| NTERCONNECT SUPPORTED ELECTROLYZER ASSEMBLY, PREFORM

AND METHOD OF FABRI CATI ON BACKGROUND OF | NVENTI ON Thi s
~application is a continuation-in-part of application

Serial No. 10/166,909, filed 6/11/02, which is

i ncorporated herein by reference. This invention

relates generally to electrolyzers and nore

specifically to interconnect supported el ectrolyzer
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El ectrol yzers, f L i ectrol yzers,
are electr ochenf@?iﬁﬂgbﬁs(g?#ﬁ%ﬁﬁﬁoﬂany potenti al
appl i cations including | arge-scal e hydrogen generation
for distributed or |local supply. One of the key

chal l enges is. to devel op cost effective processes to
manuf acture el ectrode and el ectrolyte materi al s,

BAERAUND (I INYEINBON sur f ace areas. In the past,

anode, cathode or electrol yte supported approaches
; far 7 g .
3 il B cGUESAIGLERE: SEMLAR 8B, deon, e
6h 0o2 Hleclaisdteyrparatet bereiralmdreddrester ol yte are al |

typically nade of fragile based ceranm cs.

cessaril in conventional cells, in order. tq .
TR 0T b SEi6r Pere BB To abeF S on ore sieeiialy o iperogpect
sipRrie® BRORA PP astMbli&E pidlbials andGMhcls e Ebrichiid.e 1S a
need for an inproved support approach for el ectrolyzer
cell fabrication. SUMVARY CF | NVENTION I n one aspect,
Elpstrelyeers. lor yrample selehprige elpspplyses, ae cleeethegheal devices that

oBLCTA HA it L LORR, St KRy aE R

dstritatedobyivedl appleoing dfliht ey danRides éstadevelop cost effective
i nterconnect structure in intimate contact wth at

. Proggsses Bhmapnfagtiee elggiradecand elgeitolyle mplenapcespeeiply evith large
SJlﬁa%eiaﬁtdg_r connect structure includes at |east one flow
channel initially defined by a renovable sacrificial
material, -1

In the past, anode, cathode or electrolyte supported approaches were used for

electrolyzer 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 cells, in order to provide support for cell fabrication, at

least one of the components must be thick.

Accordingly, thére is a need for an improved support approach for electrolyzer cell

fabrication.
SUMMARY OF INVENTION

In one aspect, an electrolyzer assembly comprises at least one electrolyzer cell
including at least two electrodes and an electrolyte interposed therebetween. The
electrolyzer assembly further comprises an interconnect structure in intimate contact
with at least one of the two electrodes or the electrolyte. The interconnect structure

includes at least one flow channel initially defined by a removable sacrificial material,
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wherein the interconnect structure is configured to
provi de support for the electrodes and the

‘el ectrolyte. In another aspect, an interconnect

preform conprises an interconnect support structure,
wherein at | east one flow channel is disposed within

the interconnect support structure. A renovable
sacrificial material is disposed within the flow _
viieadin éle intedcqmnesti stactaresiv cha@grédro plepsishpmmt for the electrodes
t hereypon, In yet another aspect, an el ectrolyzer
aB@?EH%‘V”BBﬁprises at | east one el ectrolyzes cel
including at | east two el ectrodes and an el ectrol yte

Th NAREIRP SaPedth SC RAENGRI ct PidTorr®! Snhprdey 28 iMSRBARY support
further conprises an i nterconnect preform having an
sirpetarec ovheeadin af ulepdranestlowcehaneeliin dispaseditvathin rihedaterconnect

i th at { f the.t | ect r.0d t
sttrisge Blet R M seiiihalle s tici el R fERRRL Hihaf dp channc
té pRiRetuhtdfon dépRitionthaegpanect support structure. A

renovabl e sacrificial material is disposed within the

fl ow channel to provide a surface for deposition

In yetreaoibenaspeet geelectrrlyase psss@pliceompsissbdtienst oe ¢leftlyygr cell
f | . e _
RIS IS R SRRRRY o RRIccRE s, B b iiDRcRBetmeen, The
ekebaoipedr tabeendilyn Amther depgists Ngn aintaaminédtcipadfonmt havimd an
.into the at | east one flow channel. The t hod f;ﬁinr
l%ﬂﬁﬁqﬂeghéula@ﬁbéﬁlﬁ% uy iftunate CBB@C‘e Mt PhABShREC A the two
e U RIS i D oagt e HAOARARLL Ao Wiin the
ing¢reonneol spppert stsctewbAyeinovableaeafitiabmeteial fsidispaked within the

mat eri al ., DESCRI PTI THE DRAW NGS These and ot her
PRl to BORE STt O B AT PO Phe  pr econt
_ invention will beconme better understood when the

If 9kl enbther deedt, | £eheHRUACHT Borniihg iah Ele@eblyder MssdrEll@r @ngRises

to_the acconpanying drawings in which |1 ke characters
proyjslieg antinterqaanpeir staicturh havigs itleash eongr Baw regnnel therein and
déﬂ)@ftﬁ'ﬁ 'y sa!::ﬂii?':ial]méteﬁéislrt&% £ 1%?&5%?8&% o TR i M further

xenpFary electrol'yzer cell ‘assemnbl'y TTIUStrating one

coppiat depoditing at least one electrode and an electrolyte material upon the

interconnect structure and the sacrificial material, and processing the electrolyzer

assembly to remove the sacrificial material.
DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

Fig. 1 illustrates a perspective view of an exemplary electrolyzer cell assembly

illustrating ene repeat unit;

Fig. 2 illustrates operation of an exemplary electrolyzer cell;
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Fig. 2 illustrates operation of an exenplary

1@# i%(ébrg%l%zer cell; -2 RD 120539-7 Fig.3 illustrates a

tical view of an exenplary tubular

el ectrolyzer cell assenbly; Fig. 4 illustrates a side
view of an exenplary interconnect; Fig. 5 illustrates
a side view of an exenplary interconnect of Fig. 4,
wherein the fluid flow channels are filled with
Fig3 rillostoites| a ndgrarmiaticati \gew 6ofi & wsemplans tubuliar ddeatiodymer cell
of exenplary el ectrolyzer cell assenbly; Fig. 7
aﬁ?F@@ﬁrates a side view of an exenplary el ectrol yzer
cell assenbly of Fig. 6, wherein the sacrificial
F‘I%MQHhﬁiaté_s% SRR S af BLerihlgry iBtekdohbisdty ates a flow
chart depicting an exenpl ary process for fabrication
of an interconnect supported el ectrolyzer assenbly. i
Fe=fallpstptesmsads pevod anexemplery Bitsrsenesietf|Fig 14 pvhetciphedluid

| ' lLegts ol z :ly, IS a device that
ﬂ@?ﬁ%ﬁ%@%9ﬁ§3§%géﬁﬁﬁﬁgé%ég?Pgﬁé&mater when el ectricity
is applied. An exenplary planar electrolyzer cell 10
Fig 6pHusmges arsidentiew of am exdmpanytdlaroly2er @llzasambdy;
el ectrodes, a cathode 14 and an anode 16, separated

b el ectrolyte 18,.as sho in Fig. 1. .Fach .
Pl oSrgEnR Sidt VieT ot Aoy tlodinfizeg e 5gmblp abFie: 6.
whtreRPihe QRGN SehtdrRO R BBloved} anderies, in parallel or
both to forman el ectrolyzer cell stack system or

architecture capable of producing a certain anmount of
Figy @ iblystrates atflove ehask depiping o gxamplast piseess fop fahrigptiqny of an
. drogen channels 24 in
_ln?%ﬁ?ﬁr?%?gguggﬁ%gg{lecﬁoiﬁgﬁ%ggg hode 14 and a plurality

of oxygen flow channels 26 in intimate contact with

DETATAEDABEICGRIPTION adj acent cel |l repeat unit 20.~
During operation, a steamflow 30 is supplied to the

WP b2 SRSt o LS ek B T o
pf@dﬁ&s hydrogen by splitting water when electricity is applied. An exemplary
planar electrolyzer cell 10 comprises an interconnect portion 12, a pair of electrodes, a
cathode 14 and an anode 16, separated by an electrolyte 18, as shown in Fig. 1. Each
electrolyzer cell 10 has a repeat cell unit 20 capable of being stacked together in
series, in parallel or both to form an electrolyzer cell stack system or architecture

capable of producing a certain amount of hydrogen.

Interconnect portion 12 defines a plurality of steam flow or steam and hydrogen
channels 24 in intimate contact with the cathode 14 and a plurality of oxygen flow
channels 26 in intimate contact with the anode 16 of an adjacent cell repeat unit 20.)(

During operation, a steam flow 30 is supplied to-the steam flow channels 24.

As shown in Fig. 2, the steam flow 30 is fed to the cathode 14 and is dissociated with
electrons from externally provided electricity source 32. In operation, once electrical
energy is applied through an external source 32, steam is dissociated with electrons

from externally provided electricity on the surface of the cathode 14. In this
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el ectrons fromexternally provided electricity source

Rﬁ | eration, once electrical energy is applied
}761?38- an external source 32, steamis dissociated

with electrons fromexternally provided electricity
on the surface of the cathode 14. In this -3 RD
120539-7 di ssoci ation reaction, hydrogen nol ecul es are
formed at the surface of the cathode 14.

diSkotidtioaneatioh yhydxo@a dlendestirg f(ﬁhﬁdtaothamﬁff@ce](ﬁ' thdzwaah@it 14.
the el ectrolyte 18 and form oxygen npl ecul es_on

Sipltageeushy Owg@n ansquigtase in apderd thequgh dhe dectialye tlﬁcﬁﬂé form
s{fkg mSEGALS giptﬁe%uﬁhéesmﬁtaﬁgdé 96 TP rAdiE (o3 eﬁ:fcgons Thus

rogen and oxygen, products are separate
stedma 3|Or19 dissciatdht® foyrd ipogimetsprfdydoedn byd bhy@npwhh:hspsockmws are

sqptAe e Piseths ThE PHAPPoh PRIae bt SHBopess e Migh A+ In

sGHRE @Hl@@ﬂﬁ’neﬁ{su bflydeAGY Hgl?e%tedeBm' zﬁmﬁ@twldsﬁ?gtaeﬁo@v%fad §ec@ﬁdary
nitrogen. In some enbodi ments, the secondary flu

ﬂ“’dy Thie secomehu fuidr iwalvdesy ebug ds @ot |1mmteddnonfgr bumltmgen In some

.ted to carb
crphtiRisn e RO ERen A, ¢ Hstsrode e e ngluginechpt not
liesePtd @@gorgﬁohm(c@at hode tube 52, an outer anode
tube 54, and an electrolyte layer 56 disposed

. _therebetween, as shown in Fi g’é 3. An interconnect 58
Iny apogjes ﬁﬁ@eélmﬁt,tméxeraph@d@bv elecalyzereellsdC gomprisesag dmer

t te,l r 5
cfiRifibe 4, Tl U lHEAC Bink' 54, BFTand Pk T o8 diggosed
thbmbg@vdeu,ruilshflwh o‘xgETgh ar Alnnnfﬁ:lﬁfdrmS(g:lﬁiSns ﬂﬂp@deg_@h tbdi cathedehtube
o} ormaneectro yzer ce undl e or architecture
5% 151 ip iptimale sontartth thesglecty ?Yte layes o6t Eseh ﬁy‘aﬁ%’gfé?fmlyzer
] t
C%‘;%‘ﬁﬁ?éf"eﬁﬂ&%%%ngn PABIC bEBEIRE DSl UGS inf kel Tind FRALct or
bathoo fomm mmte@ctrslylzélacdl bindlet er amh(td@mteuu@a’élﬁ ofTpmducing a
Sp&pl?@m fl ow is dissociated in the simlar nmanner as

é‘?gefl*he number of individual . cells in a
stack or bundl e deternines the capacity to produce

In'”ﬁfﬁf‘d@ﬁﬁna ktBard TR} 66 Is'ApYHRT wRBln! infeiHafidde R 52fandh@ oxygen
key cha Ien%es iIs to develop cost
flow 62 is produced upon the outer surface of outer anode tube 52. The steam flow 60

is dissociated in the similar manner as discussed above.

The number of individual cells in a stack or bundle determines the capacity to produce
hydrogen in an electrolyzer cell system. One of the key challenges is to develop cost
effective processes to manufacture anode, cathode and electrolyte materials, each
having a relatively thin cross-sections, to reduce resistive losses, with large surface

areas to minimize fabrication and assembly costs.

In accordance with one embodiment of the present technique, an interconnect

supported plahar electrolyzer cell 100 is shown in Figs. 4-7.

As, illustrated in Fig. 4,.an interconnect portion 102 defines a plurality of fluid flow
channels 104 disposed within the body of the interconnect portion 102. A portion of
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effective processes to manufacture anode, cathode and
I§$i§@{§gyte materials, each having a relatively thin -
3 gctions, to reduce resistive | osses, with |arge
tive 9
surface areas to mnimze fabrication and assenbly
costs. In accordance with one enbodi nent of the
present techni que, an interconnect supported planar

el ectrolyzer cell 100 is shown in Figs. 4-7. As,

thd fluigt i@y @HarndlsFI(Y. ard steath oW aheRRIet06 RET hipoRick0d( the fluid
defines a plurality of fluid flow channels 104
flovs glmals i hag exygendlpy shanngts {08 r dsnpémaryp §inctig of the

ik ondbcP R4 R0t o Getiefyoitied th o b i eitiable ecl i
tothd bethddeudfan hljavent lvalinalis 1D 4dditien,othy geterdoneeet portion 102
channel s, 108, The pripary functi of the .
shotl PrasifireiBiiops CreH dismbytion, @wgﬁﬂa imReEPeaPlL o ses stable in
bgifﬁenﬁﬁ@iﬂg 2l GA8iZHpPeRliRRhRn&ehd %lfl‘é(fuate%)ﬁ gbﬁkﬁwﬁ% hed@ipport

an adjacent cell” unit. In addition,
elentren Howrat e tvapety tof eampi@@ures hdbe dhigrcomtiedepartinh d fPncan be made

R TR Ry S R O

fxd d aHaaL 3tag1¥ss CRRIUCATNS, 1RoAHMPEIY, incddeEEDT,0Hadté Y Rt and
a vari et&; of tenperatures. The Interconnect portion

HasfellesaR3 b eotherdesable f metalsuanske ccremiosasnsd camnbingtgns therdpds e The

P Pafetl fiot 6L iy B o it B s gt ARG B e
tcBdbbut 5iast eldlppeferiblyctittwedrasboet 0.25m=A30 abeites med.abl e

metal s and ceram cs and conbi nati ons thereof The
i nt erconnect portion 102 typically has a thickness in

! YR { A
In peder 4p gupnost frlk dabaisatien. gha pntercppicsh partioan iz mpst provide an
] t o . .
a@{rﬁé@t?? %&gﬁo@f%&gﬁgﬂ%bﬁﬁgﬁﬁ% Ee [ ntg %esﬁgon eﬂgltﬁremafter
deyasttion) elkGPodeustelqntolytel enaterialsa p Acopdinglye at leatag poftion of the
deposi ti ng, ti r gtherw_se di sposj . .
il sty T0faisddiedivgily @ sacBaiabmatkBrl Lbiereyige g relatively
ul¥RIrRY éu?‘b&t sif0 b iiMBlc¥nnddt phEds 102 RAELIE 88t Rpodifin, as shown
flud ow channels 104 are filled with a sacrifiCial
inntEiger.i Ehe &atﬂﬁciel pagualdel Oaﬁldsei!hatﬁu‘kbﬂgrw Chmtﬁr Hdsandioevides a
teﬁag%gag‘f tes];%nﬁa{eg ?@%ﬁ%ﬁt%ﬂt 0 glrec:t:tlro(zfg: olroe%éctr%ﬁ}té ?nbe{teeriaflsqr The use of

the interconnect portion 102 as a support structure for cell fabrication provides a low-

cost, large-area fabrication mechanism allowing for layer-by-layer deposition upon
the interconnect portion 102. Interconnect portion 102 can have a fluid flow channel
104 with a uniform cross-section or a divergent cross-section, a tubular, rectangular or

other metal-formable geometry.

The sacrificial material 110 can be made of any material that can provide a temporary
substrate for deposition of the electrode or electrolyte materials and be removed with
appropriate processing after the deposition process is compléted. The sacrificial
material 110 can be, for example, a polymer, a salt, a polymer foam, soluble
‘materials, polyurethane, paraffin, low density foamed polymers or the like. Processes

for removable of the sacrificial material 110 can include heating, chemical etching,
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in Fig. 5. The sacrificial material 110 fills the
R&ig@%é PW channel s 104 and provides a tenporary
? t'e for deposition of electrode or electrolyte
materials. The use of the interconnect portion 102 as
a support structure for cell fabrication provides a
| ow cost, large-area fabrication nechanism allow ng
for | ayer-by-Ilayer deposition upon the interconnect
abiaﬁdm odisdd@ion ©F eanyoaproprigdo remomal 1 pidcessn fdratte  aortdspoiting
hanne& 04 wth a uniformcross-section or a
S‘?:ﬁ"%@lag mteriat bYS. section, a tubular, rectangul ar or
ot her metal -formabl e geonetry. The sacrificial
ARednelé flyed 102 GadisRRed s B iRBXoMRdcE bbAlont lr@étanﬁfiﬁb sacnﬁc1al
provide a tenporary substrate for deposition of the
mafezial | Hhisubstrate) wpically yicedapasition ar by platctvent @mdv\ﬁhwt or

ropri,ate ng after e. depositio
aR e B v RIRE SR KW aftobied i PER G Bl REREEF Byrodle or
caKEIP| &, the ElettydTote, mﬁteﬁ@l or 2 cPRbinaasn fthadbf sehldbbe initially
materjals, polyurethane, paraffin, |ow density foamed

FROBIIr PE otherwise mrovided ppot dhesudercqrmect porgignpil @y sagaficial

| m%fe%%j ffocéuﬁgtra&%b%@g 'i'-'}i'leousg erb%l"oHQ Eg@? f‘fjt e fi gps“r‘ ‘iﬂg%f"{s for

pa'pmeaﬁrexahpleroahpval process for the corresponding
sacrificial material 110. An anode |ayer 112 is

|s osed upon_t he intercgqonnect tion_. 102 an
i prspafe ofapodei AYer 1138 15 b 8reY acieerewm gitgs| ipr \*}}earelease of

oty H?ﬁgﬂs &ghagl&lﬁ@eoﬁloﬁé: @ﬁ%?fdxﬂgly,%e anosiela géleﬁté. Rhst BeMable in

I's recognl zed that either
theloeuxhzlngl enmmanalha@a suftieicot elegmmivodeiductivityhand surface area at

o P CalBoEbBhoShodunoy B8 AR D B e
u-arrs 61 C ahBambdPRiykt P16 $APbARMAS B hirfunfieRbf niRdrRild Bdvidolthese
strate q[i)reform The use of the anode |ayer 112 as

plton@rtlﬁz’r, rgeluding dut net fimited fouiap elestrisklly cangictive wkide, Ferevskite,

GRCLEVEPS RsoePL B and! i T deiel; BAEE, DERE' (5D,

StedRRbi-06ed APABRO, nQﬂchOE-ﬂlﬁC@OQdQld@g}lifszllﬁam@djbahﬁe and

stable in
combinations thereof.

An electrolyte layer 114 is disposed upon the anode layer 112, typically via
deposition, as shown in Fig. 6. | The main purpose of electrolyte layer 114 is to
conduct ions between the anode layer 112 and a cathode layer 116. The electrolyte
layer 114 carries ions produced at one electrode to the other electrode to balance the
charge from the electron flow and complete the electrical circuit in the electrolyzer
cell 100. Additionally, the electrolyte 114 separates the product gases in the
electrolyzer cell 100. Accordingly, the electrolyte 114 must be stable in both the
reducing and oxidizing environments, impermeable to the product gases and
adequately conductive at the operating conditions. Typically, the electrolyte layer
114 is substantially electronically insulating. The electrolyte layer 114 can be made

of a number of materials having these properties, including but not limited to, ZrO,,
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t he oxi di zing environnment, have sufficient electronic
conductivity and surface area at the electrolyzer
cell operating conditions and have sufficient porosity
to allow gas transport. The anode |ayer 116 can be
made of a nunber of materials having these
properties, including but not limted to, an
el ectrically conductive oxi de, perovskite, doped
LavnQ3, Sr-doped LaMO4 (LSM, tin doped Indium Oxide

[
LRa D cer, CR0 RS ol SAdeR 0rRd pirgonates,

mr@eht@Wdeenatgwmmmmbmaﬁowbge@f upon the anode | ayer
112, typically via deposition, as shown in Fig. 6.

r I
R8BB335y 1 RSHOOLLEpk BMESA ol s
iinpymea&lbﬁ Thd hlaclaiees: bf eleyﬁﬂytel layar 11414 waicallye $ess dles 50um,

pro ed at one electrode tqg the qgther electrode tQ
i1 e TaBRe DSEvIeR ARoth O To ek tickh  pbgy , and most

P‘f&?@ﬂ%‘ﬁﬂl‘fi@&@t FaRat fipu FRh UL dbollPuf ﬁ%-LZLZfZI es

the product gases in the electrolyzer cell 100.
Ancatloodeti langpir \l 16 ishdisprised tpa the elettidlyteuldtd th eomipled te irgpeatable

th r.educi 0x4..6li z i t.S
Pty 125 a SR e 3 B fitss e 2Bie FaRERTSBta be sable in
ﬂ:ecumwcl 61} sc@nﬁéndtli}emyaﬁ éﬂihtdﬁﬁleﬁ@ Raket adedljliﬁate allycpmﬁl dondudln:aey,
eectro yte yer 114 is substanti a ye ct ni ca
urface | aga # Slcoacsiity dprythe i sspelatiqny At the elpgelyZescell

BéndforPHl e Sulthifdrd qmmﬁ%go rzaneaeﬁt&alﬁsmspdon o the

|ncI udi ng but not |limted

r@émrasﬁe@eﬁzs cathasheLitl b o@equmlmcxi@ nuypyhes of mt@abghm these
t k
R S EBRRRAEpo RS OB S 1108 .
alhayg sivelr IGAgK ne%[ﬂr @()hndﬁh?mealsegcbldpﬂ;lym?]m $>al§adn:m,alhbd1ainl and
e I C SS, Ol e€l.e e | ayer
iy 6Ol raprigin, QL i eBrd ZHPEHE (Y57 Gt Lo YSZ

céraRg Nl%ﬁ%&&eﬁ%ﬁhn&o}c&ﬁbfnﬁﬁ&ﬁ thdegibout 10m and

nmost preferably in the range between about 1 mthick

0 aHout 2 urn h ck. 1A at hode Ia er 116 |, dIS osed
Elgstrdesd 12 and; W@C&m ¢ o At é‘ieeafeﬁes‘i gafé | gpport

electrochemical reactlon, for example in the range between about 1 m%/g to about

1000 m%/g. Electrodes 112, 114 are typically thermally stable between about 80C to
about 1000C and preferably between about 300C to about 1000C.

The electrolyzer cell 100 is processed to remove the sacrificial material 110 from the
oxygen flow channels 108 and the fluid flow channels 104 are opened, as shown in

Fig. 7.

Electrolyzer cell 100 can be any type of electrolyzer cell that requires flow channels
including but not limited to solid oxide electrolyzer cells, molten carbonate
electrolyzer cells, phosphoric acid electrolyzer cells, alkaline electrolyzer cells,
' regenerative electrolyzer cells, zinc air electrolyzer cells, or protonic ceramic

electrolyzer cells.




cell unit 122, as shown in Fig. 6. In addition, the

cat hode material should be stable in the steam or

st eam and hydrogen environnent, have adequate

el ectronic. conductivity, surface area and catalytic
activity for the steamdi ssociation at the

el ectrolyzer cell operating conditions and have
sufficient porosity to allow steamtransport to the
Kiga8tis on fovt ebart That detittedm ddnmany pwcesmdforafabacation of an

P R SPRBOLIoS B o et T pish bt cIpfiekEre ¢4 100 g
alloy, nickel (Ni), NN alloy, silver (Ag), copper

First))the MablcenrimRt gbﬁiongi@;%siti@h@d ifeYUdBpoBi@ibh a8 1 Y MThe Nedidsfhect
and indium_cobalt, ruthenium N -yttria stabilized

pertioasan de medg) fog exaraple, om vgmped shert metaljsueieay Hainless steel or

efq et el ani:¢s; ' ' . fo . t e
R e ARy Ll 080 P B L SR or e
ifitercene@eD Iporticdl e¢tprodden cabstaRatsri Rijer-bblayex alepdsitidn of the
Errge range petween about 1 nR/g.to _about A 1000 n2/qg. .
cleruedes sid dha ¢lectralyle 2 (hgisagiiiopal ymaepaly fof exprpleca foam, is

o) ; 0. t]?e?ﬁu' r
S%%%%?Eu% ’o‘%ﬁoﬁ%&é e?a 5 pg%gg aéllg)oglg. ' elge' éﬂ: }?ag':nglzs'elr%cessary
iteriniedib@Osteps e daenssedastto prevent thet saerif@alr mbtedalafrom interfering
terial 110 fromt X n fl ow ¢channel s 108 and
“ﬁnﬁe‘%ﬁap@t CERREohBr Sl e & majenialy, e prpmple of
aff| SterrhedifeCGEFOWMARI teeld ddscan ls@:%taﬁﬁﬂl); ¥RE ket upon the

_electrolyzer cell that requires flow charinels
interedmgchgp futo eroer Hienflwid dlavo chanineld. diiecracefieiel meteyiakis then

.cells,. nolten, carponaje | ect.rol yzer, cel.lLs, .

A RGUHOPRCE 1S SRS EhingD @Rl §F SpgiCyifh o the interconnect
- s@ipRftdnal the @hariRlsl &e fille@ARAE HRL fok &In§AieR! HAStheC@ahSels and
zinc air electrolyzer cells, or protonic ceramc

ceditects theltgp eheege(Thg sheey isthgn rgnpeeddiemdbe ereenneptgportion and

adepLcts. an mpl rocess for fabricatiqgn of an

o BubblioRcof BORSBY ek of S be Rl Aoy efible of an
indraiRaiateedter iy Mitvdading @hd sabBificiaFiniagdrial ihie théHlaid Aowedannels
portion is positioned for deposition (S 1). The

untdy e haprsdy arg) gemplsiely: zfﬂleéé)rnﬁ@@ﬂ}fﬂb’ﬁf@é%iﬁﬁl eAny fggigue or
over ATREH 1O S5k ATRA FhatSHANs Aerd RS of HREInt@onnect so as to

planarize the substrate and provide a flat, clean surface for deposition.

In the next two steps, one of the electrode materials, in this exemplary case the anode
material, is deposited upon the interconnect-sacrificial material substrate (S3) and the
electrolyte material i1s deposited upon the anode materials (S4). Subsequently, the
cathode material is deposited upon the electrolyte material (S5). Finally, the
interconnect supported clectrolyzer cell is processed to remove the sacrificial material

(S6).

Many processes can be utilized to deposit or otherwise dispose the electrode or
electrolyte materials upon the substrate, including but not limited to, sputtering, sol-

gel, tape calendaring, jet vapor deposition, expanding thermal plasma deposition

B _8_




the like. Next, a sacrificial material is deposited
~wWthin the fluid flow channels of the interconnect
portion to provide a substrate for |ayer-by-I|ayer
deposition of the electrodes and the electrolyte

(S2). The sacrificial material, for exanple a foam is
sprayed, poured, or otherw se applied so as to fil

the fluid flow channels. Necessary internedi ate steps
(disenssak engmatensictad jpr @¢palingh eomaemly assigded mﬁcat'mh Docket

Nsiodey QS0 bl st o R e Gl Gl g Astcien Made
TheteQRIedvalch SfpBBstiodCls! Kbr&l IeoHoPRQE By @eﬁ%%&)aélkétﬂip'hbiretlc

flat sheet upon the interconnect so as to cover the
dﬁpcmltdans Ipdasmehentaates] chiinical avapof idspesditioratEYDalPVIls atimespheric

ntroduced via the fluid flo ann eni ngs on
Pl P, T AR st OB e PR ana s he
channels are filled until the foamconpletely fills
Whit: thb amveation Bitbee GiNishated anbt @ei@ided ieBinot Téndel @@ be lifited
then repoved fromthe interconnect portion and the

&) élbf‘ogrswlﬁ i Hach aﬁvomsag@ﬂxf@ggo%%ﬁﬁp%wm /48 ¢ o pmade
GBS Balloe M an) DAE HORARLRHELERe b Resb b ANE NN, further

madifidatibirearcheguirellentsofthe dnyentibe lhyrefn Hiseldsealr canl degint foypersons
averfl owi ng. Any residue qr overflow of the

Slleg {ip; e ity Hiiie 0 re SR e KRG alioRe and all such
Iﬂoﬁif?craﬁ&'imﬁﬁit e(?ﬂvfﬂént& Qre BAIRRES | 't& Be Withis YRS §fiftt %n&‘@c%pe of the
provi de a cl ean surface for deposition.
lm%mmaua&ﬂdh&®byﬂmdbﬂwwughtnm$ectrode naterlals, |n

this exenplary case the anode material, is deposited
upon the interconnect-sacrificial material substrate
(S3) and the electrolyte material is deposited upon

the anode materials (S4). Subsequently, the cathode
material is deposited upon the electrolyte materi al

(S5). Finally, the interconnect supported

el ectrol yzer cell is processed to renove the

sacrificial nmaterial (S6). Many processes can be
utilized to deposit or otherw se di spose the el ectrode

or electrolyte materials upon the substrate,

including but not limted to, sputtering, sol- gel,

tape cal endaring, jet vapor deposition, expanding

thermal plasma deposition -8




(discussed in greater detail in co-pending, comonly
assi gned application, Docket Nunber 120505, entitled
"“Met hod for Manufacturing Fuel Cells and Articles Made
Therewith,” which application is hereby incorporated
by reference) el ectrophoretic deposition, plasma
enhanced chem cal vapor deposition, CVD, PVD,
at nospheric plasma spray, vacuum pl asna spray or
WHadSi ClaAIMEB I8her eof . Whil e the invention has been
illustrated and described, it is not intended to be
limted to the details shown, since various
nodi fi cati ons and substitutions can be made w thout
departing in any way fromthe spirit of the present
1. i nviendleamo] yzAsasseralily coraptideg  nodi fi cati ons and
equi val ents of the invention herein disclosed can
c h '
st 1G0T inclig o el ol ol 490 M R0 Srterposcd
thergbeiohietri; et | ons and equi val ents are believed to be
wWthin the spirit and scope of the invention as
an ﬁln%frécﬁl]ﬁgct bychife iR lihtidd g:oﬁﬂa@t' WBth Mtl&e%MQt l1Sist two
. el ectrolyzer assenbly conprising at | east one
electrb@st cvrowck electrelyte, isaid| inttroognert stmetuite mmbldamectt leateane flow

an n te i nterpose her ebet
charfilf P e Y CrlrPuE SR it PR, RS0 R gftPoomnect
struét@R9E cafiguadd 16 prodideisupiasior fdideclettt®iet Babak déctditel
electrolyte sai d interconnect structure including at

| ow channel t|aII ef i
2. o6 ATEONAT SFRIAI AGHOBASE Widane) - Shhin Said electolyt

has h mla&le@,@naﬁhat Suld s16dttlyRe {sSubfittialy b@AntpRridaBll de
support for said el ectrodes and said electrolyte. 2.

The_ el ectrol yzer assenbly jn accordance with claim
3. whdheiclecyalyaeraseambly iy asordanes with gladR de sdewinsrid ﬁfalﬁast two

elecﬁrﬁﬂég c@ln?ﬁgerem Mofe bl z?’(ﬁg?ﬁd@m' ally gas inperneable. 3.

trolyzer asse y In accordance with claim1,
wherein said at |east two electrodes conprise an

4. andde ekattolyzeraassembdy imaccyidance with cliing Ae wharetnessind gt keast two
C | aid at |east two
cleciSERRATRETe MrbB B B oMD" 50T o about
1000C.
5. The electrolyzer assembly in accordance with claim 3, wherein said anode is

made of a material selected from the group consisting of doped LaMnQ;, Sr-doped
LaMnQ4 (LSM), tin doped Indium Oxide (InyOs), perovskite, Strontium-doped PrMnOs,
LaFeO;-LaCo0; RuQ,;-YSZ, La Cobaltite, and combinations thereof.

6. The electrolyzer assembly in accordance with claim 3, wherein said cathode is
made of a material selected from the group consisting of Ni, Ni Alloy, Ag, Cu, Noble
metals, Cobalt, Ruthenium, Ni-YSZ cermet, Cu-YSZ cermet, Ni-Ceria, cermet, ceramics

or combinations thereof.

7. The electrolyzer assembly in accordance with claim 1, wherein said electrolyzer

~cell is selected from the group consisting of solid oxide electrolyzer cells, molten
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5. The el ectrolyzer assenbly in accordance with claim

3, wherein said anode is made of a material selected
fromthe group consisting of doped LavnQ3, Sr-doped
LavnO4 (LSM), tin doped Indium Oxide (In2@3),

perovskite, Strontium doped PrvhO3, LaFe(O3-LaCoC3
RuQ2-YSZ, La Cobaltite, and conbi nations thereof 6.

The el ectrolyzer assenbly in accordance with claim 3,

carboinate elentrslxiat celid, phekphotsc acidhelectaflyzar pailsealkainesctrolyed cells,

. fromth ro cqnsi st.iing of Ni i Al loy, Ag, Cu,
Zin TR TR . BRI RIS Mo DRE PS¢ or et
Cu-YSZ cernmet, N -Ceria, cermet, ceramcs or
8. ComMhereddctrolsertR3&hedf in Zecotdagceewiie tlalrh Y 7 @her@Bis@itbineréonnect
accordance with claim1, wherejn said electrolyzer
Strugturq copgecth 3&%@ Cffre&ﬁrf)iaféefﬁ[!w €B%si sting of solid
oxi de el ectrolyzer cells, nolten -10 carbonate
9. el eter McyroBizeCHsbifibly ARQRPEQAAE Wigh dlabh OC Wil €did sacrificial
cells, alkaline electrolyzer cells, zinc air
matgsid coppriges & materiplsselegigd f'\{/ﬂ"@)ﬂ@rﬁT@uIb eqnsisting ef @ pelygicp2esalt, a
I : I [,n c '
Pl g o R B A ehphed
polyangrb.ural ity of electrolyzer cells in series. .9. The
el ectrol yzer assenbly in accordance with claim1,
wherein sajd s i{d cial ter]. - e
t0. 1 B0 oot BloPat Rt Gh e BB L BT MAERAf sagd sacrfictal
mat@id] yoiemovabls By heatiag, chemjcabetciing rblagon oibdigsohmioer i al s,
pol yuret hane, paraffin, and | ow density foaned
polynmers. 10. The el ectrolyzer assenbly in accordance
with claiml1l, wherein said sacrificial material is
renmovabl e by heating, chem cal etching, ablation or
di ssol uti on. _
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