29 Decenber 2005 1 Seal For A Fuel Cell Stack FIELD OF THE | NVENTI ON 5
The present invention relates to a seal assenbly for separating gases in a
fuel cell stack. It is particularly applicable to providing gas-tight

seal s between the faces of conponents in a stack of planar solid-oxide
fuel cells. 10 BACKGROUND OF THE | NVENTI ON Sol i d oxide fuel cell stacks
operate at elevated tenperature using both fuel gases ao@ederhsdS200H gases.
A single stack is forned by stacking a plurality of fuel cell conponents
together with interconnecting nmanifolds to all ow respective fuel and

oxi di zing gases to 15 fl ow between ceaponents of each cell. The cell
conponents include alternately arranged fuel cell plates and gas separator
plates, with seals provided tHheealbBoweddael €ethbtaekt he gases flow ng

t hrough the stack. Additional structures are also required to guide the
flow of the gases over the fuel cells and to regul ate the spaci ng between
adj acent plates of each <cell. 20 Difficulties have been encountered in
producing a reliable and robust seal between facing surfaces of the cell
pl ates and t h&TgeR UepHEINSENIIONes because of the difficult environment
in which the seal needs to operate. 25 Solid oxide fuel cell stacks operate
at typically 700 to 1100C, preferably 700 tqo 850 or 900C i has been
proposed to fdRfPEHat g‘é%ﬂt‘gnfﬁl%?ﬁt%ls"t%ﬁssﬁ}’blgg?ﬁse%alt‘fj%ﬁasﬁf Esagﬁgpcéig’?%bnlgd at
contact’ poi nt §s REIWRER apPRRo P iBEE Sasafght daals betekercit Facand cgagoreepan at or

pl ates. An axi al corrpresgi ve needs to be applied to the stack in

 force
order to hol dS®He! Rinat e d’f’ﬁ‘&"eg‘ﬁ]eﬁ’znflut such a conpressive force al so has
the effect of tending to squeeze any 30 sealing material from between the

Rt g sur 2og8 Tl SR B Bkt e case of

Solid oxide fuel cell stacks operate at elevated temperature using both fuel gases and
oxidising gases. A single stack is formed by stacking a plurality of fuel cell components
together with interconnecting manifolds to allow respective fuel and oxidizing gases to
15 flow between components of each cell. The cell components include alternately arranged
fuel cell plates and gas separator plates, with seals provided therebetween to separate the
gases flowing through the stack. Additional structures are also required to guide the flow
of the pases over the fuel cells and to regulate the spacing between adjacent plates of each
cell,
20
Difficulties have been encountered in producing a reliable and robust seal between facing
surfaces of the cell plates and the gas separator plates because of the difficult environment

in which the seal needs to operate,

25  Solid oxide fuel cell stacks operate at typically 700 to 1100°C, preferably 700 to 8§50 or
900°C and it has been proposed to form the seals from molten or semi molten glass
positioned at contact points between facing surfaces of the fuel cell and gas separator
plates. An axial compressive force needs to be applied to the stack in order to hold the
plates together but such a compressive force also has the effect of tending to squeeze any

30  sealing material from between the mating surfaces. This is exacerbated in the case of a

vertically standing stack where the plates at the bottom of the stack may have, in addition



vertically standi ng stack where the plates at the bottom of the stack may
have, in addition 29 Decenber 2005 -2 to the axial conpressive force

i nduced t hroughout the stack, the additional weight of the plates above
them al so tending to squeeze the sealing material from between the mating
faces. 5 It has been proposed to produce such a seal by m xing a gl ass
powder with a binder before positioning the resultant2g¢pdaniberat®s al
bet ween the facing surfaces, where sealing is required. The sealing
material nmay be applied to the appropriate surface(s) by way of a screen
printing process. In order to conplete formation of the seal, the material
needs to be exposed to oxygen during warmup of the stack, in order to bum
out the binder and 10 devel op the final sedf. In many situations it is
difficult to deliver an adequate oxygen supply to all areas of the seal in

order to provide at | sfactor burn e reas | e tine.
An inconpl ete burrf%d&“ presst o i“ﬂ%étﬂ“f“ﬁg%*‘ ai'i n‘ﬁr‘?ﬂ‘ﬁ %ﬁb
functional seal. mhaibmmwmmteﬂmpmaﬁu@mm&@lmwfmmhwmmhhy to
collect and treatg in a commercial mass production operation. 15 In order

to reduce the Ilkeﬁmhood of such a seal being squeezed out from between the
mating surfaces of the fuel cell plates, it has been proposed to

i ncorporate hi gheg mbéulp&gosemlp%m%mﬂa%mym%ﬁ élEEE Boviddoit Polréb

material in order to provide a spacer between t mat 1 ng sur ces

ext ended dur abi | |wm9!e@t'§= W‘Pﬂé?ﬂ%mteﬂﬂ‘mgml‘#dfﬂéaﬁ %%twhem%almahs of

20 spacing is unrghiied! Bhefstdling ARGl fik Blied lod maappI&paars&ﬂﬂc@J)spuﬁpm oni ses
the density of the gl ass seal._ An ai

[ es ventiaon is to
provi de a seal whitf HlGPEIERE %‘é‘?é%?’?ﬁetfg?’??@@”?g‘gs%ﬂmﬁ? ceflg o
| NVENTI ON Accor di trgexpaed haxygaw&nﬁgm;m thefrtie stak,[dh oMece duh chiLhé biadd landst ack

compr i si ng al t of nahl 0002 ghh dou OB S8 Sk S L PSS 4808 S38REPRLALE"
pl ates stacked Tace “to e o
supply to all areas of the seal n order to prov1dc a satisfactory bum out process within a -
reasonable time. An incomplete burn out process may result in a porous and possibly non-
functional seal. The bum out also produces emissions which are costly to collect and treat
in a commercial mass production operation,
15
In order to reduce the likelihood of such a seal being squeezed out from between the
mating surfaces of the fuel cell plates, it has been proposed to incorporate higher melting
point sand particles into the glass sealing material in order to provide a spacer between the
mating surfaces, but extended durability tests on fuel cell stacks indicatc that this means of
20  spacing is unreliable for long term operation. The sand also compromises the density of

the glass seal,
Aun aim of the present invention is to provide a seal which addresses these difficulties,
25 SUMMARY OF THE INVENTION

According to the invention, there is proVided a fuel cell stack comprising altemnating solid
oxide fuel cell plates and gas separator plates stacked face to face with one or more seal
assemblies provided between opposed generally planar surfaces of each adjacent pair of
30 said fuel cell and gas separator plates, each of said seal assemblies comprising a pair of
rigid ribs projecting from one of said surfaces with a valley defined therebetween, and a



assenbl i es provi ded between opposed generally planar surfaces of each
adj acent pair of 30 said fuel cell and gas separator plates, each of said
seal assenblies conprising a pair of rigid ribs projecting fromone of
said surfaces with a valley defined therebetween, and a 29 Decenber 2005 -3
third rigid rib projecting fromthe other of said surfaces and nested
between said pair of ribs, wherein each rib has side p8lDecemisertZ0® s awnay
fromthe respective plate, said side walls of the rib form ng opposed
contact surfaces that cooperate to define the maxi mum insertion of the
third rib into the valley with said third rib having a profile that |eaves
a 5 void between the valley and the third r|b at said maxi nruminsertion,
and wherein each of said seal assemblies further conprises a gl ass seal ant
al ong the valley in said voi d that contacts the surface of the valley and
the third rib. VV efln ea se i ng interlcking
arrangement of c?ml’eﬁ gofb'!h'f %ﬁ F9 Ebwtg%“’c'fgﬁef 9“% ‘iﬁﬂl”f"ﬂ’gﬁ ? cel
and gas separatorrmmamﬂgnwmhhbhweﬁsumhngdﬁmmﬁmmbémghhssqﬁﬁméﬂmbsmasﬁat | oad
bearin Addi ti ongkhs, h use.the seal
g. of tﬂchﬁ fgﬂn E]Soged%ﬁtﬁog ﬁ%@&é lﬂ&pm%)peﬁtﬁne{o d%g m

assenblies to be self-aligning upon inter fuer ceT?“and gas
separator plates. “WW@mﬂééFﬂm@aﬁémPHﬁ§ﬂhﬁa@hSwdﬂmﬂawémﬂmamayﬁmﬂ@hhﬁhea

respective platg wammn%duﬁyadm%dm&mm trEer@JﬁdanH erﬁlh%h\é@' I's of
the ribs formthe qggﬂ?ed contact surfaces, whereby the VOl Is 15 forned

bet ween the di st af® & PRPTISES & elass Anplant H‘élgsthﬁwa%mdwdtv% thay) | ey.
Preferably, eachcmmﬁmhﬁ&n&ﬂ&f&ﬂ@ﬂmwﬁﬂ&ﬁﬂﬁenﬁalIs In this arrangenent, the
distal surface of at |east one of the pair of ribs nay al so contact the
opposed plate at the maxinuminsertion of the third rib into the valley, in
order to spread m&tﬂwdcﬁwaﬂalbsanblngImﬁ@ﬁn@xﬂhldﬁkxa@dﬁﬁng‘emaho&ﬁisis pedviiek i s a
col umar stack;gan es 1S U fac] t hat

1¢* ﬁaﬁﬂe&a@lkﬁp&& c§1P£na & §or Pmswg {enf {hﬁt% S

the valley betmeen I's U
and the gl ass se&mlaniis R@blﬂadti’eﬂméaﬁﬂdﬁ?naélmm&’eete dwgtl@@uchalhal ﬁyy aduse o geal

assenbly of the ShaGibiesdd bgfemm%m@msa&.\/.meh&ﬁm@ bASS A8l 3 gab Sephdibf figticed to
the valley as a po es that is _heat
itate this, each xib tapers away from the respective plate towards a distal surface of
the rib and the side walls of the ribs form the opposed contact surfaces, whereby the void is
15 formed between the distal surface of the third rib and the surface of the valley. Preferably,

each rib has two inclined side walls,

In this arrangement, the distal surface of at least one of the pair of ribs may also contact the
opposed plate at the maximum insertion of the third rib into the valley, in order to spread
20 the load bearing.

Preferably, the fuel cell stack is a columnar stack and said one of said surfaces is upwardly
facing so that the valley between the pair of ribs is upwardly open but for the third rib and
the glass sealant can be readily disposed in the valley during assembly of the stack,

25 Convenienily, the glass sealant is introduced to the valley as a powder that is heated to
melt the glass afier assembly,

The glass sealant is advantageously fully molten but viscous at & temperature in the
operating temperature range of the stack of about 700 to about 1100°C, and most
30 preferably the plass sealant is fully molten but viscons at any temperature in the preferred

operating range of 700 to 900°C. One possible composition range for the glass sealant is




melt the glass after assenbly, The gl ass sealant is advantageously fully
nol ten but viscous at a tenperature in the operating tenperature range of
the stack of about 700 to about, 1100C, and nost 30 preferably the gl ass
sealant is fully nolten but viscous at any tenperature in the preferred
operating range of 700 to 900C. One possible conposition range for the

gl ass sealant is 29 Decenber 2005 -4 0-2 wt % Li 20, 0- 189\W&6eNgz4p, 200525 Wt %
K20, 0-4 wt % MO, 0-15 wt % CaO, 0-10 wviWa SrO 0-30 wt % BaO, 0-25 wiV o
8203, 0-10 wt % A1233, 30-75 wt% Si2 and 0-10 WM ZrQ2. Mre preferably,
the gl ass seal ant has a conposition range of 0-0.7 W% Li 20 0-1.2

w %Na20, 5-15 % Kj O 0-2 wt%pO, 2-12 wWo CaO 0-2 wt% SrO, 2-10 wto/ a
BaO, 5 2-10 w % B203, 2-7 w'/o0 Al1203, 50470 wt % Si Q2 and 0-2 wt % Zr C2.
The ribs should have a sufficient height to provide the desired spacing for
the respective gas flow between the adjacent plates. For exanple, the ribs

may have a hei ght %2 W% ReQ. 08 §d% NosO, 236 wi% Ko O wite Mg, ?ﬂé“ﬁ)’éﬁ?@%@‘ﬁ% t he

fuel cell and gass:ee@@ua@psacploaztseﬁ%lmopromrvawmﬁ)t:tbeyssmd Sl@?ﬁﬁwmxﬂ% may
be forned of netallLic or teri . In the

f
material, the ri b& arfdoe Cf%“@%"&fgaé%féﬂm’é P%@?ﬁ?ﬁ;‘égﬂffﬁ%%ﬁ'& ﬁ'é& on

respective sides wifsNhe, Spisaitﬁsczo 0 v Mig0j ¢ Bl wi% G, &2 Wte 5r3; 390 Wit BRO | bs
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ceramic plates, the ribs nmay be fornmed by screen printing a slurry of the

rib material in ﬂem&sﬁmﬂwﬂqsafﬁaﬁ{éﬁg@gwrmew&eﬁm ac gﬂ)]gg'lr;t

firing the resultant structure S are conveni e

same ceram c mat e&ﬂﬁﬁ‘r‘”%‘“’@h@eF%ﬁ%&lﬁwgoﬁmﬁmmﬂmw&%mw
exanpl e zirconi a. fhey b highecase of the gas separator plates, the zirconia may
contain up to 20 wt% alum na. Preferably the ribs on the fuel cell plates
are formed on ¥he

The portions of the fuel cell and gas scparator plates incorporating the seal assemblies may

th

be formed of metallic or ceramic material. In the case of metallic material, the ribs and
valley of each scal assembly could be etched on respective sides of the plates.
Alternatively, in either casc, the ribs could be formed by depositing on the plate an
15  appropriate rib material or precursor material that would adhere to the plate. Thus, in the
case of ceramic plates, the ribs may be formed by screen printing a slurry of the rib
material in a binder onto the respective surfaces, and drying and firing the resultant

structure. The ribs are conveniently formed of the same ceramic material as the respective




el ectrolyte and the electrolyte is yttria-stabilised zirconia. 5 The fuel
cell stack may be internally and/or externally manifol ded for the incom ng
and exhaust gases, and the shape and | ocation of the seal assenblies nust
be adjusted accordingly. In the described enbodi nent the fuel cell stack
is internally manifolded for the incomng 10 fuel gas and exhaust fuel
gas, and each aperture through the fuel cell and gas sggaaePhbdt AjgEs for
said incom ng fuel gas and exhaust fuel g is surrounded by a respective
one of the seal assenblies on a cathode-side of each pair of adjacent fuel
cell and gas separator plates. Advantageously, there are two exhaust fuel
gas nanifolds,lqndfthe se I.assenﬁ%kes arfﬁcd t he agera%reﬁbtherefor each
have an arm ext&hdi g aNBY 71BNt AR et 521 SPpEY tiit'es fSwaF-aue gip
spaced from t h@niaic@nn By wikelungas Rrefhiableltic rérdn aleoing skl plateh ere fomiclodehet O
gui de oxygen-cgntaj nin as_over .the c ode.. Al.so in the described

enbodi nent thee?%ghﬂﬁggﬂ%§%§§w F§SQ§F’%%§F?ymﬁ%%?Tolded for incomng and
exhaust oxygen-contai ning gas, and a single one of said seal assenblies
extends in 20 cl as a d i d f h-pai,r j nt .fue
cell and gag s@%&%gf%?S%%ggggqméﬁfﬁgﬁa ﬂﬁ% g%%?%§§%g? uPJQP&ﬁﬁgﬁgﬁﬁiﬁg

pl ates. The closedt lzaop asl tenshepd emt logatghapke thet ¢al disersbliest thest i rec adyiateg f uel
gas over the aﬂgggm_%n a preferred enbodi ment, the incom ng and exhaust
oxygen-cont ai ni ng gg "mani fol ds are defined by the periphery of the plates,
the seal assenblies and a housing in which the stack is disposed. The

mani f ol ds bet . ] f . i e

separated fr Ovn\]ﬁgg%{l]gggrﬁﬁé?m@§&1§g§ﬁg¥ﬁ%ﬁeEE&%E@&?W&a@?ﬁEﬂ%&%@@C@@me

embodi ment 18f felf grelant extaugtfod kgat. rand gedbragartice thwpugh thh&el pelesndi gas spiardtornow

be 30 descri bﬁges QYsa\f@%c&Ei\%ﬁfﬁeﬂEJ&%@ Q)h-béust eﬁ Easr@gtﬁiro@ﬁ]feg bgg r&s Ective one of
ich? 29 De 2005 -6 F

acconpanyi ng draw ngs, In cenber i glre Is a plan
vi ew of the fuét sebhisembligslen a cathode-side of each pair of adjacent fuel cell and gas separator

plates. Advantageously, there are two exhaust fuel gas manifolds, and the seal assemblies
around the apertures therefor each have an arm extending away from the respective
15 aperture towards but spaced from the incoming fuel gas manifold and alongside the

cathode to guide oxygen-containing gas over the cathode.

Also in the described embodiment the fuel cell stack is externally manifolded for incoming
and exhaust oxygen-containing gas, and a single one of said seal assemblies extends in a
20 closed loop on an anode side of each pair of adjacent fuel cell and gas separator plates
outwardly of said apertures through the plates. The closed loop is conveniently shaped to
direct the incoming fuel gas over the anode. In a preferred embodiment, the incoming and
exhaust oxygen-containing gas manifolds are defined by the periphery of the plates, the
seal assemblies and a housing in which the stack is disposed. The manifolds between the

25 periphery of the plates and the housing may be separated from each other by seals.

BRIEF DESCRIPTION OF THE DRAWINGS

One embodiment of a fuel cell stack in accordance with the invention will now be
30 described, by way of example only, with reference to the accompanying drawings, in

which:



Figure 2 is an expl oded schemati c perspective view | ooki ng downwar ds and
illustrating the general orientation of cell plates and gas separator
plates within the 5 stack shown in Figure 1; Figure 3 is a schenmatic
perspective view | ooking upwards at the cell plates and gas separator
pl ates in the sane expl oded positions shown in Figure 2; Figure 4 is a
perspective view of the top side of one of the cell pladgreEErPYDT N
Figure 2; 10 Figure 5 is a cut-away perspggyive view of the top side of one
of the gas separator plates shown in Figure 2; Figure 6 is a cut-away
undersi de view of the separator plate shown in Figure 5, and Figure 7 is a
di agrammati c cross-sectional view through a portion of a gas seal assenbly
bet ween the plates shown in Figures 1 and 2. 15 DETAI LED DESCRI PTI ON OF
EMBODI MENTS OF THEFIEMVEN? o Retvef the figgl tadl seicures 1, 2 and 3 a solid oxide
fuel cell stack asg |y -2 .coppki -aC alternati fuel. cel
conponents, in theﬁ?%?n?& E%egﬁm%gﬁﬁg%n%%gdﬁﬁ%8%§£§%%5ﬁ5@%?g3@3F3§d§6m50
hel d within a tubulllastratipg ieragnetal onkhtaigrin aftvel! péitds apdl gbesepdBtoaplates déthin thal
and all of the sa@gkgﬁgalm&%£@§r30 are identical. Typically there m ght be
20 to 500 of each of these plates in the stack 3. Fuel gas and air are
supplied at one axiiafredriglagehemhic parspeiivasdovrivoking npwards itabis teligasesardrgs
col l ected at the i 4 2 [ Nk .em Either end
is suitable for tﬁ%ﬂgﬁggﬁgmgﬁéﬁgﬁﬁggﬁ¥&%g%8#?%%@8REU?gﬁ%éﬁ%anifoId system
may al ternativel y H8upéd it gupareactivaview et the|tap side ofiemscrfi the celcgateuas gantvn in
enbodi ment, the fugl,and air supplies are both at the bottomand the
exhausts are at the top, but in many circunstances it is preferred for the
fuel to be Xuppli dgye érit evat-496¢ trerpestive vige ddithe top side of uppbf tbel gy mrahe t op
in a counter-currgnts ALHAROEHRPE, Alternatively, all of the gas supplies

0

and exhausts may be at _the sanme end. 3
Figure 6 is a cut-away underside view of the separator plate shown in Figure 5; and

Figure 7 is a diagrammatic cross-sectional view through a portion of a gas seal
assembly between the plates shown in Figures 1 and 2.

15
DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Referring to Figures 1, 2 and 3 a solid oxide fuel cell stack assembly 2 comprises a stack 3
of alternating fuel cell components, in the form of cell plates 10 and gas separator plates 30
20 held within a tubular housing 4. All of the cell plates 10 are identical and all of the
separator plates 30 are identical. Typically there might be 20 to 500 of cach of these plates
in the stack 3. Fuel gas and air are supplied at one axial end of the stack assembly and
exhaust gases are collected at the other end in a co-current manifolding system. Either end
is suitable for the supply and exhaust functions, but the manifold system may alternatively
25 be counter-current. In the described co-current embodiment, the fuel and air supplies are
both at the bottom and the exhausts are at the top, but in many circumstances it is preferred
for the fuel to be supplied from the bottom and the air to be supplied from the top in a

counter-current arrangement. Alternatively, all of the gas supplies and exhausts may be at

the same end.
30




29 Decenber 2005 Referring to Figures 1 to 6, each cell plate 10 has a
substantially central, square anode |ayer on an upper face of the

el ectrol yte-based cell plate and a substantially central, square cathode

| ayer on a |ower face of the cell plate to forma substantially square fuel
cell 12. 5 The cell plates 10 and separator plates 30 have the sane outer
shape, which could be described as generally tril obul ag D&denfsgrt20msy
between a circle and a triangle. The shapz could alternatively be

descri bed as generally circular with three rounded | obes extendi ng

t herefrom Tmo of the | obes 74 and 76 are the sane size and the third | obe

72 extends 0@6 urth han th Ci nfe entia around the
peri phery of t égﬂ? Tdo Ak %8 @8%% ﬁi@ﬁ ?@‘ yﬁﬂﬂﬁ%f%gﬁﬁﬁﬁ €
aperture ( nun‘deweedn amklpptﬁfaem@f tieBeleatrotyimebased deu@nm gnd aaandsta:ﬁauylc?en&mld sqti@rel N

t he separat or I n t he. pl at e. ger

| obes 72 carr ycgﬁlﬁ%eqﬁgﬁégg?oyﬁ}éf&f %%fetg eil quﬁe b % oub %‘?t?ﬁ’?’ oS fBQ Flll o]

ri dge- shaped seals on the faces of the plates dlrects the gas flows mnthin
e stack. 18 QAR SP OSELAEH 0] SLIPIE SRR R oL B 09 0O
(Figure 1) defdesralicd dpyentrellyt nlabslan| dr pag dvag deivwesn @i:lrapend bltesglkd mdhé;ﬁ 16
a0 17, 20, LR Do By 6P e B0 TR Ryl LSS, i o e
fuel inlet andhesdrrausiwetof dmnsbayddtant 76 agei ﬂhe sugkesiof atdnibe phislt loke 72 extlamszo
anode si de. I es |veI

e s e Nabo ORI et i Ohd Gt B fTROL r&ﬂllgﬁrouncﬁ@lg § BugiRRPAGhd YLY & e

t he i nsi de !%halekchdpbe Re 7handsiordidney smm zip@ttute Tnungbefegrifelh angdd 8t thalcélyplbet ween
t he | obes 74 i :

f or med essent?g?1iq7g%%%ﬂﬁigﬁgﬁﬁ§ggﬁﬁg5£§£3&%@exgéﬂﬂﬁ%%gpﬁ gﬁ q%6%3g§6
respectively, l@fs {hesnpithe keger sertuien | eandndnidf obtdm df s ddzeahgnidaralest tat

that is about 25s 30%d aaa%nw&anletgag 1RR& Nuittfin Lestl o %F%@;gafh qﬁﬂ&é@é&ﬁ 8,

and is opposite the fuel inlet or “distribution manif espec ive

el ongate, sli deisafisrbregs dsEdi s 9 extend al ong the stack adjacent the
| obes 72, 74 and 76, between the stack 3 and the inside wall of the housing
4

Fuel distribution and exhaust collection manifolds 5 and 6, respectively, (Figure 1) defined
by the three aligned series of apertures 14 and 15, 16 and 17, and 18 and 19 in the fuel cell
and gas separator plates and formed by interlocking the seal components of the plates 10
and 30, conduct the fuel inlet and exhaust streams past the air side of the plates to the
20 anode side. Air supply and collection manifolds 7 and 8 respectively are created by three
votumes formed between the periphery of the stack 3 and the inside wall of the housing 4.
Meznifold 7 is formed essentially between the lobes 74 and 76 of the plates, and the two
exhaust manifolds § are formed essentially between the lobes 72 and 74 and the lobes 72
and 76, respectively, of the plates. Air inlet manifold 7 has an angular extent that is about
25 50% larger than the each of the two exhaust manifolds 8, and is opposite the fuel inlet or
distribution manifold 5. Respective elongate, sliding fibrous seals 9 extend along the stack
adjacent the lobes 72, 74 and 76, between the stack 3 and the inside wall of the housing 4
to separate the air supply manifold 7 from the two air collection manifolds 8. The fibrous

seals may permit a degree of leakage between the manifolds 7 and 8, but this is not likely

30  to be detrimental to the operation of the stack.



to separate the air supply manifold 7 fromthe two air collection manifolds
8. The fibrous seals nmay permt a degree of |eakage between the manifol ds
7 and 8, but this is not likely 30 to be detrinental to the operation of
the stack. 29 Decenber 2005 The housing 4 is constructed of a suitable heat
resi stant steel sheet material, which may be Ilined wth a suitable
insulating material, and is slid into position over thgfeaeknBerdds the
pl ates 10 and 30 have been assenbled together. 5 In operation of the stack,
fuel gas flows up through the | arger apert‘ﬁr‘e 14 defining an inlet port in
each cell plate 10 and (at arrow A) across the face of the fuel cell anode,
then divides i]ts flow (arrows B and .Cg to exit up through exhaust port
apertures 17 ande18Usine & SuBpise &na SR heatigrisand stecheet b pdichspat ke 30.
On the opposi t dink@esh afsuitdhe iseddtiinp lnatedal, 4 i@kld inthpBhioh aserPRS SR Lt R
side of the Sta‘fa'fes?iota:q %Jlgdh Lhe inl{gﬁ{ manifold 7 between the 10 stack and
the housing, flowe P27 FSGPET FFBRCE 808 i phery of the stack 3 and
across the face of the fuel cell cathode, in counter-current to the fuel

gas flow across the fuel. cell node, before dividing its flowto exit -
(arrows E an% %E?eg%lr%nto & eﬁ{eaf’lf’p &5 %[?“Stull'?gﬂrgltlg’c'\ée %‘gegﬁ’ﬁmf”r?elﬁ éggﬁ‘c“ﬁﬁﬁi“ﬂ‘@} up
t hrough the exipaust eadindeflqlials 18 ahd (4 herotvo) afosshie: BitAGK the lfhelReflembid) GhenO

Figure 4, the geperall anar cel.l plate 10, used i.n the stack 3 .1s shown
2 reat or decies Mo -LlsRRRE BCH ORI 1 ik BB e e and 18

vi si bl ) has amesptatictly.ahyiiceadjseny gar depatatst plae t30r ©nnht bppobiee Rkect thekalt glate

mat eri al extendj Q t.he .main. bod t.h te 10. -The
el ectrol yte i qurggT@?g}bﬁgag P ésséﬁprtp%m% %fgli’ﬁ S?as%&qérlo?%}btﬁ? g‘hegﬁﬁ”é%fi { }81“33%'4’,8 8Y
and | OY mat &t i afagk andghk howmet fdovisho serownD) fem dretperifilicey afitbelgadks’ prdefcasabky a
ni ckel - zi rconi r pet e. is,preferably_ a condugtiyv

Per ovski t e suc%acgg)fl(&gent [acﬁg[%qg%’?edﬁ ?%%%g"%ﬁeé]}aﬁoaﬁg%”%ﬁéygﬂﬁeaflsols%j eoq”atcl’?g
cell plate 10 andlet prdore divirbetpitaflev (i sitiheovwE BEndybY 018 thefpepphery of thpataak B el
ribs 20 and 21 _pi8k £ s rf he.cell plate 10
formng a vall gy orfg%ngg%g%ﬁﬁﬁg\#g‘gg{lﬁggéaﬁffﬁgggbo%%%g%ﬁ 16|‘gt§wk§he upper,
anode surface of 25 the cell plate when the stack is oriented for use. The

ribs are fojyreg iz tﬁ(ﬁéur@tl,aﬁlg g ally ?anla.rn&el?l lgt%z Iy SO R Walids §06,0R1 R
body of the plate or may be for separately, Tor
greater detail. The square fuel cell 12 on the plate (the anode is visible) has an electrolyte
supported structure with the electrolyte material extending out to form the main body of
the plate 10. The electrolyte is preferably a yttria stabilised zirconia and suitable 3Y, 8Y
and 10Y materials are known to those in the art. The anode is preferably a nickel-zirconia

20 cermet and the cathode is preferably a conductive Perovskite such as lanthanum strontium

manganate. The underside of the cell plate 10 and the cathode are visible in Figure 3.

A pair of parallel ribs 20 and 21 project from the planar surface 24 of the cell plate 10
forming a valley or groove 22 therebetween. The surface 24 is the upper, anode surface of
25 the cell plate when the stack is oriented for use. The ribs are formed of zirconia and may
be integrally formed with the main body of the plate or may be formed separatety, for
example from a screen printed slurry, and be fired into integral relationship with the main
body. Each rib 20 and 21 forms a continuous path or closed loop outwardly of the
apertures 14, 16 and 18 through the cell plate and around the perimeter of the region which
30 the fuel gas is permitted to contact. In particular, the closed loop defined by the ribs 20



exanple froma screen printed slurry, and be fired into integral
relationship with the main body. Each rib 20 and 21 forns a conti nuous
path or closed | oop outwardly of the apertures 14, 16 and 18 through the
cell plate and around the perinmeter of the region which 30 the fuel gas is
permtted to contact. In particular, the closed | oop defined by the ribs 20
29 Decenber 2005 -9 and 21 is wai sted al ongsi de the angd@®dcensharexdos uel
gas fromthe inlet aperture 14 over the anode. In all the Figures, the

t hi ckness of the plates 10 and 30 and the ‘height of the ribs are shown 5
greatly exaggerated to assist the explanation of the conmponents. In this
enmbodi nent, the fzgel cel l llZ@ié%ﬁgSOOrner, the cell plate is 150mthick and
the ribs are apfroxt Warsf glon TGP o FITRThiVG e TEethe preeteReEe &4 gVeRthw
apart. On the hmder, cathode-side 54 of each fuel cell plate 10, as shown
in Figure 3, a respective 10 single rib 34 (that corresponds to the ribs
20 and 21 in termof size and howit is forned) extends around each of the

apertures 14, Gllandrigfes, ifeahighetshe iRlpti.10BACH0 8k thRighl Bsmddbs AL Qa0 t he
apertures 16 anr((glat 8exhas _aﬁgtarmg)a]‘th t ext eﬂgs i nwardly_and towards the
aperture 147 ( b HEPETRE R 8155 B SHYRTAHE! Phac CHPRgens | ly'as egtbodinent the|

cel | 12 to assfustceliglii darsoemof, thoeanplag iailsooy efick bl Gathede aPasiakelhe
ribs 34 is al sg,,shquwn in Fi,.gur%[7 15 gp the use of the rib seals is
described with’Teference oot At PEPHIF .yglf‘luﬁﬂlf'%% 5 and 6 show the pl anar
gas separator plate 30 in greater detail. In Figure 5 the surface 33 is
t he upper, catRode-contagting. suyfac f. the separator plate 30 when, the
stack is orientod 187 Gede g%épuéo teflé‘ét%ﬂﬁ glattgﬁe’paérsg‘?"t’“elln Fgwe 3. deepReliva7
proj ect frdfh thelptiadacth@CGosesprais e B3ribf 20 hel Haparatadsizphat Bovdf if REAENY

val | eys or groQ) her.ebetween. T ai of rallel ribs 36 _ and 37
correspond to %eglasr %E%&dz%d}aﬁﬁheﬂpeﬂﬁwﬁ te](ir?rlrg a%{ ?Ssﬁ]ioélglﬁ)g‘ﬁé’iqt%gl:‘%hﬂ% t}}‘?dwsg ey
are fornmed, buwroexttbhdpatumand dndel Salps rah Lin@s3 S1fhat dxfends thvk@dly hind wghurdsh@e pl at e
30 to cooperate Wt el ] n the.cat hode:side of the adjacent fuel
cell plate 10%‘[‘% 1? é‘s’%e%lf’ ]ilt\?%erér%?)bgsimééﬂgéhseo%a?g? SH ‘ffht?’f (! éﬁ@g?l}? 887 and
19 each have aguitbodd d-iwenliemaiapver the cathode. One of the ribs 34 is also shewn in Figure 7

15 and the use of the rib seals is described with reference to that Figure.

Figures 5 and 6 show the planar gas separator plate 30 in greater detail. In Figure 5, the
surface 33 1s the upper, cathode-contacting surface of the separator plate 30 when the stack
is oriented for use. Respective pairs of parallel ribs 36 and 37 project from the planar
20 surface 33 of the separator plate 30 forming valleys or grooves 38 therebetween. The pairs
of parallel ribs 36 and 37 correspond to the ribs 20 and 21 in terms of size, spacing and
how they are formed, but extend around the apertures 15, 17 and 19 through the plate 30 to
cooperate with the ribs 34 on the cathode-side of the adjacent fuel cell plate 10. The
respective ribs 36 associated with the apertures 17 and 19 each have a double~-walled amm
25 39 that is closed at its distal end to cooperate with and receive the arm 35 of the

corresponding rib 34.

On the lower, anode-contacting side 32 of each gas separator plate 30, a single b 42 is
shown in Figure 6 and partly in Figure 5. The rib 42 corresponds to the ribs 20 and 21 i
30  terms of size and how it is formed, and forms a continuous path outwardiy of the apertures

15,17 and 19 through the plate 30 and around the perimeter of the region that the fuel gas



25 39 that is closed at its distal end to cooperate wth and receive the
arm 35 of the corresponding rib 34. On the | ower, anode-contacting side 32
of each gas separator plate 30, a single rib 42 is shown in Figure 6 and
partly in Figure 5. The rib 42 corresponds to the ribs 20 and 21 in 30
terns of size and howit is forned, and forns a continuous path outwardly
of the apertures 15, 17 and 19 through the plate 30 apd CHceufiseridins
perimeter of the region that the fuel gas g Decenber 2005 -10 is permtted
to contact. The outline of the rib 42 corresponds to the groove 22 between
the ribs 20 and 21 on the anode surface of the adj acent fuel cell plate 10
and cooperates wth. As expl ai ned
hereinafter, wWith Pt ttegrmeho tac{ bﬁ'ﬁ ‘.]ﬂ]%‘)&‘e 8\’ g%%“’seé%ﬂn hie t%@fP%Vﬁ&&é’atweﬁn %6t h
of wvalleys 22 rd:me:ﬂBd £bofh ﬂfermedesmﬁhcebﬁfﬂw&ﬁfhcédﬂﬁlel tddiSplatkEa o fﬁndiaﬂ)@ér@tfe&)bvﬂﬁl ate
30 is conveni eqb smenuf act ured, froma zirconia to substantially match the
coefficient of (herna 3 % i6n of the main body of the cell plates 10.
This 10 greatly m nim ses thernal stresses in the assenbly during start up,

operation an u Zi F.cQ tr |as i.sed, .but uId
be, for examgzj)l e‘zl;E éxﬁlagt%%mr?al ag%fdg rézPFIF ‘é‘%ﬁ?gafb “ﬁr giss £8 52184\,\1:5,/155? dﬁ‘ng The
zirconi a i s notvabtys@® mad 3 thoroomweldietweey thamitls.t he separator plate 30 has an
array of 15 perforations 50 extending perpendicularly through its full

t hi ckness that are filled with an electrically conductive plug naterial.
These perfor at ilzds Smsatdsaalait@ﬂﬁeid chyvehiaster mmtftdtmgd framda aﬁmmthytoasubagﬂn&nyi n
the plate 30 ¢ I Itethe b

cell 12 in pl \Q{Héa ﬁéfﬁ&%ﬁ of th%ﬁ%?l%alf ey O{J{he “ét"f |y00%géllei Y ‘}L{t ﬁt‘ns&&‘fsal ly
pure) whichdi grqatlatnedlmlws ohemhel qy@wt:sonatha @n@mbgy dtrap dartchpp opdrativg @ shut-

pI‘I nting tEChmcﬂ%ﬁsT g%rdgl‘tfa%e%’ [y\éﬁé ¥ta151 &dpﬁfttaﬁ@{)&! Q% %IF ana}umnllaggdd\émdt ha

silver alloy or a si ver conpos suc as a corrp05|

silver alloy i ﬁllgtfaﬂs‘gl.thlguiOtQQbﬁ%] ahinhioyi ng el enents i ncl ude gold, palladium
and platinum Alternatively, the silver may be m xed with stainless steel,
for

The zirconia is not electrically conductive, and the separator plate 30 has an array of
15 perforations 50 extending perpendicularly through its full thickness that are filled with an
electrically conductive plug material. These perforations may be formed by laser cutting
and occupy a region in the plate 30 which is directly opposite the region occupied by the
fuel cell 12 in plate 10. The plug material may be metallic sitver (commercially pure)
which is plated into the perforations by standard plating or printing techniques.
20 Alternatively the perforations may be filled with a silver alloy or a silver composite, such
as a composite of silver or silver alloy in glass. Suitable alloying elements include gold,
palladium and platinum. Alternatively, the silver may be mixed with stainless steel, for

example as powder prior to sintering in the perforations.

25 The perforations have an average cross-sectional dimension of about 300 pum, and the plug
material seals the perforations to present a total cross-sectional area of plug material in the
range of 0.2 to Smm® per 1000mm? of surface area opposed to the respective electrode,
measured on one side only of the plaie 30. The electrically conductive silver based plug
which fills each perforation is preferably plated with a protective Ni coating on the anode

30  side and an Ag-Sn coating on the cathode side. The coatings advantageously extend over

the entire electrode contacting areas of the plate. The nickel coating may have an




exanpl e as powder prior to sintering in the perforations. 25 The
perforations have an average cross-sectional dinension of about 300 pm and
the plug nmaterial seals the perforations to present a total
cross-sectional area of plug material in the range of 0.2 to 5mR per
1000m®?2 of surface area opposed to the respective el ectrode, neasured on
one side only of the plate 30. The el ectrically conduchyYiemps2dnased
plug which fills each perforation is preferably plated wth a protective
Ni coating on the anode 30 side and an Ag-1$n coating on the cathode side.
The coatings advantageously extend over the entire electrode contacting
areas of the plate. The nickel coating may have an 29 Decenber 2005 -11
under coat i ng ofngEEropiEnEaaishs tto @sist Nie Notoblmmd (¢ dhet frparsep&odyt ond oehhamrdhd 0
enhance the cg n t|n have a
Sn2 surface |a%¢ﬂa%skﬁ‘g e %%gltq%’%ggmqugr SI@Q%UL? glag%a crglg(% pr n‘n"trrfa%er %flen
powder mat eri aF&ings. risxadee baﬁﬁre%@@qmeﬁPOWdﬁ manals nmy bamltr gl a‘hbs!equdnhe
perforations 5@rfg amythenaut Gk g&f@rﬁmﬂ§5(§ BoR MG s bR asGh GELF §A é{:tncaly
conductive paths are provided via rforations Trom one o ﬁ;n %
surfaces to-t héondé‘ft’fféPa@ﬂ?@rpfgﬂﬁiqda‘é@ﬂ@fpetfhl@tlfgasfmslepm off e OpﬂeastefaceBytomm/ of
exanpl e only, bifer dueek@kact OBhL B sepr iy . Cl%%v'a e(x%%plgr g.%emé)mc %Qg%}gﬁ

Ag- Sn coati ng nay have thi cknesses i n the range of
and 100- 150 pnit r%sﬁs@eftguﬁf@rvenﬂl@dm Ag-Prgoagng pay bive dlicknegigeia MBangs oféo-

posi tioned par add gh, J000bMen a1 oh)1MLR! L§RMVES, t he cathode contacting area
on the side 33 of each pI ate 30. These ri dgeg 48 are each aligned over a

correspondi ng row of perforations 50 and over any Ag-Sn coating. To assi st

expl anationg akQHhy BapdraRf n@i@:@ 48 '19;9(%510%@1 ﬁ@a\ﬁgl Rego aﬁ %%Vs? garb Fle QU élg(ﬁ%

and 5. The ridges 48 perform maj or functions. First provi
conducti ve pat FPristieEmR phie ﬁ}dﬂé3 r?ﬁ?@hlpéltc }h Tsspddges ﬂ&tarqamh Sﬁgr@d opg-2Sn

coating and t hesrfeti@hndingldw 3@per§%@1%d50t£§)6vﬁragy 'A(ée.inp&xt?dg? & 4 ﬁ&p&?{)ﬁat{ng

brace the thin and fragile cell plate as well as neans drstr uting gas

[lows i (e HAnr b Giceieeost s -vHeneain Blesed aahd Theridaspdf aebrm
plates. The ri @@esadBunbiths N€aS thd Qﬁdebﬁ)E&dﬁézt%tlfa{hcl?clt\lr%nqwglﬂgtn‘zaYe%afiﬁd
structural |)§ staple. The ridges 48 are approxi mat el g/

IS “pertorations 50 or Ag-Sn coating and the fuel cell 12. Second they provide physical
support to brace the thin and fragile cell plate as well as means for distributing gas flows in
the narrow spaces between the cell plates and the separator plates. The ridges 48 thus need
to be both electrically conductive and structurally stable. The ridges 48 are approximately
500 pm high and could be made from a conductive perovskite, such as the LSM material

20 of the cathode, optionally with a metallic silver coating about S0um thick over the ridges.

On the underside of plate 30 (ie. surface 32 shown in Figure 6), the rows of plugged
perforations 50 and any Ni coating and/or Ag undercoating are covered by an amay of
parallel ridges 62 that are positioned paralle! to the fuel gas flow stream. Again, about half
25 the ndges 62 are cut away in Figure 6 to assist visualisation of the structure. The ridges 62
perform as a current collector whereby current is conducted between the plug material in
the perforations 50 or any coating and the anode. They also provide physical support for
the cell plate and additionally provide means for directing and distributing gas flows in the
nairow spaces between the cell plates and separator plates. The ridges are approximately

30 500pm high and could be formed from the same material as the anode, optionally with an

overlay (approx 50um thick) of nickel.



500 pm high and coul d be nade froma conductive perovskite, such as the LSM
material 20 of the cathode, optionally with a netallic silver coating about
50m thick over the ridges. On the underside of plate 30 (ie. surface 32
shown in Figure 6), the rows of plugged perforations 50 and any Ni coating
and/ or Ag undercoating are covered by an array of parallel ridges 62 that
are positioned parallel to the fuel gas flow stream AgaiDbceahsa2goa f 25
the ridges 62 are cut away in Figure 6 to assist visualisation of the
structure. The ridges 62 performas a current collector whereby current is
conducted between the plug material in the perforations 50 or any coating
and the anode. They al so provi de physical support for the cell plate and
additionally provide neans for directing ald distributing gas flows in the
narrow spaces between the cell plates and separator plates. The ridges are

approxi mately 30 01|n1 h_and c formed fromthe sane nmaterial as
t he anode, option g\/ﬁ?Pﬁ‘%ﬁﬁ ?f‘é’? T“gﬂ‘p@d&k’%bﬁfﬁ'f’%ﬂ@}‘ i 3¢ diddpnd 29
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i ntroduced as a powder 5 stack assenbl e e stack i s heated
to nelt the gl assmﬂw%w&leﬂhwmdmwn@m@éqmwen@fé@astackrhaslassmlawﬁmr is

required. In opergfly ﬂﬂwﬁfbuttlﬁ'ghlysﬁﬁémaﬁmﬁr&{l&a@nﬁ@%‘o&m%‘woht.softﬂé‘l*oilc)(\%ﬂ%)l ten
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but highly viscous and, is tained_in the groove 38 i;' one of th | owi ng
three options not S Prégss il $¥Fﬁ'n?ﬁ@“@¢§§§$9& ARt BGRBEIY RS a
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the third rib 34 Z1©:.inserted to its maxi rum extent into the groove
each inclined flank 52 of the third rib 34 woul d engage a correspondlng
i nclined flank

15 In this embodiment, when the third rib 34 is inserted to its maximum extent into the groove
38, each inclined flank 52 of the third rib 34 would engage a comesponding inclined flank
58 of a respective one of the pair of ribs 36 and 37 defining the groove 38, leaving distal
surfaces 60 and 61 of the ribs 36 and 37, respectively, clear of basal surfaces 54 of the
plate 10 and distal surface 51 of the rib 34 clear of floor 56 of the groove 38. In this case

20  the sealant 40 would fill the volume between the distal surface 51 and the floor 56. If
desired, the relative proportions of the ribs may be such that at the maximum insertion of
the third rib 34 the basal surfaces 54 of the plate 10 contact the distal surfaces 60 and 61 of
the ribs 36 and 37, respectively, at the same time as the flanks 52 and 58 engage as
described. |

25
The described embodiment provides a stack configuration which is simple to construct and
has substantia! flexibility in control of -thc pas flows to, from and over the fuel cell
electrodes. It uses a relatively small number of components and the sliding interfaces
provided by the fibrous seals produce much lower stresses during thermal cycling.

30
Whilst the above description includes the preferred embodiments of the invention, it is to
be understood that many variations, alterations, modifications and/or additions may be

introduced into the constructions and amrangements of parts previously described without




58 of a respective one of the pair of ribs 36 and 37 defining the groove
38, leaving distal surfaces 60 and 61 of the ribs 36 and 37, respectively,
cl ear of basal surfaces 54 of the plate 10 and distal surface 51 of the
rib 34 clear of floor 56 of the groove 38. In this case 20 the seal ant 40
would fill the volune between the distal surface 51 and the floor 56. If
desired, the relative proportions of the ribs may be sggihddeaibert200re

maxi numinsertion of the third rib 34 the basal surfaces 54 of the plate
10 contact the distal surfaces 60 and 61 of the ribs 36 and 37,
respectively, at the sane tinme as the flanks 52 and 58 engage as

descri bed. 25 The descri bed enbodi nent provides a stack configuration which
is sinple to construct and has substantial3flexibility in control of the
gas flows to, fromand over the fuel cell electrodes. It uses a relatively
smal | nunber of conponents and the sliding interfaces provided by the
fibrous seal s proffietingfrshthe esgeatial Jeapuges o the gnivit on gmbihef thepinventjen 4s dgfinedby Whi | st
the above descri piuk fowiRedisades the preferred enmbodi ments of the invention,
it is to be understood that many vari ations, alterations, nodifications
and/ or additions may be introduced into the constructions and arrangenents
of parts previousty d@ﬁﬂwimedmﬂh&MQmmmﬂﬁaﬁﬁﬁemhﬁﬁmeqmﬁ% thale dR@AT dirkdnge. f r om

the essenti al a the spirit, o t of the |nve as defi ned
b S ThesTol T ow oMy el Soal e ntas hord A bl | Bt E Heile g
separator plates mdlsnflw&meﬁrqugbm%pmaﬁlstmmamb#symlhey may be made from

a |l anthanum chromte to facilitate electrical conductivity therethrough
or froma self-alumnising stainless steel. Qther aspects of the fuel cel

stack described hetheri pepegiseoidiie dwebsell stagkdas¢ribpcrbetoin are. disghesertjany claimed in
| nternational pat eaa.tnaﬁiFnhm (r%mﬁtl Apsﬁtaadammrdr&ﬂéuhynuqure&wa Rl i doligd
Solid 10 Oxi de, Fuel ack nf i uratlon and A Fuel Cell Gas Separator
Pl ate, respect 19 epyde Fue Cell Stack Configura on and A Fuel Cell Gas Separator Plate, respectively
claiming priority from Australian provisional patent applications PR6344 and PR6365
filed 13 July 2001, and the contents of both of said copending International patent
applications and of their US national phase equivalents ar¢ incorporated hercin by
reference,
15
It will be also understood that where the word “comprise”, and variations such as
“compriscs” and “comprising™, are used in this specification, unless the context requires
otherwise such use is intended to imply the inclusion of a stated feature or features but is
not to be taken us excluding the presence of other feature or features.

20

The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that such prior art forms part of the common
general knowledge.




claimng priority fromAustralian provisional patent applications PR6344
and PR6365 filed 13 July 2001, and the contents of both of said copending
I nternational patent applications and of their US national phase
equi val ents are incorporated herein by reference. 15 It will be also
understood that where the word "conprise”, and variations such as
"conprises" and "conprising”, are used in this specifi ?gt[j B &% t he

context requires otherwi se such use is intended to inply the |ncIu5|on of a
stated feature or features but is not to be taken as excluding the
presence of other feature or features. 20 The reference to any prior art in
this specification is not, and shoul d not-bHe taken as, an acknow edgnent
or any form of suggestion that such prior art forns part of the comon
general know edge. 29 December 2005 -14 CLAIMS 1. A fuel cell stack

conpri sing alternathﬂg solid oxide fuel cell plates and gas separator

pl ates stacked fddeé face with one or nore seal assenblies provided

bet ween 5 opposed generally planar surfaces of each adjacent pair of said

fuel cell and gas, sep | at es,, .each of s | ies
conprising a pair- ?fgﬁtl pPRfisieg Flffﬁ‘a'ﬁ'?go??b'gr?éﬁﬁfﬁ‘e? an o3 AP &s wit h
a val l ey defined st:;haroeblatamenqd fesado &cdhitlrdlcl’or glord stal Bss@uldiepbiided bhtvedn t he
other of said %urfgau%&srﬁa{&g Uk iDL SR Rl Al i€ b df B HOGHEND, E9C

rib has side wall Ve P
walls of the rib mmsmm@f@mmmiwsmmm wqui@ed ribhalmedmgﬁremameoft 0

define the Mxi MgylRes i D vl ilfied Blrblniebd afdl fird 18a ¥ Blletihe Wohiesal d

third rib having a profile that”leaves a void t he

third rib at sai cPheastispmrbers andmpdnd betayae swﬁem@qfﬂb&a@ﬁ%mbabhw@amﬂs
assenblies furthad t@mmysﬁ&n ﬂw%sﬁ&ﬁvesﬁéé 3Rl sak QA sMike M rduaing iopposdl d voi d
that contacts t hecosgcr fsur?aces (t)h&t oooperate to define the maximum insertion of the third rib into the

valley with said third rib having a profile that leaves a void between the valley and the

third 1ib at said maximum insertion, and wherein each of said seal assemblies further

comprises a glass sealant along the valley in said void that contacts the surface of the

valiey and the third rib. ‘

15

2. A fuel cell stack according to claim 1 wherein each rib has two inclined side wails.

3. A fyel cell stack according to ¢laim 1 or claim 2 wherein at least one of the pair of
ribs has a distal surface that also contacts the opposed plate at said maximum insertion.

20
4, A fuel cell stack according to any one of claims 1 to 3 which is a columnar stack

and said one of said surfaces is upwardly facing.

5. A fuel cell stack according to any one of claims 1 to 4 wherein the glass sealant has

25 acomposition range of 0-2 wi% Li;O, 0-18 wit% NazO, 2-25 wt% K0, 0-4 wi% MgO, 0-
15 wt% CaO, 0-10 wt% SrO, 0-30 wi% BaO, 0-25 wt% B0, 0-10 wi% Al:Os, 30-75
W% Si0; and 0-10 wi% ZO. |

6. A fuel cell stack according to claim 5 wherein the glass sealant has a composition
30 range of 0-0.7 wt% LiO, 0-1.2 wi% Na;0, 5-15 wit% K10, 0-2 wt% MgO, 2-12 wi% CaO,
0-2 wt% Sr0Q, 2-10 wt% BaQ, 2-10 wt% B;0;, 2-7 wi% ALO;, 50-70 wt% Si0; and 0-2



valley and the third rib. 15 2. A fuel cell stack according to claim!]
wherein each rib has two inclined side walls. 3. A fuel cell stack
according to claiml or claim2 wherein at | east one of the pair of ribs
has a distal surface that al so contacts the opposed plate at said nmaxi num
insertion. 20 4. A fuel cell stack according to any one of clainmns | to 3
which is a columar stack and said one of said surfac2s Deenibhar2tiOp
facing. 5. A fuel cell stack according to any one of claims 1 to 4 wherein
the gl ass sealant has 25 a conposition range of 0-2 w % Li 20, 0-18 w %
NazO 2-25 wt % K20, 0-4 wt% MgO, O 15'vvt'/_’{S_CaO, 0-10 % SrO 0-30 wm %
BaO, 0-25 wt % B203, 0-10 w % A1203, 30-75 W% Si 2 and 0-10 wt% ZrQ2. 6. A
fuel cell stack according to claim5 wherein the glass seal ant has a
conposition 30 range of 0-0.7 w% Li 20, 0-1.2 wt% Na20, 5-15 wt % K20, 0-2
wt % MO, 2-12 wt % 0-2 W% SrO, 2-10 wt % BaO, 2-10 wt-/a B203, 2-7

Wt -/0 A1203, 50-70 W9 Si 2 and 0-2 29 December 2005 -15 wt% 7-r02 7. A
fuel cell stack according to any one of claims 1 to 6 wherein the gl ass

seal ant is fullyy ol § &R QU GRS t8hny@nd HRGRAT 1dsSHRinlREIRPShRk i
tenperature range of the stack of about 700 to about 1100C. 8. A fuel

cel | stack accor dfelbgmelign byt gisoepsat pispantye infhe oppiaing tanpsraiiFiragee of the Y45k ab) t en
but viscous ats afwutber D eatiyéeci N the range 700 to 900C. 10 9. A fuel cel
stack according to any one of clains Ito 8 wherein all of the plates are
ceramic and the ribs are formed by screen printing a slurry of the rib

material in a binger A allidack d@sddpab chit BwlickehCBE glasa Belladiy fullg malteh bhai 1 i ng
the resultant strycture. 10. A fue according to any one of

cel | st
cl'aim 1 to' wheepHizny Egperie aiferms i

10 9. A fuel cell stack according to any one of claims ! to 8 wherein all of the plates are
ceramic and the ribs are formed by screen printing a slurry of the rib material in a binder
onto the respective surfaces, and drying and firing the resnltant structure.

10. A fuel cell stack according to any one of claims 1 to 9 wherein all of the plates are

15 ceramic and the ribs formed are respectively of the same material.

11. A fuel cell stack according to claim 10 wherein the gas separator plates are formed
of zirconia containing up to 20 wt% alumina.

20 12, A fuel cell stack according to claim 10 or claim 11 wherein the ribs on the fuel cell
plates are formed on the electrolyte and the electrolyte is yitria-stabilised zirconia.

13. A fuel cell stack according to any one of claims 1 to 12 wherein the fuel cell stack
is intemnally manifolded for the incoming fuel gas and exhaust fuel gas and each aperture

25 through the fuel cell and gas separator plates for said incoming fuel gas and exhaust fuel
gas is surrounded by a respective one of the seal assemblies on a cathode-side of each pair
of adjacent fuel cell and gas separator plates.

14. A fuel cell stack according to claim 13 wherein there are two exhaust fuel gas
30 manifolds and the seal assemblies around the apertures therefor cach have an arm

extending away from the respective aperture towards but spaced from the incoming fuel
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cell stack according to claim15 wherein the closed |oop is shaped to
direct the inconing fuelgﬁgs over the anode. 10 11. A fuel cell stack
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the seal asseﬂplies an ousing in which the stack is disposed.
17. A fuel cell stack according to claim 15 or claim 16 wherein the incoming and
exhaust oxygen-containing gas manifolds are defined by the periphery of the plates, the
scal assemblics and a housing in which the stack is disposed.



