29/ 12/ 2006 WD 2004/ 006377 PCTI US2003/ 019023 M CROCELL ELECTROCHEM 2006
DEVI CES AND ASSEMBLI ES W TH CORROSI ON- RESI STANT CURRENT COLLECTORS; RE/
MVETHOD OF Wi\EdoM@o6BHE SAME 5 DESCRI PTION Field of the | pgewnszoosokdsThis
invention relates to mcrocell electrochem cal devices and assenblies, and
met hod of making the sane. More specifically, this invention relates to

m crocel | el ect MicReUR A EMRYIRGHENMCARDERIGES A8D WRSEMBOIRY WEEH Cur r ent

col l ectors of high el eCORROSIONRESISTANTICURRENTJOOLDECPORS resi stance, and
hi gh mechani cal endurance ang METHODORKMAKINGA®IE SKMENd wearing. 15
Background of the Related Art El ectrochem cal cells, such as batteries and
fuel cells, have positive and negative el ectrodes that are separated in
such manher as to avoid internal shBFICRIFFIGNi ting, while the el ectrodes are
in contact wth an electrolyte nmedium which chemcally reacts with the

el ectrodes to generate flow of 20 el ectrons, thus providing electrical

ener gy whenf i1 ef (s Invegfien i s coupled with an external |oad. A recent

i nnovation in the electrochem cal energy field is the devel opnent of
mcrocells - small- sized electrochemcal cells for battery, fuel cell and

desor i bi 1 OGRS o B R i fra (RS BT ORERE 60,

25 6, 338, 913 sapd ﬁlo?égs%mﬁi%%lly, ahib idventidA YelRes gsrhfcx%ﬁégfi clectr-g?ﬁmﬁlcﬁegﬁ@sl dnd

structure described in‘these patents conprises | ow fiber structures

W th whi ch glReks Qﬁaew'ngaée C@leht 6AMERQD T SR eRetri@$ TORduAIVRF - higD/cdés06 O
2004/ 006377 PCTI US2003/ 019023 The aforenenti oned Eshraghi patents describe

an el ect r oGh@he4ndGgth mesiahidsl batliRndendesidtHitd 0 Peetih@indwearitlgi ch contains a
first current collector, a nmenbrane separator, electrolyte nedium and a

second
15  Background of the Related Art

Electrochemical cells, such as batteries and fuel cells, have positive and negative electrodes that are
separated in such manner as to avoid internal short-circuiting, while the electrodes are in contact
with an electrolyte medium, which chemically reacts with the electrodes to generate flow of

20  electrons, thus providing electrical energy when the circuit is coupled with an external load.

A recent innovation in the electrochemical energy field is the development of microcells - small-
sized electrachemical cells for battery, fuel cell and other electrochemical device applications. The
microcell technology is described in U.S. Patent Nos. 5,916,514; 5,928,808; 5,989,300; 6,004,691;
25  6,338,913; and 6,399,232, all to Ray R. Eshraghi. A The microceil structure described in these

patents comprises hollow fiber structures with which electrochemical cell components are

associated.



current collector. Specifically, the Eshraghi patents disclose a ho?q?ﬂy2006
fi brous nenbrane separator, inpregnated with electrolyte nmedi um an vin

a first mBVaROGH08&Y’7 (i nner current collector) 5 di sposedPCHESYWIOHERE0f and
a second netal fiber (outer current collector) disposed on the outer
surface of such hollow fibrous nmenbrane separator, wherein the first and
second met allhd afdrerientionzd Rstraghiga@ntd dserible weeledfrdchamigaltcelV @ructudk iremicro@itdr f@mt or s of
the mcrocell. Miltiple fibrous mcrocells as described herei nabove can

t hen be ser whith yontird/aditstpanrent toalbdtyr, a héntwowr septatd deogayth exdiuaeid a second
packed/ bundled into a unitary mcrocell assenbly, which is characterized

by hi gh cur fiemnt celtastor-t SpeeifidlinitiyHshraghl etpats diselpwsta holihvefipoisimembrnesaprratwgat i ve
current col]ectors of the Eshraghi mcrocells, as described in the above-
listed pat elftreegnatgdewith elegfplvic mediprp ring evingea dirst \Pé’t"élf@ﬁrt finges, eurenfettieRiar) They
therefore are subje d to 15 har chenm c ronnent. Since the
Current Eo Ipereltetfr it Sl o P dps Giriaeer POUSERY Thoskt FbPERUE ber s,
they are es&gﬁdeaflf sUck® osrl%ﬁpfﬁhr{ﬂ%%e%ﬂraﬁ Lehs ga%ro %er‘é‘{'ﬂ'tﬁe it ahd €% % tnetal fibers

el ectrical FSconnectl on w thin TRdl ual ‘m crocelT's or ween serially

o Paral | el Lt BRORER Ao BT AL PooteiER M AibleeiOT L oni g e wseful 111

and/ or reduci ng the power densit e mcrocell assenblies. 20 Eshraghi
U. S. Patent Nos. 6,338,913 and hb 6, 399, 232 suggest several corrosion
managenent structures for enhancing the corrosion resistance of the

current col Meaplerfibraud rhibRcdlls Gk QR&tibeddRWiBS/e Odan 1Bdnl bC ket andi@l patXanp! e,
current collectors can be manufactured fromgraphite materials; :

al t er naté vedoypecteditogeindr, and lphokettandledciatn aheitdnp mivedelbissatblymivhiginischargeepiper
coated with corrosion- resistant carbonaceous coatings. Although the

gr aphi t e orbydighisurent dratiyandhigh eitegeontpitect ors have 25 significantly enhanced
corrosion resistance in conparison with the conventional netal current

coll ectors, they are not nechanically robust (i.e., the graphite current
collectors are easily broken, 2 29/12/2006 W) 2004/006377

PCT/ US2003/ ¢ gesitiye SF%“%?’F@"* cuFeBLRRllecns ‘ifﬁlj Eé?‘éghéﬁ%‘i“?cﬁruspﬁéile%?ﬂb@f"f the gbaersi ng

t he underlykgg netal core to &he corr S|ve el.ect resul t

[ vt e s e e e St D6 rRE Sreivts oo T dbaire S s kgL ol |

15  harsh chemical environment. Since the current collectors of the microcells are formed of very thin
metal fibers, they are especially susceptible to corrosion, which may result in electrical
disconnection within individual microcells or between serially or parallelly connected microcells,

eventuatly shortening the useful life and/or reducing the power density of the microcell assemblies.

20  Eshraghi U.S. Patent Nos. 6,338,913 and No. 6,399,232 suggest several corrosion management
structures for enhancing the corrosion resistance of the current collectors in the microcell devices or
structures. For example, current collectors can be manufactured from graphite materials;
alternatively, current collectors can be formed of aluminum or copper coated with corrosion-
resistant carbonaceous coatings. Although the graphite or carbon-coated current collectors have

25  significantly enhanced corrosion resistance in comparison with the conventional metal current

collectors, they are not mechanically robust (i.e., the graphite current collectors are easily broken,



There therefore is a continuing need in the art to identify and uti

i nproved materials for formng 5 current collectors of high QQ??ZKZOOG
corrosi on-Wa3Po#6é hi gh el ectrical conductivity, and BRCHUWS2esNEMmEIal
integrity in such mcrocell structures, and it is accordingly an object of
the present invention to provide a mcrocell structure or assenbly

conpri si ng endrthecibos @bAtRE 4r0 Bily pelvr AfOIxpasing @Sinddtlying @fetab tadiio thdaposiad s f or
significantly prolonging the useful |ife and enhancing the reliability of
such m cr odedtbly), whch wilresylt ireyerduabélgeoiricalQlisSidhedieRwiDin oF EtwkdN\VieNTitGNIIThe

present invention in one aspect relates to a fibrous mcrocell structure
conprising: an inner electrode, a hollow fibrous menmbrane separator in

contact with the inner electrode, .15 an el ectrg] yte enbedded |n t he hol | ow
fibrous nenﬁﬁl%eer%f@s&raé?wum&md in ghe aiq Wpntify a@éﬁ?l@a@wr%%m@wlsé?r PEWE one

f th d put trod t !
fo. or ”?émﬁ%tcaﬁ Sk e %gf"f‘rgcge e

Anot her aspegt n%ﬂn§ﬁﬁ res ﬂFw%nven Lon rel at.es tﬁﬁgg Iectrgchenlc cel

devi ce, incl'Uti Riia 5P 9 BroEEOHREY aRapret of P e TVELON s cr i bed

her ei nabove C rﬁﬁgﬁ i ceII or
a battery ceﬁﬁ% %Pg g%gb sucﬁ$lﬁﬁ%tf@§ﬁh %mfﬁp§g$?'§£%9§£°?§&§§

cell. Yet @ﬂﬁﬁnh%ﬁtcﬁa?ﬂ%ﬁsﬁgrﬂfcaﬂtlg%rdﬂn@ﬁgme ubdRY GRtn® @nha@,@ttﬁe%eﬁa@m@y éftsﬁ'dh Cell
conprising mcrocell fibrous 25 el enents, wherein each mcrocel’l fibrous

el ement conpkiosiStradiuré fHASEmMBIUr rent col lector, an inner catalyst |ayer, a
hol | ow fi brous nenbrane separator in contact with the inner catalyst |ayer
and ther 3 29/12/2006 WD 2004/ 006377 PCTI US2003/ 019023 i nner current
collector, an electrolyte enbedded in the hollow fibrous nenbrane
separator, an outer catal ystSUMMARY GHBHEWNVEMNTEIN current col |l ector,

wherein at | east one of the inner and outer current
The present invention in one aspect relates to-a fibrous microcell structure comprising:

an inner electrode,
a hollow fibrous membrane separator in contact with the inner electrode,
15 an electrolyte embedded in the hollow fibrous membrane separator, and
an outer electrode,
wherein at least one of the inner and outer electrodes comprises a metal clad composite having two

or more metal layers bonded together by solid-phase bonding,

20 Another aspect of the present invention relates to an electrochemical cell device, including a
plurality of fibrous microcell structures as described hereinabove. Such electrochemical cell device

| can be either a fuel cell or a battery cell. Preferably, such electrochemical cell device is a fuel cell.

Yet another aspect of the present invention relates to a fuel cell comprising microcell fibrous
25  elements, wherein each microcell fibrous element comprises an inner current collector, an inner

catalyst layer, a hollow fibrous membrane separator in contact with the inner catalyst layer and the



coll ectors conprises a netal clad conposite having two or nore neta:? %606
bonded together by solid-phase bonding. 5 Qther aspects, features a A
advant agesWER0H98637Avent i on will be nore fully apparent PEBWISLINS/019828 Ui ng
di scl osure and appended cl ai nrs. BRI EF DESCRI PTI ON OF THE DRAW NGS 10
Figure 1 is a cross-sectional view of a mcrocell current collector forned
of a two-| aymer conednbdollediaachn eRargpasdnibeddedin i hdildvgfitrus @b EHr& Nn o0fr t he
present invention. Figure 2 is a cross-sectional view of a mcrocel

current col kaaysblaydroanded owtr @it celiectoq ybereingt ladst arlead thelibnee amposy terent
according to anot her enbodi nent of the present invention. Figure 3 is a
schemat i c r efederpeamwipesq restal tlad pamposits hefing thie ot imprs anclah{apers hantlend togsthabyc ur r ent
collector of  Figure 2 froma netal billet. 20 Figure 4 is a

cross- sect i SHEPhAS ¥R a fibrous microcell structure, having both inner
and outer current collectors fornmed of two-1layer netal clad conposites,
accordin@ to one enbodi nent of the present invention. Figures 5A-C are

L Oeorec 1 BBB R Rallles TP hRESAdss SHE SbwBR T B Sk, hif Bt ndRR! ©f 2

25 conposi tes ofPSar 1aus: Shapes”

PCT/ US2003/ GAG02% REF Al G REEFRIET! ON OF PREFERRED EMBODI MENTS The

di scl osures raghi at ent Nos. 5,916, 514; 5, 928,808; 5,989, 300;
6, 004, 691; 6, 338,913; and 6, 399, 232 hereby are incorporated herein by
reference, in their respective entireties 5 and for all purposes. As used

herein, the term "m crocel BRIEFESESCRIPTOMNOF ¢HeORAMRER cal cel |l energy
generation or
' 10
Figure 1 is a cross-sectional view of a microcell current collector formed of a two-layer metal clad

composite, according to one embodiment of the present invention.

Figure 2 is a cross-sectional view of a microcell current collector formed of a three-layer metal clad

15  composite, according to another embodiment of the present invention.

Figure 3 is a schematic representation of formation of the three-layer metal clad current collector of

Figure 2 from a metal billet.

20  Figure 4 is a cross-sectional view of a fibrous microcell structure, having both inner and outer
current collectors formed of two-layer metal clad composites, according to one embodiment of the

present invention.

Figures SA-C are cross-sectional views of microcell current collectors formed of metal clad

25  composites of various shapes.



conversion structure, including a nenbrane separator having eIeCtrobxﬁ?ZKZOOG
enbedded therein. The electrolyte material can be a solid ion-exchanging
mat eri al V@APG#08633Tri buted within the nenbrane 10 separ BEHUS2063/09623 d

i on- exchangi ng particles imobilized in mcropores of the nenbrane
separator; alternatively, the nmenbrane separator itself may be forned of

i on- exchangi ng nat er iRATAlED DESCRIBTIONGF RREFERRED EMBOIDEMERTE um  The nenbr ane
separator is in contact with electrically conductive fibers, which in turn
are in contact with or are coated with el ectrocatal yst and form positive
and negat i Vke disdlestien € Estiraghi {Lh® Bdtest tNopch@igisd 4l 5.828808; 1,880 6.08481:,ensui ng
description herein is frinarily directed to fuel cell enbodinents of the
instant i n®&HAl&nd 6.899437 herehy apdpromerated derein ytelerares. S petiyheréigtieshe

anal ogously appljed to corresponding battery cells and to other forns of
eIectrocﬁen?%ﬁﬁahBWPmﬁhvices, consistent with the invention. 20 A battery
cell of course differs froma fuel cell in that the electrochemcally
active material in a battery is present and stored in the cell, as opposed
to bei ng externald.y.:f i.shed. . truct . ca
activity i skﬁélgs%ﬁrdggﬂn’ g{se ﬂée%haﬂ%ctog?ﬁ Erg eﬁ.m %gcég{cg?cﬁg gﬂ c&%%ﬁ&%‘s}g‘%@@]ﬁ&a&bat tery
cell, the phhmaldortOesn e o e sa,aéafdnmingteae&ngﬁfsﬁsee&ed%eréamﬁqel ber,

t hereby correspondingly sinplifying the bundling o i bers in nodul ar

assenbl i es fiQdrolp@raRfist ciifdela sBRAb-&@hdnGNS matbfial £RAIQ tisSibded Wigthin B@kbabrinecel |
applications thus have structural and operational differences from

m crocehd s depsesor] ot solfdue-exeiinkifg pabticR® inddbAREH6in MYdpIRO 41 B8ORS bFane separator;
PCT/ US2003/ 019023 In a specific enbodi nent of the present invention, the
m crocel | catagoativelgs tharmdmbree sefaeatt rivel® may be nferied afi dors@plangihg materialctbait act
with the inner electrode, electrolyte enbedded in the nenbrane separator,
and an out efanctibrs@s ¢lesttelytevwedinmi heanenibeans sepaspier ipin cottest withelectrically conduetive
el ectrodes conprises a 5 netal clad conposite having a nmetal core fornmed of
a first netf#ersoyhigheindpm ate|ip gontaghwithhorpsy epted withe plectriogajabyst #nd fprprPosifiveardecond
metal or netal alloy, wherein the netal core and the netal outer |ayer are
negative electrodes for the electrochemical cell.
15
While the ensuing description herein is primarily directed to fuel cell embodiments of the instant
invention, it will be appreciated that the description can be analogously applied to corresponding

battery cells and to other forms of electrochemical cell devices, consistent with the invention.

20 A battery cell of course differs from a fuel cell in that the electrochemically active material in a
battery is present and stored in the cell, as opposed to being externally furnished to the structure
when electrochemical activity is desired, as in a fuel cell. Accordingly, when used in a battery cell,

‘the microcell does not require a lumen at the center of the fiber, thereby correspondingly
simplifying the bundling of fibers in modular assemblies for battery cell applications. Microcells

25  for battery cell applications thus have structural and operational differences from microcells used in

fuel cells.



bonded to each other at their interfacial surfaces by solid-phase b?@?'ﬂpﬁzoos
In conventional fuel cells, use of naked solid nmetal material is generally
avoi ded, dH@20YW6E7hi gh 10 corrosiveness of the el ect r BEREFHP1I¥Zact i ve
materials and the electrolyte. Material for formng current collectors in
such conventional fuel cells generally have been Iimted to graphite type
mat eri als. However, graphite materials have very poor nechanical strength
and formability and are not suitable to form m crofibrous current

col | ect ors ima sseifigrerobodineent ofgher present finventiond the wicrpcetheonprisee pn indérapfeetrade, 20f such
m crofibrous current collectors is usually wthin the range of from about
100 m 15 t Senbans sepamtomin cpdsst Hifhthe linnsr elpeipden elegtolyte @nbedisd dn the msmbrags

6, 399, 232 sg& est coating alum numor titanium current collectors with

cor r osi on- r EP{EPH AR ey slagirede, vherer an least ofe9b s By R84 A Elertodes SPMBEY P hous
area susteptelLeiERob it PEE Rl SntPmst el héuRR oo BRHALE BPE Bl Petosel y
Forces,  and v IERpLors sRRafHEASRheio? Khain o yRREMn S B YRR AR WEUL (o
Chat “char acrann A A e B eI R convent i onal
wi sdom t hat avoi ds use of naked solid netal materials in the fibrous

m crocell structures, the present invention enploys a netal clad conposite
in form ng Inhenvehtivaflfsel célls,AR¢ d2HaREAR6Id M€ 20EAAIAD BendrdllPAvhideiSAR0B 12 3
current collectors of the electrodes in the mcrocell devices or structures
descri bedl hermesivealsowkthe elabtiocizmihbrestiggoaderarand she @lectrebgs. SMamdd farfamiiviggh
mechani cal strength and formability in conparison with the above-nentioned
gr aphi t e orcuent lsoltectorsain etdchceonvestianalc fobll iy ganerallyThaye e lgtited So lziaphiteetyrel
material s without any carbon coating or anorphous netal coating, in the

met al cl ad Batergisp Heveves sgphite matepizlelpnyen) pegungchavral strength aagfyaabily 3d 28ppr oach

that has been contraindicated by the conventignal w sdom and, approach of
the prior &% suitpRl¢ tofern Borafifions vherent|colleptat ’%@ﬁﬁb‘é’?‘i"@é"”ﬁ“ress wherein the outer

diameter of such microfibrous current collectors is usually within the range of from about 100 um

15  toabout 10 mm.

Eshraghi U.S. Patent Nos. 6,338,913 and No. 6,399,232 suggest coating aluminum or titanium
current collectors with corrosion-resistant materials, such as carbonaceous material or amorphous
metal. However, such coatings Jack uniformity and leave pinholes at certain area susceptible to
20 corrosion. Moreover, such coatings are only loosely bonded to the underlying current collector
element via Van der Waals forces, and thus have the tendency to peel and delaminate from the
current collector element under tﬁe severe corrosive conditions and thermal cycles that characterize

the fuel cell operation.

25  Despite the conventional wisdom that avoids use of naked solid metal materials in the fibrous

microcell structures, the present invention employs a metal clad composite in forming the fibrous



achieve surprisingly satisfactory results that have not been cont en'@gfyt]%qzoms
by the conventional w sdom wth respect to corrosion resistance,

el ectri calWOSAMMINFi t y, mechanical strength, and reli aBCE/US003D90E: gure 1
shows a cross-sectional view of a current collector 10 useful in a

m crocell as described hereinabove. The mcrocell current collector 10 is
a two- | ayer cumettalolletapdofahnagodee jn the minrocsll deyicas omspratlirescdes@ibdd® heagighbaveret al
outer layer 14. 15 The netal core 12 is forned of a first netal or netal

al | oy, pr ef whighh|shows gendatorsiomedsiatancg| #ngy high anechagicalc Kengile tand | femebitiyy dn | ow
electrical resistance (e.g., resistance |less than 10 pl2-cm preferably

| ess than sonprisy withitkshpbRiconrationed eraphite o grrhon-cgeferticurgitrealigerars:. yTheagrsel of ow
manuf acturi ng cost, such as copper, alum num brass, bronze, nickel

silver, etconfger! priesialy yifioyt eny rEboRtatne 5 RophoUs Detahoilng: B e mefzb e
selected, fromthe up consi st i of ,copper_and, al um num_and .al | pys

Uher oot , > antHOUEs OB BreRtdieio. Mysemoeiian spipaeh Tt 1o Bef cpipingieaed e o

The netal o ) i n t

or ot or abl y i SekfbRl wibohind R & 0@ RS0 TE & ol R Alg Bt

COrrosi-on-ragjal %{P{ﬁﬁ"mglaisgtﬂfa:gﬁ&n_@m&%{at ﬁwe%gg&n c%ﬁ'tgmfraﬁ&dby R FRnfidrhy . such

as titanium nio i ckel, "zirconium gold, tantalum ‘platinum

pal I adi um  @iSdon, W@ respBlt Go cdR%ibn RIsREREABEMrical EBRdERNA] medthMEal |sRHRMh, 3l 1 S
formed of a netal selected fromthe group 7 29/12/2006 WO 2004/006377

PCT/ US2003/@1iad{lia3 consi sting of titanium niobium nickel, gold, platinum
and all oys thereof, and nost preferably, such netal outer layer 14 is
formed of titanium The above lists of netals and netal alloys are only
exenplary and are not intended to limt the 5 broad scope of the present

i nvention. Figvee hehoab actpswesedtipnad pigwidfie curesnbidollentar P ubeiy éra mwrwléaswwdgw
together at their interfacial surface by solid-phase bonding, which is the

bondi ng of helginabpvef Cheanierospl cprest aaflectns @ isaHwofayer mistal efed omPpesifp, comprising a

metal core 12 and a metal outer layer 14.

15 The metal core 12 is formed of a first metal or metal alloy, preferably a metal or metal atloy that is
characterized by a low electrical resistance (e.g., resistance less than 10 uQ-cm, preferably less than
I uQ-cm), high mechanical strength, good formability, and low manufacturing cost, such as copper,
aluminum, brass, bronze, nickel, silver, etc. More preferably, the metal core 12 is formed of a
metal selected from the group consisting of copper and aluminum, and alloys thereof, and most

20 - preferably, the metal core 12 is formed of copper.

The metal outer layer 14 is formed of a second metal or metal alloy, preferably a metal or metal
alloy that is characterized by high corrosion-resistance, high mechanical strength, and good
formability, such as titanium, niobium, nickel, zirconium, gold, tantalum, platinum, palladium,

25  silver, etc. More preferably, the metal outer layer 14 is formed of a metal selected from the group



liquid phase material at their interfaces. 10 The soli d-phase bo”diQEU?QAZOOG
two different netals is achieved by a hot co-extrusion process, wherein
the two maV@RIPPBTHressed toget her at an el evat ed t enpePETURWO3H10Bause
deformati on of such netals in formof reduction in cross-sectional area of
the netals. The elevated tenperature is wwthin a range of fromjust above
t he m ni nuneeneistingof timhilnzdbdbiom rfaelpgoldtplatisungfand Himysrkmbf, sddamosh prefetahle, | ower
15 re-crystallization tenperature to the hi ghest tenperature at which both
metal s may Bish gelnuiepldyer i is Foomed affitanipml | i ng apart or any formation of
brittle conpounds or liquid phase material at the interface of the netals
bei ng bonded. By applying pressure at such elevated tenperature, it is
possi bl e to_sol i d-phase bond | ayers of any two, or re netals tg forma

Ul L pl o | a7 b 5 QL mals 200 FERLHBE oro BT RismBRHRE A1 151 MRS Bhase
bondi ng gs an%ﬂg%%hgﬁeﬁ%lgﬁgmglevated tenperature and the anmount of

def or mat? on that. S uﬁ%ergo. Preferably, the elevated tenperature

is within a range of from about 400C to about 900C, and the anount of
deformati on that such netals undergo is expressed as a reduction in

cross- sect | Rahetd & 15 AlditRSm@l oSt lydi8h &k SondBd Beethet Bt Bei iAfRER P burklQy about
25 7:1 (i.e., the cross-sectional area reduces §r0n17 to | due to such

def or mat i ongolid-PhasdBuatling 4vhich (i4 the bondidght® 16d SisiEreR ttalONitoutath® Borm@idh GLanyf r om 64
to | due to such deformation). S 29/12/2006 WD 2004/006377

PCT/ US2003/ i3jhfd@Rae hiaeris althett-ipérase. bondi ng fornmed according to the
above-descri bed nethod can be further strengthened by a subsequent
sinterifg step. The thermal energy provided by such sintering step
increases atomic nmobility of the netals and effects growth of the bond
areas at t hehelsdidcihesg bending obtmbo differepomsidlein aghfesedhytadibico-ealgusipn pessesh.twhereine
sol i d- phase bondin? bet ween such netals is further strengthened.
the two metals are pressed together at an elevated temperature, to cause deformation of such metals
in form of reduction in cross-sectional area of the metals. The elevated temperature is within a
range of from just above the minimum re-crystallization temperature of the metal that has the lower
15  re-crystallization temperature to the highest temperature at which both metals may be deformed
without any pulling apart or any formation of brittle compounds or liquid phase material at the
interface of the metals being bonded. By applying pressure at such elevated temperature, it is
possible to solid-phase bond layers of any two or more metals to form a multiple-layer metal clad
composite.
20
The strength of the solid-phase bonding is a function of the elevated temperature and the amount of
 deformation that such metals undetgo. Preferably, the elevated temperature is within a range of
from about 400°C to about 900°C, and the amount of deformation that such metals undergo is
expressed as a reduction in cross-sectional area ratios of such metals, e.g., in a range of from about

25  7:1 (i.e., the cross-sectional area reduces from 7 to 1 due to such deformation) to about 64:1 (i.e.,

the cross-sectional area reduces from 64 to 1 due to such deformation).



I n anot her enbodi nent of the present invention, at |east one of theZiEﬂ”T?VZOOB
and outer electrodes of the mcrocells conprises a netal clad conpOsite
havi ng a MEPaM408¢387fornmed of a first metal or netal  10PETAUSS003/619023
internedi ate nmetal |ayer fornmed of a second netal or netal alloy, and a
metal outer layer forned of a third nmetal or netal alloy, wherein the netal
core, the internediate netal |ayer, and the netal outer |ayer are bonded
to one another at their respective interfacial surfaces by solid-phase
bondi ng. 15TiEj gplidehae dtending Sormed gecorlingt fo othe| abgvewlpscrfedamethadr eamebd figther ent

col l ector 20 as descri bed herei nabove. The microcell current collector 20
is a three-syatiensdchy subeagnicigsagsttre, Theghgsmplsnsigy piovidad by suchsisterippstepyn
intermedi ate netal |ayer 24, _and a netal_ outer |ayer 26. The netal .core 22
5 Tor med oRerESE FURE RO b PRiells S G BrEPen et Jord ¥t &1 Do romie

all oy that | har.act er, z | ow el ectrical resistance (. e.

esi ot anpe TEEESRSARTBCHENLTRE, My B SFAE bSfing WS AR 1 fupr
mechani cal gLymRgddh, good formability, and |ow manufacturing cost, such as
copper, alummnum brass, bronze, nickel, silver, etc. Mre preferably, the
metal core 22 is formed of a netal selected fromthe group consisting of
copper and alum num and alloys thereof, and nost preferably, the netal
core 12 i s IherdiRtlertfodiaRMaE the pAEenbinich2dt 224 Gne MR 261N Oftar electrodes of the

PCT/ US2003/ 019023 The internediate netal |ayer 24 and the netal outer |ayer
26 are for microadis eongaien ndnatt tlad canpdsita hatidy a etaheb@lformed ofist ikt naetd] oymetal
respectively. The second and the third netals or netal alloys preferably
ar e chatvactadey, aetepyedistegheta dayerdeimonhofracssiond mmtelear nisiabjiliopeeh ameeldutes fayerngt h,
and good formability such as titanium niobium nickel, zirconium gold,
tantal um gemes plathirdast aametahalley, whessin the metal auesy Ge Micypesiaisragi jayer: #4d heecond
nmetal or metal alloy for formng the internediate netal |layer 24 is

sel ect ed fWBW?tﬁéa%f B ordsh o P‘??g’eb?" thefriresRPAS InIrTRAA! SHHECHIPY kYUY Phad

al | oys there%{.gﬂ and the third netal or netal alloy for form ng the netal
out er Iayerbo & s selected fromthe group consisting of niobium

15  Figure 2 shows a cross-sectional view of a microcell current collector 20 as described hereinabove.
The microcell current collector 20 is a three-layer metal clad composite, comprising a metal core

22, an intermediate metal fayer 24, and a metal outer layer 26.

The metal core 22 is formed of a first metal or metal alloy, preferably a metal or metal alloy that is

20 characterized by low electrical resistance (i.e., resistance less than 10 1Q-cm, preferably less than |
pQ-cm), high mechanical strength, good formability, and low manufacturing cost, such as copper,
aluminum, brass, bronze, nickel, silver, etc. More preferably, the metal core 22 is formed of a
metal selected from the group consisting of copper and aluminum, and alloys thereof, and most
preferably, the metal core 12 is formed of copper. |

25



pl ati num tantalum gold, zirconium and alloys thereof. Most prefezgﬁi 12006
the internediate netal layer 24 is fornmed of titaniumor titaniuma ?,
and t he neVaRIM@OE7| ayer 25 is forned of niobium 10 orP@T/HB00MEPI30Y. As
menti oned herei nabove, the specific netals and netal alloys identified
herein are only exenplary and are not intended to limt the broad scope of
t he pr esent Therimertediate mehblaydre4 hual thometaigutes lager [26 ate famed 6fef @edn@ thetatuind aand
three-layer netal clad conposites useful for formng the mcrocell current
col | ect or s tbird inktal gp meBbaliby, irgspestivelyo rifhe Msbral and Ge third sietals oiMip¢tallall@s peferably

I ntermedi ate Layer Quter Layer No. 1 Copper X Titanium 2 Copper X N ckel
3 Copper Ti #aRfaasierired thy figh comosopppristancs, highimerhaisd! gtremgthCadpgopd formailitym
Tantal um 6 Copper. Titani um Ni obium 7 Copper Titanium Zirconium_ 10

29/ 12/ 2006 S“Wﬁgé‘ﬁ’eﬂ?f"e% "Y‘?W/WO@BF%%@@"’BP@U}H&P“W%is'ﬂi‘ﬁ¥= BFatPfum 9

Copper N ckel_  Pl.atinum .10 P i ckel Gold. Accarding to referred
erboa meht BTG 8 PRl R Rkt n PR PR Bl Py R

IC:?L] Lregt g; _ ZQog?fhe RhodH hsittilg St bR ChiWurd, B k1 Chnls QD theRbE R thFiird AW o' 1

metal alloy for forming the metal outer layer 26 is selected from the group consisting of niobium,
platinum, tantalum, gold, zirconium, and alloys thereof. Most preferably, the intermediate metal
layer 24 is formed of titanium or titanium alloy, and the metal outer layer 25 is formed of niobium

10 or niobium alloy.

As mentioned hereinabove, the specific metals and metal alloys identified herein are only

exemplary and are not intended to limit the broad scope of the present invention.

15  The following is a list of preferred two- and three-layer metal clad composites useful for forming

the microcel! current collectors of the present invention:

Coﬁ;?slite Metal Core Intermediate Layer Outer Layer

No.

1 Copper X Titanium

2 Copper X Nickel

3 Copper Titanium Platinum

4 Copper Titanium Gold

5 Copper Titanium Tantalum
6 Copper Titanium Niobium

7 Copper Titanium Zirconium

10



(1) providing a base metal rod 32 conprising the metal or netal allew/f9¥2008
formng the netal core 22 of Figure 2, such as copper or alum nu ?£

provi di ng YOR2PMA063FEt al tube 34 conprising the netal or h@T/HSZQQWDtWZ?‘f or
formng the internediate netal |ayer 24 of Figure 2, such as titanium

ni obium or nickel, wherein 10 the first netal tube 34 has an inner

di aneter that is | er |t han di angt er base¢ net 32, $0 that
the first netal tuﬁsreg34 can f(? ?&arou _thpq{,)at;qgﬁnptal rndaﬂ’,%lgrng'?& provi di ng
a second netal [tubg 36 conprighng the |netal nukeiet al |al | oypitmf or m ng t he
netal outer | ayer 26 of LEi ; obi } _
gol d, wherein |theigecohd metGebpek ube 36 has Nadkeli Nner [di amet@sldt hat i $
| ar ger than t he—euter—dtareter—ef—35—thefHrst—retal—tube—34—so—that the
second nmetal tube 36 can fit around the first metal tube 34; (4) hot
co-extruding the base netal rod 32, the first nmetal tube 34, and the second
netal tube 36 together to forma netal billet 40 that conprises three

| ayers of WR&ca%d&Igtwla%?e@ma QRN SYineS ftkdeft iRNLAGRR, B0 RkeOGer AtthcdP oMt

drawi ng the neta let 40 into thin metal wire 50 via a series of cold
draw ng andcoligsidn @abf Figir$s i8 REmed) @feGbiRwing tepdThsshavat iaFigwe B 50 i S
characterized by fibrous conformation and small dianeter, and wherein the
thin metal wire 50 conprises three |1 29/12/2006 WD 2004/006377

PCT/ US2003/ 019023 different metal |ayers (cannot be seen in Figure 3)
correspondi ng t @bt previdies albase arceal BA, 32 comprisingt the metdl ertrectaglicyl fot fopreing 2%, and
the nmetal outer layer 26 in Figure 2. The thin netal wire 50 can be cut
into appropriate |®@¢igcprs 2pidigurddsuchasicopnsy eralumingmer and/ or outer 5 current
collectors of the mcrocell structure or mcrocell assenbly_ as described
her ei nabove. Thé?nireYidieset first Befpldtke %s*oqomeese'tsr*ée Btak ¢aneil é&%@r fonping 85t i on

x}y Prg\rlg Spe?gﬁ :rbllgtlea ter %{a gﬁogﬂé@% »SH ft:r glg?aarggmum or fic einwthgregbom 10

10 the first metal tube 34 has an inner diameter that is larger than the diameter of the base

metal rod 32, so that the first metal tube 34 can fit around the base metal rod 32;

(3) providing a second metal tube 36 comprising the metal or metal alloy for forming the
metal outer layer 26 of Figure 2, such as niobium, tantalum, platinum, or gold, wherein
the second metal tube 36 has an inner diameter that is larger than the outer diameter of

15 the first metal tube 34, so that the second metal tube 36 can fit around the first metal
tube 34;

.(4) hot co-extruding the base metal rod 32, the first metal tube 34, and the second metal
tube 36 together to form a metal biltet 40. that comprises three layers of metals bonded
together by solid-phase bonding; and

20 . (5) drawing the metal billet 40 into thin metal wire 50 via a series of cold drawing and
| | annealing steps, wherein the thin metal wire 50 is characterized by fibrous

conformation and small diameter, and wherein the thin metal wire 50 comprises three

i



pm and nost preferably fromabout 200 pmto about 500 pm 10 If t h?911212006
m crocell current collector of the present application conprises a

t wo- | ayer WR22894086334 conposite as descri bed herei nabovePCTNE2M930EM2or €
may have an outer dianmeter within a range of fromabout 10 pmto about 10
mm nore preferably from about 100 pmto about 1000 pm and nost
preferably from abdiffererdts@taplaydro(caipotie s&0 0 Pgare Doirdspdnkiing i the wetalcbre @&r r ent
coll ector of the present application conprises a three-layer netal clad
conposite as descr fhpitermesiais rprigh lsyes 24.tandthe metalravistliaer 26 indigate 2l ayer may have
an outer dianeter wthin a range of fromabout 100 pmto about 10 nm nore
preferably fromabout 100 pmto about 1000 pm and nost preferably from
about 200 pm to about. 500 while the netal core have 20 an. quter

di aneter wi ﬂ?ﬁ tﬁ“ Q‘GPEWQ%%OCF"?P% %“Mﬂ“t"f’ff&q%}ﬁq‘f B“da‘lﬁ?ﬂff’n?% B 'BY¥F er abl y
from about er out 150 pm
to abouty50%$%%faE%%ggﬁﬁgM%ﬁégggg%%%%I g%%@?%ﬁﬁ&g%ﬁmgg%%Pé%@ghgge pr esent
application are not limted to the two-layer or three-layer netal clad
conposite descri bed herei nabove. A person ordinarily skilled in the art 25
can readi | yridasitgenmaiak cflleabs GOID PfekdnE Spplia@vibiBay2klet b o didn)ee Wihinfa net al
or non-netal conductive materials, such as conductive pol yners,

car bonaceouangeaf @6t ab&iz 10D pnC @HbLE 10 v, @Rfeqidfershly R aboul MO wmilid aB&At 1802006

WO 2004/ 006377 PCTI US2003/ 019023 t he purpose of further enhancing the
corrosi on resiasdt mescpefanatly frere koot 208 umge stemgf0bpof such nmetal clad conposite
for formng mcrocell current collectors useful for practicing the present
applicatdion. 5 Mdireover, the netal core of the netal clad conposites is not
limted to the solid formas described hereinabove, In a preferred

enbodi ment 16fhet Rigropllecisnt colgeionof 8§, Present RppHsttion ce@Pr@e%TayW%Bwa PR b,

tubul ar netal el emecpt . trLr ougbh i ch heat-exchanging fluid _gsuch as air or
heat - ex Chaﬁ:@p‘lﬂ(&lteas escribed hereindbove, the metal core may have ani outer diameter within a range of

from about 10 pum to about 10 mm, more preferably from about 100 pm to about 1000 pm, and

most preferably from about 150 pm to about 500 pm.
15
If the microcell current collector of the present application comprises a three-layer metal clad
composite as described hereinabove, the intermediate metal layer may have an outer diameter
within a range of from about 100 pm to about 10 mm, more preferably from about 100 um to about
1000 pm, and most preferably from about 200 pm to about 500 um, while the metal core may have
20  an outer diameter within a range of from about 10 pm to about 10 mm, more preferably from about

100 pm to about 1000 pm, and most preferably from about 150 pm to about 500 pm.

However, the microcell current collectors of the present application are not limited to the two-layer
or three-layer metal clad composite described hereinabove. A person ordinarily skilled in the art
25  can readily design metal clad composites having additional layers of metal or non-metal conductive

materials, such as conductive polymers, carbonaceous materials, or conductive ceramics, eic., for

12



I'iquids) can be passed. |In such manner, the current collectors corrpg? ! 006
such hollow, tubular netal core concurrently function as heat-exch 8 é?

t ubes, forWweaed®ed’hg heat generated by the 10 el ectr och€nUsmb3/Mi@east i on
out of the mcrocell system The conformati on and shape of the netal clad
conposites are not limted to the illustrative exanples that have been
descri bed hee pirpab of/ fartiu @nih@gthé torfosigiLifedsante dnd eehan®XPdtipheth ofStichhmetatet al

cl ad conposites nmay have cross-sectional areas of various regular or

i rregul ar séapesnposigc for dorndifig amiieransll anugrens awllectorsr osgkudripr graaficingc the spresent

cross, triangle, square, rectangular, parallelogram trapezium

polyhedron ﬂ%b%wmﬂlke etc. The surface of such netal clad conposite nay be
snoot h, rough, spiked, grooved, etc. Figures 5A-C show various netal clad
corrposites of different cross sectional shapes. Figure 5A 20 shows a netal

o etal T ouepoRL e mest o ot d?e o B GREREeS PP e Sl Bhas e 12, 47
oval shape. | AIRLL 3| DS Rl 0RNS A AN Ao mRl L phALSThoRRA
¢ Bty chido s iivprto mate

Figure 5C s ows a ne os| conpri si ng

a netal corygy, 33l dieem! '%@. H%él' Gt ﬂhﬁ"d/ h3§s4 %5hla3- < Rinkink 2006
VO 2004/ 006377 PCT/ u§28’3’3 bough il cxditgfl, ¢ CSSlrh(r;ent o ec?orsn%f(é)rmed by

the processiigdR9Ght BEpaser ah Rl M4tines ARPEISR cBibciols RoRpriginkys@EHShdlibw,athuddr S,
while the metal core forned of copper or alum num provides high electrical

conduct i Vi tryetal kbt cérichradiily! Mnctidh @H héatkxcidhgihg fbdy) fop Longmitiflg hdat gonersreld By wé out er

| ayer(s) provide high corrosion resistance against the harsh chem cal

envi r onreentelecmochdmichrestiohoutbtthoeietobellcytanent 5 col | ectors are constantly
exposed, and the solid phase bondi ng between the netal core and the
internedi ate/outer layer(s) ensures mechanical integrity and reliability of
such |l ayered structure, wth mnimumrisk of such internedi ate/outer

| ayer (s) bébagopeapis affshngeof i metabﬁli"‘bcon&’&@ﬁs st aor limited, & the dllusiidie £ br ous

m crocell current collectors |s verg/ thin (e.g., fromabout | mto about
200 examples that have been described hereinabove and shown in Figures 1-4. For example, such

metal clad composites may have cross-sectional areas of various regular or irregular shapes, such as
15  circular, semi-circular, oval, crescent, cross, triangle, square, rectangular, parallelogram, trapezium,
polyhedron, star-like, etc. The surface of such metal clad composite may be smooth, rough, spiked,

grooved, etc.

Figures 5A-C show various metal clad composites of different cross-sectional shapes. Figure 5A
20  shows a metal clad composite 310 of semi-circular shape, comprising a metal core 312 and a metal
outer layer 314. Figure 5B shows a metal clad composite 320 of oval shape, comprising a metal
core 322 and a metal outer iayer 324. Figure 5C shows a metal clad composite 330 of star-like

shape, comprising a metal core 332 and a star-like metal outer layer 334.

25
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pm . However, each netal l|ayer is substantially continuous and unif?@?ﬂﬂZOOG
t hrough out the whole 10 bonding surface, |eaving few or no pinhol €s
suscept i bIVRO2#488¢37Dsi on. By using such microcell currenPCEOB2088019023 t he
useful life of the overall mcrocell structure or mcrocell assenbly
including same is significantly prolonged. 15 Figure 4 shows a fibrous fuel
cell 100 coThermisotel) cafierit R6IREoE Yormanby e bloest describe® herélbbverveipriza infultipiet

| ayer 110, a hollow fiber nenbrane separator 104 conprising an electrolyte
(not shown)layers efonetals twhilpjtiichmétdi oierfprmed ofitedpsrser diumyimm proGidesriveght destricainer
current collector 102, an outer catalyst |layer 106, and an outer current
col | ect or 1®8ductdyofhdititpiumg nigbiyine platinuig ol gal® ditarpprdiateifuter hayerty Pewide high
invention. The kK electrolyte may be solid ign-exchanging particles

i npr egnat ed™TASIAMISSIBRNCE Fest Berharh rhsmired ea‘emg'@%ﬁwgwh Fod migocell gumgR) | ow

fi ber mepbrape separator 104 may formed entire of .Jon- exchangin

mtor i Al ¢ HENSET B FN ey O e e SR Bsea g e e GOB L e o ¢ en
collectors . ’ f. - ot o ites,
conprisingligﬁg gﬁbé%?%ﬁ%§&&@¥&§%%%gf@gﬁg£§y%@taEﬁ@'téﬂﬁﬁagaégﬁgﬁih%’

titani um 2pumhihngmnlick %f’él?& inééﬂeﬁﬁ%btgg@ﬁ@ baﬁgf,ééﬁla 08 e AP o, EAeh metal

m crofi brous current collectors formed of 'netal clad conposites as

di scl osed hgJefinudy fbrous Radréell irleridildoddrsSt G thirt @21, krym @bdanamdo gl TSI ON
resi stance, low electrical resistance, |onger useful [life, excellent

mechani cal &f)r elogtver,a0ach dletsitiayet is ubs@midilg cenditn®is fidl unilinl thioygh sut henrhakei son
with the mcrofibrous current collectors or current collectors disclosed

i n Eshr &ghibotdiig swiPat dedvinplfesv. or ndpibhoBi Gyséepdble o c@RBj0BO8; 5, 989, 300; 6, 004, 691;
6, 338, 913; and 6,399, 232. Wiile the invention has been described herein
with reference to specific enbodi nents, features and aspects, it wll be
recogni zed that the invention is not thus limted, but rather extends in
utility to Byosingrsushpmicracelheurmsatsoliapters; e juenil lify phthe exgralbmirocghgeSddi ment s,
and accordingly all such other 10 nudifications, variations, applications,
and enbodi rmEfeE! aysemilyingludipgame aignifieantbelralgngifitt hin t he

15 Figure 4 shows a fibrous fuel cell 100 comprising an inner current collector {02, an inner catalyst
layer 110, a hollow fiber membrane separator 104 comprising an electrolyte (not shown) in contact
with the inner catalyst layer 110 and the inner current collector 102, an outer catalyst layer 106, and
an outer current collector 108, according to a preferred embodiment of the present invention. The
electrolyte may be solid ion-exchanging particles impregnated in the hollow fiber membrane

20  separator 104, or the hollow fiber membrane separator 104 may be formed entirely of ion-

exchanging material that function as the electrolyte.

Both the inner and outer current collectors 102 and 108 are formed of two-layer metal clad
composites, comprising a metal core 112 of copper-and a metal outer layer 114 of titanium.

25
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spirit and scope of the invention. 15 29/12/2006 WD 2004/006377 006
PCTI US2003/ 019023 THE CLAIMS WHAT IS CLAIMED IS: 5 1. A fibrous m %%1@@
struct ure WOAYH{08637g: an i nner el ectrode, 10 a hol | ow f POTEEROHEIMOIANE
separator in contact with the inner electrode, an electrolyte enbedded in
the hol |l ow fibrous nenbrane separator, and an outer electrode, wherein at

| east one ofhd hé&rdfibres cart alitanrs @reat vioolets! dainfmipsdies as diedlakd béreid are
conposite 15 having two or nore netal |ayers bonded together by

sol i d- phas ecHawpidiizad by Penifithraly £iHanasd sormeion weisénke, bwalrstrinsl eesiaomy idigarpstfol ¢l ai m

1, wherein said netal clad conposite includes a netal core and a netal

out er | ayer lifepgredlentipgshamical sygagthpad: dedity. aad ersateruscliablie b epmpgrisew with ghem 2,
wherei n sai d, m;_%al core c?n‘?ri ses a fi [?st tal or netal all og/ sel ect ed
fromthe grBIEPIRYHS FERMLEPlIEHO Op uFent S9HI5RPES LHCloprA sl sEshraghi 5 e Patent ¥08) |

silver, and.m I . ) o) Th I us mcrocell structure
accor di ng t%mé?%?’%%g?’w&mgéégg ﬁ&gtgpﬁéﬁb{%ﬁgﬁg% %‘Fﬁc%%‘;;é?ses 25 copper or
copper alloy. 5. The fibrous mcrocell structure according to claim 2,

wherein said netal core conprises alumnumor alumnumalloy. 30 6. The
fibrous m cifgehd infdhlidhthdbetn FSGBEMeRSh Lith efeRhdiPope R BbAmSM, fafiiel &la Out er

| ayer conprises a second netal or netal alloy selected fromthe group
consi sti ng Mpects] it ¥ BeTecogrtied Hatihd inRénGikiels noZthisQRiked] Wt 190ErGxich@ M alidMo

plati num palladium silver, and m xtures and-
other modifications, variations, applications, and embodiments, and accordingly all such other
10  modifications, variations, applications, and embodiments are to be regarded as being within the

spirit and scope of the invention.

15



al loys thereof. 16 29/12/2006 WO 2004/006377 PCT/LJS2003/019023 7. 28¢2/2006
fibrous mcrocell structure according to claim2, wherein said meta? %er
| ayer copPre¥OB7Eecond netal or metal alloy sel ect ed PEBHHSI06F0PBuUp
consisting of titanium niobium nickel, gold, platinum and m xtures and
alloys thereof. 5 8. The fibrous mcrocell structure according to claim 2,
wherein said netal outer layer conprises titaniumor titaniumalloy. 9.
The fibrous mcrocell structure according to claim2, wherein said netal
core conprises 10 copper or copperlﬂﬂlgi,!M@nd wherein said netal outer
| ayer conprises nickel or nickel alloy. 10. The fibrous mcrocell
structure according to claim2, wherein said netal core conprises copper or
copper all gﬁﬁéﬁ%ﬁai d netal outer |ayer conprises titanium or
titani um - - fibrous mcrocell structure according to claim
1, wherejn said netal clad conposite includes a netal core, an
internmedi ate netal |ayer, and a netal outer layer. 12. The fi brous
m crocell structure according to claim1l, wherein said netal core
conprises a 20 A hrdiks nfi®ScRH stRbwRbAMisRL! Oy sel ected fromthe group
consi sting of copper, alum num brass, bronze, nickel, silver, and
m xtures or alloys thereof. 13. The fibrous mcrocell structure according
to claim1l, whereinasiancelsdidd, core conprises copper or copper alloy. 25
meial OBt e conpr sest MOIPH RO SEAah Arjagg v Mt heci SRS €1 1 Sl €

an electrolyte embedded in the hollow fibrous membrane separator, and

an outer electrode,

wherein at least one of the inner and outer electrodes comprises a metal clad composite

t5 having two or more metal layers bonded together by solid-phase bonding.

2. The fibrous microcell structure according to claim 1, wherein said metal clad composite

includes a metal core and a metal outer layer,

20 3. The fibrous microcell structure according to claim 2, wherein said metal core comprises a
first metal or metal alloy selected from the group consisting of copper, aluminum, brass,

bronze, nickel, silver, and mixtures or alloys thereof.

_ 4, The fibrous microcell structure according to claim 2, wherein said metal core comprises
25 ~ copper or copper alloy.
5. - The fibrous microcell structure according to claim 2, wherein said metal core comprises

aluminum or aluminum alloy.

30 6. The fibrous microcell structure according to claim 2, wherein said metal outer layer
-comprises a second metal or metal alloy selected from the group consisting of titanium,
niobium, nickel, zirconium, gold, tantalum, platinum, palladium, silver, and mixtures and

alloys thereof.

16



15. The fibrous mcrocell structure according to claim11l, wherein 2@/‘1’2/2006
internmediate netal 30 |ayer conprises a second netal or rret al allo

sel ect ed fW8APAB63IY oup consisting of titanium niobi un?CTfU§¥4@B/019023
zirconium gold, tantalum platinum palladium silver, and m xtures and

all oys thereof. 17 29/12/2006 WD 2004/006377 PCT/US2003/019023 16. The
fibrous mcrocell structure according to claim11l1l, wherein said

i ntermedi ate Metfle forY HhicroQMPhGES a@coﬁﬁ‘%ot@q:la'imtzalwh%mngﬁfdallnetﬁl duRY 188l ect ed
fromthe group consisting of titaniu ni obi um ni ckel, and m xtures and

al | oys thereof 5eomprisestygecpidypeleler metet g é|8?'ec-§,eérfwem? grouR. easpisting §f Hgnikmai m 11,
wher ei n sai d i nt@sbigat hidket oM} pMtinuth AYEhixGRIT RN JH6S thekdofNi UM or titani um

al | oy. 12. The fibrous mcrocell structure according to claim11l, wherein
said netal outer layer conprises a third nmetal or nmetal alloy sel ected
fromthe grdup cowmdibstus mycrodell tsirbcmre @egordingOto relainy i2u hemin claig] metai quizo dyemm

gol d, tantal um i : I i silver, and m xtures and all oys
thereof 19. The ofg%ngtﬁ%ﬁgmrﬁ"g?rg@ﬁi S )F'ucture according to claim1l, wherein
said netal outer layer conprises a third nmetal or nmetal alloy sel ected

fromthe greup cowesbeid ARrdeél ﬂ}uacweraw&du@qb dlaim ﬂ,avﬂareabsaumlema&eabﬁmses
zi rconi um and m xtures an S { her.eo

truct Ut accor dPHG & GoREPATRN 10 VAR B oL T AT A QYRR o | ses

ni obi um or ni obi um al | oy. 20 21 The fibrous mcrocell structure according

to claim 11 V\’helrhglf' Br. Es:@%m@ﬁ{ &lluctﬁr%ragco dﬂ%ﬂg '013%2 wWHeRRE&hidFhetdi %89%5m[§ls\!:soy’

wher ei n salc?lnterme ayer nprises titani um or
al l oy, and wher gpppesericoppaealiay, m@xwémm éﬂ}fbmetd@ntprrlmesomnr%mmumrorma@wmum
al loy. 22. The fjrous microcell structure according to claim1l, wherein
said netal core conprises 25 copper or copper alloy, wherein sai d
intermedl ate netal |ayer conprises titanium or

11. The fibrous microcell structure according to claim 1, wherein said metal clad composite

includes a metal core, an intermediate metal layer, and a metal outer layer.

12, The fibrous microcell structure according to claim 11, wherein said metal core comprises a
20 first metal or metal alloy selected from the group consisting of copper, aluminum, brass,

bronze, nickel, silver, and mixtures or alloys thereof.

I3. The fibrous microcell structure according to claim 11, wherein said metal core comprises

copper or copper alloy.

25
14, The fibrous microcell structure according to claim 11, wherein said metal core comprises
aluminum or aluminum alloy.
15. The fibrous microcell structure according to claim 11, wherein said intermediate metal
30 layer comprises a second metal or metal alloy selected from the group consisting of

titanium, niobium, nickel, zirconium, gold, tantalum, platinum, palladiut, silver, and

mixtures and alloys thereof.

17



titanium all oy, and wherein said netal outer |ayer conprises plati ngg/?% 2005
pl ati numalloy. 23. The fibrous mcrocell structure according to claim {L
wher ei n sV 20A#{08637¢0r e conpri ses copper or copper al | opCTARWOBNI023ai d
intermedi ate netal |ayer conprises titaniumor 30 titaniumalloy, and
wherein said netal outer |ayer conprises gold or gold alloy. 24. The

fi brous m ct@cel ThedSibrass tmicreceh sy avgprdiog ® caim 11 whestie sed mtesragdibtanpetal cor e
conprises copp r e O, [ yer
ompr i ses ¢t ani iy SoFARRCE ol ot Ao et QnE bR REIRE oBbF SRk bEITE,
conpri ses tant altﬁﬂwmnpbmmam!mwpwreswdﬂb’mﬂzwmj% WD 2004/ 006377

PCT/ US2003/ 019023 25. The fibrous mcrocell structure accordl ng to claim
11, wheregin_ sai al core conprises ., or C er wher |n sai d
i e rach at B et P TRy A ST TRrdh BAP |1 HoGh o TR ey of n
sai d netal out erlayesgosprieotipuiug edtitmiuncadloy.um or zirconium alloy. 5 26. The
fibrous mcrocell structure according to claim1ll, wherein said netal core
conprises copper or copper alloy, wherein said internediate netal |ayer
conpri ses niSebi (i dibrouimitsooginsticiuesyaccerdie Whelriai hl, sdeinpieidaneta puist layery er

conprises plati Q&Hbﬁ@s Rliaddi rﬁ‘éﬂpo@HeQVallo}Qe]&Zed e ﬁfe' FEBURnsiEtifg SC@hdium,
structure according to claimll, wherein sa core conprises copper

or copp&t al | oy, PoRFEY gick! széffoﬁ'”f“ng‘é‘?ﬁﬂ'éﬁ%é’ Ipafgﬂii‘@’rml(’%rﬁﬂ’ migwesgdi el or
ni ckel alloy, ahdsdesotin said netal outer |ayer conprises platinumor

pl ati numalloy. 28. The fibrous mcrocell structure according to claim 11,
wherein said netal core conprises 15 copper or copper alloy, wherein said
i nt er medi atié- netTa¢ fibwyemicwaibstrusers asbadieg tooelaimi bl edhereia| spigymetad wdtenvaggrei n
said netal out ercorhﬁﬁésg a tﬁlgfmétdl %ﬁﬁetzggild} sQbctdofh tﬁéér&)ﬁ cor%%tmgﬂ??lalflduplr

m crocel | structure according to claim i1, whereinh said netal clad conposite
has an Buter di &iebivey tagiplum zcopnymspidanignres and slloypBiecf 00 m to about 10 mm 20

20. The fibrous microcell structure according to claim 11, wherein said metal outer layer

comprises niobium or niobium alloy.

20 2L The fibrous microcell structure according to claim 11, wherein said metal core comprises
copper or copper alloy, wherein said intermediate metal layer comprises titanium or

titanium alloy, and wherein said metal outer [ayer comprises niobium or niobium alloy.

22. The fibrous microcell structure according to claim 11, wherein said metal core comprises
25 copper or copper alloy, wherein said intermediate metal layer comprises titanium or

titanium alloy, and wherein said metal outer layer comprises platinum or platinum alloy.

23. The fibrous microcell structure according to claim 11, wherein said metal core comprises
copper or copper alloy, wherein said intermediate metal layer comprises titanium or

30 titanium alloy, and wherein said metal outer layer comprises gold or gold alloy.
24. The fibrous microcell structure according to claim [1, wherein said metal core comprises

copper or copper alloy, wherein said intermediate metal layer comprises titanium or

titanium alloy, and wherein said metal outer layer comprises tantalum or tantalum alloy.
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30. The fibrous mcrocell structure according to claim1, wherein sgb 212006
netal clad conposite has an outer dianmeter within a range of froma

100 gm t o ¥B3M4PEED m 31. The fibrous microcell struct BESUSZWHPHORY t o
claim1l1, wherein said netal clad conposite 25 has an outer dianmeter within
a range of from about 250 pmto about 500 pm 32. The fibrous m crocell
structure according to claim1l, wherein said netal clad conposite

conpri ses et : t0

bondi ng. 30743, - THRa P bRl FueuRoRrg 0 0RR, 1P AR i hodiable LRSS
wherei n sai d met%@PPeE IPRGORPSTIY| vhereil gaid dnterpmgdiate anstaf |‘%’Pra1=°"§3ﬁ§i°ﬁé“"§élrﬂe€'t ed
fromthe group cfsinsdlloNdn@Wheddis Gald nidial i MyerGbihfriskdirconiudV @ zircoRfuRSNGNT |
cross, triangle, square, rectangul ar, parallelogram trapezium polyhedron,
and star®like. 19 29/12/2006 WD 2004/ 006377 PCT/ US2003/ 019023 34. The
fibrous m c2®cel ThedSibrouchicroeelbstmmeinrg iacogrding te tlaimnnl lwhendive sagl metalabe corprisks cl ad

conposite has a.Gk03peaRel LRgalnainRt: SFLREASL LLO Tyl GuBURIBANSLST T N0

of circular, sem-circu rous
mcrocel | str uctflﬁbémmileblﬁéﬁ w@r@@a@lrwahwzqr layprepprisex piingrp orflatipwn eloys g

hol I ow, tubular nmetal elenent, through which heat-exchanging fluid flows,
f or conductl ng heat_ out . of sald fibrous mc;rocell structure 36. The

fibrous % ctlocel gPrPEFCTﬁT"ée'%E‘H‘r“ﬂP??@rdl"é t-flajp ] yhersi sapdapgial oppe CORRNISES cor e
is a hollow,  1Goppabet capperelioy) wiekehmaft inteinfedia gletaaye ronprizts sikeharngikelg f | ui d

flows, for condu in f said fibrou ructure. 37. An
el ectrochem cal 3 r% g’\g/regesggmemfom Paﬁercompqnseggﬁu?umorﬁ) F%%‘E’% m crocel |

structures as in _cI aim1l. 15 38. An electrochenical cell device according
to claim 37%g coRgl inbils RidrofensudturE &:'t!c!)rding to claim [1, wherein said metal core comprises

15 copper or copper alloy, wherein said intermediate metal layer comprises nickel or nickel

alloy, and wherein said metal outer layer comprises gold or gold alloy.

29. The fibrous microcell structure according to claim 1, wherein said metal clad composite

has an outer diameter within a range of from about 100 pm to about 10 mm.

20
30. The fibrous microcell structure according to claim 1, wherein said metal clad composite
has an outer diameter within a range of from about 100 pm to about 1000 pm.
31 The fibrous microcell structure according to claim 1, wherein said metal clad composite
25 has an outer diameter within a range of from about 250 im to about 500 um.
32. The fibrous microcell structure according to claim 1, wherein said metal clad composite
comprises more than three metal layers bonded together by solid-phase bonding,
30 33. The fibrous microcell structure according to claim 1, wherein said metal clad composite

has a cross-sectional shape selected from the group consisting of circular, semi-circular,
oval, crescent, cross, triangle, square, rectangular, parallelogram, trapezium, polyhedron,

and star-like.
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39. An el ectrochem cal cell device according to claim 37, constitut 2@912/2006
battery cell. 20 40. A fuel cell conprising mcrocell flbrous el enent’s,
wher ei n e ¥Q20040P60@| | fi brous el ement conprises: an i NREF/USN0/819023
collector, an inner catalyst layer, a hollow fibrous nenbrane separator in
contact with the inner catalyst |ayer and 25 the inner current collector,

an electrolyte embémdﬂdmknmﬂhﬁmhmhhQMhm@bﬁohmmnnﬂhmﬁn&mamﬂmbmﬂemmmﬁan out er

catal yst |ayer, d an outer curr east of the
Cnnerand outer "Eop PRy SusFh o Bk B AESE ol b BRRGIAE,

having two or nwva, m@s@ﬁmkayers bonded together by sol i d-phase bondi ng. 20

5 35 The fibrous microcell structure according to claim 2, wherein the metal core is a hollow,
tubular metal element, through which heat-exchanging fluid flows, for conducting heat out

of said fibrous microcell structure.

36. The fibrous microcell structure according to claim 1, wherein the metal core is a hollow,

10 tubular metal element, through which heat-exchanging fluid flows, for conducting heat out

of said fibrous microcell structure.

37. An electrochemical cell device, including a plurality of fibrous microcell structures as in
claim 1. '
15
38. An electrochemical cell device according to claim 37, constituting a fuel cell.

39. An electrochemical cell device according to claim 37, constituting a battery cell.

20 40. A fuel cell comprising microcell fibrous elements, wherein each microcell fibrous element
comprises:

an inner current collector,

an inner catalyst layer,

a hollow fibrous membrane separator in contact with the inner catalyst layer and
25 the inner current collector,

an electrolyte embedded in the hollow fibrous membrane separator,

an outer catalyst layer, and

an outer current collector,

wherein at least one of the inner and outer current collectors comprises a metal clad

30 composite having two or more metal layers bonded together by solid-phase bonding.
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