;\]1e8e\NN"~6TT; @ | NTERCONNECT SUPPORTED FUEL CELL ASSEMBLY, PREFORM AND

METHOD OF FABRI CATI ON FI ELD OF | NVENTI ON This inventjon relates generally
to fuel cells an mi cally to int erconnecmm uel cell
assenbl i es, pref QNWMWNMl ods of fabrication. B | cells, for
exanpl e Solid Oxide Rygls,.Cells (SOFC), are el ectrochemaogl,. devi ces that
have many potential applications including |arge-scale power generation,

distri ]E)]l;lt ed POVERCENWELT SU‘BBOREI]ECED EUELQII?EIDASSEMEID‘SJ P?EEQRN} AND devel op
cost effective processes to nuf act ur trode and el ectrol yte
materials, especially with I&&é@{‘g@r %géﬁﬁééﬁ&\h t he past, anode, cathode
or electrolyte supported approaches were used for cell fabrication. It is
desirable for each of these conponents to be thin but the anode, cathode
and el ect r BIBROEINVANTION i cal |y nade of fragile based ceramics.

Necessari | ¥, I ' I I i.n40 r.t.o i for
col 11 abr i LaigiiBy GG TP ihetatFioo TR Sl AR sdeieREY o uphRRRES

Accor di ngl guppbhi&l fiel celleasegislick Oprefomi aind oethdds opfabritatippr oach for fuel cell
fabrication. SUMMARY OF | NVENTION A fuel cell assenbly includes at |east

one fuel c§l I g&%\éﬂﬁ ng at least two el ectrodes separated by an
el ectrol yt {XC Dis a means for distributi ng reagent to the el ectrodes,

typically wi i : d 3 j :

el udes oy o G2l O SUEGHCSEld Tt Ll 30K T ARG b Heces
sacri fi ci athatrdiaee | mhny Apatettiabcpplicdtionsi ingluding flargé-scalé | pavese ghberationg | udes
the steps af providing the interconnect ruct ure.having the at |east one
{1 ow channSptrUE M ApdeulophisR Cie o e SEREnS i Sevelonafintl
deposi ti NgefRdcligé prRIGEIsES REhARIRItBreBidcROHAhRd SIBAFOI{ R EndtBlifS, CRpESAly with uct ur e
and the sacrificial material, and processing the fuel cell so as to renove
the sacri flatgesurfaegaredsal . -1 DETAI LED DESCRI PTION A fuel cell, for
exanple a Solid Oxide Fuel Cell (SOFC), is an energy conversion device that
produces electricity by electrochem cally conbining a fuel and an oxi dant
across an Inothe pash REVdd, i cathoda e relechiolyex sufpoatey appruadhesf wede wselll fol Qell
conprises an . intercgnnect portion 12, a pair of electrodes, a cathode 14

and an anol@briqations e dhisfesiable foreachnfithese qomppgents o dgdhin byt the gnede. 1. Each
fuel cell Jfhdds AAdlefRBBlytESb all HiibaBOnsAPAN RiR 0alR (hricaC et afR) her in
series, in par alaﬁele or lh/(gtﬁ'letao c}ram%gnfqueﬁ%ﬂ? Stac sylstem or EI’

ar chi t ect uineconugrdional fufl gullsdinairder ta psamidestippott fot cell fabscatmnnecleagponei on 12
defines-a gtlaIHral i t(?/ of ai rfbl %\{lv channels 24 in intinmate contact with the

cat hode 14°dHH“d"P II?PE?I’PI‘%}_ 6fiEKiel 1 ow channel's 26 in intimte contact
with the aR@&ﬁdi%?lyOfthé’t@ adhaget fGehh MERERI Bﬁﬁﬁor@gﬁpﬁﬁch“fé? fuer gan During
operation, a fue flow 28 is supplied to fuel flow channels 26 and an

ai rf | ow 30fabrigasiosal | y heated air, is supplied to the airflow channels 24.
As shown in Figure 2, the fuel flow 28, for exanple natural gas, is fed to
t he anode TERAR xi dation reaction and rel eases electrons to
an externa%@%ﬂgg‘%{ﬁrgﬁm rcw?@%\g. The airflow 30 is fed to the cathode 14
and accepts electrons fromthe external electric circuit 32 and undergoes a
reduct i on Adael ¢ablnassdthelyahelodesodtyleast d8e danh dald tiscliding abétasiebyo tletralesde 16

and the cat hode J14. The, el ectron fl ow produces_.di r.ec urrent electricit
Bnd the prEERELEd b A SleCtaiTien 4 Wellehror TEEBoToR (oW e ARRRE | BFy

tubular fugbeteles, t?ﬁcélmﬁiaﬁeiﬁteﬁ:@nh&@%u&%h?ﬁ@inﬂé%@&ué@t’ stAfenRe ifudegode
tube 54, and an electrolyte |ayer 56 di sgosed t her ebet ween, as shown in

Fi gure 3. #nleasttanecibow eban®l gnitigllylidefinere iy anreminyablgt $actlEcialibetginl.ardl is in
intimte contagt wi.th.the,electrolyte |layer A ch tubul ar fuel cell 50
o b Fepeatalif of it daf e b RGBS lfes dBE MY oh Bleidify B
paral | el  otddednhetostiuetuit dating!th€ at leabUosl HoR chahfdl] HESUsHING £ saaiTicel Of
produci ng a sunmed output. During operation, an airflow 60 is supplied

wi t hi n i nnaptegiak Hieldhe floa shanaaly depesidng elegtiodszelpgralvigpnptedalggient the out er
surface of; oul §he ARGt RR RS sactifid! ?r?&t&gal,adnrdfﬂrgggssing the fuel cell so as to

remove the sacrificial material.




60 and the fuel flow 62 electrochemcally react in the same manner as

di scussed above. -2 The nunber of individual cells in a stack or bundle
determ nes the voltage of the fuel cell system and anperage rating is
determned, in large part, by the surface area of the el ectrodes. One of

t he key challenges is to develop cost effective processes to manufacture
anode, cathode and electrolyte materials, each having a relatively thin
cross-sect pEAILED DEJUREPTIEN Stive | osses, with large surface areas to

m nim ze fabrication and assenbly costs. In accordance with one enbodi nent
of the instant invention, an interconnect supported planar fuel cell 100 is
shown in FAGRel gell; fonexamplerac Solidk ExxigsoFudl drelll (OIS, iimes enengly noavérsipn of

fluid fl h 04 _dj ithin th dy of . the.i
por 1 on 2095158 (51 roffees SRSy UbHoBpireafip e Binipk e 4 £ S anne
106 and a p&béd @ icHic cbeductibg dayer OVAR Rasmplaty pRAar kRl el 10f tapriseannel s

108. The primary function of the interconnect portion 102 is to
el ect ri cal inferegrngetcportipe 1 arfopair of eleeteodespeatlasied 4anid| an anpde 16, separatedt hode

of an adja | [ S J t i r ect porti 102.shoul d
orovi o unpy ap sREliphIn . o o ffih FiPe 11, dfhch Tl FDDRT & 2Bt AT yB0 20

stabl e i n bajablercfdheingnacked tapsihdr i fegies N phratlskanttdtiandond aduétellstack
conductive to support electron flow at a variety of tenperatures. The

i nt er conne&¥steyd Pt arghitechire capablscofpaduciing asummedPutgrt. mat eri al s having t hese
properties, including but not limted to, thin-formed netal, stainless
steel, cob | 1L Q; : ; ﬁﬁ% ,

Hast el | oy %t&ﬂgﬁlgleﬁggélgp}l) ggdfg(% %ﬁgl@%%ﬁ%@éﬁé&?ﬁ%ﬁlgg&n hﬂl’ e | %?Ig%gztonnect
portion 10withythé cathode hhanda tphirality e Suelrflavh ehanmelye hintintimateadootact @ith nm t o

about 5mm gnd pr.ef erabl y,.bet abqut. Q. 25nmto aboyt .0.5 mMm In_order to
support ceff° qngger I%gf%%qjageﬂﬁsqﬁgﬁeg?ag %Hg{) t O9Fs YR %E‘%%er?}f%’@’/?(ﬁ"éel an
appropri at gofgf 8 e8pliRd t6 BRI Flolw (HAnnél9 26 ARG aR hirAbWSIOMypically RS BY, is
(hereinafter deposition) electrode or electrolyte materials. Accordingly,

at | east asyplied éntherirflnw chpnels 24.0w channel s 104 are filled with a
sacrificial material 110 to provide a relatively uniform support surface on

i nt erconne b OR: ! o] it . i i e 5.
The sacri frorarvatf Beb, fRehbr e 3pfor ARG b 5, 1FRAB thEdddBIER 0. o
a t enpor ar ynd uhddrpadsearf oxiddtigro s¢dctiom anll releastsredeterons telancéxtanyl electeiceri al s.
The use of the [nterconnect_ portion 102 gs .a . support structure_for cell
fabricati oL d e ARy 3655 %ﬁ'ép@_tt, °|% @alr%eaﬁi_ ULFRE SCBAISEERHE s m

al | owi ng f gktetndl Blectpi-diRURT320ERP BhddrBdts UP Rllubiich FALBEE OB CleABIyid 98 102.

I nt erconnect portion 102 can have a Tluid flow channel 104 with"a uniform
cr oss- sect Fenlugts iangdbaiweerethe anode $6 gnd theoeathadet Idb Thaelectren flamgproducesr ot her
nmet al - f or mghl eo ry. .rhe crificial. material 110 can be e of any
Tt o o ¢ et e Elei AR IRE Aokt bRy et oA 3R ARARRT (e

el ectrode or electrolyte materials and be renoved with appropriate

pr ocessi ng Aafexemplane tubae Fudl icolh 50 lcompfisesi ah ifMsTRhtHode tubElse, s 6iitef dridal

material 110 can be, for exanple, a, polyner, a salt, a polyner foam

sol ubl e maf@ﬁﬁr and gal Ytﬁg%é,f 56§W$qdﬁ?embwe@h§ﬁﬁ90%m@aw-yﬁers or
the 1ike. B{télfé&ﬁé@ﬁszf f%rdi§p%§£&’ﬁ1?hﬁ é%ﬁqgh@?ub%%ré d SR indTRke bothet With f80

i ncl ude heating, chem cal® etching, ablation, dissolution or any appropriate
renoval pr eleetsayfednydrie. cBachetmipolad ifued celh S0 if iaciepdat wall enitadapdlile of Beingnode

| ayer 112 |s di sposed upon the i rconpect. portiqgn 102 and the, sacrificial
o i al 100 dibORRGRLIT e dmparglcfiof BRRG SRR brfuc et popflacepishiccedie an
anode sheetafbleldTPrddutthg AAMINYGuthi, Fi gure 6. It is recogni zed that either
el ectrode nmateri al (anoge or cathode) or the electrolyte material or a

conbi nation thereof could be initially deposited or otherw se provided upon
t he i nt er cbiwhagoppretion.cn aioftova6 is supplied cvighin fenes cathiodq tubesibhand atfieel

o1 “exanpl 1567 s e RO I ot Sy o FiniePane s s sl RSV G on

sites for thendlthetfnechien 62atletrdhamicallyakad ihUuBk saiferAgheedsididcasdele fuel
cell. In addition, the anode material should be stable in the fuel-reducing

envi r onnenebovgave adequate el ectronic conductivity, surface area and
catalytic activity for the fuel gas reagtion at the fuel cell operating
conditions and have sufficient porosity to allow gas transport to the
reaction sites. The anode can be nade of a nunber of materials having these
properties, including but not limted to, netal, nickel (N), N alloy,
nickel (Ni), Ni alloy, silver (Ag), copper (Cu), noble netals, gold,

pl ati num palladium rhodiumand iridium cobalt, ruthenium N -yttria
stabilized zirconia (YSZ) cermet, Cu-YSZ cernmet, N -ceria, cernmet, ceramcs

I - " S



El ectrodes 112, 116 typically have a surface area sufficient to support

el ectrochem cal reaction, for exanple in the range between about 1 nR/g to
about 1000 nR/g. Electrodes 112, 114 are typically thermally stable between
about 80C to about 1000C and preferably between about 300C to about 1000C.
The fuel cell 100 is processed to renove the sacrificial material 110 from
the fluid fl ow channels 104 and the fluid flow channels 104 are opened, as
shown in FrigienBer ofiediviaaall celi9th & saclo6r Ritidld df@nfihes thevoRgd oftth@tuel equi r es
flow channels including but not limted to solid oxide fuel cells, proton
exchange neelbyyatem, gind sapethge srtjneeis datpsminged, s largroparbbycthe surfaccearcaof cel | s,

phosphori c;acj | <cel | kal,i ne fuel .cell dire t hanal fuel

cells, regtggeeF%{JP\ggs' f(_gne J)t&s:tehlel 4 “z“laﬂs“%‘*ﬁ - F?@F‘_’ei%? Icgf't egi'ec Y%Pf)(fﬁe%seﬁg am ¢
fuel cell smafifg¢tire $hods, eathddevandhéledtrdlytatmalemdls;t éachhadngrdtadtiveps aaess for
fabrication of an interconnect supported fuel cell such as &Ian_a_r fuel cell
100. Fi r stCrogshisctionserteofedle resyitveolosies, put darepeyries asasoll migimigs 1) .
The inter i made, for exanple, from stanped sheet netal
such as Sf%?ﬁ?%%g%@?%%@&gﬁ%gﬁ i ke. Next, a sacrificial material is
deposited within the fluid flow channels of the interconnect portion to
provi de a kulksdarddanee f with| ane rentbpdinagne r ofd épo dndtand ninvéntidne @l déntercodmest and t he
el ectrolyte (S2 The crificial material,, for exanple a foam is sprayed,
poured, orS g’ﬂ‘é%q/\li’l%’éaraﬁi%lq: doébs %’prdnﬁ(l% ‘H%e fluid fl ow channels.
Necessary internediate steps are taken so as to prevent the sacrificial
materi al f AR AhfertoRACR PoRtbn'M (2NdHARS A PHeralitydSPRSid AR cRénnblRe1 0 &ispdsedle or

el ectrolyte materials. One exanple of an i'nternediate steps would be to

di spose a Wwithintthe\body o5the linterconrest pertion 10Be A partion of thedfluid dlosschaonedyver t he

fluid flo h S 1 Gi al el i hen .i nt Lo ed yia the
fluid fl ﬂ%%ﬁ%@@%%%‘é@c‘gﬁ Ao, £ o ' el R aBhGIR 108 a5, ¢+ and
t he channeflswashandl$ 1168. UThé |prinhgy faActonosP kied altdrchidecs pbAtonC bemiehs and
contacts the top, sheet. The sheet is then renmoved fromthe interconnect

portion andiedtrieallyssomastithmanede of engespeatpble eell ypik tothe cathere oEan adiaesnber

exanpl e of {:nt b t. IS d C{ i1 Gl i al
o the (7o) iF) S5 BEAHBh e ircofingd] poRHCH ROSIAFL BASKA] Lfiltn DRI 2,
slightly odistribbtion, shouldrhe ingeirdesbloto gses, stabde i buthofeduding and oxidizihg!
material is then scraped, of f Pf the interconnect so as to planarize_the
substrate %{WHOBP’S{}‘iSo%%aaqqu?t,e Yo Pletys: f0, sUPROg! elgetsrs oMo At angarety 8fie of
the el ect rAPefiMirgd.| ahs intefeohMict pbARA 1026cARIRABRLE R Rimber SrdRAGTAIL €d upon
the interconnect-sacrificial matérial substrate (S3). Next, the electrolyte
mat eri al ikavikgotheise eronepides, invduding but mat imiitgH sto( ain-fordeads metahestainidsode

material i e \.t.ed h I t.e m i SS) 1 Fial he

i nter connes(?:ef‘eq’sélj(%)i’f)a!#t ’e%fyﬁﬁfear ngf(ﬁ’{tg&%% ehécsoélaf E gé’ﬁlgﬁéﬁfi 69 ﬁ’ehggslh%% ¢i al

mat eri al (453 HadWllvy-800aiscdsbigaiond ¢hepddf] iThe dnfefrodlfidtd pottionr 102 fypicwilye

di spose the el ectrode or electrolyte materials upon the substrate,

i ncl udi ng Masta dyeknessiin dbe range Hstweear abayt Oslammeto, abhouph Smm | avddereferably | et
vapor depogsdiil i | asma deposition (discussed in greater
detail i nOlzéé@%égﬁadﬁ°ﬁ‘g,%§%hm{lg’n%b§ﬁ‘;@?’b‘ﬁed appl i cation, Docket Number 120505,
entitled "Method for Manufacturing Fuel Cells and Articles Made Therewith,"
whi ch applincerdento issppost edll fabmicetigmrthe éntetepnneet ogione) 02 hest pophder et ¢
deposition | asma enhanced chemnj.cal vapor deppsition, CVD, PVD, qr the

[ Re. v 1 PoRaRRToie AUHAr o 1Oh ALePRRKRE | PR 8F GuberiFeg BispPyB (heRingtr ot

i nt ended t @psitibh)Tele&ebdeort dMSetdBit inbatertllO WA cedtliing Ry, iR Idaius pbRBInf dfaat | ons
and substitutions can be nmade without departing in any way fromthe spirit
of the preBadiflowchannelsh04 aes fledtwitlf asachiéiciahmateriat b0 orpgovidel agejatively ent s of
the invention herein.disclosed can occur. t er seskilled in the art

usi ng o MR aRbd et 3B IR Bt Eitich TSGR Feno ot e B Bhs and
equi val ent i Rig@re5e|THR\saékifialdRatiidl il 0 £il18 eheSlibl iflowddHANBEIO PO4 Bhd plaRidefvVeENnt i on

as defined by the follow ng cl airs. CLAIMS: 1. A fuel cell assenbly
conpri si ng? temporay subsrate fordepesition ofrleqiada gr gleciralyta maiggials) dherusget and an

el ectrol ytg i her 0t . rne.in
intimte c@ﬁt@%ﬁggﬁ%ﬁgg@gﬁéggt% . \éﬁg&% éslgllcgﬂfé:f(gcct%po egh %g%)n ?gc{vgcf eté:éelgﬁ ol yte,
said interconnect structure including at |east one flow channel initially
defined by a renovable sacrificial material, which interconnect structure



provi des support for said el ectrodes and said electrolyte. 2. A fuel cel
assenbly in accordance with claiml, wherein said electrolyte has a

t hi ckness such that said electrolyte is substantially gas inperneable. 3. A
fuel cell assenbly in accordance with claim2, wherein said electrolyte

t hi ckness is up to about 50 err-n thick. 4. A fuel cell assenbly in
accordance with claim2 or 3, wherein said electrolyte thickness is in the

range bet Qg lé\@@-ld?eaofaﬂarl@c{tfon”ﬂn%liaﬁiﬁn{ au&bmgt foiL@aﬁrfberrhyte?ldfeboméon /&F&yel cell
assenbly in accordance with claim2, 3 or whérein said electrolyte

t hi ckness the mtercorhmct mrgen B62wdatercaburst portienrlOfhcah have & ﬁuabﬂ@w cbamet - m
thick. 6. cel.l ass the recedi ng

Larns CounDaati o Siioro SR nian fr§ SRESRDGEs s lod R Rfr Bl 5 o

el ectroch%&aﬁetﬂe@ﬁhame gedmetfy.f uel cell assenbly in accordance with claim
6, wherein said respectlve el ectrodes have a surface area between about 1
n2/ g and about 1000 nR2/g. 8. A fuel cell assenbly in accordance with any
one of the l}ﬁsééréﬁ"?lﬂ’gn@‘leﬁﬂhlslo %ﬁé}eénadesceﬁaaywé@wMﬁmap@vyiea@bqe@pamen

gbo\l;\l;[’l EI’BgICI’IStuS aﬁggﬂfr 8 é:es 8%.%’1’@ efl#?ljgflg gtgl[e@‘;& Xte{1£i§ 38%8 %OC '

_?_ 18 apptapeiatec ptdcessiripe aﬂéwthﬁoweposltlﬁngmmsqe oa}rﬁﬁlelted a:’ll“helsacvdﬁefael n said
el ectrodes conprise an anode an cat e. 11. A fuel ce asse y in
accor dancdnglesa éf A 1% fdfaﬁ i‘sa@ @O e 8 salbp@iPobmer Fagiersolwblé el ect ed

fromthe Hlmqﬁ yﬁﬁg b |'s,
Cobal t, % en?g ﬂh%% ?él}a@ Qb&%é%é‘@lﬁg?m ] _soﬁlgh'ﬁge?gogg%teger anm cs
or conbi nalbr cemsovabler efbthe sherificdialf meteriakbl 10 agrs erwhide helatlagt,mhlemmad:ctomngl;l claim
10 or 11, \Lt\)/ff%IEi n.sai'gl cat hode i s an, ?I ectri (iall copducti ve oxi ch

ablafion, dissolution or any appropriate removal process for the corresponding

sacrificial material 110.

An anode layer 112 is disposed upon the interconnect portion 102 and the sacrificial
material 110 substrate, typically via deposition or by placement of an anode sheet or
the like, as shown in Figure 6. It is recognized that either electrode material (anode or
cathode) or the electrolyte material or a combination thereof could be initially
deposited or otherwise provided upon the interconnect portion 102 and sacrificial
material 110 substrate preform. The use of the anode layer 112 as the first layer is for

purpose of example only.

The main purpose of anode layer 112 is to provide reaction sites for the
electrochemical oxidation of a fuel introduced into the fuel cell. In addition, the
anode material should be stable in the fuel-reducing environment, have adequate
electronic conductivity, surface area and catalytic activity for the fuel gas reaction at
the fuel cell operating conditions and have sufficient porosity to allow gas transport to
the reaction sites. The anode can be made of a number of materials having these
properties, including but not limited to, metal, nickel (Ni), Ni alloy, nickel (Ni), Ni
alloy, silver (Ag), copper (Cu), noble metals, gold, platinum, palladium, rhodium and
iridium, cobalt, ruthenium, Ni-yttria stabilized zirconia (YSZ) cermet, Cu-YSZ

cermet, Ni-ceria, cermet, ceramics or combinations thereof.

-4-



13. A fuel cell assenbly in accordance with claim 10, 11 or 12, wherein
said cathode is doped LaMh03, Sr-doped LaWh04 (SLM, tin doped |Indium Oxide
(I n203), perovisite, Strontiumdoped PrM03, LaFe03-LaCo03 Ru02-YSZ, La
Cobaltite, and conbi nations thereof. 14. A fuel cell assenbly in accordance
wi th any one of the preceding clains, wherein said fuel cell is selected
fromthe group of solid oxide fuel cells, proton exchange nenbrane or solid

pol ymer fugh &ledtiotyte Madren14 aikbdisgdsed fuin @Rl hoodepgephiani cypichlty fwigl
cells, alkaline fuel cells, direct methanol fuel cells, regenerative fuel
cel I's, zi rdepasition, as| shewin ig, Figwe ¢r dhemmain curpase ofrelestrobsae layer 134 inte ye

cell assenpl y | | Y1 QN recec h T8 erein
ot 1east onutut TR GAPANEE bl AR chREIDRFES I IE Ll ©
deposi t ed Lpogardesiiond prodiicedranend eledtfodeAo thecdtheradléctids edbhlyndenthacharpelance

wi th any one of the preceding clains, wherein said electrolyte js selected
from the giremptheorlestean Hgwopndz completesthe glgshisak syt incths fuslt Sakht H00.

sesqui oxi dg1: ' , ' e is '

rmrar| ol s SOdBUAET U AAIAET14S8RRGCS W ART iR (RCALH ih BB
with any oh. ofAdcheligglpctdi elgctodlptenkl4 whust &k nstatde dn ebatle tthe lrydweings andn

conducting and, substantially electronically,insulating. -9 18, A fuel
cel | assenbfifizing ea&emaﬁ%émwwaﬁfwo fereagting Rases AUCRIPREATRY SPRECENRer e n

idat | | i awect | | cell
said at %S&egﬂgaigiﬁg%&ﬂﬁwﬁ@. y@gﬁgﬁgg%é QlIBtol égayie‘;cil'@'i‘s sutstanfiaflyie! ce

assenbly in ac e wth an clainms t , Wherein said at
| east one ¢lecwnidalipriesulsting. ofbe clectrolytnVayeydid @n be diaderafemmumber of

cross-section.. 2Q. A fuel cell assenply in_accotdan ] im 18 or 19,
Sherei n sanareel aytie tfte PiopsRRamrEr e UCREIBRES fontriche Yo usped

consi sti NQOceffa, 00y Bisnitel séR@ioxdty IpgfochRire QkIMRE, ddPed! zifcohals) FergRRIRL Y.
21. A fuel cell assenbly in accordance with any one of the preceding

cl ai ms, whetide matesiply and cembipgtiensitherepfict ure provi des uni form current
di stribution. 22. A fuel cell assenbly in accordance with any one of the

g][ e?ﬁg: nge ]:egﬂ.rtlﬁﬁte Sléﬁ?ggh 'f&p?@dlf} HaQB%i(é%?%chﬁfu{t%‘fécﬁ'roﬁ'tg%%B&Eﬁtia@ly@ayr ality
impermeable. The thickness of electrolyte layer 114 is typically less than 50um,
preferably in the range between about 0.1pm thick to about 10pm, and most

preferably in the range between about 1pum thick to about Spm thick.

A cathode layer 116 is disposed upon the electrolyte 114 to complete the repeatable
cell unit 118, as shown in Figure 6. The main purpose of cathode layer 116 is to
provide reaction sites for the electrochemical reduction of the oxidant. Accordingly,
the cathode layer 116 must be stable in the oxidizing environment, have sufficient
electronic conductivity, surface area and catalytic activity for the oxidant gas reaction
at the fuel cell operating conditions and have sufficient porosity to allow gas transport
to the reaction sites. The cathode layer 116 can be made of a number of materials
having these properties, including but not limited to, an electrically conductive oxide,
perovskite, doped LaMnOs;, Sr-doped LaMnO,; (SLM), tin doped Indium Oxide
(Inp03), Strontium-doped PrMnOs;, LaFeO3-LaCoO; RuO,-YSZ, La Cobaltite, and

combinations thereof.



23. ‘A fuel cell assenbly in accordance with any one of the preceding
.claims, wherein said interconnect structure conprises one of a thin-forned
nmetal, stainless steel, cobaltite, ceramc, LaCr03, CoCr204, Inconel 600,

I nconel 601, Hastelloy X, and HA230 and conbi nati ons thereof. 24. A fuel
cell assenbly in accordance with any one of the preceding clains, wherein
said interconnect structure has a thickness in the range between 0.1 mmto

about Smm ERBtrodds 102 116akpic@Bs it dysutfacases seklivieat 1o supp@h¥leoiiéchemidahe
preceding clains, wherein said sacrificial material provides a tengporary

subst rat e fea¢tionaifar exampleoife sheoranggi betweest wbowty i em™/g6to Abquiel 009em/gassenbl y

' d i th ¢l ai.m 25, wherei i.d i.fjcial LAl '
mat or 1 21 SRR H2o oS BUANE RerRRlty 5} oshiksR, anbhl Yoy Bk 0TS oo
foam sol um(ygo@%gPhgéer?blymew&hleaygmoo@% b duk fgogred | ow density foamed

pol ymers 27. A fue | “assenb I n accordance wth claim?25 or 26,
wherein said sacrificial material is renovable by heating, chem cal
et chi ng, abhafiebreldr 0@iis puicassedrno rem@ve theSacuficialnhaterialnhidc fromr the dhiid
conpri sing, an, intercqnnect suppErt .struc e; at |east, one fl.ow ghannel

it sposed viiehehaef TR The BB ctppbelf 104 s cbined St ndiigiad o
sacrificial material disposed within said flow channel to provide a surface

for deposiFucbaell heo Sdiﬂ%hnﬁ??e_ MNfueNéetr g Te@Etes Mod eHalhéld irhemEBRGRL W t h
claim 28, wherein said sacrificial material conprises one of a polyner, a

pol ymer f olmtedép yolidoxidaduelsedlls, pipseraexchangd sgmbeansi erysolidapalympiofugher , and
| ubl i ' . ' . it im 28
or 59, *wheriygfen,citbord hilf GIRTANERho! PR LOICHRAUAE ce Brfil 8 T 2

et chi ng, alkthahslfuelaellslirsgenkistive fuel 3dlls, Aint uflfueladells,as peotbhiy cemic il ng:  at
| east one f?el cell including at least two el ectrodes and an el ectrol yte

cells.
Figure 8 is a flow chart that depicts an exemplary process for fabrication of an

interconnect supported fuel cell such as planar fuel cell 100.

First, the interconnect portion is positioned for deposition (S1). The interconnect
portion can be made, for example, from stamped sheet metal such as stainless steel or
the like. Next, a sacrificial material is deposited within the fluid flow channels of the
interconnect portion to provide a substrate for layer-by-layer deposition of the
electrodes and the electrolyte (S2). The sacrificial material, for example a foam, is
sprayed, poured, or otherwise applied so as to fill the fluid flow channels. Necessary
intermediate steps are taken so as to prevent the sacrificial material from interfering
with subsequent deposition of the electrode or electrolyte materials. One example of
an intermediate steps would be to dispose a substantially flat sheet upon the
interconnect so as to cover the fluid flow channels. The sacrificial material is then
introduced via the fluid flow channel openings on either side of the interconnect
support and the channels are filled until the foam completely fills the channels and
contacts the top sheet. The sheet is then removed from the interconnect portion and
the deposition of the next layer can be completed. Another example of an
intermediate step is introducing the sacrificial material into the fluid flow channels

until the channels are completely filled or slightly overflowing. Any residue or
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i nt erposed t herebetween, and an interconnect preform having an interconnect
'support structure in intimate contact with at | east one of said el ectrodes
or said electrolyte and including at |east one flow channel disposed wthin
said interconnect support structure; and a renovable sacrificial material

di sposed within said fl ow channel to provide a surface for deposition
thereupon. 32. A nethod of forming a fuel cell assenbly, said nethod

conpri si ngox‘}é?ﬁov‘@t(ﬁﬁﬁe @Iicrlﬂlﬁaﬁvthﬂbﬁﬂ i3thé 5 GASRNOE G the ittElcHAfech3Y 2890 at

| east one flow channel therein; depositing a sacrificial nmaterial into said
at | east oplendrizewhesubstnast an@pmsdetaﬂig clean smfare fonelepdsition. el ect r ode and an
electrolyte material upon said interconnect structure and said sacrificial
material ; an r 0CeSSIi said fuel cell assembly, so as to remve said

Shor £t o CHup RS eliySal Saeats, fithis sAEART BooeTRadipl, B depRRE 8RN 1 1
accor dancethel ihrdonaédhsdetificidl ahf&efalSsabstrfié €93)0f Negpas dledtblpte thaasdl igne of
an el ectrode and an electrolyte material conprises a nethod selected from

the group éepesitest ppen re @ﬂ%ﬂ@ traaterigds (S4). - Blext, th%lp‘éth@éq’ anpderial rig depesited apor
d t t
oo e ML B NS AR BB S

conbi nat i opmcéésed m%mo%lthe/%aﬂﬁﬁdiﬂdnﬁérlélqsm ng a fuel cell assenbly in
accordance with claim 32 or 33, wherein said step of processi ng said fuel

cell includes heatin CO|II’1_ henj cal, etching, ahlatio
di ssol uti o lany cprogesifst Fty Oty a?qcn%gileaoqﬂhe'r Ogﬁ‘g‘sﬁs‘ggh’é? ﬁﬂe §§qcéf°ﬁ%t°ﬁod
conpri si Ngej E&?ol?t’e%éteﬁils RpSY el é&@s@aﬁe 1H&lﬁ&i‘r‘x@%?%t Bhfiteg k! rs?)uﬁé} ngolat | east
one flowc annel therein; depositing a sacrificial nateri Into said at
| east one g¢lo\tapcheai¢n§ilann@lepbsqapomgeppsftlomstexpam;lmg dtbemahpblsmal depositiosai d
I nter Conne{;dtisc%lgsreacl}lugrrgatgrngetgi?lin c%ﬁa;)%kélllcrllg,(: céinm | rfE’lty a551gnéd application, Docket
Number 120505, entitled “Method for Manufacturing Fuel Cells and Articles Made
Therewith,” which application is hereby incorporated by reference) electrophoretic

deposition, plasma enhanced chemical vapor deposition, CVD, PVD, or the like.

While the invention has been illustrated and described, it is not intended to be limited
to the details shown, since various modifications and substitutions can be made
without departing in any way from the spirit of the present invention. As such, further
modifications and equivalents of the invention herein disclosed can occur to persons
skilled in the art using no more than routine experimentation, and all such
modifications and equivalents are believed to be within the spirit and scope of the

invention as defined by the following claims.



depositing an electrolyte material upon said first electrode material;
-depositing a second el ectrode materi al upon said electrolyte material; and
processing so as to renove said sacrificial nmaterial. -12
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provides Support for said ¢lectrodes and said electrolyte.

2. A fuel cell assembly in accordance with claim 1, wherein said electrolyte has a

thickness such that said electrolyte is substantially gas impermeable.

3. A fuel cell assembly in accordance with claim 2, wherein said electrolyte

thickness is up to about 50pum thick.

4. A fuel cell assembly in accordance with claim 2 or 3, wherein said electrolyte

thickness is in the range between about 0.1um thick to about 10um thick.

5. A fuel cell assembly in accordance with claim 2, 3 or 4, wherein said electrolyte

thickness is in the range between about 1um thick to about Spm thick.

6. A fuel cell assembly in accordance with any one of the preceding claims, wherein

said electrodes have surface area sufficient to support electrochemical reaction.

7. A fuel cell assembly in accordance with claim 6, wherein said respective electrodes

have a surface area between about 1 m*/g and about 1000 m%g.

8. A fuel cell assembly in accordance with any one of the preceding claims, wherein

said electrodes are stable between about 80°C to about 1000°C.

9. A fuel cell assembly in accordance with claim 8, wherein said electrodes are stable

between about 300°C to about 1000°C.
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comprise an anode and a cathode.

11. A fuel cell assembly in accordance with claim 10, wherein said anode is made of a
material selected from the group consisting of metal, Ni, Ni Alloy, Ag, Cu, Noble
metals, Cobalt, Ruthenium, Ni-YSZ cermet, Cu-YSZ cermet, Ni-Ceria, cermet,

ceramics or combinations thereof,

12. A fuel cell assembly in accordance with claim 10 or 11, wherein said cathode is

an electrically conductive oxide.

13. A fuel cell assembly in accordance with claim 10, 11 or 12, wherein said cathode
is doped LaMnOs, Sr-doped LaMnO,; (SLM), tin doped Indium Oxide (In,O3),
perovisite, Strontium-doped PrMnQ;, LaFeO3-LaCoO3; RuO,-YSZ, La Cobaltite, and

combinations thereof.

14. A fuel cell assembly in accordance with any one of the preceding claims, wherein
said fuel cell is selected from the group of solid oxide fuel cells, proton exchange
membrane or solid polymer fuel cells, molten carbonate fuel cells, phosphoric acid
fuel cells, alkaline fuel cells, direct methanol fuel cells, regenerative fuel cells, zinc

air fuel cells, and protonic ceramic fuel cells.

15. A fuel cell assembly in accordance with any one of the preceding claims, wherein
at least one of said electrodes, said electrolyte or said interconnect are deposited upon

said interconnect.

16. A fuel cell assembly in accordance with any one of the preceding claims, wherein
said electrolyte is selected from the group consisting of ZrO,, YSZ, doped ceria,
Ce0,, Bismuth sesquioxide, pyrochlore oxides, doped zirconates, perovskite oxide

materials and combinations thereof.

17. A fuel cell assembly in accordance with any one of the preceding claims, wherein

said electrolyte is ion conducting and substantially electronically insulating.
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least one flow channel has one of a convergent or a divergent cross-section.

20. A fuel cell assembly in accordance with claim 18 or 19, wherein said at least one
flow channel is selected from the group consisting of tubular and rectangular, or other

metal-formable geometry.

21. A fuel cell assembly in accordance with any one of the preceding claims, wherein

said interconnect structure provides uniform current distribution.

22. A fuel cell assembly in accordance with any one of the preceding claims, wherein

said interconnect structure connects a plurality of fuel cells in series.

23. A fuel cell assembly in accordance with any one of the preceding claims, wherein
said interconnect structure comprises one of a thin-formed metal, stainless steel,
cobaltite, ceramic, LaCrOs;, CoCr,04, Inconel 600, Inconel 601, Hastelloy X, and HA-

230 and combinations thereof.

24, A fuel cell assembly in accordance with any one of the preceding claims, wherein

said interconnect structure has a thickness in the range between 0.1mm to about Smm.

25. A fuel cell assembly in accordance with any one of the preceding claims, wherein
said sacrificial material provides a temporary substrate for said electrodes or said

electrolyte.

26. A fuel cell assembly in accordance with claim 25, wherein said sacrificial material
comprises a material selected from the group consisting of a polymer, a salt, a

polymer foam, soluble materials, polyurethane, paraffin, and low density foamed

polymers

27. A fuel cell assembly in accordance with claim 25 or 26, wherein said sacrificial

material is removable by heating, chemical etching, ablation or dissolution.
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198, An interconnect preform comprising:
an interconnect support structure;
at least one flow channel disposed within said interconnect support structure;
and
a removable sacrificial material disposed within said flow channel to provide a

surface for deposition thereupon.

29. An interconnect preform in accordance with claim 28, wherein said sacrificial
material comprises one of a polymer, a polymer foam, polyurethane, salt, paraffin,

low density foamed polymer, and soluble materials.

30. An interconnect preform in accordance with claim 28 or 29, wherein said

sacrificial material is removable by heating, chemical etching, ablation, or dissolution.
31. A fuel cell assembly comprising:

at least one fuel cell including at least two electrodes and an electrolyte
interposed therebetween, and

an interconnect preform having an interconnect support structure in intimate
contact with at least one of said electrodes or said electrolyte and including at least
one flow channel disposed within said interconnect support structure; and

a removable sacrificial material disposed within said flow channel to provide a

surface for deposition thereupon.

32. A method of forming a fuel cell assembly, said method comprising the steps of:

providing an interconnect structure having at least one flow channel therein;

depositing a sacrificial material into said at least one flow channel;

depositing at least one of an electrode and an electrolyte material upon said
interconnect structure and said sacrificial material; and

processing said fuel cell assembly so as to remove said sacrificial material.
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33. A method of forming a fuel cell assembly in accordance with claim 32, wherein

said step of depositing at least one of an electrode and an electrolyte material
comprises a method selected from the group consisting of sputtering, sol-gel, tape
calendaring, jet vapor deposition, expanding thermal plasma deposition,
electrophoretic deposition, plasma enhanced chemical vapor deposition, CVD, PVD

or combinations thereof.

34. A method of forming a fuel cell assembly in accordance with claim 32 or 33,
wherein said step of processing said fuel cell includes heating, cooling, chemical

etching, ablation, and dissolution.
35. A method of forming a fuel cell assembly, said method comprising the steps of:

providing an interconnect structure having at least one flow channel therein;

depositing a sacrificial material into said at least one flow channel;

depositing a first electrode material upon said interconnect structure and said
sacrificial material;

depositing an electrolyte material upon said first electrode material;

depositing a second electrode material upon said electrolyte material; and

processing so as to remove said sacrificial material.
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