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A GASKET, A BI POLAR BATTERY AND A METHOD FOR

MANUFACTURI NG A Bl POLAR BATTERY W TH SUCH A GASKET
woealsrugnab field The present invention rel at esPCO/SE2004/001594

gasket as defined in the preanple of claim1l and a

bi pol ar battery including at | east one gasket as

defined in the preanble of claim1l . The present

invention also relates to a method for manufacturing a
A baguEd, batRTROLATS BIFTERM AND tZhMETHOIMHGR MMANUEAGUURING A

30. Backgrr ound to the invention A bipolar battery
BIEGhEE FAH SHCE P SA35%Y cal |y conducti ve

bi pol ar | ayer, so called biplate that serves as

Teoh8Qldd1Ca i d1y er connecti on between adj acent cells in

the battery as well as a partition between the cells.

I'n order for the bipolar construction to be _ .
Theypresshi 1hpvarticdedekdHeditn & @arksat s defined in the

suf fi-ci I Qnduct j t ' I
L
onea palkike: tofa arald high eadh di e g gy e amgb Igo oslf cold Bret13 0 THee present

. el ectrodes and capabl e of being el ectrical i nsul ated ,
InY SO R1F° FHOFET He 1o ‘?‘isfecb‘f T%U’Lc%"?"ru@on%sa dblPOlar

palt® GNA N BEdd ol ytgnd NotdignSel los Jhesg 3o0.

requirrenents are nore difficult to achieve in

rechargeabl e batteries due to the charging potenti al
Backstraumd deherke elnjeenti@t de the battery, and in
al kaline batteries due to the creep nature of

act A ‘ . .
 ERLAL I 407 et 1 st k! o oL eesy
comiudteinen detfoleer dpeyat | oso idalbedigsiphite tbaopesmates as

crhgina aeptl o bati oo, It & scalod contiaw aion o e
battery as well as a partition between the cells. In order for
the bipolar construction to be successfully utilized, the
biplate must be sufficiently conductive to transmit current
from cell to cell, 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
gsealable 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

structurally poor for contai nnent of gases present
wandgmagvat ed during cell operation. In a seal dT/SE2004/001594

construction, gases generated during charging need to

be chem cally reconbined within the cell for stable

operation. The pressurecontai nnent requirenent creates

addi tional challenges in the design of a stable

gendRYANGAN FWat i rNeWd e HeERAlSed Nebh8t Eugt don,

of transportation, conmmunications, nedical and Eomer
gasd=n@enqgeriecatdutgl rgpedidigiag aesd et bexi sheéngeally

bat.t erj es . cannqt, neet, .. Jhe hncl hi gher c e
o P RN R IS ATE M DLPED  ptfl cpressure-
cont iIMrhesits treftfu iaf engiee e dsa tdie agldierinala VechaDlerges in the

cycle life, but costs for existing conventiona

desigbhalc 4t itk RiRPIAgHEONT USE 1984, 723 by Br onoel
et a ., a bipolar battery is disclosed having a common

New L&hﬁéﬁéq{bs Wi Ghhd Sr G eptad div RERMIhfgoAN Openi ng
through the biplate (conductive support/separator) .
comiitre. axgeinimegy, insedd el oy imemitdels @yrde ophobiketing
barrier, to prevent ssa f_ el.ectrolyte through. the
Spe iy G TR UG e Py ST 1 e SAN ROk 1P oF endosoe
incheiaeeyidie Gatls IstsUNBhd hetel ifpBthpid and efficient
di sadvantage with the described battery. The outer

rechagigshg around the edge of each biplate still has to
be fluid-tight, which is very difficult to achieve. If

nivt N& QUL seal d0g, i S Note fd W d-1d9Rte tBemgbectiehyt &4rfe,
contal ned 1n the separator between the el ectrodes and

but iepdthe Bhectxivslesno neynvenfriaref rishwineatébh gge too high.
another. In the published international patent

o Q8BGO G CRLOZEDA A 5ol a0, D e3P
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 isg not fluid-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
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conpared to the solution described in US 5,344,723, is
proposed where a hydrophobic barrier is Introduced
wanrosrdsdhe el ectrodes instead of around the opemiSRZPO#MO1594

the biplate. Apressure relief valve is also introduced

to prevent a too high pressure to build up inside the

case. It is however rather expensive to manufacture a

bi pol ar battery of this design and it is therefore a
predRBE LA CANSILIGe & NEW R BRlE o RRILEL Yo Ng¥EHEnte8Stoo high

nunber of conponents and using | ess conplicated
pregrucessi fypstepy timgairfds wese Fitpol arhpaeveryrather

Summary_ of the_invention .An-object .of the.p n .
XSO [t TE S DT do 4 pASReC At i T 5 agl pgion and
it tdherHerudsed U i fgePriasessmairactbipalear bapbeey. bibiery

object is achieved by the features in the

havigitarte Pl pof TSP I %R U Bar L REF GBBLE CPESd
proérfé;s%rg%'t%eeﬁs. bﬁrﬁﬁgﬁg%%gﬂé’ d hatdis Pasyctar

n ject is achireved by the féat ures
in the characterizing portion of claiml . Still a
Sumrfany hef tbg etwveritidm i nvention is to provide a nethod
for manufacturing a bipolar battery, using the gasket

that is sipplified co red to prid 2t.-hods
P S bR Bt SAERTEO G 10 bt aEPhLtho . gaeket that

wilThadasl efy zt ng nofidf o ofied abred3ss AL advbibajerwbbiitery .
the present invention is that nore energy may be

.Sstored in the battery conpared to prior art batteries,, |,
Thi g feteThet §aSRELCHRR 0% HYdr GRHOBT baPr FBF, characteriaing
porPI §SSYE €14 ght1seal ing and provides neans to create a

common gas space within the battery. This in turn
makes it possible to nore efficiently use the ,
A fayzheénbdle] ephces abd PreGEde et detp@bs haytery that is easy

to manufacture.

This object is achieved by the features in the characterizing

portion of claim 13.

Sstill a further object of the invention is to provide a method
for manufacturing a bipolar battery, using the gasket that is

simplified compared to prior art methods.

This object is achieved by the features in the characterizing

portion of claim 30.

An advantage with the present invention is that more energy
may be stored in the battery compared to prior 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 prior art batteries.



10

15

20

25

be used conpared to prior art batteries .Another

advantage is that the present invention provides
waddistougaral cost and assenbly benefits conpar eBCT/SE2004/001594

prior art devices . Further ,objects and advantages of

the present invention will be apparent to those

skilled in the art fromthe fol |ow ng detail ed

description of the disclosed bipolar electr ochem cal

Ano%)rﬁéef Frpdhdde diglat e pssamont Briwintdest ik 08e8f

raw ngs The different "enbodi nents shown in the
add Epiperde catawmy s sgeniiot heneftidle omgeussbritd @F, 14t art
exaggerated to point out different inportant features
deviGiSthe sake of clarity. Fig. 1 shows a first
enbodi nent of a gasket according to the present
Furt ivendp et Fifgsd Xdvarthods sdhwios qesessadt onantvienswill
of the gasket in figure 1 . Fig. 3 shows a secorid ,
be apRRERHeNO dThesgyadketl ek dot ditty 39 thempridedol Lowing
detéﬂgﬂtcﬁ@& :ig]%lgf‘on 4ar anth 4 sV & A58 Seet | ONale VbeWemical
of the gas In frgure . Fig. 5 shows a third
bat tesbp dhm@ nthe fbo o fasketssadorydi ng to the present
invention. Figs. 6a and 6b show cross-sectional views

. 0 he gasket in.figure . Fi 7 shows a

Brl%%oé%g% Fo%%logli%él\?ve o‘?raaw 1}.%3()' ar battery according to
the invention.Fig. 8 shows a perspective view of a

The bai £ B& Ye @€ COnEbAUNE 0 & hehdwry et i e pamvettiet vdtdw ings are
adj ustabl e term nal connectors. Figs. 9a-9c show three

not gFpfaEeht VPEBROT bt OWactitim FFIIFHE bi oI kit Hat £
dir¥eibne CRNIPN. 9RSESPREEes 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-sectional 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 the gasket in

figure 5.

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

according to the invention.
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Fig. 10 shows a first flow chart for manufacturing a
bi pol ar battery according to the invention. Fig. 11
wehoosw4gsssecond fl ow chart for manufacturing arorjsabms01594
battery according to the invention. Fig. 12 shows a
flowchart for filling a bipolar battery with
el ectrolyte. Fig. 13 shows a flow chart for formation
of a bipolar battery. Fig. 14 shows a parti al
Figr ddsslymd i onadrypen vd aldw pof & Heeddeary according to the

.1 llustrating, i rst. enpodi ment of a pressure relief
IOV P R%‘.gl@%é ‘%fo*evsar%# ISP TRTRL Spnerbprs -
vi ew of a second enbodi nent of a pressure relief
Figtal Vs - I GHED Shens @i £f O8SS efdvHnal fdeW,05:a0 %uing a
a.

. assenbl ed pressure relief valve according to fig.
bigglpr Jetdrms vl tdh o scoferan afd sgaseof a third
enbodi ment of a pressure relief valve. Detailed

ridlesey i My Die [ ifb‘g(“ [he, JmiQf i
l(‘Dgenefits of theﬂfaﬁo lacs'sjlba ery egfaéln are sfh%?i%i?i?pdar
batdreryt ewgesiistanoe dlossesvernfherparts count of the

battery is relative |ow, consisting only of endpl ates

. and biplates, with appropri.ate senbly of el ectrodes,
Flgs'e:cjiLalr ST aa}waseeqo&cfr%?’?ec% gﬁ i"l?é%/"l:f&?db‘h@ﬁ?%. a bipolar
bataiterd &orfimy desidiedvialiagg gre constructed by

stacki ng the required nunber of: biplates. The

. electrical connections between the cells are nade as
Fig.nddathoawsy 3 Slawehad: mdd lddaw 1§ pliscd as battery with
elRltgdeal Iy conductive and inpervious to electrolyte.

Wth the termnals at each end, the flow of current is
~perpendicular to the plate, which ensures uniform
Figcurilerthaard av dicaygetdingt ridwiticomatSionceft ke lsiwskat battery.
path is very short the

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 relief 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 pressure relief valve.
Detailed description of preferred embodiments

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

and electrolyte and sealing components. Batteries of a desired
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voltage drop is significantly reduced. Bipol ar

batteries will also have significantly reduced wei ght,
woabesvesand manuf acturing costs due to el i m naPCOSEDN4/001594

conponents and the manufacturi ng approach. The maj or

problemw th bipolar batteries is obtaining a reliable

seal between cells within the bipolar battery.

Different solutions to this problem have been

LSel d.i i ghed;i ati.an t
v BT cer b 5 0B 5 by B0 ge dTg s oF
bip03t@e26042e aiecitrithé nonnpublibshedepeadhnghbScells are
applications, 10/ 434167 and .10/ 434168, al| ,assigned to
madgh B, FBEe RELBAY: dane LR aRGShoPabyS: REGRpBIALBN Sy
eletekeeaNnes. cHhgueseac0Bnd §Rbbriso0E ext eemBLi-BRYLLANce
for all types of batteries, and bipolar batteries are

. _no exception. Individual cells contain the active
WithatBpi &PET(EPEL SNPRHEBSR BRFesthe F4ON ekeFulyeRsxiide
perP@RLiEYE N TRl HIXAL] dgnTxdr 0080, SLOLARGS Al LY ent and

egat i ve, respectlge y) ', separator and electrolyte.
volthgeebestrdabytéonn thecsephratarreatr pguhr éd fetkyi short the

ransport betmeen,%he elﬁctro es _gnd the separator
VOl%F@?igggpiﬁguﬁégpé 1EBRERE EBAUGER: on of el ectronic

current flow between the el ectrodes. The best designs,

BipeRbinbsedehaksl @agevit¥o WekehtigRdryohHE®y LEHULE] wedght,
reconbi nation of gasses. Batteries always produce

volymesandagapnépcapEingargells fhe gassinglratéonnefeases
b e n zhar eaches maxi mum
com%%g%H SI?&BC%ﬁFg§§5§¥%gkggg§§sggﬁfgﬁgéf~e produced are
primarily oxygen and hydrogen. For Nickel based

Thebmpgbar plbabflem @sthsbihodarNbbtitandehi Cd, obxypdennyi kbl
reconbine_rel ativel idly. with available active

relZPLFT 5P PEhECRBGEIVE BREBLPOHBS BAPPLPFeboAFEY-

Diffefeak! ¥odesionedt50taX¥IpRoBL bl REvENBethr 8t s888sed in the
%enerated if the cell ‘

published international patent applications WO 03/009413, WO

03/026055 and WO 03/026042, and in the non-published pending

US applications 10/434167 and 10/434168, all assigned to the

present applicant, and hereby incorporated by reference.

The seal on a cell is of extreme importance for all types of
batteries, and bipolar batteries are no exception. 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 recombination of gasses.

Batteries always produce gasses as they are charged. The

gassing rate increases as the battery nears full charge, and
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is overcharged. This requires two actions: 1)

Overbuild the negative active material, generally by
wGaQbes/ugs9ensure that the positive el ectrode, WRCTKEZ0kD01594
gas oxygen on charge, will be the first to gas. 2) In
a starved electrolyte battery, provide for gas passage

fromthe positive to the negative, where the oxygen
wi |l reconbine. The gas passages are obtai ned by

rea€lRdt bkl g tiite @NPUDL v 0dh £F§64 I OTYé egav s nwh heh por-es
of the el ectrode and t%rough the separator. Al
prodyueedcaie opriper bl eco¥vden neidd medeegRed by a thin
| ayer of electrolyte for the transport of ions, but

Fortﬁfcké};%%%tb oié?{ghogﬂ‘@é'ﬂb !F,O PEL & s 9B A4Sk LB,
through the layer, and nust all ow gas passages
oxyganoughbutetdrab e i wvel dayee by anaipidiby sepan atonildhbe active

negative el ectrode. woul as drogen i f overcharged
nat e Rah b (RS RS R i S oehe St o BP ek s Pest e BB 11y
desPEHEESHG oy Al Pull dodlprMé t i Ast "Ga s eddnedii€c@XVHAhe cell

reconbi nation effectively di scharges the negative at

is eVierchmededt eThis| se@ei vgs chep gedt19mus preventi ng
overcharge of the negative. The surface area of the

1) act by Eﬁqfﬁiéﬁetﬁgggﬁggg g@ﬁf&érﬁh&g% é&rnggﬁé vy by 30%,

di stribution ar design, enhances rap
to eepsondi thdt onhéoposiaiveyeSakerode stehveld el Brtgad ybeygen

battery is.defined as,is_an essentially noist but not
on ﬁﬁ?rgﬁnsW?hﬁt?%n?h%s§6555s%8 $3°f1 ooded batteries like
a typical lead acid car battery. The bipol ar approach

2) W | Ineassferidatelbec ¥olyogehslf opracrossvide B6tiyss passage
material will be uniformin all areas, so that the
frogntheepepebivodeowrne eeartipet ovhere ehargevaentwel 1

recSAfEnl! e 148 ééééa?éé”&?é&ﬁb&&fn@&j BY QéﬁPkgﬂng the
conventi onal “consStructi ons, ere parts’ of an

amoehecdf odeeateobyeechathingthe pores of the electrode and

through the separator. All surfaces of the electrode must 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 quickly, 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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and gassing while other (renote) areas of the

el ectrode are not yet fully charged. The cells in
woegslaszbatteri es are sealed to contain the PCT/SE2004/001594

el ectrolyte both for proper performance of the cells,

and to prevent electrolyte paths, i.e. continuous

ionically conductive paths, between adjacent cells.

The presence of electrolyte paths between cells wll

For a1 oM tPesLkect 4§ oYheved CONBEELST, €| hSt t Orfli SEN@EHEned as
at arate that is determ ned by the resistance of the

is mtepﬁ%%ﬁcﬁgahlbfm%% BHE RPbsecl RINYHIWEL hah)as gqpposed
b
o FEEG PO R RS Sy B I S TRELY oy Doy

shoul d be noted that an inportant feature of this
ThedbSp¢b$nr@ppsoahh w$kloénaugas&hﬁtwth® vmﬂtmgegdnmpdacross
electrol%ée bar o, mn nat e

the CHRET IV TGE b1 iy hoPBrEhaFoTBrA Thhaietssn Sarfhat the

ent e b ¢t PHQL FONTEBmE Sup Neo afpLNt cipd rHeak t 0eRer 848l time.
by operation of the cell. Depending on the magnitude

Thl%fthhteb@mem@t@dth@h@am@§|ghOhh®ﬁ be eprecnbleribct
f t .
coné@?u?‘gfc%ngndylg%at Pté 38! &y décgée@@e §P@e§9§¥éﬁarégﬁng

an e ol devel opé WEEen cé
andS@aéélm@tﬁmtbéldthér|$ﬁkﬁg€ebamr@£sONErtDﬁEebycth@de are

periodic full charglng of the battery. The battery may
nOtb%er%?%%ﬁrﬁ%ﬂrﬁ? a set anount and at a low rate. The
low rate would allow fully charged cells to reconbi ne

The 0BSSES Yt hOYL1 88NBLALEPYRI £88 UsEANEY Ot SStPAL &1k Nehe
heat from the reconbi nati on/ overcharge. Cells that

eletyelghel potht Bprebrapar peeEernzade | ehkblge paths, and to
d ? I S e t a
orey Bt e ERETR LTS BRE seal ¢ b SR EUORE SRR Y1 19
conﬂ@@tiV@npaBﬁétebeeaeanead@atenelgebygr Bhecﬁféedna@dof
overbuilt. |If an operation_requjres 50 Al
electrolyte paths between cells 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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(Ampere Hours), the requirement is usually specified

at least 10% higher. Since batteries | ose capacity
wovers/ougmdr |ifetine, the capacity of a new baPCESE2a(08/001594

i ncreased by the expected |ogs, resulting in possibly

a 70 AH requirenent for a new battery in this exanple.

The manufacturer will probably have a nedi an design

target of 75 AHto allow for variations in the

andranufsdgiate nhepeeas £roMieheofradding ioerili A d @ Ha@ ge .
nsate for the |life capacity degradation that is

Celﬁ%ung Soyraite SHrdric HAtGines . Lad ass sdeataiicedatigekage paths

wollRE PReVRle BNl pl.patteries are the creation of a
common gas space wthin the battery. The neans for

creating a common gas space for all cells in a bipolar
It Bat rerploomadesesry gasicer bavitegyaber dddtler mheaded to

e.. . The et. i s.arranged, between adjacent
corgIORE s T B ge SR STy ey
spedesdeichecchehawbulne .gagkah opepaefienaleyuiads Wit Ara
t her nopl astic el astonmer conpound that forns a sea
(AmperR %ﬁ@rﬁw e eaeirsressuie. ueneldy wpesigded at least

oC I : [ fr Q. e re S . .
O e St uSral e RaPE oy S St oh i tetime,
theegepactiier ofas desc baltéeriyn isodnectizerdwibyh Itlfhieg @k@eéted
a como as space w.ll be created which w
LoSgy | ARG 10Re 1t BOSTIE Fi dPoAbe “BERISERCe f8 PLESY
baticBrg Bnpehdls Rabhnk. Mhauranlrabewses %Hﬁitprobablx have a
enbodi nrent of a gasket 10 according to the i|fAvention.
medfRa gesken Ieroetmeduf/acPlr 6@ PAlavwhfdrophatiations in the
i.al i fo le-p erties, sych.as an
e e Ee D508 LR BaPFER RiBippidfe :§ ¥ compensa e
forcohti dudes capalcinededebdaftdn thabe iablauked ypcthan

as.a sealing. The gasket preferably has elastic
OVerrBRERLRSs, and a suitable nmaterial is a thermoplastic
An egsential feature in the novel bipolar batteries are the
creation of a common gas space within the battery. The means
for creating a common gas space for all cells 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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el astonmer. Thernopl astic el astoners may be obtai ned
fromseveral manufacturers e.g. Engage(r) 8407
waveaisicagdoe fr om DuPont Dow El ast omers, DYNAFLEKCTSE2004/001594
&X780-001 avail able from G.S;gorp. or KRATON(tm
G 7705 avail able from Kraton(tn) Polyners. The gasket
is preferably injection nolded into the desired size
and shape . The gasket 10 is provided with a rim 11l at
othehe redgeied tdetupperats de cmmtiammnrsr espdndingh deformed, to
entat i 2 on the rev se sr . Th r|n111 and t he

%Pg 5 ifHT W 13 G & RE QrrekLy has

elawmr@ iR eata e, ackry aurgqrit%% %Ia%rrﬂari 31 3s fifplastic
battery, see féggre 7. The rimfurther serves to all

elasemsitpl Jthenms asvfecr @Jtarﬁécqgr@srsernawhe g:@srae:tnecs £rom

th rou le 13 an
sev%%%go%%%ﬁﬁghtq% %%O? ?N 1 ggégdﬁr?%eDuPont
Dow rmera@eanfertshe W&E}@O @ﬁm-@om akratlealbiemflir&r@dslm Corp.
asket. The through-hole 13 and the groove 14
e &-gdd 5 Raiidla \ﬁé@ﬁ“ Kapieent Fedvme s tHee gasket

is %%%%@tila%(iyb@tnt ee@(:'lcﬁ‘f‘ (Iinc;ll?ﬁed“i%rt%o holi GeRHoReY ;é £5 0dng

the gasket prevent el ectrolyte fronrcreatlng
shajpeni cal | y conductive path between adjacent cells. The
gasket thus has four purposes when nounted: 1) prevent

eI I yte f e i Qni c II uct at

The %%%ge) béf%gg%£% ac@gf' ¢l Fe™ |§ %E|%§F y?he

upp%)r [3;!1@1‘6 dewda ag&&xﬁ:i’dﬁfpaﬂidlb@ veckntdiraeant 2cehl S:Hé’ reverse
crea a .comon gas _space Within a bipolar battery, 3)

Sldﬁro AT ddt & rtés@slméietrrt@Pﬂl%le&P i 1t pegelds ahignment
of &R %%ls@{ret%a%%rry’th%nyd]aﬂe sthl \é'dd%ﬁgg ebegt L ééf"l:’.ﬁf an

i nsulfating support structure betwee |plates an
asdegleeh balie eiypl stees famuhirtehd .eAthel aties further serves to
align the biplate relative to the gasket. The gasket is
further provided with a through-hole 13 and a groove 14 to
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 purposes 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 an outer pressure tight seal for the cells in a

bipolar battery, and
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Fi gure 2a shows a cross-sectional view of the gasket

in figure 1 along A-A and figure 2b sows a
wonoesg4smat i onal view of the gasket in figure RCaSBIY4/001594

B-B. The presence of a secong, gasket 10" is indicated

in the figures to further shom1hom1the rimll is

intended to be received in the indentation when

nounted in a battery. A biplate 15 is shown with a

4 . dashedliigee o figihesita129 @ﬂguagtﬁﬁg'%@gﬁ e heucture
position of a biplate 15 in an assenb ol ar

betlygrere by Liat esh Guidd Hisd weste ¢ hieh ati il eisi pinait @hwmdmitates
occl ude the opening of the through-hole 13 to prOV|de

MR r o]

Bl q%i%%é coygféﬁ%%$% %%5?3'?5%?%% %&végg & rm

1 dlealgage Aoetaneke f icpires 2bAsh>iwp;I at ermstshsaacltdloelaaj |vgmﬁad of the

th.th h I t.he gasket alternatively b
9a%“ﬁ51 Birg e Rifhod6e Preceihers. sFigedgoasket

1o'sa@wan@mrttedallnwt@l\@ &1 R re@CceRd rarRadMBRGWOh Ay the rim 11
asket 20 according to the invention. The gasket 20 is

is gnpended Wit Ppea neanivecade &heordndepsadilmy whdentmunggd in
a b%%t descri bed above. The gasket is provided with
t'her small through-holes 21, each having a
groove 22 to connect the through -hole 21 to the space
A Hi@ébde ﬂﬁeigasﬁﬁnwasdmﬁemidashﬁddéineihadfh@ures 1, 2a and
onnect.i on with fi 15 is also shomn
A T R 8 RS ol are SRRA LGS 181 o 6F geserbled

blﬁ@l@raﬂo%tt];%ﬂyn an agseild ed Qb@%'daﬁ:haﬂt tt%y bll'aqar%ree\‘&l@% not
the biplate to be msaligned urln% assenbl i ng of the
&

ocdacee e @P@Hﬁl&]ﬁw@é Fgnshrouabubnlas 13 besPravsde the
COTTH’{OQIVlggant eous ?)O.ZL'%lnglt O%h%gl s?gné%%t %_% W%tt Ibt

IS a he boss I's suc
covgaedt hrat aakp@ﬁia&:@em@y tapreveast alkicsredyte leakage bet ween

cells. A biplate with a hole aligned with the hole in the

f igure

gasket may alternatively be employed to serve the purposes

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. It
should be noted that it is advantageous that the boss is
designed in such a way that a passageway may be established

between the two through-holes beside the biplate of each cell.
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bet ween the two through-hol es beside the biplate of

each cell .1 2 In this enbodi nent the boss does not
woennwstoassal | the way fromthe biplate to the rPAOI/SE2004/001594

Figure 4a is a cross-sectionab view along A-Ain

figure 3, and figure 4b is a cross-sectional view

along B-Bin figure 3 . The presence of a second

gasket 20" is indicated in the figures to further show
In hHow g enbodnnkeht $henterdedides botr etatereth iallt the way from

I ndent atign when nmounted in a battery. Figure 5
thesﬁjd\ﬁgag:epg:ﬂ ijtée Vi'dWw of a third embodi nent of a gasket
30 according to the invention. The gasket 30 is

Flgarxfam@edswat e x@g'd Bekk iafith1a VR eSReRAIANG |1"1*ﬁ&‘1t9@iﬂe0f1% and
as descri bed above. The gasket is provided wth
flgmrxﬁe Yatifer SHI9S RS IGRAHIVESWS Bl BFavithg igure 3. The

prl Qe 032 o & LMNEH e tﬂU’OLi%hdlglgilC aépeéf 9. K& SRAGRires to

i nsi de the gasket as previously
furdzj‘mmtﬂhoan hewt HHe gume lIL A8A ibitpiratesl 1o ite adm:smwmn the

edllneto i,cate 03|t|on of a
ln%ﬂrbqaattl éh‘,' ARG SLEHHS) omolapaagr% attery. To prevent
the biplate to be msaligned during assenbling of the

Fidiatd & whosey ef dargliidancewess Ihisldnrelhessest a
re prow ded on the gasket 30. It should be not ed that
9asﬁi &9 tlﬁﬁfeéﬁs@é?s ahe &@ﬁ #9 s

pr&ﬂ%cﬁﬁ’.’!@htar@tlnﬁ PASIRY WL TR R, ":t'ft_:ﬁ dtion 12, as
bet ween the five through-hol es béeside ate o

deséa@lbe@elalbovel -n THe Yasdeddiire pr avhigldgb seiad afnsrel cnmrher small

t ha th| kness of theb | ate. Figure 6a is
thrad ri'ls Se&t ondl AL A onG &roﬁwfe g%ré:os Coné’l’?é: the

thﬁd@}f-&lcﬁbs 33 & cCross-geeld anrlidd etalenrkdt Bd breviously
figure 5 . The presence of a second gasket 30" is

degqidiRest ddt iGPHRS FigurEdht & aitendr: #hBiHERS RE rdismalso
shokh ivdl e RERA L 106\ d CLIMRA dt d R1e 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 5, and
figure 6b is a cross-sectional view alohg 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

design of the gasket in contact with the endplates to better



i ndentation 12 when nounted in a battery. It may be
advant ageous, but necessarily required, to alter the
wdesisgasd t he gasket in contact with the endpParsgE200/001594
betterl 3 nest and seal withythe endplates . The '
endpl ates may have a different size than the biplates,
so the gasket may need to conformto the different
size. Figure 7 shows a bipolar battery 40 in cross
nestSeeld ealaviing fine arlgisaccBhe hal eidpleagy ing8s ave a
. _negative end _plate 41 and a positive end _plate 42,
diffegemth &kacy e ddis WiRIE@T ofe b grdkethaay nred to
confSl AL 048, A% Fashaeat igsely. Four biplate assenblies,

conprising a negative electrode 43 a biplate 15, and a
~ positive electrode 44, are stacked on top of each _
Figwtendr shows sartnainsthaidtane 4etivesrraste saaf land having

.__term.nal A.separator 45 . rr ed .het wee
tive §itddert SI'r%leegzﬁ‘—’}etl\[/{:eer nd‘Tom 3%31$«e|s3é31 %%&%rlofe\ﬁrfﬁalpﬁ%%ué 1, and
a pdgldivd hdsearad o2 ASeatntiaivisan eleeadtioly/ ted eagitbaale 43
predeterm ned percentage of gas passages, about 5 %is

and & PAFICHTS, GIRETEAG AL pdRERFEE TR IstarfiRiy Diplate
assSIAGHL! e hatd 81d 65 ndydaskete 1 @ydeserd igdhidte 15,

connection wth figure I, is provided between adjacent
and bi pcatidsivand/lorctardriel 44 e el sHrpakedl wratteep Afs each other

. indicated in the figure by t arrow 46 as_.na | ow

g rsoarﬁﬁvr%ecq% églrﬁrlfcgc%% ot egtrw aenrtljhtt ferdfy i %eﬁr?lsn%]h%r gA‘ a

SepLATEN 4RSS RACEaidEd UL hdeh gascipasBiagesmt mddwcive and
asket. If an_electrode in a cell starts to gas before

POSHHY HIHSGHE TS TSP it 198le Fis rSeRARFOT 45

dHaf Qute e, WhQL & cPNIDN SRS SRAGRA gghercg@}& bd lof

Conpass from ae cell,” through a groove 14 and via aé@[ o 998

passdgezuglrbimite 8313 ofs & fiysicygaskeiug Cor gapumdsbasds d.n
sec nqLegcacslkoeLthgrgj thereafter into a second cell.

starved e atteries.

A gasket 10, as described 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-hole 13 of a first gasket to a groove 14 of a

gsecond 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 connect
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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If the pressure within the common space exceeds a
predeter mned value, a pressure relief valve 47 wll
wopess/ugsoconnect the conmon gas space w th t hePamSEzO4/001594

environment . The pressure fglief valve 47 is arranged

t hrough one of the end plates, in this exanple the

negati ve end plate 41 and conprises a feed-through 48.

In an alternative enbodi nent, thel 4 feed-through 48
feedmhRdtEgrmd Yod oimmedyetitly themendphrate de adplate 41.

preferred enbodi mnent of a pressure relief valve %S%Eed—

A prefantah RPTEHRIEE r¢ bt RUPSBHife S orf it Y5 Gt
thr h]j)%ﬂ-&é&fiﬂé% Addidianal 1oh & 1 eSsHiRSeNsor1 N and
shown) may al so

e nmounted through one of the end
16. plates to neasure the actual pressure inside the

battery cells. The case 49 is preferably nmade from an

insulating materjal, b r b d a
e ot L R B g
mour &N Erdushl| Ghé NGE Melieréred @ik és e shepeare ntiseicictual

way to ensure electrical insulation between each

pregpipracEabiantha possthry° uctB® €25R 0 The Eekerarly
mad%offoc‘m PLRVi dedh ¥ iﬁg and €£e581 SO eng, thec bi-pl By ese afbe

he positive end term nal 42 are placed during
fromemud aiedwe el wadnat er hal ntBaeledt vrme ngs apee berehlpymade from

applying a pressure as.indi e 0 .
o PRELACES, BEERSVEP B0 1 SALERBY hepaihontyal, M neure
eleber£sdnbl hshedt Wwbenbé becdéndentiat bopl 42 ahd &hé ai ppddibly

of the gasket are in connunication..%hg ressure is
congafhi BF nedSBy TRRagrAGCh 17 dtS2PTIVHE cgﬁE 49 h§CSBfe”’

whekd NG Of 1, BSLEBENGLARAAS B3si P68 ASASEESMEnadNE2 WALt placed
ensure that each cell has a predeterm ned wi dth, whic

durisg apgrokaghtekyasduaret vaihea toapr dgseddhepghptdpnt he
appggfggtalpressure as indicated by the arrows 51. The recess
50 is the space between two gaskets that will be established
when the indentation 12 and the rim 11 of the gasket are in

communication.

The pressure is maintained by fixating a 1lid 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 gasket 10.

Alternatively, the 1id 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.

Tt should be noted that there may be a space 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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Alternatively, the lid 52 may be fixed in position by
any of several other standard neans, including

wonrpispusay) i nterference fits, epoxy, heat seal POT/SE2004/001594
sol vent, depending of the baitery case construction
and battery application criteria. It should be noted
that there nay be a space between the outside of the
gasket 10 and the inside surface of the case 49, since

prackheagagketichibgelfbrPevbde nbhe npr esspriedd ghresseak t@r
the battery. The case 49 wth the Ii1d 52 provide al

estapilashi chle pressuar ﬁéﬂhéré&ﬁﬂn@eFW@ePe&@@r@&55F§§SGP§ the
blpla% %S%%%!%%% EQ%%RE%%S%E%. %%%1%%@' 1ueeln the

Sket’s an "4t 65 “and t he positive and negative
endplates . Relief valves and pressure sensors are

Rel1@Ea®mﬂwe@vamha@n@aamng mmmaﬁaalaa$|neadmiyaﬁW§lé@@1§réo a

oo BRSSO ] o B e erass.

connection conprlses a termnal feed-through 54, which
EacHplegi®rakive iis saenrerkd oilde mmm&aﬂy qaresstfiictt.i Mhe

Each term nal feed-through 54 is attaggfd to each

ISl SAETEE AR AP B AT %PF& gh 54,

te
whlcgl :ﬁt acter"%ﬁg} NG elfouddd e abld sy P elpedd Galtting.

termnal ed-through is in this enbodi nent
Eackprtmmmmhmﬁeredmlmmwh 9 dad st tSethed B85 app wadpafe 41

to attach t.ype ,of ! cQ r
and 1 eSSt I e SR i S ERson e et
estamol'\@u & tgdmi ]l hadtieral hestivg-ta mﬂgﬁtue/ﬁnmaiplmeei—éthrough
arranged In the | ower portlon of the batter %§
is Jfl’edftl'tﬂrf‘e S QRS AT ATD T HE KR A 1 HiFTevs
LRl Y sde negatime And dhse Rosidd Mes dLr r@d‘rﬁ{ectors to

positions of the battery are interchangeable b
the tbaadiawgy t he positions of all the negative and p05|t|ve

Tt should be noted that 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 positions of all the negative and positive
electrodes in the battery. The function of the battery will
still be the same.

Fig. 8 shows a perspective view of a battery 40 according to
the invention provided with adjustable terminal connectors 60.
A terminal connector 60 is attached to each endplate of the
battery via the terminal feed-through 54, using a screw 55.
Each 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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el ectrodes in the battery. The function of the battery

will still be the sane. Fig. 8 shows a perspective
woizens/as3va battery 40 according to the inventi ®QT/SE2004/001594

provi ded wi th adjustable terpinal connectors 60 . A

term nal connector 60 is attached to each endpl ate of

the battery via the term nal feed-through 54, using a

screw 55. Each term nal connector nay be directed

con@dditsF 19 Bde: shordush de Wiy thesbatieryadreddesl MM the
side of the battery. The term nal connector marked

termingl comeqhesi ¢l veay dpen Hasgried ditterta BEP Thes2
' f tter
arrd SRl IS hENalie R Somninal
conttdrec derig nsd cwiosd eod otrheSOtmylﬂmal | fesei ttgddroudlo 3¢ by the
roove 62 arranged in the case, 49 of the batter en
ser By o T o b e CaE B S (TRt e e
feed-through 54 by the screw 55. The term nal

The CHERSEd Of eitibi AU ScS@EeE €6l tRa el Ccage. (ddatsPedNterminal)
term nal connector marked "N (negatlve termnal) is

is im §inis Figiure diFected towerd the lomg side of ihr battery
and bffﬁ&ﬂ ?@néjeéﬁ§§é{v' 8 ’é’ﬁ%uégget&t r@a&?stgelé‘? fcgonnector

rm nal connect or e rofated to a eren
may rimesmcumtecastw nahcﬂ:nafﬁeh:dmyttﬂmsmxcmw GBs . 1ercr¢elnlea§M§e,the
there is a possibility to enbed the term nal
arr %n%ﬁ—:t:tors into the case by providing a depression in
the case, as indicating by the dashed lines 64, to

Furtthé @mo€d OSEhstacks ng pdsHabl BIt RSt ddised e #dskiedl
shorting the term nal connectors. The_termni nal
CONRRFHIES of RLR oulte 27D B¥ Iﬁ?%‘ﬂ@%v@t‘iﬁ%ﬁ%ﬂ%é%fthe

casé nsé‘é all?(’i‘ﬂcﬁ@lﬁ% @y t}S Qc%fP:[m%] e64)ostl,<5'é’flow close
erm nal connector an C or the negatlve term na
sta@m@brbaﬂt&rmlmtﬂmcsuiofth@erifﬁ]ow;éssmmn@atc‘tte
terminal connectors. The terminal 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

side of the case are preferably offgset, to facilitate the use

of bus bar connections.

Figures 9a to 9c¢ show three different devices for vacuum
filling a bipolar battery. Normally, a NiMH-battery ig 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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side of the case are preferably offset, to facilitate

the use of bus bar connections. Figures 9a to 9c show
wOhoB®4896 f er ent devi ces for vacuum filling a BCPSE2004/001594

battery. Normally, a NiMtbattery is filled during the

assenbling of the battery, and this may naturally al so

be perfornmed with this type of battery, but it is

possi ble to use vacuumfilling techniques to introduce
presehee reliyle katied he fian w&%@mbétlb%r 4 RisQWR R ROWS the
a first filling devi ce 70, wheré a bi pol ar battery 40

vacyum shageer ndi eada theseadteradbar dpd tl@g’g@t I'omo witehmches,
wher@e%k% I%% %Ia% tro %1 e Wl%%{KO@ErS thSéudﬁ

preferably IeX| I's attaché 0 the

serids wﬁtmhalvﬁcmn55$mm@ Pel iaeld %abveeébndAbwamﬂmnﬂglpiovided
74 i s connected to the vacuum chanber 71 and

with goSg V@iVieded (i nt o two branches, where a first

branch is provided with a first valve VI in series

The Wrdde@uvaC BFmplRRP £iandnghe $aeeRd-banph-iist s the
provided with a second valve V . The procedure of

follesdmgmstiedsi:ng a battery conprises the fol | owi ng
steps: 1) Open valve VI and let the punp P evacuate

th r deqt \Y u h r p/ i insi.de .
) ReRglate g, R B EREBING o7 byaFIR8 ksl spesce
the W&cuwhlchau@ﬁrbé1se§heaa1muhbbe§e|Mhbhbaekennwakymail also

be. < eobatnl Ual o e ERESy douuRFEGER PE. SRProssn bubbles

in thel eee¥2rinyicRcrease the pressure inside the vacuum
chanber 71 by letting anbient air flowinto the

chapber. The increased pressure i nsi de the chanber
2) mnF906GsHaéW@cNFoM9F€ a desired vacuum pressure has been

obtained inside the wvacuum chamber 71.

3) Open valve V2 to increase the 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
ingide the battery with electrolyte. The electrolyte is sucked

into the battery using capillary force.

Figure 9b shows a second filling 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 into 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 V1

is provided in series with a vacuum pump P.



30

into the battery 40 and slowy fill the separators and

voids inside the battery with electrolyte. The
weherstmgdoyt e i s sucked into the battery using eapiSEb@sgo1594

force. Figure 9b shows a seﬁfnd filling device 80

where a bipolar battery 40 also is placed inside a

vacuum chanber 71 together with a beaker 72 of

el ectrolyte (e.g. 6MKOH) . A tube 73, preferably

Air %ﬁ&libbeevb§uatbachggnﬁQhkh%aﬁ%%@g her%&%ué% ehet B enlng
- g@essure relief valve 47. A second opening 81 into
W,

AtHeg¥elypate s pprew ded thet Nectuge pufpt Reis
decr@@%ﬁ%@ythgh rgggﬂ gglﬁ%%h@ Qﬁeu%gguh%r A5 Q%EQQ.aWhen the

pressdre sensor after e el'ectrol'yte has _
air st evducedetdnfoomhéhbabbetygryAh waedtmopiype ¥4lilSbe

. cannected t he_va un1cha er 7 d avalve VI_is

int - SAR0RE, Sk s bR BERGREN "5 v ReCaHpu Pt ubas TR A

throbghe¥aeugted- Eh@ﬁh@he4@abEeEﬁe4BrEE%9¥%hr%ﬂ@e?p%BUQQ 47.
81 when the valve VI is open and the vacuum punp IS

The yadvea¥ilngst Réoprdsyhien Phshab ?ﬁ@cvg@éwﬁechaﬁb@eeﬂl
incr8HERTnBL! chi BYREHRYETThEOMLENGROBREREL:, 70 45 vented

ectro ern uce rom
and theobghtbhy,tubw F3laed wmthhemaghrbmgt%eedahhb@ugbméﬁed
of the pressure relief valve 47. The valve VI is

. en en el.ectrol yte has bheen_introduced
riguiee 3t RhORE PR STt B b e R e 05 Il BoREcEoknd
contthe Eabb@ﬁﬁm Bﬁ&mﬁék|e@hEﬂEEeQLEEEBQPMtQB eanthe Bressure

removed. Flgure 9c shows a third filling device

relepfgt Vaods Adt CEoREHEKH2A DattewmieBaABemayThe connected to a
commaﬁeaahpkeyahgﬂS of, tmgn9%§§aU5§ &S'Sgage%%gﬁeté7a°%lrst

several batteries 40 nay be connéct e
valveaHilf owti®h. iFhénmaeirfiekdwdthi a vannamtpdmpOPa Alt&be 92

(ox YaRLT oY HALEDCL,bnoeELes i iag xapuun puiR P A
electkbllyte. 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 electrolyte 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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el ectrolyte. The tube 92 is connected to the manifold

via a second valve V . The device operates in the
woabisomsarg way. The punp will evacuate_the air PCISEZI®4/001594

all the batteries 40 when the val ve V'l is opened. The

valve VI is closed when a sufficient |ow pressure has

been obtai ned. The valve V2 is thereafter opened and

electrolyte will be distributed to all batteries 40

41, dhgoughstde 1&pi 4 ot drmThel efecd+ thydegh ss4li s&rabsddled to
i nside each battery using capillary forces. The

the pemuterdwethgd pFaeeséfor naking a bipolar battery is
descri bed in connection with figures 10, 11, 12 and

The %ﬁrsghgn i§£ fh9wé§§@&ﬁléaow@thntﬂéggf@ségrge§g1i@§sva1ve

roc manufacturing a bipolar battery, as
feeddﬁhzou@bd48nlsomuentedn1MAthefcgﬂ$e49 b@pngopaOba@@@erth
| ectrol b
ene Epipiaa nBledn hea St oner nbdR e o ebS B hoftea-
throtighPgsal kethelBastep d02aahteetdot bhoughrds éﬁdplhée 41 in
pressure relief valve 47 is assenbled to the first
stepeh@pl ateing a1y ahdtha ¥eepodssdastethfdaplove.
feed-through 54 is assenbled to the non-conducting

The §888:43 n&gﬁe§'5§tbseg@k§t@eﬁisaﬁsﬁgbkﬁgréhfhekhgelected

pressure relief valve feed-through 48 is nounted in
in sthp taseadd bepngnpﬁovﬂdeeemﬁth @ﬁéOtekﬁpnaﬂn step 107,

feed-through 54 in
the ZUPEGFhéFgéFFEFESFﬁ %e "t FIEG %@; g Fatggg&gﬂggs to
stepS&@B 1QﬁerésbéglaﬂMmbérthR”ﬁ&bhedSedb$edlbeﬁaabdmea gasket

The desired nunber of batter cells Mis thereaf t%

§@heéPeda?np§?§5OY@éYaQGSEr&éﬁﬁtéP Fenggrtion, &potiguges 1
to € gg ﬁgﬁgtég71nggaecgﬂgt%%sb34bnSE6ﬁ§@th¥ &a ekok+khe end

dnd"the flow conftinues to step 108, where cel ?
platékﬂlbsaaﬁsEEbledecth@delé3a1@a9bent10PeQOW13©}na§he gaSket

on to%egkogﬁlny%%%r %pl %ecaﬂqe%agogrt%o&%g%%%%r%tors 45 are
thereafter arranged on top of the first electrode 43 and a
second electrode 44 is arranged 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 via
step 110 where a biplate is mounted on top of the gasket. The
flow repeats step 108 and 109 until the selected number of

cells has been made.

When k=M, the flow continues to step 112 where the lid 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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to 6, is nmounted inside the case 49 around the edge of

the end plate 41, a first electrode 43 is positioned
waoizbdsioasdhe gasket on top of the first endpl at eCHEE200W001594

or nore separators 45 are bhereafter arranged on top

of the first electrode 43 and a second el ectrode 44 is

arranged on top of the separator (s) within the

gasket. The gasket may alternatively be nounted after

feedt PEroLget s0des andrbhersepated@hedStohare beebnavEAbLUate
I nside the case 49. The flow continues to step 109,

42 iphgkepalHeci YFHRTI 3NMaEE WhRtHeFheds JePeEibENBRAEE-
of cells M has been nmanufactured. |If the answer is

The %EQHSB i méhﬁ%éﬁstgeghgaegséO49°iﬂts%éﬁ Yha ét99$%égre is

ere a biplate i's nounted on top of the gasket
applfikdwinepeapslsbepol®Beahiid18® imt &l dihecsébacfddpreviously
| ow

desc R R BB oPBnER B CR15  heF SOTRS 11 P53 b1 CCRE L8R E5orY

is thsreppVEdadswetihia keepi nak.f eed- thr ough 54 and a
second endplate 42 is assenbled to the lid 5 . The

termnal 2 0 feed1through 54 is thereafter attached tg
The precegEond ehapkatd R2TFATYt epMReBENES| RY 4RY 6F €RE

othegEE8095rQe§ﬁé'Q@%h@bﬁﬁﬁbeIh@flbgtggryschqgtﬁggt%a%ﬁ%ally

case 49 in step a pressure is applied in s
be peofoheefli dn52 nnmbealpécﬂﬂﬁﬁGS@npr@@V@usﬁ?rdeg@ﬁﬁﬁ@@:

.0 _connection mnth Lour. dr p [
blp1928r38§epg rSRed“¥n stg OXigedThéagboges r?%ﬁkgg%kfirst
eleclaaba@r yteaapederis aofitrep efideael at beplhﬁefalhm tahesecond

ht nunber of battery cells _may natura

eleC§§pﬁ§rﬁ§aaphe§ hnBefe6P e FLefeRt ﬁ@?sblﬁé@tﬁhsFéﬁtélrSt
sidePbBiAbeoBsSabll o WRL BecBhavhded, GAGH-COM hdator
first “eléctrode attached to a first side of a biplate
mateandlaiseeddgd in the fed back loop instead of the biplate
as disclosed in figure 10. It is also possible that the
material of each cell is 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
116, 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 formation
procedure is described in more detail in connection with

figure 13.

When the formation is completed, the 1lid 52 is fastened to the
case 49 in step 1192 and the pressure applied to the 1lid

previously is released. It is of course possible to first
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el ectrode attached to a second side of the biplate,

the first side being opposite to the second side,
wohers@4gde separator material is added in the Ped/Shaok001594

| oop instead of the biplate,as disclosed in figure 10.

It is also possible that the"material of each cell is

pre- manuf actured and each cell is stacked during the

assenbl i ng process of the battery. Figure 11 is a flow

relé‘e@éttw@wéé&% tdies HNRGASSES - PEOIMED NG éér&@%c@r@é the

battery fromthe dry battery obtalned In step
cas¢, giast . tifhel ¥d dve startlse ignss e 148l atrt@bmﬂuQmsselease

t e .the battery is filled wth
the :%%%§$?yte fﬁ%?n@ 1Y§ Ry 6?6%%%% ?@edgﬁ%rg?ﬁﬁﬁ?QIﬁﬁﬁQF 115
and det@i in i the e da e tde ddn@lie drocdddes mat i on

procedure is thereafter perforned in step 118 to

|n|t ze attery to nornal eration, Thjis
The i35 o ddi STt e dist af i3 tized in

ste;gmctargﬁ hd he i ey bhar cligp :@@%5@1&@5113}1 é led in
onpleted, the lid 52 is fastened to the case

steEstJe%al Tef sl e s o apptadd for tHeiient, step 122.
previously is released. It is of course possible to

' HQQ: 6SSHr t er .
e %lﬁe%%fngpr%%‘é&%%?e o&% he ca?etarﬁfdsasé}géngﬁfee ITT%I %Zut othe
batttdiey casteh 49 eritrd hereafueimg elleasesddrebpres Suf eeach cell in
te tive fasten the lid between steps 115 and
st 115 1 Hie TR (AT HOREHIY, B et oot PR Filling
pro@SSe iy | 1) PfsdesdH e Ur« Q_ﬁfﬁé eA5 6 & ahY&h irfortd r@lmﬁleed to
in step 120, and the finished battery is optionall

implsegrde in step 121 before the battery is ready for
shi pment, step 122. It should however be noted that it

The 'PrpO8S M 1A Ti4dg e BAl bRlde o T el S6LS Ol 9 8
diﬁlng t he asseﬁ% S%g of eac ce § P comprises
attachment of an electrolyte reservoir 72, 93 to an 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 is evacuated. A
separate outlet 81 for the air is posgsible, 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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step 108, but froma manufacturing point of view, the
filling process as is disclosed in figure 12 is nuch
wonoes/g839pl e to i nplement . The process for fiPCT/SB2008/001594
the battery in step 117, c rises attachnment of an
el ectrolyte reservoir 72 %%pto an 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
The FSrhdeisafieb-e¥acypt elefhoptihe Datseey 1D8SédRpEBdes two
elther directly or indirectly by placing the battery
stagen, avhereurhehfibet Fiaghaisi shevatiat@dd Alseparaied
outlet 81 for.the ajik_|Su Si : he4 Al 48
evorp8 o ohE, adbrary hfay "SR o Re St onhd B
condQUibﬁgiéhngVﬁdéaaiﬁnsbépCEdureitEI&ttaohmeﬂtief a liquid
i ntroduced into the battery 40 in ste 32 after e .
SuPPéYrtﬁaEhBeéﬁl@Qaéﬁa?Edth?o%??ﬁ%rﬁat?EgyibguﬂﬁrFﬂﬁigh@lther
be wE¥aAEUALI QNdepengent on the equi prent configuration
used, sees figures 9a to 9c. The electrolyte is
distributed inside to the separators 45 inside the
At 1basﬁetyo4gha§9ﬁédeaphﬁFQEyCY@ieés“n”A@BﬁtFbﬁyeﬁﬁFﬁéd
with.elec |y is obtained in step 133.2 2 The
perf?%@ﬁ%t%%nggggcggé'of the battery inpstep 118 conpri ses
two stages, where the first stage is charging and
Stagdi sebalgi pgrépeches ohdehembatt erylaaderdiwét tonditions by

conditjons. Th t It IS, i ded,i t 0
renolifH SEERLAREAE SEERLFI QGPH Bh8uBBLE Lt 5 e PRPEL A4, and
therehrthe é&E%Eﬁin?hﬁ biravkdeepihddehtihberbeswat er or

electrolyte. At [east two charge/discharge c%cles "n"
chargeddi FehaabeecypéeroEReETYnO¥fephiggpattery 4

electrolyte in step 143.

from excess

A starved battery is thus produced.

It is however possible to fasten the 1id before filling the
battery. The formation may occur with an optional second fill
between formation cycles, and it is not necessary to
continuously supply liguid 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 into the surrounding volume out to the gasket,

thus each battery cell is filled with electrolyte.

Figure 14 shows a partial cross-sectional 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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Stage two is perfornmed under nore or less "dry"

conditions by LO renpoving the liquid supply fromthe
wOonb@4880i n step 142, and thereafter perform RGTEBE2004/001594

predet erm ned nunber of charge/ di scharge cycles to dry

out the battery 40 fron1excess el ectrolyte in step 143

. A starved battery is thus produced. L5 It is however

possible to fasten the lid before filling the battery.

betwgbﬁ £ RLMBLERDNL PBY40CEHE ¥hi Nb 8P 9PET DAt s S@egngnbll kn a
between formation cycles, and it is not necessary to

81m1¢@ntWﬂMouslyh5ugpsyet$q@$ﬂcrbb¢®ee®ﬁl%@Fylﬁthﬁg
descBlSELLLOBL BYERL NG 20 YhGN AL L g1 LR, DAt EELY PhiBugn

Iy%e ofyte w | rans
151, SeRacat 05, atb&rﬁObﬁUBhélpﬁé@@dE@ aallieéd saleecextent is an
into the surrounding vol une out to the gasket, thus

integxah BartePy EBPIopd gaPkeb WPPh el ectrolyte. Figure
14 shows a partial cross-sectional view of a bipolar 5

The BAlbEEY149 §bnbk@ﬁla@dth@tbaaﬁebyeﬁeﬁ ribedthat
connection with figure . Parts of the battery assenbly
prefenablyr ést ﬁ@aééﬁﬁ bbapakhe deseri BevenfieBRneét £HR

ruenfiid SN BT Ioke SIS PR feboidtes IR b Gl

endp&atéh@mﬂaﬁﬂdthbebaﬁd gaskke i56xablan@edﬁ theUg&eﬂ51 when
he endpl ate 41 and the blglate 15.i s desi

the §RHIA] Cuaporo CPRB gL Lot s LBaLF TG ety EPEP Thel fRening

152. d@ﬁ%rbegeoa9waghp&Belaéaew&tanahhapealﬁgexgblehﬁeeqs
through 151, which is a part of the pressure relief
1argea|téam5@he|9u§ﬁr|d@@gﬂauopar@fothehéléﬁabéasﬁ@@d15®rou9h

d t 2 £
oG- Eranry s drel B ¥RERSrls BlcrBhrRkRgrtas ithien o
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 environment. A
retainer, 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 to create a pressure
relief valve 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 into the
available space between the flexible feed through and the
opening 153 in the case 49. A gap is thus introduced between

the inside of the channel 154 and the pin 155. It is possible
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flexible feed through 151, thus providing a sea

bet ween the endpl ate 41 and the base of the flexible
woeerd/ouzoough 151 when the flexi ble feed througbors8i00i/801594

i ntroduced into the openin 52. The case 49 is

provided with an opening 153 that is |larger than the

outer dinensions of the flexible feed through 151,

which is required to preserve the appropriate function

to c‘ffea'i:@e agsenbl.ed PLESSYr 6afi6ki ehavabyerdbhs. 1ﬁ ah@z%aglsure

that - connects the conmmon gas space W thi
ranglau ﬁmba\r lpatt Ehylnt 5 rhe Snrbineme &hainr oAReReli §Yp5@é§mtlng

' th ible feed .t
the pRErREaoEp,ETRsTorEors] ThEnehaRRd 1 AER Roll Bik0Ro
resuﬂﬂaﬂhbh@egﬁ@éa-@Q@bb@&é|adlWhﬁ&honhefvhh&eChaﬂﬂebpbﬁ4

is introduced into the channel, the commbn gas space

~ is sealed fromthe anbient enyir t. Aret
Fiousach 188 476 3P DudREr 21877 CR8 IpFEPBRABRY deBa T §1ev of a

secd%%@%%%oﬁﬁ%eﬁ%no¥5% irelherehaanele r1941vEhe eoat khere figure
bet ween the cross-sectional dinensions of the pin 155

15a dmd arhexphadedl visw ipedsdlievred 166 dPeate agsgiedsgr iew of

rellef val ve that n a specific pressure.
g‘pfgggﬁpgergFFéFfLaﬁgg%oéghs when the pressure
within the cormmon gas space is above a sel ected
An dridpisie dlbﬁsfg&chn@e@hwﬂﬂﬂlam @bemhagﬁI@Mdﬁegaké@d

R L S S5 82 e RS S, o

an ﬂﬂ%éﬁ%lcg% et4%f A GRRKeE s iint rleﬁtiw@d@@t \A@ersememg
i nsi-de of the channel 154 and the pin 155. It is
161 pogsithles? s Qo rdimsat ¢ sa JFressinde aralingt the id pdle feed

throﬁ%[%re %ﬂ]zv d%ep &S Sitrlr[per LA %earlthﬂé %%‘%\Jet@f} t@'xeo%asteo 49 and

by selectin appropri ate
the dirisitensg 10f atrhiE ehareel téred eirinhﬂmtre t4d. reeslltthe hewterior
of tdheeSIbrlep% lparre?Dscizll'il:rteer%/I tvc\gqlpq:hex}eh% \{Jq’lldvees :LVJ\_ﬂelé! e(?L CQ: rolyte to
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
extengions 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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Fi gures 15a and 15b show a partial cross-sectiona
view of a second enbodi nent of a pressure relief valve
waals/memmne figure 15a is an expl oded vi ew andpET/gBL0©4/001594

15b is an assenbled view of,the same pressure relief

val ve 160. An endplate 41 is provided with an openi ng,

preferably circular, into which a flexible feed

through 151, that may be an integral part of a gasket

g.16¢&, sh8wknhr eAYcademBog8abhPIoE6dn §HSBMBS eBNpR=kLOGe

is arranged around the flexible feed through to
rel1pfovaaeeah7pnpﬁ'beedas@aﬂPngs bprmededhm@as@ B9mapgrly

onap i gSRARE) S5 hnghlS IO LGP e dphaL8, 41,300 Leaning

er o preven esir
161 ak@ahgeayta borereep iLBRO The éagpmatbenwees tihe thase
and endplate in the even that pressur relief

exampdpyBreyéAsd WitEc8EsOREBiPg BFEUléEGWFn §5c3dd -48he

open§5§uﬁg aBeOBQBHﬂQea6§y'@1EE€ %ﬁﬁ@hﬁ% t anhebdntihe through
S 161, and the Opening 163 is arger than t he
the eudgﬂdeeoandhehbkenfbeg ﬂ@éﬁlnﬁr@bghe@§§8a§0d§§@ﬁ¢§e§he

pi ed MA t | e

deSlEQgeﬁgFgﬁ di€§n51§ H alsts| ? geiﬁ roé@%édT%htghghg of

the @U@Rﬂbﬂelﬁée@fth&%u@helﬁb|&sfaddptbdoughfbﬁlpwamﬁethhape
flexi ble extensions 165 are designed tq ho in

of thg4dirAWE SEETWREN HoGREERIRI2SRofkA 1 HlFEgWP& 1§govide

a i [ h I
good REThel pi Bt il ?ﬁ%“?eéxﬁﬁﬁﬁ?%%gl?%‘l e s ery

and d@bleased4@heﬁﬁﬁh@hpme§éuﬂé4WﬁmﬁndEth@ebidﬁxablﬁaﬁﬁ@ﬁy

t h nd th ressure.reli.ef Y
thr°§9§1392 sﬁ%ﬁ?tf ﬁgrgogﬁbggﬁwgﬁp 5 %anngége ?%%nélons
165 Bressuagtld itef nalvend7@inThe easeed urd ngf @pedectlon
Wwth a S|q1lar%¥ - shaped openi ng as shown in figures
agaipsg &h¢ 9B WA%-h a sealing
The pressure relief valve may be an integrated part of the end
gasket provided within a bipolar battery, but it may also 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 valve together
with the ratio between the inner cross-sectional dimension of
the channel and the cross-sectional dimension of the pin will
affect the pressure threshold of the assembled pressure relief

valve.

Although the specification 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.



161 arranged in a recess 162. The endplate 41 is in
this 5 exanple provided with an opening with drawn

wedys®44360. The openi ng may be produced by fir BCT/SE2004/001594

punchi ng an openi ng through,the endpl ate and

thereafter drawing the edges to create the desired

t hr ee-di nensi onal shape of the opening. The shape of

the flexible feed through 172 is adapted to follow the
The SHaRetl@egfintheidr awe opeehBed klbheserdpluate ndt wai ch

Wi || provide good sealing properties between the
limiftgdekpobeofisehe ibalidily Pape leke behserigs, Thatc shpHdd

. Lnsi he f ] 1 172 | ted to
incLpdR B PR 0e) IR Tt BT sl B tres fa k2Rl od 1o
elechadytle cpntfiignrpltdoa.duri ng operation L5 agai nst the
rim166. The pressure relief valve may be an
integrated part of the end gasket provided within a
bi pol ar battery, but it nmay 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 with the rati o between the inner
cross-sectional dinension of the channel and the
cross-sectional dinension of the pin will affect the
pressure threshold of the assenbled pressure relief 5
val ve. Although the specification only discloses a
Ni MH bi pol ar battery, it should be noted that the sane
technol ogy nay be applied when produci ng any type of
Ni ckel based bipolar battery, such as N ckel Cadni um
(N Cd) bipolar batteries, or 0 Nickel Zinc (N Zn)
bi pol ar batteries.2 6 The gasket defined in the
appended cl ai ns shoul d not be



limted to be used in Ni MH bipolar batteries, but
shoul d i nclude any type of bipolar battery having a
webtersweastoel ectrol yte configuration.27 C ai ns 1PCTAE2004/001594
gasket (10; 20; 30; 150) fgr use in a starved
el ectrolyte bipolar battery (40; 149) , said gasket
bei ng nade from a hydrophobic nmaterial to prevent the
creation of an electrolyte path between adjacent cells
claiMben nounted in a battery, the gasket further
conprising: a frame which is designed to at | east
partially enconpass a biplate (15) when nounted in a
1. bibaagkdat {9y, 2@nd3 hbahz0) 180T 1@se 2in ostayvedy) 1o
' a u th sket s 5C ef,]
etecp b e O P e oL P L TP ar e TRESRY mace
fromgafny@ﬁbpbobtopmatée$alotprpwéwena skeal tngatoon of an
i pl at e when unted in.a bipol bat t er wher eby_an
clecrphy o Behr BOEVGRE SRkroght: Fol bar vary neBERe Haas
battlry, 1H8e 088KRELAEGREHERDcbRpEL i1 , wherein the
means to permt gas passage through the gasket
- coapfframes whitbase Gnelighadne? #htEpedhnee¥fhglly encompass
.adj acen e nted._iQ. t .
= b1 gEhREr e ovh g Rt 1 8% Rifoblk Bhfecry, 2H8
- companses$id, hoke £13;221;3B8]1)32h tbepgasket gasapdshape
belng in copmuni cation with the inside of the outer
throyglhsklifedefghit seal in each cell when nounted in a
chalRd bt ¥ r A e dheigaskedt asend dHdkd® BhYmde CEobMBa 1
to , wherein guiding neans (11; 23; 33) are provided
mateirpal heighsleformabdrt PoPrerbipdstei bHOYLAS Bi peatéang to a

biplg%é)wggﬁi%gugﬁégwghingggofar battery, whereby an outer

pressure tight seal of the battery is obtained.

2. The gasket according to claim 1, wherein the means to
permit gas passage through the gasket comprises at least one
channel interconnecting adjacent cells when mounted in a

battery.

3. The gasket according to claim 2, wherein each channel
comprises a hole (13; 21; 31) in the gasket, said hole being
in communication with the inside of the outer pressure tight

gseal in each cell when mounted in a battery.

4., The gasket according to any of claims 1 to 3, wherein
guiding means (11; 23; 33) are provided in the gasket to
control the position of a biplate (15) during assembling of a

bipolar battery.

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

means comprises at least one boss.
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bi pol ar battery. 5 . The gasket according to claim4 ,

wherei n the guiding neans conprises at | east one
woaems/028806 . The gasket according to claim4 BCTSE2004/001594

wherei n the guidance neans ,gonprises the rim(11) of

the gasket. 7 . The gasket according to any of clains

1-6, wherein the neans to permt gas passage are

arranged on one distal end of the frame . 8 . The

6. OaBKelgasker dhh8ot@ingytof cTdahnd dr7s, WhBeekint fige
gasket (150) is provided with a flexible feed-through

guidgnee: meapy gempatecef thepréss(te) refi ehevgpgketise;
160; 170) when nounted in a battery. 9 . The gasket

acenr di | wogreihn the ilexiblecsfegarein th
7 th?%%gﬁggﬁég;gégé?aﬁ%% agcﬁggnef ?%at %o%ngétgﬂgr%é% ©
meanspacepairtht ngasnpaasedebateeayranghdt he enbi dnstal end of

th Environnent . 10. The gasket according to any of
€ tFa8"s 1-9, wherein the material with deformable
properties is elastic. 11. The gasket according to any
g. ofrebayaBkdtJacwbedaehy tbeamatefi alaimsalther whpkashi the

el astoner. 12. The 8asket accordlng to claim11,
gaskghel &PA)t hE BaSKEPeFsWahBeat htBEgR1&N TPRPeEFEHIN (151;

172)nQEdEQQtDBQCQiQE?%%uré stak xed, gheet nekyt.eBopohap) when

battery (40; aving at least two el ectrochem ca
mountell sncenpecseny. a case (49), a negative endpl ate
(41) in contact with a negative el ectrode (43), a

9. po%htivesﬁn plé&gréﬁﬁé LQ SQQEQCE,WthrgiBoﬁhEi¥fexible
el ectrdag ? 4?,
feed-through (151; 172) has a channel that connects a gas

space within a mounted battery with the ambient environment.

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

material with deformable properties is elastic.

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

material is a thermoplastic elastomer.

12. The gasket according to claim 11, wherein the gasket is

made through an injection molding process.

13. A starved electrolyte bipolar battery (40; 149) having at

least two electrochemical cells comprising:

- a case (49),

- a negative endplate (41) in contact with a negative
electrode (43),

- a positive endplate (42) in contact with a positive
electrode (44),

- at least one set of a negative electrode (43), a biplate

(15) and a positive electrode (44) arranged in a sandwich
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at | east one set of a negative electrode (43), a
bi plate (15) and a positive electrode (44) arranged in
wa 26@ndsdoch2 9 structure between sai d negati verC#SE20md01594
positive (42) endplates, ang at |east one separator
(45) arranged between each negative (43) and positive
(44) electrode formng a battery cell, 5 said
separator (45) including an electrolyte, characterised

Lprtbatra vasketn (49id20eg30ivd50)1) nahdiepsbapevel (&)
frame, made of a hydrophd%lc material, is arranged

@@dmb@he%achnﬁlplate (15) and/or biplate (15) and

g epgg% fy%@ébgéﬁg¥at&@e £by %f}éﬁégd 5ﬁéeﬂr§38Ht e@t ive

ron1o e celT to an er cel
Kh&)gaﬁ&epoéiﬂiva0(4$D eléﬁtroéenﬁdsmimgnaabaateryatell

def or mabl e pert rov ling to
%ﬁkﬁ %?BPE?EOflé§5gnﬁnggﬁﬁl%ﬁd ?a? EEOEXQ? ghereby
an outer pressure L5 tight seal of the battery is

char@Btaknsdawihhtnathe case (49), and the gasket (10; 20;
30; 150) is further provided with neans (13, 14; 21,
22; 31, 32 ermt as passage between adj cent

- ée9P§thréi9h 2Re §8sk FofhéFe58 ecFRapPengta c%ﬁﬁﬂﬁ opade of
%aﬁYaBB§EOEQE fblepebls kB 59?a§§&5e5¥twéén dhen biplate

ery according to clfaim erein the neans to
peBin angdsrphspageet itbughnthengnskee ¢ohprides whereby

h I
R e L

ehannek eetoOnpehses a hole (13; 21; 31) in the gasket,
said hole being in conmunication wiith_the inside of

- the gaskptpléSsur8; tﬁaht150) is made from a material with
deformable properties to provide a sealing to each biplate

(15) and each endplate (41, 42), whereby an outer pressure
tight seal of the battery is obtained within the case (49),
and

- the gasket (10; 20; 30; 150) is further provided with means
(13, 14; 21, 22; 31, 32) 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.

15. The battery according to claim 14, wherein each channel
comprises a hole (13; 21; 31) in the gasket, said hole being
in communication with the inside of the outer pressure tight

geal in each cell.

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

guiding means (11; 23; 33) are provided in the gasket to
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seal in each cell . 16. The battery according to any

of clains 13-15, wherein guiding neans (11; 23; 33)
wanespagssd ded i n the gasket to3 0 control the POTISE200M001594

of the biplate (15) duringsgssenbling of a bipolar

battery. 17. The battery accordlng to cl ai m 16,

wherein the guiding neans conprises at | east one boss.

18. The battery according to claim 16 or 17, wherein

cont+H€ QHéd§8§§tﬂgﬁn§fC@H@rb§§§aﬁge (L5M fd2)ngf akBembling of
gasket 9. The battery according to any of clains

a blnelas bakeesyn the neans to pernit gas passage are
arranged on one distal end of the frame . 20. The

b r f 1 .
B A R

meantheoughiaesl| easieanse endpbase.(41) and the case (49)
conprising a flexible feed- through (151 172) having

Si that . is less than the size o openi
. To8Fe RobhaRy focehanoasy ahaTa pfroriber TesrtEd Fhg
gu1dan§é2ﬁeéﬂétcb&pgﬁgééethéhﬁmmth31$lée oheagebaenel in
the feed-through. 21. The battery according to claim

O, wherein the flexible feed-th 15
: |n?@@r%ﬁ%ﬂeﬁytﬁCFHEééﬁng?egﬁgo?%gg?ﬁﬁé%digdﬂgceWbeFSln the

mean%hEoeBgEHQEeggélbassgée dbe hathag¥qaeaobdendik®adn¥nd of
whereéin the pin (155; 164) is held in

the ﬁkame by a retalner (157; 166) during operation. 23.
The battery according to claim22, wherein the

re&ﬁlng k%g§cﬁ %@ﬁgmﬁo(;é ?ﬁegﬂalmglégaﬁber%hereln a

accordlng ere
pressure relief valve (156; 160; 170) is provided through at

least one endplate (41) and the case (49) comprising a
flexible feed-through (151; 172) having size that is less than
the size of an opening (153; 163) through the case (49) and a
pin (155; 164) 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 (151; 172) is integrated with the gasket (150)
arranged adjacent to the endplate (41).

22. The battery according to any of claims 20-21, wherein the
pin (155; 164) is held in place by a retainer (157; 166)

during operation.

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

is a star washer (157).

24 . The battery according to claim 22, wherein the pin (164)
is provided with at least one extension (165) and the retainer

is shaped as a rim (166).
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is provided with at | east one extension (165) and the

retainer is shaped as a rim(166) .3 1 25. The battery
waeei3rdsirg to any of clains 20-24, wherein a seariSEY04/001594

(161) is provided around thg opening (163) in the case

(49) . 26. The battery according to any of clains

13-25, wherein the 5 material wth defornmable

properties is elastic. 27. The battery according to

25. anynef et 8dfp é§c8§diMQ9E§|Qn%thnﬁlﬁiﬁ§|2652@, wherein a
thernopl astic el astomer. 28. The battery according to
sealghgi fL8¥) wWAepEPVidhd gusked rBenageniRPolgh3anin the case
(49)injection nol di ng process. LO 29. The battery
according to any of clainms 13-2 8 , wherein the
battery is any of the group: NNMH, NiCd or NiZn. 30. A
26. nerThedbédbtenpnafactdinggta shmrwEdciéhevsr bBy2B, bivperain the

batter c risi the steps of:. providin ositive
mategiad: bbb deLRbRP Lo BEORBL AL Fae LEBeLFEEE Fades. and

bi pl ates to construct a desired nunber of battery
27. celrhs bastdeyaaseasedingr apgedyberwetaiasposibbyewherein the

endslate and a negatiye endpl ate, providing a positive
matezdadsdSpsi ARCrBOPhBSHASI BTGPl ate, and a negative
access point to the negative 20 endplate, providing a

og. 9agket papsedef LRed - BYngN¥o0k18kAl b5, lyferbehveaR gagRet is
bi pl ate and/or biplate and each endplate to create a

madec Gimrongbasns pagecwivhi molldéngaprtrecgssprovi di ng a
passage to the common gas space fromthe 25 outside of

29. :Rghggk ??égyCSHBEﬁaﬁhggté'Engaé%eEﬁaﬁhéaEQQQs?ehwg%@in the

SI
battery is any of the group: NiMH, NiCd or NiZn.

30. A method for manufacturing a starved electrolyte bipolar
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
endplate, and a negative access point to the negative
endplate,

- 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 to the common gas space from the
outeide 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 adjacént cells, and

- filling the separators with electrolyte.
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endpl ate and the negative endplate to provide an outer

pressure tight seal for the battery and to prevent the
woanisausn of el ectrol yte pat hs between adj aceRCT/SERA03/001594

and 0 - filling the separatpys with electrolyte.3 2

31. The nethod according to 30, wherein the nethod

further conprises a formation step after the

separators has been filled, which formati on conpri ses

31, atpheastehv shabginggand dhSchRegbnd exel §cn3d. flheher
met hod according to c?a|n1 31, wherein the formation

compstiepscenfpirses ivhe sseppatser thar gERgranere derabgeny
t
flllsgssggé %;%Srmﬁglon c%%ﬁ% %ggp%¥ %EE%E“%%ot%P%Q ing and

: arging I'Scharging the ba
dischairBouly aykilgei.d supply attached to the passage to
remove excess liquid fromthe battery. 33. The method

according tq claim32, erein t I UId is, sel
32. (o168 WRPEPORREBFCarBotPoFyPaT 35; YRETRAFRSGC Torvacion
StepaggghghggstQh%ngggbgﬂdyrm 30- 33, wherein the step of
ng of the separators with electrolyte conprises:

- at t:a@hrgnggaﬁnéll désrbhyod ngesBpVBRELEEYL We thagsddauiel supply
attaéﬁ %nn%%eggﬁﬁ%% %?,a%FﬁCuatlng air fromthe comon

gas space €l eCtrolyte into the conmon gas
- Sp@@%rg&ﬂ@ antdr ansfcearoiggetkiet bakyteyt wichomtcel [Liquid

fromthe_ comon . .35. Th t hod di
SUPlY GIEAPRPSA. eh&rE PARRATE £ FOBOIEUSEE T drhidHe Trom

the GAPRAJas space t hrough the passage before the
electrolyte is filled into the commbn gas space.

33. The method 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 to the passage to the
common 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 ig 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.
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36. The nethod according to claim 34, wherein the air
in the commbn gas space i s evacuated using an openi ng
woeisg4sdparate fromthe passage, whereby the PCT/SE2004/001594

el ectrolyte is introduced into the conmmon gas space

during evacuation.3 3 37. he battery according to any

of clains 13-29, wherein the battery is provided with

a positive and negative ternm nal connector being in
37. Cofﬁécﬁaﬁkégytﬁéc89§kﬁ Vecagdynegatiyemendpl abeswherein the

respectively: . The battery according to claim 37,
battahgresnpsawddeérwnhhlacpﬂﬁéé@@ﬁsabdlﬁggaGHU§t§§WV1nal

d.to the case, a c |

ConnSFgPﬁ1§§lnﬁhéPeFﬁn aFlrs enghofgégé%l?%rgkg'ﬁgg&glve
endptaBBect eespecaifatged to be attached to each endpl ate,

and a second end, distal fromthe first end, is

arranged to be fastﬁn to t he_case e batter

35. ThERBabREF S aCEERAF RGP0 el SHRiT02 TnnUPEE R Bagd forminal

connE%Egk%abeﬁ%@n% PQ%tb%l?tbﬁ%a ebotbhehesreet.i ve
endpl ate via a feedthrough, ich is secured in the

case. 41. The battery according to claim39, wherei
39. t hBhsebahl caWd 26FOBEERSt EPNFHERTCSfneMPEE Sig: @erﬁtlr%n&nd of

each. %etrﬁ\‘ﬁd%ﬂe%o %fetcrﬁ%rc 338 DY B LN Re ReMe P @R h
one out of one or nore {Jrooves arranged in the
endpdase,.and a second end, distal from the first end, is

arranged to be fasten to the case of the battery.

40. The battery according to claim 39, wherein each terminal
connector ig 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 more

grooves arranged in the case.



