WO 03/ 007400 PCT/ AUO2/ 00940 Seal For A Fuel Cell Stack FIELD OF THE

| NVENTI ON 5 The present invention relates to a seal assenbly for separating
gases i n wofoam@b74e@l | stack. It is particularly applicabl ecroyeoed4di ng
gas-tight seals between the faces of conponents in a stack of planar

sol i d-oxide fuel cells. 10 BACKGROUND CF THE | NVENTI ON Sol i d oxi de fue

cell stacks operate at el evated tenperature using both fuel gases and

oxi dising gases. A single stack is forned by stacking a plurality of fuel
cell conponents together with interconnecting nmanifolds to all ow
respective fuel and oxidizing gases to 15 fl ow between conponents of each
cell. The cell conponents include alternately arranged fuel cell plates

and gas separator plates, w tsﬁﬁffﬁg@ﬁgfﬁ;éﬁ%ﬁpanen to separate the
: i struc

gases flow ng through the stac I ona ures are also required to
guide the flow of the gases over the fuel cells and to regulate the
spaci ng between adjacent plates of each <cell. 20 Difficulties have been
encountered in producing a reliable and robust seal between facing

surfaces of he gas separator plates because of the
difficult m%%#@mm&& he seal needs to operate. 25 Solid oxide
fuel cel4 stacks operate at typically 700 to 1100C, preferably 700 to 850

or 900C and it has been proposed to formthe seals fromnolten or sem
mol t en gl askhe pessint inyertibnatelatesrio acealpesamidy fet sepaatifig gases) irsa fifeh celd statk.t e

fuel cell and gas, separat pl at.es. An _.axial., conpressiye force needs.to be
appl i ed to ' RETSEAER APpficspleto BreV i o Han! Srls hEbVeBaRt FErs BhACTaRIERNS in 3

conpr essi Vestdd Fpladas solidaskiddicbédiRct 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 haviao 'ﬁA%ﬁmﬂVﬂ\%ﬁWfoﬁBﬁwZ/ 00940 -2

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 gases 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 850 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



to the axial conpressive force induced throughout the stack, the additional
wei ght of the plates above themalso tending to squeeze the sealing

mat eri al Wooswbabeeen the nmating faces. 5 It has been prepesad2p0@4pr oduce
such a seal by mixing a glass powder with a binder before positioning the
resultant sealing nmaterial between the facing surfaces, where sealing is
required. The sealing material may 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 t9-oxygen during warmup of the
stack, in order to burn out the binder and 10 develop the final seal. In
many situations it is difficult to deliver an adequate oxygen supply to
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functional seal. The burn 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 indicate that this means of

20  spacing is unreliable for long term operation. The sand also compromises the density of

the glass seal.

An 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 alternating 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, wherein each of said seal assemblies comprises a

pair of rigid ribs projecting from one of said surfaces with a valley defined therebetween, a



third rigid rib projecting fromthe other of said surfaces and nested
between said pair of ribs, said seal assenbly including opposed contact
sur f aces wbat/oenaoperate to define the nmaximuminsertion eCTtAw06b40d rib
into the valley with said third rib having a profile that |eaves a void
between the valley and the third rib at said maxi numinsertion, and a gl ass
5 sealant along the valley in said void that contacts the surface of the
valley and the third rib. Wth the defined seal assenbly, a | oad bearing

i nterlocking arrangenent of ribs is provitted that physically supports the
fuel cell and gas separator plates whilst ensuring that the glass seal ant
is not |oad bearing. 10 Advantageously, the ribs nay be designed such that

they cause thi rigithtibassjectilg fremt the eher DfIshidadurBodsngndupsiedi betwsdnogkd pair Of
the fuel cell and g S sepﬁyator plates. To faC|I|tate this, each rib
conveni ent [1PSt §Pessa a%é‘imlf’ dﬁ?lﬂﬁ’égr%’é’ﬁﬁ’@t Wéa% isaifaces dbairqpoperatsi tor dafine the ace
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di stal sur flees afvotdtbemteiam dlervaﬂ)lewadd ttheethird uif ax:smcbfnaKMNaﬂldeﬂmn, and a glass

Al ternat] veI the d surf f the thi rib and t sur e of th
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betvveena5|de vvaII of the third rib 20 and the surface of the vaIIey. In
ei ther of the above two arrangenments, the distal surface of at |east one of

t he pair ofWithitise dafengd atd esseorhl g etloadecanpg osedbgling arangernenta ribs isproraiddt he
| oad bearing., 25 .n a preferr enhodi.nent, a_ di rface.of .at .| east
one_of 1 ne sy pPegs e Top GElReuEE Sunpfu G il AR SL ! erdiS o
sai d surf acgglahtas dbt108d eRRged contact surfaces, with the void being
formed between at |east the distal surface of the third rib and the
surfacel®f the vall ey If the ribs are tapered sone of the glass seal ant

may be disp| ace n ng. Vol one _or bot si de .surf aces
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portions ofcaghiif cgpﬁ@{ienﬂy tgpgrg away from the respectlve plate towards a distal surface of the
rib. In this arrangement, inclined side walls of the ribs may form the opposed contact
15 surfaces whereby the void is formed between the distal surface of the third rib and the

surface of the valley.

Alternatively, the distal surface of the third rib and the surface of the valley may form the
opposed contact surfaces, with the void being formed between a side wall of the third rib

20  and the surface of the valley.

In either of the above two arrangements, the distal surface of at least one of the pair of ribs

may also contact the opposed plate in order to spread the load bearing.

25 In a preferred embodiment, a distal surface of at least one of the pair of ribs and a
respective opposed portion of said other of said surfaces form the opposed contact
surfaces, with the void being formed between at least the distal surface of the third rib and
the surface of the valley. If the ribs are tapered, some of the glass sealant may be displaced
into an adjoining void between one or both side surfaces of the third rib and the surface of

30 the valley. Most preferably, the opposed contact surfaces are defined by the distal surfaces



surfaces. Preferably, the fuel cell stack is a columar stack and said one
of said surfaces is upwardly 5 facing so that the valley between the pair
of ribs iwouwpmersddy open but for the third rib and the glPasTsA®eabant can
be readily disposed in the valley during assenbly of the stack.
Conveniently, the glass sealant is introduced to the valley as a powder
that is heated to nelt the glass after assenbly. 10 The gl ass sealant is
advant ageously fully nolten but viscous at a tenperature in the operating
tenperature range of the stack of about 746 to about 1100C, and nost
preferably the glass sealant is fully nolten but viscous at any tenperature
in the preferred operating range of 700 to 900C. One possi ble conposition

range for tdfebgthasgstheelindt ribs ard- theWelpdstidd opfost8 PN said- RABerb /440,
0-4 % MO, 0-15 mt % CaO, 0-10 wt% 15 SrO 0-30 wt% BaO, 0-25 wt % B203,

0- 10 wt % AIPORCes30- 75 wt % Si 02 and 0-10 wt % Zr02. More preferably, the
gl ass seal ant has a conposition range of 0-0.7 wt% Li 20, 0-1.2 w % Na20,
5-15 wm % K20, 0-2 wt% MgO, 2-12 wt% CaO, 0-2 % SrO 2-10 w % BaO, 2-10

W % B2O3, ZRréferdtly AL il cE0stdck wtadooBirfizar ardk Gnd salll Yne b khid 2@ fatbeishiphardly
shoul d have a suffjcient height to praqvide the desired s acing for the
respect i Ve fgag s thayireyalies betwrendbs baikpt riby istpwardty ppenbupetheithisd ribradmay
have a hei .t of., 2 0] p i.0 t u el |
and gas seggéé¥%§fgﬁg%gg&?%@3&%§§gﬁ%ﬁ8&%h§1g%é%h§¥§g& giggmﬁgv’gggk%gﬁwﬁ
fornmed of n@dmichieatlyrthe eylansisealamit ®rin@dductd té ke vdle avfa pebddrl that ivedeatedab,
the ribs and . vall e %f each seal assenbly could be etched on respective

si des of tH@elﬁF}%thé%s).éa &) $5¢'H8Pi vel y, in either case, the ribs could be
formed by depositing on the plate an appropriate rib material or precursor
material that would adhere to the plate. Thus, in the case of ceramc

pl at es, 19 helhe ghssragals fsordvedtapgousiyr 6dly prolten ibug viscebsimat p Ehpetwureiin 808

he r eoul { FESE, GErGPESreTHOSE |t ik Boion) BN ) Porill LROTHe aaros
ceram ¢ MlgEfelbAfhe difss"SRRRCK %y MBAPbO0AAN: BOl V0RO dicplratas.

for exanple zirconia.” In the case o gas separator plates, t zirconia
may operating range of 700 to 900°C. One possible composition range for the glass sealant is

0-2 wt% LiyO, 0-18 wt% NayO, 2-25 wt% K,0, 0-4 wt% MgO, 0-15 wt% CaO, 0-10 wt%

15  SrO, 0-30 wt% BaO, 0-25 wt% B,0s, 0-10 wt% Al,O4, 30-75 wit% SiO; and 0-10 wt%
ZrO,. More preferably, the glass sealant has a composition range of 0-0.7 wt% Li,O, 0-1.2
wt% NayO, 5-15 wt% K0, 0-2 wt% MgO, 2-12 wt% Ca0, 0-2 wt% SrO, 2-10 wi% BaO,
2-10 wt% B,03, 2-7 wt% Aly03, 50-70 wt% SiO; and 0-2 wt% ZrO,.

20 The ribs should have a sufficient height to provide the desired spacing for the respective
gas flow between the adjacent plates. For example, the ribs may have a height in the range
0f 250 to 1000 pm.

The portions of the fuel cell and gas separator plates incorporating the seal assemblies may
25 be formed of metallic or ceramic material. In the case of metallic material, the ribs and
valley of each seal assembly could be etched on respective sides of the plates.
Alternatively, in either case, the ribs could be formed by depositing on the plate an
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
30 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



contain up to 20 wt % alumna. Preferably the ribs on the fuel cell plates
are formed on the electrolyte and the electrolyte is yttria-stabilised

zi rconi a.wb 0Fhersbuel cell stack may be internally and/ or @exwraxusabéito
mani f ol 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 i ncom ng

10 fuel gas and exhaust fuel gas, and each aperture through the fuel cel
and gas separator plates for said incomhg fuel gas and exhaust fuel gas
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.

Advant ageouysthiys, fohekampleezitadBiaex iaust cdsel@If (O FadrBeatAbidplated thet AR08 RAMay
assenblies around the apertures t her ef or each have an_arm ext endi ng away

fromthe reoptdn ip b AGwWhnalyging. Poviaiebly thetibs patheduelesthnlates sradermadr thel

gas mani f ol i . ade - i oxygen-cont ai ni ng gas over
t he cat hodeﬁeﬁb&@%ﬁ@?ﬁg@%@ﬂg@&? gﬁ%%%ﬁ%%%ﬁ@ﬁae fuel cell stack is
externally mani folded for incom ng and exhaust oxygen-containing gas, and
a single_one of said seal assenbli extends in a 20 closed |qQop on an
anode si enﬁ?e é’ﬁﬁ ﬁelgaﬁaa< 812Vl H’&é’ﬂ@fﬁ %‘Qt/ Orc%tq?rn%\}ydnaagfoléé 4913the rm"_ﬁﬂnapésﬁnd
outwar dl y Ofypgad doRBET fiidl B SRUpBUSHY 1QX5tiAN rehe SERP abdARteds L AQR b adjusted
conveniently shaped to direct 'the incomng fuel gas over the anode.” I'n a
preferred exwhbodingtnt, the incom ng and exhaust oxygen-containi ng gas

mani fol ds are defined by the periphery of the plates, the seal assenblies
and a housing in which the stack is disposed. The manifol ds between the 25
periphery of th&geRkiBbESmABMintdAE (HAOKIST Y B BeniSRRAY alaftoldcameRehn@iigs bY
seal s. BRI EF DESCRI PTI ON OF THE DRAW NGS One enbodi nent of a fuel cel

st ack i hO acielr g exihansttfvel gasyend each sperturentmpish theGuelesstlr dnideghs fopamaty of

| | i.th_ref to th i ng. draw i i_ch:
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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:



illustrating the general orientation of cell plates and gas separator
plates within the 5 stack shown in Figure 1; Figure 3 is a schematic

per spect iwe 03ioemod ooki ng upwards at the cell plates and ga€T/AA®paseEd or
plates 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 plates as shown in
Figure 2; 10 Figure 5 is a cut-away perspective view of the top side of one
of the gas separator plates shown in Figure 2; Figure 6 is a cut-away
under si de vi ew 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
between the plates shown in Figures 1 and 2. 15 DETAI LED DESCRI PTI ON OF
EVMBODI MENTS OF THE | NVENTI ON Referring to Figures 1, 2 and 3 a solid oxide
fuel cell stack _assenbly 2 conprises a stack 3 of alternating fuel cell
conponent's, i n Higaefldp mpbm dey of fledvelcellgtagkid gas separator plates 30 20
held within at a ousi . p re.d | cal
and all of thng par%t%r&gl a leoésaegggcg?lggﬁl%gﬁsﬁgghe y%‘{ez%‘?lig“ t%grngyagéégk?ﬁdbe
20 to 500 of edlitstoking ks gerplraltoeientation ofieel$ pltds dhd dageSepgator phtesaivithiar the
supplied.at one axial end_of the stack assenbly and exhaust gases are

col | ect el at tﬁéacgtsﬁ%Wné‘hglgPW x co-current mani fol ding system Either end
s suitable forpiibe ssunploeddh fSREle LINCIbRAB ks HeneBal holdl Susem
may alternatively 25 be counter-current. In the c}lscrlbe co-current

enbodi nent, t heeparefor alatbsan thessampleixploded posithmtsishatvn ihEighmt 2;0m and t he
exhausts are at_.the top, but i.n nan L rcunstances it js eferred, for, the
fuel to be suppil€¥a % BFhPEHECHS: f”&???l%frﬁ ett%S’gFro(%toé‘eﬁé tﬂé‘hﬁ%{ platesas shPVRAt op
in a counter-qgygignt arrangenent. Alternatively, all of the gas supplies
and exhausts may be at the sanme end. 30 WD 03/007400 PCT/ AU02/00940 -7
Referri HYy to Filggures B a cutgwaygrhspeetive yibatod the tdpasida of nbs bétte gdsl sgparator

central, squar epla%Qs?ﬁl%wn in Figure 2;

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 each 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



| ayer on an upper face of the electrolyte-based cell plate and a
substantially central, square cathode |ayer on a |ower face of the cel

pl at e t o Worogioer4subst anti al ly square fuel cell 12. 5 The e@e€lriAypkatws 10 and
separator plates 30 have the same outer shape, which could be described as
generally trilobular, or part way between a circle and a triangle. The
shape <could alternatively be described as generally circular with three
rounded | obes extending therefrom Two of the |obes 74 and 76 are the sane
size and the third | obe 72 extends about750% further than the others
circunferentially around the periphery of the plate. At 10 each | obe 72, 74
and 76 a kidney shaped aperture (nunbered 14, 16 and 18 in the cell plate

and 15, 17 Resfetrih tbIFiphes 9ejoas,ada0h cpll 3lfe nospect suslalialex tanas idanruaibdehe
plate. The larger |obes 72 carry the |arger aFertures 14 and 15. A system
of rib or rpvggenspapeer Beaptihselichelyte-hesed call platransd asubstagtiplbe eentiahsqaers
flows wthi I - O Fe.l e
detai 1 15 umfE PGS g A o RS R R AN SR el
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
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the stack 3, and the_insid |1 of t housing 4.. Manifold 7 s forned
cosent |l | BERRBon WRABDIDeY 100 Hearaitig R size G81 i duidebt do Susiust
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| obes 72 and 76, respectively, of the plates. Air inlet naﬁifold 7 has an
angul ar 1@&xteach labkaR, 74 awbdbit kiRties 6baped apeture rambened Ehdie anfl 18 he thenellgditaust

ifolds 8 d., i ite the fuel inlet i stributi ifold 5.
Roopect | ve 10 gkt BnRP REitk Serar b e seedt vt axding® s B oeF i forcer
adj acent t hgbdsobesarridhe TAg@Pertfres PLLNEEH {Am@rst%hﬁ&m@o@n@getm?wﬁa%mu

iy
of the housing 4 to separate the air supply manifold 7 fromthe two air
col | ect i on fhensi ¢fothgsplgtes Titectsi heogps flawnvgthamghgsieght Bhegegede ast desuaibede
between th nid ol ds 7 8, but this is not likely 30 to be detrinental
to the opeﬁlae?eﬁ%anf[egf“%‘r%e @?q%cl:'k. WD 03/ 007400 PCT/ AU02/ 00940
15

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
volumes formed between the periphery of the stack 3 and the inside wall of the housing 4.
Manifold 7 is formed essentially between the lobes 74 and 76 of the plates, and the two
exhaust manifolds 8 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.



-8 The housing 4 is constructed of a suitable heat resistant steel sheet
material, which may be |ined with a suitable insulating nmaterial, and is
slid intowpamsioeidom over the stack 3 after the plates 10 aea/Al02/keme been
assenbl ed together. 5 In operation of the stack, fuel gas flows up through
the |l arger aperture 14 defining an inlet port in each cell plate 10 and
(at arrow A) across the face of the fuel cell anode, then divides its flow
(arrows B and C) to exit up through exhaust port apertures 17 and 19,
respectively, in the adjacent gas separat®dr plate 30. On the opposite face
of the cell plate 10 air, which has passed up the side of the stack 3
through the inlet manifold 7 between the 10 stack and the housing, flows in

(arrow D) friemdusgpessicohgitted oftawitahia GhatIedfthtatde siseet RBterhRGfisH miah®e
fuel cell cathode, in counter-current to the fuel gas fl1ow across the’ fuel

cel |  anoddneharigt & suitahlelingulating mpafesial, taad dscslid inge pesitiorEovern dherjtadly d aftehiae

peri phery ing up through the exhaust

mani f ol ds gh?%p?%g&fgghoflgﬁe %%%@Egggéﬁgéferring to Figure 4, the

generally planar cell plate 10 used in the stack 3 is shown in greater

detail. Thi square fuel cell 12 on_the plate (the anode is VISIb|e) has an
n
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ottria stamert D FrnecOninlo ahd FathrRhe Alor InE KT SAK el CUPLRIEE iR 2

known to t hhigides its tfhosy eermwsTBealﬂn@)je) esit pp ehughblexhaust ipok edpetives A md209,
cernet and the cathode is preferably a ep(jndu tive Perovskite such as

| ant hanum SETRSAEYSHn IR AAAGRMS SasTirpaifitiealr 48 din theerperife rapktheecelilatene
cat hode ar e oj;sivhlieh hit JakQr tlg‘f]sﬁe BP%he sPckc @atﬁl%luk? khelih 128 m%gl @]'ad7 BebwBEPIngCt

fromthe planar surface 24 o e cell plate 10 orm ng | ey or groove
22 ther b(betsiwkmnd‘[h@hsmri@dbwz@ (mrdvh ®) fame the laampﬂerymfrthasieclm an@ 5crobetheel |
use. ormed of_ zir i
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formed s eD%@H@'BéforE Qﬁwdﬁfgalf’épﬂl&v fd exnt farffW e %ntﬂ)'F Pogft1R! Pkl gﬂery%qh@ Stafll Bed
into integral rel ationship with the main bod ach rib 2 21 forms a

cont i nuous gadithengonginvingdpl thipyelo thevgxhaisy manife 68 ta fertoppéthestack16 and 18
t hrough the cell plate and around the perineter of the region which 30 the
fuel gas is permtted to contact. In particular, the closed | oop defined by

the ri bss 2RMEr13/ 100AENR £ AkZ4100BAar cell plate 10 used in the stack 3 is shown in
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 separately, 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



-9 and 21 is wai sted al ongside the anode to direct fuel gas fromthe inlet
aperture 14 over the anode. In all the Figures, the thickness of the

pl at es 10owando®@oand t he hei ght of the ribs are shown 5 @C&attiog/00940
exaggerated to assist the explanation of the conponents. In this

enbodi nent, the fuel cell 12 is 2500m®2, the cell plate is 150mthick and
the ribs are approximately 500m high, 1mm w de and approxi mately 2nmm
apart. On the | ower, cathode-side 54 of each fuel cell plate 10, as shown
in Figure 3, a respective 10 single rilb%84 (that corresponds to the ribs
20 and 21 in termof size and how it is fornmed) extends around each of the
apertures 14, 16 and 18 through the plate. Each of the ribs 34 around the
apertures hadands hBidhalsalangsaderthdbnddeab daxtieRielsgas Mvai tHe)inRP EpdrRivet A5véiBe
aperture 14 (but short thereof) alongside the cathode | ayer of the fuel
cell 12 to@843-st gui dance of inconing air over the cathode. One of the
ribs 34 is also shown in Figure 7 15 and the use of the rib seals is
described with reference to that Figure. Figures 5 and 6 show the pl anar
gas separ atlamllphaFiguis, ihe thitleaseof e phitds. 10l andR0gimd ehdheipitef tsdibome sﬁ&ﬁh S

t he upper, cathode-contacting surface of the separator plate 30 when the
st ac kppii ekt %@g%fma de ?‘W@é‘%ﬁe%’fﬂq%“%i(’f ghepgonppongnts o |In thip embgdipeat,ghe

project fr t @3 U t : Qrm
val | eys or qgéloéﬁle? géé@t% %er e ’egh\%ea‘%ﬁ. pqi %ﬁg& plef:a Eglsﬁg(?{ %gcggl}elt){elﬁé rg{eg%jéghglﬁga%?
cor r espond 306uthegh,i lmsm2ddea e &fproximattyy®@mof apgitze, spaci ng and how t hey

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

cel I plate dQelBRer, cEHBESLIY 84 fo'TQé?ch%el%ﬁ%ﬁét@tl@%s@hb&nﬁﬂ?ig%?@ﬁ}é‘fe@ﬁec%i@e and
19 each have a double-walled arm?25 39 that is closed at its distal end to

cooper ate winghe ahd4r(@veicoeedphedsionthgsibe20taheé 21 doterespiovizh ayl avi it34 for@red) he

I , de- tacti ' 32 of | at e. 30, i
b4z 1o SRR Ao ol e dRetisar o R e 2 thelat Tto g HBEpE s
to the ribsrathdaid apbrturbs BPah®BBha@fanSirae 33Nath@Mends inSvafdy BE todalsf 186 s
a continuous path outwardly of the apertures 15, 17 and 19 through the

pl ate 30 arfpervisubd (hwishpdrthereedralesigsidacthe egihode daygr of e fupd|celaks Woassist
03/ 007400 %%IAa%gg %f Qnoc%f'n(fng air over the cathode. One of the ribs 34 is also shown 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 is 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 arm
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 rib 42 is
shown in Figure 6 and partly in Figure 5. The rib 42 corresponds to the ribs 20 and 21 in
30 terms of size and how it is formed, and forms a continuous path outwardly of the apertures

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



-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 adjacent
fuel cel Iwploawe740® and cooperates with those ribs in for®CAp@2eead. 5 As
expl ai ned hereinafter, with reference to Figure 7, glass sealant 40 is used
in both of valleys 22 and 38 to forma seal between the ribs. Each
separator plate 30 is conveniently manufactured froma zirconia to
substantially match the coefficient of thermal expansion of the nmain body
of the cell plates 10. This 10 greatly-Afnim ses thermal stresses in the
assenbly during start-up, operation and shut down. The zirconia may be
yttria-stabilised, but could be, for exanple, an al um na-added zirconia

with up to i2femtibtediiowtinrt. Theowrlineontha ribsi2nmiregpods ki thaldryoveddigdvbaretheand
t he separatorzg;ate 30 has an array of 15 perforations 50 extending

per pendi cul™8s14P 35 Dlugih theranoglg ﬁ‘ilrf%qqlftfli%%‘ga‘ieﬁhfuebﬁ%u platq Eangd eoppgrptes with

electrlcaluﬁmgqﬁg ﬁhﬁﬁn§gg§dnaterlal These perforations may be forned by
| aser cutting occupy a region in the plate 30 which is directly
opposite the reglon occupi ed by the fuel ceII 12 in plate 10. The plug

mat eri al be netallic silver conner0| e ich is plated nto
he. per for 441 BHAABg beisaliet "Bt IRGHGT Cobiehts 1?%%%&6@ i€ ygpd In both
Al ternati veday[eg[,m z&ﬁi@%%hﬂﬁ%eaﬁ%&v&%ﬂﬁé digd with a silver alloy or a

sil ver conposi such as a conposite of silver or silver alloy in glass.
Sui t abl e al |l oyi ng elenents i ncl ude gol d, paIIadlun1and pl ati num
for . exa

Al ternativ the be m X Iess st eel

as powder Sé%’grsep%ra %tFlﬂP Yﬁ ﬁor{vﬁ@efi& fna)arng{z}c § fipn - ziroouia & zﬁ‘fﬂ?séarfgnﬁ?ﬁve
an aver age #4618 $heS &5 bl oﬂh&%m 'eﬁﬁm@fonamﬁé P bBy 3R ehd L8l plted 10miTﬁ§' al
seals the perforations to present a total cross-sectional area of plug

mat eri al0 i rgresily miningses dhernap strossgrip theeass¢bIynegings St@mmaoperah@a appposed

to the respgctivg el.ectrode asur of t he at e

The. et ect r ey PaeGlRblA 08 bs PHAF R EET pRl SRy RE AP pipfie HEHRs ol o1
IS preferatho@@ahﬁgmmdjoﬁwm@nmﬁﬁa|ve 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 maypaye. af, Yéon&g"él@&?lé‘&iﬂ/ gc%E{u'gtWe%/ 3340 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 silver (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 pm, 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 plate 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



-11 undercoating of Ag to assist the Ni to bond to the separator body and
to enhance the conpliance of the coating, and the Ag-Sn coating nay have a
Sn02 surfwoesjoemer . Such coatings, for exanpl e by screenPpmiAtiozngep4of
powder materials in a binder and subsequent firing, may act to fill the
perforations 50 fromthe outside so as to ensure that electrically 5
conductive paths are provided via the perforations fromone of the outer
surfaces to the other outer surface of the gas separator plate. By way of
exanpl e only, the nickel coating, the Adlcoating (if present) and the
Ag- Sn coating nmay have thicknesses in the range of 60- 100 m 20-200 m and
100-150 in, respectively. 10 An array of parallel ridges 48 is positioned
paral | el tamdegoatinig bf v & beaMthe Nihe KathedBe sepahRetiony A088 Gfahdetsi de
33 of each plate 30. These ridges 48 are each aligned over a corresponding
row of per fematiapes obthenogting: and 4hy AggStspoatingtmaxyhaveor 889k strfaseghyarat Sush,

about half of..1thecri 4 i -Qur. 2 and_5. The
P ages ap (Dehts oy SRR By NRen BRERW SFRYERer HaChAIE 1 dnd syliiiyent
pat h bet weefiviid)engyl acg tovfillethe pbrfomntidds HEAOAN e icdBEdesdd &toABsHS thaailddhgeayd

the fuel _cell 12, Second they provide physical @ support to brace the thin
and fragi | €oRENGHVE Reths a8 %Ylﬁe%glan%awf%@(ﬂom Som prg phithegader sustges 1 thene

narr ow spac I g t - The. ri.-dges
35 1t hus. necrertekaEfiac 6t B8 s RoBef (R0 B S Rle AP B pief Oetfe
The ridges th8 Agroatipg (ibprasedtphnd ths E-Sn boaging amd Ieava lthiche sy de tHer rangeaof 60-
conducti ve perovskite, such as the LSM material 20 of the cathode,

optional ly Ot me2 G290 i andgli00Je0 Hpdesnegivlbut 50m t hi ck 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
cover edl®y An asny @y pafalleprdgds| 48 isrgodigiencd Bartiet toahe apdoiv isoewed ip dreaddtleddet 0

i gur o conizelin i G b affeudl pEmehinlathabs (gt TR Hhere e alea over s
perform as &r&?é}cfn@lﬁ{g o bESLRIratidie BMATHES SRS Al -Ssncwaglﬁ%t 6d a@ﬁh‘(’)%@[bnf?‘khign,

plug materi al the perfiorations 50 or any ‘coati ng the an y
al so provi dophbalf ctithegidgpo A8 hhvy beenhremowdd inpfigures Arvad & dThe wahegels 14 perfovinde
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optionally with an _ '
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 50pm 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. Again, about half
25 the ridges 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
narrow 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 50pum thick) of nickel.



overlay (approx 50mthick) of nickel. WO 03/007400 PCT/ AUO2/ 00940 -12
Referring to Figure 7, a pool of glass sealant 40 is | ocated between the
ribs 36 awmoo3/oand is pressed into by rib 34. Each rib hastaucapened
profile with oppositely inclined flanks and a distal surface. A simlar
arrangenment applies between the ribs 20 and 21 and rib 42, but 5 will not
be described separately. During manufacture, the glass is introduced as a
powder and the stack assenbl ed before tqa stack is heated to nelt the
glass in order to formthe required sedl””"Thus, no binder is required. In
operation of the stack the glass sealant 40 is fully nolten but highly
viscous and is retained in the groove 38 by one of the following three
options not all shown in Figure 7. The gl ass advantageously has a

conposition, range . 10.of 0-0.7 w% Li 20 - 1.2 wt % Na20, 5-15 % K 0-2
o MO, 2[121“‘53‘\7\#%%%&%“6923‘ Phglogf g S%Wg Arisdasaen bf-%‘i*%?na}f‘%/é%‘im% ?anég? ARt o
A1203, 50- 49 pidsddIhidoyadisl 30- Badi b had Dépered pRITRe Wﬁhg%bﬂ?fé}[l}h RREAQN ki @nd

0 e

distal surface 51 of the rib 34 contacts the floor 5¢ 15 groove 38
| eavi ng at d datgl susfaseof sipelar pgiiesnsnt applich betiepn B riiserangf2 1t anel i AAKw1t58

of the r e I i i | surf s 60 and 61. of .rihs 36 and 37
ol ear o™ REMERR defbeldetaiefl; SpRnedip BEGT " Wi & irlogieflls Qs
seal ant 40 anduhe stack hsdetibiaibdiyresitie kack id BRSO mbR e gRsd eordpatetbrinl RBKS
52 and 58. 20 In a second, and preferred, enbodi nent option shown in dashed

lines in FitgQitedmeal nkhugj ae Amdersigrequited. Epopmiatianoidhe siael thermass sedlrntlrif ace
54 | i . g . f .
i star sur oy niih QR viodq ANH (el $Bindhiookd Sy by WM WAL
be L et ai nedhheto‘lpﬁ‘ems mdtatllckhsw?lin ;Eiguf)ea%emelgl?is ddlvanta'gédmufsli{# haﬁd cgﬂémpoii’aimggar@gé
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flanks 58 J@a%i®9%.40s9) FE@,' 2-519%%%032 -ﬁ@«%%%ﬁlé%?lwm%g%fﬁéf -2 Wi%

surfaces 54 and the dista

surface 51 ear of oor 5 is case
t he seal antZrQ. woul d fill the vol une between the distal surface 51 and the
fl oor 56.

In one embodiment option, the distal surface 51 of the rib 34 contacts the floor 56 of the

15 groove 38 leaving at least one of the flanks 52 of the rib 34 clear of the flanks 58 of the
groove and leaving the distal surfaces 60 and 61 of ribs 36 and 37 clear of the basal surface
54 of the plate 10. In this case the glass sealant 40 would be retained by surface tension
between the spaced flanks 52 and 58.

20 Inasecond, and preferred, embodiment option shown in dashed lines in Figure 7, the distal
surfaces 60 and 61 contact the basal surface 54 leaving at least one of the flanks 52 clear of
the flanks 58 and the distal surface 51 clear of the floor 56. In this case the sealant 40
would be retained between the distal surface 51 of the rib 34 and the floor 56, with some
displaced outwardly to between the spaced flanks 52 and 58.

25
In a third embodiment option, both flanks 52 would engage corresponding flanks 58
leaving the distal surfaces 60 and 61 clear of the basal surfaces 54 and the distal surface 51
clear of the floor 56. In this case the sealant 40 would fill the volume between the distal
surface 51 and the floor 56.

30



30 WD 03/007400 PCT/ AU0O2/ 00940 - 13 The descri bed enbodi nent provides a
stack configuration which is sinple to construct and has substanti al
flexibiliwgposmomoentrol of the gas flows to, from and over PChatoedv4eel |

el ectrodes. It uses a relatively small nunber of conponents and the sliding
interfaces provided by the fibrous seals produce nmuch | ower stresses
during thermal cycling. 5 Wilst the above description includes the
preferred enbodi nents of the invention, 'é is to be understood that many
variations, alterations, nodifications adror additions may be introduced
into the constructions and arrangenents of parts previously described

w thout departing fromthe essential features or the spirit or anbit of
the i nvent i'ldr. des@itfedrenehodipére pravidespr sdolircoefigentiadiviehtis biamls pamatrost and

Chrom t ot 42 SLPHFA R i SPPVL it 0 A9 Her GOy BUGRYCioter Fomeal

sel f-al um nilskidbest # Me8SSreddtBRly sthll Gubder @ﬁ B@ﬁb%éﬁfts Eﬁﬂatﬁeuﬁ dll‘i%9 llﬂteﬁﬁc%@k
descri bed herein are disclosed and cl ai ned copend |$g nt er I onal

pat ent applireddedhy thei fitseuscssals produge nylchém@wstrhssemdmn el icgiclin@xi de Fuel
Cell Stagk Configuration and A Fuel Cell Gas Separator Plate, respectively
claimng priority from Australian provisional patent applications PR6344

and PR6365 whilktatle 48ovbdescitfidh, indlndes the eDNERb&fimRalk bf dhe BRERGOREREHNY
I nternational patent 20 applications and of their US national phase

equi val ent deainrdersieast gt anasy Yesiadipps, mjterations riepdifications indfor pddgions may be
'l'Jnder st OOd,,lh@@&dlc,@@ %5 tﬁ@ gom&gtlon%oe{ﬁéa;%—faﬁﬁer{)%ﬂg of ggﬂtsa#)fegﬁ%ls UCPCQCH d \grdgchué

conpri ses , alre eciticatl

cont ext recﬂa:pamslgfrza&qﬂiemesmlslefem ougie dp&itidﬂhﬁlhdeﬂtﬁegnt!émio)ﬁ the i ncl usi on
of a stated feature or features but is not to be taken as excluding the
presence’ of other feature or features. The reference to any prior art in

this speci figati léstlﬂaohjrt 1216 S{f%d@rm&ﬁt hhe s%?%%t%{s ﬁ%ateé‘r!m &€ KM sdgaent

or any form of 'suggestio prior art art t he conmon
Alternatively they may be made from a lanthanum chromite to facilitate electrical

conductivity therethrough, or from a self-aluminising stainless steel.

15 Other aspects of the fuel cell stack described herein are disclosed and claimed in
copending International patent applications filed concurrently herewith entitled Solid
Oxide Fuel Cell Stack Configuration 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

20 applications and of their US national phase equivalents are incorporated herein by

reference.

It will be also understood that where the word “comprise”, and variations such as
“comprises” and “comprising”, are used in this specification, unless the context requires
25  otherwise such use is intended to imply the inclusion of a stated feature or features but is

not to be taken as excluding the presence of other feature or features.

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

30 general knowledge.



30 general know edge. WD 03/007400 PCT/ AUO2/ 00940 -14- CLAIMS 1. A fue
cell stack conprising alternating solid oxide fuel cell plates and gas
separ at orwploawenost acked face to face with one or nore seCTad®ei4d es
provi ded between 5 opposed generally planar surfaces of each adjacent pair
of said fuel cell and gas separator plates, wherein each of said sea
assenblies conprises a pair of rigid ribs projecting from one of said
surfaces with a valley defined therebetween, a third rigid rib projecting
from the other of said surfaces and nestldd between said pair of ribs, said
seal assenbly including opposed contact surfaces that cooperate to define
the maximuminsertion of the third rib 10 into the valley with said third
rib having@smme§ile that | eaves a void between the valley and the third
rib at said maxi numinsertion, and a gl ass sealant along the valley in said
void that contacts the surface of the valley and the third rib. 2. A fuel
cell stack jaccor di C h r| wa n1th 15
respective pI at é&it@g\l/atrc slt%l n&gmal%{wsef gglgl%o g Sﬂe rl)‘EC?e %ué} #ﬁué’ﬁ ?,seﬂl st%8ck
accordi ng tsepathtat mazesv\dwdl@d Hadento! fasedithiote otahdr® sedl dskanbliddSprbeidsd befen
opposed cont act surfaces wherehy the void is fornmed between the di st al
surface df APresedigsne@lly iplanansuriases ef gachadiasentingir faaidetpel ol and gastsgppratos) |
stack accor t

Third rib doeenaRedh 2hd ok Kol h b ppb b DS il it BEfedine in
and t he voidbeiof saideBUlﬂfﬁdesb@tth&e\Fallay ﬁbﬂﬁedl\ﬂllefebelfweEhEa thitd dgidi dib pﬂﬂedﬂm@ from
surface of the val|ley, 25 5. fuel cell stack, acc rd|n to clajm.3

clai m 4 whéhepthes pfsaid %Jfffglp %fﬁéff}fé‘@ d etwigen spid pair of gigs.cp1d; 1ral ﬁawbla;fm?l}l%g

al so conta 1
or claim?2 g%@?ﬁﬁ%ﬁﬁ?%?g?égﬁffg@%xﬁ?ﬁyﬁb1§ggFrﬁone%n?ﬁﬁﬁgﬂhggghgpﬁ#?gg‘
and a rHspantoithe vajpyosidd sgd thirdomb hivm@a druﬂldﬂﬁlat hsbvessaa id beﬁ\mea she walley aB0

t he oppose et ween l.east. th

ntact surfaces and. the v0|
i ot o oo G 5 50 A B g PO B PSSR BH RS S Yy it Sakd Vol
that contacts the surface of the valley and the third rib.

2. A fuel cell stack according to claim 1 wherein each rib tapers away from the

15  respective plate towards a distal surface of the rib.

3. A fuel cell stack according to claim 2 wherein inclined side walls of the ribs form
the opposed contact surfaces whereby the void is formed between the distal surface of the

third rib and the surface of the valley.

20
4. A fue] cell stack according to claim 1 or claim 2 wherein the distal surface of the
third rib and the surface of the valley form the opposed contact surfaces and the void is
formed between a side wall of the third rib and the surface of the valley.

25 5. A fuel cell stack according to claim 3 or claim 4 wherein the distal surface of at

least one of the pair of ribs also contacts the opposed plate.

6. A fuel cell stack according to claim 1 or claim 2 wherein a distal surface of at least
one of the pair of ribs and a respective opposed portion of said other of said surfaces form
30 the opposed contact surfaces and the void is formed between at least the distal surface of

the third rib and the surface of the valley.



WO 03/ 007400 PCT/ AUO2/00940 -15 7. A fuel cell stack according to any one
of claimse 1 to 6 which is a columar stack and said one of said surfaces
is upwar dWwp oBacisng. 5 8. A fuel cell stack according to amgTov®20694¢| ai ns 1
to 7 wherein the glass sealant has a conposition range of 0-2 wt % Li 20,
0-18 wt % Na20O, 2-25 w % K20, 0-4 wt % MgO, 0- 15 wt % CaO, 0-10 wt % SrO, 0-30
wt % BaO, 0-25 wt % B203, 0-10 wt % A1203, 30-75 wt % Si 02 and 0-10 w % Zr 02.
10 9. A fuel cell stack according to claim8 wherein the glass seal ant has
a conposition range of 0-0.7 wt % Li 20, -05%. 2 wt % Na20O, 5-15 wt % K20, 0-2
w % MO, 2-12 % CaO, 0-2 % SrO 2-10 wt % BaO, 2-10 wt % B203, 2-7 w %
A1203, 50-70 wt% Si 02 and 0-2 W% Zr02. 15 10. A fuel cell stack according
to any one of clains 1 to 9 wherein the glass sealant is fully nolten but
viscous at a tenperature in the operating tenperature range of the stack of
about 700 tb abowtudxstctackrecordingep ang|one of staimad dortdwhightis aciobimmar Gtack
wherein th I | .ant ut 20 viscous at any
tenperaturganlg'n Oél%ﬁ)gﬁ%gsyggcetsggg%%%gygan \ fuel cell stack according to
any one of clains 1 to 11 wherein all of the plates are ceramc and the
ribs are_forned bé@egr en printing a slurry of the rib material in a binder

onto the respectd Flaele 4CCORHAE i %‘erﬁleéﬁ alafms i gy 7orhereiadin elagsscalant has
structure. eonhithl Ml 6E0b WELkOARIAINARLLG, 20X \AREKED, CUATENG., 12

wherein all S are cer forned are res ivel y
of the sanﬁlm%r(ﬂal) 0-18.wtt6 Su@] 086! W% Bk ()a@i:m‘t?z[i BgO4, @-t0 ait¥%h ABOshBOgHN

t he gas separator plat re formed 30 of zirconia containing up to 20 wt%
al um na. M%W %M@QOOMO -16 15. A fuel cell stack according

to claim13 or claim 14 wherein the ribs on the fuel cell plates are
formed on the electrolyte and the electrolyte is yttria-stabilised
zirconi® 9. A fuel cell stack according to claim 8 wherein the glass sealant has a composition

range of 0-0.7 wit%o LixO, 0-1.2 wi% NayO, 5-15 wt% K»0, 0-2 wt% MgO, 2-12 wt% CaO,
0-2 wi% SrO, 2-10 wt% BaO, 2-10 wt% B,0s, 2-7 wt% Al,O3, 50-70 wt% SiO, and 0-2
wt% Z10,.

15 10. A fuel cell stack according to any one of claims 1 to 9 wherein the glass sealant is
fully molten but viscous at a temperature in the operating temperature range of the stack of

about 700 to about 1100°C.

11. A fuel cell stack according to claim 10 wherein the glass sealant is fully molten but

20  viscous at any temperature in the range 700 to 900°C.

12. A fuel cell stack according to any one of claims 1 to 11 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 resultant structure.

25
13. A fuel cell stack according to any one of claims 1 to 12 wherein all of the plates are

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

14. A fuel cell stack according to claim 13 wherein the gas separator plates are formed

30 ofzirconia containing up to 20 wt% alumina.



16. A fuel cell stack according to any one of clainms 1 to 15 wherein the
fuel cell stack 5 is internally manifolded for the incomng fuel gas and
exhaust fwelo3gemomand each aperture through the fuel cell pamchyasomepar at or
pl ates for said incomng fuel gas and exhaust fuel gas is surrounded by a
respective one of the seal assenblies on a cathode-side of each pair of

adj acent fuel cell and gas separator plates. 10 17. A fuel cell stack
according to claim 16 wherein there are two exhaust fuel gas nanifolds and
the seal assenblies around the apertureslbherefor each have an arm
extending away fromthe respective aperture towards but spaced fromthe
incomng fuel gas manifold and al ongsi de the cathode to guide

oxygen- contidi ni ng figdseldv@ek hew@rding todgim 15 ol Sainf 14 Ylerd@tte samkha 6 cell Y
to claim16 or claim17 wherein the fuel cell stack is externally

mani f ol ded Hldes agdomiadoerathe cleghialyta andhgyelacted e as vituiaystgbibisedarcanisi ngl e one
of said seal assenblies extends in a closed |oop on an anode side of each
pair of adjacent fuel cell and gas separator plates outwardly of said

apertures tig ough fiidiecplsaickacco2@ing %o ady bnwedf daikds IStoarkwhereny e figel tcoll Gtagk m
18 wherejin the cI?sed | o i haped to direct _the incom ng fuel gas over

0 I S
t he anode. lmtemahﬁgranéfelqué% 1Bcopaifiey seoard sxhausistugh 238 and Ragh apparei n

t he i ncom - 1.0 S { ol '
the pori phariin (pRrE RN RrRoaRRk I AL 38 LD 591 PR EndRARE AR o
the stack igasdd sposeded by a respective one of the seal assemblies on a cathode-side of each pair

of adjacent fuel cell and gas separator plates.

10 17. A fuel cell stack according to claim 16 wherein there are two exhaust fuel gas
manifolds and the seal assemblies around the apertures therefor each have an arm
extending away from the respective aperture towards but spaced from the incoming fuel

gas manifold and alongside the cathode to guide oxygen-containing gas over the cathode.

15 18. A fuel cell stack according to claim 16 or claim 17 wherein 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 closed loop on an anode side of each pair of adjacent fuel

cell and gas separator plates outwardly of said apertures through the plates.

20 19. A fuel cell stack according to claim 18 wherein the closed loop is shaped to direct

the incoming fuel gas over the anode.

20. A fuel cell stack according to claim 18 or claim 19 wherein the incoming and
exhaust oxygen-containing gas manifolds are defined by the periphery of the plates, the

25 seal assemblies and a housing in which the stack is disposed.



