CLOSURE ASSEMBLY W TH LOW VAPOR TRANSM SSI ON FOR
ELECTROCHEM CAL CELL FIELD OF THE | NVENTI ON [ 0001] The
w@e@eastssd nventi on relates to a cl osure assenbP@r/i/82009603471
el ectrochem cal cell including a container and an end
assenbly sealing an open end of the container in order

to mnimze mass or weight loss of the cell due to
el ectrol yte vapor transm ssion. The end assenbly is

provi ¢eHIURE ASENIBL YOWPE L¢ARARA BORFTRAREMIgs N | Ui d

when the pressuUnpef BtROEHEMICA s a
predetermned limt; a contact nenber operatively in

el ectrical contac 1 i ontact of the
end assenbly and ?@u‘ﬁkﬁ?@%ﬁ@gf an el ectrode

f the cell; .and an insul ating, pol ri ¢. seal nemqer .
f0001s; o Bregiint | BYOHOR Jeites 1o Boflashet iaéég@&a%grn@h@m@@wécal cell
includih@8 ¢bRtaieP 8APLY eh@visRehbly sdafihgah r%eﬁ 3hd bf &% cdrfaiffer in order to

__ preferred enbodi nent, the seal nmenber has a sel ected
mininizermess onaveighitlpss ofntheragllrduectonglegtralyte vaprotransmission. The end

assemblyf }?&ﬁ@éﬁo&%\)ﬁ@eﬁhﬁﬁgapmmr%ﬂg %QB‘E? Ghef He pressure within

the ceHleacéedo a pesdeteamined |lintit; aoafactrembersperatinelgiinelegtrical contact with

L ithi um nmet or allo S el ectrogchemcal ly active
a condigtia Captaci gt end pasebBGa & GHEET: SBlEHon of BuflFesie o the cell;
and aflialatiap] Fol FAYHE Sl nienfisel HQPbéédCb@\réa@ﬁbéfWBéH 861iduE®¥eScomponents

often design their devices to accept el ectrochem cal
of the; glopure rrssermigly vhavingudifisrenh palagitieed I onpeaferead embedimgnt, the seal
memifl FRCS) Ui o Bbos Voo e, B, oGRS of
electrolgtephmugh desealRaegubat ory bodi es such as the United

Nati ons (UN) and Departnent of Transportation (DOT)

have mandat ed BREWEROBNIFOFada: NVBNTI@RSportation of

lithiumcontaining electrochemcal cells. In addition

o requl atin he,, maxi m lithiumcontent for a
oouz) o, 536k EheRal SEITTRERR thots, TRERE Fiumr eBhar alloy as an
electrédh%ﬁiié&lllly%ﬁ{r@hﬁteﬁﬁl, Qfd 1|1t_ﬂizEa$<§5 pfoRfde pones td aricus eleRfronic devices.
exarrqpl e a Tl altitude sinulation test and a T2 ther nal

Electreyig| dayise; manufagtorgompiters desigh thed devices g sacpept electrochemical cells
h_aving B%ﬁ&[&?@%@%&z@h c%ﬁéa#n%r Q%ripreﬁlimehgibpéﬁsﬁgl SO"AQJQE&SG&AA" sizes, or

usion of electrolyte vapor throug
accordirgka Ad{Sierinenclature, Ré ardl(3 simecbostaiers, odspeaiviebya kRepalangry bodies

such & e@k:@@tédﬁgtgo&%&ﬁﬁgl %ﬁﬁgagth{e%} gg E'Ir ngﬁgrgaggrel r(Btd’ir) “have mandated

requirements regarding transportation of lithium-containing electrochemical cells. In addition

to regulating the maximum lithium content for a certain cell type, UN/DOT regulations
require that lithium-containing cells pass mass loss tests, for example a T1 altitude simulation

test and a T2 thermal cycling test.

[0003] Mass or weight loss in electrochemical cells can be attributed to sources such as
diffusion of electrolyte vapor through a sealing member of the cell and electrolyte leakage at
sealing interfaces, especially during temperature cycling. The diffusion weight loss can be
calculated in one embodiment as a product of the vapor transmission rate of the sealing

member, the dimensional ratio of the sealing member, and time. The dimensional ratio can be
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cal cul ated in one enbodi nrent as a product of the vapor
transm ssion rate of the sealing nenber, the
waleovensisenal ratio of the sealing nenber, and PCTES20091@03471
di mensi onal ratio can becal cul ated by dividing the
cross section area through which the el ectrol yte vapor
diffuses with the path length that the vapor travels.
As cell size decreases, the ratio of the cross section
calcul@fed %th‘?vnaiﬂg tiRAdrBssl &E%margé)ﬂﬁo WIQSIQ flﬁ%?&n%@t&%ﬂ ld¥fuses with
as e volunme or the mass of the cell. Theréfore,
the paﬂeleagnh\xlaatyh%mbr travele I&%cql}ssmedmrqa@esmweatﬁn offthe cross section area
e ss. | h e I nd it J
to picRhAN ATE o BERAleT B b FIATEs O Lt ks of the cell.
Thereﬂﬁs SrehN/vE]@TsnliﬁilS siz¢é @elis temd Ub rhave rhﬁgler [pekerthgdViaraso Vs ,than larger
ctr em cal cells s el Ctroc em cal | ctive
cells, IaF Hi ﬁg’EEﬁ‘teéutﬂubﬁgm%’él 4‘§fu°b‘n ’hS‘E}? 125 &£eas Ffbﬂasa(}ﬁ@@?@f mass loss
requirem@fds! 0l yte solution and salt that can be volatile
and/or reactive. In viewthereof, it is a challenge to
truct an elec roch

10004] S0 MaRvera SEGRhERAL eS| BfER 25 0BE R nEGeRg; a0V lithium-

contaifalh%l defls Dfteh Sutilife BMmoMiagdGedud %ldéﬁ'blytel\asdlﬁtufh idesdtuthet can be volatile
rel ease vent nenber for releasing or dischayagi

and/of FeggtiYen s fyuiephiberegf|it isHa (chaHenge @ corptiugt afp elsf tr?frgnegvmce" that
mmlrlgI 1 445 S0l & \[E?bmréﬂspxh%%na seal during normal

arge or stofage conditions. Wthout a vent

nb t he fail, bul | eak and/ or
1000 5 5 Surth Sha [ 3 C\RLPY g 1esEih & Bespilh Seleqagpent member for
releasiR&1ediscHakifg ASI RoRSinsiaPkbe 6QN{d BMitatht ®RAdUPVST 19&%1 pressure
used in electrochem cal cells. [0007] U S. Patent .

whilegnginimeg ar sshhdeting sormg) glischareg ormsioriage icaaditiens. s W'éhout a vent
. Casi | | |
memei TRy 5&31‘:9@%9%&3{33?"‘0?3%9%%%‘n2 Llyaf.engsseal

iunctlon bet ween t he open end of e tubul ar I1icg
[0006} e Y argoysinvgs U elense YABE et 3R closuts,asperably| Gufgwations have

been%ﬂﬁhel@étﬁﬁh&ﬁf&ﬁiée‘ilgt es the two opposite-polarity
t erm nal s of sealed cells, such as reportedly used,

ool TR S 1 o AL e e
casin Q@gb%]ed%a&erypéﬂllg mSpE&iﬁcéilﬁﬁ%eﬂateﬁhﬁo rtke ﬂris&ﬁtlhg) séal 9@kion between

an el ectrochem cal ell or the like | ocated

the opsaend efitheriubudgn mefallie Sheet casingiand e meiallis shechgoverenciasure which
also cgrlstﬂu Y e d &ﬁJosff@ lﬁﬁ rmﬂ;gﬁ Wﬂe? QP Isi&S a@%‘ﬁ?ﬁgﬁy used,

cl rcu ar seal orne ormation o
for exappleydier flashlights, b@lthouglg sagﬂarm’aledmasis'gi davaalse bekntused in other

d{sc around its rim The seal is closed by axia
applications.

[0008] U.S. Patent No. 3,852,117 relates to a seal for an electrochemical cell or the like
located between the cylinder wall and closure disc at one end of a cylindrical container. The
seal comprises opposed circular sealing members formed by deformation of the cylinder wall,
bearing against opposite faces of the disc around its rim. The seal is closed by axial
compression of the cylinder wall causing deformation of the wall to form the sealing members

and to press such members against the closure disc.



conpression of the cylinder wall causing deformation
of the wall to formthe sealing nenbers and to press
WG owb/1fseder s agai nst the cl osure disc.[0009] RCBUS2009/003471
Patent No. 5,876,868 relates to a battery sealing
structure with a reportedly expl osion-proof function
of preventing battery explosion due to an abnor mal
i ncrease of the inner pressure in the battery and al so
i oh & I I
[0009!2"; t tlg?sy PaRAE ﬁ@n%x;;bg 868 RARE ¢ e 10h bgﬁﬁ'»ﬁr%?‘e lge%tr@ﬁ?l;] With & Bortedly
explosiat-pegof famsnantdf)prﬂmenmg bmrEfEf(prlem cye t¢ @ abjoriiabincrease of the

07,320 rel.,ates t batt e i hel udi a ..
inne RS F Qi GHGERY A BISBOVRET SPRRadla T Fablecof GstTenty Balng the
batterd WH¢HNYy cohtfiBite 85 MepTblemdns indaaedyatiembly epaatiorodtfitiéncy.

nmount ed on an upper end of the can with a gasket

[oomjrﬂt eﬁ&?%%{jent’%}’f‘;éﬂof 5% ?éIQteE‘%ﬁ %L%e@@ﬁﬁé@%@ﬁ% 6788 with an

e cap asse révides a
electrslgfeatnyd afrebexwede assemblye i cqmnﬂsemblyrm rdpertedly sjss-¢ighthlyymounted on

t he a p covyer, di spo don he curre C r ol
an uppel gl of i3 v g 7 GRKEL IBEPARET MR E G AIERODrAPd Jhegeper end.
The c8p dsseHBRPHioVleb Y faté ljbl?&%éd Mtﬁta%afeﬂ' gfove,Ecurrent control member
circunferential edge of at |east one of the pl ate, the

dispogedr orethe plater Botapreayse dlsamdtmtl@a@r@ev é?ntrqi efpber, and a circuit

!
e QR 1t R R BB AL s L e spmgerena
edge afbat 1éa3t onecafathy plate, alre @lreent control) ereerbet and the capabveands bent around
nmenber crinped on an opening of the can and connected
the“?Bmﬁﬂg“bf a positive electrode and a negative
el ectrode of the electric generator, a gasket di sposed
[0011het Wn Pateat D 6s62%9, S eretates fong sméwbéattern Vddvleﬁncctws a can for

recelvrlr%gn ?dtrﬁjcn (tarpegatégtaa Wé%ﬁn nﬁ‘?:%ﬂer"%rfn@e% §l{)é) {nmn%f the can and

I Spése he“cov
conne¢diréone @f alpositive etettbd®hndT® Ribgative lelaq@ﬁsw obfhb\mmd fenerator, a

ve and the segljn nber to reporte
gasket disposs! BFtwegh theran anah sge@EE BEmPER @ °8 ert%@ ¥ tI]% sealing
memBeP Wi thsABAYE niRt h%ﬁ@@deoe'tﬁé(ﬁl the 3B¥kracap a4 Iﬁealnng member, a
absorber di sposed between the cover cap and current

current spntrell membrralisposed: kapweancthie goysar soreand thh sealingmasmbesitgteportedly

ir I t r
cut-ot? (?Oq(%' OE‘J @Fagmehtae %g%p%éﬁt%.}ﬁ'%ﬁ%gr t%;}sn ?éaséﬁegg%% an allowable
level, 3nd anshack absﬁrberr(ys;aﬁeﬂ bethvabii ileaddven capeartbcurednt ichtrol member to
condar er i ncl udes battery unit havi
reponﬁglﬁdg?‘tef‘ %‘08 %‘E‘P{ é‘I‘%FE‘éI traas'ﬂ@gif cuITERtcopigRl mem '?%
and a separator interposed therebetween, a can for
[001211cco‘d1&3&?atehhyot 61é7'bh2& mlatestoi & secmdaaopbamsyeamﬂ y fztlzuithtri@ method

t {
of h§yéERueY ohery iR oSt oA TS lee PPty SRR prae, 2
negativb &€badH € hlate and d%épa’iht@ﬂ thtéPBsedUthérébetween, a can for accommodating

the battery unit, a cap assembly having a cap cover, a safety vent and a gasket, where the end

of the safety vent is bent inwards to be filled with the gasket provided along the outer
periphery of the safety vent reportedly so that the safety vent is inserted into the gasket in a

secure manner.



peri phery of the safety vent reportedly so that the
safety vent is inserted into the gasket in a secure
woreonas1spO013] U. S. Publication No. 2005/ 02447B6I/US2009/003471

relates to an el ectrochemcal cell with a collector

assenbly for sealing the open end of a cell container.

The coll ector assenbly includes a retainer and a

contact spring with a peripheral flange, each having a
[0013§€NIUS. MIPBRBAA NOE26050244706 S fatdsCtd ﬁﬁee?&@rogﬁé?ﬁlcal cell with a

nber di sposed between the retainer and the
collectarr aspérablyl fof Isanling e apea endnefag tcel] montainerepbe eeflegtor assembly
[ . t {
mclud%ﬁ%e?etsnlg?rnagtﬁfq &g\%}c R{qd?g r%ﬁ‘l 4 p}?ﬁi&) Eﬂgg Zeééh ﬁﬁ(lfnréga central
openifyg @lseseine Ar piessord helease IWnCﬂiehlbchelmpr bemveerm&ie retamer and the
xceeds a redete imt.

) I%E’és ure E é
perip apge pithe BNta% 5B &‘%)5"28’6 Sa & OPFIHngs 1p |t GPaé“er and contact
sprin@ SRR Rbn A BEnditEksndRhiStues re‘i&@é P RIaRé fdn \thhnHStﬁ‘e £l when the
an el ectrochem cal battery cell. The vent seal
internplpresstieesexgeess a psedetsrminiedil wh‘ér al projections that can
be folded to insure proper sealing of the vent w thout
[0014)V | NKISE Publicativf N @ [2006/02280206@1apesth i 20¢16suré @SsémblyJarfd rupturable
Publ i cati on No. 2007/0015046 relates to a |ithium
vent sgaladaptad Joryuse fin Ay eleetiochemisabbaticsy esll The roppead dichidss a series of
&5
pernplfe?z{l :??(ge&fb §tl§iﬂ\'§érﬁt5§gdg§%dﬁtggﬁs3§§br %%x‘l %Qluf@gigtgﬁ grglg igtout wrinkles
oroverhppmg folded pertiors.y, and an el ectrolyte, reportedly do
not | eak, thereby reportedly inproving safety of the
[0015])at te1sY Pubfdieh Né. S00Pub] 5038 rtiars Mo a 1RRRR/ &Q&%@yg battery having
relates to a fl at-shaped non-aqueous el ectrolyte
protrusisas Atidenressions Sorynedioata suntere aes saketevhich makes errdaet with a safety
by, t
vent st B thgon RRP Befind B B S AP B i FIBILAS do not
leak, thereby reportedlyaémpoovidguagitn gf thabagdrgct r ode body, and a
sealing plate for sealing an opening of the outer case
[0016?lnd 08, €PebIRAién ONo! %05/@@70@ 9&1@&@ RS U ARREPedN HbARqueous
he outer case. Also, the seali ng ate functions as a
electrolytsi secondaey bettary thet tiealydes an, electredo body farmsd btvmnppsloglg positive
electr§de %ﬂd”aeggé ulvgéa?eﬁﬁ&ﬁ ;&ﬁﬁ]‘e ‘(ﬁ-:ng.% {x’é a.s?lﬁaq?tﬁ r°h‘é eeL AP buter case
for hawkingtthe dRcirsdd bodye dnd\/atshal&\gl”jﬂﬁtalfoi' saating Iﬁﬁd@emhg of the outer case
aIun1nun1or m al | oy. OO Japanese
and amgpd parkof g mﬂnmg csmFe ésf]hF QUIET (GBiFacfisBnthe sealing plate

funct1§ﬁsC 204 GokitRa tel&tpd¥Vidrihihl Sthe Wutdt' @sd Rifctib@P & %kae electrode
does not cause el ectrol yte | eakage and reportedl

terminal,oaridde surface layerof theofealiag platey inr e@’nt@qtawdetheopwqu@cclectrode is

formed Rpthl & %etal layer made of aluminum or aluminum alloy.

[0017] Japanese Publication No. 09-274900 relates to a nonaqueous secondary battery
with a structure that reportedly does not cause electrolyte leakage and reportedly provides an

increase of battery resistance to impact applied.

[0018] Japanese Publication No. 10-340714 prevents breakage of an explosion proof

valve body and reportedly develops this function by arranging the explosion proof valve body



[0018] Japanese Publication No. 10-340714 prevents
br eakage of an expl osi on proof val ve body and
WO eponsissl y devel ops this function by arrangi nBCT/H82009/003471
expl osi on proof valve bodyon the inside of a battery
nore than a termnal cap and connecting an el ectrode
| ead to the expl osion-proof valve body through a
wel di ng plate. [0019] Japanese Publication No.
on th%myd'e]ozf \/\% Mo BRn %ﬂgmapc%py ¢drnBitHR 4 EIBRF e lead to the
cost can be redu y usi ng a
explosiblm-ps.dof palxe bdd)sﬁumighpi weldingplathe material for a
positive el ectrode can that can be reportedly used and

[0019pr esﬁbé’lﬁge PablictibR Ndo. m070ﬂ16{7§)mldésna WoBbInQYpd fithium primary
di scl osures above, it would be desirable to provide an

battery whose 6ot < é)aue@med bnrawngga sickeloplated stesk pletd 9s thgumaterial for a
r
posntl@elgapodgggﬁ 2 va Jé%P s)ﬁ%!xs;eg Iagcﬁ Bﬁ@#@ f(ﬁ% lf)ﬁéﬁrg&. N
emer gency venting _as necessary via a Vv r. )
(00205 VNARYIY- ofithe dislpsursy BbRIFL ] it Hoylde eofieﬁlvrg@ﬁaﬁ%varowde an
electrb hehica®Bel PRIVEEE a Qlforsﬁrg %ssf%ﬁ%ﬁﬁ'iwﬁg‘éheéﬁd' 48] n%@ﬁa@%kIQSlt@&snrable
ectrochem ca havi ng a closure asse
bamec prqpprt@s ity vapaz dranamission wittile stibl alloaving: nme@gm)eﬂermygatﬁ necessary
v1aavng 2\ %Frrbly that forns an effective barrier to
e yt e vapor transm ssion and hence, nmass | o0ss.
[0022] A further ect of the invention is to provide
an el ectrocheni && M&ﬂ RY QK THE INVEWENer having an
open end cl osed by an end assenbly, wherein the
[0021pont1ai view ofvpar albovexiitals amd;bje@dioﬁlthé Qirésest aivehtien @ngrovide an
senbly rOVId Ieaka ression. In a

electrpghemigal é’a urey ?’Fé Bllaft nﬁgfs“}gsaé?mal‘mf ivth anopen end
sealed '8y aft el ra@éémtﬁff ﬁ[htt 'f@llmsbﬁﬁgffédﬁvﬁ hfarrfer 46 Wdctroly®é@Vapor transmission

protrudes i nwardly and upwardly towards the “container
and hensesmagg lossi t h t he bead upper and |ower walls
mai ntai ned in a spaced apart relationship to allow for

[0022] he &‘fﬁhﬁérrtﬂfedt @f ke aniendidry isCRNROEIS M dledtieBeémichiecell having a
up [ nvvardf‘y crinped end of the container and, the
contalasrp@rwwm ORSF e €15e% Y P €Ad assgEPLy, Brhetsin theecoatginer imparts axial

and r §le s bRGRY %ﬂdta{}gérﬁﬁgt fﬁeﬁfbwdeogg@égp’sa\fﬁwetsﬁﬁ. OR §Cpreferred

e present 1nventioh Is to provi
embOdamot, rthe henthioed isowlihdricel iand) has e icrsumferentisk htﬂdyinvme sidewall that
rovi des, for |ncr sed enat h .V
profBr S gy, 814 YFEFS: RoeRE ek Rlnk cRerEEMRlp dhe bepd ppper and
loweraidlsanaingingg i alypaqed QiphdlirélgtiérizRipororallloivnfor th dd?nta’ineb @abe axially
having a rel atively deep I, nvvardl(}/ PYOJ ecting (ﬁ)
compregsed hichweendhs uppsrdvandly: srimped of the contamer and the upper wall of

the bead with a portion of the end assembly located therebetween.

[0023] A further object of the present invention is to provide an electrochemical cell
having a closure assembly which provides for increased path length for vapor transmission,
wherein the path length is increased in one embodiment by providing the container with a
bead having a relatively deep inwardly projecting depth. The bead configuration can be

accompanied by a seal member having a relatively small thickness between the bead and a



acconpani ed by a seal nmenber having a relatively small
t hi ckness between the bead and aconponent of the end
w@s®endisgo t o mini m ze the cross section area OPCHUS2009/003471

potential electrolyte vapor outlet. [0024] A further

obj ect of the present invention is to provide an

el ectrochem cal cell having an end assenbly conpri sing

a vent nenber capable of venting at a predeternmn ned
compbftn€ b ée é?ﬁea%%ﬂﬁ té‘\"ﬁ'ﬁﬁﬁﬁﬁe tHeCcr¥&NectiGHR8A of @ potential electrolyte

resistant to ec ro yte vapor transm ssion and can
vaporjpaitletf or exanple, a foil vent or a ball vent. [0025]

Yet a further object of the present inventionis to
[0024PT OVA CRartBét 6Bj8&t! sfombeprbsent ii@hlioh @y tdBrovidel &b ele€trochemical cell

assenbly conprising a container and an end assenbly
having gpsind Asprinbly semprisagiie vent Haemiar capable of [vgnting,atsa predetermined

[

mtemghﬁ[p%s'ﬁgeﬁ?@elé fuﬁ 'El%r@egﬂn g*eg@gé { aiv ﬁ)ﬁélé&fro%q%] g?’ﬁ{r t¥dnsmission and
can ba]ifé:f example, alicihvert er e ball senter vvherel n the end assenbl y

i ncludes an internal contact nenber, preferably having
[oozsfpr | v&-d fdﬁ%eﬁ&ﬂé&fdf%é ﬁ?e'sé‘rﬁ inGARBRS R%PrbPida aR'eRREHERmical cell

rel ease vent nménber, wth the contact nenber having a
having @ ¢lpsuse assemblyn gemprising acctosxtamﬁr codtannend; aserply rompsising a seal

e

mem$3F BRFEICAREaIT, SRR WIS gciaffEn s BRIy BHAICAR Bmponents
of thetdndnrsm'miﬂy baving @ pdEritpdiffdreranidnhthe cotainet, wiferdiin éhe end assembly

) sent ipvention i.s to ide.a cell i,n
inchudgf 53 Gitemal SRt Sremper ROl R Sned B aresirisics, connected
to a pP@surehelede vehtRdbeRavith el defitet MeMbEERANRE & PeApticrdl flange that
segnents that aid in providing radial conpression
acts ipsppbimgtiom &vithoh seat memthep @nd arentpines sidgivial ito prejadey peth axial and
ebet ween. [0027] An
radlal%nlgl ona adeggjgg%:at%%?ép%ggag?%lég invention is to

[0026232%‘893({%%{0%“ ! O% Ql?pmgq%?el_{,lp gﬂevlqlgtlgﬁ}/s: t‘gﬁg\ggil: g}%ll%aving a closure

assemBf) ¥ERMing §€&1tac‘f“?rfe?rﬁfer ‘BBVlBF‘% ;ﬁ:hﬁﬁéfﬁpﬂ Qﬁgillb(clﬁc!e@rﬂvo separated
_electrolyte, wherein the closure asse i ncludes a
axial segmentst thaeaiddn pedvidingiredipl gomprasséan btuwmn the dontagt member and a
contaff @ Shew it LhShoh B! dilobth AR LR | ng_menber
16 ¢ et Neen and A ¢ an internal

ﬁgrtl on of a bead of the container and the contact
10027 R ad%l?lhal 1ohiect okthe Proserf irkenbien is tor praeide pp slactraehemycal cell

t
o § AR SR G LYyl e of
closuxrma’ssmlﬂynfropobhctmlytet hhereimhthealosuenasseroblyeotlodes § OOREH member
electr@gﬁ%?%%)&gt?g ?g ]taB %Hefr] 3:85%5 S Putrthlern ine utdknognan ﬁlsﬁlgtlr?g mem%er located

between and in contact with an internal portion of a bead of the container and the contact

member, with the insulating member further functioning to prevent contact between a current
collector of an electrode of the cell and the container which has a different polarity than the

current collector.

[0028] Another object of the present invention is to provide a method for forming an

electrochemical cell, particularly including a container for an electrochemical cell, comprising



el ectrochemcal cell, particularly including a
contai ner for an el ectrochem cal cell,
wepnsssingf orm ng an el ongated and upwardl y tBEEUS09/003471
bead upper wall in the container sidewall in order to
provi de enhanced axial and radial sealing forces,
whi ch seeks to minimze mass | oss due to | eakage of
el ectrolyte vapor. [0029] In one aspect of the
formih%Yn‘?@ ﬁed ahd 5;:) g{y‘lﬁﬂfr‘gﬁ G df)?u whiF irfth8 %xﬁﬁﬁgx’ s1dewall in order
conprisfng a ¢ met al “cont al ner havi
to prowidtwdalimedtaaml emtiradinl s¢atiegddrcesamitichrseeseatn mndmzamass loss due to
leaka éo?#icﬁly wound el ectrode assenbly di sposed within the
eakage o elgOIYIe YaROL. "o ect r ode assenbly conprising a
ositive electrode a negative el ectrode consisting
[0029$sseht¢rm aspegsfof|the Hivemtiass am electrachemieal |cel} is discloprss sowprising a
. A e S
cylmdg'icgp&%%g ﬁ%&lﬁ%@fjﬁgﬁ@o ?s%ld b'o& rélgetrﬁ?b{1 ??g\?'élggnf £n 8;; eglﬁ, a spirally
wound ietectrmﬂeeassembbfl disposed d’lthmnahe cdritainer, sait Iekacebdtemémblqmdmprising

havi an upper.wall and a | qwer wal | nect ed a
a posi S ST 0 SHERHILE CHBU OISR IR O i b fom alloy, a
separdtOM@ispSsed befrtie!the Bositve &fd AdpativetiectriRE dnlds HEH&Jueous volatile
_ wal | spaced apart fromthe Iower wall along their
electrplwpe@trwafqr@ﬁgi mavardiprajestion indthe sidewnll gndhaydngien wpper wall and a
owr SR GOl '8 RGN Bt S TS SRR Bt
radiali center rodl the rcelst,smrdethealppar weahtsphcedi apartgfrom nhatlewemwhll rafong their

el Ak SIS BT b 2 o S e en

assenly édifipriditly 8 veMThéniber 2aFALINIES ﬁ‘éd@mF f&?a‘b?é’&té?ﬁlin‘éﬁ internal pressure,
contact is operatively electrically connected to the

a currgpishimiting s iBermpiing memhery and oo insulating cepdymetip ] membsr located
betwe%ﬁ'rthg onfiifte CindCh doRGudtive Sc%ﬂ Q)Y'et% 'e?lg asSe S,,h %gd f\fgllierem the
rmng an el ectrochem cal di scl ose
conductivp comgaaigs bheragveyp sleotfrlcgil)ovordwntgd ao ¢hyl pcrsdmecméctrode or negative
lectrS nt ai ner having a cl osed bottomend, a sidewall and
electry "open end, forming an initial bead in the sidewall
of the container after insertion of an electrode )
[0030hs s elblay funthes espscic it Hien@resenthdmesintionhe imwithadal fohefaming  an
electrb&ehﬁ%"l‘ gﬁ 19%15%{0%@& lcgﬁfﬂé nf(l:rglz}gés g%? %?%\ﬁ?wa ?gee%ﬁ%[d;lgg container
having a tlbsﬁd hoqﬁﬁ’nlemﬂﬁaéﬂldm‘lt andnarofopéd‘len@,nﬁ)rmhfgeﬁbln)dtlaISbead in the
... Sea an uppet wal | e initial pbead, provi
sidewgl] E&%cq"msr BINseitien %Foii%%“ﬁ'&h{)a‘PWeﬁhe css*tatnﬁéq”herem
the initial Béa'ﬂ' is ll’&%ﬂadVHttarbeﬂ a?ﬁﬁﬂen?ﬁt%@% thefé‘l%n%)le BQ@mBB'e fR€rting an end
end t he contai ner apering the upper wal
assembbmmcdtltemtay@ertShéhatmqlph@@hperltloofofttlmaextsbassemblwds seated on an
f ont [
uppergzl;ez{éﬂﬂ(?f! 8 i 1% Egl lge% n%lrggg rp%l subgcg‘{ ) @ tﬁ%: ﬁg&%rfllqu \g@ltﬂe cg)%ganaer b) the
1n1t1ald>epd)mﬂ1@rbeaﬂ stippert, and c) the opened end of the container and tapering the upper

wall upward towards the radial center of the cell, and crimping the open end of the container
sidewall and securing the end assembly between the crimped end and a portion of the
upwardly tapered upper wall to form a sealed cell, wherein the bead upwardly tapered upper

wall is spaced from a lower wall of the bead in the sealed cell.



upwardly tapered upper wall to forma seal ed cell
wherein the bead upwardly tapered upper wall is spaced
wo e@aisusBower wal | of the bead in the seal ed PCT/US2009/003471
cel1.[0031] In still another aspect of the present
I nvention, an el ectrochem cal cell is disclosed,
conprising a cylindrical conductive container having a
cl osed end, an open end seal ed by an end assenbly, and
[0031F Si Iiines‘fmlaho %gg%t f@\;ﬁﬁéﬁ‘?@lﬁvgﬁtl&i %@Qc@&@leﬁ%l Eé]?ls disclosed,
open end C uct contai ner being o first
comppsing aj qyimckmal toreluetive eydaingsl lyavmva ¢elgsed emdnaraemen end sealed by an

end al%;g‘] ef§ tsg Sezﬁlo tggéo)l bﬁ%?eg c caééegsé@n%?cp Ftl}\x” régen end, the

conduz€ing r:cbrftalﬂ@' bingosst 4 ﬁitSEp@lbﬂtytafnddbe er&i mgﬁbl lly\hevngg @adohadeassembly
and a par at or. . di sposed betweepn the ectrodes
ofa Sﬁ??@@fﬂ%@@él m@rlavwgoamemmar hEXtEnding peagls an ie£e°§r9f9e assembly
compﬂﬁﬁg al posRive| fédtfolle 2d negitive Clectolid) ahd'g sepathdr m?srpo@ea%etween the
he other electrode is in operative electrical contact
electrmietShandw@ dlesiralyte, whereinhone offthe klsciepdesds ineopsirativeaiettridab contact

. e
wit B9 SABREIRY oRCARE) BLARE & FLoRIL BB copact i e coma
assemb@ndlﬁcme vendcasspmbhtandothet bred asintbdy @ﬂbipy:snhgva rsgalt hﬁmber that

ond ol erein th con act assenbly includes
clectrif 2l RalAE b i b Bom AT EoT s e SePPEHaleA (e Sgassembly
havm@QHE‘es@&ﬁﬂ pflardtyP Wiesdih Ghé %ﬁﬁ&eaééeﬂbly"ﬁ{mﬂés al Béhductive contact
pressure rel eaSe vent nenber capable of rupturing in
membeg §pyng e peripheml dlange censierted te prassure hQiFan-‘ yerftmerabert thg pressure

releasla'vgnt ﬁ%m@erpd' E&% of %e@@'g"&ﬁ’t %@pc‘o%sg E‘i il nc:en %eé;sglyre that is at least

as hlgkhm mprecbta:emmedIrpleeseabreﬁdumgmreblyc:illmdesg anattex toaéscape through the
nt that ext ends axi al i st anc subst anti al |

e
vent BEREY whersl) WesaRBTal B geracl PP PReR at Sxtends an axia
distaricE &uBstahtial) PafdIR] t6Qd PmeAhF ahe SIRVER ddjiebmtdiSrefo, wherein the
radi al segnment extending fromthe axial segnment in a
peripherds flapgei andlydes aaj eadiadlj segmenb rextandingn flogy dBe axindr segment in a
substqrPty SR iBuuich, AP HEIKRE » 103, MPREE AP S8R HEREAE herein
the pérmheral dlangd tremgjtienst fremt tha dadigl segna:ns ltrbatsenttndalolvger axiahlsegment
seal

extenigho e 2o PUREBLE vl ArESioD. cug BREED) dieieh ERpber is under

compiesib® betwakn fat mgte(aq&halsndwﬁmﬂa dpehbherhlhﬁarkg@aedmars@ghbﬁ (b) the
radi al segnment, and (c) the bead and the second | ower

bead g the radia segmment, arA ) thizbead) and tesecpndrigmepmagl seegent.

[0032] The invention will be better understood and

ot her feat urBRIEMDESCRAPTEIN OPTHE DRAWINGSppar ent by
readi ng the detail ed description of the invention,

[0032] 2Kefhe! AYEATIR Wil bE ehEr GRS and BHEE fdhtures and advantages will

become apparent by reading the detailed description of the invention, taken together with the

drawings, wherein:

FIG. 1 is a partial cross-sectional elevational view of one embodiment of an

electrochemical cell of the present invention;



FIG 1 is a partial cross-sectional elevational view
of one enbodi nent of an el ectrochem cal cell of the
wW@e@eastssd nvention; FIG 2 is a cross-secti onal PCT/US2009/003471

el evational view of one enbodi nent of a portion of a

contai ner having an inward projection wth an upper

wall inclined upwardly; FIG 3 is a cross-sectional

el evational view of a further enbodi nent of a closure

agegnh! iy aoéroeﬂqse%ﬁﬁa{l rGA85AH Alievk ! orff erhbUIIMERSENA portion of a

i nvention IS a cross-sectiona eIevatléh f
containeehavirig &t inardoprojetion with anluppertwallfinelined aipwaadlgssenbl y

of an el ectrochenical cell of the present invention.

DEJA! BED aDErasd4tibrdY divatibiial |VISENSF OirtHeP 3@iboditgent of a closure

invention relates to electrochem cal cells, preferably
assembbhefanlengrorhamicalpel of thermsesent iavendipnaandan

el ectrochem cal ly active nmaterial and a non-aqueous

eIFiGGI Jé o4 afclﬁ)sstédti@nﬁl cﬂe\hﬂnoﬁdlo&w of 36K anbddhyr érﬂlb(bdéd{gmgofaa closure

i pdrical contain anoen end seal ed by an

assen%ﬁao%geémoy "?“i‘f&"l’llfﬁﬁﬁgnﬁ PFERLNYRILOR| ease vent nmenber

capabl e of venting when the internal pressure of the

cel I is at DETAIBbEDeDESGRIRIGON OF TdE PYEENTI@N The

invention will be better understood with reference to
[0033'] he ﬂi@mv@ﬁﬁon m&ése k) eEel:ﬁ-)chJ:m'léall \$ehid, %r@féra%l}ﬁ containing lithium or
i ment of cylindrical electrochem cal” cell 10 of

lnthlummiloyrass%mleambﬂmceﬂy aclive magripkand pmpn-aqyequsz@lqcypb'te with a

cell cFo\é erlg nﬁogir tutcglécﬁﬁgé cgﬁllndricagpgﬁ%%r’ hak/ ngt;ﬁl 3p%nté%d sealed bg an end

ers escri nvention
assenibl)p hndhabxhge atpressufecreleasd Ivelﬁtymemben’redpebieab&vmuﬂg when the internal

con uct Lons l10034] Cel,l 10 h(fns a hougli ng 12 fhat,
pressyTR IS BnPlaftRYF 21 BrefigteHacy BFERTSE o EARVEAIticR Will be better

under%eé %ﬂthb&rérame a8 dh@ Bra w% wnereﬁﬂ #1G. Th a1RRERs ©AP efBPdintent of a
cl osed an end assenbly that cooperates with

cylindrigal glp@rpohgplcghqell Thef @hmyrgmné inventipnys Cgll 10 is a primary FR6-type
cylmc{}icBF ‘rl%@%zfe 9% a'H(S\U%%F di¢ R he:%t hﬁ’&r&& Lot 49 dl%‘sec?n'be‘? Hrein, the

e contal’ner 't suppor s a port
mventlbrelsepﬂhmhaanhnlthﬁr aéll typesy thatdrial sanglaoastaictipnc onsi der ed
to separate the top and bottom portions of the

[00341‘31 n;%;tjm €6 hista hIEk,g %‘1@%&5& ehcARRS 'a’fﬂo}{tam&? | 4G ik ﬁmtcﬁ* an&h with a

asse 30 seal s an el ectrode assenb y
closedr\mtm'nm anchal bmnttomepd)r Theepanftop lerd saalesed wdth qmendmo;embly 30 that

el.e e as ncl ude n. .anode -0
coopefy EE Y 37T sl e BN Rs PR AR B HyinkBypigeion or
bead $6 masratherto @ndlios phs eehthiaenhansipports eaqa;tmme of kieCéridoasembly 30.
62 .and the positive electrode 64. Electrolyte is, also
Bead }6 ds, gencepl  qomsideted do iserarasahsoiopiaad b sftomr@r%m% the pontainer 14.

The citfBure!aSsen{ty irlcludig @hntaRier §HMNE erd'adstdibly B0 seAlS af 8RB{rbIECassembly

60 within the bottom portion of the container 14. The electrode assembly 60 includes an
anode or negative electrode 62, a cathode or positive electrode 64 and a separator 66 disposed
between the negative electrode 62 and the positive electrode 64. Electrolyte is also disposed
within the bottom portion of the container 14. In the illustration shown in FIG. 1, the negative
electrode 62, positive electrode 64 and separator 66 are each relatively thin constructions

which are wound together in a spiral, also known as a "jellyroll" configuration.



el ectrode 62, positive el ectrode 64 and separator 66
are each relatively thin constructions which are wound
wWoogetkksso in a spiral, also known as a "jel |l yrpCT/US2009/003471
configuration. El ectrochem cal cell 10, as illustrated,
is cylindrical, however, one skilled in the art can
appreci ate that alternative enbodi nents of the present
i nvention can also include cells and el ectrodes of
Elect®ch&hicalN8df 30, I Afsaated REEylikdriEAhEFeRCoft sEifl¥®iR!the art can
geonetric shapes for openended contai ners, for
appregiatentbae altgnativesambodiments of thenprgsent invention ner glso include cells and

v chi ngs
et SRR s o e SRS h SEBAF bGP oS for oven-
ended’:)cbntladfersc dor ceahxlnpm grsmatic Cdndl fegmggslaf @gﬁtfaﬁiel;]bg ;irhﬁlded that the
radi al and axi forces re U|r to create the sea
teachings, regpading SBs ﬁvurgoawlalm Wades A tify Sepling of an open-ended
cylindifal &diNgresehts dHalAdRs E@gﬁﬁilf{gﬂﬂférra&lﬁlad?ﬁmxﬁ ifResd Rquired to create the

expected to have particul ar applicability to
seal, ¢hq iendirassembly ot avhiclr soofepes withothearcersaingrs 14 sto minimize vapor

transrﬁfsﬁ)ﬁ ctwgc\i/ {éﬁa@% p&é{&a{&?&ﬁggalf\ﬂg{tgt gﬂﬁtﬁlceﬂl,oq?amea p' en

at bath ends may be used in saqne, enbqdi nents.
[0035¢0nt Gpriainer I 18rpr%fﬁr@blyr?daaqah@mhawg@pé@tregliah%lpsqubonom However,
a met?pthb@ﬂﬁk tsymmaﬂ? ggen Ltq{otl?é?dg%fy bidell i k@'h@ megdlﬂ{en%s Container
east the outs to protect the exposed surtace O
14 in vheecmbedimentas steelahatde pptamatlyn ptated; tbrmxwpkbewah aékek @dat least the
nent . t he .cont ai ner i

outsu%ptg .P@Otgagﬁ%ﬁﬂ?gedgf«%f@gg 9 g}? foptainef gro%aogrofsp&ﬁréo fp(r)(;vmdaeda desired

appeatirick.Udn Ofic ambedimest the Qﬂh@ﬂkbﬁrfonﬂéd'lﬁﬂlﬁyﬂﬂlﬁvhh% éroc%b_and can be
2006 or _equival ent steel, wt rain size

madefgpm 4 diffigsiQnannsaled; low %rhoghelpymy% kilefe¥A 2806 o m&alem steel,
w1th h s%t@&sﬁﬁw g Wsaﬁg Glaﬁ‘é& td El?%t'tly (ﬁ'ggfég %Hﬁiﬂts?laﬁ. Other
(0] e ce

exanp e, when the op circult
metals mad@slugfnbm alterrbevgembmmenth,aﬁor @ranaﬁc;uvhea theodpem, cirgnit voltage of

cel I rech abl e t Lovi d .
the o118 <fhod B S P RFREY pEaroufa Vol o M B rifprsabip i order o
providd te%th/atyl yieatep bbredsidi-resBtaqtd. a Examplel wi @lterbfiveltéhtdifér materials

includsy B 6 o R SeMESs i Wk a3l R il clad tailess

steel, aiuhﬁaﬁnfah@aﬁ@fsthérg&%] As illustrated in FIGS. 1 and
2, bead 16 is an inward projection preferably

xt epdi, r,cu i all und .t he c drlcal
10036] o B¢ llfbrslgoli FSFAL i do e T b haiuard ghpipShag proferably
extendiflg @16urh ferdhtially FdURE FHREyliRdrivdN béflaine) mﬁaem@aﬂﬁp&& wall 18, a
F 18 to | ower wal l g E per wall 18 is inclined

loweruwa}!‘amd trW%mﬁméerr%?dwalc connests e upper wall 18 tyjpgver wall 20.
Uppeiat/gﬁ’ 18% fﬁ[:f?l){%dqlp?%rcﬂy g&?&rﬁg gét!lgll ceﬁ%pgﬁﬁé%bﬁ nanla(e?tlcyegﬁg Ii)roviding

per wa t he e Ccri
a desifed a:xﬂal (compmsmen bdt&lveed\ﬂ‘ne&ippemwalh 18l ef thelbead lthﬁ th2,crimped end 24

of conthiner llyva As s (?Wlll Y deL{a ?Ié %rpggrsxgvallf)? 1nclud7es a lowermost point 27

and an uppermost point 28 located radially closer to the center of cell 10 when compared to

the lowermost point 27. In order to provide desired axial sealing forces, and aiming to

minimize weight loss due to leakage, the upper wall 18 is provided with a preferred angle of

taper. More specifically as illustrated in FIG. 2, an angle, o, exists between an imaginary
10



and an uppernost point 28 located radially closer to

the center of cell 10 when conpared to the | owernost
W@ioots3% |1 n order to provide desired axi al SREI/USZP09/003471

forces, and aimng to mnimze weight |oss due to

| eakage, the upper wall 18 is provided with a

preferred angle of taper. Mire specifically as

illustrated in FIG 2, an angle, a, exists between an

aryh i I I
o RSH PSRl 0 S B8 S04 g s ope

wall lmemndsbmnmﬂsanqm imagiarylive drawnrbgtyyeenupper wiall tm;wmost point 27

| n [ | | °
and upjsk B BB Pt AR TP IREh G lecira BBl | sy 2” o
about 300 lahd ];rdférabllyCﬁﬂm 2bbwt Fharuibod05 “atechbpue @ aDheyadhiad Rontour of the
about o] t 5 t about 20Q. The .actual contour of

upperwall SyEi3es WR%‘FE %gtu\fepa TEQsk RN 7t A MRPETERGST PRYEL 28 eannyary, and
for exgx% RN S P& RS lﬂﬁhtntL&gwﬁ@ Mas\ifMis¢ratedNf Fi@r 1 QH@JG@P! [Bwer wall 20

can be curved or |inear. eWI se, as il ustrat ed in
may altsoanclllde amapwetdly slanked tw&r Iextzmdln&yn aldérectionctopvded thwe radial center

of thel BYP HlasiRbRMctbet 3998 pRHLERN BEdeA & FHIGCHORhOYR! Hdesired

er o e Cce ransi tion nenber
spaciny ifwéaipper ol d8dindrowerr wall2@nTherspace detwen tikesipeediall 18 and

spaci bet ween upper 1 nd | ower [.]. 20, The .
the losvﬁwéﬂg?&%aﬁ @b mwa?iga sHepartioo] (Aié?e%véé%"l“gé’éﬁ closing

proceé%' |l ows insertion and renoval of a support tool
ut|I|zed during the closing process. [0037] Bead 16

10037] 2% SRR e G VAR GEGR den BFOIR AP, reetiE Py fength for

electr§l|yﬁWaBGr MaRation tHekedyl s%\vm@hﬁ%drﬁh@fdﬁbﬁ' The Qﬁ@tl\hﬂfﬁdeep bead depth
depth al so provides a desirable radial sealing

also pgq,vn@eﬁea desirpble gadiglesealing faree tosthg <ell 18y Brad éﬁeﬁtm ag deﬁned herein is
measfERBH"tHE e ?{érlﬁ)p r%f géﬁtﬁfngp N4%s HOHRLAREI Jrtradfal tJ‘sQance between the

ori zonta I stance between the greatest
greatesanauda:lllwnwam d*tyndmg em&mag serface rpvations off fratsmcplommbcr 22 and a
transi t.i on. ed_on
point et A2y RRBTRIE relaoBE T e edlB] o R i RDmumypaius of
upper/¥Rbevall ID6! dbivkes sidbwaldROfis ﬁnﬁﬁ%dﬂielovﬁﬁeadLm/\&snllﬁmfh@amwFI@Ql The

S S|tuated bel ow bead 16 as illustrated in
bead hprefseanly ifarmsdeineths moptainss widewal afice the ﬁlea'ir%fr assembly has been

placecfin%ﬁﬁwer bitfh Jritg &heidrode assenbly has been pl aced

r portion of the container. [0038] In

referre ad, de referabl [
10038F . &8 ArSierEn SpoRITTHHR, e beag SEntb FrErply § actelithan, £,g mm for a
R6 su;b cellprehRf than ROBminY R} LCRO3 typSicell e Stldd ditfeRntly Ythe bBAI depth is at
ead epth is at |east 22% deS| ra?@y at | east 26% an

least %2%# desiebly @0logss26(h endrixefenahiyr 2000 of the maxdmuwm radius of the cell
coma@?ﬂ;{egfo?% ot RBYUzeRNO: F Rlizfese! | S Or other cell

[0039] The end assembly 30 is disposed in the top portion of container 14 and includes a
conductive contact terminal 32, optionally, a current limiting or interrupting member 34, a
pressure release vent member 36, a seal member 40 and a contact spring or member 50
defining an opening. The end assembly 30 optionally includes a retainer 42 defining an

opening. The insulating, polymeric seal member 40 is disposed between at least the

11



[0039] The end assenbly 30 is disposed in the top
portion of container 14 and includes a conductive
w@owwastssa er m nal 32, optionally, a current |iPCT/USZPODO03471
interrupting nmenber 34, a pressure rel ease vent nenber
36, a seal nenber 40 and a contact spring or nmenber 50
defining an opening. The end assenbly 30 optionally
i ncludes a retainer 42 defining an openi ng. The
compbﬁlfnkg & thB8nd BREYBR/ 36 haRiak a'FRIERRY dﬂﬁrérﬁ tﬂn&ﬁ@%@ﬂrlty of container
bet ween at | east t'heconponents of the end assenbly 30
14 that amightptherpideamakeycontact heeavtith hEhe cuprentdiniging oy inderrupting member
34, Wﬁ%‘g‘?’g%ﬁ is &flfﬂéeslggur : en(&ﬁrﬁ“}f&&%&@e% é:?l?cﬂfcf\% contacr%ermmal 32
and tl%posmrelmxede 64 ofietectod .seniblyrﬁ()anThaé e@tducn\zd cqmdch terminal 32

ween he conducti ye contact ter 2 and the .
prefeﬁagfy Biotudes v ot eal o coptagter Yo Sobstd 1) Rigse B ghe inwardly
crlmp%@ RAY QY iof RoR@INeATH Wil SHalHembér MO AfspoA!therBb@ivedIRRI preventing

above the end of container 14 and is held in place b

electricab comietr batyeaty thepbro epmpoments.  Comdugtiver contachterminala}2 can be
provnﬁ%?ﬂp% orf'e ek %ﬁtda nﬁ{egggtf{ﬁﬁagﬁr%g?ﬁg% (ﬁfgmlggfvent member 36 is

trical contact b
breackiah dRethinee 42 dnilmstrated mmanaésh&ﬁncladmlgeanpap@munéetﬂrwgh rwhnch fluids

e or..nore ve ertures. 33 for ow n
can a0 BpeF if FoRpE S B BEHCHES oy piRbied). CREIPGABROGSY s Operatively
electridally SbirRtRd téthecoiRBOe doREdctiBrABhaR B2 Sitidridirebtly bF MdeBctly such
which fluids can also pass if vent nmenber 36 is

as shqyynetheough the curgpt iméting ardpterruptinggnerabersd. i s operati vel y
el ectrically connected to the conductive contact

[0040] er NCorthct Izentbet B hasla ElepE that 06opermiés with saal memiber40 and container
limting or |nterru ting

shown t hrough the current
bead 6 B unpar S b2l 26cmewder tonprryide Ky 4 desitedsseallo fiimize vapor

transrﬁﬁggﬁ I ¢he ﬁoéﬂﬁg‘el@&?dde'mmlecﬁgd@ RelemBRt ﬁ) ﬁeélec?ﬁ@aﬂy Bnnected to
upper " si dewal | in order to &rOVI for a

the cm@q‘t metbee 80 dirgcthy nfr mdzrect%awmualraa 8dyi Sontaat mPmber 50 preferably
has af @ggt nX %aq #ant EO%Qa t%ﬁl { Sé;%‘i; the gf ?ﬁ%brgoogre&&bg? of the positive

ectrirca Yy connecte e con
electrdde ¢hat is;dlspbsednad ithieetopl of theélectapide asdeafwy 6@oCunreiit daﬂalahef 65 of the

.00 p refng s at Ieas Oneg%? Sé.ln cont act 8
positixe, elg rid aBF fegtricaply é?ﬁ Uctyq gbsisate.dar gyam %aﬁlfé? {Spprate, on
whictth€é %BilﬁO@elE&ﬂIddn?atéylaﬁP 2fspdted B é)@éhd@fbe%}ﬁl 8k B6ditiA8lectrode

assenbl y . Current collector 65 of th ositive
materiglsandrthel eep@zlat¢rs66arC@1r@1§ cpllestor| 6p m@hbmmadfv o Any tspisatde material,

| s t it
or el YA PR or RS BLE r o Bt B G ey r
substztdmallja stableiivgdethe cell adé compatibl@ivith almnlmhteaalsemamt there@t. Current
ent coII ctor 6 e fromany suit
colleqiiy &5 73 B nghe E@tﬁhﬂf@%ﬁﬁw ol 1o GypaBieHEetal in preferred

embolliteatsSs or alloys of the above so long as they are
substantially stable inside the cell and conpatible

[0041\1\'I th Ctolgt%ctrrr%ter%[)eragﬂs can o IeI rlnazl e oft (I)qn%roei" more con(iucﬁve materials, preferably
having spring-like characteristics, for example, shape memory alloys or bimetallic materials,
although any component which makes and maintains a sufficient electrical contact with the

desired components can be utilized.

12



collector 65 can be in the formof a thin sheet, foil,
a screen or expanded netal in preferred enbodi nents.
wO 0®413158bnt act nenber 50 can be nade of one OPCTDSM09/003471

conductive materials, preferably having spring-Ilike
characteristics, for exanple, shape nenory alloys or
binmetallic materials, although any conponent which
makes and maintains a sufficient electrical contact
1 .

0042} PRE TR SESTEATTO REHS D cOfatiet L AR e Sy, the curen

collecthurr 65n s h@s@ntgamst mbeSbmf roentaCtmlem@ct 60 véifich,sashindizattd above, is

resiligp 81“?@? & g"‘ﬁ‘gv% fo rc%c su‘i%ta’ean{%”%th‘:&/ ‘gtotaﬁgéu alf jfmgipgaining contact

betwek® E6rtact bieintsdh 30aad etrfréiticoHectdr dSat()Iﬁlohaﬂy,dhd: tab 51 can be welded to
mai nt ai ni ng_cont act bgtween cont act nmenber 50 and

the cyrtent gpklectQs] 500k gpnngeted Mia ap, slectrigally ﬁenc{ucsavs lepdc suchias a narrow

metal "é?rgﬂ&d“ﬁr@ thft€afi We volled R btk HIRY tab 5.5 104nd°QUtfeht E&ﬁectﬂr QSSa "Welded
ctrically conductive | ead, such as a narrow net al

connestwnSpcam squhetimeshhe m@m fehiable) ehpecially hodér raiasivelbharst handling,

storagg O'?ﬂgf ﬁ%éggrtgiét?oo#glr u g% c\gﬁne%glg%sc g? lnr(leo tl'lﬁé)lrgl?e §&ditional assembly

operatiéisaint \églipmeat. sh handl I ng, storage and use conditions,

but pressure connections do not require additional

S n t ot
10043f 2" Kl RERBYY 30 e pSAHhRAT Hinge, Mbict 48 BB 51 opfigured
comphimertaxyutoethe cshaped ofitiret adjgcent cbrttemmh sidewall Wltiea eg;bplaoé ntinimizing

ont al ner |de t oa fm'n"zin vapo )
vapor iSRisPER; BaiGe et Shifs 3f Biaieghedt L Gothict SR 1, @ radial
segméi@ 5% QRIRAGINE Fadisllyl ARward frémla il 8égnSed® S8 Ahd aJulhdr QRIAl B&kment 54
adi aIIy outward from axi al segment 52 and a further

locateaxadaa hsegmardly fom rgdial segmentip hihay transitigns dntg ap igpgrdly folded end

[ I
5. HEShfl TRt Tkl S0 QS AN o 1
to proyiediar & ldesitgdp®mpoessiopdoree b28vesh amaﬂl Isegmenmﬁ2 aed dedds5 16.0 The two

r ovi desired.c re on for n_ax
axial Sigionficsd 8hd, 34 S srareas B b5 2Rme Rt L anf b Goach el Rl cifforent
radial Hktaices FoRact Stlebdyith atiaPdegMmet B BeiSlooated aloserdd &{éQ&ﬁdl center
at different radial distances from each other wth

of theéﬁllavh%égmﬁte 10 apia] srgmeptat-elf ig fbeyndegstoqdathataxial|segments 52
and 5% %Hcltl S&dl&lfsegﬂ g@ ﬁlay"ﬂg{‘b{lWE@g’l ﬁ&aﬁéﬁ@kar?ﬁmglagéhs in form

rstoo at axi segnments 52 an
along ahnir mud:callve é@gdsntTl‘&Snotay axiok artseradimhpégmenity nainelya$2, éddand 53,
can _hav ns in for Ion t hei respective
may VoY) abRg et lenBl, B0 bF sr<Peshiy?, S o Te0h BRRESSS i) gpete vp 1o
about 437 fiafh %’iﬂczﬂ SvitHRgpacaky thal Kng séé‘iﬁéﬂts hhBérizohtad Withn@spect to the

respective axial or radial directions at an angle up
radialisggments.

[0044] The configuration of the contact member axial and radial segments allows seal
member 40 to be compressed between a) the container upper sidewall 26 and the peripheral
flange axial segment 54, b) a portion of the bead upper wall 18 and radial segment 53, and c)
the bead 16 and axial segment 52. The multiple radial and axial compression areas between
the container and the contact member with the seal member disposed therebetween are

designed to reduce the ability of electrolyte vapor to escape from the cell. The design of the
13



about 45 fromvertical with respect to the axia
segnents and horizontal with respect to the radi al
WG ewaests80 [ 0044] The configuration of the conkEEUS2009/003471

menber axial and radial segnents allows seal nenber 40

to be conpressed between a) the container upper

sidewal | 26 and the peripheral flange axial segnent

54, b) a portion of the bead upper wall 18 and radi al
conta&GHERPEr 3 Dnedaélof In hilGwingate Miclaiess K il seaFAidRBEr RZbe reduced,

The multiple radial and axial conpression areas
therelfyemindmizing e ayenage nkeroaneecting arsgforvapontmnsmissipn threugh the seal

al . e j .

memiE THE SRRl BSS aponlfteoRf B SRRVAL AR PAHRED iugh which the
electrblyee vapbt musineavet i grdenfo ¢sogeofndrache cathhElie ¢entavit énember provides

radialL%%f, %éﬁllc gtauacltllfrgl\é\dp@%@l}m?%t\%:ﬂ%ggg Sr?ﬁig{ &{y&eaés aslaqlmn%ng)%es.t ?n some

embo8inRas; HRebh@bt AéMBer pafticiFH& in séAME MSwnPhehibepuUgh t he
seal nmenber. The configuration also provides for a

10045} Syl fefoef A0 aPOVRECH abal R Bn Sh oS Sy ¥smy 30

and side®alt @ah@dder MaNOEY o embodimen dhékeah Mtkniber @ktends from below the
structural strength to withstand radial and axia

uppergiall 18f thebeadslo. preferabhy ablpaddTane Adiacent Aebelew thectransition member
22 anfBERAAILPRjAce BUnShsdIRirREMBS d8l iV Bhy KM QEparkddOd pbrtion of

provi des a seal betwee
the cucrentoamtlectos 6 b fromrthe sidewalh bf/thg @ontaimesbelewthd bead dbaindaip to or past
14. In e odi nent, the, seal extends from
the crlfied g A R AL B plffor of SRR g Bged b6 MRS s qurface for
the erlldesémbly B0, a8lad arfibeP W08 indichied aboad) phivsicdllynspirates 42 least the
and generally adLacent to an insul ati ng nenber 68
condugfiye. fompoasnes (of ihe ssnd, assembly Fomy then cojitaipgfe 14 andeplso seals the

periplfé?dlleﬁgésocgf the cbhpSenhiCorthd e¥@hdsenblyl P0G BY et B&irosisH MY leakage

the bead 16, and up to or past the crinped end 24 of

of elegtralytedystysesntthess componentsi fieal membeBd@ds sisedpsodthataenonadnserting the

closu§ 38l PR G, P MR Yoo B P POGE coniner

the sehh@embeérdiy ChmpfesSdnip @neand 5 seil betwveer it eabmeinbyr dndasontaireer 14 as
cont ai ner

14 and al so seals the ri pheral edges of ‘
well gheevshpdhestd BrmbRe 4ripdate racigh yigagssco/ote other adjacent
comp&¥nfsTitR e isdntity 308 1ffialGhAFthiRh¥d f BRE 881G Reh DG 28N be different

conmponents. Seal menber 40 is sized so that upon

in on¢ ns EYOre Mepatipes along theepath Jenesh yhareafo Inhenecembediment, sepl member
avera?eﬂtﬂic%g e nl;%ﬁu&fo'n thd cltogig h?@e%ﬂg le%{ thtan %.S%Orﬁltnat{o{]g R size cell
e csear AEnperci’s orrpress% O creat € a Séal between

and les$ithan 037 mmnbeRO3and R8nizicels. Thd preferved bmbsdibehtyged) member 40
er 40 and the interfacial surfaces_ of th

the seal ne
undergees g feas aa’é’?h)fed_b‘ﬁ)‘ﬁ‘ﬁbﬁe%ﬁ%aStrﬂ“ethf@S‘é?ﬁi"’&%'s"é??o‘i‘RPn’o%‘?S“re of the cell
whichld ﬂ;:t gée@éﬂsﬁ kb fricRh€ %6 &8ordf afySatffhs TRPRI diAhsRfs and maintain
[
compression under a range of conditions the cell is subjected to.
[0046] A goal of the present invention is to minimize the surface area of the seal member
exposed to the electrolyte as weight loss in some embodiments can be attributed to diffusion

through seal members at relatively high temperatures. The seal member 40 is also made of a

material composition that can form a compression seal with other cell components and it also

14



in one or nore |locations along the path | ength
thereof. In one enbodi nent, seal nenber average
wao hioeksksse after reduction by the closing procEEGEUSR09/003471
| ess than 0.55 mmfor a R6 size cell and |l ess than
0.37 mmfor RO3 and R8 size cells. In a preferred
enbodi nent, seal nenber 40 undergoes at |east a 10%
reduction in at | east one cross-sectional area upon
has lo%{)@dz%t ﬁ'aﬁgm&% faidslin otfek Wmirﬁm@z%nﬁﬁ @kéﬁfgl% Uht 'eﬁt'r;?@f w&tgr into the
variations 1 n part di hensions and ndl nta
cell anab lqss eﬁ sleotmolumfeom dhe dnqaocbémrcahqﬁlt i Diresseahmembéd 40 san mclude a
i dtto f[_ Gél g@ ol t he tFresent |lnveng} iti
po Y"fe§‘° °8“m°ﬁ‘1 1o 10T FRamlgy ¢ Hermaplastic (T (ermosglpolYy e composition
of whivh{io besedtif phit @penh etord kycheasahemitaDédmpaisHity Withahe components of
enbodi nents can be attributed to diffusion throu

the electrade gasemblyy ngmelydhe pegativg elecgede; %pewﬁvwlé@rodwg aowell as the
electerifEb?ﬁchA'Qs b ﬁoﬂlaﬁﬁéoﬂgm%cﬂf) gfb ﬁ%& Efﬁ 'tl?el elQ&fH&P?ﬁJc’aP&:lf Wt The seal
can forma conpression se her ce conponent s
membgn ds nladatf@ohw smwblmtp@uerlalrmmsmogsiﬁm ther desired seallog @ed insulating
to maim a .t nt r to t
propeffés;” i of SfitsBiEBIeTls, EAE, fuf 8¢ abE st HhppatiFropyiene,
polypﬁaiy{leneTbelﬁﬁea|tetmﬁﬂeﬁb@ﬂ@(ﬂﬁalkﬂc Ivitle achpol aopBlyiner, polybutylene
nposi tion, for a thernopplastic or thernopset

terep*%qlvﬁse ethyleng tefs%ﬂ)tt%?q sdﬁne@qulwnhé*wlq@ BaSkd@ny rFoppination thereof.
PrefeHRP agl?thrﬂﬁt%rélHCfﬁcﬁﬁe }%‘kﬂ%rﬁﬁ%eﬁ@gjﬁ.gt 'ﬁkb'ﬁﬂx@' 5524 Hfom Basell

onents of the el ectrode asse nanely t
Polyohé‘gla,t Wibnisgtoot D3deUB2R), pdghutylere eﬂrqmtlnabaie (64, @ELAHEIX® PBT,

a e el ectrol ch as X ous rol yt
erade 0007 Forkc Tt P oy Dol POAD W BOWBAR R MFce e
TECH’ER@‘BI@E PP§ (ﬁﬁnﬁi Boedeker Psticsydhel Shinet, 'EX, USAY, aiﬂSpdlhﬂlthalamMC
seal i ng.and_ insul ati ng properties,

ir
(g éwngm ETHRPL L o Sqmyufaevansm B%Jw@emf fMpmlr@% % u8a). The
seal PRANBER cBRPbSHEhs QAl ORIBRAY EdifRai WeihfckGing fillers such as inorganic fillers
tetrafl uori deperfluoroal’kyl vinyl ether copolyner,
and/operiggiiaicompoendser epht hal at e, et hyl ene
tetrafl uoroet hyl ene, pol ypht hal am de, or any

[0047¢ O DT HEAkda® ndnhitsr f malr RS esdied with sk Séalafitt 16 fuithér enhance sealing
I ncl ude pol ypropyl ene PRO- FAX(r) 6524 from

propepiese | Hthylene propylgae digne &qraglmqr (ERDM)gng suitahle pealapt appderial, but

th CELANEX(r) PBT, grade 1600A from
© er%ﬁf:agﬁegh%é}éﬁ‘é@‘ﬁe&ed NJ, USA) and pol yphenyl ene

[0048?UI fAs g ﬁrgrfromﬁgbrérig\l( g%)aapps ULHle ﬁsﬁgdrﬁ%gg{lezdg aﬁtt{lat it seals a
relatvfé'[@%éé Pércg;lfa Qtisdfgafcé QR a6 M@yseé’ldfﬁ@ﬂﬁédﬂ? Pay We?wQE would be

har e . The seal nenber conpositions can
exvoseéam dmellegtrcdmt»autmn e e¢lbr diba gealumereb@ tb esags small in order to

provid OEARNfy Sl S Ao Tor B 0o OANES, e ThinThing e

e coate
same.enhance seal i ng
[0049] The seal members of the invention can have a number of different configurations
in order to aid in meeting the goal of containing vapors within the cell. The seal member
illustrated in FIG. 1 is formed as a hollow cylinder or annulus having various radial

dimensions along its axial length. After closing, the seal member has an upper radial segment
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properties. Ethylene propyl ene diene terpolynmer (EPDV
is a suitable sealant material, but other suitable
woraioens@EBe can be used. [0048] As evident fronPEr/G52009/003471
the contact nmenber 50 is designed such that it seals a
relatively | arge percentage of surface area of the
seal nenber 40 that otherw se woul d be exposed to the
el ectrolyte within the cell. The seal nenber thickness
substdntia tlsndlﬂ%ﬂ{ g‘?&dlﬁlodlfércﬁgﬂ ds?ru?te& BLRW 4ihYedSER 24 of container 14.
cross-section area for vagor transm ssion, thereby
At least mpqrtzq)mgf thecuppeneadiplOsegaient iﬁeumbalax@nmmp@ssbn taggt is located

vetwep it 16 REREATHELEH VEch Bt Sy EbRMessrd duipgpe gt closing

or seflingt ptoﬁésﬁg \Thp OligpeViradiain sédhtent aldnsitibhe isteahn ippareaxial segment
illustrated jn FIG_ 1 is fornmed as, a hol] ow cylinder

substagtially,extending, i Anaxiglhiregtien adjagent togheEopipigasuRpep sigeyals 26. The
upper%&ia@keén%ﬂgtggnerﬁw SltefdsBotin thOEriMRp& eBIPERd RUpPEr wall 18 of

upper Tadi al sedgnentsubstantially extending in a
the beaddl @l Ther pasiphenal peitionatof dhe ebtactcierminet 3@nthe2eurreit limiting or

interih A ORber s oAl olPShact RGPS 3D AL AEHARE ugbBhA scament,

'S under ressi on as
whichogtundemnradiud cbﬁ'@desﬂlﬁn &i&@v&hlth@ea‘ineﬁdd THe uppet Bidewall 2_6. The seal

axi aII conpressed during the cel| closing or ng.. .
membgy 6"@%@ onsTiQea E‘b‘ﬁ%rr raﬂgla.sggmgtg grsRding 193 |S{l\? aﬁ @fi %ndlrectlon

along Wpeﬁ%hﬁhs%%%ﬂté SERSToWat Hadidl ¥egirtdne RN & Portidn Akt is also under
axi al direction adjacent to the container u

axial efinafwegsidn, being Kicated ;bpbveeaxheauppseynlé a6 ag@ﬂ@rcaﬁngﬁd@nd ahddhe seal
mereBEYSE0 15 BLEERSH) RURGFECARERLF, £ OB sl ffecion om

the inhexr éndnaf thedpweh m&alrsregmbnd i The lovger aaxial rsbgnemma's regportion that is
nber 34 and the cont.act nenbe cent the
radially fomprestrdpeteg ﬁttran%%ﬁle{né’%#d%frob addpa 5?&1@&.’%%%% 52 of

contaGhAMRIRA SO A SAHNB A8 thdSeall BRAIbeSIoWRYakial mehh B 18€A¢d closer to
menber transitions to a |ower radial segnent extending

the radial eenten b€ theeell gpmpaned &0 tie upperexial sagmeanbng t he upper
wal | 18 of bead 16. The | ower radial segnment has a

[0050por tADIndicaRkY Hefeilif Gomd @iboditehts £MAJVr 865rcO Bf weiphn g)ss during a
Iocated bet ween t he ug per wall 26 and the crinped end
tempepgiure-gyglingtest, sushasra 19 tesh. <an g slegtrplyigyapak rravsr@é@%ﬂvough the

seal rﬁéfﬁl?e?d' ohp ?t@ Ybps aqt | ?& Xur@xieéﬂ céilsra?ﬁt Ba‘?t@rnf:é’ Ay tsﬂﬁed after

I nher | ower segnen [ ower axi al
deterrmaglgethclr kratialavgight fograt lelasttsnx hourradi atelsytewnmtars saanl to 75 + 2°C,

ween th merrber of b o
fotlow, 8 Sttt SEHS SR LETH hastl e iz el BE 0 grC. The
maxirhlif tineSinteFRdTitRtwdeaWest t&ﬁp@htuﬁ@@ﬂiéﬂ{es i$30 adnites) Tl,“h@&‘pﬁdicedure is

to the radjal center of thedc% aredtoa?l er
repeatgqilgmrg%sg ARter; which all test cells an atterles are stored for 24 hours at ambient
temperature (20 + 5°C) and subsequently reweighed. The weight loss is the difference
between the initial weight and the post-test weight. Weight loss by diffusion through the seal
member can be calculated by multiplying the vapor transmission rate by dimensional ratio of
the seal member and time. Diffusion weight loss can be reduced by one or more of reducing

the dimensional ratio and the vapor transmission rate. In order to reduce weight loss, the
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[0050] As indicated herein, in sone enbodi nents a
maj or source of weight |oss during a tenperature
w@y®bisgse est, such as a T2 test, can be el ectPOl/ysm®09/003471

vapor transm ssion through the seal nenber. According

to a T2 test procedure, test cells and batteries are

stored, after determning their initial weight, for at

| east six hours at a test tenperature equal to 75 2C,
dlmetstJnlaPr‘ﬁﬁg chy bé&&'i-@agé‘d ﬂ?fed%m %ﬁﬁg sé&ttibn BRH'0? irttealingPath length, or

enperature equal to - . The maxi mumtime

acombmaélpv&er@ét ween test terrperature extremes is 30

m nutes. This procedure is repeated 10 tinmes, after

[0051)hi Clorad luniféed needériad pdSHioRed boér &b opéit efd OF edcdnedinetfilled with
hours at ambient tenperature (20 _50C) and

electrglytes the simensjonab atiofiaa be calculalgd; qgsily. | Iégrg thescrppﬁesectlonal area is the

I t
st LSRR BRI gkt SN 0 ot g s v
membyang thickniess: dawe be thalm'egtdaremdpy afuseal pilqmbngs tmukamos of the

. transm.ssion rat di i onpal i 0_of eal . .
dimensGRAUES % e ARG oVER kB, nithd Bredens genR, finig clement
diffusivh @mapsisris GMliRdeH calealde tﬁg dinféhsidnalratio. Olivthe fiaite @lededt diffusion
t.he v ﬁor transnission rate. In order to reduce wei ght
analygig,sthe  flie ginfREFATh RSTOSE t oSS asectien ondedhdwqsepjed surfaces is the

dimerfsRAUFIRE if HRSERGE ceé‘fﬁ"éfeﬂﬁxrpfhe s@&lﬁﬁéﬁb&%ﬂ%a&o} E8tReRtration at
or a conbination thereof. [0051] For a unifor

the seahmembm mpmml surfapedthatvie cxlmeda peeie@miyto fareassemediins unit and the

ectro rati o, can be .. .
vapor dgniifafibh by THe® 5ol oot el UBAGLARF i ofbos, & fhe Simbient s
assunfelietosby Ea@oe Rrigcal® adsimedBhftr thocinfehfate betwe¥id @Setrdn® limiting or

the el ectrol yte vapor and the path, Iength Is the
interryplig meTEber AN konsas maseher O INMEECQVEF g0t 252 e&f@seths'ref%arhe vapor

concelBARA 8t the %Quh@hbgp%rgcetﬂ?acgﬁt%nﬁb QHékfa&ats' £3ufté® to be zero.

nore difficult. Wien utilized in the present
Sampjen pé n@mmrcmllyrﬁvaéabale sofiwiare dhdt fcas be ntllzmdlty $>relsfoms diffusion analysis

mode ztl l cﬁl%g I\II§C gr’;’t %11%1”%11{ §o are Llon \ hee A and
line, i B AiSes L

e el enen usi“on "anal'ysi's, i
ABAQUSasgildble froasSUOLI A Providdact, RY. 3MSC. MRGr\iIa%Q&ﬂleG to calculate
it he di nsi onal io i.f the diffusion coefficient Ln
the dmf@s'ga raﬁ'ﬁwgfse%rﬁé hezginy ]!S‘Hn% &frizg F aaﬂ{he%r@tegew FIG. 1, the

calculﬁﬁﬂﬁﬁheﬂs‘iﬁtﬁ[ Hi@lb i$UPhaGHH Gdﬂﬂfo ihg. ®¥PERILiZeQitRiuafirb® Uihifide cell
are assuned be unit and the vapor concentration at

construgied g& élscmd)@rFI@(tlethq:edlmguﬁwm eatioefithe seab meoiberiistgenerally less
than It Eﬁ:ﬁ?ﬁh?ﬂ% 'dé?x%@g)ﬂgg AniPo '%8 ch ¢0%4 4:‘) ah%ﬁé‘f&?blg?%%‘%ﬂ 0.51 cm

tween
(0.20 iim) e Likeptise) FormROB eandaR @ (my tsuﬂﬁdﬂler dm{enslﬁﬁzﬁr ratioy ef the seal

et 2538 s o ShSPSIE iy ISR B TR LR i) e

preferaBly 38 Wl 3PcR¢0.785R). Sanpl es of commercially
avai | abl e software that can be utilized to perform

[0052fjl ffus' Oprt]'e (5 etnbodiment of the present invention, the closing process for
forming a finished cell reduces the seal member wall thickness in various areas. In a
preferred embodiment, the smallest cross section of the gasket is located near the base of the
gasket adjacent the inlet of the vapor path, for example, the portion of the seal member

located between axial segment 52 of contact member 50 and transition member 22 of bead 16.
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nodel i ng i ncl ude MSCMARC 2005r 3 avail abl e from MSC.

Software, Los Angeles, CA and ABAQUS avail able from
w®haRi151480 Pr ovi dence, RI. MSCMARC was uti | i zedP@DUS2009/003471

cal cul ate the di nensional ratios presented herein. For

a R6-size cell as illustrated in FIG 1, the

cal cul ated dinensional ratiois 0.279 cm (0.1 10 in.).

For a R6 size lithiumiron disulfide cell constructed

The cfoss gé&ﬁhﬁ’lsfga beétwEdrhe lzont'é&%ghlgﬁ RRd Qﬁadea& A lbé% tﬁs.n if'g mm? for a

seal nber 1s genera y I'ess than 1.14 cm (0
R6-S1mllraealdllgss temss. 3 e’ for BO3 cme cells3n prqfelyedambqshreems aEha}t said, the

axial f%& 40 Z%onkqt Pgerr‘bgr ﬁ@ rﬁ% gﬁag"ed iﬁ‘%l%es ceéﬁ i2 eﬁﬁo §ecﬂ«|ﬁqea§§0 25 mm
axiallFeed®r Suppee vwadin &ppdrinmtl poiat 2Basl theS8beadm § Gn 3shei émbpodiment, and

desirably | ess than 483 cm (0.1 and preferably
Prefe‘laBlé’sbe?%ﬁ‘eéraBB‘tlembEQ 22 segment @%@2? 4‘1:'1 a preferred

enbodi nent of the present invention, the closing
[0053)pr oclesthe feorbofiment ri@ushrafddrﬁhsﬂiéid 1¢ diel vmmmﬂmrt%eissﬁs;iosed in the

.Me r ], thi.ckne \vari ou referr
openifE ABined it theinbbtal fanst of the S0 iGibes 50, MRGE shssifiatly, the
vent mEmbeC3$ peripiRRy is b&ub@sw%eﬂ BgalsgkRht 88jan8 G6lded RAd 55 of the
inlet of the vapor path, for exanple, the portion, of

peripheral flange ofceniart meeRer&0-Hdr ﬂ@eﬁnh@duapms@gﬁtmd gotagyer 42 is also
secur&ﬂ?b%ﬁgén mg aft 5§|}q? F518apd ﬁrbﬂ%ﬂ@ méfb&@ 50 a8 s n,Sal between

€ Cross- ect| onal "area between the contact ne
the veh chentber Bé add icentaetgsernbexrb01nDerth® refsolt ofi tight mmr&:eﬁdtact at the

interfgﬁqﬂosldl?tﬁé th ?Gh?(éq:% grglgsarfng {eﬂlgo weé]?e gggeﬁbmcegé% (fompresswn of the
perlplfdiﬂtp%ﬁﬁodme VeOmémbera3 65 e@ptashalRy- £l #dhesi®t br tdalant can be applied
extended at | east 0.25 nm axially bel ow upper
to the desisedrinderfasial surfaqes de comnechbgyenbmerbemid gwmwber 50 and
f el S

rl .5 L5ES K1 AR TR S o e

contaifeGl4 duringhasserably anealse plaged o thei pypphe'dl partionseofdhe admpponents of
efin .t he.peri pher al e c ct menber

the er%ﬁss%qﬂegébrec@%’?%gﬂel nt ‘I‘?f&gvg’ﬁg‘ H\g &8%9&& phery is

secured between axial segnment 53 and fol ded end 55 of
[0054) he Gaseh e regnerpted nyyithinf t o‘?ﬂ"aé‘@e e iepeirorsuentl neqngitions such as
d n .
mp GRSt LA SHABIR0, o Sl pd P hASISE Rl chemica
reactiomsaiiBre cell. coimatsmbuﬁsmhmnida)ncdﬂtmnadewtthmnhﬂ)electﬁﬁchand:al cell by the

contact nenber 50 .can bet [t of tight pressur
pressiE lEtte YRR (RATGER M 1 PIFISEITH ORI e SRR f P RESSp Y elease vent
membep 18 RAPNGH 1 BérhpreBRd ermmed aoUROIPFre St ek gfesshkberelease vent
peripheral portion of the vent nmenber 36. Opti onal

memben feeam gzgepingoinwaedly satascianfops agpgnertute inothehepening; M{!fed by the
contaé:tnttngﬁ'ni)?lp 5@l h%Hr%chgﬁ d}lf%rrﬁi(l) '}Peesgﬁre i89es&fin Wpl%ﬁetgﬁmhgd release

pressure. When the pressure within the electrochemical cell is at least as high as a
predetermined release pressure, the vent member 36 ruptures and allows fluid, in the form of
liquid or gas or a combination thereof, within the cell to escape through the opening in the
vent member 36. The fluid within the cell can escape through the one or more vent apertures
33 in the conductive contact terminal 32. The predetermined release pressure can vary

according to the chemical composition of the cell. The predetermined pressure is preferably
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thereby forma desired seal. Axial forces generated
during crinping or closing of the container 14 during
was®ensisgo are al so pl aced on the peripheral poP€T/08209603471

t he conponents of the end assenbly 30 including the

vent nmenber 36 as illustrated in FIG 1. [0054] Gases

are generated within the cell due to environnental

condi tions such as tenperature and, in certain
abové @éﬁ?@ﬁhlcﬂ%ﬂrﬁbﬁﬂfaﬁH NeRQ da@ rt@ﬂbnﬁ’eﬂ HaRdlif and UsRE06r exposure

m cal reactions. The cell contents are

to themtjscm ratrhegphgrec dior gkampleyintani FRG-hype dlt@gwmtmwng &lectrochemical
cell, té? BE oegbt)éréljﬁgd dél arsg E‘c%s&rgl %ﬁ%ear}{@e thd'§ (i\ Qt wRth e vent member

eI M ne sure. € pressur ease ven
36 crms‘oaﬁf op’x’e&mgerfmpaample Yi€ oWl €dn aa@efﬂ‘romlabbﬁt B0v® kigfcm? (150

ths/ingy tobgonty | A iehediny” Qo000 oY G o SFGREnGTS. Fn about 14.1
kg/cnf? R@@U mg/ui*?fd Rt 5’6/ 3 k@%mé Qm(ﬁﬁg/lﬁ BRbmABmpEafurd, Qﬁoﬁ‘tQIbC The

i nt er nal pressure is |less than e predeterm ned
pressyre| as awhichrthe quessure\iglaase lyentpmember 6wiuphires care be determined by
as a
GRS ot e AP RAL 22,5

ptures and allows fluid, in the formof |iq |d o
[0055@ as of descrbgdhereinabovesthe PES‘FOC}W“[‘%] gell @ of @elpfﬁsém invention can

a
oo b BoURl WG B ekl BBl TRTORER 0 ifita in e
electrival patlv betveepthe tcurrery cal?.eqtcur G5nef thopaohitive slectrodabdand the conductive
term.nagl,. 3 The term.ned rel ease sur
contatfGrRing 33, T st Rt M roRie BRRbPL & G4t i F prevent the
contirfiRll | cell Tingeri] eéatigy &hd @eesdiire Ssuildeup andrbefpeervabtl yarbedy €lov, which
ressure which will avoid false vents due_to nor mal

condifeaFam gesahafromaglectiraledisenisuch @s tinemalisher circuiting, abnormal

; | 1d h
chargfhl nﬁrﬁf’%&%dmdg% Idgs)éﬁzggﬂngt r g{é@%ﬂ: EF the/ ri’lﬁema | pressure builds to the
predepmamed eclmsqquessetleea@@rpﬂsgecsmlegse f/emt memlmyl% ltupexres to relieve the

essure e vent er creates
1ntem§{)%rﬁszlée ’ﬁgrcug)?gﬂlbrpgmg\?r éntFHBQ & rH&mb%racr'ﬁmr ahfor e%(arg[r;ne a positive
tempe’ﬁtﬁtﬂ Cﬁbﬁic;"!edt gpTay dg\hw ot sy Mhnn%)edh ahérhnau b?ﬂ:érﬁ 1ﬁtgkrgbt¢rr§23w1tch
s/in 2) .and i e0|n rom abo

such afzsieicr 5 X nalﬂﬁ%/llﬁﬁi & hepgnful msorpava&ﬁ@yaséaence

Ibs/|n2) at roomtenperature, about 2 10C. The
[0056pr esAsiindicatediereitabbhe ti ess urembee Bé asre be éortexampleca f@bvent or a
ball v ruptures can be determned by pressurizing a cell,
allventy " through a hole punctured in the container.

[ 0055] As described herei nabove, the el ectrochemn cal o
[0057¢ el | A Fforthxdr emhimdpn@g euﬁtaniem@nchmcaimllokﬁﬂ ofhthk |pyesent invention is

illustra ﬁllucﬁg 3 Ep'lggritc(i)o 1Hc %l g Cq I nt ypar{c?] Q%ne%ngv\gg%gss?r% relief vent

memb2d 1 3€8id £ Odrtft hiinbeb a@émbbﬁnﬂﬁ&ﬂng Ia\bendiidmlk inr@de céver dftlhaving a
t he conductjve contact term_nal 32. The current

vent elf {f that yPIectirdommsEdly, gWax AoBY the pogitive coniget dermipal,) dpy interal

to thelelRtrochemical cell 100. In one embodiment, the inner cover is formed from a material

as described for the contact member. The vent well 137 has a vent aperture 138 formed
therein which is sealed by the vent ball 139 and vent bushing 141 when they are seated in vent

well 137 such that the bushing 141 is compressed between the vent ball 139 and the vertical
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continued cell internal heating and pressure buil d-up
and/ or prevent current flow, which conditions can
w0 e®ahs1580 om el ectrical abuses such as inter nabCHIO82009/003471
circuiting, abnormal charging and forced deep
di schargi ng. However, if the internal pressure builds
to the predeterm ned rel ease pressure, the pressure
rel ease vent nenber 36 ruptures to relieve the
wall df tleSVendve §’?SH{<§1e ehiBodFHENt SRk vEn'ltrBuElhﬂg l@f is a thermoplastic. When
interrup tlng nber can be, for exanple positive
the inteenab pressure ef e efektre¢hentica] brgyry gelil Q‘éemeedsm presiterplieedglevel, the
I t
vent l;ah {%@nd%“ sEr%F CRges tb?ﬁvl f;ng_;ll glggg ier%g? %l?e%e? gall ‘i‘?& ! fg&gd away
from tlﬁ%hpﬂpe&ix&dlﬂartd&ftdéasn partly[d b6theA=nt welil daﬂ eal release pressurized

ere bove, the 6 be for. mle, a.
fluid mqéwﬁfnyené .ap%rt%%\\fgy EH{RW‘F%% pstrateed indiiGodituther includes
a con@cti9® tdd) RmidcPRIBRIBEL 840 S18kthcdl cdhileétwmolhﬁ&ed&er 151. Inner cover

invention is illustrated in FIG 3. Cell 100 i ncl udes
has a bisshaped pesinbatsl yall hevindiangnner pxiab sagment 653 arfd anepter axial segment

. t r . 0
154 of B P00 nd AL I, AR 4 SSAIR oD D 20,
preferpb]g!jlesstlsandkﬂﬂﬂ\kmtldé)gtemimg/mfar mbsmimuymlaﬂ ldxrectmnmf #eetcell 100. The
ermnal _132, [(hternal to the ect hem el.l .
axial e 135 Fifo Rennepisd it SEBOBMePb OFof Fatiy ifending
segméht 183, e%@'coﬂt;glﬁ&&ﬁf bfiafed vet NSl §a9IRPrmiRBLélectidMae migration
vent wel has a vent aperture 138 forned thereln
barrieptin cambinatien veith gal tembesnt4Ooand cargainemuppes ifidemighh] 26y As the

radialt&rﬁéxtgﬁtgﬂ% tﬁgﬁ?{ﬁrﬁf%‘ﬁrﬁgr | Qv J g§1 ‘ﬁeucaé 7ab§V§ rl’)e%d’]ﬁ# with seal

I'§ conpressed between the vent
membtB8 9 48 nichvirtpe a eirtiore ddoatedl thefebetweencdringe klosihg 7of tha eetle the seal

e i.ment, the vent, bushin 41 is a therno
memigh 140 (9 BRIl EPREESH SRR Bhec 116 SioimbioAaer b Moreover, the
axiall @k&ﬁdlﬁ% S&imhentd D5 L AEE SIS aid iR pesIedifg %d"ﬁ@oh@%%kwnb'ﬁ@eal member
vent 139 and in sonme cases both the bushing 141

140 iy genjunsdiop syith theladjacey sidesvailolbeef thauggntainghrg sral nember 140 also
includR g }%di{lsn Tt lodlen £ASL s eh% ys# i Whd Q dﬁkQﬁ 1‘28”%&4’? hbo further

0 release pressurize hroug
includaperc'utrena lmﬁngbr driupting meTilb}ar dé# Idnspbstedsbtet\mea dnnen réllback cover

151 a5 el it A Eu P Fiegeh Gyled1a 101 hRGAEn b pwardly

projedting bdad i ﬁ@ﬂmﬂg &enpwmaal 1 mdnuukwvumrcﬂp toWards thchdibl center of
segnent 152 and an outer axial se nent 154 of

the c@hﬁgtc&q@mbgq Rereinbelow nwith apgpset to FEG. 1,nand figthgr includes transition

e rally less than 20% and preferably
segm e%gf fgggﬂgggh extendlng in a substantlally aX|w

ire t|on of he cell 100, T egnents 1 s
10058} 5 “esealRrmbrol i WurFie! imbiG ot A paving a °C*
shapeg)qeﬁﬂ:gl B9s$ @é]:'ﬁ%ﬂt Afeed- c1ddife, GRO LY Ll'l'ie?itlﬁe? rhanan'lﬁB?&r radial segment

cover 151 aids in formng an el ectrolyte m i on
substantially extending in a radial direction, situated below crimped end of upper sidewall 126
of container 114. At least a portion of the upper radial segment is under axial compression as
it is located between the bead 116 and the crimped end which are axially compressed during
the cell closing or sealing process. The upper radial segment transitions into an outer axial

segment substantially extending in an axial direction adjacent to the container upper sidewall
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barrier in conbination with seal nmenber 140 and
contai ner upper sidewall 126. As the radially
weaensisey segnent 153 of inner cover 151 is | PCHUSIH09/003471
above bead 116 with seal nenber 140 having a portion
| ocat ed therebetween, during closing of the cell, the
seal nmenber 140 is axially conpressed between bead 116
and inner cover 151. Moreover, the axially extending
I
26, FROSBEL idAg Rt il RN AL IR & 6K lna s o g v
118 oﬁdl;e deahi 16i Teapdriphé@bpationhef the nmatiactecmasalsléal thn@ntremt limiting

or in eSS, L eSS 53] S BEMIGE Bt il segment,

which Baindétegadial eomprBdion betiwekn %@fammirﬁ‘l the Ripp&gsidandE 1 26|. 3%he seal
di sposed between inner rol] back cover 151 and. cqont ac

memheéPWPh%wallssamemur%@p%wea lopyeg radiglsegment sxtending in g Substantlally
i 16 4S5y a1 6 76 0B LRl o
that ig @lsoeundef axhé comlptessias, bl@sg: dodatad betweem ithel uppewl w4l 118 and the

. respect 1o F andfurt er.in ludestr
crimpkEERESE sty Tao; g ol phbrrii3fiolE FBrhEAL M B Jguer raaa
segmehd thtd hh lltﬁtef' aileﬂselgﬁleﬁtl that ektérils faQﬁs“tﬁd:e apwardlp betwess the inner axial
havi n aﬁg vertical cross_section. After
segmedf 37 ﬂ@nn%rrfevgrehﬁl bfegontact membehb: radi al segnent
substantially extending in a radial direction,
[0059%i t Uatarderttel powide ianadditional lihdrapgeeto eyt ImigGionfthrough seal

CO iner 114. At .| east ori oftheu r radial. .
memtgE JA( e raeribis 40 is e oo B Rbe el parion BFHs c5f gataining the
electrOR 2881b1Y AfRd BRawbIFEDyaRel 1dn€€c<ﬁkf IPE Gofact mérhbdt 130Qnd insulating

axi ally conpressed durlng the cell closing or sealin
membgf b@ésl}élsu lating mpmber [ofdhaaje dyalprspeserof Rraviding ﬁsportmnd)f@ﬁoamer to
electr&i{eelfl g?ﬂoﬂl as%ﬁ&ﬁﬁ% ﬁ%f @sn&)' }:ﬁue}ﬁt %t&%hp&lie&oﬁgf the electrode

rection adj’acent to the contalner up
electrisaltjeowinedt2d to Toreach uererinal W32 | frane gmﬁmtmgethe sdeyll of tentaiger 114.

n th he ..
in & gigiiod Bt B G B 82 e B od Woaisposed
betweéleraﬁal idlcodtder withebothibeN116 and tomgetohemnbércl 50/Ahérdlgy forming an
nber 134 and the inner cover 151 are adjacent the

addm%‘lﬁl ggal &adnwedgegﬁﬁmele%l%wgatmmr radi al conpression
bet ween the sane and the upper sidewall 126. The seal
[0060]re e furdhetr embadineht sfegnetedtrochamnisaltdetinmving acballoreat is illustrated in

adi g t extending i.n a.substan |aII r.adi
FIG. 47 Watle, 7 By o PR 1 oS 1 serportig offhg cel can be
similak @VBiat EiRFirAin BIEDTENtelN260 McRAES A Prestit@elief vehtSRerHP&Er36, a ball
axi al conpression, being |ocated between the upper

vent. (il 200 1igcludrs a mdwtlw;s@ataéhmembersasmﬁy|m0112<bng ménngpgover 251
havmérgg%g{] erefla? 't}lﬁtoﬂ}g eH@V}ﬁ) I\Yarélg &r}ﬁ{rh g;}fﬁ'ilv %gfggl:t terminal 232.

0 an axl a
Vent ol 23N bas aprear abeytut‘ml&&eﬁmnb& ehdrﬂne,vhleixl&aéealed by vent ball 239 and

vent bushing 241, when they are seated in vent well 237 such that the bushing 241 is

compressed between the vent ball 239 and the vertical wall of vent well 237. As indicated
hereinabove, when the internal pressure of the cell 200 exceeds a predetermined level, the

pressure relief vent member 236 allows venting through vent aperture 238 and further through
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segnent 152 of inner cover 151 and the contact nenber
150. [0059] In order to provide an additiona
whpovdnsasee to el ectrolyte migration through seedT/Is20b%003471

140, seal menber 140 is shielded fromthe interna
portion of the cell containing the el ectrode assenbly
and el ectrolyte by the inner cover 151, contact nenber
150 and insul ating menber 168. Insulating nenber 168

vent ﬁ}ﬁﬁuf‘é 413 f (R EARE] tAmiRA1 D42 diITHE Rl %’ﬁﬁér%lﬁﬁes% &‘ﬁreﬁi ﬁﬁntmg or

to electrolyte mgration as indicated, as wel

interrpptinggnembér@3dur rent col | ector of the el ectrode

electrically connected to contact terminal 132 from

[0061§ONt @6l 20U filrfiRr HrictReS bltatdfype @BAERLNAEMBIR 50! dlectrically connected to
preferred enbodi nent as illustrated, a portion of

innercqygr) Zli fop cortagiarith he qusrent eqlisston of &Wﬁlvarﬂ!ethde Inner cover

251 htgggﬁ%@eh%lr m gt“%ﬁ&gﬁg?#gn%ea npe e fot}ég er cover 251
that fetres tvemt! weB 287gr dhe qeriph@eb @pngk émpletaﬁes wnhcséahmembef 240 and

comafify SLEBLRBGIE I Rk 5L PR3l i 5 . Seal membver
240 KTt echfighiatior |simddi0o seal BI6BITbeP A0 tshéwin Gh HIGE 1CAIdl désdrbed herein
be simlar to that shown in FIG 1. Cell 200 includes

above, Hreqesigheral flanegincludes aadiply extersling,segment 233and aslly extending
n C I .

segéitsor e firembelC SAIHCHaliéfy GBipAbsbed BB ABSAIER, of aial segment

252 anthghe fpad J2é6,t speciﬁwll/yanrausyloawagrnéntmﬁmfbiead Y6 gowelhas between the
ter naI ent ert re 238 .

end gt Gpal SSemBAE 252 A alBoresi 6L 326, 5t YEntoriiie 445 &ogpne of axial

compYe5ibn iw Sédl Reensbd 24(\)\lﬁbi‘fbrﬁlb@bet&feen SRAIpPEr wall\matofwaéd 216 and the
237 such _that the bushlngk241 s conpressed betwe

radlalta%gme@r?é?@éunnezs@/eaﬁal 't FBe bead216 8f cslb290. g ilhsieatedap pn inwardly
prOJegt é bedd hh\nﬁé Gﬁﬁe?qv e 19@1%&2!5&%@9 vbhgdé e ‘?5J1§\Lcenter of the cell

ssure o 200 exc eterm

as de$celbe<l hereimewith egspest ¢o FEP.i bf Upmrtwalrbmﬁels sg@@d dtanplggver wall 220 in
enting, thr vent ert re,238 and .f
°rder¥wef ST PipLesSRE o eyt A LT 200 530
he cell further includes a current limtin

[00621 nt eTlileumnt rbglsmﬂab%ma,d_eszn[ achamopiastic paterial, %tahesf resistant to cold
o SR F kAR L1220, Bk ARRBIh? LT AL base rein

such casr leﬂlyleneaétfafhlbmetlg'ﬂerieh epqbyinitylence tedeplethlats] epollyplmssuylene sulfide,

polyRBRE NG e B GFo<ah e S N GUEPo S, Reyoroatkoxy-

alkané Ofliidrinagidt pemh&roetﬁyleng hRIypespyRiderld pdipéiB@etheOREoAS. efEthylene-
th seal nmenber 240 and contai ner 214 tq provide

tetfaflélpré@fl%ﬂﬂyt ecopplymer i dBTBE)r |Fé>flynilﬁ@ly19l@?eq§}dﬁée céPPS)s eaplybutylene
terepﬁﬁ%tg mfs d?}é‘cﬁyﬁﬂﬁﬁ%ﬁ@%&% f‘e?rtehoﬂ“hg e%g )L@z{n BLmBiHed by adding

descrl er el
a thermal-stabilizing filler to provide a vent bushing with the desired sealmg and venting

characteristics at high temperatures. The bushing can be injection molded from the
thermoplastic material. TEFZEL® HT2004 (ETFE resin with 25 weight percent chopped

glass filler) is a preferred thermoplastic material.
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above. The peripheral flange includes a radially
ext endi ng segnent 253 and axially extendi ng segnent
wQzm/18s80 nenber 240 is radially conpressed bRCTHES2002003471

portion of axial segment 252 and the bead 216,

specifically transition segnment 222 of bead 216 as

wel | as between the end of radial segnent 253 and

upper sidewall 226 of the container 214. A zone of

Xi
10063 e VRAPRAFGhHY Aage fan (7S Tariole M crm, (gl bR KRRt with
the ceﬂ&f&ntehtSI mdq:rov;desethe 2isgiredT¢nd] dpabing aidbvanting eharagt@dsticasGlasses or

s.an in |y projecting bead having

metal?jﬁ}ﬁ‘g‘r e?fge} ey #’ﬁgﬁedgpwardl y towards the radial

center of the cell as described herein with respect to
[0064f| G The. pregsprerrelgase vent siembes gocwhich i the| esvhedimgnt showm in FIG. 1,

s g U, g Ry 550550 BGOSRt 50yt

least one lageed of & r:mmﬁsltidlmfrmqﬁhbpbliymergwr aniktkestthareofi dt is also possible that

resistant to cold, fl at .hi eratu e. g. : .
the PrFRTE TeleRSe Rk HEPPSS OF GAdPUPLI W B BT HSes Gl Gifferent materia
comp 65‘?@6113 Tk Rx@fiple! A¥éRna1aRk 'haf'lhg Qrdiﬂ'él’@iﬁ &Mebosition than a first layer

ybut yl ene ?ere ht hl at'e, @hen yl ene sul fide,

may lpms;cbm RRIPABESHE bom!lng ﬂ@rme%medp ase; ventmember3A tetle retainer 42 or
to the %&h&EtOEE?BM ? t4hot lfep% @'éfé H&BH@EK@ §¥l‘ﬁl‘d<ﬂg§r dhavmg a different

uori na Uor et hyl ene pol ypropyl ene
compqmduyembm itheet ﬁmst lakert mae be Esddytloehwd ghe priebanor médabe Vet enember 36 to

I E | f PPS .
v (EPSHEE 2 5T g MR 5By B4 BB BT o or mor
comp&itfori3'cah ®e el fol ialorgi the pédforifanb®piopttids, ur exleip)g strength and
thernmal -stabilizing filler to provide a vent bushin

flexibyljty.tpftheoprassyre releasecvant MGMBRT3& eWF’i‘lB@ SengkAte oy ens |“§’(“11‘Ege provided

|
on sl b BRI G e DR MR G0 e i ision sndor
abilityHb2ig (o eHhE Eealipg icharactetistRS ofithegyent pemben36 plitbppibe end assembly.

gl ass fi referred therno
For efbeinis e scpEnss4 o 1ReT S o SOEIBE Rk e ap  polymer or
any ofhét ke maRtial inathe hitidsivieSiesd tlat B dompatible adth the Eh:rrtehfs disclosed
cell contents and prOV|des the desired cell sea

hereiny gould bsiprowjdedasralay@rafdhe went mpesmber 36 4p orgst to %Ondéb%her&sénember

thr?‘ 2lnl 8S8mb can be used. [0064] The pressure
N erease vgn?ﬁnenber 36, which in the enbodi nent shown

s a f t e di sposed het ween
100655 ot S TRPOSHTS A0 AT ok SRE e ilsBF PROSHTR £FIERIE G elhmetber 36 can
include€ 88t are MRt 1iANRA 18 métakOsieR Bk faluPMinGrh B@Jpa nidkR\, YoiflessOdteel and
m xtures thereof. It is al so p055|bie that the
allquo&e@ﬁr@dr palpmernic ymatariake ssbras3polyethylens; Ingliprepadensy polybutylene
[ F
tereplmﬂ{lﬁe Qﬁﬂg 5;9 %e‘i’flobtl%rge{/ gge lg@iril%{e gi’E'f érr]{e g&?‘pos&{ld ethylene
methatch)&m atlcf ipobfetHydanermethacrylic acid, and mlxtures thereof. The composmon of

the pressure release vent member 36 can also include polymers reinforced with metal, as well
as a single layer or a multi-layer laminate of metals or polymers or both. For example, the
single layer can be a metal foil, preferably aluminum foil, that is substantially impermeable to
water, carbon dioxide and electrolyte, or a non-metallized film of a polymer coated with a

layer of oxidized material that prevents vapor transmission, such as, for example SiOyx or
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may be used for purposes of bonding the pressure
rel ease vent nmenber 36 to the retainer 42 or to the
w@omwvastssirenber 50. | n anot her exanpl e, a secoPCI/HIH0ON003471
third layer having a different conposition than the
first layer may be used to bond the pressure rel ease
vent nmenber 36 to both the retainer 42 and the contact
menber 50. Also, multiple layers having two or nore
ALO,C OfROSredsu R 1as W mtdfttr B8 cah RirliRihO& doRtaid8s fasﬁémqsyer that
propertles for exanple, strength and flexibility, of
containh@ qpn@semmimgacﬂmme mwahefm exargple pofyauethgne, or gheat, ressure
[s ro [ [ D1 Aj .
and/owl%éﬁgs({%mgl a%tn?aqg(? y}a erggg“lo? q% %? éi\glrés?]t{y pcog)brmg?ftlﬂs. )\itér}{atlvely,
these of diiffadhesives aﬁfCHe@llamabmterths daﬁ bensmparaeely lapplicdatoi anqportlon of the
characteristic vent er 36, wi,thin the

pressure g@ﬁzﬁpylent,;@pmgg(ra ,et e QHteE\B %c%mg\}moe@n[ﬂ?t w1tlg retainer 42

and/opﬁﬁ"ﬁl%LﬁO? thé! ARSI UN) ¢hePpRiQ'50R ahy cotBInaBsh theROF YdFRnh#Xcing the
any other known material I n the adhesive fiel'd that is

seal vgithimshe exllscipr mbsentbly. e Aeprsfareddaminap yert gpaptergtion ckeuld have four
b d

layerst %or%{)sﬁ%é ?)Zdori\%gtn ? ;Lcﬁ#g{e)?}%ne Ex%”f\épﬁﬁeengg ﬁgglgfﬁ nbljf)n 4Md%%W density

polyeth®@6b] Conpositions suitable for use in the f0|I-type
pressure rel ease vent nenber 36 can include, but are

[0066] ! Iks?g"&&l@s@ dithe BBhipSitioh Clhe e RUMTRHLB vERARERber 36 should be

i ckelT stainless s and oys t hereof; and
chemigally resistant natlerel@dtmlm chntamequ shet ¢efll Bhand should have a low vapor

transnél gélérﬁagg{\l/ 'ﬁlg) i(%/ | {eagee ?{5%6 t P%s?/# e%hé: c(eigﬁﬁl)o’ver a broad range

of amBiehthempefayires) eFdeékhlﬁpreyiflth‘e pressiire feldayeidny h&mber 36 is metal which
met hacrylic acid, and m xtures

t hereo
is IMREBYIBES I YAAOT GRNSIRISSIBR.8E Y IR Tpugle e bicknera s dhe prsses release
membRk 56 id afﬂsf:ﬂiﬁ?lgpieﬁfém mﬁeeémflﬁrﬁgﬁur‘@' rEQaJEB\'}e%t meﬂﬁaei"@é k:an include
as a single or fti-1ayer |'amnate of netals
at leasironp dayenef samr-pbmwblennatee&lafqyIeéamplhembfm\glcenatay@ls, asalgscribed
f oi [ ef erably u t
above ﬁggfgrhhng i tjox‘ e)P balst% adﬁ!: Lﬂ{g 3 Apcar Lstoré%}gcxlaggr tgnaahleve a
seal betvaeh itid yﬂe%ur@felasﬂ ommﬁérﬂlbdrl%aihdfaut lleastodneaoffthé yerminer 42 and the
coated with a layer of oxidized material that prevents
contagtpIRber Xns i ssi on, such as, for exanple Si Ox or Al Ox.
The pressure rel ease vent menber 36 can furthernore
[0067¢ ont Bhenpradetemitined rnéedsapmsswezatr tbo pteasure ahwhich the pressure release

vent rﬁ%ﬁ@%ﬁtg H iﬂgrllc{égrt ﬁrlg;lles ngtggti({??clg’ lgl;{g'n/ryai?:a)l(lapr}g]lae%ies (e.g., strength),
its phydlédl AR sfonk I(e/ g aﬂﬁmﬁe&As? dndrﬂie@‘maadf,thé enfngedafined by the retainer 42
density pol yol ef ternatively,, ese or ot her

and thegopegingedefised ¥ dhe RT Crdavice; whicheygs lbéméléeps&r egrgater the exposed
area o?ﬂ%oﬁr@g Ieore%aﬁq{gni ARmBEr 561 ?heplﬁ@%lsﬁll@ réo%{e%ﬂﬁied\fagﬁse c pressure will

uter phery c nto cont
be duwitbtthe @_tanteneuollé&tn&nﬁbkw excpued |’og l‘he)mterrhé ga@ aifrtbe el@trochemical
battergr I%gll SIBr I&%se%?xer?t Yy, agf(xstme sI l’plaa); &thade ra(l_:‘n%'fotf tgerse%guhla Cs inorder to

engineer an end assembly with a vent member without departing from the principles of the

invention.
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seal wthin the collector assenbly. A preferred
| am nar vent construction would have four |ayers
W@ omsiistssng of oriented pol ypropyl ene, pol yet hpdBE82009/003471
alum num foil and | ow density pol yethyl ene. [0066]
Regardl ess of the conposition, the pressure rel ease
vent nenber 36 should be chemcally resistant to the
el ectrolyte contained in the cell 10 and shoul d have a

[0068h ow ﬁ%‘%ﬁamé ruﬁgﬁ' MeSSipdSed #k# of Ment heRfRY B6Feldtive®W the opening

'oss for the cell 10 over a broad range
deﬁne;dfb)athb reainert zb?am thickness of thg presmrmneéease yent menmee sanubecless than

s 25, 0, BERDAP 1 ORI D e d BB 4 o

(0.00t hﬂhpfo%‘éultf @mahma(@momamg,r andGiniyst 6nhblsé1ﬁbttdmbﬂ1ty thiecthizkness can

range|ffp@|1 algtryt Q:Oggé gérgs(abrglepr ?oa gq?oqt,v §3{§ m@en&r@g gﬁ The composition

and tH{BNREY Gt the g 5P AR E vaR InYeRber 3 68ah B ld@lefmind@ by those of ordinary
escri bed above, that can function, for exanple, as an

skill imdthesiryén oriewfathe elaper taesmissiomyate (VIRAotidenredetersringd release
e e pressure rel ease vent nenber 36 and at
pﬂﬁmFgggwqugHSf the retainer 42 and the contact nember
50. [0067] The predeterm ned rel ease ressure or. th

[0069br e Bhe Rregsurapslease Yons membes Gaminchids 44 ieavicane IRusiok s cggposition
contafnﬁlgpﬁgtgp gSE[ﬁeS’ a{nld%&rtlfres ﬂ'ﬁ e%f f Knﬁltlt'ﬁglg tH:fee-'l%%nen iRAtE Mat can be

, strengt physi cal sl ons
used (@.the preskire kralem) venn aindnlltmr as é’ETe&ﬂumhsmﬁBAAl crg)Odisemrraydllable as

LQUitiyER® GiadE JHE0s 3 fRar SO, PECNIR i sln; sa. A

su1tatﬂé ?&Jrolﬁyérhﬁat@hﬂs&ﬂ bAerted mlﬂlﬁﬁﬁndiﬁ/mE &6FRI21€5|MrLudlow
predeterm ned rel ease pressure will be due to

CoategrPéa@t&ts eloPrlambug.GeasgiacUsRe Mbéﬁ‘ i§y2 YVH%“X'HW@% alrbsgiaaﬂé&f Tyco
Intem%goﬁzpeLﬁl 6t i’ﬂﬁk%@ﬂ CﬂL:wb?érg ,$| I Al Quit S0 SRRUEN! Yaminate is

ust nent e nade to these variables in
PET/EE/Aéummumé?ﬁthdéPE aavaidable as@é’nﬂbs wlsei from duddow GmtﬁdePrOdUCtS of

co P B AR5 S g s
polypi‘cf}ﬂyléh@ nﬁol?@lﬁl@ﬁe fﬁﬁn-ﬁﬁt@lhzédepdlﬁnéﬂi‘@ﬁbmema[@l wigh arlsgcér by oxidized

he retainer 42, the thickness of the press
material that qERISEF VRO SBNMBISSIOD HART SHOBE: 106" rﬁhés @?@f “aliminum-

i nts can range from about
based fggbamageq{,%al%%gwom@’@gﬁgg@bout 0.127 nm (0. 005 i nch),

nbodlnents t he.thi ckne

et er can .ran
100705 o et S8paR AP Br D 2 SRR FPU BT, SRGKTRR Clered t as
llthluﬁofoQOZT Hen&ﬁﬁposffféﬁ JTAR® GtHitirh @an 3, iidughk 186 Batfry fghfe lithium the
pressure release vent nenber 36 can be determ ned by
purlt)t tsodwayst high.dTharlighium can be alloyed with other metals, such as aluminum, to
provide the desired cell electrical performance. Battery grade lithium-aluminum foil
containing 0.5 weight percent aluminum is available from Chemetall Foote Corp., Kings

Mountain, NC, USA.

[0071] The negative electrode may have a non-consumable current collector in some
embodiments, within or on the surface of the metallic lithium. As in the cell in FIG. 1, a

separate current collector may not be needed, since lithium has a high electrical conductivity,
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skill in the art, in view of the vapor transm ssion
rate (VIR) and predeterm ned rel ease pressure
wo egpaitsseent s. [ 0069] The pressure rel ease venPCTESDE9/003471

can include at |east one |ayer of a conposition
containing netal, polynmer, and m xtures thereof. A
suitable three-layer |lam nate that can be used for the
pressure rel ease vent nenber is PET/al um num EAA

but a QQHQAtY%recﬁY% B& %@lﬁdéd' %%%QMIﬁCWéﬁl&ﬁ%%IDUItX within the
35CG-5 from rvvoo W sconsin

negatige cleqmd; duging dlsgyggemﬁbe lithiungy fis @.nislgmcb dWhen the negative electrode

mcludg?Pégl[jJ%r? ls uo ]uﬂ%([')j ngénlt chggi:tgrl r{nﬁ Bt kﬁ?&ceg \%I' gggge‘f‘ dbecause of its

condubtinityl, puothe@tondisive ingtals oén Héyused hsnloag asthegaed statlé thsidefthe cell.
Princeton, New Jersey, USA. A suitable five-I|ayer

am f t

o022 ek TSR BB b g ot s s

currelﬁedllfg:t(a and/g#. ortdcorawvage strips on frtikef lalwnemetah«yr lgbivbi-eentaining alloy

oty 13082 ScHBL 43¢ OHERE RS B REos  pgiiom

lithiuBtofliafish Alkdyer BRinot hlizipg & \cerérit coHENsr, riodd Space 3¢ Svailable within
(for exanmple, SIOx or Al 20x) and/or alum nungase
the cqngpiney for othar comporents. %%zma;s achine aterialed Proviging)a gell without a
negatl(}@ gl%t:t!rcYa‘% &lrr%?{ éoq’fé&o? Qe{milbosfcﬁué% c%ilrcb?c ‘Pfrefefabfy A Eh B ider or strip
onetines referred to as lithiumfoil. The conpoSition
ofllthm‘m vhelithiurhicontaindmg alkoyyis utilized gl teoreghtine edeggroge.ade
[ithiumthe purity is always high. The |Iithium can be

[0073p! | %@@leﬂrfc@l Rhd 9feféiﬁbl?| donnéctE theahodéd BIhERAlve eRctrode to the cell
provide the desired ce el ectrical perfornmance.

contaiper: t Bl ngqyahpeaqcpmmlslmdaﬂmhedﬁmﬁqancﬁnd af dhe leadiwithim agortion of the

negati oog@{r?%eé %ﬁw PorﬁXﬁléﬁ&%léZa t{n@'&}'ﬁ?{%ﬁ& Bhtb the surface

of theriitigiaimi fod. élheditlnmmeorrtabuuhaalbydlas adhesive puopitlies andrgenerally at least

.collegctor in some enbo I n, or
o sighf pBi%hy PR Rpa ePre PRt hsdef, 3o oPlgrie; ill weld the
compétleftts tdgetRerS ¢ Bh@pRf&HId @iodifért AGE AEgatY ekfrodieis provided with a
needed, since lithiumhas a high_electrical

lead peion g winding iptoradelly-toliroafiguration. e Eetosxample. during pradugtion, a band
comprﬁs(éggle t et gﬁé Hégdn e €l %ﬁb&é &g{lsmﬁ bt QH{htqu}Mﬁtl h‘}lﬁ‘mtarﬂ% is %rowded

five rlng rge |th|u
at a lead nounexding \detiont wikeres galehd és wielded ootbethie rsotfackesf the electrode at a

desirea 8(3(6@81? Ei‘gagévg %Ffe{:t?é] ec'B ﬁwgﬁlitle\%fly yrocBﬁraX Sit)) ﬁaﬁnﬁgeele&{ is coined, if

desired O Al UStiEr €0 NShbpd Ihé€ afPeeandJS(ﬁdtlﬁS lda@n@otasgonreeted afee the electrode.
stabl e inside the cell. 007% In a preferred
&

Subseguanldi ternegativecelggitnde in combigad with the sensinipg desirgd eumpgments of
the elétrodl %Es%}n%ly, such as the positive electrode and separator, and wound into a jelly-

roll configuration. Preferably after the winding operation has been performed, the free
negative electrode lead end is further processed, by bending into a desired configuration prior

to insertion into the cell container.

[0074] The electrically conductive negative electrode lead has a sufficiently low

resistance in order to allow sufficient transfer of electrical current through the lead and have
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current collector and the one or nore strips or foi
of lithiumnetal or lithiumcontaining alloy solely
W@ 2009851580 a current collector due to the rel at PUBU§2009/003471
hi gh conductivity of the lithiumor |ithiumcontaining
alloy. By not utilizing a current collector, nore
space is available within the contai ner for other
conmponents, such as active materials. Providing a cell
. t; [ e C
mininffl o A o eV Rl HEREN2 S NI HBERY cah ¥, achicved by
increasingithe width andihathickneas bf thetabm containing alloy is
utilized as the negative electrode. [0073] An
[0075¢! €CTHd ﬁtﬁttldeee@&tﬂ%H@ﬁseééﬁlﬂlyQQ RRE €drin 6€ stﬁBQﬁ‘aﬁ ddmprises a current
negative electrode to the Cell container. This may be
collectarcandysl mixterd thattieeludespngrer @me slectrochemicaliyeictivig materials, usually
f t
in pax? gﬁltclfe%m? Igon%tgﬁgtg@es{lf\éﬁz)qg g%ﬁé’fgﬂ% %{nv %ﬁ%ré@l dX% a tLé/Fteﬁpecell the
actlvesmafeﬁabcmﬁprisbe ghdatenithum S@iweight tperdent FeSym The positiveuelectrode can

al | oy has adhesj.ve ertles erally at |eas
also cQiagpne G PN ENE] SR mAtgiaT Grpatme e fiedlssirbont dectrical
and dis8Rdtg@ BRar8dt61tic.d ahei dditiRAICackivg peSIfin® BREkSde! MaRfilIEhay be any
In one preferred enbodi nent, the neﬁgtlve el ectrode is

suitablg asfiv@angsitive nleatrp@amawrlabrEmnWhmc eiBit@, &2F, CFx, (CF)n, CoSy,
CuO, JCqJS ¥e oli'eICu%o r@g@urﬂ; BY @)5 aﬁ@ IS. %@F@é{%ger tﬂg act ve materlal for a

roduc nPrisi ng at ne neg at
L1/FeS!J cmtltpadee (eh:ntrochd camgprizes at least 96 weight perctiti Rel$12,eyelt omrc preferably

at leags?%\,%q%@%&wbﬁ?ﬁ%emﬁmgg%éfg&bﬁgt ?Q@F\Agg aﬁyea B(')selt?\(/je electrode
materfiS| F&S, hAGRS il0Burithheevepbbaf RhRCIT lfsht Speredn® a6 UsAllAble from
processed so that the |lead is coined, 1f desired, in

Washimgtpsy Mlbls,shlaﬁb Graftony ddAeddSAT GhemetallaGmbhl. VismaacAwgtria; and

tH bspguently, the negative el ectrode
meﬁéuhﬁﬁgﬁkgg, fﬁg‘rewalnlng desi red conponents of
[0076. ES ]glle%lgl:;l ! Od&) %gfﬂeggbm%ﬁ?aerf @%;({SESFD %::trtpldé/ ?m)e;’lu?ec tccr)r?tgl%s other

materﬁl@san BiHdRt isQ@Rnerall ¢ L&A |h)51c?tﬁ1€ PartichRteYhReiiAg tdé%ﬁfe@hhd)ﬁﬂhere the
has been pertornmed, the free negatlve el ectrode | ead

mixtughtp the omcrpntrmlleptpoc Encet meyg depduitivg maierials supbisasrmetal, graphite
and cgr%% 'b%éi(apt 5?1387\&%1)9 EPF} élﬁd‘%cpt%e r'b{/‘a dnBI‘oQ/eg I%?ecﬁ'?clal condu{:tlwtg to the

cont al ner. ect conducti ve
mixtued. eThe ardleunt ®f dodustive B’iafehabusedtchy bb dmpemdemtaipan cfaactons such as the

e S B S ST, B e pige on e

currefRLoBBENH &7 ihlef&meﬁt ¢dIRcoR dksigd @rrgxﬁsdrﬁ&ﬁlltsr srsvaﬂo%@ @Aditives may
can be achi eved by increasing the w

also bt iusechde senbanaehpositits. e[eonqds rmalnefapwsungu aml éelécner@deancs The
follovgﬁg ez{rgl J:x%m'pﬁkec Ffe acff{/énn%fter?al Sltn'i)ltere H}%{erﬁf%”% iﬁg?‘% g?ll positive

ent co or and clu
electroddse Giapblter.oﬁ&mm&lﬂm@v}v{mtgadal@nthuﬁdﬂ gtdpiite from Timcal
America, Westlake, OH, USA. Carbon black: Grade C55 acetylene black from Chevron

Phillips Company LP, Houston, TX, USA. Binder: ethylene/propylene copolymer (PEPP)

made by Polymont Plastics Corp. (formerly Polysar, Inc.) and available from Harwick
Standard Distribution Corp., Akron, OH, USA; non-ionic water soluble polyethylene oxide
(PEO): POLYOX® from Dow Chemical Company, Midland, MI, USA; and G1651 grade
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in particulate form Iron disulfide (FeS2) is a

preferred active material. In a Li/FeS2 cell the
W@eapiglsemt eri al conpri ses greater than 50 wei BEE/US2009/003471

percent FeS2. The positive el ectrode can al so contain

one or nore additional active materials, depending on

the desired cell electrical and di scharge

characteristics. The additional active positive

styren%-eﬁ%llé&%tﬂ@ﬂ&rsiﬁ{a e'%?B@S bRJRK copbllmbt ﬁoﬁquav&. mﬂﬁhéﬂs VBouston,

el ectrode materia I es include Bi 20 ,
TX. Additives: CEEBRO BIC® m&nnﬁdsnolﬂe@mxoroque @JZ@) mfmtured by

L R T e

Clevelmd,CGIH, UFSB@Qand/ AEROSBIERP2E0 gfadb|fymat sllmas&orﬁg)&@ssgmorporatlon
per.cent F&e? and nost preferably FeS2 is the sole
Pigmegt Group, ieldeNdy ect rode material. FeS2 having a
purity Ievel of at |east 95 weight percent is
[0077hvaileblcméntoaull\=£ashima}t be disfolsed wWikhin tor Gmibfetided, it the positive
nna, Austr

cectrg Surferay e POsvE er oGt o bE B omant b potpgides of a

thin nidifl s, | XEuniiBaMris alcominiulyp osedtraterisll @Qiefdﬁdenmdlbbthmay extend
contains other materials. A binder is geperally us

beyond she gpriioniof thepesitva eleeradstcoptaining thsqastire elsrirods ﬁ’é’fté!re This
extemﬁlng gﬁhﬁn%ﬁhé Quirbif &Héétgﬂéancﬁjojvﬁetaoé'onvglgntqrea{rﬁfr%akmg contact

tive materials su as net al grap Ite and
with theeleotmichl leak cormacted ¢o tl'aypolsmvadcmdnatlo lpis glesicrble Wdfeeneltb volume
ctri ca m. xt ure

of thezfetiiee P o atrenb il <Sugh W Mibibifio oG A TR o Bleemna

volunfelsfitheéellt 1@il&bl€ €rfabvadd meterialy ahd Wlettyolge. t he active
materi al and binder, the thickness of the m xture on

[0078Lhe &:ﬁrétgﬁ&]l ﬁ'n% Hoﬁcéﬂﬁal%@tg FE@ (fsﬂwe Cﬁgéctﬁ)ﬁég ﬁct[)(}[)ll coat abslurry of

anount s Var US a Ives may
acnvmadrmlanemtra mmerprhssnt a highbl wed4tile deganicrnol ot (1.2 nglchlmioethylene)

cel | . per The fallo . I
onto {ih siBSPF ArsHh oG paraym dpl drynf Bodfio@ 1S JBnve, Pt Satender
the coate@dbil W&ﬁnpa@f ﬁH@Qb&tﬂlg, Kif-the %Hﬂedeomd desivdd wiith el strips of
synthetic graphite from Tincal Amerjca, West] ake,

CH,
the slijSpositéyer plgpirasieamnterial to)hecdesingd dengthnelt s Askirable fp use positive

R e
clecn BRI i GRIDR Yoo o il o By e o
For exangie¢,iFeS,; Soreferabfymsieved ithroigh 3330 mesn(®2 )una)strezn defoabise.
from Harwi ck Standard Di stribution Corp., Akron, OH,

[0079gSA T @elbéeabp lw &hinS %lumpsromgl aﬁeﬁlmslne NehaPXk dﬁn(peé@able and
OX(r)" from Dow Chem cal Conpany, Mdl and, M,

electrigally mmmdlgmdeétt lylcewéxleeoihlwldzm/awagtl sen@@@nylmwhm the pores

of thér;%ggai%tah | S%@;%E%d[sp? dK{)e%v%}\ ngaXémrs?ﬂfamu& e negative

mcroni ze
electrpdd whé tpositive osleriddy | oneletlEally) insarad aled eleettodys from each other.

Portions of the separator may also insulate other components in electrical contact with the cell

terminals to prevent internal short circuits. Edges of the separator often extend beyond the
edges of at least one electrode to insure that the negative electrode and positive electrode do
not make electrical contact even if they are not perfectly aligned with each other. However, it

is desirable to minimize the amount of separator extending beyond the electrodes.
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Mcro Powders Inc., Tarrytown, NY, USA (commercially
avai |l able from Dar-Tech Inc., Oeveland, OH USA) and
WOEROSSI50 ) 200 grade fumed silica from DegusseCT/US2009/003471

Cor poration Pignment G oup, Ridgefield, NJ. [0077] The

current collector may be di sposed within or inbedded

into the positive electrode surface, or the positive

el ectrode m xture nay be coated onto one or both sides
[008oPf ard rdVide? gﬁbd Sigh w%:r%dwge erforfRATON Y 'déﬁxqible that the

mat er | curr | ector ext end beyond the
separgarrhave medfhatdqtcrqsoa (tppne@ vathersmajtest djmwaplm phat leass 0. 005 pm and a

e e 57 oF DS B B 5 5 o R B 03 B, a

area sf)étﬁﬁﬂ’aésist@ce onfreat 2w 15 ohhrcat aat 4 karalositye kds dmnmei)tchd:losed in
to the itive term nal It is des e to keep.the

U Rlgnt - PS04 SxcuahMlar bdPP.cnd Bireby eeorsied B feference.
collector to a mninmnumto make as nuch of the interna

[00811/o| L&nixablfe sdparamrl mammlsl slicdudd faiso hetstroeg nenoagh gbswithstand cell

roI 0078] ref t ho f _nakin e .
manuBEEFDE PEKERich ey BADS PERPe T Ay OoR S e 0P FOF PR, dying cell
dischd¥gd Rithat tBéthsiphﬁS HolkeS bt 8thér gapsalehtlgpihy thvatlcadld!result in an internal

organi ¢ solvent (e.g., trichloroethylene) onto both
short gircyits e rramgné%thedptabﬁ?n@fqﬁ%’fq Wne In éweélh@ecssaqrmg sheyld be as

thin ab EH&Y@e tﬂ?ﬁfg RS thafi @:SG}H'HI ?lalcl& %d(}ﬁ’ﬂ{:?ﬁ’eféﬁb%’ ﬁd)more than 22 pm

t I ng, e coat e
thick, dmﬂ: as&f) i dt |h6 amd A highstensilp stress is h@lralblciprpfsfsabtly a/teleast 800, more

et 50 Skl B o b AR e o P

cell tlfcrﬂibferrﬁdﬂtéﬂsﬂé Stréds A€ 6t fe@st iS00 KgZem? ethe insdechink direction and at least
puncturing the separator. For exanple, FeS2 i

1200 kefierar amthe sransusese direstigh and 5y 303 (1gpe fq) B rsefirred tensile
strengla{%f rtﬁe Hﬁl@ nE QR4 %anm?sescﬁ%gﬁﬁeso%rﬁ '1§0@ ahdhiy UOGrk?f‘/(Qﬁ’b 'r&pectively.

net I'S | on-pernea [ ectrical
Prefembluctindal@tragﬁedlelqctrus becapddve \@ﬂtagﬂowll nee at 11:26952@0@ ovpdts, more
n the rese of th

ect.r
preferg§ops Rt 7200, valE ehl BTGB Hns) I SR 2B Yatis (g pyeferred
maxirﬁllﬂﬂ &ﬂem@eleﬂl)(ﬁe tstzedle fironsl O;I?ssurfnw@ mdmt ;rmckapteﬁerably no greater than
el ectrica i nsul at e, t eeectro rom eac
0.20 gy t?rsﬁgabéx theBE eiPsFific ourf; ﬁ%yaraii%ﬁsh?srm &feéteBEIP?é‘rEO m’/g, more
preferﬁﬁ’l 5] fnp'/ Sh@Ghdsk %?éferﬁ@l?ta@@éast"!j M2 fgNPrémtably the area speclﬁc
s 10 B

revent |nterna short circuits. es of 5
resnstanhe lsmpgneamothaof‘!t bnhmmnenmomaymfmahlh 80 @rress then 40 ohm-cm’, and

most %rlegieibllg gg ggeﬁl é 5 oﬁm n%mrﬁl %@811885 €3 Qr%qggén\ﬁ%d in greater detail

fve e ect ro
in U.8| Baénti Lgplicato th 101780,405, ﬁl&ﬁ)bnaNeve‘mberp'Ht 2603,| which is hereby
aligned with each other. Hovvever it is desirable to
mcorqﬁrzﬁ;qﬁ)}zge #FRCCanount of separator extending beyond the
el ectrodes. [ 0080] To provide good hi gh power discharge
[0082per fSepamturemérmbianesd fiwi usabih dithihmt battedes are often polymeric separators

made of polypropylene, polyethylene or ultrahigh molecular weight polyethylene, with
polyethylene being preferred. The separator can be a single layer of biaxially oriented
microporous membrane, or two or more layers can be laminated together to provide the
desired tensile strengths in orthogonal directions. A single layer is preferred to minimize the

cost. Suitable single layer biaxially oriented polyethylene microporous separator is available
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separator have the characteristics (pores with a
smal | est di nension of at [east 0.005 mmand a | argest
walzeeensisem of no nore than 5 mm across, a por oBCT/YSi0n9/003471
the range of 30 to 70 percent, an area specific
resistance of from2 to 15 ohmcnR2 and a tortuosity
| ess than 2.5) disclosed in U S. Patent No. 5,290,414,
i ssued March 1, 1994, and hereby incorporated by
from Tﬁegnr(%{bﬁﬁ%al IS5 1lva§‘:ﬂﬁl¥ FRInf EXRRT "l\t‘[&fller@ﬁe‘?ﬁlbﬁl Go.SV@tddnia, NY,

rong enou to w thstand cell manufacturin
USA. de@bsEZﬂDH\]sglwé#: semmtqm kassai2@ pnhapmingy thieknegs rand Setala 16MMS

arat or cell discharge w thout tears,
gradei'ﬁﬁigﬁnh%q"émalqﬁ %‘i"%‘%r gaps devel opi ng that coul d
result in an internal short circuit. To mnimze the
[0083] ot alhes BpeatiNe ctlecirodenpositive iglectrady and Reparalos iRy are combined
s r
cosa PP, Ay 55 THPSTLI: o85G A b 3 Wi,
such ash ithet , shewp hinaldlG2 A, nmadsr byl Bvinding Adlteimgting estripd ef positivs electrode,

esi rabl e referably at | east 80 prefe
separdy, MERAE R oRF o SEcdtar erosfd s manctel, Jalich L Frfielffom the
electrédeddss&niBly -wiearwiadinf R cdry, f@tec At ledshendragEesf s%ﬁaﬂa&iﬂ ahd/er at least
stress is at |east 1500 f/cn?2 in the nachine

one laypr efcqlecsricallydnatlating fdm (fmawbngweo is EqRerally arvanpsdsagound the
outsno‘é' 5@&%'&5&m@@%{$9{b1}a ﬁ'ﬁ@s’sséﬁﬁea Gahlbet BE BFp%Egé' I @0helps hold the

tensile strengths i'n the machine and tr Andverse
assembly geihenandamay 180Ged mal adjosOthk gridtner, dinmetse of itheehssembly to the

ferablythe average dielectric br kdo ol t age
desire imSisions) TheoSuEBisnE, o e Sl 3 IR R M o gy b e
down 2460 a \pidce Sofaldtiesivas tapp loe Togridat Yeatihg! cRtnegdNe settidle can be the

The preferred maxi mum effective pore size js from?0O
outermpsticdecrode amphavay i FHar &r abfhe PRSitiyeegledrodencan be Sy Otermost

electr{)ﬁp Elfdrefiddhlode tclé‘r? bBE] eRRE ] | b&nta%ﬂ rvfflﬁp ﬁlead'eﬁacdﬂ'tduller bﬁut internal
o greater than 40 n2/g, nore prefera | east
short mﬁdlgts dntiveen she putmpeireldsirpdaiand éla§tde2@lh@f¥tge centainer Q,ablby avoided

whenglheng HGhst ﬁsélé()fdﬁrlgh%f'g%}eaeﬁ]ecﬁode thg. 1591r aeeJ t t%aipn eﬁfc?r m'éll contact

Fea
wnthtaﬂdamost preferably no greater than 3.5 ohm cn2. These
properties are described in greater detail in US.
at t | t 9 8&65 bl
0082 S50 el 4568 il e IR ety i
formeEiOG/&H] thBepasitateo electeoder hal\asg fdixcctnoshaemmally tabfivenmaterial selectively
deposﬁscﬁ é}'ﬁ{"‘-‘l(?g g{qg)rg{/)%le% o é’%r qt&%ll%éﬁtl%&?h%Flgi;trochemlcally

activeMPlafdfihl BPHEChdpati®h elecitbdd) PRhYIRAIME REMBRS N selectlvely deposited
preferred. The separator can be a single |ayer

configyratiang |of wlestrpehemicnllyi activp sraserial nrthe RAULIVEE eﬁﬁmdeoqﬂd further, an
electrOefidat Vel S it AfliMEa | RTNA R tiRECIA Vet KRR Y. §EPh)fation No.

2008/0026288, published on Jan. 31, 2008 and U.S. Publication No. 2008/0026293, published
on Jan. 31, 2008, both fully herein incorporated by reference.

[0085] Rather than being spirally wound, the electrode assembly may be formed by
folding the electrode and separator strips together. The strips may be aligned along their

lengths and then folded in an accordion fashion, or the negative electrode and one electrode
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desired tensile strengths in orthogonal directions. A
single layer is preferred to mnimze the cost.
wEiwanlseo si ngl e | ayer biaxially oriented pol yrReTysmn®003471
m croporous separator is avail abl efrom Tonen Cheni cal
Corp., avail able from EXXON Mobil e Chem cal Co.,
Macedoni a, NY, USA. Setela F20DH grade separator has
a 20 nm nom nal thickness, and Setela 16MVBE grade has
. e T [
sip By A DOHIABL, L 53, ORERhod B B ditsiode sipand the
electrodnsbaltemhtetlpgfetdeérorienacanssethscothadéoramem:llyyorlérmed), in both cases

formif § RGOS YGTERE et elirods Bisatibe ERRGHa T

alternating strips of positive electrode, separator,
[0086h e g afheyeleetrade tassamebly gl 1@915@@ att@ thexhesising eontainets eln, the case of a

Spll‘ﬂl(%\k’%lﬂ'ldl ei?cg%gé ggﬁte%[% E}T r‘ﬁ{&qeeas ?rHr gleoerﬂﬁ'%ﬁﬁgé )ég)r{%?l@r the major

surfacas df cthe &tectredhst areperpeagieulanfto ehe side [ \eaﬂl(k)yof ﬁ&ud:(ﬂitamnj (in other

film 0 ene s .gener.al | wWr apped. ar.ou
words, fis G f&ﬁirgl. ke Ef?ﬁ% klsc @5%% %B@yag ﬁ@?‘;}o % jopeitdinal @ds of fhe cell)
Foldeﬂ elébeadeoéss&mm@wtypicaw @éedSin fpﬁkﬂaﬁéﬂ&el@s %?fﬁﬁ' dse of an accordion-

t her and bé used to adjust the w dt
foldedy Pgﬁ(@?@r assﬁmblye t%ss gesamibly isoori¢redy é@,uth@dhenﬂaéméqcmde Fhidaces at
t e e e
oppoi 54 B S8 BF esEod RIS WY adficeBt opiltiodd oThe contaner.
In these cbryﬁgmatons abd majprity lod the gaili area of dwt majde suﬂatceb@f tthe negative
s, sho

st el ectrode,
clectr ik 4 M)aent Uy FoABEL £F BE WiHb atsd; ol G5 <Titiar suffegaef the positive
electrédel thRfugR tIRCIepAdRr AA tﬁ@odt&nﬁisﬁﬁ&rﬁbﬁ%f th@Bledddehdjbr $ubfaces are

cell contai ner, but I nt ernal rt circuits between
adjacenih g0 ghet sideswald jof ther eanéaingsd In ithis svaye expanpiopfof theeelectrode assembly

due t§ge{}.t ﬁ%c?eea"se d Deofht e‘&eﬁx %@Iﬁi}e% nrbt‘?eﬂg -%rg?@?&%b ef%L{?&Jer 8AE positive

sanme e ectro
electradecis tonstrained by tlecdontdindn sideavatlgs). [ 0084] In one or nore
enbodi nents of the present invention, the el ectrode

10087955 A HohabRobOkEBHolid Qoaaﬁl.p@wawrvmfIlﬁ%mﬁahaquamles as a

el ectrochemcally active natefial selectively
contaniingot (a-@dne meare dhart abouit (H0P paetd psemiillips Bynsveiaht.edepending on the

e1ectr(slr&'{eiesrcaliltg1 uh%eﬁlzzn@tds moth eﬂ%fe?lj tlé'c‘t)rﬁlé': rﬂ}lgeﬁl eﬁs %‘f"ﬂlne invention.

ne a Irve

Any pRoaqpé®sS e:léctmejrtemuwlelhyfodeneswttledlthmnf |agd1ra¢t1vonmsiﬁﬁze electrode
active material on the iti

mater@& ggaty:qoggpgg n%ﬁ ﬁ%llyte c&qtaérpse@}erq;dﬂ%rﬁ]e& trgg'éé %Alt\gedissolved in an

organicngdwéilﬂt NOFR PRIFESY Belf WXamipiB' of aﬁﬁbn%%ané %élhdé lﬁuﬁhé bromide,
lication No. 2008/0026288, published on

llthlum op)fgc}glmgteu Ighiumy bexa(ﬂgpmphoqpbatez poRsHUR dmgﬂucpgphqsgh@d lithium
hexaleE}%o%?s'gnatg ]mm%% ?i’ﬂugl%%tﬁalﬂ iu\fforr]gtre %Hi] llhﬂﬁg &ﬁﬁea;‘taﬁﬁi SIE) table organic

solvents include one or more of the following: dimethyl carbonate, diethyl carbonate,
methylethyl carbonate, ethylene carbonate, propylene carbonate, 1,2-butylene carbonate, 2,3-
butylene carbonate, methyl formate, y-butyrolactone, sulfolane, acetonitrile, 3,5-
dimethylisoxazole, n,n-dimethyl formamide and ethers. The salt/solvent combination will
provide sufficient electrolytic and electrical conductivity to meet the cell discharge

requirements over the desired temperature range. Ethers are often desirable because of their
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[ 0085] Rather than being spirally wound, the el ectrode

assenbly may be forned by folding the el ectrode and
wG@epanstser strips together. The strips may be BOCT/USm®AI/003471

along their lengths and then folded in an accordion

fashion, or the negative el ectrode and one

el ectrodestrip may be | aid perpendicular to the

positive el ectrode and another el ectrode strip and the

generﬁl)ﬁ‘ b0 C{ﬁ&oﬁk}t eBad Slw. an' @@%b‘ﬂﬁ? 3508 Jow Nenticitiire dnscharge

(orthogonal | |ente th” cases fornln%va st ack
perforpfang¢ aed gead %r/mghn@tgahschvgelpsofpmv@eaﬂanqo@mamw rly true in Li/FeS,
yers. ] [
cells l%cglgsrettg% gthe ar% I;;nor%~I El?: ntB 'ngﬁ allﬁﬁgf Bgﬁ 9{ %lg&gclé%% $d hlgher ether
levelssqah rbaldsgd V\Suumbleaétha’s indedeq baeard Ingt limited I acyiclic athers such as 1,2-

lindric prismatic, contain t he r surfac
aimetfieyeitans | LB ipep GRRIVERED cdor nBIdymE uagme and

diethylelethie,) ol h&C 0fRhés NShich( | &3 Of BlaloxdRineS . tefrdtydfdtiah 2l 2-methyl
core of the el ectrode assenbly is paraIIeI to a

tetrahydrafjiranuandixmethyil-2-axpzalisknangl | ). Fol ded el ect r ode
assenblies are typically used in prismatic cells. In
[0088) he Smbificoiegativeekeoticiep pbsitite dleetredd andlelearslgrbéampdshidns and
assenbly is oriented so that, the flat el ectraode
amouts cam be adpted B BEIVide thpdesid qeffananuipuryie, perirTageRand storage
charaét@rYs‘%fc? a@rcﬁsﬁéjSIeEQEm S tﬁt?ﬁp@ﬁilkﬁlﬁi MBS 10719,485, which is referenced
container. In these configurations the majori'ty of the
abovet ot al area of the mmjor surfaces of the negative
el ectrode is adjacent the majority of the total area
[0089?f tN/I@thHE& £ aSdehibREEBthE ElebhbchRAfiédl cMB ¢ItRE preSéHe invention include
hrough the separator, and the outernost Bortlons of
mserttnﬁeth@ pl@ettr@d@opésmlb and preferebly as iasulefingdepmbergntortge selljgontainer.
f. |
A infil bl FRA 1R iRt o ek e IREREBRA. B oo Mnbodiment
by prd:sbmglmbsme'g wheel h@mm abt sidewall of theaxbatasred ip g area/e is deswed to

constrained b ont ainer side .. .
form {fgtied e YA A IR AT 4t AR BB RSB e into the
contaid’iélt BriorOfdl Msdriiory 6f theSehal dsséthlitihfol @ntanser awﬁél’ﬂh &'Bill wa;ﬁtt is utilized.
no nore than about 500 parts per

Alterrw@w%m if achablevrat fgutdlized e ead é%,SFmélwee @aqttolxﬂe .cwg ba §é@?ﬁ prior to
mtemlapselalﬁﬁ of fhetégﬂ ‘Qi'il'ﬂh%rlfaﬂdofth bhii QEhe e C_ri?ﬁ%)ljfﬁp&tloﬁg]@f the end

I nvent ny nonaqueous e ectro yte e for use
assembi)t hrel $eatudumn gheduprer iwal phdhet initéal diead tfommkd. mint erfuether step, the

be us The .el.eciral ont ai ns e _or .e .

contalfEY s PR aaiE AL bt e RO CPia RS aJirplFRfFe tsage thac i

insertéd initd ﬁﬁf‘b%a@eﬂ“he b bérs upﬁn@eihbéiﬁlhem&fbhﬁlstslolﬁ eWollislves and each
[ithium brom de, Ijthium perchlorate, l|ithijiu

extenqifewrf%'elvokﬂ@osa;swatdethep'aﬁaés%q that s head &y 8‘HW0§‘HW8F%" around the
c1rcu1{1fe}éf't‘xl'cé’ PR Eil %Hotﬁé canl 'bUU fi2d and losed in the process. The
tri ul'f on e, an

uor onet hanes e and hi um 1 odi
contaisaafr ilsalsbesuppcg@dla‘ctmcbbuemtd tlnemxintmlmro Various seal membertsugfaces, both
radlal and ax1a1 1ge }gjelrprre%tdpc\(llar & Ehtéorrall 1a ’dlrgctl%tnhgre a%vanqgge%glsy sealed against
other adjacent components of the closure assembly during the closing process. A further step
of closing the cell and forming the upwardly inclined bead involves the diameter reduction of
the upper sidewall by a redraw or collet process. In this process, the container is constrained

or supported both at the top end and the bottom. In some embodiments, the support at the
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met hyl et hyl carbonate, ethylene carbonate, propylene
carbonate, 1,2-butylene carbonate, 2,3- butyl ene
we20bosEse, net hyl formate, g-butyrol actone, seXCT/ORRNE)003471
acetonitrile, 3,5- dinethylisoxazole, n,n-dinethyl
formam de and ethers. The salt/sol vent conbi nation

wi Il provide sufficient electrolytic and el ectri cal
conductivity to neet the ceI | di scharge requirenents
f Si: t
conaE ol A ETUBS) Wiepcdtr FASEe gl The camews

redudgion dndvbottom gﬁmgmbsd éxtsa, magenial ﬂomwntceﬁhrp bead thatis further deformed or

B N N LT M T

proj e@ﬁﬁ(%z@pﬂéf—‘ Gals Q\ﬁeli‘ didphdi@rred@tion, e appdrant of tiwadonwind? is also folded
ositive el ectrodes, so hlgher et her levels can

inwarddy tos Eam aserimped emb@lpfba?slak forses &= apnlied hebvesstthe baad and cnmped

t djjaet h
. | AR S5 SR, A NP IBRHEL R porom. i
compreﬂsioagils yreferably maiatdindd et heleastthel upgmlsndrvea!lrmrrmgsuutpmg of the

(Hﬁ di oxal ane, tetrahydrofuran, 2-nethyl
W””E%F* B&GMAPLn and 3- met hyl - 2- oxazol i di none. [0088]

Speci fic negative electrode, positive electrode and
[009Q§| eciTherspuls of dwmaufpmng andhelosing @mcgssganrebﬂu%s@fqgismé@ drawings.
Geon‘neQHQJ {? l.'hgg) &’ﬁ?'e' 468n ‘?I«ke&@?ﬂf t?i&é éﬂg deB?{c]f gi&?ﬁ@&ebetween
ora aracteris di'scl ose
the sBat mambépmid diet camaihkr, sddl/ mdiaber2and tHel ohrems lindfieg @ndetdrrupting

bove 8%OOSQ(]él I\/Et hods, f or assenbé%
memfgro gid gnbereAndgthe contaet TRFRRET A lpwecﬁf'? oRpter dipmeter are all
sealell NTRE tobMbctiMemiSdr 4R8/60 heP 8GRI BteYdediRAe P SR hahAR ééal%rh large portion
insul ati ng nmenber into the cell container. An initial

of the seall memtres swiferei arca that etheravisd Wowld hexpasadete. eleprrely&e aEHhe gasket
r Iy
thlckhv\iss i ngggﬂn%éq ?'ﬁe ?ETQ@% mgﬁgépopg%(ﬁa&ﬁclznﬁg Irgig{r19élg]spﬁlel seal member
thlckMSsaaldtmi mlrdmmmgd/apm‘ frensmitdien kaadldnwﬂasleetltehpathdnng'th for vapor
ated around i . cIroI LS . .. .
trans{iSRne oLy TGV IRRErEBh CEMAEH pfapTES { tgWaHL dieed cproisetip provides
enharfded sé‘élﬁng"fbnlclé ah@fitheP Ridatddahe chinBd ofelé@idchaifiithl dedl leakage. This is
utilize Alternatively, if a ball vent is utilized In
especally ue avhsnythe cpld is E¥RASES g tempesgiuiselle@untipnpiausing teypansion and
r f
contrh&}o% Qlfli_hells @91’11 n&éf%bg}at 1?01hs € fd?)l%xgéarlecﬁ géag s?géemn%b 'Pl?é hpwardly
taperecbaive\dd bendt llppeuwpﬂé hasmlk)i"e tefidenky to springdiack emitls élmglmdcposntlon after
h In a further step, the container is supported at the
the eXpAnSody  pead. The bead support has a protruding | edge
that is inserted into the bead. The bead support in
[009Hne §hb@Uq>we¢nscr¢m:m i§ ppertishilarlyoelavans ¢ crlindrisalChi/EoS, ealds; such as

FR6 RhE FROF N des 180 eaﬁn%ﬁrlg b6 SiehdaRRUE80d¥R2 ah IEC 60086-2,
E ucf ?S%of (} ﬁ1

y Su aroun
published by the Intematlonal Electrotechnical Commission, Geneva, Switzerland. However,

the invention may also be adapted to other cell sizes and shapes and to cells with other
electrode assembly, housing, seal and pressure relief vent member designs. Other cell types
in which the invention can be used include primary and rechargeable nonaqueous cells, such
as lithium/manganese dioxide and lithium ion cells. The electrode assembly configuration

can also vary. For example, it can have spirally wound electrodes, as described above, folded

33



circunference of the cell and the support can be
opened and closed in the process. The container is
w@bk@o/1sispport ed at the bottom of the contai nerPCVES1000603471

seal nenber surfaces, both radial and axial, i.e.,

perpendi cular to the radial direction, are

advant ageousl y seal ed agai nst ot her adj acent

conmponents of the closure assenbly during the closing
electr? €3C 65 Stacld 31“5&1{9@5 e.8l Gt %iat@é) OSTHRIcdlNéha P@ Ichn %Ik@ vary, to include

ormng the upwar incli ned bead involves the
cylindticalandeprismatig @hap@n of exdmeple;pPlrer seld ehgmistrigy suchrasgbufypot limited

o LIRS AT, FREE oL o PSPy o e

a nonfifl voltagelhighee than d 390V isoEinds2.0 Menduppor t  at
t hecont ai ner bottomcan |ift upward during the process
&91364 Nehd'pd HGér 2HU Qekud th
100528 1 ST oF LGSkl o] Thost e bR ahe AL B F08 gl in the
art thahzerious modifinationd efndr insptovements ey btacmadblty tlhnwavejwltrpn w1thout

nd.t he, bead forns,.the i red
depaf AP §° I c) BEPERUBEOEOUPY: AP CEyPe T AapHfon afforded i o be
deterhied B tRrtlaiing @nd! By tHe tao4lit0bf inkeprearibaalered by Ris 0
folded inwardly to forma crinped end and axi al forces

are applied between the bead and crinped end. In the
crinping process, the container is also supported at
the bottom Radial conpression is preferably
mai nt ai ned on at | east the upper sidewall during
crinping of the upper end of the container. [0090] The
result of the cell form ng and cl osing processes are
illustrated in the drawi ngs. Geonetries of the parts
and the closing processes insure that the desired

i nterfaces between the seal nenber and the container,
seal nmenber and the current limting or interrupting
menber, and the seal nenber and the contact nenber or
I nner cover outer dianeter are all seal ed. The contact
menber and/or inner cover are designed such that it
seals a large portion of the seal nenber surface area
that otherwi se would be exposed to electrolyte. The
gasket thickness is mnimzed. The relatively deep
bead depth and relatively small seal nenber thickness
aid in mnimzing vapor transni ssion and increase the
path | ength for vapor transm ssion. The
circunferential upwardly tapered i nward bead

proj ection provides enhanced sealing force and further
reduces the chance of el ectrochem cal cell |eakage.
This is especially true when the cell is exposed to
tenperature fluctuatian causi ng expansi on and
contraction of cell conponents, especially in the

pol ymeric seal nmenber. The upwardly tapered inward
bead upper wall has nore tendency to spring back to
its original position after
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t he expansion. [0091] The above description is
particularly relevant to cylindrical Li/FeS2 cells,

WG owb/15158FR6 and FRO3 types, as defined in PCT/US2009/003471
International Standards | EC 60086-1 and | EC 60086- 2,
publ i shed by the International Electrotechnica
Comm ssi on, Ceneva, Switzerland. However, the
i nvention may al so be adapted to other cell sizes and
?Hg&ﬁﬁ“l ? cells with other electrode assenbly,

ousl ng, sea and pressure relief vent nenber designs.

O her cel es .i ich the invention can be used

i hel udé &F“H 0%&?%@% e nonaqueous cells,

Sye irfichl &@@wﬂn@ﬁ@%ﬁeﬁg adll %l Q@n@m dnd, iatSideW11aR8 an open end;
celTs. The el ectrode assémbly configuration can al so

varspiralityy wosrd ralecirode tasseabln O8qel wgh;wthm@pmer said electrode
e a r I c .
assemg Sé(né&gﬁi?% & ?ogﬁfec e]elgﬁg?&f‘ zf)Ylggat vg ?8&%@ %dé gﬁrZ% aeg%entlally of
llthlurﬁam aaitblom\/ﬂtqy, atseparatoi didposey lbetméen tled pasitivemnd siegative electrodes,
shape Ot her cell chem stries such as,

or, e
and a pop- g‘iﬂ?f’“? Yolptle gleg e€6°lyﬁfi S/ Sse, Li/Agd, Li/V20B, LilNMQ2,
Lb/cRodffer&mial Rvdsl iprbjé@sbn ihhde %1&%II%UQ§1VG%W \)ﬂﬁy &val and a
nom nal vol tage hi gher than 1.50 V such as
lowerawdl vonnected By 4 trangition membsedhe uppt wall incdised wawardly towards a
t I
B 555 090 RS0 o 058 K A5 10 1508 5 aons e
respedtid denigthst i@l | nventi on wi thout departing fromt he
spirit o e.di.scl osed co The 0 of . .
> B el e bl Gime e 25 ERLE B Bt e e by popgprising a
vent rﬁ&ﬂbé})’c igﬁlﬂe W%ﬁ!ﬁl\%ﬁ’ﬂc a b%&fe%ﬁkétlh@&aﬁh}e@wé’ qurrent limiting or

Il aw. VHA . An el ectrochem cal cel
interrypsimg masnbeg; and agyinsuitingcelymetie peat mﬁmﬁhwatﬁ@bﬁtwgelathe container
e
ot CLIREHPELATO e A4 0B ot B K, comat i
operatmahyz eilectecallmndeeéémtthopmlmws@eﬂbﬂoﬂe onnq:gatlsc clgcteode.
positive el ectrode, a negative el ectrode consisting
essentially of lithiumor a lithiumalloy, a separator

dpspos FHe BREMRBBmIJAE cdIPEdchidie: t@rwhlmelg a&uem tHedehd Qp|Rs wall has
and a non-aqueous volatile electroly a

a lowgrmost print lepatediradjablyaugvard dfase an empqrnvqlh@@m‘é%aplm #hd wherein
' t
an anglE Kot dn B AR HorizBREL fnd ANEHhLquER SFE Pl RficAmost point
and ant Duaginsy dine heliwakn opper evalldbwbhmosc pbint arheppehwall plppmnost point is
. P@ll spaced apart fromthe [ower wall along their
om ctive lengths; and an end assenbly closing the
open end of the container, the end assenbly conprising

3. The electrochemical cell according to claim 2, wherein the angle is from 3° to

20°.

4. The electrochemical cell according to clam 2, wherein the bead has a depth

that is at least 22% of a maximum radius of the container.
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vent menber capable of venting at a predeterm ned
internal pressure, a current limting or interrupting
woreovbasisseand an i nsul ating, polymeric seal menPE@r/US2009/003471

| ocat ed between the container and a conductive contact

of the end assenbly, and wherein the conductive

contact is operatively electrically connected to the

positive el ectrode or negative electrode. 2. The

elsect r ¢ %iecﬁa{:heﬁrﬁhdl &P%E&'dﬂ% foCciginuMyvhere BleChdad tdepth is at

bead upper wal as a lowernost point |ocated radially
least 3% whthe radivsofthe oppainemal | upper nost poi nt, and

wherei n an angl e between an i magi nary horizontal |ine

ext endi ng through upper wall | owernost point and an

| Bagi n&hlyleﬂécﬁeclbﬂiiw%lltaa&&ﬂin\gablcleiiml\lli‘,rwba'éinahé rbntactcassembly

upper .wa uppernost point is froml o.,to 30, 3. The
furtheg | aglpdesch spndigtive sontaglc smben fayipe @ aFrm@fa?v@?@ﬁei%nméed to a
press@B deRadeS vt AmbdrQ 1t prefsurd RElefeOdnt QfidHIBEr Cabakl€! df rupturing in

according to clam 2, wherein the bead has a depth that
response tatintegwms celd pedssifre thatrisc atnhgast as dighsasod predetermined release pressure

cont ai.ner I ' [
PR8I B PRE RN I, 4k plr FORBEALER ot nee
included @h Wiabbegnient daneaemdran £xial Bistanet substamtinlyrparallelaelal segment of
according to claiml1, wherein the tact. assenbly ..
the SAGANROToREY GRRG0 YHSHIR P VRErBRTEL A e BN a6 el segment
exten@RE RIRHR afihPOGenP 8 GuBdardiRIG rRdi8S divéctioh ¥n@aREUIAMN portion
nmenber, the pressure rel ease vent nenber capabl e of

located gxiallyi shgve ther ksagoansewhereimthe pariphesal| flange dxansitiens figm the radial
| eagt k ? i O 1 . .

ol 84 b8 R R 8 PSR i v

the sedEmiemiveinis aindendodipeessionbetyweshi 4o heastada) tHeasidpsval lnnldysteipheral flange

..axial segnment that, extends an axi al di stanc
axial $Egaar) 419 heagdaind Per i ¥Rt (B e HEE e g pecond lower
axial &EhRAENt thereto, wherein the peripheral flange

i ncludes a radial segnent extending fromthe axia
segnent in a substantially radial direction and

| F}'Cl udeﬁlfaelpcq{otchégﬁiclﬂo‘gé’ﬂ %gco@éﬂn ltL)yclﬁ'i e &%@eipetﬂﬁ'eenﬂn&sembly

whérei n The periphera I'ange transitiohs Tromt
further dnélades segpmenitiviedinaersesenih dpmerative setécaticab egmaettwith the conductive

extending i.n a substanti al axi al direction erein
contagiy s HEEH hed AR COFS T AdPIEbARBERCHPrL B GhoBRa: MRSt the sea
memHeR)is tddfhppdse@iBtivead Ghdd eddiNRmlent b G apper| wAPGFRRE bead, and
b) the bead and the radial segnent, and (c) the bead

whereip thet $¢8] membeidis|compressed katwesgiie igner cover axial segment and an upper
sidewall of the container.

8. The electrochemical cell according to claim 7, wherein a conductive contact
member is connected to the inner cover and operatively electrically connected to a current
collector of the positive electrode, wherein the cell further includes an insulating member that
prevents contact between a portion of a positive electrode current collector and the sidewall of
the container, and wherein a portion of the insulating member is in contact with and disposed

between the bead and the contact member.
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7. The el ectrochem cal cell according to claima1,
wherein the end assenbly further includes a conductive
WO pvensisever in operative electrical contact wWeTUs19e9/003471

conductive contact, wherein the inner cover has a

radi al segnment and an axial segnment, wherein the seal

menber is conpressed between the radial segnent and

the upper wall of the bead, and wherein the sea

menber is conpressed between the inner cover axial

segnent and an upper sidewall of the container. 8 The

ePect r Gbhelecrathemidal celt @ceaiding to claimal, whereinthesr ednt nzember is a
ball- ondugtlvg contact nmenber is connected to the inner
all-OPs &Pt BB Hper ati vel y el ectrical ly connected to a

current collector of the positive el ectrode, mherein

the cell further includes an i nsul atl ng mber th
pr @y entlée dertraehemyeal sl ageopling ite rFlgjm SE?F"(“P vhe Thd assembly

furthef hrﬁ:‘fﬁc{e@ qecoﬁHﬁ&ﬁQ tinrfeP bt ! RherBGht ighe? CORYGIIudEs af 88ment which
contal ner, and wherein a portion of the insulatin
formsraem:reon of aiball yenttassambly t whexeid thé inmes eavep inolusles atperpheral flange

havm% &rﬁdlg %egp%ﬁh%lgd{]%\a%%l%l Sﬁgygﬁt gF;eglghﬁtht%lrg& L Q %n\%m n%%cated radially

outward Bdhl theyaxéal egehdifig Bognent, | Wherdinahe ket tmiamiifeems cahpressed between
according to claiml, wherein the end a further |,

the axiglsegment of the MG EQYFE anth Hisr ralsiop, eI & ihe Biad; b pherein the
nfee ErhpHEQEd BetWRBT R ralifl &%n{ R HBthd ik Eb\%? A 1R Il

seal &%nt assenbl y, whefgln t e|nner éover |ng udegm%&rwa

of thepead.pher al fl ange having a radial segnment and an axi al
segnent, wherein the radial segment is |ocated

radially outward fromthe axial extending segnent,
wWher ei The eieceeetemiediizell accordiagpes etsmal, b’d‘te\rﬁe tthet j)ksltive electrode

axi al seg t of t e |n er cqover_and t Slt
comprisiEn GRURHE Boahcrsdhalrel o A ROSZS égll? fea) Gember has a
dimers MRl 266 0f IREIAReN4lche radi al segnent of the i nner

cover and the upper wall of the bead. 11. The

el ectrochem cal cell according to claim1, wherein the

pCiﬁl ti \ﬁl %ie%ﬁ’l){q%g'ﬁca? g%&&?&né td f“é ﬁg,l {vh&gi’n tﬁ%1 Qinr%%ie(}nal ratio

WhET ei S| ze“ce e sea
isk&hﬂ&masdmﬁen3|onal ratio of less than 1.14 cm 12. The

el ectrochem cal cell according to claim1l1l, wherein

the dimensional ratio is less than 0.86 cm 13. The

ehgct r qpRRIEcHahehfitd] calf a8dordiRg td Blafh ail whdreinhe dhéhsional ratio
t he di mensional ratio
is less than 0.51 cm.

14.  The electrochemical cell according to claim 1, wherein the positive electrode
comprises iron disulfide, and wherein the cell is a R03 or R8 size cell and the seal member
has a dimensional ratio of less than 0.86 cm.

15.  The electrochemical cell according to claim 14, wherein dimensional ratio is

less than 0.48 cm.
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is less than 0.51 cm 14. The el ectrochem cal cel
according to claiml1l, wherein the positive el ectrode
weowpnsses i ron di sul fide, and wherein the cel PCT/ES209/003471
RO3 or R8 size cell and the seal nenber has a
di mnensional ratio of less than 0.86 cm 15. The
el ectrochem cal cell according to claim 14, wherein
di mensional ratio is less than 0.48 cm 16. The
ehgctr qgb %iecﬁa&heﬁﬁédl B %ee&umg tB Q:lé;.lnaunwefelmeﬂscbnan ratio is
dinensional ratio i1s less than 0.30 cm 17. The
less thandc3d @m:heni cal cel | according to claim6, wher ein a
cross-sectional area of the seal nenber between the
contact nenber and the upper wall of the bead is |ess
than 1Thé em&oéhﬁméa] le6ll atecrding|td chaivdl 6, agerdéiharcréssSectidhal area

for a ize c 18. The el ectrochem cal .gel.l )
of theaieebmaﬁggr Besmermin cent%@F@Sﬁr #Kthe ResT wal af ﬁ@e‘&ﬁ%ﬁ% less than
12.5 rﬁlfn2 e ROSEAELI ARNERthaX4. il R a REB3StzeReRS MM axi al Iy

bel ow t he upper wall uppernost point of the bead. 19.
The el ectrochemi cal cell according to claim7, wherein

gggmlsﬂtvﬁl 8%g¥g%e&g%ﬁ Q@ aéchcd vﬁégl Clzﬁ?l %@{éﬂeﬂﬁqu er ax1al segment

of thessogreniembkresxeends bhleast @CBSahnmgmb’rh‘elm theapper Wﬂéuppelnabst point
e nts, and wherein the axial segnents have a
Ofthe;eg -erence in length of |ess than 20% 20. The
el ectrochem cal cell according to claim®6, wherein the
cell further includes an insulating nenber in contact
wilPh t Abe glegophemient celhaccosdinainelainyd) wherehethg énngr geer further

mclude? g@éoﬂﬁt lt %g{nleﬁ t t& Oﬁﬁ g g&ﬁ?ﬁﬁy tfn)% t?e &t 1,GA segment,

Re seat. e ‘contact menber
wherdiin ehei radial seigimegt cmmmts theractidl kegnvads) an@ Wherklirethe axial segments have
el ect.r ch m cal chordl ng to claime6, wherein the
a differgpgeip e FSS inwardly fol ded end extending

fromthe axial segment, wherein a retainer defini ng an
Is present in the cell, and wherein a porti

of%? kggfhetebﬁcﬁwheml selhascording torclaimed, peereinthersel falrﬂaer includes
an 1n§ﬁdgm§ @éﬁﬂelbﬁlt t With &8 %ﬁ&%n grcoh{:m@l: %h%vsf ﬂle%% and in
en nd t h

e ra segmsnt e el ectrochem cal
contactewith ahe oomfacngnemberl i tha6a pointéore dfi thehseap mesther és bounded by the

rel ease . .
contact merralger, the insulating member and the bead.

21.  The electrochemical cell according to claim 6, wherein the contact member has
an inwardly folded end extending from the axial segment, wherein a retainer defining an
opening is present in the cell, and wherein a portion of the retainer and a portion of the vent
member are compressed between the contact member inwardly folded end and the radial

segment.

22.  The electrochemical cell according to claim 6, wherein the pressure release
vent member is a foil-type vent member and comprises at least a first layer of a composition

comprising one or more of a metal and a polymer.
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vent nmenber is a foil-type vent nmenber and conpri ses

at least a first |layer of a conposition conprising one
wW@roosnsssof a netal and a pol yner. 23. The PCT/US2009/003471

el ectrochem cal cell according to claim22, wherein

the pressure rel ease vent nenber conprises a second

| ayer conprising a conposition selected fromthe group

consi sting of: polyethyl ene, polypropyl ene,

pol ybut yl ene, terephthal ate, pol yethyl ene

terepht hal ate, ethylene acrylic acid, ethylene

m@Bhac ﬂynbiedaecaoblcé,mipajlopﬁtdcycbrdmg tnmietim:Z%gIWbereioitU@ peasshire release

vent m X w%’ur es t her eof %J;Ea wherei n.t he press. ]e { th
DERbE, £OMRASCS AisPonllaver Comprising,a sOmPPRon seiEptel Jtom the group
cons@ﬁ’ign ®fdi ipakgemet b&l@Frdpb&nS e Gntutylsir] néphtiataté,hipothethylene

| ayer, and the third er conprising. a conposition

terephybilales dhylenopfirylireacis. sthy %ﬁgwé@qrﬂgc a51d, nobyetfteng mastpacrylic acid,
and nﬂﬁ‘*u é%rtﬁ&lél)f} Afrd V\ﬁ’l@}%rpﬂlgyﬂr@ﬁg@re ﬁﬁ&%h ?Heﬁ{b%r comprises a third layer,

yl ene terephthal’ate ylene acrylic acid,
the ﬁ(st laybrebﬁengréxtsp@cd }vbwccemdmemecm lymrmad éhﬁathmdtlabm,rgnldl the third layer

ect o
compfi§ht = cBgp i ied BB erolf corbting ol ol REVIfH; Bhivpropytene
polybasigie] Sephthblaiel Lﬁﬁlye?@leﬁ@ﬁ&ereblﬁﬁztlﬁtep heglifiled acellic acid, ethylene
according to.cla , Where e p03|t|ve el ect rode
meth*l’?@ﬂﬁrﬁ"&’e@bé@’llen?H‘ethPﬁ@’“élaé’élt ? Bresthersof |  accor di ng
to claim1, wherein the seal nenber has an upper
radi al segment extending in a substantially radi al
di2dect iTha electerchenticek|colly accordingodel claith @3, twherein the first layer
com cloen:%‘zl ner wherei n the seal nenber upper radial
pg%@ PR connected to a seal member upper axia
segnent extendlng in a substantially axial direction
and i n_contact vvlth th contal ner sidewal | ,, erein
t Ke- sedimerrisetashemipad cel goepr g‘éé%ﬂﬂ‘mek\/‘\g‘?f’d‘é‘“ﬁ ¢ pRiifive electrode
comp hggfgg%nped end and the upper wall of the inward
projection, wherein the seal nmenber includes a |ower
radi al segnent connected to and extendi ng
subst a [l | iy . om t '
8ot e sclbal R s pltidl o JBAT, DGR elBinber has an
upperniiaﬂhe Segnsent @RteAding dn taosubstdntéatlyeradial dirbatioandituated ybelow a crimped

xjally dowward fromthe | ower rad
end ofis goriaipele WIEHN Hisnisal MGBIEF upesd i&@ﬁ%ﬁt' SERIPYE o @ seal

memBe? Ypper é@ﬂ%@helﬁr&téﬁ@mgﬁﬁsasﬁﬁs@ﬁﬁé@e&dl Rfrekti¥Pafd in contact with
projection upper wall and crinped éend of the

the corgainer sidewalhrwherginrtbe seal merskes|uppemivdpl segment axteads between the

Cl‘lmp%ﬁ gl:@ %d {h% &)89})\'7}?1? of ﬁ’le %?JV%@ ?EOJ%{%EM%H iﬁ% rege er includes a

I nner-cover or con
loweretadial rseghenti coaheatal to and ex@dhdigg tsabstariatly Gadialie imwardtyhérom the
seal nenber has. an
upper ax1al segment, wherein a lower axial segment of the seal member is connected to and
extends substantially axially downward from the lower radial segment, wherein the seal
member upper radial segment and lower radial segment are compressed between the inward
projection upper wall and crimped end of the container, and wherein the seal member lower
axial segment is compressed between the transition member and an inner cover or contact

member.
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upper radial segnent extending in a substantially
radial direction situated below a crinped end of the
w@eowasyser , wherein the seal nenber upper radi BET/US2009/003471

segnent is connected to a seal nenber upper axia

segnent extending in a substantially axial direction

and in contact with the container sidewall and the

peri pheral flange axial segnent, wherein the seal

menber upper axial segnent extends between the crinped

end and the upper wall of the inward projection,

WBiBr ei The ¢ectexshemisaherblraceerdingde slaim| 6 whereimiegpal member has an

se nt _connected to ] ' [ .
wpper TR Ry SR S LEa S hAr ThaH GHbF thd Kelow a crimped
end of\Rr®@htaidefewh&ain tive sbalrmémberuppadiadial segmenttis iconnested to a seal

contact with and extends a dj stange al t he . .
membg ¥pRSh&xia] STEMERL EXFREING in & sbalANIATY AKL ARecton gpd in contact with
the codifdr SI&NTNAnPthe! PGipheal MREOAKial SegnMtewhedin theadtdl member

extends axially downward fromthe seal nenber |ower .
upper raxifil segengnextends \liebwesinnthe resimpsdesndr and the wpperoyall ghéhe inward

. l.ower . radi r ' d

projectfl; BhbRE s AP iyt efolB nB3RE rafibl Gt GohiRflo and
extending subistaatiallyginthvavdlg fieimthe seal apahbermpperaxiad wegment) wherein the seal

segnent |.s conpressed between the transitjon nber of .
membe e el FRBPCE 1B OBAT FHE AP RUFRda dilaB FERe T Periphera
flangel 13GiaF QBHRAL, WHRFHE R lowdt ax]d) 8edthétt bF B REl B8inb&sik lconnected to and

according to claim7, wherein the seal nenber has an

extendsppaallyr deivawvard dfiprarthe ssal enembey Ipwerragdia) segmenta Wherein the upper
.radial _dj [ Si ' .
ol S 43BN G P SR S o e
wall and @RBtped iefd ©f tiveainedndrparahwherpir the sead Imeslgprdonverodxial lsegment is
seal, nmenber extending in a suhstantially axial .
comprghyee AEFFRIE TSR BERDR Oh Oien B PIRRGonShndL s Jower axial
segméf{ﬂsfﬁgeoﬁ@&m. axi al segnment extends between the
crinped end and the upper wall of the inward
projection and is in contact wth the inner cover

“Hha) TP AT, Al FADE i SaFember o

upperSadial seghieat Extendiog i hysubstavaiatly yradialodir¢chion sgnitednbealowr a crimped
per axi al segnent, erein the seal nenber | ower

end of B aniEihe] piFFAD S0 sPoL BT RER SRACT oL, S RaT 41 “UBEREo an upper

axial §gnief€of (hRBEaICAYAberd eraRiEPInas SRtaheileialt difectiom @fid in contact
cover and the upper wall of the inward projection,

with thaeoetainer Hidewalhl Whergtiethe wpper aigldieamentegiieids hegween the crimped
r 3 C .

end o R FHRESaEH FE IS ldTf Bl B Wl coyor i

segmengTdereiuthé seali membete $nciundels nndowerx radials sagment connected to and

exen 3B SRR g ST B S g eri
the segg(lint@lhg&'elﬁﬁﬁmadﬁﬁ séghfent IVIArcofR¥EWitRHE radiaDsdgarht GRhD éiner cover
and compressed between the inner cover and the upper wall of the inward projection, wherein
the seal member upper radial segment is compressed between the inward projection upper
wall and crimped end of the container, and wherein the seal member further includes an inner

axial segment connected to the seal member lower radial segment that extends substantially
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cell. 29. An electrochem cal cell, conprising: a
cylindrical conductive contai ner having a cl osed end,
waeoopsrssend seal ed by an end assenbly, and a BCTESZINY/003471
ext endi ng between the closed end and the open end, the
conductive container being of a first polarity and the
end assenbly having a contact assenbly of a second
polarity, said sidewall having an inwardly extending
radlalgelgﬂvar&\ Heh@&hthd %xgﬁégﬁmﬁ’ ofStBETHeP t&Er And Aohtatmember of the
a negative ctrode and a separator
cell. di sposed betmeen the el ectrodes, and an el ectrol yte,
wherein one of the electrodes is in operative
electrical contact wwth the contai ner and the other
ebgct r a@eléctrotliensipdlrcall) dbﬂlpi‘ismgt rical contact with the
cont act . assenbly of the end, assenbly; .and the end
a3 sehsiricat epnduriyergpnipings daving Asdesed i5d. a0 eren and gpqld by an end

assemb oLad 5%1&%]1%5(@‘3%%'&“&?{1@4 8164di éndlanil tH@SﬁEﬁ%’dVﬁle conductive
conponents of the end assenbly having the second

contaiper eing of a fitse pelaritytand thoendassemtdy baving aicontacichgsembly of a second

ctive,contact.ne n peri pheral flange
polariB; R kY SEMME 5 LTS = B e e hoer - ¢ he

Pak efectrode abweambly \tempnﬁfagr‘meposamaabmomfe aumgauivmglectmde and a
response to int ure that, i s at st . as .
separpT PRSP e FFCH oy BILASEESSBLE TR Gpe ) th eletirodes i

in op@tlah@é’v'efégtrﬁﬁt E@ﬁta&towﬁﬁ Ctﬁ@ Q:oﬁﬁ[n@ld 3R tthe o%%?telm& lis in operative
wherein the peripheral flange includes an axi al

electr@elgqmtapt whbttheeommtj@sqnblapf she andassembdy;g0dst anti al | y

I al l.el t a n
eélfi asse é}' 8?@91{?%@ % gérall ‘rﬂ.gnrb% H‘?’Y\g%&g@#“ ?&gttes the sidewall from
electricéltﬂy acbndslegmecﬁm@tkeus ahif nige érrcbdiﬁsérhlely&valvmlg the gmnd pbhmay, wherein

subst antr%l; d| al direction and in a porti
the cqngee48ePBlY ANF et rengurEVE RatCE nere eF BRYing Hoperipheral flange

conneEféEi it9 Qeﬁ@ﬁsuf‘é Ai8e VERANREMDA thef preg¥uld R1dasé vt m&EB& Ndapable of
to a second | ower axi al segnent extendlng in a
é

rupturingoigtresponsd toyintasniabeellopressyre thet, is aieasernhighes 8 peadetermined release

pressdrg’ a%%%sf al oW aé ﬁ%ﬁgﬁ{g&eggé el H)ugfl tllle \?e?ﬁ (\%@be ezgigqg\%héripheral

flangd hﬁltfdad Iaal axftaig%gmbnt thad extendst zheajnehdlsﬂmde siibstanéiakby gharallel to a
| ower axi e ., 30. The el ectrocheni Icel .

segmegd rif e RURA L hereipeP BT, (16 RAEIPPEIRL e ineludes a radia

segmenf Cki4A&Hg aAForh MR hahl REmERNREL shiRtanBaN P fddiaMdifectidieand includes a
si dewal | "of the container bel ow the beadand in contact

portiopjle¢atedaxialbabere thechradsandovhenein the proiphrish flange transitions from the
radialirgggg?ﬂt toa Pe%g ngg%ivé?y *%g@ﬁ&tt %%enﬁgtiﬁr 'sui)g’tgntlally axial direction,

at1ng me
wherein the seal member is under compression between at least (a).the sidewall and

peripheral flange axial segment, (b) the bead and the radial segment, and (c) the bead and the

second lower axial segment .

30. The electrochemical cell according to claim 29, wherein the cell further

includes an insulating member in contact with the sidewall of the container below the bead
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31. The el ectrochem cal cell according to claim 29,

wherein the contact nenber has an inwardly fol ded end
weaensisegy fromthe axial segnent, wherein a rBCHUSENG/003471

defining an opening is present in the cell, and

wherein a portion of the retainer and a portion of the

vent nenber are conpressed between the contact nenber

inwardly folded end and the radial segment. 32. The

and iffdoREdct RARNAY Ghdtact RlembBCSLARSL an;%rh@n 61 thi Reat enVae ;seudnneed by the
cross-sectional area of the seal nenber between t

contaetamgneler, the insulatingithentber anskthe bead- | of the bead is Iess
than 12.5 m®? for a R6 size cell and |l ess than 6.3 m®
for a RO3 size cell. 33. The el ectrochem cal cel
aBtor diThg eteotrottmnmical &ell \abéording tb [edaimr 295 svheeein ¢heemract member

is,a foj vent nenber and . r se .
has atyasdly doiged o Exteas R S G iab SeEramb W LSHD A eI BRGning an
opemﬁ’% isEe®nPin the ¥BH.2ndaWKEréin ?dﬂi&i of thé-rethfiRr and a portion of the vent
ectrochem cal cell accor ng to claim33, wherein
membeh are cemplgsssdr ketwesnethg eqontagt misarbes dnwardise foldeds enchapd the radial
se é@yer conprising a conmposition selected fromthe group
gmconS|st|ng of : pol yet hyl ene, pol ypropyl ene,
polybutylene t erepht hal ate, pol yet hyl ene

e hac T elenshimisgt e adiordine SRl IR srossasggionsl area

of thenaem Hléﬁn%ett haweat theaaeﬂtammb& drf¥ethB upp& WAl bEHRARA is less than
mber conprises a third layer, the first Iayer

12.5 mat ffgadi@ﬂé@s@fdl %@tlméhm%m(:mamay@ cghhd the third

| ayer, and the third layer conprising a conposition
sel ected fromthe group consisting of: polyethylene,
p8Bypr dpy Ielm&pclmniigdi welt laecrerdingen e:ﬂﬂimh%ﬂ awlerein the pressure release
ol ethleetere t hal at e, eth n ry,
vent BERYRT g TETYECYY PEMRES H1d SRR SH SHS 2ot A Asomposition
compAsihg on@tdmbiedf dmealldngd agdiymeénd wherein the first
| ayer conprises alum num 35. The el ectrochem cal cel

according to claim?29, wherein the positive el ectrode

cogpri Zﬁ? eié'cg'gc}%'nﬁ&h fc'eﬁre?lg Hﬁﬁgwﬁ %‘izﬁf’nn%t Reher&ih lt?é ?rei'slﬁ‘)@ release

size c seal has a dirrensi on atio
vent mémberssomprisas 3. seaomiﬂay&ecorffpmu@ ecompokition selected|ffom the group

cons 557 G L Pl B T A ey
terephitidl&te, CdtRerietactyIR) 46id3 2thyldhe medtRacryIR sbidIpdbjiethyddne midthaerylic acid,
and rrilgtulreisigertleagncg) w?lgre?nrr%he pressure release vent member comprises a third layer,
the first layer being disposed between the second layer and the third layer, and the third layer
comprising a composition selected from the group consisting of: polyethylene, polypropylene,
polybutylene, terephthalate, polyethylene terephthalate, ethylene acrylic acid, ethylene
methacrylic acid, polyethylene methacrylic acid, and mixtures thereof, and wherein the first

layer comprises aluminum.
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38. The el ectrochem cal cell according to claim 29,
wherein the positive el ectrode conprises iron
waele@ansisse, and wherein the cell is a RO3 or RBCEHUEM09/003471
cell and the seal nenber has a dinensional ratio of
| ess than 0.86 cm 39. The el ectrochem cal cel
according to claim 38, wherein dinensional ratio is
| ess than 0.48 cm 40. The el ectrochem cal cel
aggor dirf) '
3P co T ehoflilylafbey WS D20 IRLORThe PRHR clecrode
compasnsarcm digulfide,cdndi whét®in thbeekiis atRfesizevell dhg thex seahdiemper has a
. _bead has upper. |1 and a | ower wall connected by a
d""mFFgﬁQPﬁP8ﬁEﬁ%ﬁ%%9lgaﬂbreln the upper wall is inclined
upwardly towards a radial center of the cell, and
wherein the upper wall is spaced apart fron1the
wabl  alTheglechechemical seld arepading i elgum 33pwhergip the dimensional ratio
lsh$gh§pg%g pem cal cell according to claim4l, wherein
upper wal |l has a | owernost point |ocated
radlally outmard froman upper wall uppernost point,

e eaPE RO AT SR ARRERnaAR FARD o HESE A bF Afhsignal rto

ishgﬂmmhﬂggbﬂﬂry I|ne bet ween upper wal | Iomernnst poi nt
and upper wall uppernost point is from1l to 30.43. The
el ectrochem cal cell according to claim42, wherein
thg anghg ¢ trf)(!h%mlgﬁl &al g&:orcﬁ to' O8inf b?c\kﬁé}&hqm, gégitive electrode
cél'l accor ng to arm 2 ereln t he bead a
compdegstiron disulfide aat Wheaein tlZezeelbfs aaR a3 pr anm«zﬁlwdome tstad member
h gont ai nglr. .45 I Thtg eé§§trochem cal cell according to
as a djmensiong] rafjo 0f less than D88 €M * o vher has an upper radi al
segnent extending in a substantially radial direction
situated below a crinped end of the containe wher ei
t B sedh em?Hefheu}jﬁaéwePée?%ﬁlngéarF%m & V@*&ﬁ%@ﬂl@ﬁnsmagratw is

1esst§ﬁqj4g@gber upper axi al segnment extending in a
substantially axial direction and in contact with the

cont ial ner sidewall, wherein the seal menber upper
Sg&gg ﬁl?n‘aeg roel-)}%mlgi caﬁ)% Vgg(? g %(b{e.lﬁlgﬁ ?ggﬁ'gﬁgﬁgtg?ﬁﬂn%ional ratio

is less theh 036<ma | ower radi al segnent connected to and
extendi ng substantially radially inwardly fromthe
seal nmenber upper axial segnment, wherein a | ower axi al

sqgnentrhef efehifocheicaMddehedopdif@MOCClaf DI, tWiRrein the inwardly
_ extending bead has an upper wall and a lower wall connected by a transition member, wherein
the upper wall is inclined upwardly towards a radial center of the cell, and wherein the upper

wall is spaced apart from the lower wall along their respective lengths.

42.  The electrochemical cell according to claim 41, wherein the bead upper wall
has a lowermost point located radially outward from an upper wall uppermost point, and
wherein an angle between an imaginary horizontal line extending through upper wall
lowermost point and an imaginary line between upper wall lowermost point and upper wall

uppermost point is from 1° to 30°.
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seal menber |ower radial segnent and extends
substantially axially dowward therefrom wherein the
waeab/1sssber upper radi al segnent and | ower r aREIUS2009/003471
segnent are conpressed between the bead and cri nped
end of the container, and wherein the | ower axia
segnment is conpressed between the bead and cont act
menber. 46. The el ectrochem cal cell according to
claim 34, wherein the seal nenber has an upper radi al
segnent extending in a substantially radial direction
s#B.uat dte blektoochamical nglbabcerdingto ddim 420 mhareirethe apgleriefram 3° to
t he seal nenber upper radial segnment is connected to a
seal nenber upper axial segnent extending in a
substantially axial direction and in contact with the
contai ner sidewall, wherein the seal nenber
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seal er .a e oner, '
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membeP UPp& B Q@éﬂ%ﬁﬁ "éxfeh&ng Eiﬁq sﬁﬂgaﬁfaﬂlmﬂll Qfectfdn 4rld€in contact with
con alner wher ei n | ower axial segnent is
the cmmmre@mlbahm@m thm@eab@mmlm d#pporaxial tsegmatfeextenis between the
crimp, v\ﬁl g?cg Ial%P % a?lagfnﬁ dggv%gﬂl:?ﬂlu{ﬂg es%aﬁ tﬁ%‘ﬁl‘)t{pmé‘ludes atlower radial
segmeX {cormbcred tonarﬁl &uhsiuagwtutatdn;talt)achdt’dllydmmmly (ffbrﬁ ithe sdad dnember
be%?gw a crinped, enfl t he contai ﬂﬁ@ \A,Gere n t he seal
upper Al SFEG e W N FraRl 4 OWEE Giriah feEMEnE F Hiscte8UmERIbEr Sehgpnected to the
seal rﬁ@ﬂt@rlowp?efdlaﬁ)@egtneﬁemgiteﬁt KiBStaRhllyNaxdally downward therefrom,
substantially axral direction and in contact with the
whereitp fthea peak rmesmbes\wpper, ragisd rsegmenthandslosyer radidlesegmepe pre compressed
h d
e B bR o A0 Mo Py AR UEIR B hegment
compiessedbdageen thobead anddorthct emibent connected to and
extendi ng substantially radially inwardly fromthe
seal nmenber upper axial segnment, wherein a | ower axi al
sgementrhekelcchechizfatal TBIMAEordifig € 0RAR BEJwhereim e $84l member has
menber | ower radial segnent and ext ends substantial ly
an UPesnrathlyseemntvm@dv‘rgem@fwbmntwﬂiw@dlw direstiam sifuatadritedow a crimped
e
end of BRELcrf L BRI, eV Pl BRI R o 0 s
memheo npperraexla,l sagnienmeteﬁdmgtlha substentiatly iaxlal slérga:timt andsin contact with

etween t he bead and contacgt nenbe
the conmnRer sl ewallb where?n the seal member upper axial segment extends between the

20°.

crimped end and an upper wall of the bead, wherein the seal member includes a lower radial
segment connected to and extending substantially radially inwardly from the seal member
upper axial segment, wherein a lower axial segment of the seal member is connected to the
seal member lower radial segment and extends substantially axially downward therefrom,

wherein the seal member upper radial segment and lower radial segment are compressed
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48. A nethod for formng an el ectrochem cal cell,
conprising the steps of: providing a cylindrical
w@owasrser having a cl osed bottom end, a si dewedT/Us2vd9/003471

an open end; formng an initial bead in the sidewall

of the container after insertion of an el ectrode

assenbly into the container, wherein the initial bead

is located at a cell axial height above the el ectrode

e : =Y | .

berwef] By Bhal ol gkl 3 30 R CrRSRG T wh e To b ment i
compteesed ddtwaen e beppand verthctadenbee. i niti al bead; providing

support to a) the bottomend of the container, b) the

initial bead with a bead support, and c) the open end

0f47t he TRO Bledirbemicill ciR REEIrdigg ttdh @laith [y whedein thewailtnember has
towards the radial center of the cell; and crinping

an uppéraadiplessgmant extending ip gravhstartially radiakdirectipn Sl&l@aeérbeﬂf@v a crimped
S t e

end o??l?e ﬁdglgadge\%ia@gp%ﬁlt ageﬁg&ﬁﬁgﬁ Gé%e{i’}?@c?%l %@anr@hﬂlglsacoﬂﬂéétédeb a seal

memle abpedca&idl ,segmamt (extendllng i eaa&dlbstpmimlldl axial alfrecténst andpigrcontact with

sp ce wer wal bead in_ t
the calanss ST, SIS e NP BPE RO BEREA) AL between the
crimpéld 8AE hrid Iuhﬁpﬂé? A ISORAO béads xherkils tharsealndlerhbe mcludes a lower radial
circunference of the cell during faornmation of th

segmels\aRRACied: tapatdeertensting suistantiably radglly insardy tearm dhi S§fy member
t I r

o Py £ SO A S o e

seal membeil lower vduidl esegimentcamd lestendst aubsdntiglbyu ardaliy domwattd therefrom,

e R SGL AR 1 A s B comprse

betweH RIRObda8thnd terinfiRd kAt toFth@ torlthifiers @Ad aihBin tlﬁﬂowé'thﬁual segment is
nmet hod accor dl@g to claim 48, wherein an upper

compegisgpghhsiween dhcbead and somagtiReBResd i s subj ected to
di ameter reduction. 53. The nmethod according to claim
52, wherein radial conpression is maintained on at
| d8st tAmethpe for fsrmhag/ah lelegtro¢hemical icethicompoising the signsed:

provu;mg a cyﬁné‘rlcai CSiitainer having a closed bottom end, a sidewall and an open

end;

forming an initial bead in the sidewall of the container after insertion of an electrode
assembly into the container, wherein the initial bead is located at a cell axial height above the
electrode assembly;

inserting an end assembly into the container so that a peripheral portion of the end
assembly is seated on an upper wall of the initial bead;

providing support to a) the bottom end of the container, b) the initial bead with a bead
support, and c) the open end of the container and tapering the upper wall upward towards the
radial center of the cell; and

crimping the open end of the container sidewall and securing the end assembly

between the crimped end and a portion of the upwardly tapered upper wall to form a sealed
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cell, wherein the bead upwardly tapered upper wall is spaced from a lower wall of the bead in

the sealed cell.

49.  The method according to claim 48, wherein the bead support extends around

the circumference of the cell during formation of the upwardly tapered upper wall.
50. The method according to claim 49, wherein forming the initial bead includes
pressing a forming wheel against the sidewall of the container while the can is rotated around

its axial axis.

51.  The method according to claim 48, wherein during the crimping process, the

container is also supported at the bottom of the container.

52.  The method according to claim 48, wherein an upper sidewall located above

the bead is subjected to diameter reduction.

53.  The method according to claim 52, wherein radial compression is maintained

on at least the upper sidewall during crimping of the upper end of the container.
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