M.CRCCELL ELECTROCHEM CAL DEVI CES AND ASSEMBLI ES WTH CORROSI ON- RESI STANT
CURRENT COLLECTORS, AND METHOD OF MAKI NG THE SAME 5 DESCRI PTION Field of the
I nvention 10 This invention relates to mcrocell electrochem cal devices and
assenbl i es, and nethod of naking the sanme. More specifically, this invention
relates to m cHMECRPEELLELECT, EMICHeDEVESESAND ASSEMHIIES WITHat conpri se
current collectors ofCHFERSIONREFSTANT HRRENT GOLLECHORS. cor r osi on
resistance, and hi gh mechafPOHTRABGEMAENGIHe8 MEance to peel i ng and
wearing. 15 Background of the Related Art El ectrochem cal cells, such as
batteri.es and fuel cells, have positd negati ve el ectrodes that are
separatsed in such manner as to avz[:)%dcﬁ;{]ggﬁlal short-circuiting, while the
el ectrodes are in contact wth an electrolyte nedium which chemcally reacts
with the eleeciraRagsyd.p generate flow of 20 electrons, thus providing
el ectrical energy when the circuit is coupled with an external |oad. A recent
i nnovation in the el ectrochem cal energy field is the devel opnent of
mcrocells - small- sized electrochemcal cells for battery, fuel cell and
ot her 1el edhis oubeinh eddies demicerelngphb@@hicAnBviceEhed askintlios eld mégahirgl.ogy 1S
described in U S. Patent Nos. 5,916, 514; 5,928,808; 5,989, 300; 6,004, 691; 25
6, 338, 913theanue.6, 399 ,spB3Hicalhl lthit twvRaign Relatéss bor aghicell Tio@rodheatiC @bdices tahdiCt Ur e
described in these patents conprises hollow fiber structures w th which
el ect r och@¥ietdirs ¢t |compring onaRtiscalleaors ad slogh ateetdical 4bT@icii6, REH Fhesion
af orementi oned Eshraghi patents describe an el ectrochem cal cell structure in
ni cr of i befF®tmand (P werhanis gidpancy anq reggtanseioparling ansl weetnsor , a menbr ane
separator, electrolyte nedium and a second current collector. Specifically,
t he Eshraghi patents disclose a hollow fibrous nenbrane separator,

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 electrochemical 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. The microcell structure described in these
patents comprises hollow fiber structures with which electrochemical cell components are

associated.



inpregnated with el ectrol yte nmedi um and having a first netth;bgsr (i nner

current collector) 5 disposed inside thereof and a second neta Fber (outer

current collector) disposed on the outer surface of such hollow fibrous

menbrane separator, wherein the first and second netal fibers constitute

positive didafregeattiovel Rshingle pitertsdeb@ibt OF Sec@bchbNRAIRLICER6E in mMHbimb g, T i br ous

m crocel | s as described herei nabove can then be serially and/or parallelly 10

connect ed Yhisepens a fmdcupas kelthclou ndhedring bepaatou ridcaslyte MeGACHl 2 RESENDI Y,

which is characterized Dby high current density and high voltage output. The

posi tive &WEFThedertqry erssifictlienthe Edirdghigrisnts disfloe hdoEshfiaghimanibenosphhs:;, as

described.in the anve- |isted patents, are in contact wth the reactive

el ect r ol ytBPREBEEY M RSOl R redivgy andahaying mhfiest tetl fibera(imgr paresh cdkeor) cal

envirogneg%. %ang he current collectors of the mcrocells are fornmed of very
t Qispqs, @il ety i

thin me apde el And pesecond mefal fibsy (I cBpEt Boliscten dsorseden &1, ouihi ch may

result in i | sconnection within jndividual mcrocells or between
serially (S)'%%agé;%gﬁ%%:h?lif)q}cﬁbnrﬂuesclf'eemdj " SHEEE gl?em’é\}l??ngrﬁta‘i‘“ldfe%oﬁ%r“teé’hiﬁﬁﬁst he usef ul

life and/ @fnfied UGN M@é i the m,crocell assenblies. 20
Eshr aghi Ufg} Pgtén?a%ﬂggﬁg,S §$§%§”§ﬁﬁ?ﬁBF“ ?%59,232 suggest several

corrosi on managenent structures for enhancing the corrosion resistance of the
current collectors in the mcro.cell devices or structures. For exanple,

current colultipt OrsusCarrdaelsnanidsatbu medinhb98 Gh aphi te sdFR e ah@rS parallelly
alternatively, current collectors can be formed of al um num or copper coated

Wi th dorr osinented tegethirs traintackedbipoRa deo bl aniegahicRgS] asdinfhoughlh th@agsaphi t e or

carbon-coated current collectors have 25 significantly enhanced corrosion

resi st ancl high @oppdeisomdhigh holtaeeouwtnvent i onal netal current collectors, they

are not nechanically robust (i.e., the graphite current collectors are easily

broken, 2 4172-116 PCT and the carbon coating are easily peeled off, exposing

t he under gin metal core to the corrosive electrolyte), which will result in
SRt »

|
event ual ﬁ B SHAEE eosrosRof fe Fslyrehbricugsellss dsisscribdrip delabaye-

listed patents, are in contact with the reactive electrolyte medium. They therefore are subjected to a
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,

eventually 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 identi fyl%nlqﬁ%i lize
i nproved materials for formng 5 current collectors of hi g4h i T
corrosion-resi stance, high electrical conductivity, and high nechani cal
integrity in such mcrocell structures, and it is accordingly an object of the
present i pvelt cobentatingragvdadly @eled 6ff,ee@lsing Sier whGériim@ nidtal 3&S &ML YorfRRPr i Si Ng
current collectors fornmed of corrosion- resistant materials for significantly
pr ol ongi n§lettidytalsefich will reet inmeknenldmcica gistdneectied Wighi britkyveaf thémhveelri cr ocel |
structure or assenbly. 10 15 SUMVMARY OF THE | NVENTI ON The present invention in
one aspect relates to a fibrous mcrocell structure conprising: an inner

el ect rodeTha holqlow fibroys nenbrane separator in contact with the inner

el ect r ode, "THRTEIOE § PN{RUEEAREHR e ATt todenHE ane Pilniniireed meterianfor ferains epar at or

and an out er ellegtro e, wher.ein at | east one of the inner and outer
current collecior

el ect r 0deS BN T aBs LM fOLOS R LRSS uedy Tleetiral fondrctivily. andrhighomerharieadl | ayer s
bonded to Min RYenSQL LA RhA %ebon f'ng. 20. Anot her aspect of the present
%?%Pgt lsgly%l SR AR G cptésaefcc%g'fl%ly 8’%:\9&8%,"? ﬁﬁd’lﬁiﬁ?ﬁt HYCHO" ® ural ity of

i nvention e 0 an el ectrochem

fibrous mygracel hicstdu SordselERClRedNel el nabove. Such el ect rocheni cal
Th0AC S thio UL or A8 HBE LI RAL L BLELNANRY S, M

cell device can be either a e &V PTBRECRF BN such

el ect r ochegigalnaeakll @%hiﬁ@cmgyz F.ﬁloﬁgﬁg th€ Bkl 18k %KIQHE?% ARGy %UE he present

invention relates to a fuel conpri sing mcroce rous el enent s,
wher ei n ea@locel afacelt astdrldiyous el ement conpri ses an i nner current collector,
an inner catalyst layer, a hollow fibrous nmenbrane separator in contact with
the inther catalyst layer and the 3 4172-116 PCT
SUMMARY OF THE INVENTION
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 eiectrode,

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



inner gurrent collector, an electrolyte enbedded in the hoIJgﬁifE rous

menbr ane separator, an outer catalyst |ayer, and an outer current collector,
wherein at | east one of the inner and outer current collectors conprises a
metal clad conposite having two or nore netal |ayers bonded together by

sol i d- phasenehanrditaglectr, 6 Hetrolpeabidied harthdnesfiand naehbant agaso0fin &k | nvention
wll be nore fully apparent fromthe ensuing disclosure and appended cl ai ns.
BRI EF DESCRRIPS IO @f PHEDRARINGS 2@, Fhaein @t ltast sneaofahoBser sed bitenatrenti ew of a
m crocell current collector forned of a two-layer netal clad conposite,
accor di ng PCBRE BAIEYT mEAt clask coppesitp havingrivo ionwerstian Jaysis Gorded Rgétser Ay
cross-sectipnal view of a mcrocell current collector fornmed of a three-|ayer
met al cIaGMMﬂ§m@ Ps¥%i te, according to another enbodi ment of the present
invention. Figure 3 is a schematic representation of formation of the
three-lI"ayer netal clad current collector of Figure 2 froma netal billet. 20
Filgure @ iohe s6LASSERRE! LNkt Ofe B LIBE UE oTChOG8) | SLLUGLUT G havi no

bot h i nner current ¢ ectors ftor ned ad

conposite%“uﬁgggag$ggng&mgﬂgjggggdinent of the present invention. Figures
5A-C are cross-sectional views of mcrocell current collectors formed of netal

clad 25 conposites of various shapes. 4 4172-116 PCT DETAI LED DESCRI PTI ON OF
PREFERRED EMBODI MENTS The di scl osures of Eshraghi U S. Patent Nos. 5,916, 514;
5,928, 808; 5,989, 300; 6, BMEEOESCRIPTION OF THE DRAWINGS

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 5A-C are cross-sectional views of microcell current collectors formed of metal clad

23 composites of various shapes.



6,.338, 913; and 6, 399, 232 hereby are incorporated herein by reference, in their
respective entireties 5 and for all purposes. As used here?lﬁ?'lwﬁtherm
"mcrocell"” refers to an el ectrochem cal cell energy generation or conversion
structure, including a nenbrane separator having el ectrol yte enbedded t herein.
The el ectrol yte nmaDETAEIERBESARPHOSIO)H EREFERREVFNARGH NG N®E eri al evenly
distributed within the nenbrane 10 separator, or solid ion-exchanging
particles immbilized in mcropores of the nmenbrane separator; alternatively,
the menbraié €¥l5arst of Friragh] fU.-SreBatdne Noor f@th, Of; i50P8,808c samsgbony amti@pial t hat
functions 6&58§{§ectroj éte medi um_ The nenbrane separator is in contact with

el ect ri cal’ry>eondii%veé 2 hrde aes inoppppiatsd herein @y referpnse.iimtheiprspctivewntitiesr  ar e

coat ed ;W tan %!, ectrocat al yst and form positive and negative electrodes for the
el ectrochem Cal C&°F® 15 Wil e the ensuing description herein is primarily
directed to fuel cell enbodinments of the instant invention, it wll be
appreci ated that the description can be anal ogously applied to correspondi ng
battery CQISI@e@ngeig’o%gttggr“I;igrrgggq,l,, 3%“ Iltgca%req&ngcrﬂlecal ‘%ﬁl | devices, consistent

with the invention. A battery Of " COUT SEICH s B SRS BERETHR I cel | i n

that the ebRetib®SNRITESchingS hieraHBLSh LA 1 [ ¥ediSy RLEsent and stored
in the cell, as opposed Ctuom%ei ng ext ee?nal I y@&%ﬁcgﬂ%%%?ﬁﬁdﬁde SPucttire when

_eI ect r ochekit@ate rﬁeﬁériall&ah%eislSolﬁe&li-é’x@ﬂngiﬁlgsmjlt&ia"}ie\feﬁﬁldis@r%lu!ed “ﬁﬁiﬁg-[equleﬁ'glr%é when used
in a battery cell, the mcrocell does not require a lunmen at the center of

the filBer septrher ebspli¢ onreesipmgh mgiclss insidbPizéd MindgofoRe DO dleinBEnOfepdridiier s in
nodul ar assenblies for battery cell applications. Mcrocells 25 for battery
cel | appl Plicaelivis the msmbraye sspampige titsrifatnaarve foped adfi ionatchgighit ah@aGE $haf r OM
mcrocells used in fuel cells. 5 4172-116 PCT In a specific enbodi nent of the
present i HVERE] Blectahde pedivpcBlcmesdrmpe sepergtoninin qanert with elcttricdle conductive

fibers, which in turn are in contact with or are coated with electrocatalyst and form positive and
negative clectrodes 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 operationat differences from microcells used in

fuel cells.



menbrane separator in contact with the inner electrode, el eﬁty{_ﬁl ééig enmbedded
in the nenbrane separator, and an outer el ectrode, wherein a f t one of
the inner and outer electrodes conprises a 5 netal clad conposite having a
nmetal core fornmed of a first netal or netal alloy, and a netal outer |[ayer
formed of a second netal or netal alloy, wherein the netal core and the netal
outer layer are bonded to each other at their interfacial surfaces by

sol i d- phade 250§ i bodiment ehihe mepashabventio | theemlctosell wserias analcedeisabdeda met al
material is generally avoided, due to the high 10 corrosiveness of the

el ectroch 8 FBYEPY Peronatteriihdhs ingerclachiedee Fleattolyesl sptbeddelbn greimdmbiae f or mi ng
current coll ect or in sqch gonven_ti onal fuel cells generally have been limted
to graphi t@FYpE" HeBF FaqTede. PBMEY atleastfing shibe Enprepdpiteielctravecomerises poor
mechani.cal rength and formability an r not suitable to form m crofibrous
current cgie%e((‘:l Jc:%rsn p?sﬁte Vé”gr?‘i”&‘??%(’?%rf:%éorg'f’g?fgatﬁﬁé%‘ftal\Rh‘@?téli aHoy. ged diietalouted anet er of
such m cr f,l | e s is usually wthin the range of from about
100 gm 1877 a2 E ot Rl oS Bl et et w35 Bermo.

8. 399, 232 ,5KB08SAcn GABL iy BHALDYILAL, o R Deo Gl SNt col lectors wi th
corrosion-resistant naterials, such as-car onaceousg mat eri al or anorphous

netal . However, such coatings |ack uniformty and | eave pinholes at certain
area susceptible to 20 corrosion. Mreover, such coatings are only | oosely
bonded t olrt dveveantiaher fuylicail, Gddlof @iked 6k nREl Hateri@l i€ PRBRIYVARidYAMLIermdaal s forces,
and thus have the tendency to peel and delam nate fromthe current collector
el enent updesivinbe of g elcetr@benics irasetive onekinkls ARG tha Rt et dnes. MRlate6) GheB rhiat
characterize the fuel cell operation. 25 Despite the conventional w sdomthat
avoi ds us@Tisht selceds gotucll coretraionatdted cellsl snérailit heye fokdor lpnised b grphied ypst r uct ur es,
the present invention enploys a netal clad conposite in formng the fibrous 6
4172-116 P@f‘?fl%ﬁoé’ﬁ‘fers@&gﬁ@d?%?@lséﬁvetw repreeschodtelstengtit dngd farngrilpe edd ardevi ces or

structures desgribgd her ej nabove, ) )
not suitable to form microfibrous current collectors in the microcell structures, wherein the outer

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

15 to about 10 mm.

Eshraghi U.S. Patent Nos. 6,338,913 and No. 6,399,232 suggest coating aluminum or titanium
current coltectors with corrosion-resistant materials, such as carbonaceous material or amorphous
metal. However, such coatings lack 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 the 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



whi ch shows good corrosion resistance and hi gh nechani cal Qﬁ;ﬁﬂgkg and
formability in conparison with the above-nentioned graphite or Fbon- coat ed
current collectors. The use of solid netal materials w thout any carbon
coating or anorphous netal coating, in the netal clad 5 conposites of the
present i vt idikctors kithe elbodees tmappel0actted hadubiass B¢ antna.ndi cat ed by
t he conventional wi sdom and approach of the prior art, but use of such netal

cl ad conpdgdichediown e rerssionpresishng | apd sigli sicalchnly streasttil 48 foadbiliave not been
contenpl ated by the conventional w sdom wth respect to corrosion

resi st anc &OMRAER ¥iflchr abayprangetioned grgphitener habinembted turenigtolisctand The ekeio@bi | i ty. 10
Figure 1 sgoms % cross-sectional view of a current collector 10 useful in a

mi crocel | %8 BEE BBEY VIR APhIBR SOHITR OF ARePhpus lefal eawirmin the oldtabckdr 10 i s a
t wo- | ayer netalsg¥%d congosite, ising a netal core 12 and a netal outer

| ayer 14. “YBTHE °het BISECbPEEn 1o itb(s,:”(sjiﬁ L‘Hjé“d apfPREoach that haydees coplraingicatgd byl | oy,

pr ef er abl I Jetaly alloy that is characterized | ow el ectrica
resistancgm?gggﬁﬁn?§%$s a%geppggé(FE%%mfﬁaFQ@gﬁﬁzﬁf%*%Fﬁ%Fémfﬁgngﬁ%n

pQcm, h E&ﬂv%&ﬂ@sﬁﬂgﬁﬁéaﬁﬁgéﬁp gésﬂmbg&o ﬁiavra CH;){TE.&IH ! cioBer%Igtch blg iqw (an Uf'ac¥ uring

cost, such as copper, alumhum brass, bronze, nic I EVER \or e
pr ef er abl Wisaéh ew e teddecCOI &rrdon %sigtﬁ}{caegecgfcalaconmh@]ry, ?r%l:]%ﬁ]égdstr&{g%m the group
d all h and nost- > 20

consi sting of copper and alum num and alloys thereof,

pr ef er abl yjiattilve netal core 12 is fornmed of copper. The netal outer layer 14 is

formed of a second netal or netal alloy, preferably a netal or netal alloy

that i18 characterized by high corrosion-resistance, high nechanical strength,

and good formmbility, such as titanium niobium nickel, zirconium gold,

t ant al um Figlratl sk a qpeshsestonghyie 8f  pungey collata 10 Mfid ipr eficescalbhy/desdribed et al

outer layer 14 is forned of a netal selected fromthe group 7 4172-116 PCT
hereinabove. The microcell current collector 10 is a two-layer metal clad composite, 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 alloy that is
characterized by a low electrical resistance (e.g., resistance less than 10 p-cm, preferably less than
1 u€2-cm), high mechanical strength, good formability, and low manufacturing cost, such as copper,
aluminum, brass, bronze, nickel, siiver, etc. More preferably, the metal core 12 is formed of a
meta)] 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



consi sting of titanium niobium nickel, gold, platinum an%_?Iﬁg%§ t her eof
and nost preferably, such netal outer layer 14 is formed o I'tanium The
above lists of nmetals and netal alloys are only exenplary and are not intended
tolimt the 5 broad scope of the present invention. The metal core 12 and
the netal °GY{sERs playeyum pichiven, bishdeghld, ogetine randbildyRdlicreof, Rh@ Fbaghakbmyr f ace by
sol i d- phase bondlng which is the bonding of two different nmetals w thout the
for mat i on SBP BHAOurilyE 4 ipfmacd ofiiewirhal at their interfaces. 10 The

sol i d- phase bonding of two different netals is achieved by a hot co-extrusion
process, wherein the two netals are pressed together at an el evated

t enper at ur us form t|o of such netals in formof reduction in
Ccross- secgﬁoﬁ%ﬁegg%aﬁggq qgﬂ; %%Fﬁng@HmFéﬁh@F&FﬂWéiW§“Wﬁ@hin a

range of frQmdsdr i@ RM% nimumre-crystallization tenperature of the
met al thatohas thet tﬁ‘g‘:r%]crystalllzatlon tenperature to the highest

tenperature at which both netals may be defornmed w thout any pulling apart or
any formation of brittle conpounds or |iquid phase material at the interface

of the nmetrad sebieord2kaMdR GheBYut@nRleY | NG BSI%%@H) Qheatat g E'lte?flama\ﬁ surfac F}errper ature,
it is possible to solid-phase bond | ayers of any two or %% 5 to forma

mul ti pl e- baijgehasawbmiinge lvRidh isGBTPOTInt ¢ tvzpdlﬂg%ntsrﬁé'teﬁsngft%up{he tﬂn-glaéo%l (!fql )p hase
bonding is a function of the elevated tenperature and the anount

def or mat i banid phase el arteiairgeracedler go. Preferably, the el evated tenperature is
within a range of from about 400C to about 900C, and the anount of

def ordfiti on that such metals undergo is expressed as a reduction in

Cross- sectéonal area ratios of such nmetals, e.g., in a range of from about 25
7:1 (i. etSﬁ E‘%ﬁ‘s@n%%?f fwfhé}ffelévt@s?tqlseam@geqw@rhommrasmahweocm, sheetn

defornatlgn qbout %{ the cross-sectional area reduces from®64 to
1 due to <§E laeéq; e}rﬁﬁrﬁs&c}ffge er at an elevated temperature, to cause deformation of such metals

it 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 undergo. 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, ¢.g., in a range of from about
25 7:1 (re., the cross-sectional area reduces from 7 to 1 due to such deformation) to about 64:] {i.e.,

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



8 4172-116 PCT The solid-phase bonding fornmed according to fhe,apoye-described
met hod ‘can be further strengthened by a subsequent sintering step. The
thermal energy provided by such sintering step increases atomc nobility of
the netals and effects growh of the bond areas at the bonding 5 interface
between the netals. As a result, the solid-phase bondi ng between such netals
is further strengthened. In another enbodi nent of the present invention, at

| east oneTb¢ stiephrsenbmdapdiooued erccailieg tte Ghke sbok-dedgdbedmingthat ebrl $e clomipr i ses a
nmetal clad conposite having a nmetal core forned of a first netal or netal 10
al | oy, ansteiebeady aswsedaenabinteingsiers obhvaltpringl cacreeroridedrytsath sorerimestap  al | oy,
and a netal outer layer forned of a third netal or netal alloy, wherein the
netal cor &°°pKe APRiceMARily £f dhenpetals apdylscts gaytht Hebe herdatreas it dre tr@a%& are
bonded to, on not her at their pective interfacial surfaces sol i d- phase
bondi ng. i%ergF%lﬁ"\éem?thg é‘S&TB%’E Retolif-Biasf E’?ﬂd %B‘TNC%P Hfepgrie s ty‘E}li’F rent

col | ector t S ?escrlbed her ei nabove. The mcrocell current collector 20 is
a three- Ié“@? e clad conposite, conprising a metal core 22, an
|nterned|ate netal |ayer 24, and a netal outer |layer 26. The nmetal core 22 is
formed of a first nmetal or netal alloy, preferably a netal or netal alloy that
is 20 chgfach&" M,&ﬁmm{ oftﬂ@%@éeﬁt%%htﬁ)ﬂl at V8 RoRd AMSnrel arfd- ou ief aéatréaeeaﬁﬁe | ess than
10 gQcm preferably less t cm, high nechanlca st rengt good

f or mabi | i fferodmMctomPMéciB R faPOLd oD Esite BSting SHER Bf GARPEI a firsBinktdll ddWi¥tal br ass,
bronze, nickel, silver, etc. Mre preferably, the netal core 22 is forned of a
nmet al 1sel eldyed: ifittaddtibia encgll Ry fEOBG b K seddd bftabapped! aldaydamlanden dar 1ard al | oys

t hereof, and nost preferably, the netal core 12 is formed of copper. 25 9
formed of a third metal or metal atloy, wherein the metal core, the intermediate metal layer, and the

metal outer layer are bonded to one another at their respective interfacial surfaces by solid-phase

bonding.

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 tayer 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 p€2-cm, preferably less than 1
pQ2-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



4172-116 PCT The internediate netal |ayer 24 and the netal S)H%gr | ayer 26 are
formed of a second netal and a third netal or nmetal alloy, ré lﬁé)gfri vely. The
second and the third netals or nmetal alloys preferably are characterized by
hi gh corrosion-resistance, high nmechanical strength, and good formability,
such as. t i thahitermediaié mbfllpyer A# eddethe metar @onilayen 26064 Brmddamt abddhid mBhaki UM

pal l adium _ silver, etc. Mxre 5 preferably, the second netal or nmetal alloy for
formi ng t HB™ AEE PHBe ey, rsteativelyayhe s@and md deltigct radals drieeml hilves gre@MPlyCONSI St i Ng
of titaniu ni obi,umb ni ckel, and alloys thereof, and the third nmetal or

metal al | Y FBPCEGERPR G Harosanarsitiece high ayrshanal ftengis| sod eet formamilthe gr oup
consistin f.pobium . platinum tantalum gold, zirconium and alloys

t her eof . I%B%tas ggra erera bll"lf/]? 1R A hE S A e Pt inum, gyllsdiupsitvey, torvied of

titani um ] i ,..and, t.he tal. outer layer 25 is formed of niobium
10 or Ei o%?egérrr%bgyﬁﬁgggoiﬂs%%lnotr %c?%éagﬁéﬁ?rﬁlé teel,"tefnl’\eg}/aéeﬁ’é‘ﬁlflqyér et gllestednd et al

al I oys i denti hé g4 h&di e AF Btk Yaiol r e not .intended to limt the
broad scope of thuelh%r esent | ﬁven’tl}%ﬁzﬁg%Eékéh%ndggﬁ)fsgéﬁrﬁ)g apd g firdgpetyfor o of er r ed

two- and tofera@ ol R EErmiRltRd methiafcf YRS iid RBMS BE Hhnof DLl QN ThNG, ¢ Le. i crocel |
current collectors of the r|cl)]reser‘13t ?ﬁverlltio%: %téegqégﬁg%gl?ggﬁl\l}éotb%’m

Cor el nt er pitiat, entaiyre QL Sicodidy,ehd Mbys HeRPR el iptdi MR GRERE XN kel
3Copper Ti t ani unPl at i num 4Copper Ti t ani untol d

layer 24 is formed of titanium or titanium alloy, and the metal outer layer 25 is formed of niobium

1G¢ 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 {ollowing is a list of preferred two- and three-layer metal clad composites useful for forming

the microcell current collectors of the present invention:

Met
Con&p:slite Metal Core Intermediate Layer Outer Layer
0.

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



5Copper,Ti t ani unirant al um 6Copper Ti t ani uniNi obi um 7Copper Ti t ani un¥i r coni um 10
4172-116 PCT 8Copper Ni obi unPl ati num 9Copper Ni ckel Pl ati num 10¢5p¥& <N ckel Gol d
According to a preferred enbodi nent of the present invention, the three-I|ayer
m crocell current - collector 20 of Figure 2 is fornmed by the foll ow ng steps
(as shown in Figuge 3)f 5 (]C) roviding a ﬁl\)l,a € metalf rod 32 conprising the
nmetal or metal_alloy for forifhg the | netal'8¥fe 22 lof Fi JlatiBu2, such as
copper or alumnu (2) prow ding a flirst tal tubg 34 cqonprising the netal
orpfret al all oy fnrmfnr ing pﬁ epi nt erimedi a{%‘:kr?!st al_llayer ZHUB¥™Figure 2, such
as titanium hiobjum lor niekgle Wherein X9, the first metgl tube 34 has an
i nner di aneter—that +sllarger than the dianeter of tihe base netal rjod 32, so
that the first netal tube 34 can fit around the base nmetal rod 32; (3)
provi ding a second netal tube 36 conprising the nmetal or nmetal alloy for
formng the netal outer layer 26 of Figure 2, such as niobium tantalum
pl ati num , | e nd netal tube 36 has an inner dianeter
that is Ieﬁé gE;OerFaH% ﬂ)aanwtg lérgdo%}?%’?& flt:l&ngtﬁeepesg?t T*Sen%]?{’e%ﬁtpr§?“%ﬁ'?§tr%%f’m?e@tfé”8ﬂ, so t hat
t he secondomehalo Ji fi prst. netal,, tube 34; (4) hot
co-extruding the ggggrezgst%ﬁ&sgg%??g%@#%gS#ePSre(s gh?r%’%lgiﬁuﬁ%}é‘ 34, and the second
metal stube 36 together to forma netal billet 40 that conprises three |ayers
of metal s bonded

(1) providing a base metal rod 32 comprising the metal or metal alley for forming the

metal core 22 of Figure 2, such as copper or aluminum;

(2) providing a first metal tube 34 comprising the metal or metal alloy for forming the

intermediate metal layer 24 of Figure 2, such as titanium, niobium, or nickel, wherein
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

i3 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 billet 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

11



toget her by solid-phase bonding; and 20 (5) drawing the nmetal billet 40 into
thin netal wire 50 via a series of cold drawing and anneal fHg§¥t*ds, wherein
the thin nmetal wire 50 is characterized by fibrous conformation and small

di aneter, and wherein the thin metal wire 50 conprises three 11 4172-116 PCT

different netal |d&ffers nfcahnnet (cheosReeniiNFiLGYS &m%apoﬁtﬁﬁ%'@st}%qﬂgélg&etzg the metal
core 22, the internediate netal |ayer 24, and the net outer layer 26 in

Fi gure 2. The t hithe imztraddia meel BPercaantd ehe @udtal duddryai@8riopEirate | engt hs and used
to formthe inner and/or outer 5 current collectors of the mcrocell
structure or mcrocell assenbly as described herei nabove. The m crocell
current CQHiectors of the present application may have an outer dianeter
within a AR ! ‘leeoché‘b fut IngFORPProRilaiolerdtis and 299 gaiormrthe énnpr @fier abéry fr om
about 100 mto :ﬁb rlg g{n and nost preferably fromabout 200 mto about
500 m 10 Tt He® r&? JREP TR g ErdP‘FréE‘it“c?fSGB‘Plytah‘éesiﬁbé%@mmaé@m i cation
conprises a two-layer netal clad conposite as described herei nabove, the
netal core nay have an outer di arreter within a range of fromabout 10 mto

about 10 r ; A 0 p.mto about 1000 pm. and nost
pr ef er abl yﬂﬂm o{{n&g%gﬁ%&t ‘é(ﬁl@%)u)%{n0£ f_)h%’ QIEP(S%Q M 875§ Otugeéd‘r?{r'ﬁtte’bgglf'? dcurrent

col I ector ritge bhRorP LRSEND 1 APRI db&Al b Qﬁh %@ﬁr%@ﬁﬁly ol Yo 8- Ib@?ﬂr%rto g@ou?lOO‘ﬂ\l ad
conposite as described herei nabove, the internédiate neta may have an

out er di anst @rd moai ﬁrdsfbrablﬁfrmalalgﬁtmbuﬁftoaaoabmamm_loo pmto about 10 mm nore
preferably fromabout 100 mto about 1000 m and nost preferably from about
200 mto about 500 m while the netal core may have 20 an outer dianeter
within a range of fromabout 10 mto about 10 nm nore preferably from about

If the microcell current collector of the present application comprises a two-layer metal clad

composite as described hereinabove, the metal core may have an outer diameter within a range of

from about 10 um to about 10 mm, more preferably from about 100 um 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 pm 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 um 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 canreadily design metal clad composites having additional layers of metal or non-metal conductive

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

12



100 pm.to about 1000 m and nost preferably from about 150 p, mto about 500 m
However, the mcrocell current collectors of the present ap "T%An are not
limted to the two-layer or three-layer nmetal clad conposite described

her ei nabove. A person ordinarily skilled in the art 25 can readily design
metal cl ad"eBYpOS Pt Bshdaviangnatdictrionaleslsayer6d ofeciical su@fam S dEhLak
conductivel mat erial s, such as conductive polyners, carbonaceous nmaterials, or
conduct i ve©BeP Ut fogferming gricraell Aqment] 16leRGT shiel dotr pasringf thE Uirther

enhanci ng tqclacatcorrosi on resistance and nechani cal strength of such netal «clad
conposite Por™t8r ni ng mcrocell current collectors useful for practicing the
present application. 5 Moreover, the netal core of the netal clad conposites
is not limted to the solid formas described hereinabove. In a preferred

enbodi enty@fovth r tepvention, such netal core may be a hollow tubular
metal el ement ., tﬁl? %ﬁgﬁﬁ\%ﬁf(&: rﬁeégfl-égﬁog}?ﬁﬂﬁf ﬁd‘mfalfnﬂfeﬂ tq 1% Zymagp deserbed

heat - exchasg@inft@ve. id A4bE$ i ont ilyeS %hu nner, the current
MR eﬁl%lcll Bg}tg@t’tﬁ%%g atlrlgvenﬁI afgfi ]I’C(?E?ﬁ‘ﬂ?ﬁrbf““éﬁ?ll%‘/"=functi on

col l ectors conprising such hol | ow, e oré

as heat - exshangicny eksbe St waRAMELL A é?@%a q ted by . the 10
el ectrochem cal reaction out of the m cr%ce Pms;e/(g‘%%é%s &Fh%'y%eglr]ﬁx(ﬁli’aﬁﬁ‘?g on and

shape of {finadsirednabe mhad CONPO SRS RS &R colibdibrd ; ihllustrative

exanpl es that have been descri bed herei nabove ang(g%pﬁllg\?\%g%% h&élc’gvur‘”ebé'}ai-4. For
exanpl e, &éhcergreangirregilyafinagiompobiat-esharsiyg have f@-rca&sm@@q;eju%e@elra@r@atge of vari ous
regul ar or irregul ar shapes, such as 15 circular, sem -circular, oval,

crescent , SEPggEmicel paghion Qut ofdhpmierecellsewrangul ar, paral | el ogram trapezi um

pol yhedron, star-like, etc. The surface of such nmetal clad conposite may be
snoot h, rough, spiked, grooved, etc. Figures 5A-C show various netal clad

conposi t eg,Of i en rosg-sectional shapes. Figure SA 20 shows a netal
clad conposi tog%%%%%%fmsesn%p : é)?fll:eu'lngf‘l @Ffiaﬁ@?poé‘fﬁsrﬁfﬁ aftnliniged fetted lograeved12 and a

met al 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, paralielogram, 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. F igure 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 layer 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



outer layer 314. Figure 5B shows a netal clad conposite 320 of oval shape,
conprising a netal core 322 and a netal outer |ayer 324. Fi”dﬁ'r”é@@ shows a
nmetal clad conposite 330 of star-like shape, conprising a netal core 332 and
a star-like netal outer layer 334. 25 13 4172-116 PCT The microcell current

col | ect or s'FdFFeEIsy e eolsrlon domed bs i oeesshiesoabaaRRHALER TREHSE ML P! €

| ayers of et alfs, while the netal core forned of copper or al um num provides
hi gh el ect PFal" MEBhhde ithri wgal correfotmadanti aopper o eloininnm pbadds Mgk c1@fricgo! d

i nt er medi actogéu?tyvg erthl axaer gﬁs) ) g,r ovide high corrosion resistance agai nst the
harsh chemical  emi'F SHER: MoBuinplirugy oh saiddriewestiatcouer Bpt(s5 peokis @ghors are
constantly, S the..saoli hase bondi ng between the netal core and the
i nt er medi at g%%ﬁt%%@%% Ts mée(rzhéfl{fge e%%ﬁﬁﬁf@&lemi Weweyeh surh awictored| duabitl i ty of

such | ayersggkedls MCEIE Gty WM Lhium. ri sk of such internedi ate/ outer |ayer(s)
bei ng peeled of f the ms]\ttyaéléyb%:Sgcll’(rag%lcrl1 §csrqlc{’rlé]fa§ﬁ gonld%g’fmieﬁ] SEEwt rose eusthai cr ocel |

current CohtbreediQE/SutérSapeRE)YenbMsNndcBunar | outy 4 1 mto about 200 m.
However, each netal Iayer) T's Subst ANt 13{e%r39‘€§€ﬁ'1‘1%b6%1 §¥n§”r‘fg 3RS S hr ough out

t he whol e withtitiand irsigofSust ia6@hedh@aVNG, e ol dRi ol &5 susgeptible to
corrosion. By using such microcell cu?j?ee(ﬁ)t eC(%Ip ect gﬁ@fm?q?\(gorﬁsg?‘ﬁlmelmi[fe of the

overal | milgerge elch fistonumictrcal @frenttolde@eak herd 386 MY, Yok L] S |
significantly prolonged. 15 Figure 4 shovvs@a fir%lr’orus fhﬁejth J(}gfol a%%(%b(zonpri si ng
an inner &f-r BAYSVEoEIG ol 12402 sabntentiahie rortiatak Ysd unifomy efoubd Qut B HRlL ow fi ber
rrenbralge g%epﬁaratg{z 104 conprising an el ectrolyte (not shown) in contact wth
the i nner "WSIPAFYEEe feayieg few ponapighoteh eus¢entitede tocumesant  col | ect or 102, an out er
catal yst layer 106, and an outer current collector 108, according to a
preferred enbodi nent of the present invention. The electrolyte may be solid

i on- exchaggiyf I; impregnated in the hollow fiber nenbrane 20 separat or
104, or Ch heg %éﬁ‘%ﬁerﬁ Cr‘%reqptrcgp?gm?ew&ﬁ’éetﬁgrhfiﬁﬁtwerﬂéHfl%?%dteri pely of ion-

microcell assembly including same is significantly prolonged.

15 Figure 4 shows a fibrous fuel cell 100 comprising an inner current collector 102, 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 cument collectors 102 and 108 are formed of two-layer metai clad

composites, comprising a metal core 112 of copper and a metal outer layer 114 of titanium.



exchanging material that function as the electrolyte. Both the inner and outer
current collectors 102 and 108 are forned of two-|ayer net afm?ﬂlk?d)c'rcorrposi tes,
conprising a netal core 112 of copper and a netal outer |ayer 114 of titanium
25 14 4172-116 PCT The mcrofibrous current collectors forned of netal clad
conposi t es sV Esedrehieroditaorafemed hamaet end zedpddyes Sis dhicikGantly ,enhanced
corrosion resistance, |ow electrical resistance, |onger useful Ilife,

excel | ent Cﬁ@&ﬂ%ﬁ?%‘ﬁl“@@@%?ﬁ“%@lC@weipil tepistynce dovel clgutidat iesistired, i@ vsdry) i N
conpari son; W { ngﬂ@e ecﬁ" crofibrous current collectors or current collectors

di scl osed 11 Eohradhitycs stentiomd fsality. agd greatee rdiablity Sp 9@8pBIRE; whh 889, 300;

6, 004, 691, ;6038 OB enc @R 8;,:399,.232. Vil e the invention has been described
herein with reference to specit it BhgrBnticlossloly frhassehabes. Baspedbs, it wil
be recagniszegsihab,stdae 4 JpWehd.i 1S. o wus Limted, but rather extends in
utility to ot ﬁe?gzrﬁbég?’f%’%g’t %8’2?4’(%/9;?’3{8?&%3?‘1 %bgﬁ’l’zi*’?:'ati ons, and enbodi nents,
and accordingly all such other 10 nodifications, variations, applications, and
enbodi ments are to be regarded as being within the spirit and scope of the

i nvent i on.WHiIG thé 1k 2miba Basiedh JERIELGLALNEMHAT LS &,@&P@%&aﬁnﬁ? A L1 brous
e a ho

mcrocel | structure conprising: an inner electrode, ™1 BB ous
menbr ane sS@pds. &tvoll be recamit bt W nkentifeisinbNEks lﬂﬁi%@,tgupgﬁver extends in utility to

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.
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an el ectrolyte enbedded in the hollow fibrous nenbrane sepagﬁégr, and an
outer electrode, wherein at |east one of the inner and outer 1€t odes
conprises a netal clad Conposite 15 having two or nore netal |ayers bonded
t oget her by solid-phase bonding. 2. The fibrous mcrocell structure according
to claim1, wherein said nmetal clad conposite includes a netal core and a
metal outer layer. 20 3). The fibrous mcrocell structure according to claim
2, wherein said netal core conpri sdHELLAIMSt netal or netal alloy sel ected
fromthe group consisting of copper, alumnum brass, bronze, nickel, silver,
and m xtures or alloys thereof. 4. The fibrous mcrocell structure according
to clai m 2ypWhgkeiny ﬁqsnetal Core conprises 25 copper or copper alloy. 5.
The fibrous mcro ucture according to claim2, wherein said netal core
conprises alum numor alumnumalloy, 30 6. The fibrous mcrocell structure
according to claim2, wherein said netal outer |ayer conprises a second netal
or netal alloy selected fromthe group consisting of titanium niobium
ni ckel , zilrconiAumoug@llioﬁimemsa;mt:ta.lelémlprmng,ti num palladium silver, and mxtures
and alloys thereof. 16 4172-116 PCT /. The fibrous mcrocell structure
according to claim2, wherein said netal outer |ayer conprises a second netal
or netal alloy sel evtiggr féieccondet he group consisting of titanium niobium
ni ckely gold, plati ] es and alloys thereof. 5 8. The fibrous
ni crocel | structuréngggg? |ﬁg%%%%%F§?ﬁﬁffmﬁﬂg%%wﬁh SrgeTRcEdeout er | ayer

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

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

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

includes a metal core and a metal outer layer.

20

(PR

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 alioy.

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



conprises titaniumor titaniumalloy. 9. The fibrous nicrocgh& structure
according to claim2, wherein said netal core conprises 10 cdﬁﬁgFTor copper
al l oy, and 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 alloy, and wherein said netal outer |ayer

conpri ses 1.itaninkMmRks ikl Wendh L% dinbOro Lksi 10€ £ 1 Brous m crocel | structure
according to claim1, " wher ei n Scatllﬁd el B éﬁ MBSt éa“?i”ﬁﬁafﬁﬂté‘élaéernet al
core, an inter FEORTHEE? THEQY) ™9t b fetah 9y aelpatadalions the earoup ayesistingl &, titdthen,f | br ous

m crocel | struatbiue, @ceD el ptihen, Ghdinule andiBy&hfesgai d nMetal core conprises a
20 first netal or netal alloy selected fromthe group consisting of copper,

al um num brass, bronze, nickel, silver, and m xtures or alloys thereof. 13.
The fibrods ni dhodioks giqasel uretae ea@pdinggot deigl Biwekd, sahekal Busaid netal core

conpri ses  COPR&kprRLs ERARRES ighh Q%1022 14. The fibrous mcrocell structure
according to claim 11, wherein said netal core conprises alunm numor alum num

alloy. 15. The fibrous mcrocell structure according to claim1ll, wherein said

| nter medi at e Mebafrod il AURTGODLLS R SGENMRLALPhTELA cAblioy Sel ect ed
fromthe groupcgogsisting of %Itan!UH] ni obium nic éﬁ,_2|rcon|u ol d,
tantal um pl at FREM BPRPT U0V udRd e papid mgilputeriayenspoprisanicks] droigkel elver eof . 17
4172-116 PCT 16. The fibrous mcrocell structure according to claim11,

wherein sapd | MefiBRAiIAL SR e according to claim 2, wherein said metal core comprises
copper or copper alloy, and wherein said metal outer layer comprises titanium or titanium
alloy.
15
1. The fibrous microcel} 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.

13. The fibrous microcell structure according to claim 11, wherein said metal core comprises
copper ot 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, palladium, silver, and

mixtures and alloys thereof.



| ayer conprises a second netal or netal alloy selected fromthe group
consisting of titanium niobium nickel, and m xtures and At 6’3? %hereof. 5
17. The fibrous mcrocel | structure accor di ng to claim1l, wherein said
internediate metal |ayer conprises titaniumor titaniumalloy. 18. The
fibrous ni'érocdht fifrruricmrel socordicgding te kbiainm 1 vheihesel Resdlad i@l out er

| ayer conpri segedcd gégarrgetcgr{dlgg t e Ietedfromthe grou
consi sting of gégaﬁlnl?rnl] ni obi Jﬂ]n@nﬁét%aﬁﬂoy )édec(?ed BeBPYP csising|

pl ati num pal | adi' Ut m%l?uln{}’élll“'k%ﬁ'?é W%Fiﬂﬂégll%fﬂdlereeﬂ I oys ther eof . 19. The fibrous
m crocell structure according to claim1l, wherein said netal outer |ayer

conprises ;g th A sel ected fromthe group consisting of
pl ati num ‘gol d&ﬁgig‘&#‘l 55 {Oﬁ?%]miuﬁ?ﬁea"}cfﬁ‘fg‘“% fY e8ifi Umvhersig seidxittemediaanokial | oys

t hereof . 20. Tﬁéerfcprbprﬁwltmmmaﬁnlunsstllbylct ure according to claim11l, wherein
said netal outer layer conprises niobiumor niobiumalloy. 20 21. The fibrous
m crocel | structure according to claim1l, wherein said netal core conprises
copper gopp@f‘e Hyrpysymiciigdl givaursadeoriling er nieidi at, ewlweeﬁralsaml éhysﬁr oRENRYd: Ses

titani um or l:dr@lﬂlsdsjrﬁl Blrd @tal BNGMNALSIsDGE f r. conprises
ni obi ug or ni opi.um al.| oy 22 Th%d éago'ryagug m c?lgg% 2il’rmgs)nt ?Oﬁlf:lftln dE8BFYi ng to

claimi1l, wher e?bﬁun%anllc dhﬁ‘fcﬁ}l"m@o% i Slgnun Halisdivpe silvor, acbpiperesahd oy,

wher ei n sai d i #ogythemelifat e netal | ayer conprises titaniumor titanium all oy,
and wherein said netal outer |ayer conprises platinumor platinumalloy. 23.
The fibr ous rocell structure according to claim11l, wherein said netal core
conpri ses copﬁ? fikgus cpiprpeall Pty ackEr@ionclsiai t, iwbtenn i @t &Rdradyet ayer

conprises ti tad@mpmeeﬁthuaﬁlefal drambtau Mo kdiQYed RBGRIIGS eJoEk] %ﬁ‘%q lt aI 0 ter |ayer
conpri;ses gold Y eI Ao The fibrous micr T ?rpu tcording to

claim11l, wheréin Sgﬁnglu%?%%’n‘kf’&ra@dmﬁ wdallovs thsisekr or copper aI I oy, wherein
said internediate netal |ayer conprises titaniumor

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

comprises niobium or niobium alloy.

20 21, 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

titaniura alloy, and wherein said metal outer layer 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 tayer 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 11, wherein said metal core comprises

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

titanium alloy, and wherein said metal outer layer comprises tantalum or tantalum alloy.
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titaniumall oy, and wherein said netal outer |ayer conprises tantal um or
tantalum all oy. 18 4172-116 PCT 25. The fi brous m crocell stYttedd accor di ng
to claim1l, wherein said netal core conprises copper or copper all oy,
wherein said internmediate netal |ayer conprises titaniumor titaniumall oy,
and wherein said netal outer |ayer conprises zirconiumor zirconiumalloy. 5

26. The fifr oushitiehRCeIlocSt LUGEYT rding.to.claim 11, wherein said netal
core conprises colpper 1((i‘rocco;t)per a |°§‘§“%q%ﬁ181r“’2}lnwé“affla S MERhERIF STt al | ayer

conpri ses ni obi*thEf'of" “WPELHIGH Wharey saidieterviidinte meta disgr rebalsesotita@itim| @y er
conpri ses pl at inbitin@lloyp bt wHkHA saidln@¥! okl 184 colBsef LREQMS LG ocel | structure

; . . . ir¢onium alloy:
according to claim 11, wherein said netal core conprises copper " copper

all oy, wherein said internediate netal |ayer conprises nickel or nickel
al | oy, and®whefti fibreaindemetiatruaurt ercolday &F clg@NL We&sin BAi@bieRVBOLnpkiaki num

al loy. 28. Thecfhbr Qus . CHi9 structure accordi to claim1l, wherein said
netal core comCJ_rp:pses Eg@rcop%:\lr“ﬂe{)e?n (S:a(l)%f)neermg1 t%)?fega\m%ﬁef?f“@’é?sdn‘?wﬂ%ﬂ’redi ate

metal |ayer coRpPireealovnindrarretsaidimeiziduter blv¢roympraacplainen et plaainduaet al  out er

| ayer conprises gold or gold alloy. 29. The fibrous mcrocell structure
accordjng,to clngifthfl, Wnerﬁi n said nmetal clad conposite has an outer dianeter
within a range of TFoMABSUETIGE frevriing toatdut ! 11 ohesin sgdmge!, coffrenbrides ous

m crocel | struepprer egperdiongvieinCami iferned Wl ek e@il Ty SadothpiRL Ak LA gpnposi te

has an outer djgpetetndbiL b range of from ahout 100 mto about 1000 pm 31.
The fibrous nicr g%ell Str uc':(ﬁ}%g Ogtglglg??ealcor?]dmf%pgaf“éli”h?rf?anm?f@n said netal clad

conposite 25 has an outer dianeter within a range of from about 250 mto

abput 50028n 3Bhe fibAfs Hi@é&m&rm &Q&Jﬁhg t%taieﬁlﬁtlw,r Fheif &I;de'ng{g c%r% c%rlngriisg; 1, wherein
said nptal clad conposite o .
copper of copper alloy, wherein said intermediate metal layer comprises nickel or nickel

alioy, 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 um 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 um 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.

)
(8]

30 The fibrous microcell structure according to claim I, 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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canprises nore than three netal |ayers bonded together by Sﬁlﬁ_ 1'6?’2?56 bondi ng.
30 33. The fibrous mcrocell structure according to claim1, erein said
nmetal clad conposite has a cross-sectional shape selected fromthe group
consisting of circular, sem-circular, oval, crescent, cross, triangle,
square, rett andtif fproupaicardledtognampcotdivgpe zlaimm), PRdrathedd aRtal cl@nbnghak- | i ke. 19
4172-116 PCT 34as Th8sslskdaho! ] I re according to claiml, wherein
said netal clad composite wﬁ}gga geﬁ%{réggllgm?sel%?ﬁ%%a BS]gthnépoéf cgﬁﬁaétste@li”fcf‘kﬂfnthe group
consi sting of 8?’5’6‘6?3?711 &em -circular, oval, and star-like. 5 35. The fibrous
m crocell structure according to claim2, wherein the netal core is a holl ow,
t ubul ar; matal ,Lhraugh whi ch heat-exchanging fluid flows, for

conduct ng%hea? h%ﬁ%&}sor?lcrg%ﬁﬂ&gﬁt%? BULIRE LY B 1 WeErRdbumeal @8 is Thellow. br ous

mi crocel | st r udbupened chmditrifpotgh Wﬂicalih&‘at?leiu;hajd@mqMi@ﬂéﬂ?foﬂ@&n@hctiﬁ%ﬁc%t q® a hollow,
10 tubul ar et gisaRleRMhicokif fHGh Whi ch heat - exchanging fluid Tlows, for
conducting heat out of said fibrous mcrocell structure. 37. An

el ectrochem cal cell device, including a plurality of fibrous mcrocell

structuressas T fitedudimidrdocll ¥aicRR: achWdif) SR NEM LA ;S ELL devi £ RIS O" ding to
claim §7, cons{uing uting a fuel An el ect rocﬁem ca(i ce devi ce

lar el i ‘:{:ﬁgl » 39. ; ; -
according to cl'8IH™FA <EBrd ey hichbeasr sharginedBid fovaofonndytifg fedet aye |
conpri si ng m cefoadlfibrofid imicoud seh@mrent s, wherei n each mcrocell fibrous el enent
25 conpri ses:

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 cefl.
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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an inner current collector, an inner catalyst |ayer, hO|L9M/fIbrOUS
menbrane separator in contact with the inner catalyst |ayer Al PERe i nner
current collector, an electrolyte enbedded in the holl ow fibrous nenbrane
separator, an outer catalyst |layer, and an outer current collector, wherein
at | east one of the inner and outer current collectors conprises a netal clad
30 conposite having two or nore netal |ayers bonded together by solid-phase
bondi ng. 20 4172-116 PCT 5 ABSTRACT OF THE DI SCLOSURE A fi brous m crocel
structure conprising: (1) an inner electrode, (2) a hollow fibrous nenbrane
separator in contact with the inner electrode, (3) an electrol yte enbedded in
the hollow fibrous nenbrane separator, and (4) an outer el ectrode, wherein at
| east one of the inner and outer 10 el ectrodes conprises a netal clad
conposist e having two or nor é?ﬂf&rb? oget her by solid-phase
bondi ng. Preferably, such f re is a fuel cell that
conprises inner current collector, an inner catalyst |layer, a hollow fibrous
menbrane separator in contact with the inner catalyst |ayer and the inner

current cal fite@is Gficro@N sehdst E&ﬁp‘fﬁ;ﬁg Qm)ﬁld]gﬁé; eleBerddb e(2f'9 M:IBW tﬁﬂrﬁrs U3 bragg mbr ane

separ at or an outer cat. %| e¥ and an outer current co 15 21
separator In contact wi e 1nner ectrode, (3) an electrolyte embedded in the hoHow fibrous

membrane separator, and (4) an outer clectrode, wherein at least one of the inner and outer

10 electrodes comprises a metal clad composite having two or more metal layers bonded together by
solid-phase bonding. Preferably, such fibrous microcell structure is a fuel cell that comprises inner
current collector, an inner catalyst layer, a hollow fibrous membrane separator in contact with the
inner catalyst layer and the inner current collector, an electrolyte embedded in the hollow fibrous
membrane separator, an outer catalyst layer, and an outer current collector.

15

21



