover, in the following claims, the
terms "first,” -seg@iqy” and "thirghs &is- aHeddSarl BAIRIvASJabgls. and.are potiniendad tg impose

numerical requirements on their objects. 100191Embodiments of the invention relate to a cover for an
electrochemicaPCER LSS E17a Fel R e@LyeteRic THe HRES dRtInGBAL B FRIaE R FBvVetRFFuctural

relationship betwegndastirasegions oft asnaleatroshemical eabrarray and JaRsROR harkigrregions
integrated in a ¢over that unex ected%{ig)&ioves erforgm nce. Specifically, transport barrier regions of

the cover are arr%lhgl%('ilsl?ld BREsAits FRIETE NS Biiné QbR dinbtiiat b Brovide a
transport shield ‘tebwear thié activé tedBrisakdstbkexteenatizarddonment. The transport barrier

coll may be a ol 220, 100201 QGRS HSor ok BF 1GEH Gal et odi< St 4 uel celle, a
higher current dessdithsstbgpitaityfaghsk iemrvaking wiats trasmspovetetne dictivepasens ydpening or
expanding regioRgiRreximily 19, arlvEIRMeRS LOWEVEE terms “including” and “comprising”

are open-ended, that is, a system, device, article, or process that includes elements in

addition o those listed after such a term in a claim are still deemed to fall within the

scope of that claim. Moreover, in the following claims, the terms “first,” “second,”

and “third,” etc. are used merely as labels, and are not intended to impose numerical

requirements on their objects.

[0019] Embodiments of the invention relate to a cover for an
electrochemical cell array and related system. The present invention relates to a
novel structural relationship between active regions of an elecirochemical cell array
and transport barrier regions integrated in a cover that unexpectedly improves
performance. Specifically, transport barrier regions of the cover are arranged in
proximity to the active regions of the electrochemical cells to provide a transport
shield between the active regions and the external environment. The transport
barrier regions may shield all or a portion of the active regions. In some
embodiments, the electrochemical cell may be a fuel cell.

[0020] Conventionally, operation of electrochemical cells, such as fuel cells,
at higher current densities typically favors increasing mass-transport to the active
areas by opening or expanding regions in proximity to active areas. However,
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embodiments of the present invention allow for sufficient reactant delivery to the active areas when
using materials with transport barriers between the active areas and the external environment by
instead providing an indirect flow pathway to the active areas via less-active areas surrounding the
active areas"{BE¥1*Ftddindirect flow pathway can facilitate a microclimafEOaWPEMAFBNment that
provides more favorable conditions across the active area to improve performance of the fuel cells.

This indirect flownpsibimayseffetivebseadusedransgaitecthea Sulive reaiens adhegpnakte the reactive
surface and incre%\se transeﬁ rt to the active regions in-plane, to the reactive surface and may further

V5 Bt G pBYBR TR SR A PR bR RS R P S KBRS of the

include tortuous™flow t?}r%ag
perimeter of theaadtite segimak afihmelatttychemidghoelling 302RdThe flowepsarhedntdggrated in a

housing ofaport&@g% gqgg example as described in commonly-owned U.S. Patent Application
Publication No.%OO?/ (%07% ?%n%ﬁggn ‘ésvlsggg%%%! tec? 6§/tlggr?f8%/rshable fuel cells" and
commonly-ownd@0@18. Patenthip plidstisnfPubhettiory Nen 28061827 281 rediitied 'Widuible fuel cells

having external sypRhedhendisplasiias Abwhishoan iR iRcerRatated by reference in their

entirety. The cover can be disposed on a passive reactant delivery surface of the fuel cells.

Architectures of THRIPYEIRKRET AR pIghdRe aftisb setsthd Bsvinrditesh domraath wangEmtiasle architecture.

Examples of sugkificelteelpcan e faund Bgem manyawnsednd Sadnatent- Applisatipndyblication No.
2005/0250004, entitled "ELI%%TROCHEMCAL ELLS HAVING CURRENT-CARRYING

STRUCTURES THRBERLY IRGHET ECTREIE HERARAL REAETHR FRPEREM Wiy BB honly-owned

U.S. Patent Applichtiiendseniad Now 12/@86, 24broantiled "Fuelasitesy Siemsoinabuding.spage-saving fluid

plenum and relag%g r{po%tr(;? sé" giflled eﬁ} %%&2808 the dis%It sures of which are herein incorporated by
ude

. =159 Ve tegions o e electrochemical cells. .
reference in their'entirety. Materials inc i the cover can inclide compinations of conductive and

non-conductive i¥f&&kials. Détinitores ¢0028)Adegsecihioreihotissaciio unfabé!’ defers, tiva surface of
an electrochemisahsll aaumhiEh AR AAPSHIRGIA! AN EIRFIaghADIca) iAglan,is sypported o

carried out. [0024]As used herein, "active region” refers to reactive areas in contact with or integrated

into a reactive stfHEE3F &9 el8BtidherRedres! BrEsadarkyy . conéornabls rdgrbnsdlspperdall or a

portion of an elegiasbenicahsgaciorralie AcHNEIRUIPABINALINGIHASPRS DI eLalRlysts,

conductive or nggfgx(%gl%u { ecerﬂcs";ttﬁirigrllsg %E( e?nsz-ipisffl%;sni(?rg’,l at eergfs?i%seu);&mo%le\a?ﬁich are herein
incorporated by reference in their entirety. The cover can be disposed on a passive
reactant delivery surface of the fuel cells. Architectures of fuel cells may be planar,
although the covers can conform to any suitable architecture. Examples of such fuel
cells can be found in commonly owned U.S. Patent Application Publication No.
2005/0250004, entitled “ELECTROCHEMICAL CELLS HAVING CURRENT-
CARRYING STRUCTURES UNDERLYING ELECTROCHEMICAL
REACTION LAYERS,” , and commonly-owned U.S. Patent Application Serial No.
12/238,241 | entitled “Fuel cell systems including space-saving fluid plenum and
related methods”, filed Sept 25, 2008, the disclosures of which are herein

incorporated by reference in their entirety. Materials included in the cover can

include combinations of conductive and non-conductive materials.



[0025]As used herein, "less-active region” refers to an area in contact with or integrated into a surface
of an electrochemical cell or cell array in which no electrochemical reactions occur or are supported or
only a negligible amount occurs or is supported. Less-active regions may include current collectors,
structural suBPIt B HBers or insulating gaps. 10026JAs used herein, "tFEn<paHfE{EEfers to a
region in an electrochemical cell cover providing a flow path for a reactant flow. The reactant flow may
be actively or passginlynnoved through the flow path. The transport layer may include transport barrier

regions and opﬂﬂﬁ% egions, ggr gségnﬁpé%h];oo‘%% §Vyés§gr gggelnfei%rran%goerlt 29_{_%%2 region refer; to
materials or components that impede, affect, or block transport mechanisms. The transport barrier
regions may beséettrechemical cdlvarand miythe lsulystantialp Darfelscimpermealbleatt @irior water, or a
fuel cell reactargug%&.tgggll)J%gé%mple.For example, the mechanism impeded, affected, or blocked
may be any combination of transport mechanisms including water evaporation from the active areas

(e.g. due to redff8dlconvective ¥t Hdtirovarthe &eion régfionssy figngtbiepesaliy demadilized water

vapor, heat trangfgy ¢difgcipncndapentapiybaivags rerdivarieaiansandiths exierpalenvironment,
reduced influx of pollutants and/or contaminants (for example CO, NH3, NO," Volatile Qrganic

Compounds, saltd, e iEH RS RUPPSF 4tk Ther ST AR e senvachracaleteasiolse Techanisms
can provide otharheneficial canditiehsisush as inereasedyatativaduamidity indhesle@aiaehemical cell,
membrane hydration,agigher 0 I%ruasgi{g}gl?ressures higher limiting current densities, 6 improved

. atert T 238~ €18, .48 EXAmpiEs. . )
in-plane conducrﬁvffy, e Fhie ransport bartier regions may be conductive or non-conductive or may

be composite, d8A#Siising condustivband. brscoridectyenégidirs. t€ enduetivityan@ayt refér to electrical
conductivity or Wepmakeanduesiuoslestigallconduetive (g anshorkgarietisgions may be
electrically isolated from the active regions. A portion of the one or more trarisport barrier regions may
be electrically coletiRNEN T FRIaHYTERTGUTHY 8 oraRssiehTadh ansaisible rexamrsiecuThe transport

barrier regions gjay bggleaticallyRsiatinge tharmally insulaing, eLgomplaationsdtharen’-
support members or insulating gaps.
[0026] As used herein, “transport layer” refers to a region in an
electrochemical cell cover providing a fiow path for a reactant flow. The reactant
flow may be actively or passively moved through the flow path. The transport iayer
may include transport barrier regions and opened regions, for example.
[0027] As used herein, “transport barrier region” refers to materials or
components that impede, affect, or block transport mechanisms. The transport
barner regions may be a mechanical cover and may be substantially or fully
impermeable to air or water, or a fuel cell reactant (e.g. fuel) for example.  For
example, the mechanism impeded, affected, or blocked may be any combination of
transport mechanisms including water evaporation from the active areas (e.g. due to
reduced convective fluid flow over the active regions), fully or partially demobilized
water vapor, heat transfer (direction independent) between the active regions and the
external environment, reduced influx of pollutants and/or contaminants (for example
CO, NHs;, NO,, Volatile Organic Compounds, salts), current transfer (or lack
thereof) from the active areas, etc. These mechanisms can provide other beneficial
conditions such as increased relative humidity in the electrochemical cell,
membrane hydration, higher operating pressures, higher limiting current densities,
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[0028]As used herein, "opened region" refers to a pathway through which reactant may flow. Opened
regions may be holes, vents, slots, panels, pores or a porous material or layer. [00291As used herein,
"electrochemical array" refers to an orderly grouping of electrochemical cells. The array may be planar
or cylindrical¥ for8¥AEsHdle. The electrochemical cells may include fuel celf; BGARIAYWEYE-collected
fuel cells. The electrochemical cells may include batteries. The electrochemical cells may be galvanic

cells, electrolyzafprelestraypienelioaneempinationsitieraahsfomplerof kigbsellminclyde proton
exchange membrane fuel cells, direct methanol fuel cells, alkaline fuel cells, phosphoric acid fuel cells,
molten carbonaf8 I E&NST TSRS TIRI Tl P e SIHBRIS SN SIREFESRETHEMER D ARl mical cells
may include meiah-aisndelisyvsuaiziagszinCairdivehdsispzyne-di hatteliesicat aqataktinatioarthereof.
100301As usedfierein, o:mensienal g o) el eell anay Selers, 10 3 sheet whigh is thin in one
dimension and which supports a'number o Uel cells. A two-dimensional fuer ceﬁ?array n¥ay be a
flexible fuel celltaydecmdidkibleoteied celiraybe priybadixisleAnnotitie of ithparmesorasar embrace, for

example, an eleglrachemical layenhayiad Bne kMRS HOIdcamPansnis b egialeg,with gne or more

flexible components, The fuel cells have active areas or active regions of one type (e.g. cathodes) that

are accessible FBWPBI#E A cBCHOM &S KEBNRAISI ABAVERTRS barrier regions may be electrically

insulating, thermally insulating, or combinations thereof,

[0628] As used herein, “opened region” refers to a pathway through which
reactant may flow. Opened regions may be holes, vents, slots, panels, pores or a
porous material or layer.

[0629] As used herein, “electrochemical array™ refers to an orderly grouping
of electrochemical celis. The array may be planar or cylindrical, for example. The
electrochemical cells may include fuel cells, such as edge-collected fuel cells. The
electrochemical cells may include batteries. The eclectrochemical celis may be
galvanic cells, electrolyzers, electrolytic cells or combinations thereof. Examples of
fuel cells include proton exchange membrane fuel cells, direct methano] fuel cells,
alkahne fuel cells, phosphoric acid fuel cells, molten carbonate fuel cells, sohid
oxide fuel cells, or combinations thereof. The electrochemical cells may include
metai-air cells, such as zinc air fuel cells, zinc air baiteries, or a combination
thereof.

[6030] As used herein, “two-dimensional (2-D) fuel cell array” refers to a
sheet which is thin in one dimension and which supports a number of fuel cells. A
two-dimensional fuel cell array may be a flexible fuel cell layer. A flexible fuel cell
layer may be flexible in whole or in part, so-as-to embrace, for example, an
electrochemical layer having one or more rigid components integrated with one or
more flexible components, The fuel cells have active areas or active regions of one
type (e.g. cathodes) that are accessible from one face of the sheet and active areas or
active regions of another type (e.g. anodes) that are accessible from an opposed face
of the sheet. The active areas may be disposed to e within areas on their respective
faces of the sheet (e.g. it is not mandatory that the entire sheet be covered with
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active regions of another type (e.g. anodes) that are accessible from an opposed face of the she_et_.
The active areas may be disposed to lie within areas on their respective faces of the sheet (e.g. it is
not mandatory that the entire sheet be covered with 7 active areas, however, the performan‘ce of a )
fuel cell mayseREfE4e¥d by ncreasing its active area. [00311As used h&feitGAesepftcenvironment
or "external conditions" or "environmental conditions" refer to the atmosphere in proximity to the cover,

whether that eradrosnres, lesidesrnsideaboMEde fOdavIcR PRROWINg EXiarpalagasiions include

temperature, hu‘midit)(,, pollutant or contaminant level, for example. [0032]As.used here?n,l"local
environment" of Sr%%grgcaffﬁ%ate" or "local conditions" refer to the atmosphere in the proximity of the

active region(s)##1he electrdchesaichtell mayrrBLehvirigiasimate-mayRe HagRviongpent in which

reactant fluids iz ' ctive yregions of an electrochemical cell. For e,xamp_le, the local
environment mgélﬁ Frfg‘%%}%{o t % g%{r%gggﬁsérer?ge{hqé) vorufig? B%\Fé‘éﬁh%né’&‘ﬁi’}@’ r&Qi0H &Y Fhe transport

barrier region of et ewdeimonditieriémaniitrchde:teduperatvive, duimisig palkitantior
contaminant levghdifoRXamilfcL A0UARHSCARNREED: ORI SelSai8lr 0 apglecpochemical cell
example,
[0032} As used herein, “local environment” or “microclimate” or “local
conditions™ refer to the atmosphere in the proximity of the active region(s) of the
electrochemical cell array. Such microclimate may be the environment in which
reactant fluids interact with active regions of an electrochemical cell. For example,
the local environment may refer to the atmosphere in the volume between the active
region and the transport barrier region of the cover. Local conditions may include
temperature, humidity, pollutant or contaminant level, for example.
[6033) As used herein, “metal-air cells” refer to an electrochemical eell

including zinc air fuel cells, zinc air batteries or a combination thereof.

[0034] Refernng to FIG. 1, a cross-sectional view 100 of a conventional
¢lectrochemical cell system is shown. The electrochemical cell system may include
a combination of active regions 106 interspersed with less-active regions 108,
disposed on a reactive surface 104. In a planar electrochemical cell layer, the anodes
and cathodes may be disposed on opposing sides of the layer. In a fuel cell, a fuel
{e.g. hydrogen, methanol, butane, formic acid) is provided to the anodes (not
shown} of the fuel cell layer 102, while an oxidant 116 (e.g. air) is provided to the
active region 106 (e.g. a cathode) on a reactive surface 104, The fuel and oxidant
react to form electricity and reaction products 118 (e.g. water vapor, CO,, etc,
depending on fuel composition). Fuel cells often need some form of external
structure to provide support, compression, efc, to ensure proper operation, Since the
electrochemical reaction is dependent on reactant access to the active regions,
conventional logic would dictate locating non-porous areas of any such support
system or cover away from the active areas of the fuel cells. As illustrated in FIG. 1,
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including zinc air fuel cells, zinc air batteries or a combination thereof. [0034]Referring to FIG. 1, a
cross-sectional view 100 of a conventional electrochemical cell system is shown. The electrochemical
cell system may include a combination of active regions 106 interspersed with less-active regions 108,
disposed on*8%YéHEFs3tirface 104. In a planar electrochemical cell laye§HéCaatd@sml cathodes
may be disposed on opposing sides of the layer. In a fuel cell, a fuel (e.g. hydrogen, methanol, butane,

formic acid) is pepvidleshtos.anerasMIgsshawrofithe fhehsalldayst i Whilesanexidant 116 (e.g.

air) is provided to the active region 106 (e.g. a cathode) on a reactive surface 104. The fuel and
oxidant react td%RSIBEQIHY At relh &ty prbilkierenefd peiensdtb Prdgried epxisral éepending on
fuel compositiogkifugigiels ofiemnaed samefosmpl LA, maximum air access 116 is

provided to the active regions 106 of the array. Further, reactant products 118 can
easily be removed from the reaction sites.

[0635] A further consideration for operation of electrochemical cell arrays,
such as fuel cell arrays using proton exchange membranes (PEM), is water balance.
Proton exchange membranes require a certain amount of hydration in order to
facilitate proton transport, as the proton conductivity is influenced by the water
content of the membrane. However, there must not be so much water that the
electrodes that are bonded to the electroiyte flood, blocking the pores in the
electrodes or gas diffusion later. A balance is therefore needed, between sufficient
humidification of the membrane and sufficient evaporation of water from the
cathodes. This balance can be difficult to achieve, particularly in passive fuel celis.
[0036) Referring to FIG. 2, a cross-sectional view 200 of an electrochemical
cell system, including an off-set cover is shown, according to some embodiments.
An electrochemical cell array 202 may include one or more active regions 206 and
one or more less-active regions 208, disposed on a reactive surface 204. The less-
active regions 208 may be in contact with or surround the active regions 206, or
may be mterposed with the active regions 206, and may optionally separate adjacent
active regions 206. The active regions 206 may alternate with the less-active
regions 208, for example, such that each aciive region 206 is adjacent a less-active
region 208 on each side of the active region 206. The active regions 206 may have
a width (w) 220. A transport layer 210, which may also be referred to as a ‘cover’,
may include opened regions 214 and transport barrier regions 212. In the illustrated
embodiment, the transport barrier regions 212 may be substantially aligned with the
active regions 206 of the electrochemical cell array, while the opened regions 214
may be substantially aligned with the less-active regions 208 of the array. In such a
configuration, rather than 2 reactant flow 116 having direct access to the active
region 106 (as illustrated in FIG. 1), the reactant flow 216 may instead be indirectly
provided to the active region 206 (as illustrated in FIG. 2). In such embodiments,
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structure to provide support, compression, etc, to ensure proper operation. Since the electrochemical
reaction is dependent on reactant access to the active regions, conventional logic would dictate
locating non-porous areas of any such support system or cover away from the active areas of the fuel
cells. As illustrated in FIG. 1, 8 non-porous regions or transport bathers 112 are located proximal to

less-active regignsLOB,QfADE el ¢rllauays While RRERSH SR1IBPHL LdREelraiodprxigal to active

regions 106 of the array. In such a fashion, maximum air access 116 is provided to the active regions

106 of the arrayheirer! e ceine SrsiicIa i dbedsampals pd s \ist RdREIPIEA La bR sites. [0035]A
further considetriionifesbpesatiRrahaiaaioshemicaliesll arrays, such as fuel cell arrays using proton
exchange memprapes (PEM), is water halance Proton exc e. membranes require a certain amount
of hydration in (E’ﬂ%e% to facil’}/[%téﬁﬁ ﬂc{‘)ﬂﬂﬁ%tpggﬂ‘f’&éntﬁé%rg%[}]fgégri’&ﬁ%‘qtf\}ffﬁg HHIBACAY by the water
content of the meinranesdoneatridhieclenpgtdt iatdehsopayeghoivdierdhiatahrespdactratidsethat are
bonded to the electrolyte flogd, blockin ores in the electrodes.or gas diffysio r../A balance is
therefore nesdl BASH Db ERE f P Ea Bt e B da el S AT o of
water from the gzthodesicEhis. M&W@@@éﬁﬂ@eﬁ@imwﬂ to Hehietiee pmieﬁt_hﬁyﬂmpﬁh@i?vﬁ@el cells.
(00361 Referring {961 nfnACBRB9GHANA eVl ahanmlodiorhemicaliselaysipAdncluding an

off-set cover is shown, according to some embodiments. An eleéctrochemical cell array 202 may

include one or AsrdhgctiEldgidng fseashneoiseion hitrellspsnding erdlroAdrosoatspbssd on a

reactive surfacezQ4. [Ehiedasst @6t va: IRQI0NS R9&MayRei coOntEyIthrSH NG the@ctive
regions 206, or may pe interposed with the active regions 20 iﬁ?ge?egnaﬁo tionally separate adjacent
S_

active regions 36! FHESH & FASIONE S8 AT RISHO3R Wit &G Y0% for example,
such that each aciivet negierizdtsisadfahe ataviess-aatMs regioac28berdgacivsidetivdrtharactive region
206. The active regions 206 may, have.g width 220. A transport layer 210, which may also be
eferred to a5 SURUG & A5 S DHCAe TG P A e e S e
illustrated embotidentthe: yaasgeroDariantagidns@t teagdstsubistantidily afignedzivih the active
regions 206 of igyelpetrachemical el At eihe BRRARE EIRNsRAMAY R sHsIAntaly
aligned with the less-active regions 208 of the array. In such a configuration, rather than a reactant
flow 116 havinglBfigecdeays tenhd vam el fgsmbBTas illustrated in FIG. 1), the reactant flow 216
may instead be fﬁf@g}?ctly Providedin: e s tive vag iRt QB (aguluiratad inhiHGd)- dmaych
embodiments, the reactant flow may be directed to the reaction sites of the active region 206 along

the plane of thePU At 204 Hii thansarbrdiares ieschvetedion o2t abrtrdSdirectly
contacted with the Rctivategiofnel cell array, and the off-set cover is disposed in proximity to tile

cathodes of the array, in order for the fuel cell to still get enough oxygen to operate,

equation 1
32D,k Fc°
[0639] [ L= \/ WMEQ__E___?_Z_}
!
{0040] may be used fo calculate the oxygen diffusion distance where Do; is

oxygen diffusivity, h, is 8222, F is Faraday’s constant (96485 C), ¢’wis oxygen
concentration at the edge of the transport barrier region, and I is oxygen
consumption rate (current density). Current density and oxygen consumption rate
also affect the oxygen availability; at higher consumption rates more oxygen
access may be required to support device operation.

10041} FIG. 8 illustrates the maximum distance oxygen can diffuse laterally

under a solid cover versus the height of the plenum (& - 222 in Fig. 2), assuming the
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[0037]In the embodiment shown in FIG. 2, the air access to the activc_a areas may be p_roportional to the
length (into the page) of the active region and the dimension of the air gap 5222 and |nversely
proportional to the width w (220) of the active region. By contrast, the air access to the active area of

the array illU¥P2¥E'WY¥EIE. 1 may be proportional to the length (into the PEGESortektfve region 106
and the width 120 of the active region 106. Depending on the dimensions of the active region and the

air gap, air accessyigetiie aicimiegiongISaQPAITILS WMAY B8 sRANRA Q1T elAVS Aq the array

g . . : ; | by
shown in Figure,l). Further, transport of oxidant to reaction sites of the active region 206 may occur
diffusion, rather lt?)'?/aeﬁ (%%%%%t%% #‘5’&?&68?1‘81%%%%%%(&@ f’&dtﬁ%@?’r’h‘}’ﬂ%ﬁ@% Fdheectly, at least
a stoichiometric ¢jigantithofrandpombaedscgaaess fpis@action sites of Fhe active region; h_owe\f/err], it may
be advantageou imit oxi cess d stoichiometric quantities.to prevent drying of t e
membrane. [00 8]6I%I£oideling ?&%@ﬁl&gc{/v%%ﬁ]h%nc?r(ﬁ‘?gnﬁirﬁ%%%%%%ﬂ 4 3?%@9 H¥Ve practical
size limits. In anb&risBeReddrtwararehehieaatpottdeheriichaioe liharnay 5340, dikbreain g fnel cell array,

o i o . , | cell to
and the off-set GavRKis #lirpesed -RIeximyly {0 tlg gathedes; of the array,in order for the fue
still get enough oxygen to operate, equation 1 ( [0(1)39]L - 3021D0£%1 pIEc (B)gl j&frsn%%/%’% used to

calculate the oxJGaNEFRIRER Bhpared Whetréntseird dtpgeFhditfomivitynieprisd2e 2 yeris Faraday's
constant (9648mfa), BOBisimsyeebesneantaton & dNe-edaeoh the:aNsPOr Ratven kegign, and | is

oxygen consumption rate lE]currnglt density). Current density and ogtgcen consumption rate also affect

the oxygen avaitabiity AFhiGReP 2SR AL SRR em Ricesstiaypiasedired to support

device operatiomhe array 302, may be integrated into all or part of the reactive surface 304, or may
be integrated into the transport layer 310. If a porous layer is disposed between the
array and the cover, then the modeling results would be affected by = different (e.g.
lower) diffusivity of fluid through the porous layer relative to an open space,
Consequently, the addition of a porous layer may impact the maximum allowable
width w (322) of the active region. For instance, if the diffusivity of fluid in the
porous media i1s iower than the diffusivity of fluid in an open space, tben. the
maximum diffusive length (and therefore maximum width of the active region)
would be lower than in an embodiment with no porous media between the cover and
the cell.
[0043] In addition to affecting reactant supply to the electrochemical cell,
the cover, including transport barrier region placement and size, opened region
placement and size, and optional porous layer, may further affect removal of
reaction product fluids from the local environment proximal to the array. For
example, in an air-breathing fuel cell array, the cover may affect access of oxygen to
the cathodes of the array, but may also impede removal of product water vapor from
the local environment. A porous layer may provide benefit by affecting diffusivity
in the local environment, such that sufficient oxygen is provided to the cathodes to
support the electrochemical reaction, but that diffusion of product water is inhibited
sufficient to provide adequate proton conductivity in the ion exchange membrane to
also support the reaction, but not inhibited to the point that the cathodes of the fuel
cell array become flooded with too much water.
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100411FIG. 8 illustrates the maximum distance oxygen can diffuse laterally under a solid cover versus
the height of the plenum (5- 222 in Fig. 2), assuming the oxygen is diffusing through a space filled
with air (as opposed to through a porous layer) and that the current density, I, is 125 mA/cm2 and
oxygen condERtHti6*4t4he edge of the transport barrier region, c02, is FETAIFAPIRYE ring to FIG.
3, an optional porous intermediate layer 350 may be disposed between the transport layer 310 and the

array 302. The grgay}302 may inchusle axeasti/enstiéace 384vinwhirhdha astvenagienss806 and

less-active regions. 308 are s rted by qr integgated into. The parous intermediate layer 350 may be
positioned betmfé@ﬁ%gfr%ﬁtﬁrﬁé?gﬁﬁ%egg%ﬁj&%3&%%&58l‘?l}g)f’éliﬂ%ti%'. 9?@%@(8&??&3}&%*&@ be its own
discrete entity, digjdesed on the reactive surface 304 of the array 302, may be integrated into all or part

of the reactive sygface 304, gr may be jntegrated into the transport layer 310. If rous layer is
disposed betwgen the array andt 81150{3 ?}g{ﬂa %t ren‘rirrlw%{eg |nraﬁrgt'%sf.’fljts?}é ﬁgh#%%%?%%tegﬁgy a different
(e.g. lower) diffgsroity Efvfiuidansughnhqosusilayberetatisapaosiie ppbmrspadéieQoigaguently, the

addition of a porgus;layesmayimRAFIdhpRaximum Alowable idi 32 R IS actg region. For

instance, if the diffusivity of fluid in the porous media is lower than the diffusivity of fluid in an open

space, then the RieSith (incaifiare erigmeldAdhRsiSrErechidiivvmrWvitRSE the detvestsgion) would

be lower than inanerebaehmeartichitiRR, Peirys Media hatwaen dhamayesanddhecalb30043]In
addition to affecting reactant s(gﬁg% to the electrochemical cell, the cover, including transport barrier

region placemeft?ant it c8 A8 A IR e HTBIORY of R DETBRE) Bo¥o fEIdyRE, may further
affect removal ekseadtiaif proguabiteigsisom tdeplabhl ervraNMettprddal 1. hearay. For example,

in an air-breathi ell array, the cayer. may.aff Qfﬁﬁgﬁs qp&&th of the array,
but may also im%%ﬁgr{e%gl\% y%o%&é@éteﬁ%lgﬁgr rom hg’ o&ﬁg‘nvironm}gn%%g‘%@us layer may
provide benefit Bz ety RIRfMSNMER INE(DRBOEVIDHNEHREULH’ thatdsifficientodxwigem is provided
to the cathodesigqrﬁg%ggctyge%&c_trochemical reaction, but that diffusion of product water is inhibited

sufficient to provide adequate proton conductivity in the ion exchange membrane to also support the
reaction, but notPitbited to The priTEt it thaidstRBdd rempouecalr davayrb&eoryamipisded with too

much water. WQ:2009/939634RE T/ 4200000068 40044HR ANPthRE SRmRle (ihe Ao may be

disposed proximal to the . ) _ .
transport barrier regions and opened regions) and the electrochemical cells. The

cover, the exterior layer, the porous layer, other suitable layers, or any combination
thereof may be removable and/or may include an adaptive material responsive to
stimuli. Examples of covers having removable features and adaptive materials are
described in commonly-owned co-pending U.S. Pat. Appl. No. 12/238,040, filed
September 25, 2008, entitled “FUEL CELL COVER,” the disclosure of which is
herein incorporated by reference.

0047} Referring to FIGS. 2 and 3, the cover or transport layer includes
transport barrier regions 212, 312 in proximity to active regions 206, 306 and
opened regions 214, 314 in proximity to less-active regions 208, 308 of the
electrochemical cells. The transport barrier regions 212, 312 may be disposed such
that they are substantially aligned with the active regions 206, 306, or may be
disposed such that they are of slightly smaller width than the active region width (w)
220, 320 or shghtly larger than the active region width 220, 320. In such
embodiments, it is possible that the transport barrier regions 212, 312 may overlap
the less-active regions 208, 308. Proportionally, the portion of the transport barrier
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anodes of a fuel cell array, and may affect rate and quantity of fuel provided to the anodes. 10045]The
porous layer may be manufactured of an adaptable material. The porous layer may be manufactured
of a thermo-responsive polymer. The polymer may include a plurality of pores. Adaptive materials
included in the cover can respond to conditions external to the cover, conditions at or near the fuel

cells, active copirol mechanisms, eI e 9ERHGARRINAEOIENRERObSQRIRLXRMRIES Of

conditions include temperature, humidity, an electrical flow, etc. One example of a thermo-responsive

adaptable mateialifs GesEHlFsHIERS VO AEAMS 6 B0 P 8% 1 T HcPiiSY BE DO tertfictl®FUEL CELL

HAVING A THERMSRESPONG W Bei-sMeRitNGCARRERATHRiIHERIRI Npetfa distdasure of which
is incorporated herein. [0046]The cover may include multiple components or layers. For example, the
o g o i S

cover may incldB&a Forsti’ LEoTEY betv e SASREP ST RSt he (RSB barrier

regions and openéddegionsihandtbecatebtrashitmiaficettandioet ed\warptideeixterior tayerd¢he porous
layer, other suitable layers, or any combinationthereof may.be.r n include an
e21018 %? one or IfﬁufﬁgEcgltls n]"he &fagg}?/oﬂybﬁgﬁe?%%ygp @1% § %{%ﬁ%ﬂ%

adaptive materfaﬁ%%ponswe to's xamples o ers having removable d adaptive
materials are dégtyilvethitheaniivontgionnitd cotperidivgrusthp actixpprdivss 2523904 0h¢iled

September 25, 00R,caliled 37k Lt GOV s disciasti ouhish s Bgrein inforporated by

reference. [0047]|Referring to FIGS. 2 and 3, the cover or tfransport layer includes transport barrier
regions 212, 313Vfh praxamity fralanerrkgrshdnpiiBobailolssnattegieas 208 1t Broximity to
less-active regigns 1208paR%ekibe elgsiocheminal eellsldhadiBosparnavier irgionsy2d2, 312 may
be disposed such that they are substantially aligned with the active regjo 306, or may be
disposed such ﬂ?ﬁﬁﬁ%f%ﬁ%ﬁﬁiﬁtﬁﬂ E’nﬁ%ﬁﬁ&?‘a‘\(zg%ﬂ’int\ﬁéﬁw%3&?@78%%%%%‘8& 05320 or
slightly larger thanoihelBhtiy® yeglnmurialy 220]82Q. the suekpembadioneagsyris i3igo3sbkecthat the
transport barrief, regions 212, 3 verlap the less-active, regions 208 P. rtionally, the
portion of the trgar?s%:o%%lée fgflijé)?;%}éo% ﬂlf@agﬁ %ﬁgégaélg Oé%ggg%eregé?ﬁl/%gi%igr?g 8%1 306 may be
greater than théhgdrienctventgeissiifeatinaiuionke 20815808 bTenisaiied Fddicts Zim 314 allow

reactans to coniaghihe siestipspemicalaelaay: s lihr.oRened malonoiay b varied t

allow more or less reactant access to the array. In some embodiments, the cover can be used to affect

transport of an Bxidaiedt MeselstietatiGiSHEBEGRE SFsE fUBREISSOTHE ¢ aHFGHBrier region

212, 312 may alighfullywith the aeiye segions 206,356 Rravasamthesadiveyragionsda, 306. The
opened regions, 214, 314 may substantially align with the, less-active ggians 208, %28 or may be

smaller or largePirfiidith TRA e fEeIIanN L EEioNS Bod °408 FiRE BAALPBHASSHRLY (Edions 212, 312
are electrically gandiattseiatheynbayfienpalitiadomafidly] ebadtalcaliylisiatedhfrbm dbieradtivé regions
206, 306. This ma(%r%?na complished by substantially insulating the transport barrier regions 212, 312
from the active ?gglons 56, 306, insulating the transport barrier regions 212, 312 from the less-active
regions 208, or if$dfiting theRedersiperthERier regions-sx2iosabsglomatidedsnapdabmatteither, for

example. Transpart harier fagianmaiadaieimey be insulateafam-salesiad agtive segiens and

less-active regions so as to avoid a short-circuit between neighboring cells in an array. It will be

understood by tisssEesredcH ssl arpthdiink ek braydeaipabhetifherdsmpalicsithations
possible (e.g. pagplighssariabrepminationadhataeheadelectisalineylaonmay he-aejermined
ATy 0Ok traced G Tl mar Ty M oot Ty Mg extond ACtoS the

width 422 of the active regions 406, but have a discontinuity across the less-active

regions 408, While the discussions above reference contacting an oxidant to the

cathodes of an electrochemical cell array, the same principles may be applied to the

contacting a reactant (e.g. fuel) with the anodes of an electrochemical cell array.

[0049] Referring to FIG. 5, a perspective view 500 of an electronic device

powered by an electrochemical cell utilizing an off-set cover is shown, according to
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wherein the porous intermediate layer 452 does not extend across the entirety of the electrochemical
cell array 402. It should be understood that the schematic is solely for illustrative purposes, and that
the porous intelinediate layer 452 may be larger or smaller than illustrated, or, alternatively, the porous
layer may extend across the width 422 of the active regions 406, but have a discontinuity across the

less-active regiqns 408 uMpile he disaussions @b alerencaFaNtAGHGAR-OXidRRS to the cathodes

of an electrochemical cell array, the same principles may be applied fo the contacting a reactant (e.g.

fuel) with the arfeREBCARErsAPEchBRfiEEFCIFRA) BB IREMN I fo PG SeAh &F8hective view

500 of an electrgig Qe%ﬁ@momr&ebaysaa slectraehemipaetihusilizingsan hifsesbieeis shown,
embodiments. An off-set cover 504 may be attached or in contact with an

according to sorrfégn
electronic devick )The cover 504 may include openings 506, 508, such as vents, slots or panels.
The cover 504 fagatjnclude aplelstityydrepaneSgurdibles 602 dser ol Gar§)thtGisetRamets may be

configured into the cover to vary the dim io f-ape i r.openi eE‘Q § The cover
504 may also i un(?e8 éeﬁlé)%suglyn%}g it ?%@é@rﬁp@%@ﬁ%&%ﬁ%& S?%v%g% g'Elhat%(])o(g"?fsy the aperture

of the opened regierislofwpenimgicsPeneesiedobysiidied serbssodieyoperragiagionsie vary
reactant flow betgen ihe actiye reaipnsaRdshe RICHARRYY BMEThelhRROSHioRA the panels can

be varied to adapt to various electrochemical cells having exEosed active regions. For example, the

panels may be oEifieHsntdlesiaiveRnelp Fs8 PoFasie prAt fe SHERRbFRITORBERENTES cells or

selectively expgseifigitignsfdhgsalacuochasiicaaapas ayy hkepestiivrmithednnaleaan be user
actuated via manual or electronic mechanisms or (E;m be?ictuate%based on,dete te%‘(;e nditions.
e

Some example&XPPEHh AR T8IV iRy PARIEIIBR BHIFS BAXAE RAsloRE R AT G ronmental
conditions, perfgtpaaagaidhe sysigine amehmotiesssuchasisthnally or polveti deliverpanodes, of the
portable application device,. 100511 The electranic devige 502.ma: fuel cel ered device. The
device 502 ma)P %reg%ncs:ﬁfu%? 8%8%%‘}’%%%1@#&#3}% e, %%1%%03(3[3% %q%g?g é(%ﬁ%%t%%rg computer
accessory, ultrashabiteviersans comipcreniUmrREnigiplaycadre onapriddiesed vidéeiptder, medical

device, elevisign, ARATSGF S5 loog deine cJasaight arelbsiianicdeys. Tifdevice 502

may be a refueler, such as an electrolyser, for fuel cell powered electronic devices, for example. A fuel

for a fuel cell mispBergdes s fBRoBREHBlCoRRHBEMShRSH SuMISI O Fil SYRAASTRIBIRIS!, ammonia

borane, hydrazifgh athanRlbssASiREaNRo B ITYRKiIge B REMIRS Riaemay be utilized.
[0052]The cover 504 may be remaqgvable or may be integrated jnt tgﬁ housin%é)f the device 502. One
or more transpdfPBYrrier regibht BrHEHE WY 564 ﬂ#a?%e%ﬁtaegﬁg ANRERIEETY ofthe device

502, for exampl@vice 502 may be a cellular phone, satellite phone, PDA, smartphone, laptop
computer, computer accessory, ultra mobile personal computer (UMPC), display,
personal audio or video player, medical device, television, transmitter, receiver,
lighting device, flashlight or electronic toys, The device 502 may be a refueler,
such as an electrolyser, for fuel cell powered electronic devices, for example. A
fuet for a fuel cell may be hydrogen, for example, although any suitable fuel such as
methanol, ammonia borane, hydrazine, ethanol, formic acid, butane, borohydnde
compounds etc. may be utilized.

[0052] The cover 504 may be removable or may be integrated into the
housing of the device 502. One or more transport barrier regions of the cover 504
may be integrated into the housing of the device 502, for example.

{0053] Referring to FIG. 7, a block flow diagram 700 of a method of

operating an electrochemical cell array is shown, according to some embodiments.
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100531Referring to FIG. 7, a block flow diagram 700 of a method of operating an electrochemical cell
array is shown, according to some embodiments. An electrochemical cell array may include a reactive
surface, having one or more active regions and one or more less-active regions in contact with the one
or more actiVer@litfeéFhe active regions may include a catalyst and anf6A.€aepEgeIshembrane. A
cover may include opened regions through which fluids may pass and transport barrier regions which

are partially orasybpiarsiabmicapermaralede fluididEhe anse ot parien iegions Ak thecover may be in

proximity to the active regions of the array and the opened regions of the cover may be in proximity to
the less-active*PEEfoIFS SREHEG 55 OF MOEOGET ALY FHEZERE (& SR o8 b WreBR efr BWREmical cell
array may defieie:leegbanvirapmeantd ngioximiyiotbR&Ctveaegionmef theairaywhi@a4]Active
regions of an %Il%ctlg?che ical cell array,

be contacted, with tant fluid vi d regions i
o BB ERE I O Bear o onment

cover. Further, anﬁro‘a]lfc [¥
proximal to théraleptrothemicakoelt thhougirasertilihecovietai Q56 thmchade of fufdel cell array with

an ion exchangs. epbiane DINGSPRALOL RIS i A et esult n ycrating or

humidifying the lon-exchange membrane, which may icial tor operation of the array.
100561 Contacirifjcrorayradntibienrgror gty bé Passive, maghbasbyrdiffadiphe Tirelesactant may

follow an indirget; Ratbutedheradivese ginbedvia theppanedvegipns nihe cRugD.puhichimay lower the

velocity of the reactant, Such a reactant flow may be more diffusive than convective, for example.
[0057]Contactfityl ¥B2 R TelaREHloG Vit ERBTRIVE PaytdREarIte it st dal of product

fluid may be afiegted, restricted or obstructed. Affecting may include varying the dimension of the
opengd regior®§5r @irecting Afhte ro;/v of rea _tantﬁjhro_u%? a ép(égouala%/er, for egam le. Ifage porous
layer includes ‘an-adaptable AR M5F Atfetidl MESRIERIECGaring S8 SiEr) o f thEUtfaptable
material. The pritipertyaofaan faddpiakipemdteriammay beoksrpbrogity, igrekamied Gaptbeting 702 and
ot o4 AR RS MK R olle
temperature, ralgeidiehcoiahoiibhirrastalsoriidminists level.

[6055) In the case of a fuel cell array with an ion exchange membrane,

inhibiting removal of a product fluid may further result in hydrating or humidifying

the ion-exchange membrane, which may be beneficial for operation of the array.

[0056] Contacting 702 and inhibiting 704 may be passive, such as by

diffusion. The reactant may follow an indirect path to the active regions (via the

opened regions in the cover), which may lower the velocity of the reactant. Such a

reactant flow may be more diffusive than convective, for example.

[0057] Contacting 702 the reactant flow with the active regions and

iphibiting 704 removal of product fluid may be affected, resiricted or obstructed.

Affecting may include varying the dimension of the opened regions or directing the

flow of reactant through a porous layer, for example. If the porous layer includes an

adaptable material, affecting may include varying a property of the adaptabie

material. The property of an adaptable material may be its porosity, for example,

Contacting 702 and inhibiting 704 may be varied in response to an environmental

condition in proximity to the electrochemical cells of the array. The environmental

conditions may include one or more of a temperature, humidity, or environmental

contaminants level.
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WO 2009/089634PCT/C42009/1100068 (00581 Contacting 702 and inhibiting 704 may also be varied
in response to a signal, for example. For example, the adaptive material may be heated in response to
a signal. By heating the adaptive material, one or more of the adaptive material properties may be
varied. In anBthét8®atie, the aperture of the opened regions may be eRfaf§ea P srssed in
response to a signal. (0059]The performance of the electrochemical cell array may be determined

periodically or mss'puously@&m&@wd@%@h‘ﬁhm@gwﬂ%m@f&é&'ﬁ}t@@@l@%&@ﬁ@é'ﬂ&sﬂaﬂve1 and

not restrictive. For exaénple, the ahove-described examples may be used in combination with each

other. Other efBEBNNENE A e [iLhtAGRIF M dfHEoRaIALRALIA heald HfEpeRsfeviewing the

above description.sfdsal, iBiheeahgyeDadajite: Resetinfione vamnais aldes.piay baemuped together

to streamline the disclosure. . This sh “ﬂﬁi Qn%tt}?ee ier;(tael%priet as intending.that an ynclaimed disclosed

feature is essentATIO AN dain' Rafher. Romtive SiRledh ARG S PRRS ISR W eatures of a
particular disclwsgdeenbogithentediives jinhresfolleavimg skaiads are hereby incorporated into the Detailed

Description, wi h claimpgtanding, on its, own as.a SepaL odiment. The scopg of the
invention should gg’iﬂetermi‘ned I;/&\%![h reference to tﬁe z_aprEJ)te?n%ﬁe%(ﬁS ﬁ?m%%loar%%itﬁl%e %II scope of
equivalents to YstiERIBEERcEIatsa rerentitisaoysiosTierabstract is provided to comply with 37 C.F.R.

1.72(b) to allogtiseyreader toguiskly aseerain toemnakueand gistekthe taghnical disclosure. The

Abstract is submitted with the understanding that it will not be used to interpret or limit the scope or
meaning of th desfEgH¥e. For example, the above-described examples may be used in combination

with each other. Other embodiments can be used, such as by one of ordinary skill in
the art upon reviewing the above description. Also, in the above Detailed
Description, various features may be grouped together to streamline the disclosure.
This should not be interpreted as intending that an unclaimed disclosed feature is
essential to any claim. Rather, inventive subject matter may lie in less than all
features of a particuiar disclosed embodiment. Thus, the following claims are
hereby incorporated into the Detailed Description, with each claim standing on its
own as a separate embodiment. The scope of the invention should be determined
with reference to the appended claims, along with the full scope of equivalents to
which such claims are entitled.

10061] The Abstract is provided to comply with 37 C.F.R. §1.72(b) to allow
the reader to quickly ascertain the nature and gist of the technical disclosure. The
Abstract 1s submitted with the understanding that it will not be used to interpret or

limit the scope or meaning of the claims.
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CLAIMS What is claimed is: 1. An electrochemical cell system, comprising: an array of
electrochemical cells, including a reactive surface, the surface having one or more active regions and
one or more less-active regions in contact with the one or more active regions; and a cover,
including a transport layer having one or more transport barrier regions and one or more opened
regions; wherein the transport barrier regions are in proximity to the active regions and wherein
the opened regions are in proximity to the less-active regions: and, wherein the opened regions
are substantially aligned with the less-active regions. 2. The system of claim 1, wherein the transport
barrier regions are substantially aligned with the active regions. 3. The electrochemical cell system of
either of claims 1 or 2, wherein the electrochemicge{:f—%&f%g-comprise fuel cells. 4. The electrochemical
cell system of any of claims -3, wherein the one or more less-active regions separate adjacent active
regions. 5. The electrochemical cell system of any of claims 1-4, wherein the electrochemical cells
comprise galvaﬁ@%‘é’ﬁﬁ@%@ﬁbﬁyﬂc cells, electrolyzers or combinations thereof.

1. An electrochemical cell system, comprising:

an array of electrochemical cells, inciuding a reactive surface, the
surface having one or more active regions and one or more less-active regions in
contact with the one or more active regions; and

a cover, including a transport layer having one or more transport
barrier regions and one or more opened regions;

wherein the fransport barrier regions are in proximity to the active

regions and wherein the opened regions are in proximity to the less-active regions;

and,
wherein the opened regions are substantially aligned with the less-
active regions.
2. The system of claim 1, wherein the transport barrier regions are substantially

aligned with the active regions.

s

3. The electrochemical cell system of either of claims 1 or 2, wherein_ the

electrochemical cells comprise fuel cells.

4. The electrochemical cell system of any of claims 1-3, wherein the one or

more less-active regions separate adjacent active regions.
5. The electrochemical cell system of any of claims [-4, wherein the

electrochemical cells comprise galvanic cells, electrotytic cells, electrolyzers or

combinations thereof.
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6. The electrochemical cell system of any of claims 1-5, wherein the one or more active regions
comprise one or more catalysts. 7. The electrochemical cell system of any of claims 1-6, wherein the
cover is removable. 8. The electrochemical cell system of any of claims 1-6, wherein the cover is
integrated into a housing for a portable device. 9. The electrochemical cell system of any of claims
1-8, wherein the one or more transport barrier regions are substantially impermeable to water. 10. The
electrochemical cell system of any of claims 1-9, wherein the one or more transport barrier regions are
substantially impermeable to air. 11. The electrochemical cell system of any of claims 1-10, wherein at
least a portion of the one or more transport barrier regions are electrically conductive, thermally

conductive, or combinAtiorkeriaesmicsl. qohe SRR EHENi GAl CRIMSy SténtBFEEIH L PARRErein the

conductive portigns.ofihe HaNsRARaHIeLIRIIPAS Are.elgetkcally isolated from at least a portion of
the reactive surface. 13. The electrochemical cell system of any of claims 1-12, wherein the one or

more transport barrier regions are electrically insulating, thermally insulating, or combinations thereof -
14. The electrochemicahsell-susiarmat aneofsolaimsol-43; firthersomprisirg: i perasdayer.

removable.

8. The electrochemical cell system of any of claims 1-6, wherein the cover is

integrated_ into a housing for a portable device.

9.  The electrochemical cell system of any of claims 1-8, wherein the one or

more transport barrier regions are substantially impermeable to water.

10.  The electrochemical cell system of any of claims 1-9, wherein the one or

more transport barrier regions are substantially impermeable to air.

11.  The electrochemical cell system of any of claims 1-10, wherein at least a
portion of the one or more transport barrier regions are electrically conductive,

thermaily conductive, or combinations thereof.

12.  The electrochemical celi system of claim 11, wherein the conductive
portions of the transport barrier regions are electrically isolated from at Jeast a
portion of the reactive surface.

13. The electrochemical cell system of any of claims 1-12, wherein the one or
more transport barrier regions are electrically insulating, thermally insulating, or

combinations thereof,

14.  The electrochemical cell system of any of claims 1-13, further comprising a

~ porous layer.

18



15. The electrochemical cell system of claim 14, wherein the porous layer is disposed between the
cover and the array of electrochemical cells. 16. The electrochemical cell system of claim 14, wherein
the porous layer is disposed on the reactive surface of the array. 17. The electrochemical cell system
of any of claims 14-16, wherein the porous layer comprises an adaptable material. 18. The
electrochemical cell system of claim 17, wherein the adaptable material can alter its transport
properties in response to changes in temperature, humidity, electrical flow, or combinations thereof.
19. The electrochemical cell system of any of claims 14-18, wherein the porous layer comprises a
thermo-responsive polymer. 20. An electrochemical cell array cover, comprising: a transport layer,

including one ormore HaRSPALBHERIFEALONS ANCLORE OLIROIR, ORBARrEHIRSous layer Wherein the
transport barrier regions overlay one or more active regions of one or more electrochemical cells of an

electrochemical HfRa7esFtrecahneer i grshdarsray BEELFRIER e Gt less-active regions of the
one or more electrochemical cells. 21. The electrochemical cell array cover of claim 20, wherein the
cover is removablée 22. The electgoche ical cell array.cover cg either of claims 20 0{ 21, further

comprising panel con JGrSFBRRIIRE! SR REIERY Of BNk ol B FRoBERE PahiaNE 1

disposed on the reactive surface of the array.

17.  The electrochemical cell system of any of claims 14-16, wherein the porous

layer comprises an adaptable material.

18.  The electrochemical cell system of claim 17, wherein the adaptabie material
can alter its transport propertics in response to changes in temperature, humidity,

electrical flow, or combinations thereof.

19.  The electrochemical cell system of any of claims 14-18, wherein the porous

layer comprises a thermo-responsive polymer.

20. An electrochemical cell array cover, comprising:
a transport layer, including one or more transport barrier regions and
one or more opened regions;
wherein the fransport barrier regions overlay one or more active
regions of one or more electrochemical cells of an electrochemical array and the
opened regions are substantially aligned with less-active regions of the one or more

electrochemical cells.

21.  The electrochemical cell array cover of claim 20, wherein the cover is

removable.

22. The electrochemical cell array cover of either of claims 20 or 21, further
comprising panels configured to vary the dimensions of the one or more opened

regions.
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23. The electrochemical cell array cover of any of claims 20-22, wherein the one or more transport
barrier regions are electrically conductive, thermally conductive, or combinations thereof. 24. The
electrochemical cell array cover of any of claims 20-23, wherein the opened regions comprise slots,
vents, holes, a porous material, or a combination thereof. 25. The electrochemical cell array cover of
any of claims 20-24, further comprising a porous layer. 26. The electrochemical cell array cover of
claim 25, wherein the porous layer comprises an adaptable material. 27. The electrochemical cell
array cover of either of claims 25 or 26, wherein the porous layer comprises a thermo-responsive
polymer. 28. The electrochemical cell array cover of claim 27, wherein the thermoresponsive polymer
includes a pluraliy of poresicegochsaisiaeb dimmpsates sl arpayl et alckimvbgswtbecintthe pores

are reduced at higher temperatuies; 30. Adnethod RLonsipbngian elecorharnicahesitasray,

comprising: contacting active regions of an electrochemical cell array with a reactant fluid via opened
regionsin a coves ceebEleitrschertital cell array including a reactive surface, the surface having one
or more active regions and one or more less-active regions interposed with the one or more active
regions, ) )

24. The electrochemical cell array cover of any of claims 20-23, wherein the

opened regions comprise slots, vents, holes, a porous material, or a combination

thereof.

25. The electrochemical cell array cover of any of claims 20-24, further

comprising a porous layer.

26.  The electrochemical celi array cover of claim 235, wherein the porous layer

comprises an adaptable material.

27. The electrochemical cell array cover of either of claims 25 or 26, wherein

the porous layer comprises a thermo-responsive polymer.

28. The electrochemical cell arrav cover of claim 27, wherein the thermo-

responsive polymer includes a plurality of pores.

29.  The electrochemical cell array cover of claim 28, wherein the pores are

reduced at higher temperatzes.

30, A method for operating an electrochemical cell array, comprising:
contacting active regions of an electrochemical cell array with a
reactant fluid via opened regions in a cover,
the electrochemical cell array including a reactive surface, the
surface having one or more active regions and one or
more less-active regions.interposed with the one or

more active regions,
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the cover including opened regions through which fluids may pass, and transport barrier regions which
are substantially impermeable to fluids wherein the transport barrier regions of the cover are in
proximity to the active regions of the array and wherein the opened regions of the cover are aligned
with the less-active regions of the array and wherein the cover and the reactive surface of the
electrochemical cell array define a local environment in proximity to the active regions of the array,
inhibiting a product fluid from beinggemaved.fram; e local environment through use of the cover;
varying the rate at which the reactant fluid contacts the active regions; and, varying the rate at which
product fluid is removed from the local en¢itergadagions through which fluids may pass, and

transport barrier regions which are substantially
impermeable to fluids
wherein the transport barrier regions of the cover are in
proximity to the active regions of the array and
wherein the opened regions of the cover are
aligned with the less-active regions of the array and
wherein the cover and the reactive surface of the
electrochemical cell array define a local environment
in proximity to the active regions of the array,
inhibiting a product fluid from being removed from the local
environment through use of the cover;
varying the rate at which the reactant fluid contacts the active
regions; and,
varying the rate at which product fluid is removed from the local

environment.

31. The method of claim 30, wherein the active regions comprise a catalyst and
~an ion-exchange membrane, the method further comprising hydrating the ion-

exchange membrane with the product fluid.

32.  The method of either of claims 30 or 31, wherein varying the rate at which
the reactant fluid contacts the active regions and varying the rate at which product
fluid is removed from the local environment coniprises changing the dimensions of

the opened regions of the cover.

33. The method of any of claims 30-32, wherein varying the rate at which the
reactant fluid contacts the active regions comprises directing the fluid through a

porous layer.
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31. The method of claim 30, wherein the active regions comprise a catalyst and an ion-exchange
membrane, the method further comprising hydrating the ion-exchange membrane with the product
fluid. 32. The method of either of claims 30 or 31, wherein varying the rate at which the reactant fluid
contacts the active regions and varying the rate at which product fluid is removed from the local
environment comprises changing the dimensions of the opened regions of the cover. 33. The method
of any of claims 30-32, wherein varying the rate at which the reactant fluid contacts the active regions
comprises directing the fluid through a porous layer. 34. The method of any of claims 30-33, wherein
varying the rate at which product fluid is removed from the local environment comprises directing the
fluid through a porous layer. 35. The method of claim 33, wherein the porous layer comprises an

adaptive materi%. The method of any of claims 30-33, wherein varying the rate at which
product fluid is removed from the local environment comprises directing the fluid

through a porous layer.

35, The method of claim 33, wherein the porous layer comprises an adaptive

material.



