12 February 2007 | NTERCONNECT SUPPORTED FUEL CELL ASSEMBLY, PREFORM AND

METHOD OF FABRI CATION FIELD OF I NVENTION This invention | at es J?eral |y
to fuel cells and nore specifically to interconnect supf)%F @gﬁ cel |
assenblies, prefornms and net hods of fabrication. BACKGROUND Fuel cells,
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Accor di ngTs inpitien refaigs grystaliyde fiegh celtsand vede speoifvatly apimtaveminedtor f uel cel |
fabrication. SUMMARY OF | NVENTION Herein disclosed is a fuel cell assenbly
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In the past, anode, cathode or electrolyte supported approaches were used for cell
fabrication. It is desirable for each of these components to be thin but the anode,
cathode and electrolyte are all typically made of fragile based ceramics. Necessarily, in
conventional fuel cells, in order to provide support for cell fabrication, at least one of the
components must be thick.

Accordingly, there is a need for an improved support approach for fuel cell

fabrication.

SUMMARY OF INVENTION

Herein disclosed is a fuel cell assembly which includes at least one fuel cell including at
least two electrodes separated by an electrolyte, as well as a means for distributing
reagent to the electrodes, typically via an interconnect structure. The interconnect
structure includes at least one flow channel initially defined by a removable sacrificial
material. A method of forming the fuel cell assembly includes the steps of providing
the interconnect structure having the at least one flow channel, depositing a sacrificial
material into the flow channel, depositing electrode/electrolyte materials upon the |
- Interconnect structure and the sacrificial material, and processing the fuel cell so as to

remove the sacrificial material,



In accordance with a first aspect of the present invention, there is
provided a fuel cell assenbly conprising: at |east one %gfl cel | hycluding
at |east two el ectrodes and an el ectrolyte interposed t 2T A , and an
i nterconnect structure in intimte contact wth at | east one of said

el ectrodes or said electrolyte, said interconnect structure including at

| east one flow channel initially defined by a renovable sacrificial
material, which interconnect structure provides support for said
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conprising the steps of. providing an 1nterconnect structure having at
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sai d at e%lggﬂgﬁ%a\?{ﬁg\%vt% a%sﬁé‘{l ;"fg’e"'g"&%%eﬁ Wgelit"nr ﬁ"ﬁget 18 EH%VIW%‘*L‘@IN rode and
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sacri ficigl etdial s oaqd Si sal uel cell assenbly so as to
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assenbl ygaid Qo BRED G aC RIS RS, Of rovi ding an..interconnect
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first el aed nodendmtPiolbyite iR doplSiGPRBRGpoRt uCt ure and said -
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mat er i alof forming a fuel cell assembly, said method comprising the steps of: providing an
interconnect structure having at least onc 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 intércorméct structure and said sacrificial material;

and processing said fuel cell assembly so as to remove said sacrificial material.

In accordance with a fifth aspect of the present invention, there is provided 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 structurc 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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la 12 February 2007 DETAILED DESCRI PTION A fuel cell, for exanple a Solid

Oxi de Fuel Cell (SOFC), is an energy conversion device t, pr.o S
electricity by electrochenically conbining a fuel and an{%%bdﬁwgugjzross an

ioni c conducting |layer. An exenplary planar fuel cell 10 conprises an

i nterconnect portion 12, a pair of electrodes, a cathode 14 and an anode
16, separated by an electrolyte 18, as shown in Figure 1. Each fuel cel

10 is a repeat _cell unit 20 capable of being stacked together in series,
in paralL@ETgﬂli%ﬁmﬁ$6Rﬂﬂﬂﬁwb fuel cell stack systemor architecture

capabl e of producing a sunmed output. Interconnect portion 12 defines a
plurality, LGf | | S 24~ 0, 0inti e contact wth the cathode 14
and a pl uégflflﬁgéﬂ(;_fig %’%’F@?%ﬁ oéﬁiggﬁéqesﬁ% r&?&rl {Wﬁ%ﬁ%%@ﬁ@famcw;ﬂamnt he
anode 16 devicerthatdirodiess cleetikity @p%@éctﬂéﬂhém@?{}/eflﬁ?l?ﬁia@gcahvﬁéf 'dsa[flﬁé"dﬁﬁa an

operation, a fue] flow 28 is supplied to ann

ai rf | ow 36TOSE AN 081G sonduetingglayer., Ans exguplpty plinarofueheciiilof dopipsRannel s 24.

natural gas, is fed to

As_shown mt@rd:dng&{ﬁﬁﬁ%?gtﬁgQQ ag'n()f(?i?%gé’ﬁ%ﬁ ct%&’éf %(%pﬁngﬁﬂ apedee s separitedt rons t o

t he anod;ﬁlG an rg

an ext er tylanedlecttalyte 18¢ay shovin MFighhe aighdi h§; cathode 14
and acceptsbil eﬁér,ons fromthe  external eIg)g%rgigﬁ:ll(é:ilg;ggﬁegtséagm?zﬂdergoes
a reduct RN eatbsiRmstacked tagethar in soties, irBparalish duboth tb dmen HeieMeeN siage anode

16 and t best&ath afSiddur n.flow produces direct current
el ectri cigfsy and the pr c??gg@sbq%rgf t‘?cggmgé‘rsf’%l“??% st gases and heat. An
exenpl ary tubul ar fuel cell 50 conprises an inner cathode tube 52, an outer

R OUr g3 A Lo connect B e df Spacey oRenes et naanal R o2 3"S"

in Figure.3.,An .interconnect 58 is
in inti %‘QSHF‘QE@EH%EPWEW@Y%MI flow chaynels 26 in iBdiniat¢ odntharwituel cel |
50 i s a {lrepedle 6 i; f { bundl ed_t ogether in series, in
paral | el or boft3 h 'to E?I?%%J%‘]:eg@%ﬁeﬁ?:%ﬁr&@umngf &gy erﬁ?'cmuf‘gﬁtoﬂ?‘@no%aﬁp%@l e of
pr oduci nfow 2Buimsupplisdite el {Dw ¢hagnels S6ait AR air@BwAI 0, Wmﬁ%e‘ fedSiPp] i ed

ode .t ub 52@ a fuel flow 62 is supp ieg uponthe outer

within i . cat
sur f ace %‘E’ﬁgﬁﬁgﬁ g ABAeWchpnek24. The heated airflow 60 and the fuel flow 62
el ectrochemically react in the same manner as di scussed

As shown in Figure 2, the fuel flow 28, for example natural gas, is fed to the anode 16
and undergoes an oxidation reaction and releases electrons to an external electric
circuit 32. The airflow 30 is fed to the cathode 14 and accepts electrons from the
external electric circuit 32 and undergoes a reduction reaction. The eléctrolyte 18
conducts ions between the anode 16 and the cathode 14. The electron flow produces

direct current electricity and the process produces certain exhaust gases and heat.

An exemplary tubular fuel cell 50 comprises an inner cathode tube 52, an outer anode
tube 54, and an electrolyte layer 56 disposed therebetween, as shown in Figure 3. An
interconnect 58 is disposed on the cathode tube 54 and is in intimate contact with the
electrolyte layer 56. Each tubular fuel cell 50 is a repeat cell unit capable of being
bundled together in series, in parallel or both to form a fuel cell bundle or architecture

capable of producing a summed output.

During operation, an airflow 60 is supplied within inner cathode tube 52 and a fael
flow 62 is supplied upon the outer surface of outer anode tube 52. The heated airflow
60 and the fuel flow 62 electrochemically react in the same manner as discussed

above.
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above. -2 12 February 2007 The nunber of individual cells in a stack or

bundl e determ nes the voltage of the fuel <cell system anper rating
is detéermned, in large part, by the surface area of thgilg?bé'én%}?’aﬁ . One

of *the key challenges is to develop cost effective processes to
manuf act ure anode, cathode and electrolyte materi-als, each having a
relatively thin cross-sections, to reduce resistive |losses, with |arge

surface eas to mnimze fabrication and assenbly costs. In accordance
wi th one. BHbBTRE mshvidiel qolls i stack e hoadie doammings eeCaAgE bf tizungor t ed

pl anar f ' wn,.in. F . .4-7.. An interconnect portion 102
def i nes ;&E)ll ﬁ’?gh’ﬂa&i’éﬁﬁ%ﬁfﬁ?ﬁ’%ﬁ %‘??S%EHHB% in daree parbolyw the srfase araaraf body of
t he i nt ertherhettddoOneost he ey cHalEAFQN | i channels 104 are
airflow channel s 106 and a oerytion o% tﬁg(f)fdﬁﬁ}agéfcpgﬁve%%cg?gﬁﬁgcefﬁﬁ Bre fuel

f1ow charfiéleactysg anede sthaderands elegtdlyn rodteridle daoch draoingne eélap@ily iggR 102 i S
to el ectghgak 0 h ode, of one repeatable cell unit to the
cathode of an g%‘}“g’cgﬁ?% Eh(_l:cteel chun]ivf lopss ity ﬁ%ﬁ? ¢ riredsc dhrreeimiger t i on
102 shoulfgbnaration ded assehblygostst rent  di stribution, should be inperneable to
gases, stable in both reducing and oxidizing environnments and adequately

conducti\rie to %#18?0”' el ectron flow at a variety of tenperatures. The
i nt er connBcIPBRNFD Vi Prg apmbedimsat off the instenerinwéntivat eari dhtercohnatk Ng t hese

properti ggppdried b PhePL -l thin-formed nmetal, stainless
st eel cobl?ﬁ ti tg?%cergmb%:, r@alérswgfgg%i ‘I nconel 600, Inconel 601,
Hastell oy X, and Hastell oy-230 and conbi nati ons thereof. The interconnect

por ti on ZPgemntsyginmatt portitmd 02 defineka phsality of fRiid HOULCRARURCMAARG s | MM Lo
.5 mm” I'n order to

about Sn&ﬁldwpref er?a{?y. bet ween about 0.25mm to about 0O

support I HISROAY of s ntereanechRoriem M t A portionoef the Fluadi Sowhamicke an
appropri ab£ aslsitRee ch L : ' [ her w se . di sposi pg
(hereinafter deposict i&({)nr?)ﬁem%ﬁ% é)rg@?éf{é‘%t@gpﬁoé” r?gf“@ﬁl%l;lé aﬁcﬁ’@’rdi ngly,

at | east flawpehannels ¥8. t Ade priimany fimtios henie | ifitetddhnaétepdrtibh efhoMd B, @
atively uniform support surface

iU RO R NN G T
: cell unit. In addition, the interconnect portion 102 should provide uniform current
- distribution, should be impermeable to gases, stable in both reducing and oxidizing
environments and adequately conductive to support eleciron flow at a variety of
temperatures. The interconnect portion 102 can be made of a number of materials

having these properties, including but not limited to, thin-formed metal, stainless

steel, cobaltite, ceramic, LaCrO;, CoCry04, Inconel 600, Inconel 601, Hastelloy X,

and Hastelloy-230 and combinations thereof. The interconnect portion 102 typically

has a thickness in the range between about 0.lmm to about Smm and preferably

between about 0.25mm to about 0.5 mm.

In order to support cell fabrication, the interconnect portion 102 must provide an
appropriate surface for depositing, coating or otherwise disposing (hereinafter
deposition) electrode or electrolyte materials. Accordingly, at least a portion of the -
fluid flow channels 104 are filled with a sacrificial material 110 to provide a relatively
uniform support surface on interconnect portion 102, suitable for deposition, as shown
m Figure 5. The sacrificial material 110 fills the fluid flow channels 104 and provides
| a temporary substrate for deposition of electrode or electrolyte materials. The use of
the interconnect portion 102 as a support structure for cell fabrication provides a low-

_3_




in Figure 5. The sacrificial material 110 fills the fluid flow channels 1

04 and provides a tenporary substrate for deposition of t ctrogr r
electrolyte materials. The use of the interconnect port}% gbfﬂafy §0g

support structure for cell fabrication provides a low 3 12 February 2007
cost, large-area fabrication nmechanismallow ng for |ayer-by-Iayer
deposition upon the interconnect portion 102. Interconnect portion 102 can
have a fluid flow channel 104 with a uniformcross-section or a divergent
cr 0ss- sectoSbriareg-arem tabsicatiore meghanismrallowing fdrelayembylaybo deFRltRnOSRRE I Y-

The sacrifk it coﬁetc%{pﬁioncljljt% 2[3{1 be made of f@ material that can provide a
tenporary  substratertor degostTEHREH POHONe] G eandepe g i dlow cHapnel

mat er i al sl0dnwittbe unifomy ebswiédiion ¥ BIdPRY X i er.Lhe deposition
process i s conpl eted. The sacrifiEidg\fé&g%&aﬁrgglgggé%ﬁbgglg@%’eécwlg nple, a

pol ymer , %hergmgtal-foryablegspmeam soluble materials, pol yuret hane,
paraffin, |ow density foaned polyners or the like. Processes for renovable

of the s I of e | A4 C i ncl ude heatjng, chem cal etching,
abl at i on,qq%istélésm %%li Ig%feg?f ‘Z“r?yéaég“&@%% °3faé‘y |difﬂrcaﬁ PLideqt tepiporary

cor r esporubstgte foacepésitombe thetetsciralie b4 Olecttdly RNAIRMRYEH bl 1k Sedli §ROSEd
upon the interconnect portjon 102 and the sacrificral materi Ay

subst r at dPPOPHRIE PIOGessIng aldesothet dapesition yrogsisade nemiplettd.arTian estgifishget or
the like, ; ' ' t ] ecogni zed that either el ectrode
mediah T chf e ggf Seximp {ehea ?P@@W’olayfagt’ nRtROIIBET famy sodwile nat i on

material (anode or cathode)” of

t her eof @UitﬂrmlS;po!ymrethMeL paraffir) doi deskig foah b p¥lysRrO5OME qggg PR}%QS S%%]e
intercon ectwg?ortlg)&t%OZ and.sacrificial material 110 substrate preform
The use OF FHQvas Syeiicial materiplel 10 east inchylerhenating, mhemiat pramepf

exanpl e ghthion, TH-sJIBiich Ri" de layer 112 is to provide reaction

sites for the elect r ochen a?lp@{?ipgg@i geﬁn%‘%‘(’faprf’ﬁ%;P foﬁt‘?‘BdEFB@&P(PWMg the fuel
cel | . | nsastificial matertahél0.anode material should be stable in the ‘
fuel -reduci ng environnent, have adequate electronic conductivity, surface

area and |G Lvity for the fuel gas reaction at the fuel cell
oper at i-néﬁg%ﬁg%ltaiy%zﬁaﬁ lﬁé?fﬁgé‘ﬂ?lf gisrcgygedipartion $02khdthegmsrificiansport to

‘the r eacikirtiasi 1EsubskhR, Wﬁy%d%sﬂﬁqeorq;y &a@elfnnet%l or%h annc%eesrltliegtl or havi ng

t hese . N
: 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 ailoy, nickel (Ni), Ni
alloy, silver (Ag), copper (Cu), noble metals, gold, platinum, palladium, thodium and
iridium, cobalt, ruthenium, Ni-yitria stabilized zirconia (YSZ) cermet, Cu-YSZ

-cermet, Ni-ceria, cermet, ceramics or combinations thereof.
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properties, including but not limted to, netal, nickel (Ni), N alloy,
nickel (NN), NI alloy, silver (Ag), copper (Cu), noble | S ,

pl ati num palladium rhodiumand iridium cobalt, ruthegf%%¥uﬂyggb?ria
stabilized zirconia (YSZ) cernmet, Cu-YSZ cernet, N -ceria, cernet,
ceram cs or conbinations thereof. -4 12 February 2007 An electrolyte |ayer
114 is disposed upon the anode |ayer 112, typically via deposition, as
shown in Figure 6. The main purpose of electrolyte layer 114 is to conduct
i ons bet wberFledteldn daren dj4ris1dispesed wpanatiodeodayeyer T spiallyovit e | ayer

114 carri J: r e ectr.ode to the other electrode to

bal ance t(ﬁéodéﬁ%}? gag S?lg #rgln%gtlﬂémgré;cﬁl%ﬁn?mma ‘r{}o‘?lrfﬂt@ﬁﬂe daeer dl ldcisrtpc al
circuit iconduve idnseietwedn thd @ode 1AGiEH 114084l 4 ¥athd ec par at es
the fuel fromithe oxidant .in tehegif uel cell alodgflag\%rgofrﬂcﬁoé%‘fn&l%ﬁ%}?& :

el ect r ol i@ caries penstprodiced ahpre slectimgeiio theeothentiedtroge antalanod e zhage

environ thel agtin ases. and .adequat el y. conducti ve

at the. oporsthe RELBRRNE & LBpIeRR R SelRar 2ufhE 5 6ol ByC et Dt o

subst ant iAalditionaly etht robsvirolyite ¥ 14 Beps@td tHe- fulhBof] Bt dxQha 6n ltl?é’ﬁfel %313 can be
udi ng but not

.made of ﬁl(?unger g,f mat erial s havi ng these properties, inc
linmited 189 ziegordipgly, the slestrobie i1d4 waebe Biabieitin togls ghs ceduding pyd ochl or e

oxi des, i 3 Lt e xide materi gl and, conbj nati ons

t her eof g%@%%f@‘?e a@%’% lnﬁézfﬂl\té g%'%%’ E°a?’F334$g‘£g§a§%ia8§ﬁa§@ Rordpstive

el ectrol gt thei spsrathsg aohditibhy JByPicallyp G eRRIrslyte Me/ct hilqkﬂeaﬁ)s%ggﬁﬁgt rolyte
et

| ayer 114 is typically less than 50m preferably’in the range en
about 0. %ﬁﬁ?‘?‘ﬁ%“ﬁ tguisegt Hsnelectzintentsser 14 ebmrhebingdé of tsheumbagef bet ween

about 1 {<CHarki -t i . ode. |.ay.e [ i sposed upon
the el ec?qutoefljeltseﬁaﬁ% ?}%@ gg)r etées’ %ﬁ%ﬂdrlé%g)glk %Fi‘mlﬁ%l {0’ %t%&@’ ??2’ dggecghowq in
Fi gure 6cerith€ofhj Bipurthosaquidxidat fyacshldrey@iidds] Glopsd tz&coﬂh'ié&}’&a@ﬁ)vrsﬁ tion
sites for_.the Ie?tr chemi.cal reduction of the oxidant. Accordingly, the
cat hode YH{eme Sna&’gtco 10319Bs Bereelt he oxi di zi ng environment, have
sufficient electronic conductivity, surface area and catalytic activity
for the Bt r ! ti.ng.conditions and
have suffi ciiﬂgggte lg%?% ??@ﬁ l%&gryalll%tgvf/h%gg&? Sgcr%lg%%ir ?lgaf(g%te ﬁseg‘}bgéggiﬂ%giﬁ tes.
cat hode Ipyeneabls dawe thekmesteoivélearaiyebiayerol 14 efpic@lll§ less than 50um,

preferably in the range between about 0.1 pm thick to about 10um, and most

The

preferably in the range between about 1um thick to about 5 pm 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 LaMnQs;, Sr-doped LaMnQ, (SLM), tin doped Indium Oxide
(Iny03), Strontium-doped PrMnQ;, LaFeOs;-LaCoQO; Rqu-YSZ,A La Cobaltite, and

combinations thercof’,



havi ng these properties, including but not limted to, an electrically
conductive oxide, perovskite, doped LaMh(3, Sr-doped La r&SL%O tin
doped I ndium Oxide (1n203), Strontium doped PrMO3, LaFets I 4Ed 7
Ru02-YSZ, La Cobaltite, and conbinations thereof. -5 12 February 2007

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 102@3’5”2/& El ectrodes 112, 114 are typically thermally stable
bet ween girodnsd 120l Kblypically bavc athcp ashenffidignthe tuppen cideoothERRE t O

about 10 . Th l i ocessed to renpve the sacrifigial
mat eri al 019%3“0 F(?%I ;é%émﬁféuf%]tgel%%eghﬁwﬁg?sﬂ’fﬂh lamirﬁ?& e abpu 406G (m/%g-hannel s
104 are opiectastes asl 25 NQWNateNtypi ALy Shdmmall5us e of
fuel cell that requires fl otvzﬁchafr(melgni Ecl ﬁ?}?ﬁ%étg%%{)%g@ﬂ Wmép&/e&gg'% solid
oxi de f uel000&F jasd prsfernbly betwtrarmbeundNibCanabart 1900 pol ymer fuel cells,
nol ten carbonate fuel cells, phosphoric acid fuel cells, alkaline fuel

cells, di"fh%c%l maltkll ol fuel %Ils, regenerative fuel cells, zinc air fuel
cells, or pr Eh&e @@g%mogqsg&orggwes_ eppgiiigialgmaterigl { 1Qfouhthet flwidat

depi cts dhovedRiFpERNY4 RHE RSBy (o] ' 0 I nt er connect ,supported
fuel cell such as pl anar fueIlagg)l“{a%%agli?fégﬁe,gpfﬁéh’iaﬁ%‘i&‘@ow&g@fre ortion is

positioned for deposition (SlI). The interconnect portion can be made, for
exanpl e, HuebsrlstWhgsadeamydypmef fkl elldhatasquitesiflvesisnaéle dlchaiing bitedti ke.

Next, a k J4fd Cl rd. gl ks deposited within the fluid flow channel s of
the int Z@ggégn%céoqigoﬁgbgr@@oce F’o?/rlog)él Gredpiss Pembrangy on sphidr palymepn fusl

deposi t | eallgdlien caonateralerlia Whobfitnftl et 18] YR, Lhne ABE.IRCHLLCT @
material, for exanple a foam i's sprayed, poured; or otheérw Se 5%& ied so
as to fi methanel fuelipellsi regrnemntivBielcellnagins simifyel celld, ex pastomiit eagiePfuchr € t aken
so as to.pievent the sacrificial material frominterfering wth subsequent
deposition of the electrode or electrolyte materials. One exanple of an

i nternmedi ate steps would be to dispose a substantially flat sheet upon the
i nt er confire Soisas flowv chwerthathderibtyiz é)ldﬂ’ﬁbl&?aﬁ%%s%- fol ¥abri@fibh fdfClft
material .is then introduced via the fluid flow channel openings onh either
side of {greonnest upRagt el 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 clectrolyte materjals. 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 (_:ompletely filled or slightly overflowing. Any residue or
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support and the channels are filled untill the foamconpletely fills the
channel s and contacts the top sheet. The sheet is -then 'ifi‘«gt\)/r%d f O%I:pthe
i nterconnect portion and the deposition of the next |ayeér AN

conpl eted. Anot her exanple of an internmediate step is introducing the
sacrificial material into the fluid flow channels wuntil the channels are
conpletely filled or slightly overflowi ng. Any residue or -6 12 February
2007 overflgw of . the sacrificial material is then scraped off of the

i nt er conn®ETHIQY ofsthe sacrificiglamateeiak iscthemtsetaped offaokithprinterabanectfdoads tc! ean

surface fQanABRBL LilRRateNE: € he el ectrode materials, in this case
t he anodelgmat erial, | satgeugg e %ﬁ%n&e?%“r?%?é?fc@ﬁﬂ%e?n-sacri ficial
material substrate (S3). Next, the electrolyte material is deposited upon

t he anodeVewit end off the glsdrodaNaaterials e thiRtdageltheMb@S indlerinb i%}%ﬁh&ﬁﬂo upon the
el ectroly e.niat erial %ﬁ?’% Fi nal.ly, the interconnect supported f e cell is
processed Y SN FEQDUELS il materialqubptzate (S3).  Nesy thevtlegtrgdyeaestedial san be
utilized deosl@EOSHdn M M [ S e.el ect rode or, .el ectrol yte
materi al s gpon l?tﬁbe subsﬁggﬁtéﬁﬂgégﬁg%ﬁ t}llgtcaﬁﬁofjr?t‘%crf%,ls Besiedi ng,

sol - gel uppaghe cltcomiyde magerial B5) aParalige prs téroshneex ARPSIAD fld1lelBls Pl asma
deposi ti %roegd' stcusse‘d tlﬁg ?qrr@%?gr detail in co-pending, commonly assigned
appl i cat ifon, ﬁgc%?mo &f° grterigd (B€) ed " Met hod for Manuf act uri ng Fuel
Cells and Articles Made Therewith,” which application is hereby

i ncor-por af; Yook Sk @naR) ughagt t] ifion, .pla nhanced
chem cal vgﬁforb deposi tion, uC\l/D, %S/%%? {)ﬁgﬂ%ﬁﬁ%é |0Fée t@%sfe?’ﬁf)&%t%n has

been i || Gscralvitimataiatioeron the dybstiate, Snaloding bue notelinited B spitiriRd solL© t he

details i vari.ogus nodjfications and substitutions can be nade
wi t hout %é'%ﬁ‘#zﬁ ﬁ%éﬁﬁﬁmg‘#yj%‘&aﬂof PHEOR FYFANdBR theemy)r pleema depositiphon. As

such, fu(dibessed b pfeate tdeRSind@ p&fiid Al Bithsni9  aslidfed RVSALEON HELEL N

di scl osed can qccur to persons Iéki I Ig/e’d In ?Illllg aé%l?ﬁeuds%pgw %Orhulﬁgcl‘ieﬁan

routine F heR? @y icatitledhiMletiiod for Manufadiding Buélabelsand Laidiesalmass are

bel i eved wi f ki irit, and scope of the invention as defined b
ThieRfnH bldh %ﬁﬁﬁﬁgbllﬁu%ﬁraayzmpporated y reference) electrophoretic Y

the follow ng clal ins.
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.



CLAIMS: 1. A fuel cell assenbly conprising: at |east one fuel cell
including at |east two electrodes and an electrolyte interposed

t her ebet ween, and an interconnect structure in intinmte contact with at

| east one of said electrodes or said electrolyte, said i b EfEernaet”
structure including at |east one flow channel initially defined by a
renovabl e sacrificial material, which interconnect structure provides
support M’aﬂ el ectrodes and said electrolyte. 2. A fuel cell assenbly
in accor ith claim1, wherein said electrolyte has a thickness such
that said electrolyte is substantially gas inperneable. 3. A fuel cell
assenbly ji " ! Lalm2, wherein said electrolyte thickness is
up to abolu'?ag%?netéﬁ?gcyﬁglby &ﬁnﬁjsgl;lépcel | assenbly in accordance with claim 2
or 3, wherein said electrolyte thickness is in the range between about
0.1m thick toaateast ob@nfuchicelt. indludibgf ateleasteivio aRSRHMSY and) 2RCAOGARNEE Wi th
claim 2, ?i or 4 Wnﬁrei n said electrolyte thickness is in the ranhge

bet ween ABERPs heteRPtNecR Aoyt 5mthick. 6. A fuel cell assenbly in
accordance W tf ige DE i |.: wherein. said el ectrodes
have surface area fgﬁlﬁé?%%%ﬁ?&ﬂgﬁ%g%%?%ﬁéﬁl% HehT eas Of;sé‘éfg?lfegmd%?. A fuel
cel | assenshig ¢lectendyior seiddeteréanhed| stivetifie indlediag Mt Iadst o8 SRRE Ichiiel

e
el ectrodes,. a surface ar bet ween about | n2/g and about 1000 n®/g.
8. A fueﬁﬁ%aélw \égfé%eéﬁrgyf F‘?{nﬁ‘@g’ SYAHEIY TateHAl Whigh gntervanentetmeiung cl ai ns,
wher ei n Fﬁﬂicﬁzs@h M@ﬁd%!&ﬁﬂ%ﬁsﬁﬁf%&@ﬁ%l@&om 80C to about 1000C. 9. A

a

fuel cell assenbly in accordance wth ¢ , Wherein said electrodes are
stable between about 300C to about 1000C. -8 12 February 2007 10. A fuel

“cell ass I 00 1n cordance with claim1, wherein said el ectrodes
conpri sef'g% %‘ﬁ%%?gl ARETAY W PefoFenes Vithelaimel, wherein said elastrplyitnhascc or dance

W t h cl athiokhBss svOE Rk Baig @i g;}g_clﬁ LBstRea pal selected fromthe
i @Rl i Sl&?ﬁtoy, ng‘” %Pé;(ﬁrg%?lé

group consisting of nmetal, N, N

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

thickness is up to about 50um thick.

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

- thickness is in the range between about 0.1 pm 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 1pm thick to about 5 um 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 ¢lectrodes 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.




metal s, Cobalt, Ruthenium N -YSZ cernet, Cu-YSZ cernmet, N -Ceria, cernet,
ceram cs or conbinations thereof. 12. A fuel cell assenbly in accordance
with claim10 or 11, wherein said cathode is an electric % conductl ve
oxide. 13. A fuel cell assenbly in accordance with claim couary £0

wherein said cathode is doped Lavh(G3, . Sr-doped LaMO4 (SLM tin doped

I ndi um Oxi de (1 n2038), perovisite, Strontium doped PrivnG3, LaFeO3-LaCo(C3
Ru02-YSZ, La Cobaltite, and conbinations thereof. 14. A fuel cell assenbly
in accor d&nde figl t%llamembiy HfO ithecqordemedliwith claith i, wiwheinedaid elafrgickuel cel |

i s select £ SO|Id oxi de fuel cells, proton exchange
menbr ane 0 Sglp;‘l ?5?151? %ﬁé ®cells, nolten car bonate fuel cell S,

phosphoric acid fueI cells, alkaline fuel cells, direct methanol fuel

cell's, rdgdeAdueitdell@sfentily ﬁeadcardaawwhelas freelyn %{@d Di.g,Ceramc
fuel ceI s A fuel cell assenbly in arcl:lcorh'a%%y %Kti qu&r?g 2t he

pr ecedi n&l%?%? sglectpf dfram he groupeemsmbne of fmetal; dﬂleNeoﬂtlld;dedsg, (S]_aleb]e
el ectrol yl&,0r n e de 0 pon i.d_interconnect. 16.
A fuel cell asscéﬁé}ﬁyiﬁﬂﬁl%glg@gr a?@‘ gﬁ@“am%ﬁar%eduq@gn@u ai s,
wherein: caambse:lreotnbﬁiaylbﬁsiheres)el ect ed from the group consisting of ZrQ2,
YSZ, doped ceria, CeQ2, Bi srrut h sesqui oxi de, pyrochl ore oxi des, doped

zi rconat (r?i ﬁlﬁg k(l te mat eri al s and conbi nati ons thereof 17. A
fuel cel %ads Fé ?Sr?e oﬁnoeé’ﬁ%@awqwlthﬁ!ﬁll@nlé) @f 1 &, vhepein caidi cathodb d¢ s,

wher ei n Sabﬂeﬁkﬁﬁhﬂﬁwﬁcﬁchg ‘lfggi‘:conductl ng and substantially

el ectronically insulating ebruary 2007 18. A fuel cell ‘assenbly in
accordance with any one of the preceding clains, wherein said at |east one

“f1 ow chahheh ﬁnﬁ@e&amnmmmcmﬂsewith@mmm) M\ofrllQI Wﬁgllein @ﬁ%gzgglt)dleo:’] 2 Low

accordange ;wi t:h on f C to 17, wherein said

channel Ha%° p&ﬂeLg&%Q%gﬁiagpﬁiem 0 (3 My Q@nﬂor&dohsh@‘ecﬂmﬂe (I85D3)A f uel
cel | assgrbiivitd, mt@gﬁ%%g PiAnlh-C 1 at | east one
flow channel i< sel ected ?om t E)e% E?%{p %%edgs?%ﬁuﬂmﬁgzet[ﬁb@ﬁ?ﬁ t‘él’rft‘:]‘d

r ect angutoabinaions theseof.

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 methano! 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,
CeQ,, Bismuth sesquioxide, pyrochlore oxides, doped zirconates, perovskite oxide

materials and combinations thereof.

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

said electrolyte is ion conducting and substantially electronically insulating.




met al -formabl e geonetry. 21. A fuel cell assenbly in accordance with any
one of .the preceding clains, wherein said interconnect structure provides
uniformcurrent distribution. 22. A fuel cell assenbly in_accordance with
any one of the preceding clains, wherein said i nt er connebt i 2¢f7e
connects a plurality of fuel cells in series. 23. A fuel cell assenbly in
accordance with any one of the preceding clains, wherein said interconnect

structure;g0 hses one,of.a thip-fornped netal, stainless steel,
cobal ti tefg'c%é%CS, apSeRbiin %98@‘{21@% With @gy ene gbthe prensding clgn, whiasirel | oy X,

and HA- mdatru@as:@ﬁ@naaﬁdhaﬁ@elmgaﬁﬁff%pﬁéms-efcﬂ&'l cel | assenbly in
accordance with any one of the preceding clains,” wherein said interconnect

structureggas a_thickness in the range between 0.1mmto about 5mm 25. A
fuel cel | 1gs8sbrsll assemblydnagenrdanietwittamy amofetaibbe t9NFCRHERE Gidhis
wherein sad AN terial provides tenporary substrate for said
el ect rodesﬂé(rangglsg} Jhgﬁéegth%nﬁﬁ %fa VEIRCRL Q)2 HgsEentsEeasIsEStiam  accor dance
with claim?25, wherein said sacrificial material conprises a materi al

sel ect ed Z(x @nfueheclhassemnbboinSicedridBeeOWith cRth /&S 102 a | ymer foam
sol ubl e materj als,. pol yuret hane, par af f |cn aggfrllgi/vwggllﬁgsrll faﬁdiaggﬁédmepol ymer s
27. A fuélotehqmgkis spkstipd irompthearavinemsisiing of tubular 3fd poctd@ulanhiogiep Sai d

sacri fi ciyRdtal-5Rh8HII i enovabl e by heating, chem cal etching, ablation
Pometls Trohpic

or dissol ution. ruary 2007 28. An interconnect preform

conprising: an interconnect support structure; at |east one flow channel

di sposed 2k fhfusl i dsémblgin acuveddncs WAy oHelof thd'hBeedifd Aafnd yap! e
sacrificial,.material di sposed within said now cha neef l?% prov% A surface
for depoSPfliBisrOARSE sRRFurepyovides ynifosmawentdistpibefiar.m i n accor dance wit h
claim 28, wherein said sacrificial material conprises one of a polyner, a

pol ymer boamfudlded Uk@iMPéh acBkdancP Witﬁfafngr "Sme 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, LaCrQs, CoCr,Q;, 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 elecirodes or said

electrolyte.

26. A fuel cell assembly in accordance with claim 25, wherein said sacrificial material
comprises a material selected from the group comsisting 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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| ow density foamed pol yner, and soluble materials. 30. An interconnect
preformin accordance with claim28 or 29, wherein said sacrificial
material is renovable by heating, chem cal etching, ablation, or

di ssolution. 31. A fuel cell assenbly conprising: at | eabt oy 27 cel |
including at |l east two el ectrodes and an el ectrolyte interposed

t her ebet ween, and an interconnect preform having an interconnect support
structure,gn,intimte contact with at |east one of said electrodes or said
el ectrol ;l)'tée AR HETGRRReGE PrGToIm cemprisingne f| ow channel di sposed within said

i nt erconnect support structure; and a renovable sacrificial material

di sposed wit hi@iﬁﬁg&&ggwﬁé@pmcn&g provide a surface for deposition
of for

t her eupon. 32. A nethod mng a fuel cell assenbly, said nethod

conpri si ng t hetdeaspenoflow ghronel diisppsahwithinedaed MG Enrskf é{finHft%uJilé’t’é]keflg at
| east one_f,l ow channel therein; depositing a sacrificial nmaterial into
said at [*B8st one flow channel ; depositing at |east one of an el ectrode and

an el ectrol yt & @Rbe4bI i lioyi t_Styucture and said

Shcri 1ol al ot orioeuie TR bRl ial AN B PRER sl VG laRel 5 redaga o
remove saidacsgor d¢nositian theregpdnal . - 11 12 February 2007 33. A nmethod of
formng a fuel cell assenbly in accordance with claim 32, wherein said
step of depositing at |east one of an electrode and an el ectrolyte nateri al

conprises a nethod selected fromthe group consisting of sputtering,
s0] - gel, 20apa infaldndal prafbrmi # adBRRNCCIESLbLE D SHRANNING LASKR) Pl asa
p

deposition, . electrophoretic deposition, asma ‘ennanced Sghetict apor
deposi t i Biteria/pompsisss ene ebatpohanéronpalyraerecfabm, Pblyvbeth@ieh aslt Hard@hM Ny a

fuel cel Ly in, accordance with claim32 or 33, wheréin said step of
_processi Log}@g%ﬁgpff%aéﬁl&c%qqm%@P‘Eﬁ‘g\ﬁi’lﬁé’éﬂtf’rﬁ’d? cooling, chemical etching,

abl ation, and g:li ssolution. 35. A nethod of formng a fuel cell assenbly,
sai d_met B Anoimertainegt phefosh GRSa@bidanBs WikifliciEmaDs | it 95 CQRARS, Sif ucture

having at |, as} one, fl ow channel therein;
sacrificial material is removabie 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 fud cell assembly so as to remove said sacrificial material.
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depositing a sacrificial material into said at | east 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 el ectrode ﬁaéegﬂaé’&(@aon sai d
el ectrolyte material; and processing so as to renove said sacrificial
material. -12 | NTERCONNECT SUPPORTED FUEL CELL ASSEMBLY, PREFORM AND
METHOD OF FABRI CATION  ABSTRACT A fuel cell assenbly (100) includes at

| east one fuel cell (118) including at |l east two electrodes (112, 116) and
an electrolyte (114). An interconnect structure (102) includes at |east

material (110) A rethot o fot prne eRE i RokEIR SRR bl (e

material (110). A method of formng t
steps of Saidr #6P dpingenastingn et lenshoec tofsam wbictrode hadi &g eiletroBAS @l | oW

channel , it rificial material intg the flow channel,
deposi ti ﬁgﬂ%ﬁgé ég? eftgges%@agﬂ fl;oé? é@ff BEE) meisting 1of tsputtering isal-galptapet he

i nt er conrelehdaingictier evaiel tdeposiaieh, f bglaghi ial, processi ng the
fuel cell so as to renove thde@sacri f i c)iﬁjal %@%ﬁ If‘—lgggaGdemsmom

- clectrophoretic 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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