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SCLI D OXI DE FUEL CELL SYSTEMs W TH | MPROVED GAS
CHANNELI NG AND HEAT EXCHANGE | NTRCDUCTI ON [ 00011 The

wW@e@ser443 eachi ngs relate to fuel cell systensPENUS2007/017405

devi ces, and specifically to fuel cell systens and
devi ces having inproved gas channeling and tenperature
regul ation. (0002] A fuel cell is an electrical device
whi ch converts the potential energy of fuel to

el ectricity through an el ectrochem cal reaction. In
general, a fuel cell includes a pair of electrodes
separated by an electrolyte. The electrolyte only

al | Omsdlﬁ‘iﬁé@ﬁmﬁl‘%ﬁﬂ%L AQ?@%E% hOPH TP {f%ﬂbY\%

passage of i onepEOYRI.
el ectrical potential between the t wo electro es mhlch

can be harnessed in themproOwicaesri cal power. To
i ncrease the power output, multiplre fuel cells can be
n[(mﬂwdeﬁ préseat fdaelhmgﬁdlatéy&t@rrtell:@fst@%ﬁm Govidadl !aﬁdoip%mﬁcany

d together into a fuel ce
L Bk S8 B A e e e gemperature

Wilignn the art, fuel cells that operate at a higher
Fgﬁpe}gture (e.g., solid oxide fuel cells and nolten
prooRprahe] buels éi‘?élls&hc&l%@ﬁe%lﬂ&fx @é} tlgtiﬁé otential energy of fuel
fuel -to-electricit iciencies t enpera
fpetigity dhrogghy an eéﬁagglmlp@l rgedtipnf de lgenerhl, 8 fuelcbell includes a

fang ,ggghﬁqu elhs) fuel

B&?bgg%g%ECS g%d noltendgaﬁt%éaggéﬁﬁgﬁg tngﬁ)%féﬁiﬁaﬁwgeOf
erkean tignes of iens. qubcnmﬁpasg@mpmgcreksetbe Etmlcymb_/tag@herates

C |ve
o GREBRATGieh A ERDE T M Sl ELIR i SRR T S5 n he
fargho IQﬁ”QﬁGKBMﬂngbUBﬂpaﬁahﬂpeseQMMpthﬂﬂmmmﬁBﬂ&stcanbe

t hese, hi ght eratyre fue

Do R Lo R Bl U TR e ot Pogionoes
tdgetheninto edutladel lasack| 0004] I'n addition, fuel cell
systens that include reformers pose particul ar
HIMB] M'gm fidferera gypeatof figel cbids kndveiethata A%l cells that operate at

KB BT fofee o b, b e IRt B ccls)

teﬁd'm@bﬂ’euh@hcr fuel-to-electricity efficiencies than low-temperature fuel cells

(e.g., phosphoric acid fuel cells and proton exchange membrane fuel cells). Solid
oxide fuel cells (SOFCs) and molten carbonate fuel cells (MCFCs) make use of an
oxygen ion-conducting electrolyte and a carbonate ion-conducting electrolyte,
respectively, and operate at temperatures above 500°C. To achieve such high
operating temperatures and to eliminate prolonged startup time, these high-
temperature fuel cell systems require designs that can enable effective thermal

regulation.

[0004] In addition, fuel cell systems that include reformers pose particular
challenges for regulating their temperatures. Endothermic reforming (e.g., steam
reforming) of hydrocarbon fuels often needs to take place at high temperatures,
while exothermic reforming (e.g., partial oxidation reforming) reactions can release
excessive heat that if not properly regulated can destroy the reforming catalysts
and/or other components ot the fuel cell systems. Current collection devices, i.e.,

devices that collect the current created by the electrochemical reaction in the fuel
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while exothermc reformng (e.g., partial oxidation
reform ng) reactions can rel ease excessive heal that
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catal ysts and/ or other conponents of the fuel cel
systens. Current collection devices, i.e., devices
that collect the current created by the

el ectrochem cal reaction in the fuelcell system are
particul arly susceptible to heat danage because they
are often made of netals that .nelt at relatively | ow

tRMpgsteiy hﬁeﬁpe(rﬁc@arlf/%hic‘éﬁﬁl)le 16 B 2lambiBe beERISE they 418 6flen made
exists for fuel cel]l systenms that are designed to

pHEvTEe tP%FﬁF%‘?/éToFe!%’éfP%llowr‘éWFﬁ%‘FSﬁ (e.gunpik¥Fthoul d
permt the fuel cell systen1to operate at increased

dPPO3; Brraglorg e exissoivs ffugl sell systems that pee designgditpgrovide

1hﬁ3rWe%Stﬁ@1tmﬁlqe§lhhn&§ WHi QY W1 SR tﬂé 'ftgeq cfeﬂ %&st&%l th operate at
systens that incClude one or nore fuel I's and

daprepsed effipisbeY. el ement that is in f|UId connunlcatlon
with each of the one or nore fuel cells. Each of the
one.or nore fuel cells includes an anode, a cat hode,
and an electrolyte. In sorBU¥MARYents, the centra
sugﬁért el ement can i nclude an inner Iongltudlna

nkn light o theotpregoing bt Pisasm drachingswrevidaslidoxide fuel cell

R s RAGhEMEE BAL of hRB ALl 6AN e §%%F§Jﬂp%rtté?erﬂm that is in
di sposed around the inner |ongitudinal elenent

i e comapiieationnuith epddnefithe eanogaprrhfichpelis Rach of the one or
! .99@ fabididIRlinQhaaNG] adak Cc tﬁoxﬁ:d ard ¢ efeeugf;u Yl sofhe

fuel to the anode of each o e one or
cehbadimTipts, thgtoentraloawgpor ¢lemednt ammmde@annd@ﬂpnghahnal element

0 I e
b RROLhER 1A SHROATWAIILED ol ty RABALE ! OcfiEht o
fap@kemst ts and dlspomel arohotiihrimies lodgimdomne elementr €hé uenler
e di.s o around the.central s rt.

TPl 5 R E B AL B nlohEisR ] anBERPRich is adapted o
Scltﬂhpefzt fidl edS‘lh Bitandds of Badhusiah® Bee Of mGRy ﬁlgtaill%l YHéE sutefor

t he one or re -catalysts e coated.on or
TERERdpalir e ean de Bt in Qs Rt GRl epe e et it fiapied to
afelivBear 8RRENd 19NBE t;atﬁbdi@d)f @Lcﬁmame e drhiBore GBI @lls. Tn some
support elenent. The one nore catal ysts can be a

r“é’PWﬁ@tscg‘l"éﬁnﬁﬁr mege 6uel cgl]b%beaqhsgggea arqw the central support
r&@fQcqp ng catal yst and/or a steamreform ng catal yst)
a

[0007] In some embodiments, the central support element can include one or more
catalysts. For example, the one or more catalysts can be coated on or associated
with at least a portion of an inner surface of the inner longitudinal element of the
central support element. The one or more catalysts can be a reforming catalyst (e.g.,
a partial oxidation reforming catalyst and/or a steam reforming catalyst) a
combustion catalyst, and/or combinations thereof. In some embodiments, the
catalyst can be a staged catalyst. For example, the staged catalyst can include a
staged mixture of a partial oxidation catalyst, a combination partial oxidation and

combustion catalyst, a combustion catalyst, and a steam reforming catalyst.
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conmbustion catal yst, and/or conbinations thereof. In
sone enbodi nents, the catal yst can be a staged

w@2109l09845 For exanple, the staged catal yst caPCT/ngiootie17405

a staged m xture of a partial oxidation catalyst, a
conmbi nation partial oxidation and conbustion catal yst,
a conbustion catal yst, and a steam reformng
catal yst.[0008] In sone enbodi nents, the fuel cel
systens can include one or nore anode outlet flow
channels as well as one or nore cathode flow channels.
16608} e somenonsodimeds, ﬂi&ﬁhﬁtcefllsw!leﬁ]b aah ﬁicSucﬁ:ZcBheQﬁ‘ ng&e anode
fluiLdgcommini cation with the one or re anodes an

St v hannelges el o nBee R iod G chemsiie e one or more
raim‘)@e auntdet EFow Elﬁt&m@ﬂ&:aﬂfbeﬁﬁ FRicedm@dgicaibh Qlithfth@Whe or more
channel s, can Be in fluid communication with the one or

ABPLesandiadarted in &'faafaaa %@d? gxbpuselrpmythe onp g mcas rasss. The
fone @y itRe CAROAE ot GALRAHER call I‘Po% if ek ﬁcﬁ#yﬁmﬁ?ﬂmlth the

can i nclude_a reducing chanber that is i
OBfeE Mg cribAdes and adaptedrie diectorashasdecubaes fitom thel ang or more

%Bﬁ\%ﬁ@d ST]?enﬁlel éelﬁgl,}%%éxﬁp&dnﬁikkmd]% ggd&ﬁ egaaé’an%k‘i‘ﬁzn%s in A16
fuel cell systens "also can inc e on nore curren
G@M“@éﬁ@%@now@p theeahantrnong anhde oetthi d]orvgclnamanllsexnduhmbstanuany
h of the one
e of pffy BIdanf ERTTHAL ARl b GRE e Sne R SpBF urdEn
|Cﬁ'é¢qm§ daspoaéd wmithbutheaeduding cha‘mbem tiidt is th elenmiculicoadni@ication

t‘\

S as,the one or
S R A0y N85 48 oty LRl Bt o
aﬁalpblmielt thagisl| in\ﬂtﬁd]eomﬁnimdaabn ovithathe &étﬁjcﬁggkdﬁrrﬁ?éh ayGkll as the
cat hode exhaust
ST WS B8 o S BLPRS R 4 Bno0 S B 25 e o o
ehﬂoaﬂnlﬂamﬂiéh of the ahSdﬁJGXthstC{h@ﬂ’Ql@é ofAEk R6rd dholiBERPIhe cathode
cation with an i nsul ating material. For
é?’rﬁpt,‘ the C’i“ﬁ?ﬂl"b&rP G&hAS%Seri al can be present
2 qn the r cln 'ganber and the after burner. In
@ q'l(ﬁ A 58‘??85‘6‘? S=t & reduciie ghapber cambe indbemepd an
cometunsebtfoaGRits Hx@tns’uﬁmﬂg hRaH1, PBF Eﬂ( ¥, 4@ @ﬁs@ﬁatmtgtrnat@nal can
onbustion catal yst. The reducin er and/ or
gF pESCH hetepen the TRAICIng phseke r&ﬂéf}mﬂftqﬁ@u@m frapertain
§%B@Tn‘ierﬁi RE Ber ﬂ&@&qganmﬁakeén ARRLQIrrRE tl‘izﬂ? by 1??5? E%xinally
teachings relates to a nethod of operatl ng a 't
§Qated withfpgorakustion catadyst.y Ehe t@upmgwé!?@rbﬁsmd/mmhetaﬁet ener
YAl bOURPSIIIOLIRIS ARRAILPAS BRANG, |0 some
nbodi nents, the fuel ystem can i ncl ude one or
[0010] Another aspect of the present teachings relates to a method of operating a
fuel cell system, for example, a fuel cell system similar to the various embodiments
described above. In some embodiments, the fuel cell system can include one or
more fuel cells, a central support element in fluid communication with the one or
more fuel cells, and a current collector in electrical communication with the one or
more fuel cells. The current collector can be disposed around the central support
element. The central support element can include an inner longitudinal element
defining an inner longitudinal channel and an outer longitudinal element defining an

outer longitudinal channel. The outer longitudinal element can be concentric to and

disposed around the inner longitudinal element.
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nore fuel cells, a central support elenent in fluid
conmmuni cation with the one or nore fuel cells, and a
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one or nore fuel cells. The current collector can be
di sposed around the central support elenment. The
central support elenent can include an inner

| ongi tudi nal el enent defining an inner |ongitudina
channel and an outer |ongitudinal elenent defining an
outer | ongitudinal channel. The outer |ongitudina

03 TE The ©BBrabifig GRARSNLS 1he fh& caNdysibananescladOdnettinga fuel
I nner 1 ongitudl nal eIenent.LOOll The operatlng tro%
refrﬁlg cells, and

troughethe heer depgitushaal element 19 At pirde oditheers Hgm

EEECQH%]Lnt Mdérn@ﬁrrougf?% Sutel BRI SR MmER 188 afede oPthe one
the orme or nore fuel cells, and directing an oxidant
phmoueyfuel hellsoufhertepatsiterg dlifferenes ketwaen the innerdepgiiuding
the . r i
HRRsBLAF e e sk DR RIBAALALR LAt o
vperpiombfithe foél dellesysigtrecan weajé aueiperhtuge diffentil. This

vari ous st.ages of opgratij f f

L T

ta@nesatainahdictiterianppat clearnt acwtll asthe dverdl]l tempasttene of the

S%%Iate the local tenperature in the central
M as wel |

and eIP m
ERYSOPE W as the overall tenperature of

ire fuel cell system. [0012]. ] e out
Wil Tivshte ciRpetihr ey e S i RRDRhS R

PoHeRhdifan ghdrindl, tid cwhan Rellcctérandidrprenrtted dtdie ek pesucar
be protected. from ex

Bo,ure t %gces ive heat..lpdsonﬁa .
EXBRSEY SRS, I $Mg GRPO qn‘%@& e GellSYSrOL gaingude a reducing
RAHEN th GRRKRSHe or RoMbufBnCddfie Blord BNt LAiEfERE. The reducing
col lecfors can be di sposed. The reducing chanber c

an .
isbambert gani ¢ in dhtid APEE YBTRURN PHtha?p A UTRRIr AR fhesp fmbodiments,
ttﬁeet%?th%wqhgﬁfégénc} N8R AR furfer iGudY &8&MnglRARBES Bhaust

can further 1nclude directing an anode exhaust from |
tfren theotwde of theeoneer mererfgelcells &9 theapducing chagaber, directing a

(rggﬁﬂl%l’g% gg}é@ﬂ?ﬁgﬁ{ the TulrRGL 'of‘g}eebnl Q)f:r € reihasto fnk et B&ner,

one or nore fuel ells to the after
hiirengmg thdhi uneedcitergfueh§oumthe aeduethef echamber tmihetadter barner. agd

chanber the after r i.ni: I
SRR She P ek i B AELon BRI AR B oy, 1
higrta@rembodimentsaihe method careinckide chmbustitpthe eandé exdiaysiaand the

ti th d h d th h
T e -
B¢ eddudingdbwdenand the after burner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] It should be understood that the drawings are not necessarily to scale, with
emphasis generally being placed upon illustrating the principles of the present

teachings. The drawings are not intended to limit the scope of the present teachings
in any way.

[0014] FIG. 1 is a schematic perspective view of an embodiment of a solid oxide

fuel cell of the present teachings.
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t he reduci ng chanber and the after burner. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0013] It shoul d be

waQewensedd that the draw ngs are not necessarPCHUSI07/017405

scale, with enphasis generally being placed upon
iI'lustrating the principles of the present teachings.
The drawi ngs are not intended to limt the scope of

~the present teachings in any way. [0014] FIG 1 is a

schemati c perspective view of an enbodi nent of a solid
oxi de fuel cell of the present teachings.[0015] FIG 2
i[90 5] ke 2t ncchenatepdrspeetive elowodt anembdtitieneot a Afel dell stack

Phafifse il BRSRER ﬁi@i‘sgs% Lonal view of an O
H@ﬂﬁ FYen m accor.din
the prtea’slgﬁtcr(fsgghg o? % %éljaﬂe't&g?é‘mfxf kfjn@ﬂg? f\{g?l cell

pestepectording tcethe pesant adivggstent of a central support
el enment according to the present teachings. DETAILED

[[EM]ZIH:!G @Nis GfscHerlatRRIRBENEHVENSH NG dlBYBh RSl a central suppoxl

resent te chin part. provide a fuel cell syste
e\/m% af’?%?’é’%ﬁ“e’?‘???:”é‘??&b“’tgﬁf ough i nproved

tenperature regulation and current collection. The

temerﬁwﬁLol?}?tﬂﬁ;ls if Ij,ﬁﬂgiyf)ﬁ l)”s‘r% regul at eo(l;S
[ feat ur h r ansf i nt ake

POGYS) Tlthrd b CASRREL iR et R Videh f‘are?%ee'i DBRG Fhvipb irgeased

bfﬁzci«fnperl thosigh isysdaeh teddperangp egdulationl dnd, cukfRAt BSIRSABL. The

'F]egr?/ LAY Seg{#\fgﬁq §ﬂr§§gtprllndca% | dggglgﬁldfaﬁg:ﬂlap csl}/rﬁéxst rc?ollc:c:tion can be
ampm:md (b&tprﬁﬂdngt éhs RahriSink FeR0rek S6H1 GlanSfef hﬁ‘ﬂ&%fndaé')ﬂaust gases
aft noveI s channelin of di fferent
E’t ?ﬂ‘g fg%%‘é’%lylt ghdle gvzbsz? thS&e"i* o @SHWGleély the
pfﬁéenﬁt&édld}hﬁg’% obidata solidRiRr fusind it SR éea antral support
ul at i on dditionally, the channel [ n

8t Hyflaideommpnigation wihen nxgsuéatemtﬁépcmmbembhom@ after
bhﬁe? UTE@ AbvA Yal @Hér{?{elm?gf{dﬁ‘fe%l}tlt&g g"a{ﬁg éast%(s)%)g dse Didximity
near the curréent co | ncrease cur
EoPreeiatit can fiacilietrcheat [r@@!ilf@t]an'ﬂmmpgmmb reddation. Additionally,
qg;&%ﬂngé]g%f d’}pf Fe%ugfﬁg g%@és o £ uglshlgtclhgn%cr wehxch houses the
current collector, and limiting direct combustion near the current collector increases

current collection efficiency.

[0019] Throughout the description, where devices or compositions are described as
having, including, or comprising specific components, or where processes are
described as having, including, or comprising specific process steps, it is
contemplated that compositions of the present teachings also consist essentially of,
or consist of, the recited components, and that the processes of the present teachings
also consist essentially of, or consist of, the recited processing steps. It should be
understood that the order of steps or order for performing certain actions is
immaterial so long as the method remains operable. Moreover, two or more steps or

actions can be conducted simultaneously.
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contenpl ated that conpositions of the present

teachi ngs al so consist essentially of, or consist of,

the recited conponents, and that the processes of the

present teachings also consist essentially of, or

consist of, the recited processing steps. It should be

understood that the order of steps or order for

[{@@ﬂ;]ofrmhﬁ gpﬁﬁéa&@hnwﬂﬁﬂel Nderhntl di‘ﬁ%tr@bhatht is eaidan e ascluded in

he met hod remai ns gperabl e. Mreover, or, mre .
1

g el CAGTID A% £ 5L SRS componehts,

\ﬁ}mltéﬁf‘@ﬁyﬁlle%le{rg%% chpbhént 2BRIbE @AY bAS of MREkEita@elements or
el ement or conponent is Ssaid to be included in and/ or

ermhpsseats andeande|selectedfirom dive ea mare AeHiegegifed elements or
&oqm%%ﬁ&t %urfhter Sih%légu@d Q@uh’&qﬁf)éé o0 efehfthtd R/ Q! IR of a

conmponent can any one of the recited el enents or
c:mmmnem, gn apgarems, pea pelhedidescibegrhersip can baspmbyteding

{fﬁg@'gég egse{;rvﬁ it ?%a&?r{%@%ﬁ&aésyf 't‘ﬁrﬁch?d' e o? t}%‘ﬁ%&t I&%chmgs

eature
sheheserplioitoramplippdestins, or a method descri bed
herein can be conbined in a variety of ways w thout
pepar Thagsé odDihettbrensfinclude, Affthchulepd “dicludieg.frbeent “has,”

R B RPN Bl SR o8 ayfglsa-hmlmga;wess

ﬁdﬂﬂd&ﬂy@g&édoﬁunﬂms "has," or "having" should be
general |y understood as open-ended and non-limting
[0U22F The pee bf ihealingulatiridd uonthhrkrsvths plurflqo@PyicEiversapanless

of the sin her ei I e ”»
SRt e SpBtr: upddudt athee Diefisar s @R VoS i
B%ké 4 QlantWhe¥evdIie, the pregéntttmhtrfgﬁ misodbhouté thesspoeifior e
a quantitative val ue, the sent chi.ngs al so
nﬁwﬁ?evet T?%U%ﬁ‘e%f Mlkesaa%ﬁﬂ ¥ i%e‘{/%tﬁa'é”‘ﬁ sel f, unl ess
ecifically stated othe W se. I h .
(0231 i Seperh thgreratt s43hings FElatgito & Shuif AREEF el SEm with
?Mﬁlto%@i Wat Bhdn¥R1iAY. & ?éﬁltlﬁf@ ?é'gﬂl@itldih%ndtcﬁﬂﬂéﬁf &dllgceion. As shown
ulation and current collection

nrh Iq)rleglémpreg@'géﬁqchggs @gﬁ@agy pgpvﬁqieoéfl&i c:al\{m)d%f:m Clé)ﬁlat ihcludes

ﬁléght%p S:llgf)(tnji] @Ienjxéxll? hy Qﬁﬁ aFu 180}l 5B ck SIURROTs tdigposé®mBout 3r around
a fu st ack that is disposed about or

ahreoeemttat heop@etrﬂlmabntsk?p pBTqﬁlél eelesieckian inplude gag opwere fuel cells
%E.a%ngtaarfl)), ! fﬂglece(l)lns%'s&gn (®hLEo ithdes & fusl cell plate 4, a current

collection assembly 35, an after burner (not shown), and optionally, a manifold cap
30. The fuel cell plate can be made of alloy, metal or a ceramic material and can be
dense or porous. Similarly, the after burner can be made of alloy, metal or a ceramic

material and can be dense or porous.

[0024] In some embodiments, the one or more fuel cells can be removably or rigidly
secured to the fuel cell plate at one end (i.e., the distal end) and the current collection
assembly at the other end (i.e., the proximal end). Similar to the fuel cells, the distal
end of the central support element can be removably or rigidly secured to the
proximal side of the fuel cell plate. The fuel cell plate can be a disc or a plate of

various geometric or irregular shapes that include multiple openings for passage or
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32. Cenerally, the fuel cell system 10 al so includes a
fuel cell plate 4, a current collection assenbly 35,

w@pooafemepHur ner (not shown), and optionally, aPCEOBI00T/H7405

cap 30. The fuel cell plate can be nade of all oy,

nmetal or a ceramc material and can be dense or

porous. Simlarly, the after burner can be nade of

all oy, netal or a ceramc material and can be dense or
porous. [0024] In sone enbodi nents, the one or nore
fuel cells can be renovably or rigidly secured to the
fatie¢thneaitlof pheacantat suppertanbe énd the onk v ntbirs fiad1 censl) Intdathe
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HERer Renganpximal to hecrepigolisgtiom pssembbe and t he one

re fuel cells. In sone enbodi nents, the centra
L0730 b 2gliionrip intzousing qneraraneredusinand euidapts taithdtueheells, the
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sRtajysts wtm hydsprarhprrcentaiping fuelieleurprepancy etd exctitofuel the fuel

ase bl el LS o élgrfmeljﬁl'&raﬂ LarGRA, @gn %hg;gq%% ags,g,? QU can

the central support enment, Wth
pdreage p!nmﬁfmncy of theefugigallevystennhd emmb}amwmahg/ improved
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PPk L e 08 S0 09
(rg:cgamcagir apdoeshearicalusemhst dn ﬁcbjﬁ&: emlbedfnm?hs F:l@é ténnedtién between
I t

L5 SR L LS S e SO e
eiti‘al syppce’rrelaﬁqeat i&ﬁml;]celrm?w @vihdifhig dﬁﬂﬁ:{le&? ﬁ9 f?lbﬁdlSI{THjn_ (lather

I ou u e fuel ce

EDPU T B oAb STt Srmet At be BREh Plat e bonded
m:geﬁﬁ:d utsmgtuaeloﬁyedheswels kRbwh &n Bhé RNYRdCeXhmplE GRR3RIk&tially

and%g chen1ca| ans. I n sone enbodi ments, t he
L"t?BFP“Ef"e'P f‘gfé‘té@hl’?affedsupport el ement and the

| at be .a tight slip fit such that the
L4527y G st orE PURKERNS P20 Bt Y e 8 e pebplat. For

6%drhplB] @e®nBYor inidr6 rhé "&ellé SarPbRbuER QAL BB Sel dellSlate by
central support element and the fuel cell plate can be
Bisgdwg them into openings or cavities in the fuel cell plate. The diameter of these
openings can be equal or slightly smaller than that of the fuel cells. In other
embodiments, as shown in FIG. 2, the one or more fuel cells 32 can be mounted on
protruding features, for example, injector pins 7, on the fuel cell plate 4. The
injector pins 7 can be formed as integral features of the fuel cell plate 4 or
manufactured separately and attached to the fuel cell plate 4. The diameter of the
fuel cells can be slightly larger than that of the injector pins such that a narrow gap is
formed when a fuel cell is mounted on an injector pin. Despite this narrow gap, no

separate seal is needed to prevent gas leakage because the pressure drop through the

narrow gap between the injector pin and the interior channel of the fuel cell is much



toget her using various adhesives known in the art. For
exanpl e, a commercially avail abl e al um na bondi ng

wa@a2@ah be used. [0027] The one or nore fuePCTER1087/017405
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can be simlarly affixed to the fuel cell plate. For
exanpl e, the one or nore fuel cells can be nmounted
onto the fuel cell plate by inserting theminto
openings or cavities in the fuel cell plate. The

di anmeter of these openings can be equal or slightly
snaller than that of the fuel cells. In other

et iR Re pRIsRP D fé@odr?h ﬁ.\el BQI(F 1t9§1 us[“%ﬂerf I Sltficient

ceI s 32 can be nount r'es
eRackopressure feminimizs gas 1¢akazgn fltOkretlfeueterloe bhamieabﬁthé fuel cell

L e

anen b machied to @ntuh]eclfou ein wﬁh la 2p3-at7emf3n dikhetediaadehesapormed

t be s|i r t han that of the
ngs or"“%.%lﬁrs? i Tt o b a0 puslem, Aopergsiilicd in the
f EEHWIH @ppraciatertantiectentraBduppdit @Entnt RisB-caP®8 RihBard Pindunted on
narrow g S rabe seal is needed to prevent ‘gas
| SARUEE %@@éﬁ &@%re drop through the narrow
in and the interior channel

SpAELEER el e«%&%ﬁh? Gickrell e Ren predasi renanlalpr plate

t bocated hin pheximitg!to eied fuel EPblhte, THESTuCT R8Is %ah §ass through the
suff<0|ent back pressure to mnimze gas | eakage from

t HSURir 3tg ‘%Yﬁé%‘élopsvmgﬁ an thednswator plgte.hblgsetdpenings can be
ofdbacaeaaf AURnSa& eunPfo SPHER dfsmauéxl&ﬁén ﬁ{%' 1del&Jﬁl Bl colls,

di.anet er can be noun to an I njector

czgxsgg? trehifit hetweandhe firl celheangbtbe finsulasar plotes ’ﬁ@tmsulator plate

st em
TR D08 SRR LG S

PIPs sufijssion. diherreswliting Sl csihplat;:/msmtcmlplque ammﬁﬂa}dcan
0028
ggrrot@g?én% %%Iée%gerr&;%e@%s%}lt %lgoe ggsl'i akagr: ldug i%g% hﬁes |da%between
athejiristpratlmnngl eff the lfioxd atBdnd themre:kadxmdir(g the&udiuell.
cell plate. The fuel cells can pass through |he
i H’é)@?]alrmonm anbodarraaw:anhmsmﬁpé ehpgan Drlddear dubstahailoy

o TGP 8. RN IRy Tl et R S Bl Felrafe Fishr

Cl‘elﬂpsgatwa@sesgsla:uiatg iside the h&hWBB:ﬂcatpb thekmel stﬁé@,ls ks Bfhduced
i nsul at or ate can

A A DB e Re BlsPned il strhcivts Sers e s ssoncentration
pnhylsle ded mERidsls, caplith ofier B bBGIRRGIY @R @hnitEILChb QQll'l hd¥ I'Eea planar

re(?%uslu¥ 208 grecl.xa(r:nepllclz tﬁcla ?ntag{flolrgisc%lnabteosrhaggdazttsea gyshsnedrrrxtc):a Cdp Due to
its geometry, a cylindrical cap is likely to undergo thermal expansion during the
operation of the fuel cell system. To reduce thermally induced stresses exerted at
the intersection of the end surface and the cylindrical side walls, the cylindrical
manifold cap can include a fillet around its edge. In further embodiments, in place
of a separate manifold cap, the fuel cell stack can be inserted into a gas-impermeable
insulation package such that a void space is provided distal to the fuel cell plate (i.e.,
between the fuel cell plate and the insulation package). Like the manifold cap, the
void space provides a path for gases to pass from the central support element to the

fuel cells, bringing them in fluid communication with each other.
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produce an increased resistance to gas |eakage due to
a large pressure drop between the interior channel of

W@ b@ofehs cel | and the area surroundi ng the furCT/T81007/017405

[0029] In sone enbodi nents, the manifold cap can

i nclude a substantially hem spherical (i.e., done)

end. During operation of the fuel cells, as .

hi ght enperature gases circulate inside the manifold
cap, thermal stress can be induced and a substantially
hem spherical structure can help reduce the stress

d003y T heafueboell stsd:ldﬁjp;dalﬂé ﬁmhddslaqalﬁﬁmty J)ﬂulgt béls dispé)sed around
odinents, th i f.o ap can have a planar en

L T M AR L W

Gydchiigsicanlbe GRforided Qs ndbul drand88IBS S otedFudYdeh 9 d Mcgglts%eeciﬁcally,

C is |likely to undergo thermal ‘expansi on during |
6%‘2@5? Felts G ipelade grinterap) fugl eleetradeToer duarwdehssviatlag a

is@ Qnﬁhfeﬁ%é&ﬁte@i%ﬁo@ﬂe?&ndt %ee%t%g]r %g?l%g@&%egéct, Qﬁe cathode).

end surface and the cylindric ! .
dyeitwerlpcanodesnppot dercap lcean dafmeadw! v ddnitet barequada

[ f . ' [ | ace, of a

chine0n skl U SINRE R W e beie e S Bgcd.

elpsrphydelsupnasted ogaubstrate supmioted. Im&unaof lgaomaﬁ%agcfe tublular fuel
. i is provided distal.tp the fue

SE e it BRGR G, & Pdéoiliecral b o uber Bhees e

eHigptical)i dor psakplgethe thhlar fubkbcaiBriuh bhek £afbstdriRlly @ighgular

BB T e i TS SRR L s, e
nheda ¢an ihtlude oﬁo BIHIDrE Qliﬁp@_ﬁirvgi fegtue@scda. .,tﬁﬁﬁlﬁqsg&@%%ﬂa%imgfé

fuel I t t ypi ly includes a plurality o u
A b AEb T b oS, ALY T Yol
61908, 189\ it dis@6burd of BAichUS inceBhdracy B §BRRnck Merdit feftiintirety.
t eachi ngs can be descri bed as tubul af anode-supported

{00311 ] CHnhSosiddHafy SPe ehdcteatd dan Eehﬁacfé"ﬁemca% Ls%itggg é)gfous

I nclude an jnternal fuel electrode (i.e., e ano
§QPR¥?<g?gm&$ralfslﬂwm tn tha arty Fog exaraplat deeheds earl e wadafidm a
BErafd Blabdlal Bt b cBHRGIh RS 'T’}ﬁ%'ceratnn@ 1 ?e?&ﬂlq Qﬁ)lll'llc %Vﬁrllc mic
tubul ar anode support generally can define a hollow
E@RPPRANt iy he qermet matgrigheamriotiude.ifor otdveplc enbiodiniehtsd

. ., - e ..
B o e s e agha! BRI s ape ot ik
ginbiligedeiregnia (he., yubaistabiliacd 1zircehinspartienlbdy (Zr02)0.92(Y203)0.0s)

N LT
thealascel t@meamabaias, shesmbgl landdrapdrgnt candngludabns bapre
Q%I#Eticéno uge aaﬁgﬁél\]r/] elgfalilc;):ﬁZaAcgtl)rn]g}g%ictaPrerxintctngees.e T?\lé rrilgrgﬁi%colmqoonent
(e.g., Ni, Co, Cu, Ag, and W) can be mtroduced in the form of an oxide or a salt
(e.g., NiO, Ni(NO3),), and can be present in a range from about 30.0 vol. % to about
80.0 vol. % based on the total volume of the cermet material. For example, the
anode can be a porous nickel cermet with yttria-stabilized zirconia. Other suitable
electrode materials include alumina and/or titanium oxide based ceramics that may
or may not include a metallic component. Examples of suitable cathode materials
include various perovskites such as, but not limited to, lanthanum manganite

perovskite ceramics, lanthanum ferrite perovskite ceramics, praseodymium

manganite perovskite ceramics, and praseodynium ferrite perovskite ceramics.



anode can include one or nore supporting features
(e.g., bosses or elevations) protruding fromits

WO paoeno2w@ss wal | into the central bore as descri PETUBI007/017405
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U S. Patent No. 6,998,187, the disclosure of which is
i ncorporated by reference herein in its entirety.

[ 0031] Conpositional Iy, the el ectrodes can be nade
fromany suitable porous el ectrode materials known in
the art. For exanple, the anode can be nade from a
ceramc material or a cernet material. The ceramc

m(ﬁ& aflhc %ﬁec‘iljg? t? ? %mc Cn ge(:) n'?%%?é‘ %‘om {hre] sta:%% c%n arnalc agg garmct

can or -~ exanp a~zirconi
nata&mm dmnhectehsm&- tmsmﬂlenﬁétenncaiompﬁnamp live hel deEInbti@aterials

o Hep e bire o Bl G RN 600 by RECHF B0 Bt §ls, andvor

Zbﬂys‘,%’z(l \fﬁﬂt@és)th@&)ofﬂﬂ'ﬂe dees ?oﬁ&lhi &?n(@nge from about 0.1 vol. % to
ol i.ni um ceri a, rticular

g@fﬂ* 9}3 ? flmva{:;eys emhgff ipenisathe eidctiobyte iy eRgm b Hlade from a

t BEpdERAMIC KRERAGIY, 2GR and CeHEEla PO IUHopRBERconia can be used
transition metals, their allo%i’f and/ or ﬁy5|ca
€r

nxihgredectrotyie laver ailine elestirtyémianer qnsl e catipde apterial can be
Agepcﬁﬂgd Wh E@ihdie Hﬂarrﬂﬂg ‘EEEOSMBJ {3€n d;t g I:luﬂ ﬁh%t hmlted

or a salt (e. e pr éen
ata, ahg@oamgndamr@mtum smawloatl% tapd apbmungs ahe dvﬁﬁetrent%yers can be

b@&@ﬁﬂt&@d%ﬁ%ﬂ'ﬁ&&@kﬁ}é@hﬂ@ fbfuo(:JqS ﬁgﬂogﬁL material. For

exa e anode orous nic & cermet with

?_’rg(%dé’;??g?g}a? rl]AC %l Frgage traﬁg@lzx%m—%clg%h lsw}‘ﬂe&/%l?ltﬁe ﬁle?gélﬁ) a)ggedn

a umna an fitani um oxi-dé
cécrdmledsn Gt 1 na%eoﬁueh@}l gyoteni h@imﬁelmg omd at inioee fuel cells 32 and

c n f U|t bIe cat
REPEE Vap s SERSEY 4P kT SPRe STehLE efiee e or more
t oxxdhanmmmomrtgmx‘ecfuﬁénl@tssm taefuﬂ&ﬂam:mtsw b &6dleamsl 18, an
errjte perov it cera eodyni um nmangani
pBr 9ok PECRL R R SRt eBe R e Eppppehes of e fuelcel
pemeuﬁ Kniledecs ﬁﬁmceﬂ p[a@@&idt sﬂ'chﬁn)‘?geﬁiré@ﬂ c}ﬂll@ch@y%sleﬁlmy 35, and
e fromthe sane cer and_cernmet materials
dé@?,rﬁ?‘ﬂ%r 308 an SpfpaYI RN ); Eugldfiforfeniduiepitpspane and
c erﬁ@{teﬁﬁh@ﬁie@h&l 's?ﬁ!:&lc’tﬁa tHWhne @ Snd? Fudliflelseld 4R i lS Melivered to
Ru5 their all oys, and/or gh ysi cal

nf*s&mmég 0? ﬁmtheﬁré chis 3P V@dh@ &l chaned & gé i exgdant (e.g., air)
abpts e Fud(QkH sy/gttzﬁ’l \ﬂg’%oﬁgbr\m&e ofdahp bn\{ég' H'?‘s delivered to the

enbodi nents, th l'ectrol yte layer can froma
depbedeef eavhof tllﬁofueé selipplZevia ghe Wldaxamdjam 2e. If\say:émowmfm FIG. 1,

Tﬁrﬂz ezdrrnqc%'fﬂeﬁ% <8 alﬂéngﬁsg agctﬁh ﬁ%é ¥a)4ts ;L@rYSl ement 12.

el ectrolyte layer an er|a
[06034] Referring to FIG. 4, the central support element 12 generally includes an

inner longitudinal element 17 (also referred herein as a fuel element) and an outer
longitudinal element 19 (also referred herein as an oxidant element). The outer
longitudinal element can be concentric to and disposed around the inner longitudinal
element. Each of these elements can be cylindrical or can have other geometric
shapes (e.g., rectangular, polygonal, elliptical etc.). The inner longitudinal element
17 can define an inner longitudinal channel 18 (also referred herein as a fuel
channel) which is adapted to deliver one or more fuels (e.g., a fuel mixture) to the
anode of each of the one or more fuel cells, where the outer longitudinal element 19

can define an outer longitudinal channel 20 (also referred herein as an oxidant

10



deposited on the anode by various deposition
techni ques including, but not limted to,
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printing. The different |ayers can be co-sintered or

sintered sequentially follow ng deposition. [0033]

FIG 3 is a nore detailed cross-sectional view of the

fuel cell systemdepicted in FIG 1. The fuel cel

system 10 i ncluding one or nore fuel cells 32 and a

central support elenment 12. The central support
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Hassnand paxtupes thergih T hpomste peaticqadygiion et wegnathe driper

Cl%hél%ud’igal%ﬁ&nmt%ﬂgstﬁéjoﬁéplé)ﬂgltﬁéﬂﬁal%ﬂ&h&xﬁ' a hERROhHuctive material
el erent 12. ‘&1RE erring to FIG 4, the centra
)

sqalpri@mla@déw@\me edanes dengifuding plgaesat and theqaer longitudinal
&ﬁlntx U 'aﬂ@kus ﬁ{ggg‘émorﬁ&t gk %ﬁ‘e&q{eﬁf {rgﬁgfé}e rIQirréxﬁlxﬁi)@ a heat

N erent an outer |ongitudinal element
(cazlndoctn\a‘leateeldl ¢rer s places! alengsbiedamar veal befethe puter hengitudinal

de%r%nt la%r tHQéntt%k \A%.llledﬁﬂé n%@ﬁlo?gaﬁﬁﬂﬁle&%ﬂlkﬁ. t’l"ne%%g%conductive

1 €p6Sed “aroun e | nner ongl Irnal elenment.
o:ilatehelsmﬂbeemtadhc éng.ban eldyi o netl), or 2 carantiaveteiahemd can
eonetri.c_sh rectan al
SRS e BB A5 PR e RSP HERES e o
Ciadat dedduteivamaterizdfis h omgi doilchadd frmhalncmiel@SSOOE(Bpaial Metals
A S P b Lo e BB ko
nadigele of each of the one or nore fuel ceIIs, wher e
the outer longitudinal elenent 19 can define an outer

| Poast Referahg eBIGRE, tl?@ce(n&lals@ﬂp@h&ﬂd&xﬁéhth&r@nﬁnﬁsdaﬂne or more
OX|dantchannek% which is adgp to deliver one

S B PAACLIkT THRTHLE A0 ST NEEER BRCHoRGs Ggtamer if the fue

NEYIEsyls kG isCRlabfed th rd){p@ltatlaeén ARIASthed thén pufe@ydrogen. For example,
Ion i'tudi nal channel is the annul ar space defined _ hy

TpeaTBeN fiegls sush astatuseh &5, PIORERS GaTANEE: lerasrafang flpsel are

t fass expensive, more easily and safely stored, and more readily available than
hydrogen. Alcohols such as synthetic methanol and plant-derived ethanol also can
be used. In some embodiments, the inner wall of the inner longitudinal element 17
can be fully or partially lined with one or more reforming catalysts 21. These
catalyst(s) can be in the form of a coating, ceramic beads, and/or supported on or
impregnated in a honeycomb catalyst bed (shown in FIG 4). In some embodiments,
the inner wall of the inner longitudinal element can be lined with a fiber wrap (e.g., a

felt material) loaded with the catalyst(s).

11



outer wall of the inner |ongitudinal elenment. The
central support elenent typically also includes one or
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fuel (s) and oxidant(s), respectively, into the fue
cell system The inner |ongitudinal elenent and the
outer |ongitudinal elenent can be conposed of, for
exanple, netal, a ceramc material (e.g., alumna), a
sem conductor material, a polyneric material, glass,
and m xtures thereof. To pronote heat conduction

66361 d{ Eo é BbdinfH, ’aﬁgﬂd%@ﬁi d}SJg%nEhe%ﬁ)rléAWﬁg 4thI9Ee(s) 21
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BSa‘i’ﬂcléll dki®ftich Mo hisObn B4tASEL, G@Kﬁf@&dth%t sebf8836 including a
eferring to FIG 4, the central ggort el ement 12

Corm AP0 Gatabis ad arfoph eatﬁlansyget%og mgludliggaream reforming
rﬁftﬁ?@ P[gie(iﬂt: kY Siel Q%iﬁ%rﬁrﬂﬁ%él@@f(ﬁﬁuﬁg sef ﬁfﬁ kerhperature

systemis ddapted to operate on fuels

otahee, ltehsfrprp @b@uqﬁﬂﬂ)r Gde ﬂbow&m‘&mﬁlt@ therdidfetsd ibxpgh of reforming
ang&gpn%% 28 c&ggié@g Wai AR BBy GaA d as% ed&lifisgne

I esel are pensi ve, easi d safely

S W q t,

ST PSRRI AR £
evtidizell vdlls0, over hentalysido praduse varbenivaetionéde and hydeogen. The
i nner wal | of the i nne
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( oxidation. reforming catalyst can include platinum and nickel oxides. This partial
oxidation reforming catalyst can have a lower surface arca (e.g., a reduced metal
loading) compared to the later combination partial oxidation reforming and
combustion catalyst, as most (e.g., 60%) of the fuel is expected to be reformed by
the first catalyst section due to its proximity to the fuel inlet and the heat provided
by the after burner. Because of this, the first partial oxidation reforming catalyst
also needs to be more robust because all of the fuel injected into the fuel cell system

will come into contact with the first catalyst section.

[0038] In certain embodiments, the second catalyst can be a high surface area
partial oxidation reforming catalyst, the metal loading of which is typically higher

than the first partial oxidation reforming catalyst. This is because, given that the

12



felt material) |oaded with the catal yst(s).[0036] In
sone enbodi nents, as shown in FIG 3 the reformng

w@2109/09883s) 2 1 disposed in the central suppoP€T/US2007/017405
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el enent can be a staged catal yst. The conposition of

the staged catal yst can vary depending on its

| ocation. This allows different catalytic reactions to

take place as fuel passes through different sections

of the inner |ongitudinal elenent. For exanple; the

staged catalyst can include four different catalysts

.ds!els,m%qal 5 sghtfuf)r? sqgéat&?ﬁﬁ'{kﬁ@ Ho@ﬁ&?éaﬂpﬁoﬁ} @8 9’1r§trb%talyst scction,
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f sequ Ent1a y a secdnd catalyst Section
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i ca@alystfcfaﬁ PedROHigh20a€e 410a phaial oLARHEA calulgst desthibed above. The

di fferent té es of reform ng reactions that, are

ceamlbysiien caiFisheartby hecombustionrafelyst deicRe biloged
catal yst. [0037] .For exanpl e, artial oxidation
(DO T ainsicamibgtiom tatg gt I t6e i a1y Sestfol b e

C@atﬂyﬁr f egcﬁitnﬁlé/ alcatalysP fAE ifcuded bR Br RO Ricll encidldl sclccted from
The reaction is exothermc, but at the c

o%/d Zl%g éaeMnyared Bhahatipyemetgeiel emtprstionn/ Ehedieak wexated by the
i( %q:rﬁ%‘géﬂéﬁ%qp Ib@R%nFL?(TEH )Y aaaém@tsé&mng sfoggw &neat&s Mﬁ@iﬁaal

W t hout mtation,
omanSnl whkre thgetcond p#ab'@heecénbedd ﬁ@rfpgrth tch@l)fSF ﬁ@tﬂon are located,

{)éc%lve ltcgi%‘iﬁzﬂg elf egag{lg'edgﬁdaffﬁhqg%‘?ﬁiufgax%a&tﬂﬁlé%gbled by these

num’and nic I's partial oxidation
r eaettmllyﬂtsn §iattbd yombusionitatedy s opemates at g ldwerdemperture, the

(e. are din e, | ‘

cErmBinBrnabar el Pedts AF PR RIS Yl bl fa

caifadnyiag thamcomsig fuel.g. , 60% of the fuel i's expected

to be reforned by the first catal yst section due to

[ [(BMD] OXIha ﬁ)yrth @atahat factibnicah étchadech ftémn hdatmpmaitalm and/or a
af.ter ?r ner.

b ausg, of this

AR BT PE PO e ho SaP AT 0 e R 6 Hetzgertog pgnoxide

Wﬁﬁ&hyd}BFéﬁ bpesayss oflthe Afllobligg fdaetion:nj ected into the

fuel cell system

CiHpy + nH;O — nCO + (m/2 + mH,

The process is highly endothermic (i.e., occurring at temperatures in the range of
about 700°C to about 1000°C) and consumes a considerable amount of energy which
is typically supplied by external combustion. In the present fuel cell systems, the
required thermal energy is supplied by the heat from the exothermic partial
oxidation reforming and combustion reactions that occurred upstream. Exemplary

steam reforming catalysts include various Group VIII metals such as, but not limited

to, cobalt and nickel.

13



will come into contact with the first catalyst
section. [0038] In certain enbodi nents, the second
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reform ng catal yst, the netal |oading of which is
typically higher than the first partial oxidation
reform ng catalyst. This is because, given that

t hesecond catal yst section is |ocated further
downstream fromthe first catal yst section, |ess fue
Is available for reformng and therefore a higher

syr.f rea i s i red, f ffective reformng., In

i TE Refiming g EIG  hriadie e dhel e Paryd Thiokeh 1y Clafysts 21, the

| RELIERL mbp&fa arﬁ}‘%rﬂfogﬁlbﬂl el ﬂtdv&shhﬂiufgkaJ mmnfagmgmg HT directed
ratio t atl num or X e atio o ni cke

t % F&Wﬁ%ﬁp fe;%ﬁqorrraﬂ@efuﬂrq'fﬁﬁ éaoﬁl @uq s a¥sogRneratly fubular solid
| 919 M RENOSHIEL] Bo clbOBicAR) Sdnttiel rﬂo t&en 59&%911 stack. As the
catal yst section can be a m xture of ﬁartla

ofued a@qsgﬁtm@ng}qbp@go@gp%qhy SuelegH same orpllfithg fuel will react with
Ca‘nteaclx?g%? IO-HQQO ?J&u'c@lelegﬂ (ijtg r%mS@é gdnadke. CAR Hfodk Ialﬁe)aeu(it may

hi gh ace a ea partia atlon cat al yst descr
abovein C’aﬁ@mnmpgﬂ¢,cqarbmtcamy1§@, waipr, ey bhiepredudis of thomeforming

gg;%@p% ur%%%?lﬁ]ﬁépc? ﬂelfglg-h%&g{ug[,gi ?%Lcon{}%m%gnprﬂ'égdr%d fuel The anode

section tan
cexlaluytsis difecied émaortbd: eurr%nt (catledtgpsltassdmlblydﬁdhtcd@ apR er more
npr e, fu ed fromP
st PR TE I b el e ioag® of e
t heel cdl(‘s)Jsz aod) theaourieat twl&nebeaﬁsedlbﬂyﬁﬁdj acent sections
al ong the inner |ongitudinal channel where the second
C fiCRY Tthe santhdol Rotdoit hsembiy 3 hcaaihalugs ta [gexgim Hrwadll @ distal wall,

| ocat ed, respectively, {o initi t he ti,al .
95 i sl St Ma andh aossf chrahi gtk By these walls in
Cahidhy&ieSor MobRGRiriche calEtves B6 are 1684tadl.y The eméxﬁtc@ﬂccatora

| ower erat re, the conbuystion catalyst wll

be
{ Prembbata Yo Yoo ehats inlaige i paf jtted So-irplr telfipical,

r 8f 8iheE Bébrh&ificion @8 NEr hifds, ahdSADfurthBeinkcRidetah inner channel
catal yst section can i nclude a steam reforn ng

ceefmsdshy dnimmer wall ghatiextands eiaveen #is preisahivag “and its distal wall,
C%@ hyRE chélin%@ Béu{ 64 QL5 %r@fnﬁgeﬁﬁé 2fBHRA0 SRR &hﬁ%r@aém ent to

hydr ogen catal ysi s of | om ng reaction:
+pa®@mgiwn(irbﬁ2nssrte)imoqu@ﬂ geibstgclf s highly
endothermc (i.e., occurring at tenperatures in the

r Y81 &n patiisutar 2oGRdimentsibe centod samprigiemeninki gsisnds beyond
C NS ARLRL IR AR léggerr%ly gg,eéagybe\’m&qﬁ:d between the one or more fuel

cells. The current collection assembly can be a slip fit (i.e., a friction fit) over the
central support element. Accordingly, the current collection assembly can be
moveable along the direction parallel to the axis of the fuel cells. The term
“moveable” as used herein refers to the changing of relative position between the
two subjects, such as the current collection assembly and the central support
element. It also refers to the changing of relative position between a portion of one
subject (e.g., the extension or retraction of a portion of a fuel cell such as the anode
of a fuel cell) with another subject (e.g., the central support element). When
attached to the one or more fuel cells, the combination of the current collection
assembly and the one or more fuel cells similarly can slide along the central support

element and can be easily removed from the system for maintenance or replacement.
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is typically supplied by external conbustion. In the
present fuel cell systens, the required thermal energy

WO g008/0ppki ed by the heal fromthe exotherm c peCT/U82007/017405

oxi dation reform ng and conbusti on reactions that

occurred upstream Exenplary steamreform ng catal ysts

i nclude various Goup VIII netals such as, but not

limted to, cobalt and nickel.[0041] Referring to FIG

2, after the fuel has passed through the catal ysts 21,

the reforned fuel.and any unreforned fuel flows
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taI uncq nsuned refor ncons

3 Bl SRR A Y e A bpute BERERE g ecton
tabsandﬂylaﬁ@thecﬁiel edll plare. assenbl y 35 through one or nore
anode outl et channel (s) 33, in fluid comunication

ViD045 ) Rdfbrrinpea ganorbeX1S). 30fhetchx€reﬁﬂﬁille@&ir{s§ 3% 1Schi@higisidb ehe
current coIIectlo The cur.r.ent

5. [0
O RS RS SB35 AR SIS TSR AR HEf vagious fue

d:bﬂlfewctrm&iﬁh Tl&H’bﬂerﬁx? Eol\l‘?tlgn aas;]énﬂﬂy 8b clﬁﬂhﬂolucwlﬁbe&mgs on its
Cl 0OS cha I ne Yy t hes S.In
Silgvall 6 Ao T FREPSPEAIEn S0 the eRedR LU Eop A TERg! 33 of

%@EH&E&E%&e%‘i%ﬁff@'ﬁel%@ﬁs.be of various shapes
i ncluding, but not limted to, circular, elliptical,

qO048] BT ot QBSdilenflthd RGN béﬂc&ﬁﬁ&@&mlﬂg@aﬁ‘ @ftate a reducing
further include an inner channel defined g its inner

v%amrowafet b+ 85TMR abeielising ehambenid RaR chgmberawgstpnidally free of
WII!‘GCU;{? %nlynd?'t%ﬁe QQ@&?ﬂ?int&EHQ cl?l?reﬁ’c &ﬁﬁ:ctlon assemtbly and

gproprlate  ow the central support el enent
5 glyledlng@efgiﬂnaﬁ@ubé thmlé’retnédolulwlentah@mhm Thus.|thistreducing

[c?%glzr ik rﬁ PH hbigy ﬁ{rglgﬂ}g%glrfﬁﬁvﬁﬂ the ctalﬁ%cfé%}{tfn@%uc? UBRC Havin g the

enment ext ends current coll'ection
@ggemmo;l e@@x(Sit fma belucingehamiebetnredncet the riskef oxidatioe on the

f Fﬁlacef %th% cup;ggt otk cr:t% %@1'1 he§§ténozgr *® cﬁee Cré tflﬁ% an%/or alloy(s)

sthlapptm $used:mtrtde1to o>Adtrtt:1x$rd(erggJ silvet)hdJcigsirabsle ogizlatien r¢agtions can
Ause a ag%aarrlld%ﬁorten the useful life of the current collector(s). A reducing
atmosphere can provide other benefits. For example, in addition to permitting the
use of alternative current collection materials that may otherwise oxidize and
degrade in a high-temperature, oxygen-rich environment, the reducing atmosphere
can eliminate the possibility of current collection failure resulting from the direct
combustion of any unreacted or unconsumed fuel passing through the reducing

chamber into the after burner.

[0047] The temperature of the reducing chamber also can be regulated by providing
an insulator (not shown in FIG. 3) in thermal communication with the reducing

chamber. The insulator can be disposed around the reducing chamber to limit the
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the two subjects, such as the current collection
assenbly and the central support elenent. It also
refers to the changing of relative position between a
portion of one subject (e.g., the extension or
retraction of a portion of a fuel cell such as the
anode of a fuel cell) with another subject (e.g., the
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can be renpved fromthe stack indep tI asbetﬁge ,
Contn A0 SEt o Sh TSR Salpaen AT 31 #1H sbetsjtpsed about
' ﬁk%ﬁt‘?ﬁ gé&% Rientedt h 8 Glhiph ta$1$eem}kdn GGIQ’edtIBﬂ afss&hbly gk|

pl at e. Referring agalnto 3 the curren

Ar:crc@émgﬂx @pywcp@%lateécfupm FEhapg eﬁmr&géh? a%feﬂe@e’t"ﬂdw first
AGHANDIY tg’greafearlélﬁ%%hﬁﬁﬁéﬂ &) tCRETHBE G@hton With the

var il ous | ectrodes. The current collection

a@%@?gh?ﬁ ?fg?r}gbf:@%gﬂferﬁ’lﬂﬁﬁ'amn%r i whith$h@lunvehdumed fuel

0 nication wwth the anode outl et
f bmec¢:anh@qtec8@cb¢oréamhdofr0tth@ enfethginngssuriperedf thepfigr burner

[ QaQ"n rgo?t 18 %@rt&“’g%%féﬁ rq%l gpﬁngwt{o%rgata@%tl %Eér@ﬂu embodiments,

uci ng envi r onnent
Sehe\eéteabumer eam mchgiedﬁwbgcpm@d]sh@n catamaﬁ@é\on 42 near its distal end

SaboL ADLIAld o L REn Olia QXY AR, BY nlliiRGh: g;gl?ag%gg.  Bphfgs are

|nto e curre ect 1 on a
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Hehel daghddee of tHe' (ﬁ'rbtorﬁﬂéﬂe&'ﬁélo:re(ls B2 itliang}Ii eneiof mgrecdraidyderoutlet

¢ r<]>wr c %lrjxggl(é)rh% rAny unreactécli g)?"ltdlar?tnan%/or oxxdant exhaust is directed to and
confined within an area between the first combustion catalyst section and the second
combustion catalyst section in the after burner. The unreacted oxidant is mixed with
the unconsumed fuel from the anode exhaust over the combustion catalysts disposed
in the two combustion catalyst sections. The seal provided by the catalysts in the
first combustion catalyst section help block off any backflow of unreacted oxidant
into the current collection assembly and help maintain the reducing environment in
the reducing chamber. The after burner catalysts also can have a catalyst doped
fiber wrap (not shown). This fiber wrap serves as a gasket to prevent leakage of

oxidant into the reducing chamber. Additionally, the first after burner catalyst also

can prevent the oxidant in the after burner from entering the reducing chamber.
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surface of the current collector(s), which often are
made of netal (s) and/or alloy(s) that are susceptible
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reacti ons can cause danage and shorten the useful life
of the current collector(s). A reducing atnosphere can
provi de ot her benefits. For exanple, in addition to
permtting the use of alternative current collection
materials that may otherw se oxidize and degrade in a
high tenperature, oxygen-rich environnment, the
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ore, a thermal insulator can be used, in
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e tenperature o ere u0| ng c er an
th@gwm@mupwﬂlr@cm@kope[rﬂm] Wth further reference
to FIG 3, the current collection assenbly 35 al so can
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[ @;%Séh Eﬂ&eceafrmes“uphaﬁwméﬁ t@ﬁﬁ%ﬁiddy dfsheaﬁl@h@émewlmdm reacting.
any unconsuned can be conbust ed
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but&fihsR bRt Abw @RdhelRdd iRlditér 5AeEdMMEWhile, the unreformed
conbustion catalyst. In Certain enbodi nents,
and unreacted fuel passes through the reducing chamber of the current collection

assembly and to the after burner, where the fuel stream and the oxidant stream are
combined and ignited by the hot igniter. The heat generated by the ignition of the
fuel raises the temperature of the after burner to a temperature at which the after
burner catalysts will begin catalysis. Thus, more fuel is combusted and more heat is
produced. Most of this heat is transferred to the oxidant element which is
immediately adjacent to the after burner, heating incoming oxidant. Heat transfer
occurs between the oxidant element and the fuel element, and after the fuel in the
fuel channel reaches a temperature of about or exceeding 180°C, the combustion
catalyst in the third catalyst section can initiate combustion of incoming fuel. Heat

generated by the combustion reaction is transferred to the neighboring catalyst
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catal yst section 42 near its distal end and a second
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Openings are provided in the after burner between the
first conbustion catal yst section 42 and the second
catal yst section 44, which bring the after burner in
fluid conmuni cation with the cathodes of the one or
nore fuel cells 32 through one or nore cathode outl et
fl ow channel (s) 40. Any unreacted oxidant and/or
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can i ncl ude an |tgn|ter 45, for exanp gtb’n ?
t &1 meinieg 190 bﬁmmlwfqeéascmpaw reﬁ@rqu ihe cata yst in the

B
bef tiwﬂml @orhegefarongdwind ithe stert-opdineg olothe dreltcal systein can be

c t |t e
Bkl L e bR R0 TR 3 e s
asmasumfwher&gals thefipd ceii system af tregpredeat irvegtion cdn teheh 800°C in

i Eﬁaa!aaaffaoﬁpﬁ’%?ée' RS caral yst e??ﬂ Sﬁ e, pr 53.“32“ o

AR e ML E TR —

ele&i’ﬁi:lﬁt and f}@hZpnFihredpetha fied raekbfstathezedyamtmetuw Will Bovombusted
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t rc]hannf:l during operation is at about 600°C. Therefore, incoming oxidant through

the oxidant channel actually helps to cool down the after burner as described in

further detail below.

[0056] Because the fuel cells are positioned concentrically around the central
support element and are in fluid communication with the central support clement via
the manifold, the heat transfer mechanisms provided by the central support element
can help maintain the fuel cells at their appropriate operating temperatures. Once
the fuel is reformed and the temperature of the fuel cells have increased to about
800°C, oxygen ions produced by the cathode(s) are transferred through the

electrolyte material to react with the hydrogen on the anode(s), producing electricity.
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plurality of fuel cells, are at a tenperature of about
300C. At this sonewhat cold tenperature, the cold fuel
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to the anode of the fuel cells. Because the fuel cells
have not reached their operating tenperature at this
poi nt, no power is generated, and the fuel wll pass
through the fuel cell system unconsunmed. A simlar
relatively cold stream of oxidant travels through the
central support elenent to the cathode of the fue
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can start to refopn the fuel at about 8000C. After the

t Eaplasatlsrenstemysthastieg: 5000C to about 7000C, the

ref catalyst wil| also begin reformng the
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normal- operation, the first catalyst (i.e.

parqdeghapngl gadiin ﬁume’fhg ICHTREL ileatioy.s By similar heat transfer

mechanisms, the incoming oxidant stream through the oxidant element further cool
down the current collection assembly and the after burner, both of which are

disposed immediately adjacent to the oxidant element.

[0060] Shutdown: During shutdown, the gas flow rate and the electrical load on the
fuel cell system are systematically reduced. The systematic reduction of the gas
flow rate and the load on the fuel cell system can slowly bring the fuel cell stack
temperature to below about 200°C. Once the stack temperature has dropped below
200°C, the gas flows can be switched off and the fuel cell stack is allowed to cool to

room temperature.
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reforns about 60% of the fuel. Any unreforned fuel
then passes to the second and third catal yst sections,

wob@ee@dut 30% of the incoming fuel is reforP@dUS2007/017405
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Finally, the remaining 10% of the incom ng fuel is
nostly refornmed by the catalyst in the fourth catal yst
section. Hence, by using the four-stage catal yst, a
hi-gher percentage of the fuel can be reforned and the
start-up time of the fuel cell system can be
decreased. For exanple, prior art fuel cell stacks can

wh
1 081 Bp et ok Qub iR eleh RS o a S i erables
8RetHperdturel regslatibidbothhiuiing2he artripufttRe deyi0€IH] transferring heat to

e o s i VR o

t HBoaf Rsporslifr oo st f heiEe siiiersibnes FHag o & method of

t bpdratied 4 Akl CeneYsidia, ArleRimblel Aeiel tOll bARe@MiadMptone or more fuel
channel_will be mniml, at this stage of operation.

| PRI aadluid FRmEEHHEN CYidrmerntL PRt GensE| M 1p siogirical

a&ﬂﬂﬁmﬁ%ﬁgrl withed &jr%n% collé&&@s‘?ﬁs&me@%vé hirgel %tﬂ&ﬁcan involve
oxi dant channel act ual Il}é ‘h&? to cool down the afte
gen

bdirersingasfugbdeeugherifuche higle iszpart efethe wentra @smort element)
Beeay 390(?1 &t dadglor ?ljfé o & Iﬁoﬁ%éltdeﬂg Qﬂd GRB&RALT ﬁﬁl}égyan oxidant

aroun e central support el enent and are In
celemgnt (dtitloalspiis part hEtheennirall supperp elemeaitetrdhe cathede dfceach of

nﬁ'fglofngloq ’mgrg%u(?ec%fls U B20RLE th W@ﬁ%@x@hﬁ@? op{hg\fkgqgl tll?fiv futehglement
central suppor enent. can hel p Halntain the Tue

ahd theaixidame i tlammdqmt Ekﬁh’&nowﬂm dififgreéngpiemgietates. differential

e d he f t temperaf ure o

T SR Baoknit BTEf-Ra" and e SBEL ety oot Binperatur
pdﬂfhm&dl adt kea bedthomefes Ifoa bﬂnﬁplanlsy edslfcmdnbﬂ)" Eﬁﬁj@(beﬁ fme two
el ectrol terial toreact Wi t en on
RS TR G B e e A Guae ARG E P BtF e protec
atievRirepfédliedtorddrilakeadbive @k m ng reactions are
exot herm c. Accordingly, heat produced in the fuel

e[0oeBNThEndthed aled eamﬂm&eqﬁswmg& @arent 20B@Ro1 A& reducing

catal ysts_and the fuel cell syst as a whole if left
ug}P ravhere the reduginghambenis ip du S JIpEURLERtien ¥yith anpfter

”Bbltner \Mrwmtehﬁ)daﬁhlxﬁaua@aaé&mgrhnw@eﬂm{ icl$ idHuBEtaRthlly
at around tenperatures of a bout 90Q00C-1 1000C3 and

nexygeRgires) frasmbles anode darogeh fisggeucing obamriaxtp the after burner,

where the anode exhaust is combusted with exhaust from the cathode (i.e., the
cathode exhaust). The method can further include providing an insulating material
between the reducing chamber and the after burner. The mechanisms provided in
the central support element to enable thermal regulation can help regulate the
temperature of the current collector inside the reducing chamber, as the whole fuel

cell system is in thermal communication.

Other Embodiments

[0064]} The present teachings can be embodied in other specific forms, not
delineated above, without departing from the spirit or essential characteristics
thereof. The foregoing embodiments are therefore to be considered in all respects

illustrative rather than limiting on the present teachings described herein. Scope of
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[ 0058] When the tenperature of the catal ysts and of
the fuel elenent starts to increase, the oxidant
W@ b@anzi445 whi ch can preheat the fuel el enent degi/Es007/017405
startup, can serve to regulate and cool the
tenperature of the fuel element during operation. Just
as before, heat transfer occurs between the fue
el enent and the oxidant el enent. However, because the
tenperature of the oxidant el enment during norma
operation IS actually | ower than that of the fue

t ' {
R RS AP ST ARG ey
tfofego it gldasteripli eyant aH&hapmeﬁ cbmebelthng the aeafiiagraad range of

fron1 he oxi da t el ement nment as in the
setq&i"ta q}’ﬁy é‘é"e a*m%af&sﬂ@f‘él fﬂ@edrtf'sw"bf oxi dant

Oﬁfr éﬁi nment hel ps to cool t he fuel el enent
'EﬁL ou PE@CE%WQ?W preventing the fuel elenent and
the catalysts therein fromoverheating. [0059]
Simlarly, because the stream of unconsuned oxi dant
and cat hode exhaust passing through the oxi dant
channel will be cooler than the stream of unconsuned
fuel and anode exhaust passing through the fue
channel, the cool er oxidant streans passing through

t he oxi dant el enent and the cathode el enent al so help
to cool the anode channel and in turn, the current
collector. By simlar heat transfer mechanisns, the

i ncom ng oxi dant streamthrough the oxidant el enent
further cool down the current collection assenbly and
the after burner, both of which are di sposed

i mredi ately adj acent to the oxidant el enment. [0060]
Shut down : During shutdown, the gas flow rate and the
el ectrical load on the fuel cell systemare
systematically reduced. The systematic reduction of
the gas flowrate and the |oad on the fuel cell system
can slowy bring the fuel cell stack tenperature to
bel ow about 2000C. Once the stack tenperature has

dr opped bel ow 2000C, the gas flows can be sw tched off
and the fuel cell stack is allowed to cool to room
tenperature. [ 0061] Therefore, the dual -channel design
of the central support el enment enables tenperature
regul ati on both during the start-up of the device, by
transferring heal to the fuel elenent, and during
operation by transferring heat fromthe fuel elenent.
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[ 0062] Accordingly, another aspect of the present
teachings relates to a nethod of operating a fuel cel

waymvem44s or exanple, a fuel cell system havi nRCDO82007/017405
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nore fuel cells in fluid communication with a centra
support elenment and in electrical comunication with a
current collector as described above. The nethod can
involve directing a fuel through a fuel elenment (which
is part of the central support elenent) to the anode
of each of the one or nore fuel cells and an oxi dant

t hrough an oxi dant el enment (which also is part of the
central support elenent) to the cathode of each of the
one or nore fuel cells. BecalkaIMBe tenperatures of
the fuel in the fuel elenent and the oxidant in the
oxi. dantA éhelreltsystam doenpetisiiger ent, a tenperature
differential can be created between the fuel elenment
and t he oxi dewd orahereefintl cells@adiehgvérn @bniodd, b fcgiheaé,iaald an
| eads to a heat transfer (for exanple, by conduction)
bet weerelddimlytaparrl ement s and hel ps to maintain the two
el enents at the sane tenperature and protect the

current col | gedridfal kisporeXemest iMe1uNE 8bmnldRGdbn e each of the
met hod al so can include providing a current collector

in a refddrifore TaoRRNs, WHAGER thdEerdtd YGH Mt &Qﬂgﬁ{g&rﬁﬁises an

in fluid communi cation with an after burner. T

thod - ; . . o .
met Nod iqady lbﬂgiltd!ﬂﬁal@'lefrﬁgﬂt')d@?rrlo%%?ﬁréﬁégﬁg%%h%cﬁ Ichindef and an

substanti al | y” oxygen-free rough the

reduci rlﬂl,té‘h@ Blaihd 554\?\?;%%%5&1({{18%& Welter 1 Eﬁlurlen %h%{eh%gﬁvherein

exhaust 1 s cofnbuste fromthe catho

i.e., . T -hod f h .
(i.e., 8 Su&?géh%gt%d%pglgﬁ{cé% is L0RcEh R0, & %F%\%éa a{qu_l]lé)d the inner

i ncl ude provi g an | I'ng materia
reduci r,and the after .bur he. necha

ch r er.. is
o ovi codnin TS e @fiths, PRaisl B i S it ERERDs 38pred v
thermal ; r.equl ation.can hel p requl ate .the tenperature .
of °1 e deliSPEs Rl 57 1 s oF it B4R R e R RRRiEf channel is
as the ole fuel. cell systemis in thernn .
conmuni aggﬂegﬁ‘? %Ei‘ﬁeéra"%%d’it fretheone o581 ?ﬁ‘i‘oﬂ‘?se aggwherein the
teachi ngs can be enbodi ed_in other specific fornms, not
del i nedEPT 4B duchgellfaiR digRasss piodgd thetARbSEIOF, elepent.
essential characteristics thereof. The foregoing

erfbodi ekt Qiehgedl systenppbelain 4. wherendie gentsal suppet element

respects
comprises one or more catalysts.

3. The fuel cell system of claim 1 or 2, wherein the central support element

comprises a reforming catalyst.

4. The fuel cell system of any one of claims 1-3, wherein the central support

element comprises a partial oxidation reforming catalyst.

5. The fuel cell system of any one of claims 1-4, wherein the central support

element comprises a steam reforming catalyst.
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illustrative rather than limting on the present
t eachi ngs descri bed herein. Scope ofthe present

WO paserd4eh i s thus indicated by the appended cPEi/I82007/017405
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rather than by the foregoing description, and al
changes that cone within the neaning and range of
equi val ency of the clains are intended to be enbraced
therein. [0065] What is clained is: CLAIMS 1. A fue
cell system conprising: one or nore fuel cells each
havi ng an anode, a cathode, and an electrolyte; and a

cent r al TiRURRPELI @s?eﬂ?@%a orFé %ﬂeﬁqiuﬁ%m %ﬁatefn?lﬁe\%ﬁtral support

each of the one or nore erel

centrauﬂéHggqh égkggggégﬁggﬂﬁiéﬁﬁyﬁn i nner

| ongi t udi nal ment ning an 1nner |ongitudina
channel and an outer |ongitudinal elenent defining an

oyt er | OROfEHAING)stehd @PE\? oneBYISh & @Zvr\{ggrém tBe ogg or more

| ongi t udi nal elenent 'S ncentric to

d I . .
nor  (<Ghoy S Aot RRRE WA oot £ 5, o i e of the s
f uel tq, B%iﬁ,a‘?&ﬁ Hndmre anodes and the_ out er

| ongi t udi channel " is adapted to deliver an oxi dant
to the one or nore cathodes, and wherein the one or

mgre fugle el deit %ﬁn{?hfﬁ? ? ? 1nnd 'S he te‘i:l tcgpraxwrmssla four stage

support el enment. SysS Y
mherelQakﬁgxcentral support elenent conpri ses one or
more catalysts. 3. The fuel cell systemof claim1l or
2, wherein the central support el enent conprises a

f 4 f
' of or i @@f@émvfa}gtem of difin £ GheEf t'he%é! st%gggo @}PM O Brises a
fi .r ef ., 5. )
The 1 udinid oRRatiof EaffistaicsR %aﬁbq%réa“rﬁ% Heiph S epihystion
h t {
Fof or meng ek RO suSn BN G Bt o RHAG Pt one

of clalns 1-5, mhereln t he central support el enment

cQ Lion cataly f el cell .
g 0F emidk RelATHSEROR &7/ del é‘a‘Wﬁér - rtb‘ﬂecomlsmg'
nor e cataly§£% @re gssg |at d mnt 1 d ortion
Of an i nner ur(? A%Cél' 8{1 PNC annesx u1 communication with

the one or more anodes and adapted to direct an anode exhaust from the one
or more anodes;

one or more cathode outlet flow channels in fluid communication
with the one or more cathodes and adapted to direct a cathode exhaust from
the one or more cathodes;

a reducing chamber in fluid communication with the one or more
anode outlet flow channels and substantially free of any oxidant; .

a current collector disposed within the reducing chamber and in
electrical communication with each of the one or more fuel cells; and

an after burner in fluid communication with the reducing chamber

and the one or more cathode outlet flow channels, wherein the after burner is
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| ongi tudi nal elenent. 8. The fuel cell system of claim
3, wherein the catal yst conprises a four stage

w@2i0al0385 9. The fuel cell system of clai m 8, PEITER®OTIO17405
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the four stage catal yst conprises a partial oxidation
catal yst, a conbination partial oxidation and
conbustion catal yst, a conbustion catalyst, and a
steamreform ng catalyst. 10. The fuel cell system of
any one of clainms 1-9, further conprising: one or nore
anode outlet flow channels in fluid conmunication wth

the oNgiaBfed B B0 QSinAh FIRPLESH! Xhdiidt §Fdm Ak MW 8nore

exhaust Tromthe one or nore anodes; one or nore

cat hodg, Qut h&J ee! &m&@%aﬁgléﬁﬁio& fhk Whe of PR Bh B AEdON

with the one or nore cat es and adapted to direct a

t ho f . : P .
ol B fé%%?%éwf%%fﬁﬁﬂém%ﬁ%ﬁ?%“ﬁ:t élﬁf@bjslasem thermal
or nore_an : - n ..and substantially
free o?”%?& %&ﬁ%gﬁ@%‘g‘gﬁ??é H@%??gctor di sposed
within the reducing chanber and in electrical
C n n : -
R an TEEpleP Bl R ol (G108 T Gl Rictelidihe EftohEer s
reduci Rg _chanber e,qne re cat hode outl et
f|OMIC%§ e §?mﬁﬁg$gfﬁaflgm%%9£?e ﬁgher i sadapted to
al | ow conbi nati on of the anode exhaust fromthe one or

e a g . 0 |
e CaPRG%. 20 bR bRp e SENRHEC 1015 Wb Og(r0E offr burner
Mherel . theedusi ng chather b5 i L

erein e reduyci C " ;
commun e i fhddy BT st Ryt 4BRER withn cqpustion
fuel cela gysten1of claim10 or 11, wherein the
reduci f§*¢Ranber is di sposed around the centra
support elenent. 13. The fuel cell system of any one
of,, cl ai - r ei LRe [ .
e e S e S R S e

combus Eif sggse%aatrgtlnyds tth'e central support element.

15. A fuel cell system comprising:

one or more fuel cells each having an anode, a cathode, and an
electrolyte;

one or more anode outlet flow channels in fluid communication with
the one or more anodes and adapted to direct an anode exhaust from the one
or more anodes;

one or more cathode outlet flow channels in fluid communication
with the one or more cathodes and adapted to direct a cathode exhaust from
the one or more cathodes;

a reducing chamber in fluid communication with the one or more

anode outlet flow channels and substantially free of any oxidant;
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14. The fuel cell system of any one of clainms 10-13,
wherein the after burner is disposed around the

wa@emwvoal44support el enent. 15. A fuel cell systRer/US2007/017405
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15

conprising: one or nore fuel cells each having an
anode, a cathode, and an el ectrol yte; one or nore
anode outlet flow channels in fluid commnication with
t he -one or nore anodes and adapted to direct an anode
exhaust fromthe one or nore anodes; one or nore

cat hode outlet flow channels in fluid conmunication

Wi th the ongc@fediofecédt BRESR dANEhiAWRPIadcihg cHhmB&tard in
cat hode exhaust fromthe one or nore cathodes; a

reduci g ARAMRGm hfciddH Hith QRTREY abhOBr Wdid fild8elf@nd
or nore anode outlet flow channels and substantially

free of any,oxpdafilné iﬁ%ﬁ&@&m&%i&@i?ﬁ tiftl SRQSERing chamber
anmber an I

within the re§u0|ng ch I'n electrica

' [ ' f I | s -
comu nz'm?}ﬁ é%ﬂg\g‘r {‘nr})rg ?%&P?eu?l:ijt%? A0 AN ,g\%hé\ﬁléﬁhth? %lg:exs burner is

and an F ner cOnmmuni ca

reduci n hanber. and .t.he. aqn r nore gat e out| et g
flow C%O%Rﬁeéila‘g ,aﬁ\mﬁvecrcéri1 lﬁm?tﬁoé] (gt}t?' e n%‘iﬁ%’é‘? u?ngg A apet Bl Ygnere
al l ow conbi natj,on af the angge exhaust fronltge one or

r)? %1 t

more aH9FES 289, S hods <pBast BoLIRE ©TF °5 FIYR S2BRASy
t hodes. . 16. Th I | t f clai 15, .
e o Thd BT Rt o SE AR Fhbre S LA in thormal
ma

conmmuni cation with _an insqlatin Eerial. 17. The

fuel ceIMmMypplan sithaningy 1‘5“%?‘9“.9@? ‘wherein the

reduci ng chanber is disposed around a central support

element, that is in fluid. [ ion with h of .
CHE oD s s L sylem of sfai @ 1o o piverein Hergeige gbmper i
of any one of clajns 15-17, wherein the after. burner. .
oot | iBOSEH oiel s CTTRAEPRr ERgTt ki fibiy gupgRcation

with a conmbustion catalyst. 19. The fuel cell system

of anyVsh&agh otthgigng orzaorg fuglcelei n the after burner

is

18. The fuel cell system of any one of claims 15-17, wherein the after burner

comprises an inner surface at least partially coated with a combustion

catalyst.

19. The fuel cell system of any one of claims 15-18, wherein the after burner is
disposed around a central support element that is in fluid communication

with each of the one or more fuel cells.

20. The fuel cell system of any one of claims 15-19, wherein an insulating

material is present between the reducing chamber and the after burner.
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di sposed around a central support elenment that is in
fluid communi cation with each of the one or nore fuel

W@20009204290. The fuel cell system of any one of PCI/EHB2987/017405
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15-19, wherein an insulating material is present

bet ween the reduci ng chanber and the after burner.2 1.
A nmet hod of operating a fuel cell system the nethod
conprising: providing a fuel cell system conprising
one or nore fuel cells, a central support elenment in
fluid conmunication with the one or nore fuel cells,

and. a CAlRfceRYd é:ﬂiﬂe?eﬁtr%[]a i;u@lc é;éllﬁéysfénﬁ%e ﬁ%m@o%mrisg%:

with the one or nore e | S, wherein the curr

col I ector i ?@VM@F{J@EQPM’[M%oﬁ?miﬁ%lonﬁlt'ypﬂpc{rg fuel cells, a
an enent conpri ses an

el enent , the central support e

i nner |c999£ltsﬁgh5‘ﬁleleﬁ{ezln uﬂ%%%r{e}%xﬁ}ﬁcaq{&{ \813? th ong or more fuel

| ongi t udi nal anne an ou ongl I na

defi ni ngy t | I hapnel . the.oute

ongt t G0 AT S8 B OO s e R Ry hitRiSt Gt gre or
around ' I Ltudinal ele t;. di.recting a

Fuel ¢ FraE SRR s, gl B e RIF e i hinesd M the contral
anode he _ane or re fuel cells; and directing, an

oxi dant P beSierh and iseri Gl aibPar eleerd camerises B iner
cat hode of. t.he ope or re fuel cells, wherein the

t enper g?'fﬁ'%ldg}al £ Pfg‘ei“ﬁ ﬂgﬁmf’%ﬁﬁi‘?’lﬁ' Mgrtudinahehannglend aneouter
tenperature .of the outer .|ongitudinal elenent creates

" b B e i eFsE e S 38 guteh oneagmeprgcl, e outer
differintLal,EﬁcglitatQS heat transfer and tenperature
regul at9udinal glemeahbeigg cengspsi todand fisnosed aroun ghe inner
met hod of .cl aim 21, wherein directing the oxidant

t hr oughengiedi@ elemeskigi t udi nal el ement protects the
current collector from exposure to excessive heat. 23.
The nethod &Hregting mfigel thigngipthe ipnergpngitwijnal plewérditmgn anode of
the current collector within a reducing chanber,

wher ei #he ¢pe eradorsifigl eslamsk is in fluid conmunication
with an after burner;directing an anode exhaust from

an anode of difectingien oxidamrtbrafugbltheehtksiongitidiaal €etienttg a
chanber;

cathode of the one or more fuel cells, wherein the temperature of the inner
longitudinal element and the temperature of the outer longitudinal element
creates a temperature differential and the temperature differential facilitates

heat transfer and temperature regulation in the central support element.

22. The method of claim 21, wherein directing the oxidant through the outer
longitudinal element protects the current collector from exposure to

excessive heat.

23. The method of claim 21 or 22, comprising:
providing the current collector within a reducing chamber, wherein

the reducing chamber is in fluid communication with an after burner;
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directing a cathode exhaust from a cat hode of the one
or nore fuel cells to the after burner; directing the

wapmde2xhaust fromthe reduci ng chanber to theCHUSB®N7/017405

burner; and conbi ning the anode exhaust and the

cat hode exhaust in the after burner. 24. The nethod of
claim 23, conprising conbusting the anode exhaust and
t he cat hode exhaust in the after- burner. 25. The

met hod of claim 23 or 24, conprising providing an
insul ating material between the reduci ng chanber and

the after bu&i%ﬁing%ﬁ-an&d{r@ﬂﬁggt £m AR&HAGL gﬁth% ofnléﬁ)lr more fuel
1ding a ue

cell system the method conprising: prov

cell sygiiem %@&%&hé‘gh Lor nore fuel cells in fluid
communi cation with a reducihg chanber, the reducing

chanmber bei ng g l.ui i o) j t after
bur ner, \/\,'r1ere|rr<1:rt]itn g%raglggg%gugggg egr]c%%)cﬁ%r%gggoﬁeornlorefue]
currentceﬁguﬁ_l%ta?tr6 gllls p_sed t her ei n, a_nd th_e current
collector is in electri’cal communi cation with the one

or nore fuel ,.cells;. directi an anode exhaust from an
anode of t he GRERE 0 efeﬁg%ségrpfnst 6“&%“% ehifnbenp the after
chanber; direciing a cathode exhaust from a cat hode of

the on@"HnB*E fuel cells to the after burner:

directing the gnode 1gxhau t fromthe reducing chanber

to the after®FRME! %W%&%P%tﬁ@dfwa@m?cﬁ@a‘éﬁﬁaﬂ?}taﬂcr
and th% unreacted oxidant in the after burner. 27. The

met hod °5f?%1 ai m 26, conprising conbusting the anode
exhaust_and the cat hode exhaust in the after burner.

28% Thd heanehad f claimiZs, sanprisipg combuiinigdhe gnereosshdisignd the
an insulating material between the reducing chanber

10 ang t headodeexhasishis the after bumer.
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25. The method of claim 23 or 24, comprising providing an insulating material

between the reducing chamber and the after burner.

26. A method of operating a fuel cell system, the method comprising:

providing a fuel cell system comprising one or more fuel cells in fluid
communication with a reducing chamber, the reducing chamber being in
fluid communication with an after burner, wherein the reducing chamber
comprises a current collector disposed therein, and the current collector is in
electrical communication with the one or more fuel cells;

directing an anode exhaust from an anode of the one or more fuel
cells to the reducing chamber;

directing a cathode exhaust from a cathode of the one or more fuel

cells to the after burner;
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directing the anode exhaust from the reducing chamber to the after
burner; and
combining the cathode exhaust and the unreacted oxidant in the after
burner.
5  27. The method of claim 26, comprising combusting the anode exhaust and the

cathode exhaust in the after burner.

28. The method of claim 26 or 27, comprising providing an insulating material

between the reducing chamber and the after burner.
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