12 February 2007 | NTERCONNECT SUPPORTED FUEL CELL ASSEMBLY, PREFORM AND
METHOD OF FABRI CATI ON FI ELD OF I NVENTI ON Thi s inventi onarebatags2@gneral |y
to fuel cells and nore specifically to interconnect supported fuel cel
assenblies, prefornms and net hods of fabrication. BACKGROUND Fuel cells,
for exanple Solid Oxide Fuel Cells (SOFC), are electrochem cal devices that
have many potential applications including |arge-scale power generation,

di stribut ed mor@@bﬁy@ﬁm@fﬂ[@m%quﬁﬁm ,Pﬁh@bkﬁﬁmﬁ i's to devel op

cost effective processes to manufacture electrode and el ectrolyte

materials, especially wth |IGgEggOBDUNF REBRRILASON | N the 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 ectr ypically made of fragile based ceram cs.
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separated by an electrolyte, as well as a neans for distributing reagent
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fuel cell so as to renove the sacrificial material. -1 12 February 2007
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 disélosed is a fuel cell assembly which includes at least one fuel cell including at
least two electrodes separated by an clectrolyte, 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 elecﬁ'ode/electrolyte materials upon- the

‘ i:nfe_:rconnect structure and the sacrificial material, énd processing the fuel cell so as to

remove the sacrificial material.
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In accordance with a first aspect of the present invention, there is
provided a fuel cell assenbly conprising: at |east one foubnsey bog7ncl udi ng
at least two el ectrodes and an electrolyte interposed therebetween, 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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present i ] [ | i N o ref rising:
an inter co%ﬁg%]%gghlg%gﬁe%se% (?C&II %cﬁ%r%%ﬁ{e%?g@&&%ﬁ%@%%oa\%% ;E)ﬁfg{ﬂ %géggs ed

wi t hi n satherehetesn.candraacintersaprsolr siTustureuiot intiraate gordact with rad et enesefcsaidf i ci al
materi al gi A Lk i gl : i f f or

deposi ti oﬁﬁ%rg g’ﬁ %%Hnl.slaéluﬂlygez %{é‘? gg%%glﬁpﬁﬁgg}et’ﬁ%%{g}\s( ?)eg%tﬁ% ? H{V ﬁgﬁ_%?le sent

i nvent i onnitigledelined by, g suneiable saqnifigiel material, whisl tarepnoeshptrucirnprovides | east one
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first el seidiboechrane ¢ piovideemurfacsifdr depositiontheroporst ruct ure and said

sacrificial material; depositing an electrolyte mnaterial upon said first
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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.

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 structure and said sacrificial material; depositing an electrolyte
_materia] upon said first electrode material; depositing a second electrode material upon K

said electrolyte material; and processing so-as to remove said sacrificial material.
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-la 12 February 2007 DETAI LED DESCRI PTION A fuel cell, for exanple a Solid

Oxi de Fuel Cell (SOFC), is an energy conversion device fh@bnRbpeiges
electricity by electrochenmically conmbining a fuel and an oxi dant across an
i oriic 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 cell

10 is ar t | i capabl e of being stacked together in series,
in parall mLﬁﬁhEggkﬁ%ﬁ%% fuel cell stack systemor architecture
capabl e of producing a sunmed output. Interconnect portion 12 defines a

Pl ural i ty Aofuehicéil e ShARBY Solkd! Ol ALl BIC(RARYAGH an Wiy LBS, SaLhode 14
and a plurality of fSeI | ow %hanﬂésp%éér&trlll 1 nt'i r?ﬁ?ea%\é\%%rg%tcowemont he -
anode 16 d¢viemthatipradesss eleetricity dyedtctnonhdmi2dlly esmbihing avRasiSad UMt
operation fuel .flow 28 is supplied to fuel flow channels 26 and an
airflow 36(fr8§5y%} AR §°¥¥@8&%?"’éﬁef3 A’é cxeppiaTy; Rlanaroiueh gelhlP fqosmristrasmel s 24.
As shown jnberborittepoiion B of pid off d18M0d8s, o @tk a lp fed to
t he anode 16 and@under goesﬂﬁ;ﬂn_oxj dati%rziL reggfé?gﬁhgﬁﬂ%%qeeg%g%q%itrons to
an ext er n@y aeleetrolyte 18 iap shown BpFighitel.aiFaéh fiwl 86l 16 if #eepeat ddlaubEtthode 14

and accep I fromt external electric circuit 32 and undergoes
a reducti %ai)a@gg)g:o%@ﬁ_%taf%%ﬂgg%@?rrl&sg?%s, paraliel of, beth to fpre g Bicheelhsteske anode
16 and t heysteat fadéehitkdturd Eupable@F prdcink QW uRhRAUREsyt. di rect current
electricity and the process produces certain exhaust gases and heat. An

exenpl ary, tubul ar fuel cell 50 conprises an inner cathode tube 52, an outer

anode t uplsrepnectnortion 1 defines|aplurality of aigbvdchannels @4t inaniatewentact as shown
i n Fi gur ey; ' L ' { gposed on e cat hode tube 54 and is
ininti rrg‘? gh %a;}%@%@&ﬁ{kﬁ@h%?&fg%} ;%/‘B‘é" ‘i%ﬁ%eils g% n E‘ilé'ﬁ?“t ek Mty e cel |
50 is a rthpeatdedéldf auniljacanpal kepeaf udie20)or viewRekad DugiagbB&htsA aSREI €S, 1N
par al | el architecture capable of

r th to.for uel cel| bundle or _
pr oduci ng‘foé” ngﬁﬁ’ﬁphﬁf @[ﬁﬁ chaymslseo-and gn aicflewa3 . typaliytheatsd surpis! i ed
wi t hi n i npgplicsab MedsridwPehapreldnd a fuel flow 62 is supplied upon the outer
surface of outer anode tube 52. The heated airflow 60 and the fuel flow 62

el ectrochem cally 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 electrolyte 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 eléctr_olyte 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 cap'cible of being

" bundled together in series, in parallel or both to form a fuel cell bundle or architecture

~ capable of producing a summed output,

Durihg operation, an airflow 60 is supplied within inner cathode tube 52 and a ﬁlei .

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 és discussed
"-above._' | a | | , - o |
' _'2..




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

- bundl'e determnes the voltage of the fuel cell system jandpapBeigge rating
is determined, in large part, by the surface area of the electrodes. One
of ‘'t he key. challenges is to devel op cost effective processes to

manuf act ure anode, cathode and electrolyte materials, each having a
relatively thin cross-sections, to reduce resistive |losses, with |arge

surface akgas to mnimz f br| cation and _assenbly costs. |In accordance
with one folm fn‘{}@"{‘ﬁal ‘?eﬂé {7 Stack ok Rundle, detgrnines the veKegecef the figbor t ed
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defines a plurality of flurd flow channe body of
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cat hode o 1{9 an adj acent cell unit. I'n addi tl@;ﬁﬁ e&i %’?%lrgc%bnr&#elgﬁp%rt i on
102 shoul Eﬁﬁ@ﬁ@é asierbbneasts rent  distribution, shoul d be i nper meabl e to
gases, stable in both reducing and oxidi zi ng environnents and adequately
conduct i vg r lectr ow. at varl ety. of .te ecat ures. The
inter connectta&;g)?)drlja'tt?llegn‘;Vl Z%aﬁ%{)&}n \gt o, WS ringntion, a0 YFErCORReEt ng t hese
propert i esipponted plahan dudd el mﬁﬂ.lslshﬂwhﬁdFI(%. 4f-’ﬂ| n-formed met aI stainl ess

steel, cobaltite, ceranmc, LaCr03, CoCr2M4, Inconel 600, Inconel 601,
and conbi nati ons thereof. The interconnect

Ha | | X d 2
ot T on Y e Pinedt B in 13 RAnes ebgar iflond Deyucbavcledhi dispabed. | mm Lo
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support cell fabrication, the |nterconnect I on an
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her ei naf Si el ectrode ar eIe rolyte materials. Accordingly,
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on I nterconnect portion 102, SU|tabIe for position,
cell unit. addition, the mterconnect portion 102 should pr0v1de umform current

distribution, should be impermeable to gases, stable in both reducing and oxidizing
environments and adequately conductive to support electron flow at a variety of
temperatures. The interconnect pdrtion 102 can be made of a number of materials
having these properties, including but not limited to, thin-formed metal, stainless
steel, cobaltite, ceramic, LaCrQs, CoCr,0s4, 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 5mm 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) electrodé or electrolyte: materlals Accordmgly, 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 deposmon as shown
in Figure 5. The sacrificial material 110 fills the fluid flow channels 104 and prov1des |
a temporary substrate for deposition of electrode or electrolyte materials. The use of
the interconnect portion 102 as a support _structure for cell fabrication prov1des a low-
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in Figure 5. The sacrificial material 110 fills the fluid flow channels 104
~and provides a tenporary substrate for deposition of eljeqep o7
electrolyte materials. The use of the interconnect portion 102 as a
support structure for cell fabrication provides a low -3 12 February 2007
cost, large-area fabrication nmechanismallow ng for |ayer-by-Iayer

deposi tion upon the interconnect portion 102. Interconnect portion 102 can
~have a fIU|g f|OMICh neI 104 with a_uniformcross-section or a divergent

cr oss- secEShnlargs- atrﬁf’o 5’1"3“‘?‘%E"te&]i‘@’dﬁlﬁﬁllﬁmngof%éﬁymdﬁyﬁrdﬁmﬁh@n goomet ry.
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tenporary substrate for deposi tion ctrode” or

mat eri al sl%‘ﬂl’tbe unifonmy exbssyisedtion ayp p doyer et erops-mslslmb@lbi @éctéﬂgﬁlaGGPOSI tion
process | "?taff(;) ed...The sacrificial material 110 can be, for exanple, a
pol yner, ga’F‘ T08bY $EPIFEYm sol uble materials, pol yuret hane,

paraffin, |ow density foaned polyners or the I|ike. Pr ocesses for renovable

of the sathd faceficil Mblefil P10 dhbeGAmMd d}fahy%té}%ﬂtﬂa@gan ga@lgfe%atle?lﬁB&W ng,

abl ati on, d| ssol ution or any appropriate renoval proc
corres pon-°di ﬁgﬂte @%tcdep%lﬁmapf thetedecitratle mllalectmiyiarmatmalaym bd #énéveddiigposed

upon the | r 102 and the sacr.ifici erial, 110

substrate p| ca %ES\/SlHl é{g%gtshlet FR* nﬁgfoﬁsﬁdér?gﬂ’ﬁ’?%?d %n“iﬁ'ﬂ’éﬁglﬁleet or

the Iike, mﬁlﬁnﬁhdﬁlﬁl can Wd, oot eex@mpld, 4 @or@f@gw #hd 45}. rynfertf%% &bRibld 0de
e

mat eri-al anQde or cathode or the el ectroe‘ite material or a conbination
t her eof dB#FBalBPAAIrethana, PM%&WMIerOQP pvlwmrsmrdm kel Pupoesstshe

i ntercon C 110 substrat reform
“The use P FSableqtl 8 Sadtib g L HC B e Bl Bepdie sPemBH] oBabot

exanpl e @blafionTléssolation parr pg eppfopeiaed eerh@ie prédeds | for Ltfle RERNL dﬂﬁnd[r%a(:t Ion
sites for th el ectr (ihem cal oxidation of a fuel introduce nto the fuel
cell. In S&‘Efbfe‘il?ld?\aterﬂﬂg Oanode material should be stable in the

fuel -reduci ng environnent, have adequate electronic conductivity, surface

area and gah@idétihferagdiiy Hfsﬁoééeﬁ?g??%é HelredlRgct S}E}?‘ﬁtglt Poh %Itld me%g%ﬂfﬁlﬁén06| |

operating conditions and hav i cl'ent poro oW ga sport to
t he reactmaleriali@subshiate, ypacklycda dopositimheordfy plamﬂm@bf afh an®icedhieal & havi ng

these 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 irlllthe fuel-reducing envifonment, have adequate
electronic conductivity, surface area and catalytic activity for the fuel gas reaction at

A 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, mcludmg but not 11m1ted to, metal, nickel (N1) Ni alloy, nickel (Ni), Ni.
'alloy, silver (Ag), copper (Cu), noble metals gold, platinum, palladium, rhodlum and
iridium, cobalt, ruthenium, Ni-yttria stabilized zirconia (YSZ) ‘cermet, Cu—YSZ |

cermet, Ni- cena cermet ceramics or combmatlons thereof,
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properties, including but not limted to, netal, nickel (Ni), N alloy,
nickel (Ni), N alloy, silver (Ag), copper (Cu), noble metahfry 207,

pl ati num palladium rhodiumand iridium cobalt, ruthenium N -yttria
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

hown in Fi T ' f electrolyte | 114 is t duct
one. bet waBh SEHESTHifo el aid: B dpPaTd e b 80t ater Fi7e Gpisaly ofyt o | ayer
114 carri @gpdshios, & SGEETHh RiguRNe. eﬁlﬁ%&iﬁ%ﬂhgté}%le Hte Ei%@?ﬁﬁﬁqg td ©

bal ance the charge fromthe electron fl conplete t el'ectirical
circuit ieonduet ippebeteisen theGmode fgdi 114mal 4 yathodeelagtre cTheodlydtmlytd dayeepar at es

t he fuel t.he oxidant in the fuel cell 10Q. Accordingl t he
el ectrol y!fetpélgﬂesr}ﬁgf P u%e[daﬁloge Flr‘?c%%cleﬁo OtPEfof'ﬂe‘ftwgleé%gala%sﬁyth? sharge
envi r onmefibs, tHenglestrRABoN bAd [RMPIRAGhE RECARIFTIRMN RIBAUREELY cppduct i ve

at the operat. n}g conditions. Typically, the electrolyte layer 114 iIs
subst ant i Afdijionalye the elarteelyteyl 1drssparates ity fueh&oel gt oxadart én itteyfel ¢d¥ can be

made of a 3 ri avj t hese prgoperties,. includin ut not
linited t%@%?%?ﬁg%pggéé%gﬁ gfhg%%e Bi?%lﬁgtlﬂ @g@cﬂﬁ SXHGEe g‘iffochl ore
oxi des, = deyiddingiencioahens, ipRemkakictte theshdmg TEEY dndl ade QRELIF OHRIuBEYd ONS

thereof. Electrolyte layer 114 typically has a thickness such that
- el ect r ol yAtethf OPSIASBE a¢anditiang. ghepicallyp dhenslastrelyterdayer hildkisessbswfitialyect r ol yt e

| ayer 114, i S r ef bly, in the_.range, bet ween
about 0. Aller% cﬁw}ﬁéﬁllfgﬁ% %ttr'?'s 13?‘719%%?%8&6%%"%‘2#2? %Pﬁbtfequaﬂe & P‘%HB%F t ween
about 1 mmathrigk Haeingbihede propeie kinclddmattwdet iniiged ol &r0s, ¥5gpassd upon the
el ectrolyte 114 tﬁB'CO lete the repeatable cell unit 118, as shown in
Figure 6.%FReCRB ﬁ@%bé"egq&ox@&t Ry@ehlpes, exides; glapsd tzircopntesy iparveldtect i on

sites forodidenskaat 5R8 R&RbGA r{sqgéilggﬂ on of the oxidant. Accordingly, the
cat hode | ayer 116 nust be stable 1 n the oxidizing environnment, have

sufficient electronic conductivity, surface area and catalytic activity
for the ddpdenlyte dpyer i bhtypicaly hat a thieknbssaducis tak elepesistel ingutsemndally gas and

have suff.icient,porosity. to all.o transport, tao the reaction sites. The
cat hode I'Bpgmeal ‘ciﬁe ﬁléck’%fﬁ% 061‘3%3%%@%@\&%%1%% dypigglly less than S0pm,
preferably in the range between about 0.lpym thick to about 10um, and most

preferably in the range between about 1um thick to about Sum 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 electroéhemical teduction 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 LaMnO;, Sr—doped LaMnOy, (SLM), tin ddped Indium Oxide |
(Iny03), Strontium-doped PrMnO;, LaFeQ;-LaCoO; Rqu-YSZ,_ La Cobaltite, and

combinations thereof.




havi ng these properties, including but not limted to, an electrically
conductive oxide, perovskite, doped LaVh(QB8, Sr-doped Lajdbriadl-Mo7 tin
doped I ndium Oxide (In2G3), Strontium doped Privn(3, LaFe(3-LaCo(C3

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 100 . I ode 12, 114 are typically thernally stable
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about 100&4Gctiod) efok u&d lin %08 rhSoed r v S I fi2¢) al
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104 are oplestedesatlhbldh atentypiaglly shetmallFusthbie ebedtwddOateomn 80eC aoyaboupe of

fuel cell requisres. flow channel s including but not Ilimted to solid
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First, the interconnect pbrtion 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 éleqtrode 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 andr
‘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
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: 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 mote 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.




