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WD 2005/ 048390 PCT/ SE2004/ 001594 1 A GASKET, A
Bl POLAR BATTERY AND A METHOD FOR MANUFACTURI NG A
‘BI'POLAR BATTERY W TH SUCH A GASKET Techni cal field
The present invention relates to a gasket as defined
in the 5 preanble of claim1l, and a bipolar battery

wo nadastbng at | east  one gasket as defi neﬁhﬂ,ﬁz&%ﬁﬂ
preanbl e of claim13. The present invention also
relates to a nmethod for manufacturing a bipolar
battery as defined in the preanble of claim 30.
q%%&round to the invention 10 A bipolar battery

A F uB tBERPIABNBRT TS AND b SETHPR o 98, MANERRRTEIRIVE 2

BIiOIR@ 8ATTEMEWITEOSEE [2e@abkp} ate that serves as
el ectrical interconnection between adjacent cells in
t.he atLt as well as a partition between the

Ted ’1(1""&E %’heejgc%/der for the bipolar construction to be
successfully utilized, the 15 biplate nust be

Thes pirkeiseihe ntrdvent ool umlia\tes-*t oo ta @asket xUdeénhed fimORhe
celh tgeC he Le.in the

pr enV|1Fao£r%F C‘rafLea!nt Etaggt I%e oipgiﬁlgbat{:a lrlflac:iﬁfi%ﬁl%laﬁgla%%td

oneg @asdet 29 ddﬁen@él :ercttrh@deseaﬁdec apadilseinofi3 belhrg present

infRGEA £A1d Yeh BBUL AP A0Cho 3RYARLE, AL Nepspotar

boundari es of e cell so as to con 20"

batdleant pol dafened ihethereathes@fr etrin &Pents are nore
difficult to achieve in rechargeable batteries due

Badigrbfd ChatleNgnpeieiynl al that can generate gas
inside the battery, and in alkaline batteries due to
th%lgg:egtnature of electrolyte. Achieying the_proper
A ROl SR RatT6n COPS TRECA R NETRELEPT 17 G eRBS I FldVen

condercy iveli Bfdodalkt lajor, rai G&Elmhbepiitﬁae thper R ke 1S

R ST saP TG CRONVEAL eeuT b porarhe
battesivgas weddi eal & ypartilize Hdtalen the cells. In order for
the bipolar construction to be successfully utilized, the
biplate must be sufficiently conductive to transmit current
from cell to c¢ell, chemically stable in the cell’s environ-
ment, capable of making and maintaining good contact to the
electrodes and capable of being electrically insulated and
sealable around the boundaries of the cell so as to contain

electrolyte in the cell.

These requirements are more difficult to achieve in

rechargeable batteries due to the charging potential that can

'generate gas inside the battery, and in alkaline batteries due

to the creep nature of electrolyte. Achieving the proper
combination of these characteristics has proven very
difficult. For maintenance-free operation it is desirable to
operate rechargeable batteries in a sealed configuration.
However, sealed bipolar designs typically utilize flat
electrodes and stacked-cell constructions that are

structurally poor for containment of gases present and
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el ectrodes and stacked-cell constructions that are 30
structurally poor for contai nnent of gases present
and WD 20051048390 PCT/ SE2004/ 001594 2 gener at ed
during cell operation. In a sealed construction,
gases generated during charging need to be chemcally

wd aelogned W thin the cell for stable opgéﬁ%%&?mm;ne

pressure- contai nment regquirenment creates a I'oha
chal l enges in the 5 design of a stable bipolar
configuration. New requirenments in the field of
transportation, comrunications, nedical and power
genef:é)lﬂ&lds dakeng enanabblgat iwReCif iLabh0Rs Ehadt@xitsbhng
atteri nnot These. .include higher cycle
sace YA (e SRS o ek BFY PEPBHE 10
recoﬁmtm]r geshuMﬁMEl &ysmemir ataaraeapeaathbﬁ altee pRabbyee -
contalnm éﬁ $; :? aﬁ[ ﬁ f_IL Irpgg i h
A b £ Eaetion Are oo i ghaligpgegsin the

de51§q3ﬂﬂﬁﬂ§8awge Brippndet @infaguratdohi pol ar battery is
disclosed having a common gas chanber, which is

New gé Leq ‘?% a&giﬁéwoe%%%ggpgakbgrgugh the

uctive support par at of The openi ng
Commil%lca#tsen@r omddsdlwmdh mwehydrdphabecobaeratamat o

specﬂfféé.%@%ngatﬁﬁﬁ:g%ng %%g%%xyle% Eamgg odie ke

hough t he ressure er ences
inclyds dgher WC@@I Ilsffﬁsa@oltb@dleeldhéﬁﬁ Fspdd iddd afficient
rechigadvantage 20 with the described battery. The outer
seallng around the edge of each biplate still has to
e fluid-tight, which is very difficult to _achieve.
NlMHl?Y%tﬁg‘So%‘feerseﬁé‘aF‘Fnbh‘? §‘1E‘6¥naf"11§?dt9| geet cuHe life,

but ebani FokyékistGant abnethti ndha5epasalon Hel Wwesmide,
el ect rodes and in the electrodes, may mgrate from

o o€ 550 B 5001 Ly D BB e
disclosed having a common gas chamber, which is created by
providing an opening through the biplate (conductive
support/separator). The opening is also provided with a
hydrophobic barrier to prevent passage of electrolyte through
the hole. Although the problem with pressure differences
between the cells is solved, there is still a disadvantage
with the described battery. The outer sealing around the edge
of each biplate still has to be fluid-tight, which is very
difficult to achieve. If the outer sealing is not fiuid-tight,
the electrolyte, contained in the separator between the
electrodes and in the electrodes, may migrate from one cell to

another.

In the published international patent application WO 03/026042
Al, assigned to the present applicant, a different solution,
compared to the solution described in US 5,344,723, is
proposed where a hydrophobic barrier is introduced around the

electrodes instead of around the opening in the biplate. A



Al, assigned to the present applicant, a different
solution, conpared to the solution described in US
5,344,723, is proposed where a hydrophobic barrier
wO2PQA5(448380uced around the 30 el ectrodeP TH§ERAR AF01594
around the opening in the biplate. A W2005/ 048390
PCT/ SE2004/ 001594 3 pressure relief valve is also
i ntroduced to prevent a too high pressure to build
up inside the case. It is however rather expensive
Presginfanbt itk vPéve bi fdrar inetacErgd dio pRrEeriest Froahionh
prekiudeS thhenef0np anHeed the const TUCEs & RRW.RI polal,
battery- having | ess nunber of conponents and usi ng

9 : |
CXPPRYY e HRpTI EHPEI I proCessi fy ey tof A df detiame agd
it bi pokasrdal behyed SWTEBAY @ictt Rendypepsian HErbed ment s
h of Hhe present invention seek to provide a gaskKet
VIR ORP | FUGSTpPE £ GOEIE SR AR A gL S0 CeeR L HFa tad
pro®dgaoharstdyat teryandfacaceordangel i thataetir st aspect
of the present invention, there is provided a gasket

sumhQfy YEethd Rvahafyed el ectrolyte bipolar battery,
sai'd gasket being nmade from a hydrophobic naterial

to prevent the creation of an electrolyte path
Embp@ingess ohdiigcertsd] HEVaREPmEant e Prouidmt gnyket

thaErWiﬂla§Kﬁ§lfﬂ§rEH@rmadH%HEfﬁfﬂﬂ&gbr@cggéig% MW%belE?
designed to at |least partially enconpass a biplate
bati#iah nounted in a bipolar battery, and neans to

permt gas passage through the gasket, characterised
In ddtdf@hcsahtgasketst sasmde bromma grbehial nvdi,,
def.ornabl e properties to provide a sealing to a
thex HiaPEoYifibh mAEALEr | 1PIAUBR pol 4 SBATt AR etS
bip@robhefe iy, eSSl gaskbghicisgakad frbe datlebynbisic
h d. Enbodinents of th resent invention

mat Orultra Ihgcr? psrgérﬁni: otlbq, &\;Iea‘%l%p oef gn electrolyte path betwean
adjacent cells when mounted in a battery, the gasket further
comprising:

- a frame which is designed toc at least partially encompass
a biplate when mournted in a bipolar battery, and

- means to permit gas passage through the gasket,
characterised in that said gasket is made from a material
with deformable properties to provide a sealing to a biplate
when mounted in a bipolar battery, whereby an outer pressure

tight seal of the battery is obtained.

Embodiments of the present invention further seek to provide a

bipolar battery that is easy to manufacture.



bi pol ar battery that is easy to manufacture. 3a In
accordance with a second aspect of the present
invention, there is provided a starved electrolyte
bi pol ar battery having at least two el ectrochenica
cells conprising: a case, a negative endplate in
contact with a negative g|ectrode, a positive
endpl ate in contact with a po|S|t|ved eIecholdet at ;
one set.of a negative electrode, a biplate an
o aggg}d??%%“%&%c ro %%Igfﬁﬁﬁ 8 Th ResRABHFEh SWenEitRe
theﬁ@t We et %’&d&dnég%ﬁ%ﬁ@daﬁ@e%@llw@ebl@nélpr dtgserand at
haviieasit dressepar atlertabbRagRek bekweencaash snggat i ve
ang pasitive electrode forming a battery cell, said
arator. including an electrolyte, characterised in
t h t " GAIRet T e Shap@tart 2 FihaAeneqridacof a
ele¢fygelephobi ¢ material, is arranged between each
- bi pl pé& rand/ efadimpkat &, angc.endplat g, pyfierehy said
cledagket prevents an electrolyte path from one cell to
anotﬁer cell, and - the gasket is made froma
mafBri®S WPEh et SEnanteativepetactesde o proviee a
and gealobhyl teo edactrdviepl atearad each saeadpliatse ruphelceby

betRnOBA &l rREESSH eahﬁ%ﬂstg% ng?ﬁgtggts%g{dy| si furt her

obt ai n_the case,
o 501 B P THRRASC T FEF A48 vele S4Gh Hrarouh
and a‘H’SéEJe‘Fﬁ EePFisradkr baghinche Brisicay edldrebyid crepatany a
1n0bmhngmﬂg&éespaﬁ@¢hor all cells in the battery.
chardzidRadi aents of, he present invention also seek to
D el T hRnah e T AL e o2 B A opomic

material, 1s arranged between each biplate and/or biplate and

endplate, whereby said gasket prevents an electreolyte path from
one cell to another cell, and

- the gasket is made from & material with deformable
properties to provide a sealing to each biplate and each
endplate, whereby an outer pressure tight seal of the battery
is obtained within the case, and

- the gasket is further provided with means to permit gas
passage between adjacent cells through the gasket thereby
creating a common gas space for all cells in the battery.

Embodiments of the present invention also seek to provide a
method for manufacturing a bipolar battery, using the gasket
that is simplified compared to prior art methods.

An advantage with the embodiments of the present invention is
that more energy may be stored in the battery compared to
pricr art batteries, since the gasket acts a hydrophobic
barrier, a pressure tight sealing and provides means to create
a common gas space within the battery. This in turn makes it
possible to more efficiently use the available space and
larger electrodes may be used compared to pricr art
batteries.



that is sinplified conpared to prior art nethods. An
advantage with the enbodi nents of the present
invention is that nore energy nmay be stored in the
battery conpared to prior art batteries, since the

wo20 @9skekoact s a hydrophobic barrier, a pr%&ﬁ?%ﬁz&é&UH01594'
sealing and provides neans to create a comron gas
space within the battery. This in turn makes it
possible to nore efficiently use the avail abl e space
and |arger electrodes may be used conpared to prior
art batteries. W2005/048390 PCT/ SE2004/ 001594 4

Ano’_eﬂ@f rkﬁ:!’vaﬁgé@@ti%g%hgg éllhﬁ)tdlﬁgp’pgld’?QE% ;S)ergeﬁﬁl 5/” esent

. _invention provide additional cost and asse
INVERHET PEoVvednrarédlerplperer and adesilles berefitiver
compPierts prhadvaniagessprovi ded by the enbodi ments of
the present invention will be apparent to those
killed in the rt fromthe follow ng detai] ed
FurfE SPAEFOn B PREHITSET oRER B BY Tt FEEST G €8
thebptdseny amcertthenbivplate assendlyto Bidsef sgescd phiaR
of the,drawi.ngs The di.fferent enbodi nents shown in
art e g e g g e TPo Gt e e ocTosds
bipptaopeleromcteut ceX dggaratednd o poibiplavt agiddberent
i nportant features for the sake of clarity. Fig. 1

Bri&hQWsciptis o%néﬂé“dﬁﬂimgi a gasket according to the
present 1 nvention. Figs. 2a and 2b show
sectional views of the gasket in figure 1.

Cross- .
TheF%fg%’feélﬁo@\%boﬁlg‘@BBﬁos@ﬁﬁoaP agpendqfagkavings are
nota€60£@ﬁﬂégokopféﬁbrtﬂbﬁﬁﬁﬂ&tieﬁM@@%féﬂ%d Ebgﬁbiﬂ%aoggd 4b

. .Show cr.oss-sectional views of the gasket in figure
different important features for the sake of clarity.

Fig. 1 shows a first embodiment of a gasket according to the

present invention.

Figs. 2a and 2b show cross-sectional views of the gasket in

figure 1.

Fig. 3 shows a second embodiment of a gasket according to the

present invention.

Figs. 4a and 4b show cross-secticnal views of the gasket in

figure 3.

Fig. 5 shows a third embodiment of a gasket according to the

present invention.

Figs. 6a and 6b show cross-sectional views of Lhe gasket in
figure 5.

Fig. 7 shows a cross—sectional view of a bipolar battery

according te the invention.
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Fig. 5 shows a third enbodi nent of a gasket according
to the present invention. Figs. 6a and 6b show
cross-sectional views of the gasket in figure 5.

Fig. 7 shows a cross-sectional view of a bipolar
battery according to the invention. WO 2005/048390
wWOeoi3/@ERE04/ 001594 5 Fig. 8 shows a per spegéi@oyisaw
of a battery according tosthe invention provided

wi th adjustable term nal connectors. Figs. 9a-9c show
three different devices for vacuumfilling a bipolar
. pattery with a common gas space. 5 Fig. 10 shows a
Flg?i %s?ell%soﬁ Eﬁ’ésfﬁecfté?’en’glrﬁﬁ 2&t yrhatdeay brpedritinsb bt thy
inveot bomipng vt Ged he thnsenidieml e i &mihll SOMG & s8cond
flow chart for manufacturing a bipolar battery
Fig@CC | [ tion. .Fig. 12 shows a flowchart
.gfgor 9%.'@' I igﬁg‘gag%l%goﬁgfp YA ntte(rﬂ?/v%etsh%oﬁovae"?‘é’& Folyies a
bipplgr bESteRpwsita Bl oommdractsf gpadeor mati on of a bi pol ar
battery. Fig. 14 shows a partial cross-sectional
FigVi eov dfowd Bi PRl £10/ILBLY | ' a first
parE0bodi meNt  of a gr essur e&)rléeﬁée?éh\[}g%‘%/%gmf@ Fi %.lp‘i%aar
2EEROWEERTEIM d@elbe rkansderi onal vi ew of a second
enbodi nent of a pressure relief valve. Fig 15b shows
Figa T aewsestdicenali ﬂicﬁwCaararE&S&aﬁﬁfﬁlﬂ&%%swﬁi olar
bat L&k %fccggl__\t/e gccg';din to fig. 15a. Fig. 1 Shovs a
cFosSUSREMTEhAP Vievi™BrEi®hird enbodi ment of 20 a
. pressure relief valve. Detailed description of
Figprigt ebeed ®ridodchent sSoFhéitmjngr abeneflids vat t&PA@ with

ele@&mlﬁg.battery design are

Fig. 13 shows a flow chart for formation of a bipolar battery.

"Fig. 14 shows a partial cross-sectional view of a bipolar

battery illustrating a first embodiment of a pressure relief

valve,

Fig. 15a shows en exploded cross-sectional view of a second

embodiment of a pressure rvelief valve.

Fig 15b shows a cross-sectional view of an assembled pressure

relief valve according to fig. 15a.

Fig. 16 shows a cross-sectional view of a third embodiment of

a preggure relief valve.
Detailed description of preferred embodiments

The major benefits of the bipolar battery design are
simplicity and low resistance losses. The bparts count of the
battery is relative low, congisting only of endplates and
biplates, with appropriate assembly of electrodes, separators

and electrolyte and sealing components. Batteries of a degsired
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sinmplicity and | ow resi stance | osses. The parts count
of the battery is relative |ow, consisting only of
endpl ates and 25 biplates, with appropriate assenbly
of el ectrodes, separators and electrolyte and
seal i ng conponents. Batteries of a desired WO
wRHEn1e48390 PCT/ SE2004/ 001594 6 vol { agep@f€r2004/001594
constructed by stacking tge requi red nunber of"
bi pl ates. The el ectrical connections between the
cells are nmde as the battery is stacked, since each
biplate is electrically conductive and inpervious to
voliggscrel W@trﬁch fovt bEadﬂe:mg' nhat sreatuiead hhan@dr bhe

bipledll. 0nE MEEPhcd BRPEENG-SVbRu LR el hen O

nsures uni orn1curre
madeam&er@mmem qtat:heds smency e&tﬂrblphetevﬁ t age
1edl S, la teries wll
B B e B o TR e i T i

and manufacturing costs due to elimnation of
Wltkb &?ﬁoﬁ%ﬁ?@aéﬁda‘f [RechafRf acter Fhgy @fpFoteent Tise maj or

perfirAbbemmd tht Rl Ak, b@lﬁ&f eB8utss leﬂ'l@bﬁrlw rlg.]r@ent and

reliable seal between cells W thin
volhsage: grgtriytirey sHmcsot g iwwEers Rafbsip r‘ﬁtme ghhuwethe

vOlt%@ndﬂbﬁclé)gggniﬂgaﬁ S5-4kkished i nternational
patent appllcatlons 03/009413 WO 03/026055 and

. 026042, e non- |shed pendlng Us
ip s RRL NS 167 16 A LR RRLY Arovied, griddh o
Volwdmeanprmmﬂacatpmlng:aﬁbtsaﬂré berehininacospyrat ed by

nce, .The se is.of extreme
Compr O% ?a%l%:det F5rmE aijﬁ?gﬁ’éjsngbf‘ppﬁﬂa%’atterl es, and
blpolar batteries are no exception. Ind|V|duaI cells
The gghehi praiiemacitily dipatay ikaltsetior iN b;btdmatm:graes it

relilad1e Ni&lee Ry L0 )gegFF POSI LY End V]QPEEEL hc yd r | de

hydr ogen st orage oy nhegative, respec Ve y)
Diffeapak atoratdnds é1CEc§thF-éI prapleMhbavesbeehr @l stlesktd thethe

publ3@R8H e rhS {GAY! bEFed O apk? Nt AMEPRE Lo3 /009413, WO
03/026055 and WO 03/026042, and in the non-published pend ing
US applications 10/434167 and 10/434168, all assigned to the

present applicant, and hereby incorporated by reference.

The seal on a cell iz of extreme importance for all types of
batteries, and bipolar batteries are no éxception. Individual
cells contain the active materials (for NiMH batteries it is
Nickel hydroxide positive and metal hydride hydrogen storage
alloy negative, respectively), separator and electrolyte. The
electrolyte in the separator is required for ion transport
between the electrodes and the separator provides insulation
to the conduction of electronic current flow between the
electrodes. The best designs, optimised for longevity, weight

and volume, require recowbination of gasses.

Batt‘eries always produce gasses as they are charged. The

gassing rate increases as the battery nears full charge, and
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25 between the el ectrodes and the separator provides
insulation to the conduction of electronic current
fl ow between the electrodes. The best designs,

opti mi sed for |ongevity, weight and volune, require
reconbi nati on of gasses. Batteries al ways produce

wEnassasw@s they are charged. The 30 gaSS|ﬂgr,gﬁ1;0§0 1
i ncreases as the battery.nears full charge, c{%

2005/ 048390 PCT/ SE2004/ 001594 7 reaches nHX|nun1mhen

fully charged. The gasses which are produced are

primarily oxygen and hydrogen. For N ckel based
readbiegorarithat veen g8l lguchngedNi Mt aadsdlk Ghichoxygen

prod\{ylcgh glleecgg‘%g@llrye 1§Ia>ﬁdr ggb]tdg%ew th avail able

active mat er’i the ne el ectrode.
Batteries are nornmally designed so oxygen will be the
For piipkel peseqdiimdpadbattaniescerych ag BEF ehdr¥edd, Thi s

oxygeil 118 Seb¥ib Afd |I@ﬁ]§t1'\;e)ly05§ﬁp&ﬂ61 ditheR89abidCact ive
active material, generally b to ensure that

mateppal Kk itheRegatdver R RNEe hB"%iqeir 1@%3611?9(?9@%313]10 on

desighaf o& oW bdn hﬁ.ltLhBef’iHeStflkgtgﬁa% géhetdtd SEAL %(@dcell
el ectrole%te battery, provide for gas passage rom

is oFRECHGEE vER YD TeABI TR &MV St i e t he oxygen wil |
reconbi ne. The gas passages are obtai ned by
1)  cofveumdiuliildgcidh@eganbuntacatvel rmieimlayl egefvieﬁsbli:[y the 30%

f. t el ectrode .an e separator.
ko e%? Flesur gcg}ge ot %lv%leelcet ggag m)”g]tlc o78f e‘a’%‘%ﬁ%
on chhigel ayéi Jof tdleeirol yHoeghsr the transport of ions,
but the layer nust be thin enough to pernmit gas

2) di £ UsiseR -t QB L HE e )Sg{itelaynd UL glel, %W egsa passage

passages throughout the active ayers an
froms phey Rasd Eive O-oThEe nergative - evieaster bde awvgled wilsl

reco%%@g@'ﬂe' gf;a@\f%rsgggégeaq’e Oﬁ@gﬂwb?aé&v&\g%ﬁgyﬁo% up

does_not reconbi ne” quickly, pressure
amoug + ¢ plepereleitie. wikeinbfigehoret eibtrtdlentrode and

through the separator. All surfaces of the electrode mist be
covered by a thin layer of electrolyte for the transport of
ions, but the layer must be thin enough to permit gas
diffusion through the layer, and must allow gas passages

throughout the active layers and the separator.

The negative electrode would gas hydrogen if overcharged.
Because gaseous Hydrogen does not recombine guickly, pressure -
would build up within the cell. The oxygen recombination
effectively discharges the negative at the same rate it is

being charged, thus preventing overcharge of the negative.

The surface area of the active material, combined with the
uniform voltage distribution of the bipolar design, enhances

rapid recombination.
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effectively discharges the negative at the sane rate
it is being charged, thus preventing overcharge of
the negative. 25 The surface area of the active
material, conbined with the uniformvoltage
di stribution of the bipolar design, enhances rapid
wo Besrksomat i on. WO 2005/ 048390 PCT/ SE20044&H284 /0014
For clarity sake, a starwed electrolyte battery is
defined as is an essentially noist but not wet
construction, as opposed to flooded batteries |ike a
typi cal |ead acid car batterX. The bi pol ar approach
For \ﬁrylPFl"éﬁWe thattarredyelevgeldiopabtrossiss defgnadtase

is afBbesdralia | ndestUBLEORER kit abdndth ﬁ@&.o Oata,hag Lo ﬁd
tofintlre eIectrode will come up to full ar ge Pt

gReed inREteries Jikel B BisRrhated ﬁélﬁaacam bBEBBEEM i n

conventi onaI constructions, where parts of an
The eﬁpclacmd@paﬁeecm\xﬁﬂahaﬁgjufeg than t1@assi Fggrdir-bg QtR&ds
rmt are e el ectrode e 10 not get fully

e
the gﬁa%veeé‘) at?ﬁea e‘”ﬁl% P}ﬁ GF%rihattePFe’S-aPe tRar e‘iﬂ“q 0
entige nemcn:xbue willectomel yp eccbatihl faiarpe opercnee E;f;u@é rrenﬁee.

. of .1he dto revent el ectrol tep i.e.
Thlsc{')]’n% nel}gbnén?%%l Cal fn?jmg gg‘f’Tv’él FEERREtirae en

consadjla@ems cehé& pﬁlrespdsﬁsae]neeeam‘roﬁﬁ ef@@ﬁe@buaﬁgﬁaj hs

aII Wthe el e t | yt e- connected
and gg %ﬁﬁ{] |sc areéfe (L2 ‘m‘lr)afil eét‘%a% g dEERPAR Iy
not vhe fwdivsthmoedf the path (I ength of path and cross
section of path) . The seals on bipolar batteries

The 8EE14ONE LGPt dakroPEGAUSE LD Bl B St%ﬁ@é&% ; his

gotentl al | much shorter. It 20 shoul t hat
eleckrol¥hsoPPhAt g Mrgper orenthrsanies of otk evelils, tied Use

prev@ﬁt G 10RSkelyid thral, | DIeoratethRleci &8l ahg barrier
mnimze or elimnate the conducti vi ty gf any

CoﬂdBBFJe‘fﬁ Pafhs| diftwesBnaditacenh ¢ritls. The augisenonadt
elec€Q8GRIN phehd N t@RHNteOfs will allow the electrolyte-

connected cells to discharge at a rate that is determined by
the resistance of the path (length of path and cross section
of path). The seals on bipolar batteries are more important
because the electrolyte path is potentially much shorter. It
should be noted that an important feature of this disclosure
is the use of a gasket with an integrated electrolyte barrier
to minimize or eliminate the conductivity of any potential
ionic conduction path. An additional concern is the amount of
heat generated by operation of the cell. Depending on the
magnitude of heat generated, the design must be able to reject

the heat and maintain a safe operating temperature.

If an electrolyte path is developed between cells, a small
intercellular leakage can be overcome by the periodic Full
charging of the battery. The battery may be overcharged by a
set amount and at a low rate. The low rate would allow fully

charged cells to recombine gasses without generating pressure
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‘heat generated by operation of the cell. Depending on
the 25 magni tude of heat generated, the design nust
be able to reject the heat and maintain a safe
operating tenperature. If an electrolyte path is
devel oped between cells, a small intercellular

WO malasgpeo can be overcone by the periodi c pethdrzo04/001504
charging of the battery. ghe battery may be
overcharged by a 30 set anobunt and at a |low rate. The
low rate would allow fully charged cells to

conbi ne gasses without generating pressure WO
andz‘g’cﬁ#@ﬂé% PEFRSERTIU L6 159pmbdnafibiioverglatmet he

Celheathafer Bav henall € ContiRaN | QTY-OLELEPAT 48 1e§1‘éécjp %Dﬁ‘é
Wouﬂ?\% snal I?‘ﬂ:Eal ntercel lular electrical |eakage S
SFOBECoOME 55 anced. It is rarely necessary that a
battery be fully charged to 5 achieve its useful

It fsrvetredn. nixstery eshar e battdmeby avak cﬁ@ﬁﬁédf kgd and
uires 50 AH (Anmpere

I
achpé/\%r QHE 19% Eul %&lgpi%rnat ba’tﬂ: %gl ?.{/e sﬁ?é%ﬂﬁ@é@l O¥ET| east

Hour s) e requirenert
speqiguieH| gh@rovest)ntbt batft anlcqseﬂa®$enaﬁr@ﬁtréy el their

(A érfehb,HF f, a ne g\;ltter | s, increased
m% % he ei)pef:t?lgdglg Ci]l ggnéngresblﬁl% iHEFOEY DRy Lozt
10% A’th@aw $Jém§!nba’¢1tﬁr:@snéwe haphet iy |d1reﬁ:ht5e:&xa..ﬁﬁét§1me,
£h f u robabl v hav di an design
© CapoCRe Ao sl Mlcter ] A Aot T 8. R epneted
losgypiGPatting iy mm:@gy a M/ HoEeqin remavier hoy ladnks O

a & e T & T dat that
b t@i@?ﬂsﬁ% gc%%fg]ei[ll'lle Sart ARAEL JA% esseﬁ???ﬁl %Egalea[a]\feelg

caused by t over char gi ng.
medigg tiﬁél%\ﬁé'ir%t [l 45 Bitterildewafe vheiatieat mn:mzf a

manyFRFRRRL i Qe t b 1470e \nMeans or
creati nlg?zx%gén%gnwggg ng a‘%gs %I( ]g}{ el Fs-9 ﬁoapensate
for ghgofbfe qmeedy d@@ﬁﬁﬁ@’@w ahgiasieetcahavdrlgr ahe
over@hedgl,@f m ned shape. The 20 gasket is arranged
bet ween adj acent biplates and/or a biplate

An essential feature in the novel bipclar batteries are the
creation of a common gas space within the battery. The means
for creating a common gas space for all cellgs in a bipolar
battery comprises a gasket having a predetermined shape. The
gasket is arranged between adjacent biplates and/or a biplate
and an end plate, as described below. The gasket is preferably
made with a thermoplastic elastomer compound that forms a seal
with the biplate under pressure. One or more gas channels are
molded into the frame to ensure gas leakage path. When several
gaskets are stacked upon each other, as described in
connection with figure 7, a common gas space will be created
which will eliminate the pressure difference between the cells

in a bipolar battery.

Figure 1 shows a first embodiment of a gasket 10 according to
the invention. The gasket 10 is manufactured in a hydrophobic

material having deformable properties, such as an elastomer or
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and an end plate, as described bel ow. The gasket is
preferably nade with a thernopl astic el astoner
conmpound that fornms a seal wth the biplate under
pressure. One or nore gas channels are nolded into
the frame to ensure gas | eakage path. When several
weBogasket s are stacked upon each ot her, ecvsiestudbed
in connection with figureos, a conmon gas space wl |
be created which will elimnate the pressure
difference between the cells in a bipolar battery

ur.e rst enbodi nent of a gasket
Othgjf:cor ir:ﬁag :1%}"%363;?% |an\78?11_t3r%’r‘?usﬁee31gé’§lgé‘t diﬁot%e‘i to
be apiruftacfuredonaa dydaiphebime Q‘ﬂél&fﬁ phcltavhbgy has

properties s an, el astomer or
L PO S e R o EES Lo FRcT0i Tk ner SnErerTaRTaskAe
elagre 'ahmm&aebus edeakovhen ndeflor redaibed besmbl e

5 0 a seal i sket ferably has
SEWéIIOaas %?%E%af%ﬁ)%% ?e% ga 8agsw%t‘& gbl G Fgﬁl Fafr¢R GpPont
Dow t Hlerstropeast iDYNABLZER mﬁeo Glﬂ’leampla’iﬁlel trehast o RS .

facturers e.
or B Y B Al Ly RS KT YRR it i
is ED‘ﬁ\ﬁRFEEM( ripjee78on 0@ldavaidtabitke f deonr@l SsCo¢ pand or
ATON'" G- 7705 avail able from Kraton' Polyners. The
gasket is preferably injection nolded into the
desired size and, _shape. 10 The gasket 10 is provided
The \gatiel +9 e pravidate vagher gitmt he atusper edpdecmridea
uppsﬁ_o .68 P i @ot-RElGIYral heni rki2n@Be { e 1['Ze¥ﬁr gfe dl%v%%'se
rim1l1ll and_the indentation 12 will provi
Sld‘e"al |T5‘ﬁn’é3rf’[‘ Llofog hehgy dSkertatimeniy H@yllapeogt@% kedd cment

of tARCBHadke whBnathen$SENBEA%kBahbe Bé»acﬁecgtftélg WLE of
rimfurther serves to 15 align the biplate

asseihiag bRt v heeQdsREre Thahgasketiursher upermieas to

alidr ek detbnsitbhran dtireueh- il @adBeandna gLoRMe Js4 to

onnect t t hrough-hole 13 to the space on the
fur L 8£O¥ﬂ:e%hgltkt gthrough hole 13 and g groove 14 to

sha

connect the through-hole 13 to the space on the inside of the
gasket 10 when a biplate is mounted to the gasket. The
through-hole 13 and the groove 14 provide a gas channel
between adjacent cells in the assembled battery, and the
hydrophobic properties of the gasket prevent electrolyte from
creating an ionically conductive path between adjacent cells.

The gasket thus has four purpoges when mounted:

1) prevent electrolyte from creating an ionically conductive

path (leakage) between adjacent célls in a bipolar battery,

2) provide a gas channel between adjacent cells to create a

common gas space within a bipolar battery,

3) provide am cuter pressure tight seal Ffor the cells in a

bipolar battery, and
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gasket 10 when a biplate is nmounted to the gasket.
The through-hole 13 and the groove 14 provide a gas
channel 20 between adjacent cells in the assenbl ed
battery, and the hydrophobic properties of the
gasket prevent electrolyte from creating an
wo mos/@sded y conducti ve path between adj acebtr§RbdiBeisos

The gasket thus has four gurposes when nounted: 1)
prevent electrolyte fromcreating an ionically
conductive 25 path (|eakage) between adjacent cells
in a bipolar battery, 2) provide a gas channe

4. beﬁ%@@ﬁdadFaéﬁﬁﬁtEQﬂﬂQﬁlﬂn rpdeting opporn gasicspaee

bet Wediy1 p2aPEPRY bQF’&Lée%r ¥hﬁe i a‘agjs de?nc?'%h%megﬁﬁplrates

pressure tight seal for t I's'ina
rigRattery " and WD 2005/ 048390 PCT/SE2004/001594 11 4.
lgblf%\%adé W ¢t SEOFBIARPY2t RS dabT s wpsbet in figure
1 akéngiel-Ar eandativees 11 pbates ardsbetweenat he: bl plrakes
asﬁ&gln lend Iatg Fi gure 2a shows a cross-sectional
TS oW of PhE Jadk8Y iRV EF | G&?émf@a%@f A- Becentt srElgete
10° 2;bs SLCDNSiScatelexi dSStBeCf[:Jg?]mab b GfWrﬁﬁe:]t; heho% H@ﬁgtﬁk 'rEm 11

1, al,ong B-B. The pr ce_of a second gasket

i LRl ST ete (Ve e PRGareenter o Pher MBREROWn
a batfeeryi.m 11 is intended to be received in the

i ndentati on when nounted in a battery. A biplate 15

A.b%?ié%@ow@ W th @, dashed hiogd 1£égﬂ{ﬁ§ gref %_agd a%Q

to indicate the position o
2b ey dadprake Wiepepaitisat pry. bl[@ﬁat-‘,ﬁolﬁ anbennms@dmmt

bipde- Bhptahe mUStnsaly bgcﬁé‘é@ie thgg %e%l ggzagg m&lgg ngt,
through hole 13 to provide th as space, but

occlpds, £fif pPSF-nghet gtrf@ovérqtzsm@@@eb@ t@oveo‘edidoyha
comﬁtlrplgabesﬂaﬁ:é OLQE eé!%ﬁrt%bx?‘-‘éﬂ ehyte-dgakage, ]t?sﬁ'l en 15

Ils. A biplate with a hole aligned wth ole in
CO"‘W& PR k‘%‘tPlﬁﬁy 1t they pREYS wleetzalitey beakagesbetyween

cellNeAPHIPORRS with a hole aligned with the hole in the
gasket may alternatively be employed to serve the purpoges

listed here.

Figure 3 shows a partial view of a second embodiment of a
gasket 20 according to the invention. The gasket 20 is
provided with a rim 11 and a corresponding indentation 12, as
described above. The gasket is provided with two rather small
through-holes 21, each having a groove 22 to connect the
through-hole 21 to the space inside the gasket as previously
described in connection with figure 1. A biplate 15 is also
shown with a dashed line to indicate the position of a biplate
15 in an assembled bipolar battery. To prevent the biplate to
be misaligned during assembling of the battery, a guidance
means 23, such as a boss, is provided on the gasket 20. Tt
should be noted that it is advantageous that the boss is
designed in such a way that a passageway may be eatablished

between the two through-holes beside the biplate of each cell.



10

15

20

25

30

listed here. Figure 3 shows a partial view of a
second enbodi nent of a gasket 20 according to the
i nvention. The gasket 20 is 20 provided with a rim11
and a correspondi ng i ndentation 12, as described
above. The gasket is provided with two rather snal
wa fwosadgpae hol es 21, each having a groove 2gci€k60/a19t
the through-hole 21 to tiie space inside the gasket
as previously described in connection with figure 1.
A biplate 15 is also 25 shown with a dashed line to
I ggdica e.the position of a biplate 15 in an
" BeR PR BT HoltAr BRit degs N9 pravet alfethe pram Eron
thebeigiiazal tgnad: dumi.ng assenbling of the battery, a
gui dance neans 23, such as a boss, is provided on

: aske ol houl.d_be naqt ed at, it.is
F%g%g%aq%t gge%ué%sﬁé%e?%eo 565877 agémae%l ﬁé‘d%?%u%c?h gnd
figway 4bhae a pessagevionmdyvber edbabl Bshda fheimean trhe

re 0 : e jdeg.t bl af ch.cell.
preiiithe %?18%8%%%% %%%8%4%301%4‘%?5%%‘1 e Eﬁ%n%aaﬁrﬁgn%
further 15598 kvedhRorintiletehintendeletadye fromivahen the
inabhpliabe 19 ke Fb:d QU g dadss,a o oss- sect i onal

view along A-Ain figure and “figure 4b is a
- cro;s-gecti onal view al ong B-Bin figure 3. The 5
IPTe e iERDHE H2LELBhd GYsREt? JPirdsemhndiraredsi A t he
gaskétgnescéardingt Bortishawwbem drhe thi akkekS36 Ntended to
rde%ﬂved i,n ageas‘}%ndent ation _12 when nmounted in a

be . .
PEORRITFY T B e s CAETRAROPEINY  @WesFakiamilrd as
desentiedi abmte Oftha ggasdet s3Pratcelthith tfavbhather small
thrééﬁﬁiﬂgiégLaiThe %g kg} 30 is 10 provided with a rim1l

art a_corf respondi r?%a MRgeRtHITHR 12, Fusorpesc thsed
thramhrboldhEl gasket spmoer onsiled thet fadliote ak ather ol |
des&ﬂﬁgﬂggah&!%% 31, &a g aving.a groove 32 to connect

the through-ho enswll% o?%%%n%éacg }?Jr%aaﬁ theSgadRret
shoys withva glpsthed line to indicate the position of a biplate
15 in an assembled bipolar battery. To prevent the biplate to
be misaligned during assembling of the battery, several
guidance means 33, such as bosses, are provided on the gasket
30. It should be noted that it is advantageous that the bosses
are designed in such a way that a passageway may be
established between the five through-holes beside the biplate
of each cell. In this embodiment the bosses are lower than the

thickness of the biplate.

Figure 6a is a cross-sectional view along A-A in figure &, and
figure 6b is a cross-secticnal view aloﬁg B-B in figure 5. The
presence of a second gasket 30’ is indicated in the figures to
further show how the rim 11 is intended to be received in the

indentation 12 when mounted in a battery.

It may be advantageous, but necessarily required, to alter the

degign of the gasket in contact with the endplates to better
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described in connection wth figure 1. A biplate 15
is also 15 shown with a dashed line to indicate the
position of a biplate 15 in an assenbl ed bi pol ar
battery. To prevent the biplate to be msaligned
during assenbling of the battery, several guidance
wormaesi8B, such as bosses, are provi ded opctdrngasiat
30. It should be noted tfmat it i s advantageous t hat
the bosses 20 are designed in such a way that a
passagemay may be established between the five

t hr ough- hol es besi de the blggate of each cell. In
nesty ¥ SERD ot e et RRIDIGESEs i epdikrtethanytimye a

difféhirekreas ©lad ReebbPbiaies, RYUHe §3skst Bay need to
£ rols}IQ %E%téon | view along A-Ain figure 5, and 25
conte e YEPHsE&ect i onal view along B-B in
flgure 5. The presence of a second gasket 30" is
Figurmdil chbted a rbiphéafipttesyt40 ifueckbes @mmbﬂcmwﬁhg rim

. IS, | ed in.the nd ation_ 12
flve g%%ngﬁﬁgggﬁ%ekg %ﬁg%g%gév Iatl%ee%%bgﬁ? gug é
a Poﬁﬂﬁlw¢e§B@SEWaﬂ¢y4Eecﬁﬂqhehﬁvimg alnegatiua e$6cmkuﬂegﬂ30f
an t J dplat.e JDetter WO
@ e AT Bt PR et TR ek B i ¢
assewll*ﬂele@ndgwm%mgh@ w;tlia@ eeslqmyoﬂ@v@ a bdplafter ent,
and 8igithed dhQ.chipk a&éf'saré ég&egaéllfeéopgg}f é@c% OEPler

conformto the different size. Figure
in 2 pigFeiva D bt tuatyra Petvegnotize Jaet pos tkmvuln31$ ﬂl ve

sepaﬁﬁldclxs asThe Hatheky Eé%%@hsga?c}? aB?Q@% £/ ﬁesggl'\%l ahg 41

a positive end plate 42, eaCh having a negative
Posifhvsc LEART AP HAKLRY psit Foll e bRt PoRFER4AT 45

contzﬁﬂfspaﬁt bY&Ikolkhedl alt Bl BHEictRSHEND | RS ceAPIRY o3 BY2
ative el ectrode 43 a biplate 15, ~ and a positive

Pass%‘-if t PRt 4% dFed st@dkal WH YeofOBfIamERsBIgRsr 120 i n

starded andwtedlBid Betteeidaet ween the two end terminals. A
separator 45 is arranged between each adjacent

A gagﬁglaabyeaéugéscribed in connection with figure 1, is
provided between adjacent biplates and/or a biplate and an end
plate. As indicated in the figure by the arrow 46, gas may
flow from one cell to another and thereby all cells share a
common gas space through the gas passages in the gasket. If an
electrode in a cell starts to gas before the others, this
pressure will be distributed through-out the whole common gas
space. The gas will pass from a cell, through a groove 14 and
via a through-hcle 13 of a first gagket to a groove 14 of a

second gasket, and thereafter into a second cell,

If the pressure within the common space exceeds a predeter-
mined value, a pressure relief valve 47 will open to comnect
the common gas space with the ambient environment. The
pressure relief valve 47 is arranged through one of the end
plates, in this example the negative end plate 41 and

comprises a feed-through 48. In an alternative embodiment, the
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positive el ectrodes nmaking up a cell, the separator
45 contains an electrolyte and a predeterm ned
percent age of gas passages, about 5 %is a typica
val ue for gas passages in 15 starved electrolyte
batteries. A gasket 10, as described in connection
wonobindgiogure 1, is provided between ad] ageiMeéipliahes
and/or a biplate and an gnd plate. As indicated in
the figure by the arrow 46, gas may flow from one
cell to another and thereby all cells share a 20
ommon _gas space through_the gas passaqfs in the

C
fesdgplaxqish ¢ mey ke dREsB@d Ly nfarnes) prie dittes epdplpde 41-

A proelef LhBoOIRERS of thipTesPlAS SAH18 W +41-RE adis Stddgbut ed
t hr ough- out .t he whol e common gas _ . space. The gas w_| |

thropgu < O5RFR1T I FRBTGROR ‘@]rg%b\?ég‘ﬂef'aﬂd" Vi@ by and

16. through-hole 13 of a first gasket to a groove 14 of a
25 second gasket, and thereafter into a second cell

addikiod *hte_L rgSSULe Wt Qér!éotrhgm%@”;ﬂ%%fpaé’e gxgegds a

pre&% r- hed val Ue, a pressure relief val Ve 47
mounpedl | thypeght one @ineébe endhelevenue gasswpachkewndthvailhe

I ent...anvij pr relief Vv Zis

oeesIEL OB LEOMIROLsy Tt S380e 1] BRI
madeefkedmlaa ttheuhsygapi wetarialpl btte mby aaduraldypbe geslea

f eed-tr ot ek D a t is\ve ' t
£ gedsidyough A8 LD anaht er ¥
FoM0057 048390 Pmc.T/e“s”EzooA/a%owg%@{f 12@%‘?;%13{1%%%%%|}§§¥D
an ipgylajd rgnmabealdly 2apdritedeshserd Ha endplamay4lo enfure

elecf9£§éa.e.tr riedueobad] meplef BcRIEsSULE i8ldef aV?J>é/£b§5}d

eed- through is described in connection with figures
condygtivis gageanthe peskst Addiei Braidpd wiph essaressSisor

wherbNOhe QM) cHBIHALES i LAPENA tebhOMah 18N8 0fr1tkhes
end plates to neasure the actual  pressure inside the

duripgpaufacEire  anthare J@d keined sheras aprsratdad s rom
appl@liindg NS Wrakkhige MR ehiddat<BUby e Ratukaldly, PR MdRss

50 is the gpace between two gaskets that will be established
when the indentation 12 and the rim 11 of the gasket are in

communication.

The pressure ig maintained by fixating a lid 52 to the case 49
by some kind of fastening means 53, such as screws, and will
ensure that each cell has a predetermined width, which is

approximately equal to the compressed height of the gagket 10.

Alternatively, the lid 52 may be fixed in position by any of
several other standard means, including crimping, interference
fits, epoxy, heat seal or solvent, depending of the battery

case construction and battery application criteria.

It should be noted that there may be a gpace between the
outside of the gasket 10 and the inside surface of the case
49, since the gasket itself provide the pressure tight seal

for the battery. The case 49 with the 1id 52 provide a
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froma conductive material. Each frame is preferably

made from 10 an insulating material and is designed

in such a way to ensure electrical insulation

bet ween each biplate 15 and a possibly conductive

case. The gasket 10 is provided with a recess 50

wawey®Eshe bi pl ates and the positive end rEwsmnabhoishd

are placed during manufigcture and are mai ntai ned

during operation by 15 applying a pressure as

i ndi cated by the arrows 51. The recess 50 is the

space between two gaskets that wll_ be established
praciEd PRELG ITHe AOAt FICIREE2T AR REVETEA PFre8FEhdgasket

estal®l#5H Bhe GHEELNFE AL iR, dHE HURSSHI thd HaBRetY anAedhdy
o _fixating alid 52 to the case 49 %P b% sone ki nd of
biplaters GRANEPTERALTEE AR e WA wi || ensure
that each cell has a predeterm ned width, which is
Reliappradxioedre] pyreguate tsentbes compresdicd heaglablef tohe

o Al ' y ' . fi in

rann SEGTTE H cne kB KB Vgl MRath ot e o HEE.
including crinping, interference 25 fits, epoxy, heat

Bachsengl pdrtecisy erevidrpendhng BT TERR! ATPEFyiotades

ternSOS ldoHEL MO rABSmPAldeal ¥ SPRLINGAt FOMH Chirb&iH &a, ! t

. shoul d be noted that there may be a space between the

which RrsfgeeBly tifesgaeRest EPOtARFARet? Y PR THELdnaf

Eacht@nGASE fée%ﬁtgkml tsfgelg:ga@&@tch hlgasai fea@h_?%fhdtﬂaﬁzéeilg
ressure tjight sea or t attery. The case

and %‘t ﬁ%ﬁ%ﬂtﬂ‘%ﬁl@’z Wﬁ%%rén%%%ﬁod\%ééng etc. to

estalPGHESE2084d QALEED41 callb cphasdt Cahesobtitinan fefd-aheatding

. ,the requjred pressure to ,establish the essure

o 19| GHE SBhAReRheRne Tie oL LRt HETeRi: SEE End

55 madVebepasedi e aandchegst itype esftipleatnésal Rehheftoral wes

the ﬁ%ﬂuyressure sensors are readily available to a 5

i"lled in the arts and are not described in nore

detail. Each end plate is provided with a termnna
It shonite bt pptedligat although figure 7 shows a bipolar

battery having a negative endplate 41 arranged in the lower
portion of the battery, this feature is not essential for the
construction of the battery. The negative and the positive
terminal positions of the battery are interchangeable by
trading the pogitions of all the negative and positive
electrodes in the battery. The function of the battery will
gtill be the same.

Fig. 8 shows a persgpective view of a battery 40 according to
the invention provided with adjustable terminal connectcrs 60.
A terminal connector 60 1s attached to each endplate of the
battexry via the terminal feed-through 54, using a screw 55.
Fach terminal connector may be directed either to the short
side of the battery or the long side of the battery. The
terminal connector marked with a “P* (positive terminal) is

directed to the short side of the battery and the terminal
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term nal connection conprises a term nal feed-through
54, which preferably is secured to the case 49 by
press-fitting. Each term nal feed-through 54 is
attached to each endplate 41 10 and 42, respectively,
by sol dering, gluing, welding etc. to establish a
wapseb4gbect ri cal contact. The term_nal f ercksmhoougivs
is in this enbodi nent proyi ded with internal threads.
Screws 55 may be used to attach any type of term na
connectors to the battery. 15 It should be noted
t hat althou h figure 7 shows a bipolar battery

CONBRETPN g %2 PRBGatt \?e‘cﬁnﬂpi’faé't &hal Bier dAgetrd £l Ak ﬂlkﬂ/\er

termpﬁa,t lmneet@hesobaaepew,lﬂ;gleu:@eci eaur & dioRat ggssenti al
constructlgn of the battery. The negative

arraﬁ%ﬁdt]ﬁ]e LRGP &° PEr S AREPSR! tPERSTRT terBIRk tery

connateor Nisekebangeabl ehdyt 2hihs Bdiced-tReoRPS ki Op S Hf

t t d t l'ect rod th
sorefotere TREMPIC TR He HHRt BFUidd o B [HRofe

the sane. Fig. 8 shows a perspective view of a
The patend Fez0ingl grdhagten marked i Werinegat ipwleoverteimanﬂli) th

is ipdipst albed ealrpee@gd%%t oS an d&fat ; @g@@a%'tery

connectof 60 I1s attac to eac
anc phfqwing gpaurdte toekhe rrasef é%d-fta@otagtm@@l oo tar

may BETEWa384 trEaep@ltseéM@ posoRNGE! @ {Wdlﬁeeg'ﬁ}ﬁ%ﬁ%
either to the short e of the attery or t ong

arrog efe- of the battery. The term nal connector narked
wth a "P" (positive termnal) is 30 directed to the

FurtBénnidreSi dRefd ilshe ﬁ@ﬁéﬁﬂiﬂlﬁﬁCtd|é®bé@rﬁﬂd7@brﬂ¥%al
q95/048g90 PCT/ SE 04/001 94 16 connector i s bent
o QRO RPROWY FRAE The a7 Ll BIBrANgn Faring

casecmmaﬁﬁidlbaﬁﬁumy bee i igeetetinddt 642 € @Q\l@wﬁtglose
Stac?rran egakgethe cagh %9 gf thji tte when t
RECTOrTe ShETH £ PRSPl
termimged-donnedighrsb4 Thy tdwminal connectors could also be
provided with some type of insulating material, e.g. red for
the positive terminal connector and black for the negative
terminal connector. The positions of the grooves 62 on each
gide of the case are preferably offset, to facilitate the use

of bus bar connections.

Figures %a to 9c show three different devices for vacuum
filling a bipolar battery. Normally, a NiMH-battery is filled
during the assembling of the battery, and this may naturally
also be performed with this type of battery, but it is
possible to use vacuum filling techniques to introduce

electrolyte into the finished battery.

Figure 9a shows a first filling device 70, where a bipolar
battery 40 is placed inside a vacuum chamber 71 together with
a beaker 72 of electrolyte {e.g. 6M KOH). A tube 73,
preferably flexible, is attached to the feed-through 48 of the
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5 screw 55. The term nal connector is thus secured to
the case. The second term nal connector marked "N
(negative termnal) 1is in this figure directed
toward the long side of the battery and |ikew se
secured to the case 49. Each term nal connector may
Whwoyeezt ed to a different position, as i pdi/smboedoii
the 10 arrow 63. Furtherywre, there is a possibility
to enbed the termnal connectors into the case by
providing a depression in the case, as indicating by
t he dashed lines 64, to allow close stacking of
Presgg é?reié%f WAAEUE7 t He VEFYR GTipghdt tishgomhectdd to the

vaculi [diaRBbr CONRAE! OhsreafBr L@IAIGRAl 1 CANNSRL BES,GRY! d
h als%.be @rOV|ded with sone type _of insulating
VRSt &rEEF PR FEPHUF-ded HE o & FivRE tvednp gl in
seriedniebt arvangubpagk ,0bné NheN@gabhy Gra@hM Harovideq
with connect r.]The gositlons of the grooves 62 on each
ST GE°8F 1 e '€adé-are preferably offset, to facilitate
the use 20 of bus bar connections. Figures 9a to 9c
The miesedihe ef diabhenefitlldeyi «dmitery vasmatsefitldd ng a
folidkbiRg! afep@attery. Normally, a NiMt+battery is filled
during t'he assenbling of the battery, and this may
naturally al so be performed with this type of
1 pSPERrRTBUY L End deistheguie B evRauss ey hbmhy iihdideg
the d£O0AI GBSO 7I NTRAUCS 1:6):06t £k Yrtaect!e%%# Hﬁn also
be flnlghgd batter%Fl ﬁ%%ure 9a_shows a first tilling
CRSVRERY 7T TRABr B tPBol 3 WiBaRt @3 beospen pisadubbles
in thenelldeteomaeuum chanber 71 together with a beaker 72
of electrolyte (e.g. 6MKOH). A tube 73, 30

pre f bl e, Ls attached to the feed-through

D A VS SHF 36455 st T SESh B 56 w6 Lapyben

obtaimeds syt iy ¢gheefaqain ehdmberA7vacuum pi pe 74 is
connected to the vacuum chanber 71 and thereafter

3) dogkdeghivat 2tV hLRBLHe S he pressure inside the vacuum
chamber 71 by letting ambient air flow into the chamber. The
increased pressure inside the chamber will push electrolyte
into the battery 40 and slowly fill the separators and voids
inside the battery with electrolyte. The electrolyte is sucked
into the battery using capillary force.

Figure 9b shows a second £illing device 80 where a bipolar
battery 40 also is placed inside a vacuum chamber 71 together
with a beaker 72 of electrolyte (e.g. 6M KOH). A tube 73,
preferably flexible, is attached to the feed-through 48 of the
pressure relief valve 47. A second opening 81 intoc the common
gas space is provided in the case of the battery. The opening
could be used for arranging a pressure sensor after the
electrolyte has been introduced into the battery. A vacuum
pipe 74 is connected to the vacuum chamber 71 and a valve Vi

is provided in geries with a vacuum pump P.
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where a first branch is provided with a first valve
V1in series with a vacuum punp P, and the second
branch is provided 5 with a second valve V2. The
procedure of vacuumfilling a battery conprises the
follow ng steps: 1) Open valve VI and |let the pump P

weekuswe the air inside the vacuum chanbersggdaoiibha
air inside the battery 43 will also _0 be evacuated
through the tube 73, which can be seen as bubbles in
the electrolyte. 2) Cose valve V1 when a desired

v m pressure has been obtained inside the vacuum
"&ﬁ;rg’ér SYRCUatRd CHERT \HaPvea R0 4P ntiesaish  the qpesssar e

81 w}hé}SItde iy FeUUMN o BRANDRYT vAdubly &bt bngs ambi ent
w into the chanber. The increased pressure

decrd} anssﬁng e g]il% PTERANBRARHEF DhRs WasreRt Fhampes 71 nikbenhihe

air :tmtetvebya’éléﬂ &mdmsﬂme)étf:éH thecsepaft Qi s1 and voi ds
sl ge t he wi_ith el ectrol The el ectrol yte
introliced From b ﬁt e?]%; & dat t BPUgsi E% e dapel Fargnd dnce. 20

thro@hgmhe stﬁdshhmsu@ sscofdcid Idriebguste el eeBO/aNRer 872
I ace i nsi de a vacuum

I t 0. als
mhe HIRE 8 LI RBE iR DedRE s bre dtettr ol it o
:Lntrc(deacgd ENIKOH . ba@tttellb'e Tie vq@maﬁeembﬁrfb:exwkzentéé
t e.f throu h 48 pressure

O B e L IS S BehPa st Frie P meveoRtion

25 gas space is provided in the case of the battery.
Figurm @Copltiing tebid FiBdingaleviior 20 rtdmgi dgem mptessur e
contai%nﬁoﬁa@ﬂine EnbdiSer. elfﬁétfégdﬂtﬁrgégch Q%e gfl i Oducggz{e

nto the battery. A vacuum pipe 74 is connecte
rﬂeaﬂ?e‘%‘é%ér?} EEﬁﬁ@rra?lb%?T@r&eﬁaﬂ%@M b6| cs,orpmmadeub ian

commcBL b BSFOMA B1a MAC AR BAD oF.  MWQ.20Q%4 % F:Lrst
2004/ 001594 18 Air will be evacuate romthe
"al"%ﬂt ef" %OIthrrbL@:fl?ﬁech'fﬁeﬁl fgcuum pump P. A tube 92

(or pipe) is immersed in a container 93 filled with
electrolyte. The tube 92 is connected to the manifold via a
second valve V2. The device operates in the following way. The
pump will evacuate the air inside all the batteries 40 when
the valve V1 is opened. The valve V1 is closed when a
sufficient low pressure has been obtained. The valve V2 is
thereafter opened and electrolyte will be distributed to all
batteries 40 through the manifold. The electrolvte is

distributed inside each battery using capillary forces.

The manufacturing process for making a bipolar battery is

described in connection with figures 10, 11, 12 and 13.

The first flow chart shown in figure 10 describes the process

of manufacturing a bipolar battery, as described in connection
with figure 7, up to a battery without any electrolyte, i.e. a
dry battery. The flow starts in step 101 and continues to step
102 and 103 in parallel. In step 102 a feed-~through 48 for the

pressure relief valve 47 is assembled to the first endplate
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81 when the valve VI is open and the vacuum punp P is

decreasing the pressure inside the vacuum chanber 71.

Wien the air is evacuated fromthe battery,

el ectrolyte will be 5 introduced fromthe beaker 72,

through the tube 73 and in through the feed-through
wadogfsvhe pressure relief valve 47. ThepapdnsauavohsdsS

cl osed when enough el ecygol yte has been introduced

into the battery. The vacuum chanber 71 is vented

and the battery, now filled with electrolyte, can be

removed. .0 Figure 9c¢c shows a third filling device 90

41, L ISP AP 2 deanal LspdcbiirRihiafBets apgembled to

the do@edohdi@ydl 4fofsot he pressure rel ease valve 47 of
several batteries 40 may be connected to a comon

nifold.91. The manjfold. ]S connected tq first
e 1205 13k 4 SF ke 1B Lis BRSO RE S g B Ve
feed-tthibeu@? 485 igonoypitpe) insthamessetd ibeiagcerdvaidearwih
fill ith . electrolyte. The tube, 92 is connected to
the T e'lLlr%cijlni g?dt@fc’é‘l o g%e%:%ns ega#\i/% %}ile TREM: igﬁecg
througpebaties tharedet dokkbatml waythd e rspuepdplisltk 41 in
cuat (& .nsj Ratt erj 40 when
Stq;?ﬁg’vangt%ﬁyﬁgfé%%négsm$%£d%g$%% |g%%$%1osed when a
W) sufficient | ow pressure has been obtai ned. The

The dpgiyed vorber ehdadartercdpenbdiaridesrettenlspleciid |
in sthg ostdddut esmerahl shatderiss, 4Qot hiQugh t gy,
mani fold. The electrolyte is distributed inside each
the q?&PF%¥y1§J§PH§e%§ﬁﬂ PVa?y §dridednd e haftfaetdrey to
step Q0OCERSedObeIBkividhed BkpOlabsbatlIRKEy tBat 2% degsdidred
_Jn connection wth f%%urﬁf 10, 11, 12 .and 13. The
10: 20 49 O RTERETTS IhBRACTIP Jur @ eCEise fbddarsre 1
to 6,piecesmted ifgitd atkutisg 4 bipoldrnbabdRy Vbof 868e end
described in connection ,wth, fijgure 7,. up to a
plate 277 o FAGEENSITe ARyCef ctT 8P5H 6 oheda vith it he dagkery
on tophefftlowfit-at tendglastepl,lGheatt oR! sapLE Ho@ eS8 Rr30
1 and 103 i.n rallel.. In.step . 102 a_feed-through
theref%%‘ferora]irﬁélge r%I{SJS:l? eofetf}f'ae;tl THEF veeleff%r?)gea s&fflad to
secoridhel é¢trstdecpd platagranged on top of the separator(s)
within the gasket. The gasket may alternatively be mounted
after the electrodes  and the separator(s) have been mounted

inside the case 49.

The flow continues to step 109, where a decision is made
whether the selected number of cells M has been manufactured.
If the answer is “No”, the flow is fed back to point 111 wvia
step 110 where a biplate is mounted on top of the gasket. The
flow repeats step 108 and 102 until the selected number of

cells has been made.

When k=M, the flow continues to step 112 where the 1lid 52 of
the case 49 is provided with a terminal feed-through 54 and a

second endplate 42 is assembled to the 1lid 52. The terminal
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WO 2005/ 048390 _ PCT/ SE2004/ 001594 19 41, and in

step 103 a term nal feed-through 54 is assenbled to

t he non-conducting case 49. The first endplate 41

assenbled with the pressure relief valve

feed-through 48 is nounted in the case 49 being
Wpropsiaged with 5 the term nal feed-througdré&odsBoisdsep

104. The term nal feed through 54 is thereafter

attached to the first endplate 41 in step 105, using

any of the nethods descri bed above. The desired

nunber  of battery cells Mis thereafter selected in

feed-dhgpudiiiand Bhesiter idashedt e Adeoseremd epdpsaes

42 inlQtep D3 heseayndf ok Sthd Gle@ases dtclinkakarkvand the
flow continues to step 108, where cell nunber "Kk" is
S led that s gasket, . 10; 20; .30, as ,
The lg?ie\?}?ghss R uag%%i: ribé& ge i Foconnett i DRk (ﬁf‘ | YUFESSITE F
appligd is sisynfél togidelidesxdaecaddiacnind theredieusfy

a hese - .3, T el,ecfrode, 43 js posjtioned
tesc BEIPP RhBb B d il Hketur B po L BgR kel
is thewebwriimgsbedeparsieprs1@b are thereafter arranged on

top of the first electrode 43 and a second el ectrode

The fAbckSs Y @REEK: RN thOPeRf dNBoASRA JHOLES)or Walhi N the

asket. The gasket may alternatively be nounte

g .
othery £petoym &hg| Btghto duebern P hatsepacstldr (Byy marurdden
be pdrBbphed i20ai Aehile: bheat@adehd. wdhte Fhow canti.aues to
bi lé?eg %%%ﬂ)mhere g¥pe0|310n I's made whether the
tPlale) ARTEPIAGROBIY G BEPTISH haschsvirramtihct Gisek | f
electirb@e atsRhed Sto NO'Firkheasfdeowri § Higdabacknd & Baksg 111
st.ep %&O where a biplate_is nounted on_top, of

Vi ) ,
electrpde SRGARPSATHE 5 eoppng, 6Fef SSh GiPlose amde1buF st
side beindg dhresseted etiensedeld @fiderelteschtbe kegRrabse.

When, k= t.he flow_continues to, step.112 where the
matentlf" i Shach i R e B ] B T Pab ir Ry o 4 eePiplehe
as difseddsechrioufhgire and at is also possible that the
material of each cell ig pre-manufactured and each cell is

stacked during the assembling process of the battery.

Figure 11 is a flow chart describing the process of producing
a functional battery from the dry battery obtained in step
lie, figure 10. The flow starts in step 116 and continues to
step 117 where the battery is filled with electrolyte. The
filling process is described in more detail in connection with

figure 12,

A formation procedure is thereafter performed in step 118 to
initialize the battery to normal operation. This Fformation
procedure isg described in more detail in connection with

figure 13.

When the formation is completed, the 1id 52 is fastened to the
case 49 in step 119 and the pressure applied to the lid

previously is released. It is of course possible to first
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second endplate 42 is assenbled to the lid 52. The
term nal WO 2005/ 048390 PCT/ SE2004/ 001594 20
feed-through 54 is thereafter attached to the second
endplate 42 in step 113, using any of the nethods
descri bed above. The Iid 52 is nmounted to the case 49
WO HOEHBP 114 a pressure is applied in steprskkéibosshe
lid 52 in a direction 51ypreviously 5 described in
connection with figure 7. A dry bipolar battery is
thereby finished in step 116. The process of stacking
batt%{y conponents on top of each other to formthe
releRPR NS, BRBRFILS 2Bdt FReEPaErT sranpyoRasurtdiel Yid e the

casepefdgiaiedhé i@ Bunbercief cdbifey ehl WRYS A fEOL relcase
i nst ance lLate assenblies na% be provi ded, each

, .20 bipl :
the Eﬁﬁ%?%rﬁ-néhaerﬁ‘iagéf’e%l derF B bt tlal nerfwesnasEensLls
and sideirofcha diplbatecanthakesBlpskoceliggdr ode attached to
a second side of the biplate, the first side being

htie t si.d where the se at oy .
e Ao} & R A P e TR YO O FABELEE DA™t he
steppl Pl ared thadigishtddedteny figuwpeidteliht cislal S6
stepPOSSIidlg t.er | fe each, cel | is
ppre-nanufég?%}gggg% égzkg%%ffﬂﬁggﬁlI%%tédsgﬂ?ﬂﬁa‘the
ssenmbling process of the battery. Figure 11 is a
It =pp UFYeTdOScRPbThd Pehel brict #9858l tedict hghea
battétotitanaledrabl oy duramyt g dlkehat 1,8 ¥robi &l ned, i gn
ate SﬁﬁP gp ;%%5 figure 10. The flow starts in step 11
Pahtr 'c SHE | T8 2t ersiashurine wdré ehevisan t By fidling
procésd ladini discebesir M igurdher il hhéNGhREO8SS d S0
im 1desiﬁ:ribed in nore detail in connection with™ figure
PP formati on procedure is thereafter perfornmed in
step 118 to 25 initialize the battery to nornal
The pseteasi dor AL ing orfmtthieobatipngc édusteed S 1dpsEfrpgheded N

attam{&tdgtf aah{ eilgc&p@l%%t EQQ&%&Q 75', %r %olg’ﬁ inlet 48
of a battery 40, e.g. the feed-through 48 of the pressure

relief valve 47, see step 130.

The air in the battery is thereafter evacuated from the
battery in step 131, either directly or indirectly by placing
the battery in a vacuum chamber 71 that isg evacuated. A
separate outlet 81 for the air is possible, but the inlet 48
for the electrolyte may be used as an air outlet during the

evacuation procedure.

Electrolyte is introduced into the battery 40 in step 132
after the air has been evacuated from the battery or during
the evacuation dependent on the equipment configuration used,
sees figures 9a to 9c. The electrolyte is distributed inside
to the separators 45 inside the battery 40 using capillary

forces.

A battery filled with electrolyte is obtained in step 133,
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When the formation is conpleted, the lid 52 is
fastened to the case 49 in step 119 and the pressure
applied to the lid 30 previously is released. It is
of course possible to first WO 2005/ 048390
PCT/ SE2004/ 001594 21 rel ease the pressure and
WQ WeYEPL er reconpress the lid to the -caseyshasbass

the lid 52 to the case 49 and thereafter rel ease the
pressure. Alternatively, fasten the |lid between steps
115 and 116 in the dry battery assenbly procedure. 5
The assenbling of the pressure rel ease valve is

The formationdrrressdptioobatindyt He Fioh dherBRELBRy Hwp

stage@Pt WBEA [heCYCttd st-Bye SiERhA24i Refreat digRathery i s
reagy for shipnent, s£§$,}22. . I't shoul d however be
cYClegoPEtRh APEFREY STH6EsI Wi confitionsheTMhdtstery with
condiehesnt I@lgtb@id&t}lc[ Iimg st Be m)fsﬁrﬁbhi g aehmeRe fbf}?%' hi&_{lﬁcLhO
st 08,, but fro nuf act urj.ng_poi nt of _view, the
supply; Egl ’f]%ge lﬁ?SEe 35 0313’311% tErgseld s r]rlf?f}lb‘%rcé’“ﬁ FE-BAfch

be watereosidiplerdbytd.npl enent. The process for filling of
the battery in step 117, conprises attachnment of an

c I : LL.72; 6.0 [ 15 of a
ne 1BREPLISIoREat AaRaly BBl B e thf it err ooour o
periorgpfein silepel47. see step 130. The air in the battery

is thereafter evacuated fromthe battery in step

stagel 8ho £d tR@EofhdEehb¥r OhoreNdicl BE4d Yoy~ R RYond NS,
battery .i.n a_vacuum chanmber 71 that I s evacuated. A

remov389 sEara e G UTYREL Y 81T PRt hendn g 4B 1pgESPOlLe2 - pd
therdhlieet NdedifodBind @r pi-basd@Gheal Mird ey be used as an
ai,r,,outl et during th evacuati.on procedure.
chargy B E e T LT EP oUTE G b® KT SBH1 1 orFolOSFTPa ep
electi3lytafirestéhelsdi.r has been evacuated fromthe
battery or during 25 the evacuation dependent on the

A sta20U5 PR Gond i g\Lallon, Hged,

It is however possible to fasten the 1lid before f£illing the
battery. The formation may occur with an opticnal second fill
between formation cycles, and it is not necessary to
continuously supply liquid to the battery during electrical
cycling.

When filling the battery with electrolyte, the electrolyte
will transfer to the separator, the porous electrodes and to
some extent intc the surrounding volume out to the gasket,

thus each battery cell is filled with electrolyte.

Figure 14 shows a partial cross-gectional view of a bipolar
battery 149 similar to the battery described in connection
with figure 7. Parts of the battery assembly that are the same
as parts described in connection with figure 7 have the =same
reference numerals. Only a part of the battery cell closest to

the end plate 41 is shown and the end gasket 150 arranged
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sees figures 9a to 9c. The electrolyte is distributed
inside to the separators 45 inside the battery 40
using capillary forces. A battery filled with
electrolyte is obtained in step 133. WD 2005/ 048390
PCT/ SE2004/ 001594 22 The formati on process of the
WHHeYEI3)0 i n step 118 conprises two st ageegr/issh@i/emitdae
first stage is chargingagand discharging cycles of
the battery under "wet" conditions. The wet
condition IS provided in step 140 with attachnent of
qui d supply to the inlet 48 of the battery. The

bEt“’eIquE]il%l %@@Pat%uﬁlhéfld Hhe Rdpértrieiectesigned inta

81m1ﬂa@aﬁ&ytﬂM3tﬁ@aﬁéﬁﬁéﬂbS@éﬁﬂﬁi@e@Y@éﬁE&ern1naiﬁéthereafter
formed in ste s 141. Stage two i.sS perforrred under

desc ﬁBFéOIbrWHt@sgh‘* DR TRbNg biExiPerr EPRAithEOYHe
151, kit dissupphyt faorht herddaliet ASLidT shepe 142, andn
eafter Eerforn1n a predeternlned nunber of

. th
mteggﬁgr%aéﬁ Wi HaF §&4 & t8%ry out the battery 40

fromexcess elect roI yte in step 143. A starved
The epdpiatrey 41s ithpovideduced ahSopening hSRentert possi bl e

prefetrgbing%se Lobiged ihanefnr & LLL aﬂ&ntsqﬁns bat tery. The

tion may occur wth an optional Secon SEil
flexipdeweesd ftéarcnmh dirleyihuss ;pramldmg ias spal brderessarhe t o

endp1&PRt i NUQIESLYe %ml ¥l ﬂ@'fge&@}?i%1%le%§t Eﬁié{lg%uﬁh{‘ Yhen

el ectrical cycling. attery wth
the fdpsthiovifped, thrmall bel rigl yrerogydqed @n‘arnstﬂ@r openitise

152. SRRt Do tHERALANS BIt8ChR 0SSR E9 r1SQMEs ext ent
into the surroundi ng volune out to'the gasket, thus

largega Ehamh dihee Pyt el |diupasiony gd e Hlerékie ofepde thrmugly o
151, ¥HiSHhOMS raghdrdd &b Srafsveeeht OpHropk YW Ofr@chi RPlar

the assembled pressure relief valve 156.

A channel 154 that connects the common gas space within the
bipolar battery to the ambient environment is present inside
the flexible feed through and when a pin 155, having a cross-
sectional dimension that is larger than the cross-sectional
dimension of the channel 154, is introduced into the channel,
the common gas space is sealed from the ambient enviromment. A
retainex, such as a star washer 157, is preferably used to

secure the pin 155 in the channel 154.

The ratio between the cross-sectional dimensions of the pin
155 and the channel 154 is selected Lo create a pressure
relief wvalve that will open at a specific pressure. The
pressure relief valve opens when the pressure within the
common gas space is above a selected threshold by forcing the
walls of the flexible feed through 151 to deflect intoc the
available space between the flexible feed through and the
opening 153 in the cage 49. A gap is thus introduced between

the inside of the channel 154 and the pin 155. It is possible
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25 battery 149 simlar to the battery described in
connection wth figure 7. Parts of the battery
assenbly that are the same as parts described in
connection with figure 7 have the sane reference
nunerals. Only a part of the battery cell closest to
W hes/@gido pl ate 41 is shown and the end gaskgér2ddafoisos
arranged WO 2005/ 048390 BCT/ SE2004/ 001594 23 bet ween
the endplate 41 and the biplate 15 is designed in a
simlar way to the gaskets described earlier in the
description with the exception that a flexible feed
to creptsughprasirenhetied yadvparatoPrerrtasr énsarmreseliref
rangaame 156 ﬂxena@ Psd RbeghAl A6 18§ 6 ddie ne Nk QRTKE 8l

. The endplate 41 is provid an”openi ng
the ?ﬂ’i%i‘toPrﬁ?“e‘? elasnyiens ofal %rcﬁaﬁ@ﬁlt?@ G@Pepllélltman& ons

resulf tRededid Bhesfeed sthpuah chalvat s Pi oyl ng a

seal between the endplate 41 and the base of the
xi pl e feed

Fi er bIe%%‘ tF %hl.lvm
TR ough” RY rb&deert n‘irgsFﬁ%e% ﬁLIE‘ 9" tHESE Fhe
secon@wbéalmemqobctivad@céemuth el iGFenbng: 153, th@ére Sigure

rger t he_out ns of the flexjble feed
e |2 B0ERP IR0 VP ok dbRRTE e ol igaro Y aS F
the =ppr ppesate freitef omlot 16he assenbl ed pressure

relief valve 156. _5 A channel 154 that connects the

an cGRIIRE 925 SRR M4 Riint he oJahpal ar shablany Lo the

nbi ent environnent is_presefit 1 nSi | exi bl e

cwmf%?éﬂ tRFQUGH cBng fkrasdbae phepd Shrovwalyilsg - athttogsy be

n iS€ra0NgdridioFeAsSiMkdcnab7] Sid angsbaddAN hhga1ing
cross-sectional dlnenS|on of the channel 154, is

1, | $HPoaBcEY QAEBIt He eRARRIY aYOHAS tEnmidaxtde $pade

throbdgh $@apesk fdeoght hﬁpx@%’eaeaéalqrﬂl@ HORWRA thé cdLl ab N&la
sugﬁﬁas a star. washer 15 i S preferably used t

Ethe pRfl Re%SeR Fh% SHRRER 45AndTHEe rﬂélttieéwr
of tihetbipenat haitteos Sts eabionalumdicdnsd Anecefolre pbn

creep into the region between the case and endplate in the
even that the pressure relief valve opens. A recess 162 is
provided in the case 49 around an opening 163 in the case 49
to hold the sealing 161, and the opening 163 is larger than
the outside of the flexible feed through 151 as described
above. A pin 164, provided with at least two flexible
extensions 165, is designed to be introduced into the channel
154 of the flexible feed through 151, and the flexible
extensions 165 are designed to hold the pin 164 in place when
mounted, as shown in figure 15b, against a retainer in the

shape of a rim 166.

Arrows 168 illustrates how the flexible feed through is
deflected when the pressure within the bipolar battery is too

high and the pressure relief valve 160 opens.
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155 and the channel 154 is selected to create a
pressure Z5 relief valve that will open at a specific
pressure. The pressure relief valve opens when the
pressure within the comon gas space is above a
sel ected threshold by forcing the walls of the
WORPBR#Ee feed through 151 to defl ect i ntRETESR04/001594
avai | abl e space betweenzthe flexible feed through and
the 30 opening 153 in the case 49. A gap is thus
i ntroduced between the inside of the channel 154 and
. the pin 155, It h% g OSSi blg 200 g4€390
Fig. BETFSEF)G4FDHIS ALY OF c3F & EB‘%’ ESUHESPEIT ef
relic¥al¥Brd hab.opes ales 49 id prestded® wikAngesiianrless
t.han 5 to nore_than 100 psi | ect.i.n t he
Shapegpﬁ%“ﬁr‘f LEE MR P oh B ﬁga caﬁé%ﬁ% * afrd Rt %es%%ﬁntgo
161 afresnddd tihe adesidsad 1pE SSier endblatts ah theiwvabhise wl |
en. 5 Flgur S 15a and 15b. show
exampggo‘%]%o‘%lgce i Bhat & QW6 % Wlis:éc%%a err%%%s ?ngnlt o< a
openipyessy e pebdn@edvayvélﬁ&ﬁ)pumhhang”hmgupemlnEsahreughW

the egﬁgi Otdedan&' ey and Li gy %u;hgl 511@ %%6@8§§r@§%]ﬁievi£k@ew of

pressure reli ate 41 is
desirprlovmm@ddwnehsmaépemm oEpkbé erralipgl Ol rséaap@rof

the f':i.Q%?bi’!”f%'%ldatMcﬁfé‘hbk?zfl%e%dEBEé’&‘gJ?: Ealioh hat Qﬁ%(@e

I ntegra asket 167, is Introduced
of theedrawy opfeingsmﬁhaseraipl@tﬁu fy, whighawi bh g@@vaqi%und

good Eggliﬁf)ﬁrgk;@réﬁ%d bebREQUER QnPéﬂ‘HId%faEhé fH&E@é!ﬁﬂ

seal I ng ween the case 49 and he_endpl ate 41, and
and thet geemh 4SheThpdplaane! 45 hiastde 13r1“f‘F’( ELPBibIs fedt he

throuBhPoY 2l Hakhetya e REEY e PRdesid edaelRe td@bil forld
Creep into the region between the case and endpl ate

165 arg pfptesyER Pet TPRPP d8sBLRCT SYEnIvapsretipRns. A
againd=€CERS A@2168. provided in the case 49 around an
openlng 163 in the case 49 to hold the sealing 161

and the openi.ng .163_is .l arger._t han t he out
The SRE TR AETT TS FFDth ol e heee oty oF Theerd
gasket provided within a bipolar battery, but it may alsoc be
implemented as a separate pressure relief valve in any type of

battery.

The type of material selected to be used to produce the
flexible feed through of the pressure relief wvalve together
with the ratic between the immer cross-sectional dimension of
the channel and the cross-gectional dimension of the pin will
affect the pressure threshold of the assembled pressure relief

valve.

Although the sgpecification only discloses a NiMH bipolar
battery, it should be noted that the same technology may be
applied when producing any type of Nickel based bipolar
battery, such as Nickel Cadmium (NiCd) bipolar batteries, or

Nickel Zinc (NiZn) bipolar batteries.



above. A pin 164, provided with at | east two flexible
extensions 165, is designed to be introduced into the
channel 154 of the flexible feed through 151, and
the flexible extensions 165 are designed to hold the
pin 164 in place when 25 nounted, as shown in figure
WORAE048¥ai nst a retainer in the shape of PCISERIH/ABH4
Arrows 168 illustrates kzew the flexible feed through
is deflected when the pressure within the bipolar
battery is too high and the pressure relief valve

g
160 op : ., 2005/ 04839 [ SE2004/ 001594 . 25 Fi g.
The gf@%ﬁo AEhi 0&?%88?%%%‘?%?”% Sg’&‘gab’l_l%tﬂ B essure
limitte@] tefbevalsed i OWiMFhéipaber 48tisrigrgvibdedsiwiild a
\ sjm]arl ed openi s.shown in, . figures 15a and
lHCMf%%?n 'ﬁﬁ?ea%§2§39?ﬁ§% %%ﬁgﬁﬁ?gﬁﬁ%ﬁﬁiﬁqsgaFg%%ss 162.
electipdyveadpirdtiguddtian.in this 5 exanpl e provided with an
opening with drawn edges 171. The opening may be
produced by first punching an opening through the
endpl ate and thereafter drawi ng the edges to create
the desired three-dinensional shape of the opening.
The shape of the flexible feed through 172 is
adapted to foll ow the shape LO of the drawn opening
in the endplate 41 which will provide good sealing
properties between the interior of the battery and
the case 49. The channel 154 inside the flexible feed
through 172 is adapted to hold the pin 164 and the
extensions 165 are adapted to hold the pin in place
during operation L5 against the rim 166. The pressure
relief valve may be an integrated part of the end
gasket provided within a bipolar battery, but it may
al so be inplenented as a separate pressure relief
valve in any type of battery.



20 The type of material selected to be used to

produce the flexible feed through of the pressure

relief valve together wth the ratio between the

i nner cross-sectional dinmension of the channel and
wor e/ EedWs- secti onal di nmension of the pineew/ktzooafobest
the pressure threshold of the assenbl ed pressure
relief 25 valve. Although the specification only
di scl oses a Ni IVH bi polar battery, it should be noted
that the sane technol ogy may be applied when
produ0|ng any type of N ckel based bipolar battery,
such as Nickel Cadm um (Ni Cd) bipolar batteries, or
1. 36 dkehked Zbncuf{dNizZng bipoledr chattrerlves.biWbdlar battery,

- 04/ 4 26 The S et def i ne
=i O A e PR SR ot e Pen R e
creafjsadof nrNieVel bi plottar phlt thertivesn iﬁmacshDLdailslWhémuhbunted

Y Lype of ReLar | starved
e egtrg1yt§ ?gn?|gufgﬁﬁ%ﬁfxﬁﬁg%%ggﬁﬁSSQO
- %ﬁ@&@O@h#@OEEQdeS@FGdCFQi ats 1easih gaskelly emcospass a
bipl fcSt ARYEGhoRhECh 1Ol W 61DL ROl EcDalY ey said gasket
bei ng made from'a hydrophobic naterial to prevent the
T cFeAT oRC oTCTART ePRT PEFYIR haPhobetitesns4df acent
chazcael:lt% M&adﬂqlzhmcﬁgt ée{hcﬁ g%%‘k&%ri/s HH&% gaskel nﬁaLt '5:95{ with
HEFISIH frame is designed to at |east
deforﬁ@ ?a@quyeéﬁé%?rﬁéégramiﬂ Bl el iRe O Mbdpipédte when mounted
in a Wipelar H&Qﬁ:&@{/yawl'ﬁﬁ:@bgeﬂp%utt@r%fégshrgaﬁﬁﬁs§@9f of the
t hrough the gasket, characterised in that sa
batteryskatoh@ingde froma material with defornable
properties to provide a sealing to a biplate when
2. nouatecket naccdidpabato kaktiary, WwideeeebyrR2Nmesdherto permit

gas ﬂ%@ggé&“ﬁ% tl&%ntﬁ%eggsﬁgt c%mprlses at least one channel

Claim

interconnecting adjacent cells when mounted in a battery.

3. The gasket according to claim 2, wherein each channel comprises
a hole in the gasket, said hole being in communication with the
inside of the outer pressure tight seal in each cell when mounted in

a battery.

4, The gasket according to any of claims 1 to 3, wherein guiding
means are provided in the gasket to control the pesition of a

biplate during assembling of a bipolar battery.

5. The gasket according to claim 4, wherein the guiding means

comprises at least one boss.



battery is obtained. 2. The gasket according to claim

1, wherein the neans to permt gas passage through

t he gasket conprises at |east one channe

i nterconnecting adj acent cells when nounted in a
WOIPAR404P3PY 3. The gasket according to clai ZsE2phE0eism

each channel conprises ashole in the gasket, said

hol e being in communication with the inside of the

outer pressure tight seal in each cell when nounted

[ a batter 4. The gasket,K acc d|n to any of
6 clqgfi:3 n%as%e%coa Or\ﬂ%ege?%%gﬁf%l%é’r %Siré B¥ovi ded in
guidanite yesketcompriosd thk tie postlid @rasaéta bi pl at e
during assenbling of a bipolar battery. 5. The gasket

7. a§E9f§HéﬂéttQc£éfaﬂﬁb4toWﬂﬁl%E”%%§%5 #0%8@85£E§Q the

conprises at | east "one boss
meanspty/ BRIP4 £80 I5TF29282 % aThenggss loat cre csdah geridoof the
framel @aim4 or 5, wherein the guidance neans conprises
the rimof the gasket. 7. The gasket according to any
oggclalns 1-6, erein the neans to permt gas

8. S SE KGF 2 ST I G DRISNGE i 'St&F Bl HPeﬁﬂél theane.

gaskeR. il'k]@zgﬁﬁlﬂédi WEACOEJf Nk b0 e afye Bicheb@iHTs 23 - FartMaer gi n

t he S provided w h a flexible feed-through
Presss part- vaiv?N' g?ﬁr%??%ﬁ defvaIRA WEEn mounted in a

battery 9 The gasket according to claim8, wherein
% tHee fqa@%ﬁél @cc?ce'@gngtm ctghnhéis whechanngle tthatible feed-

throtgANNEE S Bngas 1SRACE &sﬁn%besaa ra%gng igce e@&ﬁﬁ{é }rﬁ%ﬂ{kgd

the anbi ent environnent. . The t accor
battegyywigfh éhau¢ﬁpxﬁng,emv#ﬁ0@m¢m&|1e naterlzﬂ with
def ormabl e properties is elastic. 11. The gasket

10. amn@rgﬂsmgtt@;@&m@& €d anfBod -Aaiwber-8 Nnyhbeipmateri al

a ther | astic el astoner,
materlal w1th dn?gkmable properties is elastic.

11. The gasket according to any of claims 1-9, wherein the

material is a thermoplastic elastomer.

i2. The gasket according fo claim 11, wherein the gasket is

made through an injection molding process.

13. A starved electrolyte bipolar battery having at

least two electrochemical cells comprising:

- a case,

- a negative endplate in contact with a negative
electrode,

- a positive endpléte in contact with a positive
electrode,

- at least one set of a negative electrode, a biplate

and a pesitive electrode arranged in a sandwich



12. The gasket according to claim1l, wherein the
gasket is nmade through an injection nolding process.
13. A starved el ectrolyte bipolar battery having at
| east two el ectrochenmi cal cells conprising: - a case,
wo200%/0Agpat i ve endplate in contact with a FEGsHZDW®E 001594
el ectrode, - a positive ®ndplate in contact with a
positive electrode, - at |east one set of a negative
el ectrode, a bipl ate and a positive el ectrode

rranged, i S 2005/ 048390
B B0 Ba S oA S5l T i, ard BOtuedn s Aseat i ve
aand positive endplates, and at Ieast one separ at or
_ ar e e ve .and |t iV
<21 [@ebelyeen. erchnenat Yo A8, 98 MR e o
PPaEt v nglwtreldecfcrrmtwea k@rtaﬁa‘zt@lllseemdw stbhatatora

lg@ﬁhﬁtngl Qntg}g&ggpﬁ of a frame, made of a hydrophobic

mat eri al |s arranged bet ween each bi pl ate and/ or
| at e ndpl ate, whereby said gasket prevents
d‘aragﬁg’éf‘%ecc{ |;L8I path fromone cell to another cell,

and - the gasket is made froma material with
-  defeokenblin theogentk ef 4 dm@yimmjeaosealﬂmopﬂokﬂaﬁh

i.pl d h d

e o e BB St - SoR RIS SR PERES ©
wusepdaht-e, whergaskeidigmskert peevemtevam ed ewi tHLyEANS
BP0k Lo A% PASSAE. et veen adigoent cel ] s T hough

. e gasket thereby <creating ommon gas space for
- tdel gesekds i e Batner ynaterlal w1th deformable

properties to provide a sealing to each biplate and each
endplate, whereby an ouler pressure tight seal of the
battery is obtained within the case, and

- the gasket 1is further provided with means to permit gas
passage between adjacent cells through the gasket thereby

creating a common gas space for all cells in the battery.

14. The battery according to claim 13, wherein the means to
permit gas passage through the gasket comprises at least one

channel interconnecting adjacent cells.

i5. The battery according to claim 14, wherein each channel
comprises a hole 1in the gasket, said hole being in
communication with the inside of the outer pressure tight seal

in each cell.

16. The battery according te any of claims 13-15, wherein

guiding means are provided in the gasket to



14. The battery according to claim 13, wherein the
nmeans to permt gas passage through the gasket
conprises at | east one channel interconnecting

adj acent cells. 15. The battery according to claim

wozpas/O03fk@fei n each channel conprises a hob&/$R70¢4/€01594

gasket, said hol e being ion comunication wth the

i nside of the outer pressure tight seal in each
cell. 16 The battery according to any of clains

1 | di.n ans.ar.e provided in
contrbl 1Bt U he0s AR o0 PET SEIU0H) DOTEG ™50 % gt r o
bipoldre bposetyon of the biplate during assenbling of a

bi pol ar battery. 17. The battery according to claim

17. 16ne Vm;ﬁ;rt@!r%‘_ dherauhging c1aBaANSs C%préﬁle%hétgdl‘%ﬁ%% one
boss he battery accordlng to claim 16 or

meanjKEPRE Asthett dGraane’® meffs conprises the rimof the
gasket. 19. The battery according to any of clains
18. 1$hé.83atwhey eddrotling rmafmairo mebfn' 17,0aBepaSSage are

uid. nc q%§d %&nqy%eglg e rﬁ@d thes% Qﬁe 20. The
g ab Ftery acc 0~ any of TcHAF MESTst 19, wherein a

pressure relief valve i's prOV|ded t hrough at | east
19. oRke érrdpkay eaccandirhetcasy @6rqi|aiim$ ngp-ast | ehddslis the

meansf %sdpéﬂmuggs fpa\elslagesaz& ardrBabed ol 888 diNAN DGy SiZe

an opening through the casé and a pin having a

the ?ﬁ%ﬁ@ ‘that. is greater than the size of a channel in
the feed-through. 21. The battery according to claim
20. 2®he whareirp dderhilieyitl enyf eed-1hmeugh-i%s wntegrated

t he gasket arranged. adjacent to_the endpl ate.
preas)s AHOAIArT Ty J0cBFAI s S BAGRY P tckerits o9b. 9Rbiate

and thbet&sd kcheprising a flexible feed-through having size
that is less than the size of an opening through the case and
a pin having a size that is greater than the size of a channel

in the feed-through.

21. The battery according to claim 20, wherein the flexible
feed-through 1s integrated with the gasket arranged adjacent
to the endplate.

22. The battery according to any of claims 20-21, wherein the

pin 1is held in place by a retainer during operation.

23. The battery according to claim 22, wherein the retainer is

a star washer.

24. The battery according to claim 22, wherein the pin is
provided with at least one extension and the retainer is shaped

as a rim.



pinis held in place by a retainer during operation.
23. The battery according to claim 22, wherein the
retainer is a star washer. 24. The battery accordi ng
to claim22, wherein the pinis provided with at
WOl Wag04519@ ext ensi on and the retainer is BiTpBeANOAS0D594

rim W2005/048390 PCT/ SE2004/001594 31 25. The
battery according to any of clainms 20-24, wherein a
sealing is provided around the opening in the case .
26. The battery according to any of clains 13-25,

25.  wWhke diattene agrsringl tavaply déforadabl @Tﬂ%p@her@sl ias

seall%gasié Groglded N8-hakt &y oﬁ@ﬁ?x{gd' Rg 4% @ay.of clains
wherein the material i's a thernnp?astlc

oHER oTRE Ry oratad 30 B SE R G de e Shaieqh the

matenﬁaudwiup ﬁéﬁ@fﬁﬁhleZﬁroﬂaﬂtlbatiiﬂélaaﬁﬁordlng to any of
clainms 13-28, wherein the battery is any of the

27. g@ﬂ%”%at@b%$tadgogglg g& %Hyect CIA1ﬂ§t¢?395for erelFtt e

manuf act ur a sta ved ro yte ol ar ry,
mateﬁ%@#p#ﬁs@rﬁPQHMQPéﬁébsCcﬁlaS§Pmerd|ng positive
el ectrodes, separators, negative electrodes and

28. Dbirpd &ia%%eir@ LRRSHEHE A cllgsh red puoken ofe fatkerys
nade éﬁﬁls i nside a case, arranged bet ween a positive

BPAR ATh I Ché Gt TV I @FdBF %S pr ovi di ng a
positive access point to the positive endplate, and

29. aTmegatteeyanmsséi@mhntahpcﬁhelaﬁgaqueB ercirleah ethe
0 S f| of clains 1-9,
battegg Yé da{nl}go§h1gge g? ﬁ:gt?dpo¥ I"\fl%

t ween-eac Pat'e drd each endpl at e

to create a connDn gas space within the battery,
30. A method for manufacturing a starved electrolyte bipeclar

battery, comprising the steps of:

- providing positive electrodes, separators, negative
electrodes and biplates to construct a desired number of
battery cells inside a case, arranged between a positive
endplate and a negative endplate,

- providing a positive access point to the positive
eﬂdplate, and a negative access point to the negative
endplate,

m providing a gasket, as defined by any of claims 1-9,
between each biplate and/or biplate and each endplate to
create a common gas space within the battery,

- providing a passage tc the common gas space from the
outside of the battery,

- compressing all gaskets arranged between the positive
endplate and the negative endplate to provide an outer
pressure tight seal for the battery and to prevent the
formation of electrolyte paths between adjacent cells, and

- filling the separators with electrolyte.



- providing a passage to the commobn gas space from
the outside of the battery, conpressing all gaskets
arranged between the positive endplate and the
negati ve endplate to provide an outer pressure tight
WA 048 EE the battery and to prevent the PBFFAP4/GALGH
el ectrol yte paths betweer adjacent cells, and filling
the separators with electrolyte. W2005/ 048390
PCT/SE2004/001594 32 31. The nmethod according to 30,
reln the neth conprises a .formation

SR Lt M i Pl et e R m et
compfiﬂe$ahlﬁﬁmmamiphlsfﬁp aﬁtheemne tswpachadrgl hgs aebn filled,

. disch in cles Th od accor o .
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cyclsgeps of: charging and dlscharglng the battery wth a
liquid supply attached to the passage, and chargi ng

2. andcdhsahar dbagrdihg batdenv Wi ! hewtefn | iaUisd msuppl ¥
attached to the passage to renpve excess liquid from

stept fEAsEEr fhe 3ePrhe@tiet hod according to cl ai m 32,

- WRghEeiihd BBal diddindrisng Sekestad 0xben WAt 8y f %gbly
el ectrolyte. 34. The nethod according to any of
attagheq i 303253} eiPR% he step of filling of the

- S%ﬁafg’ytltr@r SnM dilsceheginplykenSammyl feshoutakt achiing an
ectro] te reservolr to the passage to the . conmon
Supp]g%?%ﬁﬁ% Ry ERRARTSTG95i 1O P8R T HEES b Ss Tpce,
the batidmg electrolyte into the combn gas space, and
transferring electrolyte to each cell fromthe comon

33. 9%he ﬁé&ﬂaa'according to claim 32, wherein the liquid is

selected to be water and/or electrolyte.

34, The method according to any of claims 30-33, wherein the
step of filling of the separators with electrolyte comprises:
- attaching an electrolyte reservoir o the passage to the
COMmMon gas space,

- evacuating air from the common gas space,

- filling electrolyte into the common gas space, and

- transferring electrolyte to each cell from the common gas

space.

35. The method according to claim 34, wherein the air is
evacuated from the common gas space through the passage before

the electrolyte is filled into the common gas space.

36. The method according to claim 34, wherein the air in the
common gas space is evacuated using an opening being separate
from the passage, whereby the electrolyte is introduced into

the common gas space during evacuation.



35. The nethod according to claim 34, wherein the air

is evacuated fromthe comopn gas space through the

passage before the electrolyte is filled into the
~__common gas space. 36. The nmethod according to claim
WORRS/QAEPein the air in the commpn gas SPeRYEE4084/001594

evacuat ed usi ng an openi¥g being separate fromthe

passage, whereby the electrolyte is introduced into

t he conmon gas space during evacuation. W2005/ 048390

PCT/.SE2004/ 001594.. 33 37. Th attery according to
. e R A58 Pl o (el 89y TSrprovied
battegvt hsaprposidedveiant pegatlwe dnelr nbdadi veC 08REGOr
Heingyln, cant ,th.the positive and negative
o endpl at esg,c q?leggé%#tv&lw gge p?ﬁé}:/b‘é? B SF T8I ng to
encp il lgism 32speberely-said terminal  connectors being

adj ustably arranged to the case. 39. The battery
38. agqeerghit@ri0astdding8so WAGERI §7 2 Jukhsly esjglqﬁo%emq.%%tf
e

term nal, connector is arranged to ge attac to each
Conne&rF&ﬁFg?%kngaﬁallés@@ééinarmedd%t@e fRro® the first
end, is arranged to be fasten to the case of the
39.  bahteratte4®. addrerdiattes 126038 RPetOiLlaEM 39 end of
Iy each rm.nal __connector is attached to the
=ach e e re or s REEa Pt 1 0a6Ros i EAChs
endplegeur @etl ian sthend asel, distalherbat tiesr yias€ o, Ngst 0

a ai m 39 ¢ i econd end each term na
rrc—mg‘l'](t;nnector }Qgg%gn% Eg% S gsﬁ%en 3%[;%r3f‘he case by
inserting the bent portion into one out of one or

0. oPR RGETES2 GG EABedE Fleke Thseberein each terminal

connector is attached to the respective endplate via a feed-

through, which is secured in the case.

41. The battery according to claim 39, wherein the second end
of each terminal connector is bent, and is fastened to the case
by inserting the bent portion into one out of one or morec

grocves arranged in the case.



