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7 ,b@ll; £45903 -1- Fuel cell stack and sealing for
é?ﬁe 899%?

stack and production nethods for such
devices 5 The invention relatgs to a sealing for a
gas-tight connection of two elenents of a fuel cel
stack conprising an electrically non-conducting spacer
conponent and at | east one solder conponent solid or
Vi scous over its entire extension at an operating

el @iﬂkeanooé?élfﬁg fforg quF%éuo s;ttg%‘g:é ?H)g' éy%’tf?éhpgtho for such

spacer conponen |'eas

devéicesyel cel|l stack to be connected in a gas-tight
manner. 10 The invention further relates to a fue
cell stack conprising a plurality of repetitive units
st acked in t he axi al direction and at | east one

'Iﬁ%gh#l 18 %Ifa%sqg {;{éa‘ﬂﬁ# (fe&rgé]e glﬂ%gof ?c%tl\ééﬁ oé?\gﬁ rTFements of a fuel
cell stack icgralownm on eteotritaliy mcngconquaw spEoEpoompdneatahdit least one
th t
s A S AT —
of therfeeltaell steck ahd cbuglingdbé bpadenckmpdient itnaidadst@ne of the elements

of H{etfngl cefl%ka%k?ébégo&e%ﬁ%ﬂﬂ%&a% tg[ﬂ[ oduci ng a sealing

RS two el ement's
of a fuel cell stack, the sealing conprising an

T‘F]leqmé'n'tlﬁrgmsr% r He%}eg %‘%ﬁgn tcglg t?alglg gcgr%p@ﬁ? %& r%l@? gerggttatitive units
stacked it hheeaxakﬂeeISDo randtatéeasb pee ataling foeapas-tghtr@naéction of two

oAy BB BRI D BB 3EA B R
spaedr Qpemonestt arckal least qmssoldgmwnmmt coupiliegithe @’tdnede compo-
n@htstg at %a@% gnc'e éﬁhgegﬁfetﬁ?s ac1%r g&gpp &83%%%?{' Cel |

ack conprisin unlts
stacked in an aX|aI dlrectlon and at | east one seallng

iRk PR L8] RIS Ehabor s st
connestibn pf tvm eleorei 0f adua pat stack ptheosealing amdpﬂztlnd; aAwectrically
I .
o8380RAIAR0 SERTERRRRR3A el 436 BARGPFhef S s
overdtskendinalextensigi ah:gp bberaSmnteerpecatoreosfeing fuled calt sthdesﬁd coupling

o8yt LIFALATRILCRA B SRRSE el b R0 e ot con

stagk it 2 gas-tight mmartieod f or produci ng a fuel cell stack
conprising a plu- rality of repetitive units stacked

in an axial direction and at |east one sealing for a
Thaénvenfigrhalse celates to ermethod fap ped>cmtlmgtasftmf cdlhetadkiedmmiging a plu-

S5 mbGe R SAREPIPA SRR 55 FPehiBinphing o o
tightl adenedionyd hem elecoantd bhithe fuel cell stack, the sealing comprising an elec-
trically non-conducting spacer component and at least one solder component solid or
viscous over its entire extension at an operating temperature of the fuel cell stack and
coupling the spacer component to at least one of the elements to be connected of the

fuel cell stack in a gas-tight manner.

The invention also relates to a method for producing a fuel cell stack comprising a plu-
rality of repetitive units stacked in an axial direction and at least one sealing for a gas-
tight connection of two elements of the fuel cell stack, the sealing comprising an elec-

trically non-conducting spacer component and at least one solder component coupling
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PRTIDERTO001983983 - 2- the spacerconponent to at | east

one of the elenents to be connected of the fuel cel

stack. Planar hi gh-t enper at uree fuel cells (pSOFCs) for
converting chemcally bound energy 5 into electric

energy are known. In these system oxygen ions pass

then spacghcompopEntdost deast oae e thopipmeniscioriapaneceiff \pf fl fuel cel
ot n1and react with hydrogen ions to formwater on the
other side of the solid state electrolyte. Since

el ectrons cannot pass through the solid state

PRAe a@e%hﬁ)ﬁ%%élfﬁ&t diis (B@b?@%) fr BhldriiE BEeitally bound energy

gener e used carry out electric
inorlecirio erleegyt aredesway 18 taﬁea@ﬁ&ﬂn p¥ydendonsopasy taroygla solid state

e%cﬁr%fy[e ééﬂn%agl;édorﬁpﬁpﬁgrﬁgné%éc@mﬂ h%r%?éﬁ idhs|t@&stm Wéter on the

e two el ectrodes and the electrol yte ,
oitheer rsisfecofrthel solichstate NERrqlytaeRbra sieckpRs £y pass through the solid

?fté g@ee%ytze ante é?éctﬁ@ﬁ&@mlé?Qlf@?énc@Wb%/ﬁétb@ RBich dahWealset Yo carry

ive units consistin fluid duct

asit electrln mesk i etectipdes areoattaﬁh%gq the golid statmelpeieqlyte anfl spppected

t?ﬁﬁ te?e%ﬁlc mﬂzshe The Q:SHbHaYSn BinbSw6 %I&frbé;e% aH¥ehd @fe@ﬁvolyte |s referred
Ids pass to %¥%acent repetiti

tomp MEA (r hﬂ@"‘@mnﬁcﬁiﬁifit@b/t%ﬁsiqfi@w epert Q@Iogjlﬁqalta@pléﬁa@orp%a plurality
qiﬁeﬁ%ftl(lg n&Q cdn Qtr@obfaﬁll@xl %ﬁﬁdu&@ru@@%st HA® 2ldcttict ddntacts are

at es aveto be provided with seals so that
cormbirted fodarm a 3tpgkn THRGSBRIEVR UNSS KBTPHES aPa7kiTe gough which the

ffuﬁ:g,%e{sg% cbAt %bbﬂ&etﬁltgh?hé%hﬁda@kbﬁﬁ the edpetifi® units are re-

operating principle of high-tenmperature fuel cells.

faed toeasl Bipelaeplatégui red to be gas-tight 20 in case of

over pressures of up to approximtely 0.5 bar, to be

usable in a range from- 30C to 10000C t her mal :
Thechnasilseinathe Hirstay- platem havade der rpvided witiseals %5%/ that the fluids

\@ﬁﬁ’r{ ?‘?éi ?ta&&&@n& k. %go@so 1rer§'eﬂt%9relah§%$c€&lesse%%p@ds’ét feom the

gas chanber fromthe air er they have ,
aperdfiegfoneiele obhigh-tamperatur fuglicels. iTee sg@ls ?F?efeSH%e%tSrR? gas-tight
ih G4 b %rpr@fﬁl % &ip t@%prcgﬂn&t'é@/ ®5 ber, t@@@@sa&éirﬂ@hr@@ from -

resi st ant seal s are inserted between 2
308pelpi 1.00& Curtiarmatineycligplde angvieng-teren @eP'Pufehﬁl'sﬁ“me of approxi-

rr &a&‘é Bod MR Mdidte" ﬁr%%‘é“éls ts@pSafh theOfude Gas icRE@ber from the air

g€ currents in the stack reduce its perfornmanc

@agibee hayhhavedal be treed joh antateriabwhish ds. ﬂb@@ooﬂenhﬁf}ﬁ’e reduction
r@'sn'é.fég{ afE Shahk OfHer IhaAd, BdddlioRTrediftgntl Wahe 68415 afd AE&tKbetween

posed to a conpressing restraining force and therefore
taviepetdiverunits flagy elie hayp|tp clecticady ingulata drany it repRet to each

H@r s’.]r?o%%él{?gé%u#?@ht& i ﬁetéﬂfck%fi@ceqBseper@ﬂ’h%deesbﬂaésﬂlhﬁgeals are

orce , for exa e, be realised
ioxmostrses disppeachin b direet meeharteal oask gtk h%éi'%ﬁ?& Slacy e
gﬁ%tehgorﬁﬁr%ggné $e§|%§'ﬁﬁ§ 'fo?l:e a8 tﬁe@féﬁéj haVd & &alhsfer the applied

ectric contact he 1 ndi vi dual npo- .nents

entaioina fercs diom hee p@eﬂbmwt:to F newb ok craid reséfﬁg‘t’@rﬁmce which

may, for example, be realised by an external restraint of the fuel cell stack or weights
above the stack is essential for a good internal electric contact of the individual compo-

nents and therefore for the performance of the overall system.

The seals between the repetitive units and the electrolytes need not be formed so as to
be electrically insulating since both components have the same electrical potential.
Instead, however, said seals are required to provide a gas-tight connection be tween

two different materials, often between the two different material classes of metal and
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nt% enthe repetitive units and the
P rok?//togg eed not be forned so as to 35 be

electrically insulating since,both conponents have the
same el ectrical potential. [ Ast ead, however, said

seals are required to provide a gas-ti ght connect i on
et ween t he

IR M T L .
PEAHADER0 6i74i0 l38 Bing 3ronc theadiffersnt t“ﬁbrnSalrmpék%ldrh@defﬁd'@Ms and heat
G810 o RBPHE T PR PR RSB FRELLIE ey o
fabteredadf fewplarlsgmtenmwitﬁrecstemtss oxaél dl’s(pétsmrﬂé’cﬂl@ﬁlb& |a‘ﬂ§yso(ODS al-
518 BAAE g 0,700 D 8Pbbds e A Bt 5 oy

mogued mtpepmstéctrve Is;taeehrsaccma}&ed/in&pﬁrﬁé @Ab®8im et |Ir¢¢nost cases

é/ct?rgéﬁgm% susrt% o) %’P fﬁ%bllﬁgﬁ egl%gﬁlgnh%g%,zyg%)e c|)tt m(ae)r/, however,

qtscnvmrd;mﬂ of\vbthier pra&tra(st lsueh laayfer 6xarﬁplé10§b;ahd|aﬁﬁ ﬁ/ﬂéﬂr&ﬁn or cerium-
el ectro

nt Ses
T RO e AN PRI GAT 91 the 1| DiePays 95the MEA and
thé bimmiar predeveveld ,so fat st bmsfwsﬁling%f re@li$s sdTa€ tHedbming is required
scand ytterbium or cerium

f

t§i’*§§“ﬁ§é@°§ﬁ?’?ﬁ%ﬁ@?}ﬂ%@ % appr oxi mation of the

thernmal properties of the MEA and 10 the bipolar plate

P BT ol 30 R R Rl B v
qtuiremleat ppofitep eAdt iogpsion Formisal siaalsolaﬁl krﬁwprfae@karﬂﬁlé @3k the WO
S RN AT - —
skals pE»saJtrm i wl'flcrrometjblam@lbartl\@rs%}@ﬂd@?@%ﬁﬂcﬁnectbﬂ to each other. In
ﬁ)g |l e mca egvant ge that rende ted, th
t(:orrp e Si %pé‘“@%%ﬁgeﬁs'&e Pes PR OdeCk ?‘h@r?"éﬁe}y ﬂ‘lj“s ed, the mica

spalstpeenﬂ;tlr@rsagmoblatlvghﬂb&méﬁt@%ﬁ‘dr@dhé @aﬂﬁ@b@ﬁhﬁeﬂ It-lb\ﬁever pure
[ ave to be

WP 34 oV icRaBaa Bl erkane TR s cpane casng Felnsgngs: for the
flueilsabne'@etvmeelnteetrﬁlcarmfdgthbﬂes@@:rﬂlé Jé.ﬁm@qoarmbrse@nd the other be-
ayve
WK RS P BRniRear o el e cSauboe pafhs hemera giferent
shiggestions ahighbeoweren, rbh&errmét&:oﬁﬁﬁeéshﬁet ﬁﬁé‘aoﬁeﬁ]]é ¥@er more solid and

er be- tween the
'b%asln tﬂghtﬁartnﬁefs °£mfﬁ%?' é@%@é@ﬂslaﬁ@ I3%he two | eakage
pat hs there are di fferent suggestions which, however,

bl I solid and
A SRR atotfori PRI BB sole dn eI paa [ssiae. Exami

nhtiets. ha®e révezmmthdt WeIDSdBiRY mb@bom@actmsn@m Ve hghiiSakage rates
am - nations have

f %Lﬁe er at y lrJ f\%éi%'%ggﬁlqr rr%é'sq?ﬁ @’5%25% isrfBe £Tushia of 81 ipdiyigual mica

[amhigdn dlueakagﬁtdnﬁteeaureaé)ioﬁs By vbht BB DEAIRAGE RS HFb&Sh the mica is
Th shi ng of the individual

oiRacs iy %S&F?'H@ RFH%e'?'%?rﬁ@rﬂagfﬂJY etegieradad- by whi ch
the | eakage path through the mca is

Another option for sealing high-temperature fuel cells is the utilisation of glass or glass
ceramics on the basis of SiO, containing major additions of barium oxide (BaO) and
calcium oxide (CaO) which are referred to as barium or calcium silicate glasses. Said
glasses are, on the one hand, chemically very stable and electrically insulating. Seals
made of a glass solder are cost-effective in their production and may be readily applied
to the bipolar plate using different techniques. Furthermore the glasses have a good

compensation capacity in case of varying joining heights. In this way variations of the
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PENIDE200G/00HO82bY t he seal ing properties are highly
deteriorated. 30 Another option for sealing
hi gh-tenperature fuel cells-i4s the utilisation of
glass or glass ceramcs on the basis of SiQ2
contai ning maj or additions of barium oxide (BaO and
jomﬂhg:gambbup tte’5¢ (IaO)an/\llm cotmpensatest withasd| prablenss. rar thenadiustment

of tﬁgcth%rm %e%og]a eﬂ‘ﬁ:\%@? of éﬁﬁ glasg @%Stﬁ te(?trtfr?? 821? hiaferials of an
SOFQJﬂhatpartgﬂ orSe:ahwetéEs:rmejhsa(gbn af theaasiditions deBa gndjor Cais used. In
thgsggllta}/zrﬁ %w e%/;%ng gln clagﬁrgreﬂ{ &dtHgtdu%]aﬁg%sr@a\ﬁ Wa&r@é\ga h the val-

at
ueseohtrneq:lﬂw méfermalﬁeﬂrmerﬁ‘éi)ﬁ(ﬁﬁa Sg?fh;:tbgglafﬁa@%af& Qystagoled smelts they
ﬁ S %?1 %rp {rﬁ: R ttgmgrglrag@'égﬂgou}’ﬁ%\ﬁﬁdqg defthdd P&int at which the
erEH’sftD!:‘s’iﬂlédleGih@B@es As knowni fragn gpaystallineugolide. Fis paiyasafise to the
e.cQ nsa 0 r
BRI ETS Heh e (UL B 2 i ol R HEREYS and more
comptersaed efitht firee antietwaratjacért| kipaar aratesscanaqtr@dpaaqsea@ short-
c [ t

o BB RaRDRI L ARERD i IRl S Re oy pariat
amteliéreioreermsuftﬁtrenm}eompgse sgldayge@sscm]tr@bma@gsggqf gipss soldges there

w ﬁ%lwaysu BS pr%glg ohiEhe &frhé?‘rosscm fof Q%S(?ﬂ:F@FC n‘i‘S@se of high

assSes are overcoo ts the
et loaus s mperaitiescThs patiaky rusiplisscaglass has a ther-

Sa%% JRC Bt gféa;ﬁ?oiumgte a%’ b Zq%?"‘[[{ Y whidd ‘?segbﬁ(rfr&nﬁ? @wver than

fromcr

men eef s e tehipolar grasm@fsaearoxrnnatelué 428 dOf 1K\, Whhile this ad-
vian e&?sll)) |e§%i§%( tt\é&%e@ﬁ Fr@er FeERIESREH \W\énhbondrng
acen | po 'ates contact and

thmeleetraiyte lobthte cbd t@ theouétal of the: btppgas plate it wilkdisngvamtageously affect
o{%gn%'%tag’t fﬁ?%o% R Bk rfﬁ'n(ibl gﬁ?%\ﬂ%ﬁes aRbMendency of the

art Fal here ore 1nsu oppose sai d
gtasede:fernsbuttbm isiof frtise dishdydriege 8o itdarses lrakage aqd fesults in a

Ir[]rrtg@gf o %gﬁt &raggse o%tgﬁt%tor}ﬁ% Q6GOME a\{fe(??rﬁ%rke ftd)Be %pplred for

h  nechani c oads and
Jdnnrgg ﬂat!eq:sethat\mcess glElse li}a'l’rter aldepling glement ISs@@'f@tP'aé@e insulation

r@? Scia?%a Wrc Qﬂﬂgﬁ A ?Hﬁgﬁrd"ﬁb& pFaSQLsé’oOéH Rxi mtely

|s signiticant ower than 15 that
of the netal of the bi pol ar plate (of approximtely

%%hé%? B gﬂre%eé eFeél_Qghlrdeéﬂl}qﬁ d;ga‘rti,er YRHARCAUSI g5 RBIABD ERample,

pressure straln when
it tredDE ¢ 01t1I6e04§| Attln arnayztcesera rreferabdy ceramyior ppwdes the peyyder grains

c{flurﬁ'r rpagJealﬁe Q*z@ ?tHef g%!o blsSAdy ahd & Eaemgr%'fére 2hp&9E of bearing a

€ connecti on
Mmqonslarnemtcatr@sglamld@naeadyowet trélll, ageerdingtte tmquﬁnm 16 046

’LPIE E'g(%fk?h Sdseldf’s H}ﬁ af gﬁﬁ%y%a&etoaa%pr&xuﬁﬁgﬁeﬁo pm. In addition

e and resul tation to a
ta@powdemgramlswaseoo rbmcbstrrmeed Meryvistifgrely fird theeglass ﬁf@der to accom-

a{t%ﬁ% b4 un .g?cééeaéftp?@r% d&&?s;y cef @Fé%eﬂls%?sthrs scale another

er a sea enent esirable the iInsulation
problem oceurs, namely the particle size distribution. This means that a powder having

a rated particle diameter of, for example, 100 pm will always contain particles which are
larger than 100 um as well as particles the diameter of which will significantly fall short
of 100 um so that not all of the introduced powder but only a small part of it is available
for the accommodation of a load. In this way the effectively used part of the powder
preferably added to the glass solder in an amount of 10 % is reduced. On the other

hand it is impossible to set a defined gap width of 100 um if some powder particles
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PEFIDERIFR0Pdg3i ch is greater than that of the

joining glass used so far. Settling can be prevented
by i ntroduci ng spacer elenengg_as suggested, for
exanple, 25 in the DE 101 167046 Al. In that case a
preferably ceram c powder the powder grains of which

- ' | ed d . ,
U 7110632 U TR 8 AL B i o
djstribgtiondk @essiblghTkeseharapheweven éxtrensetyc expinsiye tandttherefde seem

: . ' f [ 1. .
b M5 ol BRIl 28 B R e O
10e1§B4RIé tranamitshé dosel mmlchallxdi Issmrbanseglionge\rajig?t is ar?plied to the

i . . der om o : .
AL I 48 0 95507 40 e BB, TG i i
qguse liti to bseal. én thedfidic of bipplab patesoit mjgm,ocnarnmbytﬁe%wder particles

i .S i i. i i 1 hat er
{4868 2o bl 4L 1O S TERLS, LR BRAES o
Renature ancath_aasm metat &i exppaed tacloesliyigic Imexhenichlastigeses due to the
f&ﬂﬁf@wﬁ%&)ﬁi%és well as particles the dianeter of

srgnificantly fall short of 100 pm so that
not all of the introduced powder but only a small part

e 4t o AP L R AIRSh . i . o
this edasea bffgctad d chigho tanhergluaess esmrledgig_ the me!tiaguampgll@fture of the
' . . h . At 1S i SSi .
T T A M T
ipaingigebdy @@ﬂﬁ@&d@@?,lﬂﬂltﬁé%oﬁcﬁﬁcahaw ef theshetel safldet 1A gegat advan-

. .narro .
20 BB 155,2L DRUICER PEYHIA BB RRLBH, o i
wihweetal soldersr i thel jpinegptakss placairdan b%reﬁn”&eaﬁﬂ@ﬁh(ti soldering time
' [ [ duct i . F er nor e e
S5 A0S0 AT Bl G e ST o o
noerartbanm 60t %ae By amthgpomodemajoinyng hiettsade hsueh ssateisiztance soldering or

. i IS ' 1. : L. hi | t
oRlohB o SHoldt b el g BB 0 Nen whion
m ght cause it to break. In the field of bipolar

. i i.ght . h h i cl
101800k 855 A5 4 BRI SO Pl e
tevist ﬁnal_me Pne herads en gicrddse dféine heatingtrateemayde tnfiele tiseeof which may
A 0,8 RO ST SRS AL B UHERE  co o
indwetierpleeatinge®n it cathelohareiaddoﬁra@hﬂy\ﬂetdﬁfemeti?ﬂpiﬁediately after the end
. L Qi.ni ' ' hi . fect .
eI L e o BB g o
completereyatallizgatiotids rdmuirad td forﬂgw]Ic t_Dallyjini)'tmEi ?g;t/ S%é@%@:ﬁrﬂrﬁduation by
i Qui ; he.fillin e L
e G R be FEVEEL i iealionl 8 s diten e i eGralBy aportens
theejorlingspriodess. Fimg roé atetallitvsoiddrS doags castairoamebiding @gent as they
agéegi?%é ?ﬁéégyrr?arﬁikgteh ri]nedi\“f’l(rj]L?.arl tfi rrrls.JT%lepelfonrg tll':'lé R‘c‘?ﬁ ti\rl%r(]-:'I f((:)p th%argmoval of

the binding agent may be eliminated as compared to glass solder films.

In general metal solders are used for mechanically stiff and electrically conductive con-
nections like, for example, those suggested in the DE 198 41 919 A1 for contacting and
attaching connecting elements to an anode. If two bipolar plates are to be joined using
a metal solder an electric insulation of the components can only be realised by using

insulating intermediate layers. Such an electrically non-conducting intermediate layer of
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POTVDE26072001988ders. |f the joining takes place in an
oven the heating and soldering tine as well as the
overall dwelling tine of the&onponents in the oven
may be reduced by nore than 60 % By using nodern
joining methods such as resistance sol derin
ai cetiaroici roatesall id epnmegptien avithghetatie solder allayg Wh'&\e@fedl%"d at the op-
epa(ﬁ'lﬁ tg%gerg&:ge ond £ Q@Hf&ﬁ&@s@no&zﬁ?rdﬁﬂh@'d@161 bE 77E K 1be

ea UDer avour abl e parame- ters. On
t he one hand an increase of the heating rate may be
Frrr(?rg%éjﬁ) & R 204U 64y Al %rgéléﬂ ‘aﬁaﬁtﬂanﬁéht Jsoknlgmm \K)hil:l'i‘ comprises a
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ri e\ In case o ass solders a tine
qsnngespm_hng or weldimgpaethodd. or conplete crystallization
is required to follow Only in this way a | oad
accommodation by the glass solders can be realised.
Theesolderihg shecdremiconhatsopldaiiffers fram thelapldpinemef yetalie matefials. Con-
v%mf aPLolbad agé %%Ségble bt wgﬁlng %‘?ﬁl@Hdté}la%OW%répp%cﬁ%bnsmts in
cont &l n any g agent are either alloys
te rﬂemﬂlztaaoredf terdinid @nraporfeantwd thﬁé‘loéf‘%t@"tqiié‘grﬁﬁ?fw@ﬂ?@a' sol-
h t -

efho PRGeRG T e Riizaich 5 for $:aNIoRS AL ouT eI tne molyodenum
rg@genase methadd. éob@ﬁéqt of dpe emdef molyirgenyn oxidel 3ndsmapganese is
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ested I n

nemtu@st(Pn‘@Oa?@) indotnziohions Eerﬁfé@Wlﬁ@ ﬂéq é/ﬁ*é@ﬁllsty tﬂaﬁ mﬁ*ta“'zed ce-
r%&?r:e aado@ta%é@/ Bl'o‘?lﬂzleﬁrwm gl fickerlof cBBercda‘ﬂhﬁeﬁhél%r%%l@%atenal

an electric |nsulat|on of
reetajiizerbint thiscway omn powderssidareddsipg casyanyonalaeipbeqldgys in a fo-
|bv%8”f5f§> iate layers. Such an electrically
non¥conducting internediate | ayer of PCTIDE20071001983
-6- a ceramc material in connection with netallic
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_ usi ng solderlng or wel di ng nmethods. The
soldering of ceramic materials differs fromthe

ﬁ?&% gggdrlggd U il |enSbiBBhEE AAlcally SRidte dfd ﬁﬁé‘-ﬁlbfﬁr@nnectlons be-

ers are I ncapable of wetting ceramc materials.
i@een apENves AN SeISImisSsor geramiss anetmetel. ABGPBRabihe difsRRtthermal

&%gﬂggﬁ RbSadsts tolf]ﬁ'necrﬂ%tﬁﬁglg @ Be ?’o?hélﬂhzﬁ/ect@ r@é&ﬁlﬁérﬂﬂﬁ@ consideration

ering process e netal zation_ is, fo
\ebtemmléermatm cembipatioruefi sagamise anémialeﬂihﬁmetal 'Solder can intercept

shear stresses in the joining gap depending on the thickness of the solder due to its
ductility. Furthermore the expansion coefficient of the metals is greater than the expan-
sion coefficient of the ceramic material in most cases. This results in the ceramic mate-
rial being exposed not to tensile stress but to compressive stress. A failure of the ce-

ramic material due to tensile stress is therefore excluded.
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gﬁ& od. A paste of, for exanple, nolybdenum
oxXI ndoggﬁganese is applled to a ceramic joining

surface and sintered onto th_e7ceram c surface at high
tem 15 peratures (> 1000C) in form ng gas. For
enhanci ng the mettability t he netallized ce- ramc is

A SR T
dnbascednlente dind siimglificativrandre oealisedetid restpbdteroSthertlgatrfe@k stability

2 ot her alternative for joining
"J"g\ma rosdbg by mghAg?g *%he active sol der technol ogy. In

t hat SI ngle step process the wetting of t he ceramc
usin "act i

h
B i el BHs Bl A48 Pl e e g consiss o
ammamnicsmatferlblo lindaeyampe tvaddpaart plates atetoeb jginket keing the sealing
SR B, e B0 D20l 08 B i o
maﬂlym'maqlabie anhbl tbermn’feaﬁme alnhg{e strattle. Asctopasréd B4 structure in
etelelg ctions be- m.cs and. ce

HOE e o3 o R, SRl o FRDiCPTEl BRt sy parcess steps
age pequiiednfoc pedduicinigetht sseafing. Mreurthet ¢t fﬂeembbbﬁﬁavjdm:r edhe spacer
BRESEET oy PO e RrR B TGO R mroPiize HRiesperaitic matoral.
sol der can intercept 30 shear stresses i Indt he j oi ni ng

d the t er due
P8y TEOERNAE, ¥ i Beef i 45 AL Bastelieiolte” chmpprenigpmerises a
gidsstdoklenet al s is greater than the expan- sion
coefficient of the ceramc nmaterial in nost cases.

This results in the ceramic mate- rial being exposed

Inistalsbdedsitls ithat tret dtdssst bhé sdldeccomponeat sinrisee 25metdl solder.

failure of the ce- ramc material due to tensile

stress is therefore excluded. 35 PCT/DE2007/001983 7-

IfTimay iafvoctd émiisadged hastete @b ldaeomdieidér ¢amurevit 6émprises an active
ling and a fuel cell stack so that enhancenents

§E% 'sinplifications are realised with respect to the

t| ght ness, stability and the production nethods used.

ention i.s bas

\ n.the ric sea in_ . ,
Atraiting, B € paltBR=bs miaREnd 2PhdaT ofine g BanLiverton it is envs-
algad ehatathe sbécerfdmm;mnanmd:cﬁnprim dbilgnt @henbaésr?sfllléﬂemiﬂwothe solder

u3|n the sea according to .

ot Ferti et e Seabe e BeEATHa tey PR he seaiing i

comslad axt thegeleratatblte be tcbemecteth The sthliy iBahbrefara@agy tot thiddle as a
same tine sinple structure. As canpared to st

SPRC RITERn e DT pAR b Rl Brelvoaednp P fessess Sate kedplder can be
positibesl! imethalrafiganefr thp recessss #t isSway other areas of the surfaces facing
the elements to be connected in the fuel cell stack may be free of solder. Therefore the
distance between the elements to be connected is determined by the spacer compo-
nent since the solder-free surfaces of the spacer component contact the elements to be

connected directly, i.e. without an intermediate solder layer.

Conveniently it is envisaged that the solder component has a greater volume than the
recess. In this way the solder can protrude beyond the surface towards the elements to
be connected. The solder is therefore exposed to a load during the joining phase so
that the isotropic sintering shrinkage of the solder is converted into a pure height
shrinkage. After the sintering phase the solder flows viscously until the bipolar plates

are in abutment with the spacer element. Accordingly the spacer element transmits the
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PCO/RE2007¢0049838d f or produci ng the sealing. Further the
t hermal behavi our of the spacer conponent is
exclusively determned by théthermal properties of
the ceramic material. It may, for exanple, be
envi saged that the at | east one sol der conponent
ntapmrmarlsefstha logf). aibiles inl stercturdssinl whicls thel piningeakihsl palaraplates is
t he S r
fllly ack eve? R ygﬂ%s chlcgeg tré%r\%ﬂgg{bgﬂék[ ﬁgt b rg'élzctztﬁtléggi cent blpolar
patésidue anpanpnetsicn npihe géass anldacthlaﬂe exgadietein, thﬁgresent Str ucture
Al . r [ t
c ﬁéﬂ%ﬂggg% tsglaﬁe\}'e@;]c%rﬁdooﬁ%fér]ﬁ/ t@“‘sﬁlgé# g&n@ﬁ%ﬁg sfﬁ%ﬁ th®frigid spacer
cepaorents fully erende amnt&ébemeeh@dﬁceompqlerc@@tgsf| Il ed

0 o AR T BB SRS CoR e smce

cbmpbhentel emrents to be connected. The sealing is

robeisnaiony " Rerie MRS REeRABIPACRE o YR Mo spacer com-

psoéntein tmsnv\dag thep eslidet oanadowrawatyefrcrnarhrgeecmta@tr@ﬁraé@@ééf@sspacer
of the surfaces facing the

°8F1 Bﬂéts&ﬂﬁ eeq%'n% é?.{%g% in the fuel cell stack may be

free of solder. Therefore the distance between the

It |L. %E%rgosss ﬁe bof &t ﬁgqgﬁe“sﬁ@fﬂ éﬁos%?tlﬁ Ergqu?eaces % é‘lﬁﬁ%ﬁtr to be con-

nent since ree sur
rep@deandommnaﬂxebord@m by thet susfaee avithriespechtchibe exgension of the sol-
dér
dé%gP deﬁbrﬁ%}.e;?gc%%%%%cﬁ?rgﬁctapy e Mhtagﬁ(\)ﬁ%@%ﬁpw ﬁ\%‘?act that the sol-
deotolspomamtipanedixed by theasppeentasnpongnigrn hqtiaﬁld@ﬁe
recess. In this way the solder can protrude beyond the
surface towards the elenents to be connected. The
Isis|pdeticulasly tusetubthat theeoquiptingdoftthe apaesagompenery te Aeleast one of the
[eRi ter,

A PE 5 By RSe5, Lpd B L0l 98 Bl LGl s sach of

vwmfgmowdsh B gﬂsa@bt coxfeetion Ih@nshhaﬁte?tﬁﬁ@g"pﬁ&s\éayt the risk of a failure
oS, -

o??llnéj ri\lllfqéq%"? c}q %& Iﬂ J élaggtsblhert heckd P]ch n@ffeﬁ?d wﬁéfse of tem

acer el enent cordin
wpatuercrehgaemlowﬁ@w@mwt@ntth@p@@ﬂwm@owme@;MQ W*sch the glass is

ﬁét%ﬁb})ﬁf I% s dfté}ﬁcllsbg?é%era\% ‘ th'isnteﬁ{p%I'éQ?Héerﬁ gé Gnll"\fmn%ﬂlately mi-

ateS|s ¥1a0|eve
gnauen@r@igasms@ttmrcrctshe$eé:tlors on‘ Hlee splgkr. df the hydrogen- and oxygen-

c%n%r r‘miéggéé' st thhez?ldhﬁgﬁmed *?r‘\tg%@f ol BLIPL §ife %u@aufsgd %t these posi-
Pon of “the gl ass sol Bis i excl

ttohs lpu@g:etﬁte ls¢al weetheatingcenaprringi thqebh@esmi@%ﬁﬂt @&?ﬁoﬁf@rﬁ*ﬁen also

oaawrgtegesosm Pﬁfel \995‘99{1@3%}"61 BEh A brré%('e@oﬁrpa@;ﬁﬁsmé glass solder

conponents y exc cont act t ween "adj acent
viathpa bluraliy aft sdder joints generally only one of the solder joints WI|| fail when sub-

jected to mechanical stress. The crack can then only penetrate a second solder joint if
a weak point of the second solder joint is present in the vicinity of the crack in the first
solder joint. This is highly improbable so that a tight overall connection will survive. Fur-
thermore the glass can heal the crack by viscous flowing when the fuel cell is brought
to the operating temperature, particularly if the operating temperature is higher than the
transition temperature of the glass. The arrangement of two or more solder joints which
is particularly advantageous in case of glass solder can also be advantageous if metal

solder is used.
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ﬁdT,BE?oof,p619-@3awpl e, be envisaged that the recess
xt en ong an edge of the spacer conponent. For

exanmple, it is possible that ghe recess extends al ong

an edge of the spacer com ponent. In this way the

sol der can flow away fromthe contact surface of the

0 t Lnin a t 1S .
FPREore e BB RAFS ot el ek BB SRRFigs airasf o entie
Sdeaqzen@cmg arl demnant tbdehmnoected. n‘b‘tﬂr@dupimg the solideatdryponent to the
e

hﬁ?ﬁ%ﬁé ?odb%)}forh'pe%te%tgn lﬁf‘é?m%\ﬂhg% d ?dse??agef 5 r%%}gd chr tﬁ%golger compo-
nediiarierage tauthei qutsxdeew thie atplpbca‘tuotfort:h ab thdten thns easklsteeventually

SOOI 0 B A0 RO EPIP BRI A P

distribudeh oesr tbereptmeauﬁabe; laen lidestediate sofdet twer Edrmmmasvery safe

cgﬂn%‘?loﬁo téaebgea ‘P a Lﬁ&hqghl‘%é 35‘? ﬁg o? gjgglartftr al] er jOInIS is ob-
t@MWﬁhr@pecttoalnetlg’rttmas state. In this way the r| sk of

a failure 20 of the sealing is reduced. In a gl ass

sol der cracks nmay be generated in case of tem

Itpeayabe Bevisagmgthat tbelspacetrh:enipoae:sti darr@s 4 mefatsaltier @mponent on a

o, k5 P PPl B30 R BLA Vo e oo

pDalng suvﬂa¢d Thmmningbéthys spaeergroatpenehirandghe eleeneditd forbee connected
t | - .

L8R B9EL] 08 05 05, R0y 1S REP 55068 Ol revousy

nielelllze;bd;pacar tlement & scohi%ﬁﬂtoad)net bictbe etﬁmentéﬁa bé casneckatkusing a

ItJ?)‘?de{ % %lire@(K/errh a%rll T e@'g%&tg qr gt?% vatyetp?] gpacer element

acent areas’are en arso
|3anl ihefare harel, lalregdit positicanedb Osatke duthver. hadyl thsitightrgsaos the now

a?rg%cgf EX|stY}40qf Q?rﬁne@llo 1 a&ttj}éo?%ﬁnigwg eI t glﬁrghaﬂgggglrgsredy to a bipolar
plade tied teomemblenel eledirost rapmageribet is nkeddycattachée to malb;polar plate
ol. nt

: | ... a wea of
|tﬁ§§8§§§g E%%)S(a:’) 8'iﬁ‘e %R Ig e%étg Ve élg“twnpr{em?é;it(\ﬂo t&qtﬁn?? |r(1)fh|s state.
It de thadle errsutddethﬁi omiy irg8ctsmmintb@nenisi are .assdmbled so iorghhb uel cell
| pr b o. that ht .overal l.. connection .w
oL, BOR e 2 S el Pn BE B R PRBS s R aLipeyggetiive
units gia lise lasswsoiderndoanedtioas fsueffecterl. | is brought to the
operating tenperature, particularly if the operating
tenperature is higher than the transition tenperature
ltohay be egViseged thdteha s paoeg eomponestt ist sitted inargassighti@anner.
joints which 1is particularly advantageous in case of

gl ass sol der can al so be advantageous if nmetal 35
Gsotheerasisofus @dranﬁ?@'ﬁﬁeﬁ)&ﬂﬂ@?édl&é&Sﬁ thiQor fuothiee namner Ittis possible

be e at t he g ext ends
RS SFRE ARt P ) A Piskiitns PRI R ATt o be
connected. After coupling the sol der corrponent to the
It is particularly useful that the spacer component has an axial thickness of 0.3 to 0.8

mm.

Furthermore it may be envisaged that the solder component has an axial thickness of
0.02 to 0.2 mm.

For enhancing the connection between the spacer component and the solder compo-
nent it is, conveniently, envisaged that the surface of the spacer component bearing

the solder component is roughened.
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PEITEDE2005/00d988 connected an internedi ate sol der | ayer
is created, or the solder conpo- nent is forced to the
outside by the application fd@ee so that in this case
al so eventually 5 solder joints extending along the
edges are obtained in case of a sol der conponent
distributed over the entire surface. If an

Ozgn% oqlls&t grh\ﬁgdrgleh%@tr thE@éB%b%PccﬂnﬂcﬁféXt ﬁ?é 3 thermal e)>/(pan3|on

onne ion using a alit
codfficientao ¢ raggbd:éﬂo BAb i8S x $0DK. tnathlsemawﬁ lSh?nlSé@ﬁetb@t the ther-

ma(l) gx;gelaﬁ‘ls gg%teﬁﬁc?%t |slt9et e" aﬂfﬁ¥teg % %thﬁ gg‘r?%%r{e %?efﬂment of fer-

rlt;cu sibab@aﬁazonvgﬁt@nalb'l lmednomlng Qwse@rﬁmﬂhceﬁea'rmisaa tlesrogl expan-
n ap L

s%ﬂ c%gfﬁc%?lrgf he % 19 e{rdhélérrp% rﬁ)@)‘?«f‘dl g@raﬁél ﬁfeagg%glrcriéﬁﬁgs a th%rmal ex

pammcd:&fﬁiclemt@feeﬁrxﬂ@dKéut in two steps due to the two

di fferent sol der systens. First the previously

nmetallized spacer elenent is soldered to one of the

|tehmm@<amleoeewnnnmdema0tbe Isgacer compenent comptess ajreast one of

tr%jfo‘ﬁ&;v elﬁglsag?%ﬁ'&(ﬁllcﬁfg q:%TcuPﬁ Qﬁs@% te, lbgrlﬁrlﬂ' éalé’?@‘}ﬁ orthosili-

cptesBaldaJeeajmcmtBMS ol have mmmti'r@(mah@hm ﬁ@%f&Cl@ft i H‘@ rapge of 12
xoreaadyn & )ékes{ti ﬁé?(r) W&ﬁér@%uﬂ?g le 6 L%éqmcﬁﬁﬁectlbﬁ WithG&he present

sealing 1s so te and th

inventiorane el ectrode arrangenent is already attached to

the bipolar plate it is possible to exam ne the whol e
repetitive unit with respect to tightness in this

lts$ atse. pazsiblet thebihetspasertaonmmesanteapmpiiges oatly siapiliged zirconium ox-

c%?l HAN f{lgg’h?erdezﬁﬁﬁﬁﬂp&ﬁ@e Fs%rfceﬁlmnaoild@borﬁﬁhlhg 58 &£ 5 -mol% rare

successfu exam nati1 on e ti t ness
etk n]ebalmxrdg o¢. YR, $@Pet VP we CaihiSush wséemﬁéagq adhermal expan-

ST Bl RALBAh iRl @I RGbef | L TRy be envisaged

is sintered in a gas-tight
manner . 25 On the baS|s of a ceramc materi al

Itﬁﬁggé’ﬁg tHel? alMisiufY o2k E@ﬁ ed'®hE ahl sla;BHllg i?.lh@n%m oxide.

e spacer conponent has an ness of
0.1to 0.2 mMm It is particularly useful that the

RAEF SRS 6 ABIAK 18 b ORSH  hhnfSe con
neoted dhie mnvhage(hﬂnaamegﬁoldqﬁm@m@ggnt(g:pmpgswatt lgass ozwerﬁhthe follow-
rgcgmgférna@ngg}gdé”o%éw@egonnect i on between the spacer

S

onent an der compo- nent it is,
conveniently, envisaged that the surface of t he spacer

@%ﬁg@%g@g&&%% 0! daTstERRAERIng! S sdMHY RREGEing to the

invention.

The invention is based on a generic fuel cell stack in that a distribution of forces com-
pressing the fuel cell stack in the axial direction is directly transmitted to at least one of
the elements to be connected by the spacer component. In this way the distance be-
tween the adjacent elements to be connected can be precisely adjusted by the spacer
element. The rigid spacer element accommodates the load without the mediation of
solder components during the operation of the fuel cell stack. The load path therefore
does no longer pass through the solder components providing the sealing effect but

through the rigid element. Thereby a contact of the elements to be connected due to a
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it i1s envisaged that the spacer

"ﬁ@%ﬁ@ﬂ%ﬁi@a thermal expansion coefficient in the
range of 10.5 to 13.5 x 10-6 K-'. In this way it is
ensured that the ther- nal éﬂﬂdnsion coefficient is
better adjusted to the thermal expansion coefficient
of fer. 5 ritic steel than conventionally used joining
YMRLEREION Geps Folfer Whigkyond deap o acshooirglip fease b Ripolaf plates to
beominhectee iy prefertéd.t o 13 x 10.6 K-'. A typical joining

gl ass solder has a thermal ex- pansion coefficient of

9.6 x 10-6 K'. It may, for exanple, be envisaged that

Gdvesipaiielt i€ onpsayeat theofprspaesr dindonast is 3orenddfl of al Berbhfic mate-

followi.ng materj.al s;, bariumdisjlj cat cal ci um

P PR B i B sl g et be comnected
abelrthers faden biehient anphitogeeiss nanicBRduBihg Sp#n 8lePibnts may be used it
.coef fi I(:ilent i Q t he range of 62 X 10"6 K-' ggd are _
't RGBS HUFTRIRAUS P PrAHCE 4B SPResr QEWONRNte herPMimmaterial
'Iw'ri]st iéshlhkséinahéiﬁ)eﬁiculai'iﬁbéﬁéﬂd QdVanﬂa@_ebfalrbédyafPFﬁtid?{éagh lbbﬁfheé:tion with
t hat the spacer  c onent c rises partly stabilise

1 SEASLATRIANG I eIV ETns (RIS e awblis: togfhp AU advanta-
gedug bmbodimemtsxi thke fueDtdliadtadkibcdrdind 18 the MEMfidhadelcribed below.
earth netal oxide, i.e. Y203, Sc203, MO or CaO. Such
systens have a thernmal expan- sion coefficient of

levppy, ot exdnedly, Bddésignelidd that the 20 Iddst be BEIEST dnfodnBAt comprises
alun1n|%%1OX|de is added to the partly stabilised

3919%5:%95h oxi de. In case of a netal sol der for
coupling the spacer elenent to the elenents to be con-

ected it is envisaged that the sol der conponent )
@Eﬁﬁ"r '?g@y by er)Viseged %ﬁ’g thet atIRRst9R|Soler FRgPARRNE CPmPEses a metal
sglledl, silver, copper. 25 The invention further rel ates
to a fuel cell stack conprising a sealing according to
the invention. The invention is based on a generic
Ifisalsogeksibritagtkhé at lkhAgttond sdidet Ebapdhedh cohpilitsGRSactiofsolder.
30 pressing the fuel cell stack in the axial direction

is directly transmtted to at | east one of the

Ackemieigl v drothee eaftibartdrt &f e fUBECSIPSEE! asRFNAY &Nthe ihvention it is

this t he di stance be- tween the adjacent el enents
oSS iDe SO R BEN Tt PoURs ko1t B ees fied with the
selacesmpatiepent, The rigid spacer el ement accommopdat es

the | oad without the nmediation of solder conponents

during the operation of the fuel cell stack. The | oad

Ip i icdrhetiSrot B p3PticlRely a80artagEiRis thadSe §0186UDMdoRBNt has a larger
sol der cqnponents providing the sealing effect but

VORMEUIGAN INFePPR5 d el enent. Thereby a contact of the
el enents to be connected due to a PCT/ DE20071001983

-11-
Prélferably the recess extends along an edge of the spacer component.

Further it may be useful that the recess is disposed in a surface facing an element to
be connected and vertically bordered by the surface with respect to the extension of

the solder component.

In view of a reliable sealing of the fuel cell stack it is envisaged that the coupling of the
spacer component to at least one of the elements to be connected is effected by
means of a plurality of solder joints each of which provides a gas-tight connection in an

intact state.
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POMPE2G0Y/@01988 t he sol der which would lead to a
short-circuit in case of bipolar plates to be

connected is prevented. Convéfiently it is envisaged

that the spacer conmponent is fornmed of a ceram c mate-
5rial. Even if in connection with the direct

Acrehisie tsealingodart diso bk enevidesi bhyohdéng: thersottes domannknt isever the en-

spacer el ement _an t.oget on- conduct i ng spacer
t'ﬁ%‘ﬁ%ﬁ?ga%a%s%ﬂ'\égg{q qquqnlégétgg'ti cul arly advant ageous
to produce the spacer conponent of a ceram c naterial.
This results in the Ny rigile "
PR D Tl RO Yt e b R W RS e repetitve
uaits aredprogutanl ik ekawiead wdth. redpecs taatighinessndeanly thentbe stack is

arti.cul arl n 0] '
BB ok B A =R rBRRARIE Bl bl Blorentor
al durfaey fadryy areslameneto thecowecgdenhdsoglasmsolddrecoatponenigin the op-
ne sol.der conponent conprises a glass solder. 15

Q
PRSP RYTETS% nay be envisaged that the at |east one
sol der conponent conprises a netal solder. It is also

appy e (fbube SpRler sPBndls: S eSO Inance

enbodi nent of the fuel cell stack according to the

} VP Ba o o BB a0 1 SR RA SRR o 2 .

sol der conponent. In this connection it is

articul arl u :
Rl e R P R e B RO AP SORPARERCss of 03
L&hmm.ecess extends al ong an edge of the spacer

conmponent. Further it may be useful that the recess is

di sposed in a surface facing an element to 30 be
Qonasehtdit Enehvisaged dldt| the solddecardpdngnt has s pkiatdiokhess of 0.02
trﬁgtl)vr%ct to the extension of the solder conponent. In
&0 a reliable sealing of the fuel cell stack it

is envisaged that the coupling of the spacer

G rdR B isRlyeR] il <20 EnFIB! drkflap By rougnening the

ssifhckeof theispacer eamhondnt\nkakiiy the seiddesorapanest.t i ght

connection in an intact state. PCT/DE2007/001983 - 12-

A reliable sealing can al so be provided by having the

/s Glriter adampagedintthat dive spadee cemponént dias @rtheroeal expansiprageefficient

el emen c ad.1 I n connection with a series
'BF'beo’S&‘%? Bt BBk ! e o eh o the
repetitive

This may be realised by the spacer component comprising at least one of the following

materials: barium disilicate, calcium disilicate, barium calcium orthosilicate.

Further it may be envisaged that the spacer component comprises partly stabilised

zirconium oxide.
It is also possible that aluminium oxide is added to the partly stabilised zirconium oxide.

Further it may be envisaged that the solder component comprises at least one of the

following materials: gold, silver, copper.
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i oduced and examined with respect to
%‘ZQF%‘Z"S@@% E,'only then the stack is fornmed it nmay be

useful that the spacer conpongnt bears a netal sol der
conmponent on a surface facing an elenent to be
connected and a gl ass sol der conponent on the op-

' : t . ful at, the a . .
TR BRUS rEEE s e TRindIolS Flebie SR AR g iventon.
i.easese¢diiog spaumisingoam aitegéthpr ebecabductia spaceraglemlent and solder

i 0.2 mm It is particularly
C%F‘@?ﬁ%@%?ggg%e%&ﬁ]e%nspacer conponent has an axi al
thickness of 0.3 to 15 0.8 nm Conveniently it is

R B b a5 8 FRBERNRR T Bl gy v sor

coapobentps candédtuned bf a cetamliit enateardal t Tigh ressdts urc ther adviayitages and
[ ) face of the spacer conponent .. .
oA R Reded e onBE i Rone SFor P e 2R AiRhgas fathe inven-

tibhat t he spacer conponent has a thermal expansion
coefficient in the range of 10.5 to 13.5 x 10-e K 25

This may be realised by the spacer conponent
Irc gigpr ofsthagpredudtieashetbork itohayt be ukeful that thee speeecormpsnent is pro-

' isilica calciumdisilicate, bariumcal cium
d@?‘%@éﬂ’&"ﬁ’%s& éﬁ‘%ﬁ{ﬂﬁif plof'vr&]ﬁﬁy be envi saged that the

spacer component conprises partly stabilised 30

' i xi.de, Lt i,s also possible.that alumnium .. .
b 88 BT Y155 ot ety BT Rt el B3y B, i EBsting, tami-
natingland steonptriger it nay be envi saged that the sol der
conmponent conprises at | east one of the 35 follow ng
materials: gold, silver, copper. PCT/DE20071001983 13 _
Orhthei rasisnefi suchfauspdoer combaterd itt mayp be embvisaged that @ dlasal solder in

e accardi.ng to the invention i.e. a sealing
lorp Rt AR R og Boni@e e BHRELETRrBbacer of ament

and sol der conponents arranged thereon. 5 The

i tiaon, i as on _the generi.c th for oducin .
ltalg\ség"glqoga'b!eﬁth%)%%sgtsﬁgdgﬁ 7 me&%ﬁﬁ@%re C{H? éorm gfra pasﬁe |sgappI|ed
torthelspacennoatbonenta ceramic material. This results in
the advantages and particularities already nentioned

in connection with the sealing according to the inven-

For enharking theveanmeofiort betweeodhe tretal saitidrocbnmgoneay abe the spacer
cgr%sg%nttithr%gay tbgeen% s%&gé thCa?%pt?onn%% I|a§erp|£ cz)a_pplied to the spacer compo-

nent previous to the application of the metal solder.

In this connection it may further be useful that the spacer component is roughened be-

fore the application of a solder.

The invention is based on the generic method for producing a fuel cell stack in that a

spacer component made of a ceramic material is used.

The advantages and particularities already mentioned in connection with the fuel cell
stack according to the invention are therefore also realised within the framework of a

production method for such a fuel cell stack.

It may be further developed so that elements of the fuel cell stack and seals comprising

solder components of glass solder are stacked and the elements to be connected are
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POTeRE2007/Gr198Br essi ng of ceram c powder. It may al so

be envi saged that the spacer conponent is produced by
filmcasting, |lam- nating and-stanping. 15 On the

basi s of such a spacer conponent it may be envi saged

that a glass solder in the formof a stanmped filmis
traampbuhﬁniamenljslyecmmcm tooegubnether. viat the ssealss I hprsderieba @roduction
il @B P16 el EbHechl BPB1 LAHRG rgisBdthading he
seﬂh@nmmn@nenwlsemmmailon betmeen t he netal sol der

conponent and the spacer conponent it may be

envi saged that a bonding |layer is applied to the
As rcsame tinmpohowmm pseial pusiuciion ihelsampissibe; particdarly fieepetitive

taI S f

Fmi gﬁg %%ln gsglcirgrccg% %ng?t% o?'?nétél J@é’eﬁeér‘é %g?éefsg@ely con-

ntebteda@phcnmethemne(ﬁﬂwtmwelr The |nvent| on i s based on
the generic nmethod for producing a fuel cell stack in
that a 30 spacer conponent nade of a ceramc materia
AdsantagebusThhié nzajv tuthag bs %JniSag@d that skalsiare esedltheegpgcer compo-
nge t'fd/vr}ﬁgn Pgarc??%qgltéo I‘r@ gﬁ Jnu§ uﬁgéé ac baefrk Ieme t to be

¢ nven ' on herefore a SOoreal sed
cohnévited ahde & glasewolder cbmaonent aufuthei @npomgmmfaf:@rthaum spacer
a f
CPHQ#S tg %tén r%‘ &ﬁeﬁ: % tjo ?I&?%Ttp%f Eﬂéri&lgg% Alds%{a{ \99% iatal solder
comppnerds,nthat stbda depetatvﬁpwanB@ obmpletesls thafl ther repetitive units are

{ e TEN
B be60Id b ga BG Ui, aft QRoEARAREE, BBy via e gipes solder
cbompeaetis.ot her via the seals. Therefore a production
method is possible in which a parallel connection of
all coupling areas contacting the sealing conponents
Sueh ef fredudtidn of the basie obasealingrmemphising differerd sgldef siystems is use-

f@ é)%%%ié I‘gqn 'V%V\P’+f3tﬂe F?%ﬁ%ﬁ:t@e rég)%'flﬂ\}ecl% l@réré( eggmlned with respect to

S an nprising sol
tlgbmpsaeﬁerSjomTing'r@’e&ﬂpaS@i clempcnestsswidft elegients gf tberiuel cell stack via

tﬁeﬁ&fgﬁaﬂs&iiere@q%@oo%ﬂéf one after the other.

ageous t may further be envisaged that seals
are used the spacer conpo- 10 nents of which bear a

ﬁﬁ%tiﬁ\lleen%% 84S0 TRURSHer §BnéHcTHEhEE for oS uRfg A Tubl @Mefick in that

the solder components are disposed on the spacer components so that a distribution of
forces compressing the fuel cell stack in the axial direction is directly transmitted to at
least one of the elements to be connected by the spacer component. In that production
method principally different spacer components can be used as long as they are elec-
trically insulating. Even if the use of ceramic materials is particularly advantageous it is

not necessarily envisaged.

Like in connection with the production method according to the invention based on a
ceramic spacer component it may also be envisaged in this case that elements of the
fuel cell stack and seals comprising solder components of glass solder are stacked and
that the elements to be connected are then simultaneously connected to each other via

the seals.

Further it is useful that repetitive units and seals comprising solder components of

metal solder are successively connected to each other one after the other.
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'ﬁﬁﬂﬁggé&ﬁ?ﬁ§%3a gl ass sol der conponent on the opposing

t he spacer conponents are first
connected to el enents of the %uel cell stack via the
netal sol der conponents, t AdP "t he repetitive units
are conpleted, that the repetltlve units are stacked,
and that the repetitive units are connected to each
other via the glass solder 15 conmponents. Such a
Ipraddlmohimmagrbd bevdrisdepuefthat sexd iarg usediid spat@r components of

L7 4 R et T Ra! P etiter ol 4L SEREN B sonnected
aedanylaes swideh casrapcpmmlt ohthe tapgbsing sarfadd, efiatjtioe Bpailgertcbmponents
0% BT ot rrmae oL BRbrleeat Ve s Fisi Splegeqigponents.
tlbasml retmtnmmtrhte fare) emmpletbdnatahm repétitipe lets:amgstaackfad einddthat the
t | se
R R R R
forces conpressing the fuel cell stack in the axia
T fn B aienEeEE pbobbiet By et falsrioing Smined win
résmaf&t)fmetlghtnebﬁ aftélatonpéctd'lga?e Gpacdﬂgbdﬂpdnegm tiﬁe::l@ﬁbhty of the fuel cell
er onent s n._be used as long as .
SHarisy e B3 Rer SRRPRYSTth auf ARioRs oaan PR rentiiv Batsor
ceram c rraterl als is particularly advantageous it is
TRIFBB0 0T SRR RIBLEL SYcimgol BaTRS TRuaitd Sheakedary pre-
ferediembedimehts vEithaefdre a2 Ameaéconipaiivig @rsMandein which:
envisaged in this case that elenents of the fuel cell

stack and seal s conprising sol der conponents of gl ass

Figirdar ar ¢s ah axleedraas dectitrabf bhirebfeatudl Sell @tdeR according to the
connected, are t hen sinul taneously connected to each

ot her via™BAlO%eals. 35 Further it is useful that
repetitive units and seals conprising sol der

t f | d i vel ted
GRach oshars oY pER Ve SRRt PoT) 0E2007/ 0019833
-15- In addition it rray be advant ageous that seals are
d.th t f t al .
R | CoRDONEAITeGT 28l pateeqtins i Rt A rpalng aggording t

connect ed thamdentidyl &sweb @bctﬁbdmwmmhédwﬁbdohﬁng to the invention
opposi ng Isllurfa e, that the gpafcelr (2 nents 5 are
PHE"'

first conf¥AeIrInY 2pealibaEnd G 'cell stack via

the nmetal sol der conponents, that the repetitive
nits are hat the repetjitive units .
FidieRed © SRAVE RerTh @y it seruas il pescibRocnliet mpodiment
to each otoharseuiiny httdr@hG &s thHeohdgition GIIPeIEHY fBr explaining produc-
tion methods for producing seals according to the invention and fuel cell

stacks according to the invention;

Figure 5 shows different axial cross sections for describing another embodiment
of a sealing according to the invention as well as for explaining produc-
tion methods for producing seals according to the invention and fuel cell

stacks according to the invention;

Figure 6 shows different axial cross sections for describing another embodiment

of a sealing according to the invention as well as for explaining produc-
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PTVBE2gnY/001983advant ageous in connection with the
repetitive units being examned with 10 respect to

ti ghtness after connecting thé-spacer components to

el ements of the fuel cell stack via the netal sol der
conmponents and before stacking the repetitive units.

The i nventiommetidds foropvobecinx péals ecbritiyg Wathedfivemiamphe fuel cell
resorting r erred enbodi nents with
reference® {gk$% ogﬁ@ ﬁﬁhﬁﬂRﬁﬁm)ramnngs in which: 15

Figure 1 is an axial cross section of a part of a fue

eII stack cC ' Lon.. Ei.aur, :

P 27 ent S P algft b%p sbENEGE i Benolbig fotheR BBament
di fferent oﬁalsahllrrgmrcmg:td thadnfentionles eveil [@sifgr explaining produc-
seal i ng ag¢cordi t ! [ - -

o oduct i ofomEiads Eoubiing Yot pRriR Wl fienion and fuel cel
pr oduci ng stackeatdontjn@ trdthe ifvestiorc@nt st ack; 25 Figure 4
shows different axial cross sections for describing

anot her enbodi mrent of a sealing according to the

FigweBt i on sacws/vdifferm akial cregpisettitina Jopdesduiing teinother embodiment
net hods f [ S t :
and uel L7 ReSHC PR REI I BARbTHs Wau Aot BRIy Broduc
Figure 5 sbhmmtrmbdsfferrwnﬂucav@ aealsamdlsem therigveingion and fuel cell

describin : 0, f a sealing according
to the inggﬁF$%%§%§&€B1$éqR£ g?pexplalnlng produc-
tion methods for producing seals according to the

In eefgtldvarr\]g gg%r%ﬁcg*u?fgtﬁélprﬂéér\g& gtﬂ)?&iﬁ%ﬁg $9hd retsgﬁl |nvent|on iden-

vention sho erent axi al cros
t|sm0'eﬁemefrmmedﬁs desipnatg icenticd or cenpardblemompopénts.

sealing according to the invention as well as for
expl ai ni ng produc PCTI DE20071001983 -16- tion nethods

Fﬁgure prsimtwmamgam arassaectordofay par of hdudl pek ataclk acegiding to the in-

ﬁt%n CrgJ rfeggﬁt ?ﬁﬁ‘ut@%ﬁod'f(y fig I:é?l %tg& érré %Q/ggﬁacfgg&\]@ rgpetltlve

rent axial cross sections for SCri
uaite 2Beconeprisesliankipolar Bladd 1a Yeddfingg) aameor plangy 3t)cartdh@ secondary

pﬁh\éhods)gglalazﬁp;%’?%d ARl Qo X'P#\@Eﬂ'té;?or%&d&'ig odeHIR the maln plane

ucing sea s acctor o The i nvent
3Qrachdfinidie mbhdargp@ohs’maz(t&mddn the nadiat dieeqtlmemldltbw aran:@nnected

tg 'e%k'rﬁ %%q%ﬁ%gﬁg?ﬁ%érrt (gﬁns,gg%i ﬂﬁe%] ?ésuﬁtg 95% SffridbEMRe §icture which is

altogether electrically conductive. A part of the bipolar plate 12 disposed in the main
plane 30 is followed by a first gas duct range 36. Said gas duct range is provided for
guiding the gasses reacting in the fuel cell stack. Further it provides an electric contact
between the bipolar plate 12 and a first electrode 38 of a membrane electrode ar-
rangement 38, 40, 42. A solid state electrolyte 40 is disposed above the first electrode
38. This solid state electrolyte 40 is again followed by a second electrode 42. The sec-
ond electrode 42 is followed by a further gas duct area 44. If the first electrode 38 is a
cathode the lower gas duct range 36 serves to guide air while the upper gas duct range
44 guides hydrogen to be supplied to the adjacent anode 42. To introduce air into the
lower gas duct ranges 36 axial air passages 46 are provided. On the one hand the
seals 10, 10’ prevent air from flowing into the range of the upper gas duct ranges 44
and thus the anodes 42. Likewise the seals 10 prevent air from escaping form the fuel
cell stack. Another image is obtained when regarding another cross sectional view of
the fuel cell stack. In such a view axial passages for supplying hydrogen to be supplied

to the upper gas duct ranges 44 and thus to the anodes 42 would be recognisable
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(g according to the invention as well as
H‘%FIBEQ&’&?&J'% produc- tion nethods for producing
seal s according to the inventjion and fuel cell stacks

according to the invention. I t he fol |l owi ng
description of the preferred enbodi nents of the

t d 15 t | ref nce nuneral s
Rl 58 RS 50 35 S oS B o e by
dsbgersbyaseXi Frle $9als $0 860 idcony afe @pﬂaf blatds & tfol'@chQﬂ’ﬂ]ér all have

ention etit
G BTEaT O oo BebiPalbon  Endyeivg raerighancoras fdsh oE ey adiacent
trpmat plitey &2 fading 8acdtBothenidveS&shoditd botehtidls DTt akidg 10 Wescribed
ne 30 and secondgn%ng | ane, 32

iR Sira cb e e st erkor B [s6picksiRgmection of

tlde srp;o&eqblatés I heHomdver, Fﬂtﬁé}%eaﬁsordeqt]ﬁei Ih thbf!ué Q:@FP@%%R,Vfor example
al direction,

ext en
t %ﬁ 3 éobe“’t’%erbtgsr?OM]ﬁe{e S?Car%ﬁ?%ﬂo B¢ f*leotHBP'%W'at?ﬁ .1§ may also
beaddsidgngd iimthe saafd makige- | i ke structure which is
al together electrically conductive. A part of the
bi pol ar plate 12 disposed in the main plane 30 is

Figurk Qverduwe\diferbntr Sian giatws G cbalk ANEES diddotioPdf Uie@As vEHEAI to the di-
the gasses reactin

s provided for 25 gui di g
bl i R s (sl Shas Breoteswhigh, for example, ex-
t?ﬁ(félbhg ¢hé36ﬁttrg(btrc§ur’ﬁ%trdm@rbfﬁﬁ€ﬂml @@Ili Qt%tc:l@'/‘g?&:té{?guﬁJNF@ure 2a), a

t ec e menbr ane el ectrode ar
Ciflsﬁrﬁ'éf FFE?H“*?@ %e'§atfa' Riguei 29 andaspat e cPPEAvt Einee 2d) sealing
sﬂap@@seeaboagms@blé hend seqt nQéye§IE;6 cwéee aperturEs] ﬁ)r%&bﬂngle to seal an
te electro again f wed by a secon

a3ieLs<aE Pr IO & it SuRchrebelbiisder o £t isuiegy iagsaspt o the

atmbspHeheand@ine ghdcluctiafge dichlsholildendt bk éachle8 &Y tRgas3B8s guided
3(@ <’i1t hode the | ower gas duct range 36 serves to
"Z;E] 35’ f4Ctwhi | e the upper gas duct range 44 guides
hydrogen to be supplied to the adjacent anode 42. To
into.the |ower gas duct ranges 36 axia

ntr dyce a al
P 3B HifieraRASial Sross: Sheon T CRESTEINS haRainoRScorng to the
ibeation 26,wellas @Fcﬁ}u@ﬂén tethddsoadol g 1@ the irRehtith fo@%@ducmg a
t he Qer ct ran es 44 and thus the anodes
S&Q"“Qﬁ%ﬂ% el Cgﬁ tagg Indi '3‘6 PP ERRCeRicPMPPRRRte'ScRlA prRpling 10 ac-
cbaig th@efin@dntidh i€ ehdwst @6 kts SN¥FRt Parthis pEBer &n%n%hﬂ%’ is pro-
r cross sectional view

ardi ng_anot h of
%&W' lrefecessezcad Sant efha%comwa&ms%%rscggwnﬁetrw A spacer
cBMPPhtNE Iwmrahgmnoa&eaesmpédrﬁﬂmehmsh@sH&Dﬁnn $Rfure 3b. The
duct ran es 41é and thus to the anodes 42 woul d

be
SPREIGAM® B?'& NAcke se'denerroranents; 18 {geether fase thewealing 10. Fig-

ugERSc Sitsids ﬂh@%@@lﬁw@ﬁ) A% YRdd fistelhedwEd RrAsSoIar ;ﬂates 12 As can be
Erote ted m the hy- drogen by seals. e seals

ﬂvfﬁngtfﬁs S61ds6 FAPPOIERT T @5amRle @Qassotaisr, %rptrudes beyond

tl’ﬂb’iy;ﬁacet' @Iebrféni a6 MBdriky th%r]oiﬁ|r©0;§rfds§ai &.Yduning ‘tﬁé)ﬂgh'éiﬁdnvf% the state
ter| since the sides of two a %acent

PUR dy 592"? 4ti g 0k commepemaliiso EE%?r?ee’ﬁﬁeﬁ%fq allead. In this
W'EKIQhé Ralrbpie siklerdeifikadeeéhn be converted into a pure height shrinkage. After

the sintering phase the glass flows viscously until the bipolar plates 12 are in abutment
with the spacer element 16. A restraining force acting on the fuel cell stack is then sub-
stantially transmitted via the spacer component 16. Since a plurality of solder joints 18,
in the illustrated case, by way of example, two solder joints, face each bipolar plate 12

a defect of one of the solder joints 18 does not yet render the system leaky.
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PCTVDEDOOT/009@88Br amewor kK of the present invention is

mai nly provided for said connection of the bipol ar

pl ates 12. However, other seaBs required in the fuel

cell stack, for exanple the seals 10" between the

solid state electrolytes 40 and the bipolar plates 12,
Fifiye &l showshdiffelest @(Eﬂd:rd)&ﬁs $dutiossafee demaitdng ad@hér g‘abcmlrzent of a

<30 SO Bl B P B el AT iyl oo
dihcm@lsfeﬁlerabbbrdfr@rtUBh@fnvsmainSar&rfeelsdmﬂvatadda|acbordfngrto the |nventlon
ﬁﬁ%ﬁgg& elcgrﬁfant ‘@{] %%:Qroo rEg], SH%% é?emé:r;l_sreéﬂr %g{ﬁf gPdeed in the
sQifacaib@bf hEispacer cAhponent 48l Whiph iscadup(ei witiv the Bipolarptate 12. The
Bleey Hid b ouna P o8ty Gt B ER Sl aaqgnaty inro-
desedpite tﬁd)rete&iesaﬂhlz ﬂ:&gaxéasb pﬁtrmgamqnt the siﬁdbratsmwonent 18, i.e.
t i .
eereey ta.oBh St Besi oy BARCER Bebafindlament so hat
isviteahin $Heojointhgnenid dealingeaehed by the gasses guided in
the fluid duct. Figure 3 shows different axial cross

sections for describing a sealing according to the 20
Aigwre ﬁtshOWsaﬁffenaitlaxai; crpsedacitoine fomastsholisg asatberdemigodiment of the

stgglg[tgkgcvcfe) qq @JE%E rﬁtgo%g% n%l a% Boﬁ%gglalﬂ?]ga%gdt?ctla grkeeatlrﬁoeds for pro-
dlGing Gealkkaicdondingt to tlhélmvemc&rnndaﬁmel celistiacks. ac@rdlmstoeh@mentlon
o MIERE SRR R Ry & 2 T LS fonen
18pALE bpacp kPOpemint 16 isMir thlsanasenforméd(sedhstcdudeg the transition from
ST SRl SR8 A5 b T2 BLEE v .
Vol i peo\sdsd |hfanNHthl tHei sopldanrcemPoneritddscanibe d;spidlqeldglnltbls way it
t at t
R e ok BB BB RRLANad) Bt s 12 e
J@N%raﬂeejapgé afsmeaodadgememtraﬁttmmsmdelt@]rmmenltdfrethsm@a surface of
g the joining phase, i.e. during the

{
t??ﬁ?%qréff:%'ﬁp?rbenm@ state shown in Figure 3c, the

sol der conponent 18 is therefore exposed to a load. in

ro i :

S0 52Dl 53 BRI b AL 8 ciment o e
searrtgeacdogdumgm:steemventyimwélll asvior\eixplamirgl grodumtioh meileods for pro-
I pol ar, pl ate re in nf t My -
D e e
Axddidstopeiponsntt 18ean glasb soldemintpratidad. T harwrnodtnmjltw connpagable to
tﬁ%ac rgdlco g?c%)rr]cﬁ 1% Flgh%t r%\?englnga@l hé é tlg)%var?a%l Ec%mponent 16 has
rex@eridutar forvmmsmvdefrthp accdrsmodatioe oémehschdqwbmpomraﬂé Agcording

35 .a defegct of one of the |

§aibrimacre oL Srrr el ® Siehbd S 4 §RegR, e spacer
cohiponEnigle. dskantveveeediifi Feguen 6b axpanl ofdthe ssldsecammparnent &8 will re-
rﬂg ﬁcbetweergthaens?ptarc]:grr compé:)n%ln['n‘?gtan%fthfél bipolar plates 12 after joining. The
remainder is displaced towards the towards the edge regions. The amount of solder
forming the intermediate layer can be so small that the distribution of forces between
the bipolar plate 12 and the spacer component 16 is practically hardly any less direct

than in a case in which the spacer component 16 directly contacts the bipolar plate 12.

Figure 7 shows different axial cross sections for describing another embodiment of the

sealing according to the invention as well as for explaining production methods for pro-
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' jng to the invention as well as for
%@ﬁ}ldﬁiﬁpﬂyﬁ%ducti on nmethods for pro- ducing seals
according to the invention and fuel cell stacks

according to the invention. - PHe spacer el enent 16
according to Figure 4a conprises recesses 22 provided

B B B by SRS SETBSR AR ED e
A4 atlder eorﬁ;bmwnt e’ Elr'@étélescﬂdbr i§ gﬁoﬁ&édjﬁbtmﬁ)mwnﬁnémﬂ&lment ac-
into the recess

bei.ng, addi tionall r
P51 Bliec Bredielioyfe Rifpaimes sBrartino 4o Fdie ne TRegoldering
pro@ess may tittenlbara pwd—kl@g@b&&%sﬁﬂ WRich first LOBRIIREARIY of the spacer

SUrrLou e acer enent so that it is fixed
THEReTS aMartHe WhireS B8 9 ERea catt-PGLIENG aFRikenional meta
sthidelr it 8 rlscepUsaibleCtoaREry DBEA bABStdgeractRs SolddH gigcea8 ot her
enbodi mrent of the sealing according to the invention
as well as for explaining production nethods for pro-

ngmrem;;srmal differe otaneh| tep sk Betlivhs! foV @88 oribingaihdted elnbgairﬂent of the
cks ac he i nventi on. Here the sol de

Solibawarons q G abBriatas Bl As rrelaiag prabe By meheds fo pro-
(ﬁpﬁt@esfeameﬂmg tolthe Wenfﬁb‘fﬁaﬁ@ﬂ(‘eﬁ Belf StaB&dtordify toSthelifvention.

se rnmed, so.t the transition from
e % BRTE SoiBRr iR i o ist, Bovious dp dbe Siaie Shavnay Figure 82
thérglis @ Spacef c@np@hé’rit ng dofiphising, re@ess’é@'?@@oﬁ&e@"oﬁ%n@%e in the

to ich the sol der can, be di spl aced
e ﬁr@"eﬁgﬁ‘:?f COmeonﬁstﬁﬁ e oy Vs 2 iR reker compo-
nkot dg’ rdthhé gidephasing teecbisee!onr Thé &Rsgivieh pditidl |§€allng may then

d ite of th enent of the sol de
e TR R
beougEmgetsphber @rﬁbﬂr%nﬁwmﬂﬁhé“bfﬁoﬁi’r%te el ted ﬁr‘éﬁal component

ctions for d er enbodi nent. of the
B o Al el e RIS SRS EPYic witb fhe partial seals
aee( prefhtricagdofop ehecéntive fuBcBIPgRick @ tHEnaNntrédLte I%@@Eélder compo-
ding to the i tion and fuel cell_stac
N6k 0 i et Boeias AL e Shrceneomaonast der Thevfebsrlitackgnay then
b@ PsemblesiphaEthd é‘orﬂé@hﬁr@&fémgéiﬁth@%@%ﬁwwn%nts 16 and the bipo-

t he enbodi nent , according to Fi 5
e fo L‘fb‘ﬁ}‘ﬂ 813ss SRECS FaRRAN BN Mak th Refebe RuPIegn paralll for the
dpdrd dtaed. ar formin view of the accommobdati on of the
sol der component 18. According to Figure 6a the
sol der conponent 18 is applied to the entire surface

'th fedtQres PAGRY inveRich ARRHised fh thAibedd d@ﬁ:r@ﬁ@rﬂ ith fheFdrg\ans as well
rt of the sol der_ conponent 18 will re 30 main

Ban Toelbitana B oo BRbish A o2 Ea0R of e IBYagdPandy il as well

asdn ahy esmbiAatiynng. The renminder is displaced towards

the towards the edge regions. The anount of sol der

formng the internediate | ayer can be so small that

the distribution of forces between the bipolar plate

12 and the spacer conponent 16 is practically hardly

any less direct than in a case in which the spacer

conponent 16 directly contacts the bipolar plate 12.
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PET/DEROOM00198B0ws di fferent axial cross sections for
descri bi ng anot her enbodi nent of the sealing
according to the invention agwell as for explaining
production nethods for pro PCTI DE20071001983 19
duci ng seal s according to the invention and fuel cell
ListafiRefaenocs ungerals t he i nvention. As sol der
conmponent 18' a netal solder is provided. O herw se
t he enbodi nent ac- cording to Figure 7 is identical to
t he enbodi ment according to Figure 6. The sol dering
process may either be a two-stage process in which
first a netallization of the spacer 5 elenent 16
16f f egealthgwher eupon sol dering is carried out using a
1@pnventlonal metal solder. It is also possible to
arr a one-stage active solder process. Figure 8
12hovv:'b|pd>Ia°rfpdyt@nt axi al cross sections for describing
1 her enbodi msqt of the sealing according to the
| nveﬁP?‘berﬁcg@p%‘F as for explaining production nethods
180r pbmerd@nmbnenng seal s according to the invention
1gnd quI cel | Ecks according to the invention. Here
hy BPG" %%V%oé}e ystemis illustrated. Previous to the
20t at eecdlsewn in Figure 8a there is a spacer conponent
2%6 cor%rﬁi sing recesses 20 provided on one side in the
dge t he spacer conponent 16. It will then be
2@r oviedgel with a netal sol der conpo- nent 18" on the
|de 0 03| ng the recesses 20. The thus given parti al
eaI | HB ?‘?ay then 15 be sol dered onto a bipolar plate
282, Irepdtitivesusit ate the tightness test on the connection
etvveen t e spacer conponent 16 and the bipolar plate
%5 w"éa'?ﬁ "fetal conponent 18' may be carried out,
3r ef seedmdpr}tﬂrlanén pol ar plates thus provided with the
artlal are prefabricated for the entire fuel
ceII aéiaéew??rbsthen i ntroduce a gl ass sol der conpo-
3dent glanucﬁrangehe recesses 20 of the spacer conponent
3%56 The f cell stack may then 20 be assenbl ed, and
he Ce&)er%rg ?l ons between the spacer conponents 16 and
4tohe lsolibstatecaleqitotees 12 via the gl ass sol der
onent 18 may then be coupled in parallel for the
nt| r érf)i%k The features of the invention disclosed
44n t lpasaocivengescription, in the drawings as well 25
% in.the clainms may be inportant for the realisation
f tﬁérqaﬁ§aeqﬁ|on individually as well as in any
conbi nati on, PCTI DE2007/001983 2Q_ List of Reference
Nurrer al s
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§C+I%E3%§J(foﬂf%? Lo OIseal ing 12 bipolar plate 16 spacer

conpone er conponent 10 18' sol der
conponent 20 recess 22 rece ) 24 edge 26 surface 15
28 repetitive unit 30 main gfane 32 secondary pl ane
34 axial portions 36 gas duct range 20 38 el ectrode
40 solid state eIectrolyteﬁafﬁﬂégectrode 44 gas duct
range 46 air passage 007/ 001983 -21-
CLAIMS 5 1. Asealing (10) for the gas-tight
connection of two elenents (12) of a fuel cell stack
conprising an electrically non-conducting spacer
conponent (16) and at least one sol der conponent (18)

Boer & Stayho TS, B She'ioRt BRbedGof! b FeGRaf 121 a fuel el
stankpdompgisingensgectidsally aopeoeducticd %ade@ c&hpbﬁaﬁme )@na a‘t)feast
errent S

ISR 5 RSP S bbb SRS o
temaemture offherfasitce(| $tack aad touphng tied s@céﬁéc&ﬁp&ueﬁﬁ&ﬁ@) tdt least

P RSN AL S e
avtenisetkintth4tli8e spacgicosesnéentdl Gds idmedef a ceramic material.

2. The sealing (10) according to claim 1, characterised in that the at least one

solder component (18) comprises a glass solder.

3. The sealing (10) according to claim 2 or 3, characterised in that the at least

one solder component (18) comprises a metal solder.

4, The sealing (10) according to one of the preceding claims, characterised in

that the at least one solder component (18) comprises an active solder.

5. The sealing (10) according to one of the preceding claims, characterised in
that the spacer component (16) comprises at least one recess (20, 22) filled with the

solder component (18).

6. The sealing (10) according to one of the preceding claims, characterised in

that the solder component (18) has a greater volume than the recess (20, 22).

7. The sealing (10) according to claim 5 or 6, characterised in that the recess
(20) extends along an edge (24) of the spacer component (16).

8. The sealing (10) according to claim 5 or 6, characterised in that the recess
(22) is disposed in a surface (26) facing an element to be connected and vertically bor-

dered by the surface (26) with respect to the extension of the solder component (18).

9. The sealing (10) according to one of the preceding claims, characterised in

that the coupling of the spacer component (16) to at least one of the elements (12) to
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PCT/BE200T00@88i ng (10) according to claim2 or 3,
characterised in that the at | east one sol der

conponent (18) conprises a meeal solder. 4. The

sealing (10) according to one of the preceding clains,
characterised in that the at |east one sol der

be @tpesed is(ct8)ted bypriesrf aphaslity vkesaddrjmnts, @chof sAidesolder

.sealing.(10) according.to.one.of precedi ng cl ai s,

JQ&W&P&%V?%’SS? égas'ﬁﬂht ©RgreioRd” 355‘3%? ts{:g“ger‘rponent (16)
conprises at | east one recess (20, 22) filled with the
ol d conpo t (18). 25 6. e N (10 : .

B conipRears RLesPaie Oh g iy iRl dal tharacterised in

tikdtahaesdider smapdnent (1Bpexteids el therentionpofasatfadingan elemeat (12)

té;éeater cz/e%urre than the recess (20, 22). 7. The

QPPHYSf0) according to claim5 or 6, characterised
in that the recess (20) extends along an edge (24) of

th . t.(16). 30,8 . i . .
e TR BES Rl Rl BB RS fdBygreoa
th&ttes Spade? 2dpmpsnalit $18) bedrsi amatas solflercn(@6eni (487 ng aswrface

t to b d d ti -
(oS0 Phvrosh A B el Y e L coB bRy on he
oppdsley satageqeent (18). 35 9. The sealing (10)
according to one of the preceding clains,

characterised in that the coupling of the spacer
1eonpdnersealkngd(l 0} accatdihgmsineard ¢heppretdringtlaimsn chaatrised in
DE2007/ 001983 . Re_connected | cted by
IR Shresh cmap e BB EER et Mafiheror ooy
solder joints providing a gas-tight connection in an

i,nt t . . _TIh ' j . .
ot 2 B P AL e QLR il
that tHle spacmpomeantent {8)) haxtermtil thicknesshef Oehta 0.2 nyar f ace
facing an elenent (12) to be connected. 11. The

sealing (10) according to one of the preceding clains,
1@har atieesehkren] 10hacdohding tohmnesyf deeprecedinmdeims, chajackeriged in

I | d : 26
Pafhgpai sPERaffR IO ghadiel sRAa G UBE Bt
sol der conponent (18) on the opposing surface (26).
2. i 10) .. ' ' .
o 008 SRAMLR AT RS A BBplohe cLRRH AR
thatiheisslder cdrapae@nt (18ahgmsn tiighthickmassef 0.0230 0.2 mm.

16. The sealing (10) according to one of the preceding claims, characterised in
that the surface of the spacer component (16) bearing the solder component (18) is

roughened.

17. The sealing (10) according to one of the preceding claims, characterised in
that the spacer component (16) has a thermal expansion coefficient in the range of
10.5t0 13.5 x 10° K.

18. The sealing (10) according to one of the preceding claims, characterised in
that the spacer component (16) comprises at least one of the following materials: bar-

ium disilicate, calcium disilicate, barium calcium orthosilicate.
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ﬂ?m%?ﬁﬁ,ﬁg%é (10) according to one of the preceding
crarms,  cnarac

erised in that the spacer conponent
(16) has an axial thickness g_; 0.1to 0.2 m 14. The

sealing (10) according to on 36t the precedi ng cl ai ns,

characterised in 20 that the spacer conponent (16)

S axi al ckness of 0.3 .10 0.8 nmm 15. The . .
B85 s elye L BFBRRR0 Kot b priseeP st hoactprised in
tbhtthaspacersedponentt(hé) confieises paely stabitised eirdon(ubBpxibas
an axial thickness of 0.02 to 0.2 mm 25 16. The
sealing (10) according to one of the preceding clains,
2har ddtecyeiatimgl( 1100 acddrdihg tdielaisuit 9, aharadtetider imthataluminium oxide

: one 1 ring the solder conponent (18) is
'§§ﬁ@%@%§ﬁ? f)irgll/ S%ﬁ@sg%g'r‘f%&"z %ge'accor ding to one of
the preceding clains, characterised in 30 that the

ac conpon 16). has a thermal expapsion . .
Bt TRy 1) peerang B ot olfe PRI B % riPrcterised i that
thd soldbrecaheainienty 181 Egmpriseeratlicagt drie ¢fite filowing nidteGast galH, sil-
clains, characterised in that the spacer conponent

Vfi‘bc)c’pe%rrrpri ses at | east one of the follow ng _
materials: bar- 35 iumdisilicate, calciumdisilicate,

ar i cal ci umorthosilicate, PCTIDE2 07/0.0 1 9 83
e APl oGS o Fasb R aAITg b0y RECIng 06 of the
preasdiad) elgimsl ai ns, characterised in that the spacer
conmponent (16) conprises partly stabilised zirconium
oxi de. 20. The sealing (10) according to claim 19,
23nhar dctuel cedlestadkrcontpaisinglapTunmality rof espetive Gniis28)igsket on the axial

AP b 8T R S T 9P e con
stduhriaatgasitightimamndrhiak sehlirg (90 ehprisdigRaN&Bétri¢ali§non-conductive
eri

3B onl 67, e bt S5l Gl e spacr
compphérsti (M) tatactj Ie%asdwriemfehé elaksﬁen% t?l@l)coaﬁié@é@ﬂt)ﬂtﬁetf@al @B stack,

f the. [ ng. I.ITB. . uel ce C _
oristrefl Phat 8 BsfieRoRpr Peipstcoprresslnaithe ebagh stack in the
axlabdikention s dikeetipraadmittdd tldieoftthe Bleaihtsat1 2) RASE cotidcted by the

seal i n&p&g%tt(g& connecting two elenents (12) of the

PAEY @ in a gas-ti ght manner, the sealing
(10) conprising an electrically non-conductive spacer

Zoupf 8 el Ak e g i o0 pAaIpciessat o e hofieacgt com-

pbhentdll @)ie firmed of beeemib eedt@thiof the fuel cell stack,

25. A fuel cell stack according to claim 23 or 24, characterised in that the at least

one solder component (18) comprises a glass solder.

26. A fuel cell stack according to one of the claims 23 to 25, characterised in that

the at least one spacer component (16) comprises a metal solder.

27. A fuel cell stack according to one of the claims 23 to 26, characterised in that

the at least one solder component (18) comprises an active solder.

28. A fuel cell stack according to one of the claims 23 to 27, characterised in that
the spacer component (16) comprises at least one recess (20, 22) filled with the solder

component (18).
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PCITADBE2007V001@83i n t hat a distribution of forces
conpressing the fuel cell stack in the 20 axi al
direction is directly transpRdéted to one of the

el ements (12) to be connected by the spacer conponent
(16). 24. A fuel cell stack according to claim 23,
characterised in that the spacer com ponent (16) is

am c materj al I
2o ofdbAgel sk aHag8 s obd or R efTs 291428 <raRgta ot that
that sdldsrsomponents 08 )ders acgrepeneolimeiBn thempeeass €20, 22y1 ass
solder. 26. A fuel cell stack according to one of the
claims 23 to 25, characterised in that 30 the at

3beasi faaleced [same lacccm:l]mgne nIamQ 28))r Eﬁmmerisedm thiat the recess
f th
(@ sfins S 2o EPct 1 TG RIRERE PR 0 Mot

one sol der conponent (18) conprises an active sol der.

5 ell st :
A o ultash Sopordindds oP 28 % 29, rfifiig that tne recess
(22)npdispred(id G)sucface (263 Exirgtan desentdn2) odeeavsné@dd addyertically
Ceice Rt R 6 ) i B SR HE R« b s poigersampapent
(18). one of the clains 23 to 28, characterised in that

the sol der conponent (18) has a greater volune than

the recess (20, 22). 5 30. A fuel cell stack according
3o clAaueh @8 stack 2@cordingrtacteof thedlaims 28 & 3, leharasterised in that

LR 508 P AR 35 B8 R B 121000
cohmactedi8 effect2® bycﬂiﬁana(df empiwaldy bfrsdldmtjonmth.eea(:lawésald spRigy joints
I s, di | t (12
plfogv"ﬂrlég %ﬁ%g@bt"é’% '0\72'? |ca$<?ts ﬁbngofgesegngg tge )

surface (26) W th respect to the extensi on of the

0| d s?acﬂtacgér%% to gﬁ% Ioﬁhfe%? rpg §§ ho §§ acﬂﬁra terlsed in that

3fcco Fﬁ 0 one Charsctert sed
thmsdldim’tcomdmeemc(m&) éxtendsfovehthesptiresurfacenti) éading arﬁylem@nt (12)
¢ éel easetC Qpe of the elenents (12) to be 15 connected
7 BE&PYEC fed by means of a plurality of solder joints,

each of said solder joints providing a gas-tight

3Sfonn?aftUﬁ cetII s?ac?%cc&% teto %fu@%ﬁtheg% TéZéS{?}SS Ccﬂa'ra Lf'}g&i in that

acco 0 one chara eri sed
thensparat comhtmesm(‘we)beansrqmabhisomet&))rn@mn@‘nd% berea stitiace (26)

f%cgrﬁﬁ%éri? :E'i{efn?ﬁ%) { 2@ cén%% {24 274 aed|§§£'3§6 de(' %g%por?&t'i%)%‘ﬁ the op-

posing surface (26).

35. A fuel cell stack according to one of the claims 23 to 34, characterised in that

the spacer component (16) is sintered in a gas-tight manner.

36. A fuel cell stack according to one of the claims 23 to 35, characterised in that

the spacer component (16) has an axial thickness of 0.1 to 0.2 mm.

37.  Afuel cell stack according to one of the claims 23 to 36, characterised in that

the spacer component (16) has an axial thickness of 0.3 to 0.8 mm.

38.  Afuel cell stack according to one of the claims 23 to 37, characterised in that

the solder component (18) has an axial thickness of 0.02 to 0.2 mm.
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| stack according to one of the clains
égb”qeéééiheﬁgkhcterised in tha? t he spacer conponent
(16) bears a netal sol der conponent (18') on a surface
(26) facing an elenment (12)"4%0 be connected and a
gl ass sol der conponent (18) on the op- 25 posing
surface (26). 35. A fuel cell stack according to one
of the clains 23 to 34, characterised in that the

P ac X fuedglicngdk ac(cbﬁi)nd 18 oleltf Eecslainid 28 1933; I:Iilﬂ'al:terlsed in that

nner . 6. A fuel cel ack a cording to one
R80T ohhosacs: sampartiat Hel brradne o LRREmRAENLHZe roush-
gredponent (16) has an axial thickness of 0.1 to 0.2
mm 37. A fuel cell stack according to one of the
claims 23 to 36, characterised in that the spacer

40Np Xl céulﬁécmomhg:\mloa;b cﬁmecéqéiﬁ&szaqf) 30; éhdricfériBed in that
tack according_to one of

t he
7 sparer ampghert (1 e)iGe achuma eapans oy ReTicRRGRdas tRAG8 of 10.5to
e Raoert'. (18) has an axial thickness of 0.02 to 0.2
mm PCTI DE2007/ 001983 -25- 39. A fuel cell stack
according to one of the clainms 23 to 38, characterised
41Nt hafuel édiestadk dor6R1IMY toldhe &H@C&éln@m@ ﬂ@néhérﬂlét)ensed in that
earing the sol er. conponent S roui%mtl ened

e spacef gampergnt {1y gepp E%so‘i‘td‘?"i‘%Of‘%OBW@ C] rrgemeteﬂ?ﬁsbanum
dhidaee, 38Iciubhaiineater barieh tdlcibiathoiliéatg pacer conponent
(16) has a thermal expansion coefficient in the range
of 10.5 to 13.5 x 10." K'i. 10 41. A fuel cell stack
42¢ c orAdiuebedlicstadkeacebrdi rtgeto@naldﬁne%?alﬁ@ 2800 44 hethAaERIISEQGh that
n that the s %r component nprises at | east
t %P%ﬂermf@p?faﬁmp zw FGMREBES wao{rlxsstaa ?%%ﬁcoauum Pident e,
calciun1disillcate barium cal ciumorthosilicate. 42.
fuel %ck according to one of the clains 23 to

A1, dhiyp %Et"e%t? RFCPHIinggclaim s+, faratarised i, sl fpinium oxide

i€ @dedO MM | Fﬁr«ﬂ;‘- skdlicby zitddomhinh brigdl zi rconi um oxi de, 43.
A fuel cell stack according to claim42, characterised

in that alumniumoxide is added to the partly

4t abid ﬂuéB@élIZthédkC‘ancUMr@Qb@ﬂe of theldaimA Jdous l43Cothdrasdleiskd in that

according to one of the clains 26 to 43, characterised
th%sce'ﬂ%&w%m?@e%méé?Oferaﬁ?ﬁéﬁéW@'sf(moféwl?%s mgtenaly gold, sil-
veR&oppert he following materials: gold, sil- ver,

copper .

45.  Asealing (10) for a fuel cell stack according to one of the claims 23 to 44.

46. A method for producing a sealing (10) capable of connecting two elements (12)
of a fuel cell stack in a gas-tight manner, the sealing (1) comprising an electrically non-
conductive spacer component (16) and at least one solder component (18) solid or
viscous over its entire extension at the operating temperature of the fuel cell stack and
coupling the spacer component (16) to at least one of the elements to be connected of
the fuel cell stack in a gas-tight manner, characterised in that the spacer component

(16) is formed of a ceramic material.

47. The method according to claim 46, characterised in that the spacer compo-

nent (16) is produced by dry-pressing a ceramic powder.
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P&T/DE20072001963 ( 10) for a fuel cell stack according to
one of the clainms 23 to 44. 25 46. A nethod for

produci ng a sealing (10) capable of connecting two
elements (12) of a fuel cell stack in a gas-tight
manner, the sealing (1) conprising an electrically
4B0N- ThentEiitdd aeoRhas B claiom/t) shatacter®eddn dhattthé epesier corapo-
sol . conponent .(18) .solid.or Vviscous.over its
”Eﬂtt(ﬁlgiz'sﬁﬁﬁgsgﬁ f'&? C%ﬂ'ggolﬁ%nﬂré?tt'[]%ania%q&nﬁ' ure of the

fuel cell stack and 30 coupling the spacer conponent

16) _to at | east one, of t el . enen t
;) ThE i BRI et o T AR o3, A BEPREH Hienat o
giisasaldbeii the thrinrof talsampéefilsyiaepplieddotienspacer ¢ahionest (16).
formed of a ceramc material. 47. The nethod accordi ng

to claim46, characterised in that the spacer conpo-
585 naht nielfdd accopdingltocad df yhedelgingr 45stei48g charactesised in that a

owder.. PCT/ 0071 001983 -26- 48, .Th t
k8 SPien T o AP APAE e IoaT 2L 2 EACtedt SR EE A o spgoer component
(spacer conpo- nent (16) is produced by filmcasting,
| am nati ng and stanping. 49. The nethod according to
one of the clains 46 to 48, characterised in that a h
50| as Theohaledd accotding fooslaimod0, @hatamberesdfin lthati s adiebive thyer is

to.the spacer conponen ). .50, hod. .
agel&eéi:} it?]€SQ6c966ﬁ%'“ng?netnlt1L16§I 8?05%th%n ?%—Ihs%@& E:shag) e eri sed
in that a glass solder or a netal solder in the form

f a_-paste is applied to t c
B0 sTRe T adeRRlP Al a 350 Elarr BRI thet bl spager
compbheéit (96) iathgbened befgera salderapppplied. t o t he spacer
conmponent (16) before the netal solder is applied. 52.

The nethod according to clains 46 to 51, characterised
530 t Matethbe famacducingldfuebosiianarktcoqibbising & plurabith @h esgetitive units

f or .sol der, i.s lied. 53, f [ )
SByiied it e dreelitaiditiclopf sPABRIOLF sl e G e
nbltitd §12) o2Bi fadl @ek edck im sgasatighdimathinee the sealiag ¢ Catoinpasing an

ne.sealin Q) for connecti -

SaricaiEnodhtctSlng ek BOERINP Y Snd e ek Solsdtgarflonent
({)pli¢ onpisiaisnyenits &ftire kriebsion at thy operaticg reduastratare of the fuel
spacef ¢C onen 16) and at | 0

2B 356kt Cogelg el foRing fERY i eRELRERr tng slements tobe
cexh&dtad ofithatfud bell stpek iata geg-tighhpanagnicharatterisedfin that a spacer
cell st and coupling the. cer, conponent (16) to
CQ{“pPB?a%ttaﬁé azgq Of?eh er@ﬁng’n[‘éﬁ&egglﬁgu & connected of the

fuel cell stack in a gas-tight manner, characterised

§4r.] t te rﬁletﬁggl ggcrording to claim 53, characterised in that elements (12) of the
fuel cell stack and seals (10) comprising solder components (18) of glass solder are
stacked and that the elements to be connected are then simultaneously connected to

each other via the seals (10).

55. The method according to claim 53, characterised in that repetitive units (28)
and seals (10) comprising solder components (18) of metal solder are successively

connected to each other one after the other.
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QFE@% made of a ceramic material is used. 25
i ,l §&}r{8§fw@é" according to claim53, characterised in
that elenents (12) of the f cell stack and seals

(10) conprising sol der conporfénts (18) of gl ass sol der
are stacked and that the elenents to be connected are

I d,t h, ot ia th
oa STy hBEeR HRRORET R ebe Pl M B i m 53,
characterised in that repetitive units (28) alnd seal s
tal so

10 sgl der conponent s r

e SCoRRebPyBlsRE e ta B netis 6 i b artal Solcer
t he atohgmoned18CHh BECAZE (MB) &g ﬂ?zleﬁﬁnt ﬁh?tolw dftmidected and
accordln tg,claimb terised in.,t - seals

(10) & 39%%03 Cﬁg‘pgﬁg%te(ﬁg)iﬂ}rﬁ'&?gﬁ??n? $ufac %%l ch bear

a netal sol der corrponent (18 ) on a surface (26)I

faci an_el enent onnect nd S

“sor dabe 8B RERPodEs 1sh e sEBerRg o BPhec ¢4t £Fee

t he sackedia menpetaadl@er(cb&\))oaerﬂs(m‘ﬁt connected to

el ements of the fuel cell stack via the netal sol der
conmponents (18'), 10 the repetitive units (28) are
-conplteé¢ expetititchanits¢p@) ark icompleted,s (28) are stacked, and
the repetitive units (28) are connected to each ot her

via the gl ass solder com 15 ponents (18). 57. The
-met hdble sspetitivli urdtst(P8)cdraistackéd, amdar act eri sed in that

the repetitive units (28) are exam ned with respect

to tightness after the connection of the spacer conpo-
-nent gh¢ depetitive @lisRB)itse ebniduted twalach @tHer siaahk glasa sbli€r com-
net al soltd I conmponents (18'). 20 58. A nethod for

pr Odl.Pé)inﬁ Z $uel cell stack conprising a plurality of
repetltlve units (28) stacked in an axi al direction

19, S5 055l Ot O e ARG B s
(B8)rare exarhined swial resygect g htrassp rafter thg cannedtibe of the&phtar compo-
O A PR T HTRBRE Do o e SaissR i
(16) to at | east one of the elenents to be con-
58. A method for producing a fuel cell stack comprising a plurality of repetitive units
(28) stacked in an axial direction and at least one sealing (10) for connecting two ele-
ments (12) of the fuel cell stack in a gas-tight manner, the sealing (10) comprising an
electrically non-conducting spacer component (16) and at least one solder component
(18) coupling the spacer component (16) to at least one of the elements to be con-
nected of the fuel cell stack, characterised in that the solder components (18) are
arranged on the spacer components (16) so that a distribution of forces compressing
the fuel cell stack in the axial direction is directly transmitted to at least one of the ele-

ments (12) to be connected by the spacer component (16).

59. The method according to claim 58, characterised in that a spacer component

(16) made of a ceramic material is used.

60. The method according to claim 58 or 59, characterised in that elements (12)
of the fuel cell stack and seals (10) comprising solder components (18) of glass solder
are stacked and that the elements to be connected are then simultaneously connected

to each other via the seals (10).
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PeaiDEZOOTIONMBB3 f uel cell stack, characterised in that

t he sol der conponents (18) are arranged on the spacer
conponents (16) so that a di28ki bution of forces
conpressing the fuel cell stack in the axial
direction is directly transmtted to at | east one of
the ele- nents (12) to be connected by the spacer

16). 3P 59. Th i i s
oSl kot S BLRE El Wyhgi
uned@8painditheesealsi (¢0 nare esucedssivelywoadecté&dto SEieh otherlooe after the

ccordin

| ai ised in th
offE e 290985 B8nR Rl e BB ST ack and sea s

(10) conprising sol der conponents (18) of glass sol der

ked and that. th . d
Zhen 0P RTTAREBOLIp ST oo sradeRisbRIfege”, o°
seal s (10). PCT1DE20071001983 -28- 61. The met hod
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