WD 2009/ 020445PCT/ US2007/ 017405 SOLI D OXI DE FUEL CELL SYSTEMS W TH | MPROVED
GAS CHANNELI NG AND HEAT EXCHANGE | NTRODUCTI ON  [000I I The present

t eachi ngggh&b@bfsd 0 fuel cell systens and devices, andPép@ghd‘gh/@ﬁm}y 5to
fuel cell systems and devices having inproved gas channeling and

tenperature regul ation. [0002] A fuel cell is an electrical device which
converts the potential energy of fuel to electricity through an
el ectrochem cal reaction. In general, a fuel cell includes a pair of

el ectrodes separated by an electrolyte. The electrolyte only allows passage
of 10certain types of ions. The selective passage of ions across the
el ectrolyte generates an electrical potential between the two el ectrodes,

whi ch can be har ' Q of electrica wer. To |ncrease t he
power out put, %ﬁﬁ%%ﬂs%ﬁgﬁm‘gg FWPJ{ D&AS system
For exanple, multiple f “Er into a fuel cell
stack. 15[0003] Anong different MRS {Ié cells known in the art, fuel
cells that operate at a hi gher tewp?raﬁuf-gifﬁeuf , ﬁol i d oxide fluel cellf
n lte n 0-e icity
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( SOFCs) and ql)tlten carbonate fuel cells (MCFCs) nmake use of an 20oxygen
i on- conduct unagl Aectrol yte and a carbonate ion-conducting el ectrolyte,

[0002] A fuel cell is an electrical device which converts the potential energy of fucl

to electricity through an electrochemical reaction. In general, a fuel cell includes a

pair of electrodes separated by an electrolyte. The electrolyte only allows passage of
10 certain types of ions. The selective passage of ions across the electrolyte generates

an electrical potential between the two electrodes, which can be harnessed in the

form of electrical power. To increase the power output, multiple fuel cells can be

included in a fuel cell system. For ex.arnple, multiple fuel cells can be grouped

together into a fuel cell stack.

15 [0003] Among different types of fuel cells known in the art, fuel cells that operate at
a higher temperature (e.g., solid oxide fuel cells and molten carbonate fuel cells)
tend to offer higher 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

20 oxygen ton-conducting electrolyte and a carbonate ion-conducting electrolyte,
respectively, and operate at temperatures above 500°C. To achieve such high
opefating temperatures and to eliminate prolonged startup time, these high-
temperature fuel cell systems require designs that can enable effective thermal

regulation.

25  [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

30 and/or other components of the fuel cell systems. Current collection devices, i.e.,

devices that collect the current created by the electrochemical reaction in the fuel



respectively, and operate at tenperatures above 500C. To achi eve such high
operating tenperatures and to elimnate prolonged startup tine, these high-
tenperature fuel cell systens require designs that can enable effective

t hermal regul ation. 25[0004] In addition, fuel cell systens that include
reformers pose particular challenges for regulating their tenperatures.
Endot her ni c r%ibﬂﬁﬁﬁgMF@H§KMk§b@§ﬁWPEP@ﬁ%ﬁﬁgﬁﬂ@@g%gﬂﬁﬁﬁaﬁﬁbﬁep@@ﬁs often

needs Lo !ake,piAfind Sismaggﬁetlmaét?\;éi‘y%temlﬂ HEaSXRLACRE Teforming (e g

partial oxi datl on reformn reacti ons can ease cessi've heat that |f

not properly [0864) f}{eeétm%g?n%sémyf&@&a ceff Qyéﬁélﬂagthﬁ%@'dxﬁg d%@%&%&r ot her

conponent s of systens. Current collection devices, i.
devi ces t hat mutb@ﬁﬁh@halm&nb@nn;wh@hwﬁmkhymmhéh@ﬁgt@ﬂb@h@mi@amﬁméaét|on in

t he fuel celllncre c}gm particularly susceptible to heat damage because
they are often mac? netals that nelt at relatively | ow tenperatures

(e.g., silver). [0005] Therefore, a need exists for fuel cell systens that
are desi gned to provide inproved thergghy ation, which would permt the
fuel cell systemto operate at incr ea&‘%i ency. SUVMARY [ 0006]
According to @obé]r SWRSRE ool fish@pBEies Bl prb@vent bfbn, IS 8 phévigydavi ded a
fuel cell system corrprl sing:_ one or nore fuel cells each having an anode, a

cat hode, and gl ellsgpten Wﬁswgc@m prapoxs gl gretls grcdhisning a4 anpds. ¢

communi cati oncamdde, SRR Mctblige; 0&"&;}9&1 éﬁB{)&“{ Eléﬁfen@i%l fhid cMBRBicBHIRigent r al
support el ement conprises an inner |ongitudinal element defining an inner

| ongi t udi nal ewhrAdic caaer m@f@ﬁﬁéﬁeusoWQiﬂIewdhﬁéﬁm@ll SHEOI HRERFHCHYDESESoUt er
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to and di sposed aroun enent, re| n the inner
| ongi t udi nal ohgituehal |ekrrraﬂda¢¢fadng@nd@tm lopgitudital shamsl. tHeran iegiuteror e anodes

and the out € {1%1 utéalf%a %Q%HQ&It t%a%q sg)%gedtag"oﬂ'gi ﬁbn%ﬁh{ﬂﬁ t to the

one or nore ca erern e one s~are di sposed
around the cedtmatt, sfhmamrtlhe ainerrkmg;tuchnd chrnimad useadapwdeo dclt\leea ffdl omthehannel s

in fluid comuni cation one nod nd.adapted to direct an
anode exhaust “1T8HTHE"D 65 agé q‘f’ﬁ)(l)'uéeréﬂ% ma%)ra%éang l%daéﬁ%g ﬁitgﬁ‘éerc?ﬁlt let flow
channel s i n fbxlight cothawnk oatiodncathddestdnd wirecin themarcer aatrh e selbnle adapt ed
to direct a cathode exhayst m t he one or nore cat hodes r educi ng
chanber 1 n°f | GFEPSCOARINS Lk GeORea PR RERSRG OBt orBP & BRdaaU iR RSt 11 o
channel s and gi#psélant ﬁ@iﬁlcysmfmﬁ@mbn aith X bikas mok BBEECMd adaptb@at difect

di sposed within t e reduc chanber and |(|i*| el ectrical %Pﬁwd.ﬁ tlon W th

t piigt

each of the offe? ﬁi&li‘aélsrf t%%?*?"s"r TAMYG 28RCET P THRY R ER

comuni cat i oncinh&is P Buid MG IScABARRRT thabsk bihgorNatRMeRIdEdapichesde outl et
fl ow channel s, wherein the after bhurner is adagt ed to allow conbinati on of

the anode exh@ifedt araade rdieasidroan thesme oaAvER Satapies: hecdpaipR GbRORSEfust from
the one or nopEICRLRAREESItion 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 adapted to allow
combination of the anode exhaust from the one or more anodes and the cathode

exhaust from the one or more cathodes.

[6007] 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



100071 In sone enbodi nents, the central support el enent can include one or
nore catal ysts. For exanple, the one or nore catal ysts can be coated on or
associated with at |least a portion of an inner surface of the inner

| ongi tudi nal el enment of the central support elenent. The one or nore

catal ysts can be a reformng catalyst (e.g., a partial oxidation reformng
catal yst and/or a steamreform ng catal yst) a conbustion catal yst, and/or

conbi nati ons (herankidl Bxranth fbadhgentisst hboraatamystortai &Radstpd aged

catal yst. For exanple t he staged catal yst can _include_ a_staged nlxture of
a partial oxi@RIEHOLE AV stnd/ 05 cOBRHIANARS BRrepalt sare sRPadimesh:

conbustion c @%g% r cat al yst.

[ 0008] [0009?%%%¥§%ﬁ%§%%%6 |rnﬂﬁﬁ?tqaﬁgkﬁgﬁﬁc?ﬁgu%ﬁgﬁggyyégﬁ%%gw?%lthernal
comuni cat i orstygetmizturg ﬂ%wwlﬁlri@ﬂ%@ércﬂ@yﬁ Eepmbioatiph partishexiflgiinm aadi ng
materi al . Can%‘:ﬁ’gﬂl ﬁ&?@«ﬁzﬂ?ﬁ Js86n tad B8 &E@%&Hgéfoﬂﬂfﬁ tcﬁﬁdﬁit er burner.

In certain e ment s a ter burner can 1 nc e an nner surface t hat
is at least partially coated with a conbustion catal yst. The reducing
chanber and/or the after burner can be disposed around the central support
el ement. [0010] According to a second aspect of the present invention,
there is provided a nethod of operating a fuel cell system the nethod
conprising: providing a fuel cell system conprising one or nore fuel cells,
a central support elenent in fluid communication with the one or nore fuel
cells, and a current collector in electrical comunication with the one or
nore fuel cells, wherein the current collector is disposed around the
central support elenent and is within a reduci ng chanber, wherein the
reduci ng chanmber is in fluid conmunication with an after burner, and the
central support elenent conprises an inner |ongitudinal elenment defining an
i nner | ongitudinal” channel and an outer |ongitudinal el enment defining an
outer |ongitudinal channel, the outer |ongitudinal el enent being concentric
to and di sposed around the inner |longitudinal element; directing a fuel

t hrough the inner longitudinal element to an anode of the one or nore fuel
cells; directing an oxidant through the outer |ongitudinal elenent to a

cat hode of the one or nore fuel cells, directing an anode exhaust from an
anode of the one or nore fuel cells to the reducing chanber; directing a
cat hode exhaust from a cathode of the one or nore fuel cells to the after
burner; directing the anode exhaust fromthe reducing chanber to the after
burner; and conbi ni ng the anode exhaust and the cathode exhaust in the
after burner, wherein the tenperature of the inner |ongitudinal elenent and
the tenperature of the outer longitudinal elenment creates a tenperature
differential and the tenperature differential facilitates heat transfer and
tenperature regulation in the central support elenment. [0011] [0012] In
sone enbodi nents, by directing the oxidant through the outer |ongitudinal
channel, the current collector can be protected from exposure to excessive
heat. In certain enbodi nents, the nethod can include conbusting the anode
exhaust and the cat hode exhaust in the after burner and/or providing an
insul ating material between the reducing chanber and the after burner.

BRI EF DESCRI PTI ON OF THE DRAW NGS [0013] It should be understood that the
drawi ngs are not necessarily to scale, with enphasis generally being placed
upon illustrating the principles of the present teachings. The drawi ngs are
not intended to limt the scope of the present teachings in any way.

2a



[0014] FIG 1 is a schematic perspective view of an enbodi nent of a solid
oxi de fuel cell of the present teachings. WD 2009/ 020445PCT/ US2007/ 017405
[0015) FIG 2 is a schematic perspective view of an enbodi nent of a fuel
cell stack according to the present teachings. 10016] FIG 3 is a
cross-sectional view of an enbodi nent of a solid oxide fuel cell system
accor di ng t{80é#e present teachings. 5[0017] FIG 4 is a schematic
perspective view of an enbodi nent of a central support elenent according to

t he present [0083khisogs. cnDEFim wEDIRESGRIMT tieMeF caiHR: PRESENT TEACH NGS
100181 The ?c;rﬁﬁﬁﬂitca&o%[%ﬂﬁ &Qﬁmui‘a&n%ﬁﬁﬁfﬁa? TR bﬁéﬁnﬁe,ffﬂginsﬁﬁhh%ﬁ% fpavi ng
g [ ur €

i ncreased efficiency through i nproved tenpera regulation and current
col | ecti on. bapesabbempen tteuedicofg thambbuaid helafteslystanincantabe r egul at ed and

the current cpll.ectio n.be inprov by .provi.din as _.chanpnel. f eat ures
et S e efiBidiEEhs Be §08 it 10 BRI D ETeAPARBGRY | Pal b E
t he fuel cetdatglysitieacolvbusion peelyki. dhkryductnzechpmbsentd/drelaebiterdsrmer omi de a

solid oxide fuyel cell system havin central support elenent in fluid
conmuni cati%%g’\ﬁﬁsﬁgglf?up%( |c§{né%s Bg‘ifg?lﬁﬁle%arrber and an after

[0010] According to a second aspect of the present invention, there is provided a

method of operating a fuel cell system, the method comprising: providing a fuel cell
system comprising 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, wherein the current collector is
disposed around the central support element and is within a reducing chamber,
wherein the reducing chamber is in fluid communication with an after burner, and the
central support element comprises an inner longitudinal element defining an inner
longitudinal channel and an outer longitudinal element defining an outer longitudinal
channel, the outer longitudinal element being cohcentric to and disposed around the
inner longitudinal element; directing a fuel through the inner longitudinal element to
an anode of the one or more fuel cells; directing an oxidant through the outer
longitudinal element to a cathode of 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; directing the anode exhaust from the reducing chamber to the after burner;
and combining the anode exhaust and the cathode exhaust in the after burner,
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.



15burner. The novel gas channeling of different tenperature gases in close
proximty to one another can facilitate heat transfer and tenperature
regul ation. Additionally, the channeling of only reducing gases into a
reduci ng chanber, which houses the current collector, and limting direct
conmbustion near the current collector increases current collection

ef ficiencyf0da@f 0019] Thr oughout the description, mhere devi ces or

Component o A e v deets erdins PrisetAon e DT BB T oy ©

conpri si ng chpMel, Hicoupfeat@siRedt &@she prbtebd CRmi emaisaﬁeed ekdativebegposi ti ons of
t he present teachlngs al sQ consi st essentially %?%pSt of , the

recited coﬁﬁﬁﬂ%ﬁmgoEﬁﬁﬁmtﬁﬁﬂn?hﬁi%Wd%@gé%gmgﬁmpﬁ%ﬂﬁﬁ@g BsARi s 25al so
consi st esgRRbdAddn¥udfin IR ACPRFh&tan@for ptdieding Gh 1RdIph D GRSG AN GeiicePthe | t
shoul d be understood that the order of steps or order for performng
certai n act¢dygngichamhersandihepitgbumshg as the net hod renmi ns operabl e.

Mor eover, two or nore steps or actlons can be conducted simultaneously. WO

2009/020445PCT/U82007/ ,-ﬁégégéiﬁggﬁrhere an el enent or
conponent is said to bé e alist of recited

el enments or onen dersto that the el epent, or
conponent Jg@%ﬁ fdg}‘?émgfem{]oﬁg aé%fet %ﬁ VEIZ ﬁﬁf’rﬂ% nEFESIASY Bon%cﬁ[mwéthd can be
sel ected f LQIRHEWOo&ier i plhdee upes ilhRda®h LI Phisciples ©OTRGRERAS. Furt her

it should be understo that el enents and/or_ features of a conposition,
appar at us, ¢ @gﬁ&ma‘ﬂ’é‘% repebinfaded fp t%‘és‘@BFrBFW@dPr‘?Sﬁn‘élen%Wétﬂy of
ways mntho%% departing fromthe spirit and scope of the present teachings,
whet her exp 7cit or inplicit her ei n. [0021] The use of the terns
“include, " dﬂlzjﬂﬁ lF‘F@eﬁ is a sch@RhHdb ct1vJ‘\ﬂ¥\@ of an RABodinfint 3 sdiMdAg rehoul d be
generally st ood as open-ended and non-limting unless specifically
stat ed ot herlio§the ffre@RDFachigsuse of the singular herein includes the plural
(and vice versa) unless specifically stated otherwi se. In addition, where
the use of the term"about"” is before a quantitative value, the present
teachi ngs al so include the specific




15quantitative value itself, unless specifically stated otherw se. [0023]

In general, the present teachings relate to a folid oxi de fuel cell system .
wi th inproved gas_channeling, tenperature regul ation ang current_
collecgﬁﬁﬂ?mﬁ§%@ﬁ%mn in FIG? |, Pﬁe present teachings § ﬁ%$EWF@r%P%vide a
fuel cell system 10 that includes a central support elenent 12 and a fuel
cell stack | that is disposed about or around 20t he central support el enent
12. The fuel cell stack can include one or nore fuel cells 32. Generally,
the fuel .cell system 10 al so includes a fuel cell plate 4, a current
col l ection assenbly 35, an after burner (not shown), and optionally; a

mani fold c 0 . fuel cell plate can be_nmade of, alloy, netal or a
ceramc nﬁ@g}%aﬁ(g%m Ihf)‘é‘aﬂ‘éﬂgrép‘?ﬁtwﬁé’#%gf asempybpdiment 0%%@“%1"?'&“35@ ner
can be naoh&;ceﬁdi@imepaweadtegéhiﬁgsger am c 25material and can be dense- or
porous. [0024] In sone enbodinents, the one or nore fuel cells can be
removably @016} BIGH yisseausesbctiond Reew B8hn eRbbdhéi 81 #lsoRNExREGudlicef- + the
di st al engs)r}( and the_current collection assenbly at the other end (1.e., the
proxi mal aFm ageprding tq H‘Gtﬂféseﬁlb;@?“‘@ég%'sal the di st gl endhof 3E)he c_entlral y
support_ el t can be renovably or rigidly secured to the proxi mal side
of plto he f ue’l%g‘i'zll Flibisa sonpatie pfrsessttive Nar of ampmbedianalit o€a eentzal shipiast of
various geQambit &cofdidd {AGY LA sesBRIIndhat include multiple openings for
passage or WD 2009/ 020445PC0OUS2007/ 017405 attachment of the centra
support tube and the one or nore fuel cells. In sone enbodi nents, the

central support DR EABNEICBESCRIPYIONIGE oo wRinat Ne T wsldhiig@sone or nore
fuel cells via an optional nmanifold cap, which, 1T present, can be attached

to the di sipat8|sthepakedtheachuals, Belar, plvid a Badll Bell BE:1SGH N0 i6Qhgat | on
assenbly 5and. the after burner cart be di sposed about the central support

el enent, ViTERCPHETEPTET IMRIPNES B TeaRAEPN pod eweent ol esitone GTHeect i on

assenbly. temperature of the fuel cell system can be regulated and the current collection can be

improved by providing gas channeling features that transfer intake and exhaust gases
efficiently and effectively through the fuel cell system. More specifically, the
present teachings provide a solid oxide fuel cell system having a central support
element in fluid communication with an insulated reducing chamber and an afier

15 burner. The novel gas channeling of different temperature gases.in close proximity
to one another can facilitate heat transfer and temperature regulation. Additionally,
the channeling of only reducing gases into a reducing chamber, which houses the
current collector, and limiting direct combustion near the current collector increases

current collection efficiency.

20 |8019] 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

25  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.



10025] In addition to introducing one or nore fuels and oxidants to the
fuel cells, the central support elenent can act as a refornmer by including

one or nore reformng catal ysts when hydrocarbon-cont ai_nj e
propane) V2R84t o fuel the fuel 10cells. The centrakei@gé‘%}%lé?s(ené%fcan

feature a dual -channel design that can increase the efficiency of the fuel
cell systemas a whole by providing inproved thermal regulation and gas
channel i ng throughout the fuel cell system [0026] The central support

el ement can be joined to the fuel cell plate by physical, nmechanical,

and/ or chem cal nmeans. In sonic enbodi nents, the connection between 15t he
central support elenment and the fue] cell plate canp be,a tight.slip fit
such t hat [4038] betherapplisaiiybrybest anBlmens oHEAPGHFIH ISRl 'iﬁ’ﬁ’et‘ﬁ “‘?eifje " cel |

p'hate by Bﬁc}/fsxtéﬁ%}:ted f}o&tégﬁgt STLGHI B Sats bhEoGBBREAL, iSeHRR e €l ement and
the fuel ce pl ate can be bonded together using vari ous,a(ghesi ves known in
A

the art. Eodersmadhag theaclcmenteriamnpanent/ean bAty AR tha ' SIFAERGAE&ht can be
used. 2000021, TNERIE e THLGe] HBh 6R)drimGULTAe Ml Ackitndfdrl xed Lo 1 he
?3‘?‘3 WS exanpl e, f I

fuel cell e one or nore fuel cells can be nounted
onto the toebossitd. Phsher, Bphowddenindgrstavdrihatrmlemene andgs fefuestfidies in the

fuel cell plate.. The di aneter_ of : i
Sral [ or t ABEPHEPHGR SRR g o aar RS feRBBR R B Decdibifed s 5L MY, 6
2, the ongagéry@mmykuaithaeldepaidg tam be spoitrnddcope abibe orasaeh (eaghingst ur es,

for exanple, 1njectqr pins.7,,on the fuel cell plate 4. The injector pin
; . A . . s 7
can be foﬁY@&P%@PWﬁ‘E@‘F’éPPS’f%QP"(fF'é‘s of the fuel cell plate 4 orJ manuf a(F:)tured

el s can (BB et i famscntiftnangplihe tniall, WP ot har &'

e e B etar at o Scnl s necded Lo prevent  gas

| eakage bé@&@iﬁ@ali}h%‘a"ﬁﬁé”é}ém”ésqu OB t hrough t hlesng(ra(raoSv g:[ag Eret?:/l\ggﬁl ?ﬁ:

' nj ector p[l(lglzein’lqhé Qsee (;fnti[lg rsiln%Exia% flllg[(érilne lncﬁ:fdest; H'xee pl;hlfreall (é:ned \lficé %errs% less
specifically stated otherwise. In addition, where the use of the term “about” is
befare a quantitative value, the present teachings also include the specific

15  quantitative value itself, unless specifically stated otherwise.

10023] In general, the present teachings relate to a solid oxide Tuel cell system with
improved gas channeling, temperature regulation and current collection. As shown
in FIG. 1, the present teachings generally provide a fuel cell system 10 that includes
a central support element 12 and a fuel cell stack 1 that is disposed about or around
20  the central support element 12. The fuel cell stack can include one or more fuel cells
32. Generally, the fuel cell system 10 also includes a fuel 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

25  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 fue! 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

30  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



WD 2009/ 020445PCT/ US2007/ 017405 hi gher than the pressure drop through the
fuel cell itself Thus, there is sufficient back pressure to mnimze gas

| eakage fromthe interior channel of the fuel cell wi thout the use of a
separ at eVOSAN02EHE exanpl e, a fuel cell with a 2.8 mm &CAHRSPUY/OLHMS be
mounted to an injector pin wwth a 2.5-2.7 nmdi aneter and the gap formed 5
does not interfere with the operation of the fuel cell system A person
skilled in the art will appreciate that the central support elenent also
can be simlarly mounted on an injector pin on the fuel cell plate. [0028]
In certain enbodi nents, the fuel cell systemcan include an insulator plate
| ocated in proximty to the fuel cell plate. The fuel cells can pass

t hr ough th%“afbm?%‘{’é‘&!‘@Peﬁrﬁdtsépm%f%rﬂpé&e ool mgee el edlls. ilnsehat or pl ate.

These Openéﬂgédlﬁ@atsbﬁaef&nfra:cﬁ)ﬁgﬁ%ten@en@bﬁ{r@é ﬁgﬂﬁ@%'men%n&l htRlny smRlLer

than the individual tuel causing a ti between t fuel cells
and t he ineeg @ztr@ﬂrepﬁuak@iiswmam Aptird manﬁbhﬁt@pcmim@ex%wrbsmancbet he t hel

cel | plat eall_t}t]J%Q&' *H?ﬂé!csh BfthPEnYei'cg ga&?aﬁﬁ ellztt%% &t Miieddhe Slsgl%:e‘lgiﬁlor

friction. e resultin |nsu e asse
15pr oddce amd ﬂhn @lﬁeab@nier e st éusp@eti abgashd: eaked] eumt&t tlenant, azv:gethp méssur e

drop betwe Lnteri fuel c and the area surroundi ng
the fuel cg bkt %ﬁ%gfoxllwalstg#g 5%%% H‘gﬁ%@n He" n| fold cap can include a

L YN SO A P BT By 0,
stress cancdnr&ral smhp@etcblaﬁamcbaa astiirsd sfidinede by iheloiBgheki @ahorgtréfdehiibee can
help r educeatgigse'\ts %hen%xydggggl%eor}}—cr:%tmgmg fuels (e.g., propane) are used to fuel the fuel
10 cells. The central support element can feature a dual-channel design that can
increase the efficiency of the fuel cell system as a whole by providing imp‘roved

thermal regulation and gas channeling throughout the fuel cell system.

{0026] The central support element can be joined to the fuel cell plate by physical,
mechanical, and/or chemical means. In some embodiments, the connection between
15 the central support element and the fuel cell plate can be a tight slip fit such that the
central support ¢lement is held in place on the fuel cell plate by friction. In other
embadiments, the central support element and the fuel cell plate can be bonded
together using various adhesives known in the art. For example, a commercially

available alumina bonding agent can be used,

20 [0027] The one or more fuel cells can be similarly affixed to the fuel cell plate. For
example, the one or more fuel cells can be mounted onto the fuel cell plate by
inserting 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

25 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

30 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



inside the manifold cap. In other enbodinments, the manifold cap can have a
pl anar end surface. For exanple, the nanifflddcan Fe shapedlas a
cylindrical cap. Due to its geonetry, a cylindrica S
u%dergo‘FﬂéWWﬂPwﬁipanS|on during the operation of the Eﬁgﬁ58@VP1é9%tenl To
reduce thernmally induced stresses exerted at 25the intersection of the end
surface and the cylindrical side walls, the cylindrical manifold cap can
include a fillet around its edge. In further enbodinents, in place of a
separate mani fol d cap, the thel cell stack can be inserted into a

gas-i nperneabl e insul ati on package such that a void space is provided
distal to the fuel cell plate (i.e., between the fuel cell plate and the

i nsul ati on hpglek dge) the prdssuichiropeirbhigh meqaa celleeBOVOILE, SRACE sPiRMLFes a

h f f. th ort el enent to the fuel cells,
bri ngi ng ¢ RBRK PIFFRa It BIRGR B e BREsr o TBagHermAsAnG b he fuel cll

2009/ 0204450 ERONE T LTt PiratclRABOdoramipue la 681 deliSYRE K 2t/ Rine éﬂa{;bétér ncl udes
a plurality of fuel cells disposed around the central su port tu The

fuel cells 88 B"F?Pf%??et%%blple&éwrlp%y%EWéf -1 em sheBeipr anele lgep domedn be
descri bed afet HOUIMBH AN RGB tﬁwap%a@,%%%'fuaeééuss Mg{ €A SREGN K AR d% het N€

fuel cells can, include an internal fuel electro the ano servi ng
as a 5suppdrtvilkapnregiate thatithe éel‘éﬁééwnﬂmlémﬁamsmmreb@t ennhllrlyauwurﬁcbm rode

i.e., the ode support generally can define a
goIIOM/cenf%gﬁgggfgnl&hgmhﬂgp&ﬁ é%%f I n ot her enbodi nents, the fueldce:
may be cat aSUAs L &t e orte n
te?/ms of ggggnﬁjﬁ:ﬁ% e tu ﬂﬁ% Sclléﬂl%g Ca%m?‘ raf](‘:%lulla% Egﬁed or

can be pol yerstsl zrmroxgxmlm Wéhe§h%{pte§ p(lﬁe gThe ﬁﬁlﬂlcbilsp&anq&is)s IhrEﬂ)gh gxanpl e, the
tubul afgf ughsgehl late¥a Wgusaoﬁell’x?fésa&nt ik nsYllatttrarl P a!%u THese openings can be
fabricated at a diameter equal 1o or slightly smaller than the individual fuel cells,
causing a tight fit between the fuel cells and the insulator plate. The insulator plate
can be affixed to the fuel cell plate through chemical or physical means, such as by
adhesives or friction. The resulting fuel cell plate/insulator plate assembly can
15 produce an increased resistance to gas leakage due to a large pressure drop between

the interior channel of the fuel cell and the area surrounding the fuel cell.

[0029] In some embodiments, the manifold cap can include a substantially
hemispherical (i.e., dome) end. During operation of the fuel cells, as high-
temperature gases circulate inside the manifold cap, thermal stress can be induced
20 and a substantially hemispherical structure can help reduce the stress concentration
inside the manifold cap. In other embodiments, the manifold cap can have a planar
end surface. For example, the manifold can be shaped as a cylindrical cap. 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
25  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-im pernieable
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
30  wvoid 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.



shape with rounded vertices joining the three surfaces. In sone

enbodi nents, the anode can include one or nore supporting features (e.g.,
bosses or el evations) protruding fromits interior wall into the central
bore as WP n U S. Patent No. 6,998,187, the di FHEERE B % ich is
I ncorporated by reference herein in its entirety. 15[0031] Conpositionally,
the el ectrodes can be nmade from any suitable porous el ectrode naterials
known in the art. For exanple, the anode can be nade froma ceramc
material or a cermet material. The ceramic material or the ceramc
conponent in the cennet material can include, for exanple, a zirconia-based
material or_a ceria-based material. Exanples include, but are not limted
to, 20stabidU39dfheitkelssllstack typically inclusles p abirpliyed fu¢lrastnidispogealrarvand ar | y
(Zr02) 0. 92¢(ré2R3 op&dny | l.iyni, wm d ceria,
particularly (_O)erg% 9 8%@%5?01 93)%1.3&%}% L{Bﬁcégxc%}g‘gg%%e%gﬁr% f%ﬁﬁ%megfrg, t he
netal | i ¢ cEApHRencarbndéssebedes whalappanods-sipposad fitel oallsebatsspetifellyal | oys,

and/ or physgj )y %t fhe i |4 0 nent (e.qg., Ni, .Co, Cu, Ag, and
W can be ?dr?tq? %Id(fjgéfeg(f%ﬁéctl%%%olr m 0 lfha%l eg%q% agFe‘a&g SI%PdQBS(“é‘T‘@g BR O
Ni (NCB)R) , sunpsric an igermedise mtccimiyte, nad ga ekioonlahatde tdeQi.¥.Othe Hlicddepbout

80.0 vol . on the total volune of the cermet material. For exanple,
t he anode ?:%% gl(ilzg aﬁggoﬁ%ppﬁf{;%?élfam@é’r%ﬁtdeﬁm i hﬁﬁf’?’icﬁgg?latiﬂ'? (Sed? zi r coni a.
O her sui t dbingeB! dobriademivatinidnd, shd firl bdbmal bricARoaBRbeForiddt ani um oxi de
based ceraniiecs ‘|t!{gat ma%{t i?r n@/ not incl uge a netallic conponent. Exanples
of suitabl &ERHETRRRIER PR FWsTaleuPRaRed I §Tres plgesiaunt die wheler f] but
not | im tecklisaanltentyhiatducalRsgaed, (o cagbepekighBaltR @Bt shhiibgnum ferrite
per ovskij teﬁlﬁi'%r_aq'bc?, ras odﬁm um manqani te perovskite ceramcS, and
pr aseotdyni B} Far %@rﬁ:ﬁgﬁ ¢ wbular FRsicells can have a substantially triangular

shape with rounded vertices joining the three surfaces. In some embodiments, the

anode can include one or more supporting features (e.g., bosses or elevations)

protruding from its interior wall into the central bore as described in U.8. Patent No.

6,998,187, the disclosure of which is incorporated by reference herein in its entirety.

15 [06031] Compositionally, the electrodes can be made from any suitable porous
electrode materials known in the art. For example', the anode can be made from a
ceramic material or a cermet material. The ceramic material or the ceramic
component in the cermet matéria[ can include, for example, a zirconia-based
material or a ceria-based material. Examples include, but are not limited to,

20 stabilized zirconia (e.g., yttria-stabilized zirconia, pafticularly (ZrO2)0.52(Y203)0.08)
and doped ceria (e.g., gadolinium-doped ceria, particularly (Ceg06Gdo 10)0).95). In
the case of cermet materials, the metallic component can include one or more
transition metals, their alloys, and/or physical mixtures. The metallic component
{e.g., Ni, Co, Cu, Ag, and W) can be mtroduced in the form of an oxide or a salt

25 (e.g., NiO, Ni(NQ3)y), 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 nicke! 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

30 incllude 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.



[ 00321 The electrolyte layer can be made fromthe sanme ceram c and cer net
mat eri al s descri bed above. Suitable netallic conponents in the cernet :
materials include, but are not limted to, Ni, Co, Cu, A V\éﬂgPt Ru, their
al | oys, WRAMGOPtNsi cal mixtures thereof. The netal coﬁFgﬂfsz #1144hge from
about 0.1 vol. %to 5about 15 vol. % In various enbodi nents, the

el ectrolyte |layer can be nade from a doped ceramic. For exanple, a thin and
dense | ayer of doped zirconia can be used as the electrolyte layer. The

el ectrolyte | ayer and the cathode nmaterial can be deposited on the anode by
vari ous deposition techniques including, but not limted to, slip-coating,
di p-coating, spray-coating, and printing. The different |ayers can be
10co- si nt erjeo3xyr Tikd flkarElshesiageraahinglhadcl Bbrh Qe Rgnélepasiid hQNeerk@033] FIG 3
is a nore detailed crqgss-sectional view of the fuel cell systemdepicted in
FIG 1. Then4iprigh dezqr) 69@9@% %tqbﬂ.%méﬁlh‘gmaﬁgwﬁmm%efsa@l‘et@m@ﬂi@,z and a
central supRALde,Mu@BR Mot initdd '@, RENts,du, WA b, Rue M aledsi Hakdsdes one or
nore oxidant inlets 14, one or _nore fuel inlets 16, a fuel elenent 17, a
fuel channelhyyigal mixtures tsipefatheaneirbentars cagAenasteRiagant -ENahfero 20.

O her c@np the f f I not
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opti onal nedepedlceragtic. Foeexgneplg, a than addense lafer pf dppetkbzimagizatan)beaystér s t he
fuel cell i . | i j | i,vered to the
anode of e}éﬁiﬁ%gﬂeyﬁ@y H}%P' QIQEF sdé@;o\q/"(tfgq e aﬂ hg$é%%§%%gﬁa{f§? e A 1"’c?xi dant
(e.g., air)dep@ftedmreths ahhde buebrice depsyisive meatiniqueh éndmdingrburnpelimxedant

inlets and is,delivered to the cathode of each of t,ﬁg %&I%I cgclel |s 32.via the
oxi dant chdRmalP S DR IPRRANNE PR EEofing, fRd Biiatmg s STt TvsTs @nds or e
di sposdd arcowistetdiicoroimt:reall seguppially fellenmiatdepdsitipf034] Referring to FIG 4,
the central support elenent 12 generally includes an inner | ongitudinal

el enent 17 [pe33)oF IKefeknatdohadeiitdason-deugbn vive of fheanel @il s9tter

25| ongi tudi pal ele 19 . (al.so referred herei,n as an oxi dant el enment). The
out er IongiC{]eﬁmt‘ﬁf%\n%r}enﬁ“éMqﬁﬁﬁéﬁﬂ%‘@ﬂtor‘fiﬁmpﬁ‘ga‘ﬁﬁ CHi"%?fSSIﬁ?r} C&ﬁ%ﬁ%&“ he

i nner | ongid ¢edirapbuloen®ehenta T cdnhap Suppber@ahentCi@nnbRdsyb e heal or
can have ot her geonetric shape ., rectan uL ar, polygonal, elliptical

s (e.g.,
etc.). The 9% fmlsﬁgli%aa?Hapwéffé'ﬁémfetﬁéc%ﬁd gremrat A% 4 fisbrhangrlyl & @8i nal
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deliver one or npre fuels (e.g&., a fuel mxture) to the
system include a fuel cell plate (not shown), a current collection assembly 35, and

after burner 38, and an optional manifold 30. Fuel (e.g., a mixture of propane and
air) enters the fuel cell system via the one or more fuel inlets 16 and is delivered to
the anode of each of the fuel cells 32 via the fuel channel 18. An oxidant (e.g., air)
20 enters the fuel cell system via the one or more oxidant inlets and is delivered to the
cathode of each of the fuel cells 32 via the oxidant channel 20. As shown in FIG. 1,

the cne or more fuel cells 32 are disposed around the central support element 12,

[0034] 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

25  longitudinal element 19 (also referred herein as an oxidant element). The ocuter
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, polygonai, elliptical etc.). The inner longitudinal element
17 can define an inner jongitudinal channel 18 (also referred herein as a fuel

30  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 (aiso referred herein as an oxidant

10



anode of each of the one or nmore fuel cells, where the outer |ongitudinal
el ement 19 can define an outer |ongitudinal channel 20 (also referred

herei n Qtﬁgqg%ﬁﬁﬁbﬂgnt WO 2009/ 020445PCT/ US2007/ 017405 98?}%@?&0%{}%63h S

adapt ed Vet one or nore oxidants to the cathode 6f &ach of the one
or nore fuel cells. In other words, the outer |ongitudinal channel is the
annul ar space defined by the inner wall of the outer |ongitudinal elenent
and the outer wall of the inner longitudinal element. The central support

el enent typically 5al so includes one or nore fuel inlets and oxidant inlets
for introducing fuel(s) and oxidant(s), respectively, into the fuel cel
system The inner |ongitudinal elenment and the outer I tudi nal e] enent
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other: 10 longitudinal element and the outer longitudinal element, a heat conductive material
can be placed between the inner longitudinal element and the outer longitudinal
element to allow physical contact and direct heat transfer. For example, a heat
conductive material can be placed along the inner wall of the outer longitudinal
element and/or the outer wall of the inner longitudinal element. The heat conductive

15  material can be a metallic (e.g., an alloy or a metal), or a ceramic material, and can

be in the form of wire(s), mesh, foam or combinations thereof. An example of a
heat conductive material is a wire coil made from Inconel® 600 (Special Metals

Corp., Huntington, WV) that can have a square or round profile or a profile of other

geometrics.

20 [0035] Referring to FIG. 4, the central support element 12 can include one or more
catalysts 21, including reforming catalysts that can function as a reformer if the fuel
cell system is adapted to operate on fuels other than pure hydrogch. For example,
hydrocarbon fuels such as natural gas, propane, gasoline, kerosene and diesel are
less expensive, more easily and safely stored, and more readily available than

25  hydrogen. Alcohols such as synthetic methano! 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,

30  the inner wall of the inner longitudinal element can be lined with a fiber wrap (e.g., a

felt material) loaded with the catalysi(s).

1



‘geonetries. 20[ 00351 Referring to FIG 4, the central support element 12
can include one or nore catalysts 21, including reformng catal ysts that

can funﬁ&é%qg%zoﬁsreforner if the fuel cell systemis @@@%2@7;0974 erate on

fuels o n pure hydrogen. For exanple, hydrocarbon fuels such as
natural gas, propane, gasoline, kerosene and diesel are |ess expensive,
nore easily and safely stored, and nore readily avail abl e than 25hydr ogen.
Al cohol s such as synthetic methanol and pl ant-derived ethanol al so can be
used. In sone enbodinents, the inner wall of the inner |ongitudinal elenent
17 can be fully or partially lined with one or nore reform ng catal ysts 21.
These catal yst(s) can be in the formof a_coating, ceram c beads, and/or
supported 936} inpewgeathadipant, qﬁ@h@%@hﬁ@a%séh@/gqfomg@éﬁbmgl ARG 4.

o SO STRGHbR fue AOBAPSLARI e dRl: B bk B30l Rhud AR dhARbsiGb RO Can
be lined wth a fiber wap (e.g., a felt material) l'oaded with the
cat al yst ( sihe staged 2000/s0 204 45RCEPUSIOO TN (s Terasopod 36 allayvsgHereekbodi nment s,

as shown in Fl 3, ..the.r . i i ; tral
Sopport el BBk peariphed GROPIREs ARI B! dpdudr ailicrRRsErtiond of e 66 12
catal ys§ camgitadiyaldpen. nBorarxainpte, Hecddded watdlyht san incdude gif didrepnt

o the. i nnERSSFS RO Kot TBrEeReD Srse TepaaRg e LB e R o O
i ncl ude fogf pahtithiar eMbodiments, the catalyst in the first catalyst section 22 can be a low

surface area partial oxidation reforming catalyst, followed sequentially by a second

catalyst section 24 including a partial oxidation reforming catalyst ora combination

10 partial oxidation and combustion catalyst, a third catalyst section 26 including a

combustion catalyst, and a fourth catalyst section 28 including a $team reforming

catalyst. The use of a staged catalyst permits fuel reforming at a larger temperature

range, i.e., from about 200°C to about 900°C, due to the different types of reforming

reactions that are catalyzed by the different catalysts in the staged catalyst.

15 [0037] Forexample, in partial oxidation (POX) reforming, the fuel is partially

oxidized with O, over a catalyst to produce carbon monoxide and hydrogen. The

reaction is exothermic, but at the cost of a lower yield of hydrogen:
CoHm + (W2)0; — nCO + (m/2)H:

Exemplary partial oxidation reforming catalysts include, without limitation, Pt, Ni,
20 W, Ru, Ay, Pd, Mo, Cu, Sn, Rh, and V. In some embodiments, the first partial
oxidation reforming catalyst can include platinum and nickel oxides. This partial
oxidation reforming catalyst can have a lower surface area (e.g., a reduced metal
joading) 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
25  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 arca
30  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



catal ysts disposed in different catalyst sections along the inner
| ongitudinal elenment. In particular enbodinents, the catalyst in the first

cat al yst 22 can be a | ow surface area parti al H% i orm ng
cat al ystwﬁezﬁﬁmg%a sequentially by a second catalyst s 'trl %608@1{@% uding a
partial oxidation reform ng catalyst or a conbination 10partial oxidation
and conbustion catalyst, a third catal yst section 26 including a conbustion
catal yst, and a fourth catalyst section 28 including a steamreform ng

catal yst. The use of a staged catalyst permts fuel refaormng at a | arger
tenperature range, i.e., fromabout 200C to about 900C, due to the

different types of reform ng reactions that are catal yzed by the different
catal ysts swonaea@tsagwn@auawsted fashaolyrnsFerm Samphcetirst paipartseaton.
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provi ded byohfdgsidid St B8lbe (RECaMBEstRN dabilsst dedtibklibstovpar ti al oxi dati on
reform ng catal yst al sO needs to be nore robust because all of the fuel

injecteg i ’I@}G’Sﬁ]he’l‘flé‘@émﬁﬁétionﬁﬁéﬁl%ﬂﬁ\tﬂdthﬁ@ﬁ'@t&ly@i &cﬂ@ﬂfcaﬁbcwﬂehalt he first
cat al yst secti on. [0038] In certain enbodi nents, co aI yst can
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reform ng cafal’yst’. This is because, given that
combustion can be transferred to adjacent sections aiong the inner longitudinal

channel where the second catalyst section and the fourth catalyst section are located,
15  respectively, to initiate the partial oxidation reforming reactions enabled by these

catalysts. Since the combustion catalyst operates at a lower temperature, the

combustion catalyst will be the first catalyst in the four stage catalyst to start

reforming the incoming fuel.

[0040] The fourth catalyst section can include a steam reforming catalyst and/or a
20  partial oxidation reforming catalyst. Steam reforming produces carbon monoxide

and hydrogen by catalysis of the following reaction:

CiHm + #H;0 — #nCO + (/2 + mIl;

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 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 oceurred upstream. Exemplary

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

to, cobalt and nickel.
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WO 2009/ 020445PCT/ US2007/ 017405 second catal yst section is |ocated further
downstreamfromthe first catal yst section, Less fuel is available for

reform n&oa%qggmhg‘riefore a higher surface area is requir %q./gs%mﬁ)fl%(agtlve

ref orm ng one enbodi nents, this second catal yst sectlon can 1 nclu

ni ckel and platinum wth ni ckel at a higher ratio than plati num For
exanple, the 5ratio of nickel to platinumcan range fromabout 5:1 to about
15:1. In sone enbodi nents, the catalyst in the second catal yst section can
be a mixture of a partial oxidation reform ng catalyst and a conbusti on
catal yst. The partial oxidation catalyst can be the high surface area
parti al oxidation catal yst descri bed above. The conbustion catal yst can be
t he conbust[ﬁmu]claéfahygttodﬁéic 0] & tbeﬁMhaslﬁl{s@ﬁB@&oﬂgiﬂhe@mmw Din tleat aI yst

in the third,cat t section . ca al yst

Cat el yst t ReErra K aad SR vk e B EnoTe Rup S Smiditald 50 ail RibreBtee® o,
M, and Rh bl afdfdeBbae brglors Orpueltd Bm. 'Fﬂ_ehﬁxeheéils @e@eﬁaﬁsﬁnhwetrhend
conmbustion can be transferred to adjacent s I{’J‘ﬁp‘é’ﬂghe |n

| ongi t udi n&X¥4hRaKshetiisand can brelete conpent é"é‘ﬁ s18qke diﬁwch

cat al yst segLy ORsA tRrdu@h dEshodtITARPRLE béaﬁéafne b0alt BF tHeat:81 WilereR@ ikl
oxi dation reform ng reactions enabl ed by these catalysts. Since the

conmbust i on thapargesioppter prodceglegripiévend eradserdeiite Toe BrodoNFEE TON
catal yst wi ntz@ﬁcé@ﬁnﬁﬂ@kfc&aﬁ%%ﬁﬁxdxndé kx%téromryt eﬁ;t g&ﬁilﬁéta*tyé;efé%lﬁg art

reformng the incomn 0040] The fou atal yst section can
i ncl ude a S!ta%yﬁt$,elﬂ19mﬁungfddaﬁah3¢§tfwdn@ﬁ@m@nﬂ@p@dzmnaf&foonﬁ@ﬁﬂ ohhe afagleni ng

t al t.
catalyeis OPTERSFUPRAS thed BEUERS: ERCHDn IRIKAS SSRAOLNROBERADY
procesdfi s emogb ontlarréhenﬂm&brﬁé ni fhed copmmunieatiog veith bethpbe atedeés dfthe he range

ohi Shot 7006 4 B O A SSRGSy der abl e amount of ener oy

[0042] The current collection assembly 35 can include a proximal wall, a distal wall,
an inner wall, an outer wall, and an enclosed chamber defined by these walls in
which one or more current collectors 36 are located. The current collection

15  assembly can be of various shapes including, but not limited to, circular, elliptical,
or other geometric or irregular shapes, and can further include an inner channel
defined by its inner wall that extends between its proximal wall and its distal wall.
The inner channel can be sized appropriately to allow the central support element to

pass through and be inserted into the fuel cell stack.

20 [0043] In particular embodiments, the central support element 12, extends beyond
the current collection assembly 35, can be inserted between the one or more fuel
cells. The current collection assembly can be a slip fit (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

25  “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 refraction 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

30  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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25is typically supplied by external conmbustion. In the present fuel cell
systenms, the required thermal energy is supplied by the heat fromthe

exot her r‘g’vs 29@:?&25:?4'5 oxi dation reform ng and conbusti on %ﬁﬁéﬁégﬂﬁ”h@?t

occurred upstream Exenplary steamreform ng catal ysts e various
Goup VIII netals such as, but not Iimted to, cobalt and nickel. [0041]
Referring to FIG 2, after the fuel has passed through the catal ysts 21,
the refornmed fuel and any unreformed fuel flows through a manifold 30 and
is directed to the anode of one or nore fuel cells 32. The fuel cells are
general ly tubular solid oxide fuel cells and can be electrically connected
to forma fuel cell stack. ‘As the 5fuel passes through the anode of the

fuel cell WORE Burigpithepepsrpidon pbthe fheliccl sxgemwiherropHanaiangelithe ewsent o
produce el gnfekbiiGh hike 200HR XN ﬂﬁ%eﬁ@%ﬁb@%i}f&ﬁ%&bte 4 %&%@W carbon

nonoxi de, carbon di oxi de, water, any by-products o er

cat al yst s, aumtesnis afhe dledrangecptvess) the gauiral suppet mlsthent b fiorowmegnt uel . The
d hay }: | COpd i |.ect i |y 35 through
anode ex a&ﬁfegiﬁn gésfeﬁﬁ)tlf Tbﬂtﬁ%egge&ﬁ(cg#ﬁéxge{%ﬁng%xhﬁ%éég%n s5400 Y 9

one or nore l1l0anode out1et chan nication with both
t he andde(e&)mplessiveldroe thelahky sppig2o drdiuchelsumdentsecbéir ot anredsidenbl y 35.
[0042] Th I | S | 5 Lngl ude.a proxi wal |, a
di st al m?ﬁéjéérln%%ﬁl ﬁ'g‘r% Omﬁ%%#ggtnﬁgougﬁb%%qvggﬁ}f ng%leesg%ﬁk&ge?egﬁ%é f* defi ned
by these wilklceniral swbpot ctanesrorambe e tight stignfit sath isottor surdt ackedtioaat ed. The
current coEIlI eclg on t%azsqnb{% agan be of various shapes including, but not
limted t o >SEPPeLtsY Y icfi i& ¥ or other geonetric or -irregular shapes,

and can fu i_pcl.ude an i r annel .def.ined by jts inner 'l that
ext ends be(o\t?ggL lﬁefe T1RE &3 Rdr %3‘21 ?"Ctgﬁ g "8[‘8@8&%%"1 4°Fat?ﬂ NYHYE channel
can bei(si zadrappobaiticatabymbly 38l dron tlbericsnionthusicgpar witklienRaious Guddass
through angelpgeét?osd%rsr[ %g\e Ic{};rgntt ChD eI:tlilgrll ascsgrlnk)}ysfs ? gakli include openings on its

distal wall that allow fluid communication with the anode outlet flow channel 33 of

each of the one or more fuel cells.

[0046] In one embodiment, the current collection assembly can create a reducing

15  environment, i.e,, serve as a reducing chamber 34 or a chamber suibstantially free of
oxygen, by directing only anode exhaust into the current collection assembly and
channeling oxidant around the current collection assembly. Thus, this reducing
chamber is not in fluid communication with the cathode of the fuel cells. Having the
current collector(s) in a reducing chamber can reduce the risk of oxidation on the

20 surface of the current collector(s), which often are made of metal(s) and/or alloy(s)
that are susceptible to oxidation (e.g., silver). Undesirable oxidation reactions can
cause damage and shorten 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

25. degrade in a high-temperature, oxygen-rich environment, the reducing atmosphere
can eliminate the possibility of current collection failure resuiting 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
30 aninsulator (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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'20[ 00431 In particul ar enbodi nents, the central support elenent 12, extends
beyond the current collection assenbly 35, can be inserted between the one

or nore ]s. The current collection assenbly ca lp.fit
(i.e., a‘kp?zll)@?"?lélﬁgfit) over the central support el gnen?cl?ﬁ{gg%)?mﬁ8$y t he
current collection assenbly can be noveabl e along the direction parallel to
the axis of the fuel cells. The term 25"noveabl e" as used herein refers to
the changing of relative position between the two subjects, such as the
current collection assenbly and the central support elenment. 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 atrhnsdér afdiehy frairnt the apwral snprarbfledreny endyan afigrdbussite e $dpive t

el ement) . Wi r&f F0attached 1 o 1fegﬁar§z§reoc§ftém§l§dé Yehef bson 4sN@veomii nation of
the current coe1ect|on ASSenD y and the one or nore fuel cells 'simlarly
can slide angrgtuieinobatedicingubporber sloaidknet entdedtdm mrdtieggpingof &oved from

the system for. maj.ntenance or repl 1.Q Peald 4S20Q7/ 017405
[0044] Dur ngﬂfﬁlﬁ S'?S‘éﬁqb CSHTER Ct%ﬁggtﬁ g@%%ﬁ'l%é@@%aqgﬁg@?é% nat i gln of the
curre St sbf:oue ecdd, dncag asetddnywam thet diefloweootingonerderab replldts thgan be
expandabl e | ongi tudi pally. as a.result the cleafance between the central
support el éer%?fgataf;ﬁjoftﬁ@ rEdhe e Ehager g%ﬁff?ncuérse ]teﬁ%Fc;%/EO%Thi s freedom of
nmovenent m. njJu z | pnqgi tudi nal 5 essive f . t he
fuel cells {‘2{114?] c§’3§’e &f ¢ %TF%%*PS‘?@P? at Fdt gen%ogﬁgtelé\@?éasf%p%%?{sgg%rgrrent
a: so can b%dé@iweﬁbd‘rﬁm’(l be is panKkmiande| eind alitiyg fluid cothmucentipaividuppor t
el ement [ [ ' ' '
Sn T he aaRegamen gt The aher bumd tah beToduld'S GEBSRhalid Siht Bk 88! Y
10 system 10 adjacent to the current collection assembly 35, and can be disposed about
the central support element 12 similar to the current collection assembly 35.
Accordingly, any unconsumed fuel and exhaust exiting the anode(s) will be first

channeled to the reducing chamber then to the after burner.

[0049] The after burner 38 generally is a chamber in which any unconsumed fuel

15  can be combusted and consumed. To that end, the inner surface of the afier burner
can be at least partially coated with a combustion catalyst. In certain embodiments,
the after burner can include a first combustion catalyst section 42 near its distai end
and a second combustion catalyst section 44 near its proximal end. Openings are
provided in the after burner between the first combustion catalyst section 42 and the

20  second catalyst section 44, which bring the after burner in fluid communication with
the cathodes of the one or more fuel cells 32 through one or more cathode outlet
flow chaﬁnel(s) 40. Any unreacted oxidant and/or oxidant exhaust is directed to and
confined within an area between the first combustion catalyst section and the second
combustion catalyst section in the after bumer. The unreacted oxidant is mixed with

25  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

30 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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[0045] Referring again to FIG 3, the current collector(s) 36 |ocated
I nside the 10current collection assenbly 35 are in electrical comrunication

with the §§5@Zﬁé§1 fuel cell electrodes. The current col !qu“}cﬂé%ﬂﬁ’ﬁ'ﬁ ly 35

can incl i ‘ﬂgs on its distal wall that allow flui nication wth
t he anode outlet flow channel 33 of each of the one or nore fuel cells.
[0046] In one enbodinent, the current collection assenbly can create a
reduci ng 15environnent, i.e., serve as a reducing chanber 34 or a chanber
substantially free of oxygen, by directing only anode exhaust into the
current collection assenbly and channel i ng oxi dant around the current

col l ection assenbly. Thus, this reducing chanber is not in fluid

com‘runi ca’E | [0050)i Tl iﬂcfit& ehdr@ealod cdnhieckidehn ¢@lites 45 Hav ergmplaga glow glng,
collector(s) .i.n a reducing,chanber can, redu the risk, of .oxidatiqn on the
Sosurt ace. db itieltbF FERPOS ARG < yr O, Sotr EHE BRCOREGES o b ()
and/ or al | o¥fsdind BRAmM B rBURE Rk Rlrertvil el GhREHBR! {nen6e, defdil HEBEW in
Undesirabl e oxidation reactions can cause danage and shorten the useful
life of theoanpstion With theersrtian of the fuchgell Mgtefinosphere can provi de ot her

benefits. For _exanple, in addition tQ permtting the use of alt{ernative
cur rent Scol 0881 Reevakng 1he temppisturg gl thsiorairal LePest ielinedt sHycByel Mie in a

hi gh-t enperabur gy aR%Y SERIhiteR pEAMIrE, he 1dd8h bEAEGAGa PPBSRBRARAEAN
elimnate the possibility of current collection failure resulting fromthe
di rect Such temperature regulation can minimize premature catalyst failure, provide

improved and more efficient fuel reforming, and minimize the thermal shock to the

central support element.

10 [0052] The operation of the device will now be discussed in greater detail in two

stages: start-up and normal operation.

[0053] Start-up. During startup of the fuel cell system, the fuel cell stack, i.e., the
plurality of fuel cells, are at a temperature of about 30°C. At this somewhat cold
temperature, the cold fuel travels unreformed through the central support element to

15  the anode of the fuel cells. Because the fuel cells have not reached their operating
temperature at this point, no power is generated, and the fuel will pass through the
fuel cell system unconsumed. A similar relatively cold stream of oxidant travels
through the central support element to the cathode of the fuel cells without reaél‘ing.
The unreacted oxidant stream is then directly channeled from the cathode(s) through

20  the cathode outlet flow channel(s) to the after burner. Meanwhile, the unreformed
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

25 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

30  catalyst in the third catalyst section can initiate combustion of incoming fuel. Heat

generated by the combustion reaction is transferred to the neighbering catalyst
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conmbustion of any unreacted or unconsuned fuel passing through the reducing
chanber into the after burner. 0047] The tenperature of the reducing
chanber als an be reqgul ated by providing 30an insul a
FI G 3)‘&RZ&H£ZWH3| conmmuni cation with the reducing ch%ﬁ%@&M%%ﬁinﬁ ulator
can be di sposed around the reducing chanber to limt the transfer of heat
fromthe central support elenent and an after burner to the reducing
chanber. Since current collector(s) are often made of netals, such as
silver, the tenperature in the reduci ng chanber should not exceed the
melting point of the material of which the current collector is nmade.
Therefore, a thermal insulator can 5be used, in conjunction with the air
f1 ow cool i mestidng (ioe.gecond ané@mratcettzﬂm se@inpe) thnticentaif fahiéal osdlationg chanber
and the currgnt. col N LT LOEL £ SLALCRER LR ELE g, the

i U4 Xpenlng kel ony|§s

I ct.or +n
current cofﬁgéfn c&agﬁgﬁwa $0° AR

pr oxi mal wame pattét] oaldatwve chiailysds mrsmnmocrafqrmrthwfudﬂ at e fB0ETC.bAteethe38. The

after burn can be | ocat t Prox f fuel ce yst em
10" 2 acenteTEAARE SXREe oot RSt oL TGt fhe ean RothfesESnss faT LG

about the c@ptdeain SGRPORE tled RIFENt 12 simlar to the current coIIectlon
assenbly 35. Accordingly, any unconsuned fuel and exhaust exiting the

gnode( s) wijbosdieNbinta3 Ohanne! £fler the thieral eghirngeankeshdshemptimuirhe af ter
ur ner.

operating temperature between around 800°C to 900°C, all four of the catalysts in
the four-stage catalyst in the central support element will reform fuel. During
normal operation, the first catalyst (i.e., the partial oxidation reforming catalyst)

10  reforms about 60% of the fuel. Any unreformed fuel then passes to the second and
third catalyst sections, where about 30% of the incoming fuel is reformed. Finally,
the remaining 10% of the incoming fuel is mostly reformed by the catalyst in the
fourth catalyst section. Hence, by using the four-stage catalyst, a higher percentage
of the fuel can be reformed and the start-up time of the fuel cell system can be

15  decreased. For example, prior art fuel cell stacks can take up to one to two hours to
start-up, whereas the fuel cell system of the present invention can reach 800°C in

less than about 20-25 minutes.

{0055} Ad;iitionaﬂy, because most of the fuel is reformed in the central support
element and then consumed in the fuel cell stack, very little fuel will be combusted

-20  in the after burner. Therefore, the additional heat transferred from the after burner to
the oxidant channel will be minimal at this stage of operation. Instead, the oxidani
channe! 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.

25  [0056] Because the fuel cells are positioned concentrically around the central
support element and are in fluid communication with the central support element 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

30 800°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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[ 0049] The after burner 38 generally is a chanber in which any unconsuned
fuel 15can be conbusted and consuned. To that end, the inner surface of the

after burner can be at |east partially coated with a c i al yst.
I'n certarf 26 Rents, the after burner can include agggﬂgﬁ&ﬁgﬁgﬁition
catal yst section 42 near its distal end and a second conmbustion cat al yst
section 44 near its proximal end. Openings are provided in the after burner
between the first conbustion catalyst section 42 and the 20second cat al yst
section 44, which bring the after burner in fluid comrunication with the
cat hodes of the one or nore fuel cells 32 through one or nore cathode
outlet flow channel (s) 40. Any unreacted oxidant and/or oxidant exhaust is
directed t qoesn] £oadscribed whdvy, padinl axidatidieicf@eiing beactivhs fre@RBIHaRhicON

catal yst segctio nd the s cond stion |y section in the after
bur ner . TheARFFUBEY ebebRroed l%ﬁm'gi*g‘oet‘%f}*?%%ﬁ?ﬁ fleﬂmgsra%@nﬁ 68 fromthe
anode ex haltféﬁna@é’ﬂ{c dayaonhyshd RB1 &at s%Jsbé%I s 4lBBRSEteft ndeR@atcdd FepnDUSti ON
catal yst sections. The seal provided by the catalysts in the first

conbust i on XaPRIey e GEdysts fam sRp t%lﬂb‘i’:‘l(wé‘lhf‘h%ﬁ‘gﬁ“ﬁdeﬁ‘iaisdwtb‘? c3jplydact ed _
oxi dant si ntsmwe%]wrmm tesﬂielrasieggw a@&&@'ﬁi@*@i@@@“’d‘%h& n@bg% gl n the reducing

environnment in e reduci ng chanber. The after burner catalysts al so can
have a cat éFWB@rﬂﬁ@?feféf%@FlﬁbéﬁiO%h"d)U(’ﬁot shown). This fiber wap serves as a
gasket to prevent |eakage of oxidant into the reducing chanber.

Addi t i onal H§OS&InWhen tha teafresatuisuninbe catalysts pad ofHyofughelepeaiaarts fohe oxi dant

|0 the ot ShoBUnRl: dii IR CRLEI \ohikhSad SUHELNA: BIAERGcn: dbARERLIGaAT o1

burner 38 also can inc e an | exanpl e
initiate therecdnemtitonndeact tF@riemAdtdtum ofitic fﬁdrﬂiwmtshama Olpem@bnt gusof both

the redHol 8 1ehAUNEL: AIGLADS. ALYl AEIn Il b8 HASRE bRRG dule detal

bel ow i n conn e operation of
However, because the temperature of the oxidant element during normal operatlon is

actually lower than that of the fuel element (which can have a temperature of 900°C
or higher), heat is transferred from the fuel element to the oxidant element as
opposed to being transferred from the oxidant element to the fuel element as in the

15 start-up phase. The constant incoming flow of oxidant over the fuel element helps (o
cool the fuel element throughout its length, preventing the fuel element and the

catalysts therein from overheating.

[0059] Similarly, because the stream of unconsumed oxidant and cathode exhaust
passing through the oxidant channel will be cooler than the stream of unconsumed
20 fuel and anode exhaust passing through the fuel channel, the cooler oxidant streams
- passing through the oxidant element and the cathode element also help to cool the
anode channel and in turn, t};e current collector. 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

25 = 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
30  200°C, the gas flows can be switched off and the fuel cell stack s allowed to cool to

room termperature.
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5[ 00511 Regul ating the tenperature of the central support el enent can
elimnate hot spots, or areas of high tenperature, along the | ength of the
central ywwypRpedoakeMent. Such tenperature regul ati on cagrusiaoriozaePpremat ure
catal yst failure, provide inproved and nore efficient fuel reformng, and
mnimze the thermal shock to the central support elenent. 10100521 The

operation of the device will now be discussed in greater detail in two
stages: start-up and normal operation. 10053] Start-up. During startup of
the fuel cell system the fuel cell stack, i.e., the plurality of fue

cells, are at a tenperature of about 30C. At this sonewhat cold
tenperature, the cold fuel travels unreformed through the central support

el enent t o [T grRiae, Hie duabchyue! degignof the esisd Spﬁeoat glemeggppablésave not
reached t h?%rﬁp&ﬁﬁu‘i'@;éggﬁzttﬁoﬁ%ﬁ{ éﬁr‘x’:‘ifﬂ@tst&r@hﬁopﬂie'ﬁemc@obﬁﬁ"éﬁsrfeﬂrﬁxg%ﬂﬁﬁ at ed,

and the fue hr ough the” f uel systen1unconsuned A similar
reIatlvelyt@bﬁwlskﬁ@ahﬁnﬂd§%nﬂQnmﬁﬁpabﬁﬁ%m@hﬂvudwm@ﬁ@ﬂtﬁwﬁﬁﬁﬁﬂﬁuﬁﬁort

el ement to the cathode of the fuel cells w thout reacting. The unreacted

oxi dant st [8@gRli Accordineiti rrauthenaspheiro dherresens frachionge alpsa &y s methpdafgh 20

the cat ?Od%gg%ttlklgta f{léloég dl@&%?xe lf&lsgxatﬂﬁﬂ hc'xefuafée {’éﬁp&{Vm%@ﬁﬂ)ﬂﬂgﬂoﬁr fu%lhe

unr ef or ned reacte asses ‘t Aroug reduci n of the
current colceBetn ﬁwda:gminhyatmwttb atChatrdfsvmorb glenent aychioy degthiealf uel stream

and the oxi dant stream are conbi n he
heat generaogﬂn%wc¥ﬁgt %%Fngﬁnt(ﬁgﬁ% guggﬁpggg%@%thﬂﬁnﬂg@?g?ﬁﬁghgkg
after bur nehret:ﬁn@a Iﬁmmmoagfm aéuateiwmﬁmwﬁxm mfatue of Heheanmal smbale}m:emt)w I I

begi n cat al re. fuel is co nd nore at ced.
Voot ot 1 itk Thecdnott 6 prdlb s 0B of BroFhbien i Bt 0 SR iioeh B BiE

i medi apel wladiaqenichisd B%a&fdf&he céiﬂfametﬁppohﬁémag) Itcn&ﬁ:maﬁg)d@)df dadhiof Heat
transfer oc urs betmeeﬂgﬁ % ant | ement andlﬁfhh % g gF ni and after
t he fuel |ﬁ £ R PLRPTCRShRR]S: éﬂggﬂat?%ﬂﬁﬂPﬁ? &Hiuey Hu e 187 & Rededi ng
180C, the ceualinsbkidRn3AGRE BkiMekt diEmbRaah bk ddTaahabYe&hp&atiE affganid ni ti at e

conmbustion of incomng fuel. Heat generated by the conbustion reaction is
transferr ed:apéyetqﬁ@at%gﬁw@ql flﬁgfuélas%lmgtt and the oxidant element. The temperature

differential leads to a heat transfer (for example, by conduction) between the two
15  elements and helps to maintain the two elements at the same temperature and protect

the current collector from excessive heat.

[0663] The method also can include providing a current collector in a reducing
chamber, where the reducing chamber is in fluid communication with an after
burner. The method can include directing anode exhaust (which is substantially

20  oxygen-free) from the anode through the reducing chamber to 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

25  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
30  thereof. The foregoing embodiments are therefore to be considered in all respects

illustrative rather than limiting on the present teachings described herein. Scope of

20



sections (i.e., second and fourth catalyst sections) that contain partial
oxi dation reform ng catal ysts, steamreform ng catal yst and optionally
conmbust iwp 20ev@byust s. The partial oxidation catal ysts eam/sReroitesref orm
the fuel at about 800C. After the tenperature exceeds about 500C to about
700C, the steamreformng catalyst will 5also begin reformng the fuel.

[ 00541 Normal Operation. After the central support elenent reaches its
opti mum operating tenperature between around 800C to 900C, all four of the
catalysts in the four-stage catalyst in the central support elenment wll
~reformfuel. During normal operation, the first catalyst (i.e., the parti al
oxi dation reform n cat.a f about 0°o of 1 ueI

unr ef or r netfeRIETENE ﬁ%%iﬁé@hi Hl%l‘?‘?g @@nﬁﬁ(fpgﬁ%d {%‘B’S a’f{xal‘ by d |ons
wher e aboufor@@&ﬁngdeﬁé}ﬁztbﬂ?ﬁﬁﬂ AYchidiges th%xt ceh o rviddn tifel rﬂedtiuyg aﬁmmngenﬁl ni ng
10% of the incomng fuel i s nosfly hIré catalyst in the fourth
cat al yst sé&%iﬁéﬁ“cmﬁﬁ’éc%vsﬁﬁw&fﬁ{? “’?F%./Fﬁg AP yst, a higher

per cent age of the fuel can, be reforrred and the start-up tine of the fuel
cel | systen®B8H peMbiddrslaieds: For exanple, prior art fuel cell stacks can
take up to one to two hours to start-up, whereas the fuel cell system of
the present invention can reach 800C in | ess than about 20-25 m nutes.
(00551 Additionally, because nost of the fuel is refornmed in the central
support el enment and then consuned in the fuel cell stack, very little fuel
wi || be conbusted 20in the after burner. Therefore, the additional heat
transferred fromthe after burner to the oxidant channel will be mninmal at
this stage of operation. Instead, the oxidant channel during operation is
at about 600C. Therefore, incom ng oxidant through the oxidant channel
actually helps to cool .down the after burner as described in further detail
bel ow.
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25100561 Because the fuel cells are positioned concentrically around the
central support elenent and are in fluid conmunication with the central
support elenment via the manifold, the heat transfer nechani sns provided by
the central support elenment can heug%gggstaln the fuel cells at their
appropriate operating tenperatures the fuel is reforned and the

t enper at ur,e of Al ye increased to about 30800C, oxygen ions
pr oduced by theiggt% %ﬁgﬁs&gﬁ, T'ansferred through the electrolyte mat eri a

to react with the hydrogen npde( s r.oduc i [ 0057]
As descri bed above, o5 g‘mé Erg)'Xl alg%%a‘?'{ %lrar%B%egarC&é%%{%i ons' aieggmi%t herm c.

Accordi ngly, heat prod in enent. r reactions

can damage the cat & V&? s S&?P&r&%eémf%@ﬁ{ueimmw% 35 O T of of

unregul ated. For ;ﬁa the catalysts can start to nelt, with the active
KT FELA

netal's in the B4t l%é“PPﬁf’Elr P SEPRST RIS BUPRISE: BB about

900C- 1100C, and nelting at tepperatures of about 1100C- 1400C. 100581 When
t he tenperatur@nglrude%gleaf%dﬁg'?%gww ongifadingighannelpdip otehr t s t o

i ncrease, the oxidant channel, which can preheat the fuel elenment during

startup, can sEW@@mﬁﬁ'@é@ﬁ@é?ﬁmé%@l%B%ﬂomﬁ%dméﬁﬁﬁﬂﬁi&@@EéﬂhﬁﬁémTuel el enent
during operation. Just 10as before, heat transfer occurs between the fuel

el enent and t hengkidinghelemprnesoncentisievad disprsedarend the inpepegi@disre of t he
oxi dant el enment during normal operation is actually |ower than that of the
fuel el ement (winet, whareindvdnugr toagvutinal ghasndfis gBOEd or ddhiveptreingl to Heat i s
transferred fromthe fuel elenent to the oxidant el enent as opposed to
bei ng transf er pecbrimaariddes aitihavter édrgrtedinal cbarnhes pdrpledéd dehyptaras in t he
15start-up phase. The constant incom ng flow of oxidant over the fuel
el ement hel ps txidoodd the hee druelre edtertesn tand ivhenaghibaitnel dr saokefugh dalls peevent i ng
the fuel elenment and the catal ysts therein from overheati ng.
disposed around the central support element;
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;
a current collector disposed within the reducing chamber and in electrical
communication with each of the one or more fuel cells; and

an after bumer in fluid communication with the reducing chamber and the

one or more cathode outlet flow channels, wherein the after burner is adapted to
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[0059] Simlarly, because the stream of unconsunmed oxi dant and cat hode
exhaust passing through the oxidant channel will be cooler than the stream
of unconsuned 20fuel and anode exhaust passing through the fuel channel,

the cool er Oxiﬁﬁwcog%ﬁgpz;@oﬂﬁéaio gﬁhfaw%%gxe&l@ﬁn&a@ ggﬁaésem%e and the

cat hode el enent als p to coo e ano channe In turn, the

current C°||99%,%deggﬁﬁ%%khﬂ£e§%%%n&#9&ﬁﬁﬁE mechani sns, the incom ng

oxi dant stream r ou he oXi el enent %urther cool down the current

coll ection as and the after, burner, bo of ich _are 25di sposed
O el at ofy Sttt B Syl iR PHEPE e AR Bt b AL SR RE HR0°
shut down, the gas flogkrate and the electrical load on the fuel cell system

are systemati AT FEYUtEd. The systematic reduction of the gas flow rate
and the load on the fuel cell systemcan slowy bring the fuel cell stack

b b 200C. .On he. Kk has d d
bl ow 30200C, TRA“GAE PR CH e cnt PEREI SRF SR ERE e SEBPSCT Bk 1 o

all owed to cool to roonﬁbgnperature. [0061] Therefore, the dual -channe
desi gn of the tEHTHIE @HpiSort el ement enabl es tenperature regul ati on both
during the start-up of the device, by transferring heat to the fuel

el enent, and ri operation by transferr,ing he fr t he fuel | ement .
C0065]  acorar 9t SRSTFat Shesbat SARRRRL S Meliihs ke et o &
met hod of 5operating a fuel cell system for exanple, a fuel cell system
havi ng one or %ﬁ?@m%ﬁﬂpﬂﬁgP*@aW¥VY¥ﬁF8g8 nication with a central support

el ement and in electrical communication with a current coll ector as

descri bed_above. The t hod can involve directing, a fuel through f uel
oot (it on el SR mal ot VostEs S Sttt iale. of each
of the one or nore fuel cells and oxi dant through an oxi dant

comprises a steam reforming catalyst.
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10el ement (which also is part of the central support elenent) to the
cat hode of each of the one or nore fuel cells. Because the tenperatures of
the fuel in the fuel elenent and the oxidant in the oxidant el enent can be

differegt, arfeApPRLAtWEn Qf Jnfy%eafa;ﬁlnsqesnwka@reﬁlrte%&ﬂal%g lekdie fuel
el ement and the oxidant elenment. The tenperature dlfferentlal | eads to a

heat transfeg,( rggs %%H&Lt?o ‘Q%ggpnductl on) between the two 15el enents and

hel ps to naint e el nts at the sane tenperature and protect the
current coIIector fronlexceSS|ve heat. [0063] The nethod al so can include

providipg a e ﬁ@l%ﬂ‘%?étén‘?‘éﬁ% o'n@oiacl&ﬁfééfé RecRABbEe or MRE S dr€duci ng

chanmber s in fluid comruni cation wth an after burner. The method can

i nclude dire pgﬁﬁg WG| SrBUDSE RO LA by, %Qﬁgy Jfree) from
1 1o, 1

t he anode th%%hg ggge%ﬁc lmﬁ n%ereto tge 5?9 bur ere 't he anode

exhaust is conbusted with exhaust fromthe cathode (i.e., the cat hode

exhaust k. The,JIRLhed s§in b LEOLRET, WhBR nuﬂ@ca% hﬂhﬁ%e@&'fdu?%%@éakaﬂgt materi al

bet ween t he reduci ng chanber and the after burner he mechani sns provi ded

in the central support element to enable thermal regul ation can help

regul at g t herﬁéﬁu@mﬁ rsfi‘gté{ﬁ ef aﬁmi NG HeMl B0 fouf eh%eeaatawst e 4 gl educi ng
chanber, as the whol e systemis in thermal conmunication. O her

Embodi ment s ba0Aik cthﬁqtpé Qfﬁﬁﬂlﬁa&oﬁg%hl Riaf@Paf oS R al gQ‘er her speci fic

forms, not delineate bove, Wt eparting fromthe s it or essential
characteri st &':&ﬁbustlon catalyst, and a steam reforming catalyst.
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30t hereof . The foregoi ng enbodi nents are therefore to be considered in al
respects illustrative rather than limting on the present teachings

descri bed herein. Scope of the present invention is thus indicated by the
appended cl ai ns rather than by the foregoing description, and all changes
that come within the neaning and range of equival ency of the clains are
intended to be enbraced therein. [0065]What is clainmed is: CLAIMS 1.A fuel

cel | syshem ¢QORE! R1iRGkter® B onBBE Qaitddalo, Gokleh @aRALAAY bidchbas @hode, a
cat hode, and an el ecttol yte; a central support elfenent in fluid

comuni cati og, W hh each of  the ong.ekintRLefuel cells, wherein the central
support el enent conprises an | nner ong?{udinal el enent defining an inner
| ongi tudi nal channel and an outer |ongitudinal el enment defining an outer

| ongi t uginal ghaanel s MWL HEl yJn@%iﬁ"E’fh'itnﬁrl-i(}?@wﬂk%iﬁﬁh@éﬁu&ﬁg‘aﬂﬁﬂﬁ)mji§ concentric

to and di sposed around the i1 nner |ongitudinal elenment, wherein the inner
Iongitudinaldgﬁﬁgggl .ﬁlgﬁﬁi g dehiyer a fuel to the one or nore anodes
and the outer ong|PE I na @hanggﬁtls ékapted to deliver an oxidant to the
one or nore cat hodes, and wherein the one or nore fuel cells are disposed

around tjhe C?P% fugi %eglégéﬁ%%fﬁiy%ﬁ%féiaimsHi,%@reﬁx%é@ﬂ&e@b%@%n%&és% fl ow

channel s i-n nicatron wth the one or nore anodes and adapted to

direct an an r 0 ; one or nore
cat hode outIggg?ﬁ%@?ﬁﬁ%ﬁ%&%ﬁhﬁgs?#%ﬁﬁga%%%ﬁﬁﬁ?éﬁgé¥§ %ﬁ th the one or nore

cat hodes and adapted to direct a cathode exhaust fromthe one or nore

cathodesz  Tpe ) Jeﬁg#égﬁgﬁﬁgﬁﬁggﬁgk%sﬁ'ﬁ, Qhﬁr%ﬁf];@%ﬁ%m?r WaisPosthe one or

nore anode outlet f substanti a ree of any oxidant;

around the central support element.
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a current collector disposed within the reducing chanber and in el ectrical
comuni cation with each of the one or nore fuel cells; and an after
burner in fluid conmunication with the reduci ng chanber and the one or nore

cat hode jgut | gt f; mf%ggg[ﬂgasﬁlelvxeﬁgfétéhttﬁk%aﬁ&%mm@i@g;r is adapted to allow

conbi nati on of t%e an xhaust fromthe one or noré anodes and the

cat hode exhaust f;{rﬁ\;ewi%gg fl%g?elpsrystgﬁrc%mgﬁgeiﬁgﬂﬁsor nfore gx@?ceiiﬁ{%l ceffli! System of

claim1l1, wherein support conprises one or nore

catalysts, 3uothe sbheh £8Ll SURLETLEl ShRBILA. Sde pDRIE MG GENC 12

support el enEt cETprises a refonntng ca syst em of

any one of clajns 1-3, erein the central suppor I nt _conprises a
partial oxi d%fﬁlegﬁr Péi eﬁ?%‘:ﬁmgﬁinécﬁ}%qw&é. “PRe Oelfa%%ez ffeiggv}té reeu'rlntgig)éf any one of
clainms 1-4, wherein the entr‘?I sudrc)@ort e{ enen cor{?ri es .}ah?steam reform ng
catal yst. cOMPRIdsear g Simiss feRRCEE st suphort pe gad SW I &y st em of any
one of clainms 2-6, wherein the one or rﬁgrg cat Zdlycfts are assocjated wth at
| east a por t TEIACTB chambem, Bprew the toewe iy ChpmBerif Ifd Y YT YHERIAR P 8 PRent . 8.
The fuel cell S)éstem of claim3, wherein the catalyst cong,ri sqf%‘a f our
stage cat al yafer bymerpapd the gnigbyuppay Sleant GPMRISEs A BheniprgiEiinakeianbyr st age
catal yst conprises a partia oxidation catalyst, a_conbination partial
oxi dat i on anéiefénaandics fpngigdana) shanng] apd b e longiuding] gayent deling a8t eam
reform ng catal yst.

outer longitudinal channel, the outer longitudinal element being concentric to and

disposed around the inner longitudinal element;

directing a fuel through the inner longitudinal element to an anode of the one
or more fuel cells;

directing an oxidant through the outer longitudinal element to a cathode of the
one or more fuel cells,

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

directing a cathode exhaust from a cathode of the one or more fuel cells to the
afier burner;

directing the anode exhaust from the reducing chamber to the after burner; and

combiniﬁg the anode exhaust and the cathode exhaust in the after burner,

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.
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t heri-nal communication with an insulating material. 11. The fuel cel
system of any one of clains 1-10, wherein the reducing chanber is disposed
around the central support elenent. 12. The fuel cell system of any one of
clainms 1-11, rel ft raer,. I e t |east
partial 15 codloieiof ! SRl Shy P REL-E Db SGReAReh IS NI IR, ot
any one of clains 1-1% erein the a% er _burner is di sed around the
central supp8§?w@ﬁg%%3?&QCTQ#QF%%%%% &gfm%%ggg'Fﬁﬁﬁgwiﬁél cell system the
met hod conpri si ng: providing a fuel cell system conprising one or nore
fuel cells, a central support elenment in fluid communication with the one
or nore fuel cells, and a current collector in electrical conmmunication
with the one or nore fuel cells, wherein the current collector is disposed
around the central support elenment and is within a reduci ng chanber,
wherein the reducing chanber is in fluid comunication with an after

burner, and the central support el enent conprises an inner |ongitudinal

el enent defining an inner |ongitudinal channel and an outer | ongitudi nal

el enent defining an outer |ongitudinal channel, the outer | ongitudi nal

el ement being concentric to and di sposed around the inner |ongitudinal

el enent ; directing a fuel through the inner |ongitudinal elenment to an
anode of the one or nore fuel cells; di recting an oxidant through the
outer longitudinal element to a cathode of the one or nore fuel cells,
directing an anode exhaust from an anode of the one or nore fuel cells to

t he reduci ng chanber;
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directing a cathode exhaust froma cathode of the one or nore fuel cells to
the after burner; directing the anode exhaust fromthe reducing chanber to
the after burner; and conbining the anode exhaust and the cathode exhaust

in the gé.t er rRULBEEd of claim 1485, @bRpfifife LSRIELAL HE BaRE etBstiaRD &k
| ongi tudi nal el enment and the tenperature of the outer |ongitudinal elenent

Creates a te d@%ﬂ&ﬁmﬁﬁﬁ%%ﬁ%ﬂﬁhﬁ# and the tenperature differential
facilitates heat transfer and tenperature regulation in the central support

el enent. elenent protects the current collector from exposure to excessive

heat . ??‘t ho% ﬁétﬁ@djo':‘ﬁan- Bnd &G‘CI&BE 1 28] @,Lk!bﬂﬁ.’;ﬁsin% Em;ﬁﬁlgrﬁﬁtiﬁbgﬁtiﬁé maf¥aone of

clains 14-16, conprising providing an insulating nmaterial between the

reducing ch a@@éerﬁﬂg reh@cffngaéhtaﬁ‘bexlﬁﬂﬁ ¥featter burer.
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