CLOSURE ASSEMBLY FOR ELECTROCHEM CAL CELLS FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates to a closure assenbly for an el ectrochem cal

cell. Mre particularly, a primary lithiumcontaining el ectrochem cal cel
is disclosed. The cell has a closure assenbly conprising a cover, a sealing
gasket with a shelf disposed along its axial m ddle portion and a positive
tenperature coefficient (PTC) device, wherein the arrangenent of the
closure isolates the PIC fromprimary axial conpression forces. A preforned
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[0002] Electrochemical cells, including but not limited to those with a lithium metal or
alloy as an electrochemically active material, often utilize one or more positive temperature
coefficient (“PTC”) safety devices. These devices limit the current that can flow through the
cell in order under certain conditions. For example, excess heat sufficient to activate the PTC
device may be generated in an electrochemical cell as a result of external short circuit,
attempting to recharge a primary cell, improperly charging a rechargeable cell, forced
overdischarge, or improper installation of cells in a device.

[0003] Typically, PTC devices include a layer comprising a polymer and conductive
particles such as carbon. When the temperature of the PTC device is increased above an
activating temperature, the polymer thermally expands in a way that electrically disconnects
the conductive particles dispersed within the PTC, thereby cutting off the flow of current
through the PTC device. Consequently, electrochemical cell designs must allow for the
thermal expansion of the PTC device.

[0004] Cylindrical electrochemical cells, such as AA and AAA sized batteries, are formed
by a can (i.e., a cylinder with a closed bottom) and a cover and have an overall can height that
is larger than the can’s diameter. The electrical terminals of the battery are integrally formed
on the bottom of the can and the cover. The container (i.e., the combination of the can and the
cover) is then sealed by compressing a gasket or seal member between the cover and a portion

of the open end of the can. In order to insure a hermetic seal, the compressive force should be



100041Cylindrical electrochem cal cells, such as AA and AAA sized
batteries, are formed by a can (i.e., a cylinder with a closed bottom and
a cover and have an overall can height that is larger than the can's
diameter. The electrical termnals of the battery are integrally fornmed on
the bottom of the can and the cover. The container (i.e., the conbination
of the can and the cover) is then seal ed by conpressing a gasket or seal
menber between the cover and a portion of the open end of the can. I n order
to insure a hernetic seal npressive force sho mai nt ai ned in
bot h the BRPHCL Y %%Fawa‘oﬁnpéaéf A grestio #H@C&M%@haﬁwﬁy B&h%arw Hyrapéadi ng

the can’ ssigdvd@vald BerAdihdikleRe 6dgk BPIHBGpdnRd BEIGUE cAf ovbnge 6PRRA 188HrQb tehe can
over the cover | nsof ar as the PTC device is often connected to the cover,
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connerC|alh%ﬂavallable lithiumiron disulfide cells is shown in Figure 7.
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I nsert- m%llave aﬂgo been used, but this may eliminate the use of the best performing materials. Yet
another approach is to locate the PTC outside of the container, but this requires a means for
attaching the PTC to the can/cover and increases the likelihood of damage to the PTC.

[0007] U.S. Patent No. 6,090,322 relates to a method for integrally insert-molding a C-
shaped gasket onto a peripheral edge of a metal sealing plate in a coin cell. U.S. Patent No.
6,274,267 describes insert-molding a question-marked shaped gasket around a cylindrical cell
cover plate. In some embodiments of this latter patent, a PTC device is located between a
bead and a crimped portion of the open end of the container, adjacent one or more of a
terminal cover; however, this arrangement subjects the PTC device to compressive axial

forces during sealing of the cell.



shaped gasket onto a peripheral edge of a netal sealing plate in a coin
cell. U S. Patent No. 6,274,267 describes insert-nolding a question-nmarked
shaped gasket around a cylindrical cell cover plate. In sone enbodi nents of
this latter patent, a FTC device is | ocated between a bead and a cri nped
portion of the open end of the container, adjacent one or nore of a

term nal cover; however, this arrangenent subjects the PTC device to
conpressive axial forces during sealing of the cell. [0008]U. S. Patent No.
5,376, 467 describes an organic electrolyte battery having a positive

t enper at ull808 oef ¥iScPatent NoespEp 4 describesria ogashio@lcaelyte betrey IPF@grdesi stor is

carried Ofsfive %@ﬁ%dré’ SocARAL RLisTEMGhe éx?ootdl?x?etnt R%@T%Tx%xétgrslk S4rALd biSa S paC ed

radially 1 nward way froma crinping zone. In’a second enbodi nent, it
di sposed sondidtige @@ntaeme@beﬁsh@at thd PARdestsom iesppasd radinl vh@wgéaiwaméom@rrber by a

suppor t [@ﬁ%g zonB OatsPcdnH%Fn@ ifnent, | 2; os%El L ARYENRRLANLORG GRS @hhdced’ €QUI T €

wel di ng or esive i Xxing the PT | stor to an additional conductive
seal i ng n@rﬂtﬁe&ealmdnml BTCGuppst sxtsmbernmlnotfhavtencas theanmteaagemdntst i s

substanti t%lcé%arﬁggeh{lﬁg 51@91? ]p; ﬂf?}eél%@gﬁmg%ﬁg@ﬁ"@& sfsftOé?#]ﬁt é%l@]:ttoﬁg%or? ?mvet her eby

limting the a ace and overa ectiveness o
resi st or . sepl0@OSntheSandRh¢ BHE rdsistor BlusteBye/Odametrahat ss qubstantisdf ghafledéwi ce f or

use in a I f i.Sk- d
oorings PERRRNAING bE DB, FELbERnIREhetnbElidSu Bl BlploaRRRRT, | o
as to br ealecm\reeesebétht:PCEfad:smmnt act between the external term nal and one of

t he di sk- ed r thls de regui res. nune nDV|ng
parts and[% 553%?' esﬁgo ?lN(())Y’\l?%%? %tFSntgla “Br { sdg‘ﬁlr e%wu eﬁ?ﬁs?cﬁeéa(r:%?ﬁt “Caused by
over heat |thg rtl h:euﬁdr&mteheﬁ oftdésk- sh@tehemmtghanntehml mgssaetiiowathe tatleyy bhdueingl ectri cal

demands t he .l oad 1001 10, S. Pat

6. 531, 2425t i EneSaS buBIRERTredfhnd® B8t §F S Bt albnsy

The conpr Som ve. 1 ot con  erert ot on dewb‘?»&q“‘é’?mmﬁ’mf“gem??hnﬁfelléﬁ el 66 ¢
vi ce.. series

of nested® %Bs‘f{‘et{‘%‘“&e BratE ‘?”ﬂ‘ ‘E:g‘ﬁj aﬁﬁafl?e r?y\f\’nv?r caling g‘ﬁﬁgﬁr e ! {li‘ar the PTC

dﬁVl ce. lthan Heghgladtivied bywee a@mwaaaea?ga%(ket &e&aﬁ&) iy baed.cei th the gasket

that cone act With t ev avi Clt ng poi nt

than the ! 3@0 vatlﬁgggatteélﬁ{\)’&éa{]ﬂﬁggéfl faﬁ%“eﬁel‘%‘%ﬂéax}]ioﬁgg ﬁ&eér)gg‘l d’iS 8t eng Fhe PIC

devi ce cape sﬁrﬁﬂﬂﬁle%&m@%&&ﬁﬂew seflt Ghéd@%a&@ﬂ%%ﬂﬁdg@l@eﬁk@hmﬁﬂh@tHenC| usi on of
addi tional parts nor e gasket Sf%r i ncr eases nmanuf tur| ng

conpl exi tMAHE! §’E°es T’@ﬁi‘iTUhSpTﬁgﬁﬂFﬁ IRGhe Tamign 3, 84S g neqdpeeesand
el ect r ochgppesad inCBhjundtdatwithl 1b£SHIMPAMY (Be PTC device. In the later, two separate

gaskets are provided, with the gasket that comes into contact with the PTC device having a
lower melting point than the activation temperature of the PTC device, thereby insuring the
PTC device can expand as necessary into the softened gasket. The inclusion of additional
parts (e.g., two or more gaskets) increases manufacturing complexity and cost.

[0011] U.S. Patent No. 6,620,544 discloses and electrochemical cell that relies upon a
metal foam “shock absorber” and a separate insulating ring both positioned proximate to the
PTC device. Here, the metal foam allows for expansion of the PTC device upon activation,
while the insulating ring is thicker than the PTC device to allow for proper spacing of the
parts when the cell is sealed. As'with U.S. 5,376,467 above, this arrangement requires the use

of a smaller diameter PTC device.



metal foam "shock absorber"” and a separate insulating ring both positioned
proxi mate to the PTC device. Here, the netal foam all ows for expansion of
t he PTC device upon activation, while the insulating ring is thicker than
the FTC device to allow for proper spacing of the pails when the cell is
sealed. As'with U S. 5,376,467 above, this arrangenent requires the use of
a smaller dianeter PTC device. [0012]Finally, Japanese Publication No.

10- 162805 contenplates providing a PTC device along the central axis of
the cell. Here, the PTC device avoids exposure to crinping forces by
limiting [00821 oy eFiaplly: paest Biblicgtion isw b1 4280 S cantampiases parvidies @P ¢ éelites t he
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substantially reducing its surface area or shape. Additionally, this cel
design maintains reliable, conpressive sealing forces over extended periods
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the PTC device and without directly exposing the PTC device to the organic solvents of the

electrolyte.

[0014] The PTC devices in this invention typically experience a phase change to limit

current flow at temperatures between 8§5°C and 175°C. Ultimately, the preferred activation

temperature for the PTC will be dictated by the design, as well as the melting point of the

other cell materials (e.g., the gasket polymer(s)) and/or the temperature at which the cell may

vent. As noted above, the surface area of the PTC disposed within the electrical pathway of

the battery (i.e., between the electrode and the terminal) should be maximized to insure the

most efficient utilization of the PTC.

[0015] The cell design includes a closure assembly affixed to the open end of a battery

container. The closure assembly includes the PTC and forms an effective barrier to

electrolyte vapor transmission that insures the battery will not explode when subjected to



[ 0015] The cell design includes a closure assenbly affixed to the open end
of a battery container, The closure assenbly includes the PTC and fornms an
effective barrier to electrolyte vapor transm ssion that insures the
battery will not expl ode when subjected to abusive conditions such as
overcurrents or excessive tenperatures. The design of the closure assenbly
exerts radial and axial forces primarily within the sealing gasket to
prevent electrolyte egress and noisture ingress, but the PTC device present
in the end assenbly is partially or conpletely shielded from pr| mary axi al
conpr essi YHSIVOPAEHBIONG Tl e OvierstBpTEr cHepsti e tRmpdiguige ntherflgsige ehidnrlsse Not abl vy,
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r esi st anc@ntaynenendl cmnzslamgmtbryeorsmrfe actcdargathé mveredrecllbaplc@dvecdrthre@@éuwn bet ween
t he |nter£§cj b?l ectrode of the battery and the external term nal of the
battery housi r?{; [ 0017] Specifically, the closure assenbly is fornmed to
create twWoOEWiI aIB;caiw;ingEhsicnms gotiest shapqonfitkreeseglingcgmﬂ{etamd PadCskegondary zone
(i.e., respecti .8 zone under ere. axi al
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conpressive force t I mary zone. nner, the FTC device is
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allowing it to activate without constraint. Nota gasket %;ﬁll’l al nust

have suf fPEISeAPTIMAR] 191t §7% SRR {ZORD FirPa f §SBFFLISTY tsm?é@ag rﬁ “SRe Wpgrme
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material for the dua wal asket i s advantageoqus because it allows for

mass pr odtickaféis egeket Wéerf)g’r“%m\?xh‘ﬁolﬁ@reé@@i‘ ickgterht BCiPHMaBHPBalS 'BIPPRYRIC and
related 'f’éx&Hﬁﬁtammg the closure seal of the cell, and it can be affected by the crimp or the crimp

working in conjunction with an annular bead made in the sidewall of the container. The
secondary zone has less compressive force than the primary zone. In this manner, the PTC
device is exposed to less axial compression force than the other respective parts of the closure
assembly, thereby avoiding damage to PTC device and also allowing it to activate without
constraint. Notably, a gasket material must have sufficient rigidity to permit formation of
these high and low compression zones, and use of a single injection molded thermoplastic
material for the dual wall gasket is advantageous because it allows for mass production of the

part while avoiding material compatibility and related issues.



[0018] I n one enbodi ment, the annul ar seal nenber (i.e., the sealing gasket)
has an E- shape cross section (in a final, closed cell), although the
original cross sectional shape of the gasket nay be simlar to an E-shape
where crinping of the open end partially or conpletely conpresses a

term nal flange of the gasket in a radial direction. In each instance, a
radi al protrusion oriented along the the axial inner side wall of the
annul ar gasket is constructed to ra concentrically around the PTC devi ce.
The gaske y aJ so have, upper and | ower fl anges which protrude radially
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the container) as conpared to the PTC device. Because the protru3|on and

nor e gene%aéwwtf ke sigwes tpan §aastvhejeccrigigof theasn T oaitial et @rpistel¥ hat
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provi ded. Addltlonapﬁédor alternative the upper and | ower flanges need
I
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[0019] U timate a co escrl he |nvent|on including its
vari ous f@atc@srtbfsprawlcelrmb»ditcn@mﬂctthe 8563 dipece fpam dnvisaptadedf lmaém@silaig t he

v t Tl 0020] Th
escripti cg&pre{;g%rg}o eg’rﬁ)ogﬁ‘duﬂ rsto%'gmand%tﬁ O GE subslg gﬁ?\é\é 5 [ ] The

i nvention et eat ur es . \nt ages will
becone aﬁbaﬁéhﬂhbyvﬁﬁaﬁlMgﬂmhemﬂﬁh®ﬁ¢ﬂmwﬁéﬁwﬁn®a$@nmmﬁﬂvﬁewhﬁveﬁtion, t aken
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molded to have inward protrusions and instead could be shaped by the closing process of the
cell itself (e.g., crimping).
[0019] Ultimately, a complete description of the invention, including its various features

and embodiments, can be found by referencing the description and claims below

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] The invention will be better understood and other features and advantages will
become apparent by reading the Detailed Description of the Invention, taken together with the
drawings, wherein:

FIG. 1 is a cross-sectional view of one embodiment of the invention having a gasket
and an end assembly, including a ball vent, with multiple axial compression zones;

FIG. 2 is a cross-sectional elevational view of a further embodiment of Figure I;



FIG 3 is a cross-sectional elevational view of one enbodi nent of the

i nvention having a gasket and a cl osure assenbly, including a foil vent,
nmul ti pl e axial conpression zones; FIG 4 is a cross-sectional view of
one enbodi ment of the invention illustrating a closure assenbly with a coin
vent mechani sm and a gasket having nmultiple axial conpression zones; FIG 5
is cross-sectional view of a yet another enbodi nent of Figure 3 or 4; FIG

6 is a cross-sectional view of a further enbodinent of Figurel; Fla 7 is a
cross-sectiong} view of a prior art enbodlnent an FIG 8 is a
cross- sect i onal 9yl BRCEFs-Saonshelediinahy ey ! PIrfeeHiWW‘i%”ﬁhqlwqagw ating the

axi al conpiegslg@ikel HIGRIANM atBRbNANVLMEG § FANBhEeMEItRfe akREc@drkebn Whi ch may
be applicable to any of the embodi ments illustrated in Figures 1-6.

DETAI LED BESCRI PTI ON OF THE | NVENTI ON [ 0021] As used t hroughout this

speci ficati onp&heisbh@FdR-sRlishl 51@\9'8%‘?16‘%%%0@1@%& of'tfﬁ: 1@Je§195rfjiﬁgstx%tlﬂ@ad neani ng,
i ncl udi ng_any systenlcapable of producing electrical current wt

posi ti ve Brectassadly vithbet roemethacismonés gaefk@éla‘ammeklp&r@alahwn@qr@élpm ol yte,

al though fhg;invention is nost applicable to systems using nonagqueous
electrolytes. A cylindrical container is any tubular container, wth at

| east one opehl@ SCMﬁb%%U%miﬁﬁNh@igﬁ@mmﬁl@m@a@éwﬁpﬁ@ﬁwﬁﬁsndlaneter In the

context of therQasKetros@sechbl Tithd bPDfur@Er enfdb@h Etfdf@{guré g a
horizontal | y-ori ented Feature that projects radial inward fromthe axial

si dewal | of t WG .glaisketoss-sestiangbtiew af pprostr raﬂgmbﬁdlmsntsmduct urally and
functional ly ¢istd 15‘%0%5 &@?l evrléxpg?or%re'm%@& i@n @ delfveh@6h l%sntéﬁﬁgiﬁ @@ of the

gasket (irrespective o the flange 1's crinpe positioned in a
radi al diaxetedngmession tﬁtnceeandftheawrmg dibmelems e‘étthﬁ gavket, which may be applicable to

any of the embodiments illustrated in Figures 1-6.

DETAILED DESCRIPTION OF THE INVENTION

[0021] As used throughout this specification, the term “electrochemical cell” is afforded a
broad meaning, including any system capable of producing electrical current with a positive
electrode, a negative electrode, a separator and an electrolyte, although the invention is most
applicable to systems using nonaqueous electrolytes. A cylindrical container is any tubular
container, with at least one open end, whose axial height is greater than its diameter. In the
context of the gasket, a “protrusion” or “projection” is a horizontally-oriented feature that
projects radially inward from the axial sidewall of the gasket; as such, a protrusion is
structurally and functionally distinct from a flange oriented at the top or bottom of the gasket
(irrespective of whether the flange is crimped or positioned in a radial direction or more of an
axial direction).

[0022] The invention relates to electrochemical cells, preferably containing lithium or
lithium alloy as an electrochemically active material and a non-aqueous electrolyte, with a
cell closure assembly including a cylindrical container having an open end sealed by an end
assembly including a pressure release vent member capable of venting when the internal
pressure of the cell is at or above a predetermined pressure. The invention will be better

understood with reference to the drawings, wherein FIG. 1 illustrates one embodiment of a



100221The invention relates to el ectrochemcal cells, preferably containing
lithiumor lithiumalloy as an electrochemcally active material and a

non- aqueous el ectrolyte, with a cell closure assenbly including a
cylindrical container having an open end seal ed by an end assenbly
including a pressure rel ease vent nenber capable of venting when the

internal pressure of the cell is at or above a predeterm ned pressure. The
invention will be better understood with reference to the draw ngs, wherein
FIG | illustrates one enbodiment of a cylindrical electrochemcal cell 10

of the prediafiical elgesiechearical gl 10 of theipsesentprrventany CRIRG0 isyppsimeyy FIR@thibeal Li / FeS2
cell. Fbv‘@ﬂﬁﬁmca! LI/FG% Eé?], VJéOQeﬂ{ jLQ quédgl‘%fooﬁ Hﬁtt leg%fti'g:g I%I dp?ll&gfélté cable to

ot her cell” types, materials and constructions. 0 has a housing
12 that i etberuelbtypes, coietiali st congrictioshe form of a can with a closed bottom

and an Opﬁgfﬁéop §!P'1d 1{%59}18‘6}& %hQQha%n%ﬁxldgs a%ﬁt’%ﬁ@fﬂ 4ym'th°e ffn'nf Bﬁ:dcanmt‘ﬁ amechani cal

strengt h, si ng/ sealing requirenent i nt'er nal si gns associ at ed
with cylidekeil beztom:mdl s omrctonamdoewlvyhrm f flesuesrassefbbyns fitiok eTh@fmechﬂnrpabr butt on

cel l's, esRl%ﬁétg,lcll(ym ﬂgﬁm %ﬁex@en@syanld mqerhﬁ% lJ §£?g8?§sscpc Os&eRit 1111091?“ or hOOp

strength an connon y enc ered in coin
and buttawleebmgﬂwﬁﬁﬁmﬁywhéomeWebﬁpnmndmmbnaﬂnﬁammeﬁymﬁO&S%edosed with an

end. assenbl Q) bk LSO0PSLaES MELANG, ARER 0B SAdc: ThE SRNEa! ner 14 has

conta|nerummmmxﬁum@ﬂmaehacpmmhdbmumkewhe end assenbly 30. Read 16 is

generally sidered to se at e. nd.bot t om por of the
containerm@%ﬂ Tﬁ@lgpgnggﬂﬁéﬁgﬂ%ryrf ﬁ%ﬁﬁm€8§(§ﬁﬁ%@ﬂizgand end assenbly
30 fits Wiobmznest Wieh the ppgpani érain Taé c@ﬁdiﬁeallmeas dlddrcamntérenaall lmarhemgadoecrt orode
assenbly 6 cont ai,ner eIectrode

t f t
assenbl y %ﬁp mﬁ&? gg%ggg%£$FVh%$F£?8ﬁ %Qm%?ﬁgﬁmf?ﬁﬁFemgéludes an anode
or negatHMﬁdebegkh@dQuﬁBmdaatak emeunn&dbMﬂﬁq@k&ﬁﬁmodecGAamad4a

Ser o o LD LSS e e oL T UL by B 0l apar o
cont act hetueenetihenetantiiodesoblassédbly &0 @alih tleyoorh poios of the spased w thin
the cont all4n%gle %lgctlode assembly 60 shown here is a “jellyroll construction” that includes an anode

or negative electrode 62, a cathode or positive electrode 64 and a separator 66 spirally wound

together. One or multiple layers of separator 66 may be used to allow ionic conduction and

prevent direct electrical contact between the electrodes 62, 64. Electrolyte is also disposed

within the container 14.

[0025] The container 14 can be one of several geometric shapes for open-ended

containers, for example, prismatic and rectangular containers, provided that the teachings

regarding the closure assembly are followed. As the sealing of an open-ended cylindrical cell

presents challenges regarding the radial and axial forces required to create the seal, the end

assembly 30 which cooperates with the container 14 to minimize vapor transmission is

expected to have particular applicability to cylindrical containers.

[0026] Container 14 is preferably a metal can having an integral closed bottom. However,

a metal tube that is initially open at both ends may be used in some embodiments. Container

14 in one embodiment is steel that is optionally plated, for example, with nickel on at least the

outside to protect the exposed surface of the container from corrosion or to provide a desired



[ 0025] The contai ner 14 can be one of several geonetric shapes for
open-ended contai ners, for exanple, prismatic and rectangul ar contai ners,
provi ded that the teachings regarding the closure assenbly arc followed. As
t he sealing of an open-ended cylindrical cell presents chall enges regarding
the radial and axial forces required to create the seal, the end assenbly
30 which cooperates with the container 14 to mnimze vapor transmssion is
expected to have particular applicability to cylindrical containers.

[ 0026] Cont ai ner 14 is preferably a netal can having an integral closed
bottom Howeay@ce. Borewanaple.tharen phaabe mgdq eficeidapliey St@pléﬁRﬁl apbRy bhelaicday be
used in some,epedkBRL fie Ol@?@t@lpﬂﬁ&i g ohﬂgldgaleth@%qwrﬁ@?rtosh% By shiy ! hat i's
optionally pﬁated for exanple nickel on at |east the outside t

pr ot ect t(ﬁIéS ee«mwcswdmaceth@fnmri@n@@maap aapll thickess of arpsixdnately to pr ow de a
de5|red | ed steel
(GrS) - arinay P Bl PR By 6118 o TROR S oA (e Rt ot ect ¢ he
out si de dfe viahed to@rovideomrydigrdegsisonf coTygiinoedijtance, GREcofstted ¢oatast radigancdi ng to

t he inven hi i/ and 10
M for o ERe aay AR alRylagle LRE UpESr Gle) BRAIBEARL Yo BEURRD W, 2
can be vawmddmeanmmmynﬂ®umaran@awegmeﬁbeﬂ&:gmﬂwaﬁﬁﬁnume@ngmﬁdew to

i nprove th cont act ce. The
type of é?%OPe””WPma§q§%3&39R%6 %lwﬁﬁp¥%g§ﬁ%9'rggm%égﬁA$ﬁg%géﬁ alner is
fornmed. Fad eglrianan tccﬁigst, y élb@a&ﬁgeﬂm shape. Btha nohitdl sy wrusechtoeadeesbeciblow car bon,

al um num ki Ied SAE. 1 yal en wth.a gr i f ASTI VI
9to 11 4K e uskélgga it Issafti {%{:)%, Stﬁlé\;tss S e?ma¥ be usg dwhga t%iL. R%e% C%Iglﬁlgl s may be
used to mﬁﬁgesmafeloall 1srteag1$edas bé ge&mm drlabdidnB solas; br wﬂennheeoeﬁmpl e, stainless
st eel 9? %3 %: @ger CHFCUIt vol tage of th ce esoﬁ designed to
be greaté?C F53 o o4 6&{@%“ fefavely PreqieorPHRT s entes FrAERSs Yeabl e in or der
to provi (heterrnetln&tcbmeﬂnyr rgditaeeusahc ady, bkt liRgted bantes stéekanjpkdplackl al t er nati ve
eri Is i re not 9|nless steel s, nicke

t | ud
p?gtghngggﬂﬂﬁﬁé@ §P&$W§*%ﬁ§wﬂg¥5%? m?PBWﬁP%%iyépﬁg? al umi num and al | oys

thereof . [D@OAR7] Ass illbdudet rakiers. namﬂ Gartituiandead lins paintvidwk@ectiobead 16 is an
i nwar d prolectlon referag endln C|rg nIerenti k%dground t he
0

cyli ndri g% ferall R e cisumter %m%“ pdindygal gonipger ;B (RNEN YPPS) ang
transiti GINBNORkveZRaMO &Y tﬁa@ﬂﬂ@ﬁ&%bd’ﬂ@2 WRRAoMRbK thE&ipp@ Watlwdro walet  20.

Upper wall 18 can be inclined upwardly towards the radi al of the
cel | . Thé“@é@dLTBmﬁW@W@dégb?H@h%@§PW@ﬂb§RWQﬁS@6ﬁgF@§?#ﬁﬁf%@fﬁLeﬁ1the upper

wal | 18 apgh thgoshdsTRedsenthxad cQhpreRh 3biREn tfhéupﬂék tvlalm eddythe b@agkdl6 is
provided to hel p create and maintain axial cl 05|n %ies during and after

the seal i*Ag2bpf wR@iIneD it AV ptelys begd d O dniowdedatiely Cé@&a PeRE N 48f'lai s on the

bead can e ound duﬂnéJEHdtﬁgx Bt Lo 8 FaheNniRPl 4 &Rtdn@RssS@blyalo. Narthel2/ 136, 910
(United States Publ i cati on . pending), filed on June 11, 2008, which is

i ncor por aeleds pythe é?aélcélhb‘éfohéfi i Ynitef SoEsPrne Aé%ﬁbcaé@é el o321 0. HPsposed i n
the top Qeﬁlttéd%at%fl)u%ﬁggti%h 'N%rpelxémgﬂ(ﬂ' éd%ﬁlJ%elsi, #08, which is incorporated by

reference herein.

[0028] The end assembly 30 is disposed in the top portion of container 14 and includes a
terminal cover 32 having a conductive contact that serves as one of the cell's terminals, a PTC
device 34 that limits or interrupts current flow through the cell, a rupturable pressure release
vent mechanism 36, a gasket or seal member 40 and a contact member 50 such as a welded
lead or spring that defines an opening as illustrated in the arrangement of FIG. 1. An

electrically insulating polymeric gasket 40 may be positioned between the container 14 and

9



term nal cover 32 having a conductive contact that serves as one of the
cell's termnals, a PTC device 34 that limts or interrupts current flow

through the cell, a rupturable pressure release vent nmechani sm 36, a gasket
or seal nenber 40 and a contact nenber 50 such as a welded | ead or spring
that defines an opening as illustrated in the arrangenent of FIG 1. An

electrically insulating polyneric gasket 40 may be positioned between the
container 14 and the conponents of the end assenbly 30, such that the end
assenbl y 30 has a polarity that is different fromthat of the container 14.
[ 0029] The!PFERpEG SR téfaeridsasw@kyo@ewch Hagthe gdeteribhall 3ae ROIBEPWEER t he

cont act t@rElchRalonCOYEIT %2 oARet e positive el ectrode 64 of el ectrode
assenbly 60. Thus, when the PTC device is activated by abusive conditions,

el ect ri cal002r r efite BliCoivieg 3¢ ksotppisd inredeciisalratisesish (heaonteg (@ Haat er mi nal

cover 32 éo%ers{ﬁ\é‘ﬁﬁ @Jexf;o&ﬁ&etenéc%@edm dffele@t%de%%@]%@%@' Yh&l W@t edc dbiicd hi s
manner, the gro ects the cell 10 from arragﬁ\(saa or disassenbly when the

cell is elﬁ@%é@ ba%wgpwlt&mmﬂeﬁr@%ugwiﬂoaglg Bythe elpqtione asspiabiy pO

over-t errpt%rtl?ettw}rﬁnaﬁ: Q(WAI 52 @@@ve%”é?ﬂct@&’ if rfo@Eon%ﬁégp Ief?mm@t)é& efnr’cﬁils n%ﬁﬁgr
circuiti n% the cell, abusive charging, reverSe installation or forced

di schar gethe The pestasthilea ¢elld 0 diont destase @rdmaﬁﬁamb@zfvfm dreeelhisl sxppiedtty aieye above
the end Ogongﬁﬂ&%asha‘p 017é'r (ﬁlﬁgntl aﬁd/’&%& te[r'hpg %?CJHXmB Q;a %xy ex%{nbfgped end 24

of contai ner i nsul ati ng gas di spose ere et ween. As noted
above, t rrétea:ma siwetctlretmdnmf theestlt abusixé diargzrhgamvwge m@ialéfélon Thiogced disphgrges

perfor”ednﬁr&o@]&%u&e' %ﬁfaaq%g]%r %bgf&ra% Sérddeg&ové Ratnd SocohBBeCb@iner 14 is

beaded wit e end asse ace, then the end 24 is crinped
t 0 cr eat ehchkinalacconihe ew:rdjm cmpa&ﬂepsd. 2 bfe@nalb@vbﬂ willong0§tEgeetkeotheni cal

cells, a”cﬁ'spBékrdtu’] ?éB' R{ APR&gd S04 NG %gc?exld' 2t4*&99€9a% ?10% h% Rtymrypased

al | oy I’ve "Condi ed tenperature,
overcurr emrlmp 1ep¢rfo)m@<amsmlcldwyng crp'eetlmade O©H Iéxheé nsnalb csrhunetr 18iiy lpail¢dsyith

uni nt end ar gi fu tlo desi t he

li ke. ThﬁigI "Bf 8% H‘ggﬁi 3(9@%?1 aw’ y Slcl) %dﬁén%&?%xgeﬁolm T%S&g% C devi ce
34 is a r@mﬂobcadﬂjoee devi ce exh| b| t| ng p05| tive terrperat ure coefficient
behavi or ei n, the ele ice | eases with an
i ncrease [W“” n{)ké?céf’megncaﬁ ’f’]”fjrli’ar ﬁ‘éa@ té?sg l?aéﬂqﬁ%ﬁ\{ lurlrl?scr)fta E‘ FTC devi ce
34 conprises aaojqalayme&uﬁjasvadng aeive geiditioas pag. tdlahes tedlpsmana@dextmreanei n.

Speci fi cal l

, 1 PTC de 4co ri ses. polyethyl ene and.electrically
conduct i V& %&PSFEEV é@erg?ﬂ@ﬁe %5?‘86 U H&‘PPGPQ/%&@ %Wg’prﬁ?l PEDNEL ych as
conduct i yeoMelialghed d@ceeXrINm Eken mhkg IPTCalaviad 30is b&ewiafdty z@thonBeliovellt he
typi cal e | e tepperatur f .85-170. C for C t.he nore
preferr edIB éﬁgéifz‘élf% ‘§a6?se%‘g’ﬁ%§§gf %bl? 598 pRSHXP ?H@%ra&‘ﬁ%coéﬁf‘i}&ﬁ\?g%a€8ﬁ nci des
wi th the dRsdii @d el@&&bﬂ%ﬂs&@@dmhmvtcem&raeds Wit af aR@Rsd i@ Renfsdure ONsS umer
el ectrochenmi cal cells), the conductijve di s articl s in the FTC form

a rel ati JEII | odn PREsTEEHRE AR R TR dg ILF613§|°8‘?] fret AROIXTAVIEIE The | ower
end of thendenesAatideuReisddingeihangificaldietrateddviy 3deshfiged or the cell to

function at a
polyethylene and electrically conductive particles such as carbon. Other types of particles,
such as conductive metals, for example nickel can also be utilized. Below the typical
operable temperature range of 85-170° C for most PTC and the more preferred temperatures
of between approximately 85-125° C (which coincides with the desired maximum operating
temperature range for most consumer electrochemical cells), the conductive dispersed
particles in the PTC form a relatively low resistance electrical path through the polymer. The

lower end of the general temperature range is dictated by desire for the cell to function at a
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tenperature of about 85C. The upper end of the general tenperature range is
dictated by the nelting point of cell conponents, such as the seal and

el ectrochem cally active naterials. The ability of the PTC device to trip
depends on conpression on the PTC and other factors, including density of
the PTC device. [0032]1f or when the tenperature of the PTC device 34 rises
above a switching tenperature (also referred to as herein as "activation”
of the device), the polynmer changes phase. This phase change increases the
vol ume of the polynmer such that nost of the dlspersed conductive particles
separat e, wﬁp%ra%rerﬁf abqyd 89 6w The prer il tee asperplitemperasiye FAngm i Aitaipralty ¢ E@ ly

'aneas'nghafmﬁﬁ§ﬁé&ﬁﬁ%$ogﬁmiQEh@i&é@%Yhﬁ%kmﬁ&h&ﬂ%ﬂﬁ {9 ARCRatk.NCr eases,
t he amount of current that can flow through the evice is reduced. Wen

t he tenpefhitaiiiey ofthg PIEC pesede Fipcdspengs eeqrauessign P@thte ﬁEC@pép@?u fagjoisange, the

pol ynmer ﬁgg&gé@&mﬁ;gﬁh@@ﬂ3ggnguct|ve particles nove closer in proximty to
one another and restore the lowresistance state of the PTC device [0033]A

pref err ed0fE delpeceh@ahs empayiurerditheddiC devise 84 denebdvealsvieling comes in the
shape of @HR&MH:' (M0 ertn@ % a?s%{%efnads BRREAIAP B thOlevileh, QMY RGynld: ‘dheﬁllﬁléso pass

t heret hroug I'n partlcu e aperture acconmodates a venti mechani sm
t 0 i nsur ephesratThésphhwshirge proesssag thesyolianernd thelpalyimgr sysh Wiat msi of e d@é@rﬁeéd

cont ai ner r forms the
el ectrica n%%?ﬁ@ ?&C?HQ§HQ§2§¥%¥§H§SQQeﬁgﬁn&ﬁgﬁyﬁgfﬁ ggggﬁggﬁ?ve ef f ect
of the PTi@reminghks regfthnce pEdk P TCThviss. 4ovibé @slstembelim@a@l@vﬁh@e@omvé a di anet er

that is rc% r@r‘it tl?{a%l %rhf%vg) §1§c{u R he%d@éfc%%ﬂc%ﬁern tgee{e%éltdt%ge (Rsfh

cont ai ner, ure i’s mni ate C devi ces
are comTecfeancaisl dgcraasad toathé aaefatmgramg«m}nmm tacge®|liz&unt amd@cwﬁ@ad@lﬁb ce are

Park, oA T0sR oSBT Rl pu e PR PRER RUETERLE o " e

cell. Typlegatly, this added
[0033] A preferred PTC device 34 for cylindrical electrochemical cells comes in the shape
of an annulus with a central aperture for allowing fluid to pass therethrough. In particular, the
aperture accommodates a venting mechanism to insure that explosive pressures do not build
up within the sealed container. However, the amount of surface area of the PTC which forms
the electrical path should be maximized to help minimize the resistive effect of the PTC on
the cell itself. Thus, preferred PTC devices have a diameter that is relatively close to the
maximum diameter permitted by the container, while the central aperture is minimized.
Appropriate PTC devices are commercially available from numerous sources. Suitable PTC
device are sold by Bourns, Inc. of Riverside, CA, USA, and Tyco Electronics in Menlo Park,
CA, USA.
[0034] PTC devices add to the internal resistance of the cell. Typically, this added
resistance should not exceed approximately 36 m£2 in a AA form factor, and lower resistance
devices of approximately 18 mQ in a AA form factor are now becoming available.
Optimally, the device will limit a voltage of up to 15 V DC and a current of up to 20 A. The
diameter of the PTC should correspond to the diameter of the end assembly as discussed in
greater detail below. The vent aperture should be sized to cooperate with the venting

mechanism, with a diameter between 2.5 and 5.5 millimeters being appropriate. The
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resi stance should not exceed approximately 36 ml in a AA formfactor, and
| ower resistance devices of approximately 18 ml in a AA formfactor are
now becom ng available. Optimally, the device will limt a voltage of up to
15 V DC and a current of up to 20 A The di aneter of the PTC should
correspond to the dianeter of the end assenbly as discussed in greater
detail below The vent aperture should be sized to cooperate with the
venting nechanism wth a dianeter bet ween 2 5 and 5.5 mllinmeters being
appropriate. The thickness (or "axial heig as used bel ow) of the PTC
devi ce shiGigkirss engaxiad beigkid as ebdbelow) dshedHE @vvseshﬂuldl rppgstbeveee 3boub 2 il s)
and nore redol QQQP I di ng upon the
exact cong?g%?éﬁﬁgﬁﬂgggﬁggﬁggfgg n Qe§§éﬂk§£%%§ §°§8agfgg§5]A probl em

wi t h mai nniliméterg, debend PEGpoiethi exacBepniigurtive of pldmeys wrild gnd3eseimyItWat a seal

nmust be ain r 230 to
prevent nﬁgggge'g “Q ???Emﬁ' ﬂ$£€§?ggmk%:ﬁ@€ﬂ%ga @ip|§@$ f or med
utilizi ngsepirrets;sbmeamtg@n@bwwgn theyconbner ipara thﬂﬁnﬁ@%@bbﬂoé@aﬂw%t@ﬂb@ﬁ t he
cont ai ner $g{ S I I ctions
of the ce (If%e C%Egle geé?c@% ﬁsqéplbaﬂéq hr%d é@?ﬂt rgssmgrr%gésrl \ﬁ}’e@}{‘%)gh&g t hat
ar e necess@amprasgion srgllregveentied doatalner Blemkl enéaSB@mhhaw ln-mAIeﬂieraXlab@ﬁthééési on of
t he PLC devi e re
speC|f|ca C&%ngnggéﬁﬁine egégg?g%WW% %2?3%9@¥?& %hmgﬁg %pcrlnped end
24, the rmguduyynoﬁu¢ME1gaskmtmﬁﬁmadebm@mup@ememambfm8P&E<Eheeb@aﬁ 16, can
Ilnlt expansi on an ereby .affect its r I he

| vent | on TSRl D B SortaEln S i SRS P ol e BNGR o] |

i sol ate tdﬂkctEEﬂhdezvmp@i dntd O thongidict ofithd duslten é0 aldalbd mppbzywsl (& cbfeheetlmydl npacti ng

activation of the PTC. ronpent out e cell and
externaI]%hV§| @@8ﬁfﬁfpd?1%hﬁﬁggﬁﬁfp%ﬁgp?an N fﬁ%”gc Fvgﬁbortlon)
and to mthugtb @&vm@mﬁymd@menmh’e bed Ra'e@ﬂﬂﬁ\m Belatttid BT (Ndvine dioni cgtatthe FTC i n
a desired H glt an mn{ﬂ% the cell to.all éi desire eﬂﬁan5|on on
activatio ‘ItﬁﬁkVHU@e PF?W%W%aHBEIQ%ﬁf%? TSR 8T T RE BFE Hevi ce) .
Use of | essideited ctlipad yi@halpaySdal edntact @S pﬁt@gﬂﬁ)ﬁe@ abymdi he atpfegoanaps

di scussed above, can lead to fl.ow | eakage of
the el ect%IwénraﬁacwéwpIW&?@@&@ISP%I %a@“&érﬁr MW& Bt and

assenbl y 3GitioMIBaVIRS cell td\@IoRBb LddsRbd Sbarlshd ogask@tiontdsd thhawe uliidid ci ent
rigidity to neet the criteria described herejn ﬂ%9036| E or der t all ow t he
PTC devi ¢4 pedorsanseef dhe Tfedsvicey Usk pLlpsirsi! p(’t1 a vfi‘séégg?ﬁe & ocat ed

in the eng &SGR NHscdRedHoRS, chiPlch@HUAKahtbd f0mk bethp phokay, Wealdt af the
conpre55|on forces. The term primary axial conpression force is defined

herein aslchalyiradeustal léﬁr‘ln‘??ﬁ%t?ﬁﬁﬁe cxfPripnesonFne assealetf- AYYEGYEHRE axi s of

the cylingyd.cabe tﬁ@ﬁ‘isﬁét NQfst KWE bﬁgc@h‘?lgﬁﬁ@kd At He dingiapgriossendhy 30, as
well as the resulting c npreSS|ve orce nmaintained in the sealed cell, For

exanpl e, [#436] 8 Inprdgsioradewshed I5r @WW&(‘P%IGV‘E%%I‘%%%%W%WE@ T6n an axi al
line extepging I’I:sh(gcgféglﬂl thl BRI Asethb R8s RE R¥oH it GOAMRESSHhAD aigne | s bounded
by the upper wa bead 16 and the crinped end 24 of container 14,

al t hough comerepriecioses. aﬂwaﬁm pfmarp peiel cemeresden igepérripsined kprgmptthe on t he

materi al gp%atets{llﬁ ﬂ{x( ordsBfe Q)Eéﬂ'g@algf?%@k t4:08BmabdiniR& Eoifkr hrindf the
mat eri al e gas wever, It wilT be understood that |esser (or, as
used her@mnwﬂhgsﬁdnﬁady%?mbxﬁél%oﬁﬂﬁﬁégsﬁ@hmg§0@wﬁﬁh@éﬁé?ﬂ@@“ﬂﬁﬁé%ghout t he
Corrponentﬂ?e s%glecli 081 §3a51 %?enﬁ & ¢ MG F@@V\Fl%argfaxﬂcapcfoﬂ&)ré%ll)rln fo@& dr&@Sixkhan the

primary essi on zone ereby ctivatron of the FTC device.
Ime extendmg through line A-A, and the axial compression zone is bounded by the upper wall

18 of bead 16 and the crimped end 24 of container 14, although the precise amount of force

exerted depends, in part, on the material of the container, the crimp conditions and the rigidity
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[ 0037] As noted above, the PTC device 34 has an annul ar construction with
the outer dianmeter or periphery of the FTC device 34 | ocated concentrically
within one or nore discrete axially extending wall sections or protrusions
46 bounded above and bel ow by cavities 82 into which different conponents
of the end assenbly 30 are received, all of which is described in greater
detail below In this nmanner, the PTC is disposed radially inward fromthe
primary axial conpression force exerted on the cell closure assenbly, and
the PTCis in the zone of secondary axial conpression This zone includes

t he conpowight watbial ntidd ghpyetp blowicwar, ibvil tl#velnﬂestn@dihﬂlt lgseny €or, Bsedhiareinr e

radi ally nd the vent
mechani sm%g%%g{}%dfgl]a &"{l:ppegsel(r&éles @gyﬁegt??glﬁlfgh&? lﬁ%s?e{th?ﬁthgg&(?al pressure
on the PTGsaaly. c’ehe%omrtmlflﬁdeeswal tgdssk étan 4@ privaty qoslpres$lommnc,0hmldM| ve and

i sol ates g{%m reacclmc;ae10 O{;!grrp? ens.s, of opposite polarity, and ii) formed from
a plastic el i corrpreSS|bIeto aid in formng a sealed cl osure
assenbl y Iﬁ037]resj\$mca¢ttabbm dmlPCTGdemweécthzatahennuﬂmwmtredlodeaﬁtbrthmmt@n The

t her nopl a used t 0 ff| ciyen
rigidity, S eﬁr Ertlf)h&?mo%gg’c} R ot hcgé‘} n}!t\?%foncen%fcanﬁw t%fl opgs e of Ot ﬁ% I%’T'FC devi ce
34. CGasketxidl ekending Wﬂdseaﬁora ohmiotrmsmm% ibonheled ahovaamnllﬂelsm Hmmwrmgs ghigtoor nor e

|nvvardfac di al prot |os 46 nted in p
subot ant | SP PGB RaPRG TR e S SRR R Y RS R LlE K of ¢ he
gasket . |gredcrfkaf] eélberd hemmﬁhnm&mﬁm P Oés disbedusdiaty inayrd henf the pmﬂauy

continuously around the inner dia of th her resulting in
a smal | eraxil% RUPPIETSIORLRIST S¥ogP rh%e g‘?%‘ﬁ‘?sﬁ? aB?? ?:%iﬁgar ed "t'0 eyhzé’ axfllJaI

r egi ons Osfecdnfd@xygaﬁk@)tmpﬂdsléle@mh)s dhomeluaidhdehpondnbiedopidat Iby|$bmln of BO39] Wt h
reference tao FIG

ific di.aneters f sket 40
can be nBFPUNYeRE g% }Vt?f‘éfalg ﬁ?ﬂcorﬁﬁrﬁﬂftoftf‘%ﬂb"éoe§§m§%§q] gﬁgéeﬂcggé%‘g% ext end
radi al |y theowat ghefifaf@maeaxi al sidewal | of the gasket 40, which may conprise
axial inner_ sidewall partions, 4 I n ¢conjunction w rotrusi on 46,
wal | portiP8id 414 Rﬁ?f‘iﬂ@fjF%t‘ﬂ‘&\?f’t]ﬂ?‘é%sswg(aé‘f‘?gwjﬁssflﬁ %, s e%é g%‘gce%ﬁG 6) into
whi ch porihéions a%ﬁsk'ém tRAG: a§§&1ﬁ&{cﬂlcﬁ‘%)€in@%ofa@§@¢s%&dcdl I@om@biengfaxi al ly and
radially conpressive seal . Axi outer sidewal|l 42 of the ag(gla et .40

I

cooper at e¥PNIEROEBM #idrig formed frPB‘ oFHF Bekis fHiably SApPEShls g Om{B&ef er abl y

W th a congtiantiofidisdeily 8% inidgoeteflow bidei@bhwided dERisatidsherhbnner axi al
wal | of the gasket may conprise 5 discrete dianeters, as indi cat ed by lines

1R 1r, 2Rhemoplwicared @ Roldkeaskel 46 RuUSRIsoprigpig syificigntdigidiyaee A& Bt G f r om

primary axpaeq %Otm&l%aﬁomemg@rﬁ%toﬂhe%ﬁac%tswem Hexameld BFmddhan hohay of
2R-2R and 4R-4R Preferably, 2R 2R is approximately equal to 4R-4R Ow ng

to the cravhpdengr anhulps baviyes o8 or dipkgriaver faomermligliprqirupienstfaPrigicdifan t hat of

2R- 2R Arbgziste@}_%tt Qﬁewnﬁgiy%%%dlgﬁ%mg ﬁcgwbr?talZﬁptB@QqW Iddgib ey beadink6, the

di amet er ange e small er than that of 4R-4R
In this masfored enabopmemwheemoteﬁi@omwé)ntfm@ﬁd gansikequslyGragng nhehe%daweEL shape

when vi e:’é%\%é: g%l%{ %e?ebi?%sut@g in 4 Qn Q?mﬁé’r%nimeﬂ:r l?&% ;Jr@trl?sml a@'&or{qﬁaﬁ&g@ 49 is

not prov I'nstead take on an F-shape when viewed in
cross sechd oyl regigs iofithe gﬁket\xerﬁctlyfdbang@dm omvghapreeyiiorand/ or cri npi ng does

not ext eﬁﬁ()ﬁgyor\gltl% efer r{ln%’ !ﬁ @nfﬁ% S'Hec gg’l cj:rsqgféa'cﬁ)BOI%a'“ a@ﬁé{ UgLon 46 may

be the o ubst an sec ion o 1aneter. [90401FI G 1
i1 ust ratb(eSrlmhp:re&‘scfayc&efmﬁd cepper (Elamgydﬁendi pveoiaizedd betiweedialihiswapieam wal | 18

a axial sidewall of the gasket 40, which may comprise axial inner sidewall portions 41, 44. In
conjunction with protrusion 46, wall portions 41, 44 define cavities 82 (shown in FIG. I and
FIG. 6) into which portions of the end assembly may be received to form an axially and

radially compressive seal. Axial outer sidewall 42 of the gasket 40 cooperates with container
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of bead 16 and the crinped end 24 of container 14. The PTC device 34, by
virtue of its location in the cell abutting protrusion 46 at interface 85,
remai ns oriented concentrically within the protrusion 46 in a zone of
secondary axi al conpression (i.e., an area of conpression |ess than the
primary axial conpression force). As shown, |ess, axial conpression force
is exerted along the entire length of the FTC device 34. 190411As noted
above, cavities 82 are defined by protrusion 46 and inner sidewall portions
41, 44. The radi al depth of each cavity is sufficient such that a portion
of the enttlasgepikjhecomptsndyesesli prairaely with a westediampter defgig@tred to the

primary as)f(',ié%}ahqg m?lrnﬁstﬁb %exf L84 &A1 6K GRE %z%get %p@e@%c?eteatﬁéﬁémg Ys IN one

enbodi nent e sea inner surface 42 receives term nal cover 32 in
cavity g2indiFeediyniirics £ aR2RIR, BRSIRs 4BriRsad SRAR. flo prdevioshyicldrtos s from 46. Seat

may further, el édqgm@% s?d?x”!ﬁ'at%étc?if??ﬁ%u@tﬁo sﬁa'&ﬁ’é’x‘”ﬁqah“haﬂ@l{-%ﬂ{ a}ﬁ‘@hl‘% 'Z!Rr ece' ves

and cooperates Wt e m nal - cover. Al'so as shown 1n FIG
per i pher atregdgly, 3528fis appraximadly egubio 48324 Rvewine taitiaptireping ©1°ff1anlge\4\ﬁS t h| n groove

86 and/ Ordlgrgetg)relth gf(b s&nag%qbf}}th&%%%ﬁy i tcl; L gﬁe%@l%gﬁ% t4'0 (?snseét ci

Simlarly, vent nec oner Te ST side
portion 4&ithit thefoedniymcmaglamgtet hR-58ndkfmssenidnge 39 wild bsuna’ Buthdn rotlMlisi on 46

Omar covl B RETRY s SR FRESA RN Dyad D I Rh TR SIS UTE AN

i nner cover 73 hates 'w 1PHac ortion present,
fl ange 49nweys fectiam dn Eheat/entdibeaﬁdétand/ér?ﬂamgg/4€hllssmt gmms@sme gaskammayl ar gr oove

86 whi ch C r.at e | arl.y. over 79,
Co bet t ergeragotans b Bk xESs PREoSRiaB 2t st 8 b8t ho® ithelier “ao.
100421 Notabloy ¢rirpping dass norextkod b@&)naﬂleanﬁeadilaxhﬁbtgﬁl\waﬂ patiioatt 1| pastsiondtches t he
axi al hei ht oé RTC dev iﬁfe 34. th nt the axial height of the

prot r usi SR RES Rl segho éeqf'f@ d\%?f“ Felief fromprimry axial
conpressi[omor]ray me. r eaktasdhe stk@@v@lrc,onqubx&nBT@adé\bet%erBt&hesjspmumllax)ut t he
protrusi ng its inner. dianeter in_or r to maxi m ze
the si ze/‘gtkf?afdalg g\ﬁ@émg’ﬁ’e‘{]ﬂ@ JpEcon @f‘ﬁé?cﬂ#ﬂﬁﬁé dedécr‘?g aPed By 'dPect r ode
assenbl y 166itibh Pwhe ctelnraeutghg pﬂaﬁ-u@mméae&sreéfblbeysﬁ(aerﬂmmstdmemfa@bdmwm@ lpreferred
pat hway: el ec rode ass eit Her the B_@SI ti vgef:el ectrode or negative

el ect r ode) Mk BRPLOEPSIHR E-’ra 80° ?q(sﬁcqf‘ &y afial OMBIESHAIYI P HE Plor m of a
SPring), RREYGsd NS thanBs predy aﬁx@l\/@l:np?egsloﬁﬁ@eﬁ%ﬁﬂdw@UésstaC‘kleﬂ erninal cover
32. In this arrangenent, current flow f (gg c}gn be stopped by
activati GATBISTHEORTES %‘&“e%‘i’r@ﬁh‘ﬁﬁ?‘l%@”%ﬂ? P %FE Bj°tHe conditions
descri bedo@apVve. As noted above, cavities 82 are defined by protrusion 46 and inner sidewall
portions 41, 44. The radial depth of each cavity is sufficient such that a portion of the end
assembly component situated in the cavity is subjected to the primary axial compression
forces exerted on the closure assembly. In one embodiment, the seal member inner surface 44
receives terminal cover 32 in cavity 82. Terminal cover 32 rests on seat 45 formed by
protrusion 46. Seat may further include an annular groove 86 (shown in FIG. 2) which
receives and cooperates with the terminal cover. Also as shown in FIG. 2, the peripheral edge
35 of terminal cover 32 may be adapted to fit within groove 86 and/or to better exert radial
compressive force wall portion 44. Similarly, vent mechanism 36 fits into a lower cavity 82
at sidewall portion 41, thereby causing the end assembly 30 to surround protrusion 46 on all
of its exposed edges. Here again, the vent mechanism may include an inner cover 72 that

terminates with a “rollback” portion 79. When present, flange 49 may form a seat 47. Seat
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[0044] I n view of the description of FIG 1, it should be evident that
primary axi al conpression forces are exerted on a stack of conponents of
the cl osure assenbly including crinped end 24 of container 14, seal nenber
40, termnal cover 32, protrusion 46, vent nenber 36 and upper wall 18 of
bead 16; and the FTC device 34, due to its location in the cull, is not
subjected to the primary axial conpression forces. Thus, seal nenber 40
provides for multiple radial and axial conpression areas, both primary and
secondary,ﬁxial conpressi on areas, between the ¢losure assenbly conponents,
namel y t he’ BEntis Rpayessa aandan gieove £ WALS SRS o i NEN 38i 49 M%ie seal menber
40. The dgsiid@mrly$oladaddoRs 190tREsGerfEddthe R bdtivtdh tRf en@la@ChbB] Jt8d wRPOr to
escape fromthe cell as wel | ‘as reduce the ability of water to enter the
cel |, ands®htfter to isolate the PTC device 34 fromthe primary axial

conpr essi @440 CR&aY, phdlRisoh 28 UELinAK RERENLY thal A RARIMERB cS@BhxiABIRGI 0140 S
made of a material conposition that can forma conpression seal w th other
<

cel | conpdHeftviceat te eyepste axigldsighniyheamefrston 40 syrepdishat ol Epbr 34,

transm ssjQer Fodt HindrP aRiid6hpleSsidh iy BeZeal izt L MEXAMP R PENGRRUBE ¥ Rid Wat er
into the cell and | oss of eFectroI yte fromthe el ectrochem cal cell. The

seal nmenb@nt bepiRsiomtd akele ik i Jismeictat duerfos B inprder fopaewimgthce, a
thernDpIaﬁ&%ﬁﬁggb%g%@me@q@position of which is based in part upon factors
such as chem cal conpatibility with the conponents of the el ectrode

assenbl y, [0fd3tel yCurteat gragratei be clebtemsie resdmbly 68 Eipws theough gstenddesembly 3y | as t he
el ectrol yheq Aaafinanu tie dog e biBcrd A€ or
eIectrocHénﬁégw%ggﬁﬁm%ﬁ?Qﬁﬁggsggﬁéﬁgﬁggé&féyﬁﬁg% %?%ﬁ%a%y gﬁﬁtgkle mat eri al
t hat pr oviedesetelvetralies icordebt sembenty GmidGi hudvided mgthp Fapeafrispdng).The sea

menber ' nus. L0t 3 i Ci i di hat .S, . t han the
rgi ity eriee BRI R TS Bt b el Prdh P RRERAL e

mat eri al quurstt flopt frdpeths oclt ombleismppeday acavatian bf thoP BhBaIvchicheapbelrigesvddce from
primary ' npression anpl es of suitable materials include, but are
not Iini?ﬁgg%%ﬁ8ﬁngggﬁgféﬁggépolypropylene, pol yphenyl ene sul fi des,

t et r at | udpo4igperlh vicordalddekeriptiony bf [Gherit shogd by eedent thal nyrimery heale
terephthal ate, .ethyl ene tetrafl uoroethyl ene | ypht h ] . any
conby nat 1SNPEUT LB EE st el 3t naROG bR PR R B P BT il e
mat er i al scriatped pal Mpiftchabiacn [desal(eergber 4Bneadla( coveER, pdOLsidby 44, varh Sol vay

Advanced Pol s of Al retta . possi bl 0 henyl, ene

sul fi des ”(‘eén%ﬁé ﬁ‘@d&?ﬁ@ﬁ{hﬁ)g Olgé‘?df @%dggeé%%@%?ﬁ%ﬁzsﬁeﬁ% RS 4(%&@1.0? l% Bner, TX

USA), botdildesariested ta tHprihaely Siidteaplatorforc®ulihig adal armbosio RO0&E079404

and 20050079413, L& her eby inco&roratﬁp}g% reference. The seal nenber
i |

conposi t i 88U ERN A Aha GORRRTS N s I AR i SF o8P YY &Righ as i nor gani ¢
fillers apghREsi® HaR] KetwRAMRWSre dkREHBE6] chhposat| nimeimbie cdainay 4hed coat ed
with a sealant to further enhance sealing properties. FEthylene propylene
di ene t erfroity r?’é%em{’ﬁlﬁﬁwcef‘i‘dé“gathg tff ﬁlﬁ‘lnge‘_s‘IQaITEerl‘?e@‘rgﬁfseardﬁ%ltF‘Etoﬂﬁ‘f”CSﬁﬁer material s
can be usgfity {RA4FIITRE SRS MR B REINA| WO eddudhe atlile fva@y toded Wi t h
one or nore vent apertures, ; . . .

enter the cell, and further to isolate the PTC device 34 from the primary axial compression

forces of the closure assembly.

[0045] The seal member 40 is made of a material composition that can form a

compression seal with other cell components of the closure assembly and it also has low

vapor transmission rates in order to minimize, for example, the entry of water into the cell and

loss of electrolyte from the electrochemical cell. The seal member 40 can include a polymeric

composition, for example, a thermoplastic polymer, composition of which is based in part

15



33 to allow release of fluid if vent nmechanism 36 is breached. Term nal
cover 32 can be nmade fromthe sane or simlar materials as those identified
as being appropriate for the container; for exanple, nickel plated cold
rolled steel (pre or post plated), nickel plated stainless steel or a

ni ckel alloy. N ckel plated stainless steel is preferred in one enbodi nent.
Utimtely, the termnal cover should have good resistance to corrosion by
water in the anbient environnent; include a conductive portion with good

el ectrical cqnducti vi t¥; and when visible on consuner batteries, have an
attracti VPORBIEET WAk & chemital rompedbiliy pith hecomponents of Beierigdecsis@blyar e of t en

made fromategked nddhidettbcGodeldpdstive @dcddels vRll asth electtdIftt, sudh NiaGleg! Pl at ed
after the cover has been forned. 10048]Pressure release vent nechani sm 36

i s presentiueyseiigiolringtilzad in Eorediveckentem cdel Us JBs tahipabirys BefstiEithed wi t hin
the el ect£QGhemicGRMliecrGeinkt OV iR&lIRWCRRIE48E %ﬁ&&ﬁﬁﬁin@?y%&%@- THhgaPr essure

rel ease vent nechani sm 36 can be, for exanple, a ball vent or a foil vent.
Gases ar eMgjBbfeMatesdl st mpiiteithwiiacnt rigidisy thel ieerostprobanehe Beidbopldhe PBns such as
tenper at WeQicaNd,, upsh G&idedirthe c@ﬁhﬁ‘@%ﬁl@m nARRENRAlEth: 8L 6 aghiahRL, @Ry ation

t hrough chem cal reactions. \WWen the pressure wthin the el ectrochem cal

cel | is athiddigebTadensefrpmprimanyasidetoawmstien. Feinereso! pritsbleunaerials portion of
t he vent ;yaghap ; r I ' ' of liquid or
gas or a lggrr(%f [rglueh? fporﬁ@tnﬁ}eegetg &) %&ﬁ{yﬂﬁnﬁ’ F{Oﬁléﬁ)ggél:elirg’ ?%”%%3%%@6 SIu rdggdgh t he opening
creat ed itatrafherideperflupreeldninire®6. comipmer pdetuerder treebhtlelataséylpressur e can

vary acc | e ] . J b . Of . term ned
pressureql&gdﬂgfgrg%tg?%%’ {}&g@g%/ag&lgd%?esgudp éﬂb\?\}r%tllégqhth%/{n I%g\!\g) tgﬂtikzﬁ Srsaé&g)gnts due to
nor mal hargidiiyngrefanedd gaske enagriabxpamiypsthalemides (caviirere! ot Tb@Helren For

exanpl e, d ERG- i1 hi t adni . ] I t he
predeternglonﬂ]eagArde g%%lgg%r%éerggt%@&%gaf @ékgﬁnngl @ﬁ%ﬁl%ﬁ@@%eﬁéfag%ﬁ%ﬁegh t he vent
mechani sre.836 TECHARONRaAPP OpeniBogdekérdtlasgxaisl, Shinen, AXy Updbbihglescciberl inange from
about 10.,5.Kk 1 s/.in 11 ) 00, 1 bs/in2) and in
sone enboélltr?g%%ge,gpg?r%%ug@%{d?n @3%8@3 %4 ?%g?@%ﬁgfét% glgg)bout 56. 3 kg/cn®
(800 t bs/ino2joradd yoefrechenpldcatal nrembaloutpo@ilonCcarldptiopripssutaim raibfowdingch t he
pressurelgnelseaﬁe vent pani afn,SG r.uEturegdScan be determ ned by

pressuri zI 1g S%“caélnfo,rga@ggﬁ,erstaﬁ SUGKY 4 ROTE "PUinct ured in the container.

Exanpl es [@46f f dihk sasenmemb@siogimyderoftied & diumskalant tifiirthedenBb@tcasalirgt ent

Publ i cati on Nos. 050244706,,. 200602286 . 20080213651, all.of which are
oot por SRGEES PR ERATLS P 510 TND e e IR R AT RS T LT Pl T n P &
1 is a bakHer mertials Balde wwent 70 includes a radial sealing portion, a central
vent well 74 and,a vent. aperture 75 seal ed b vent ball 76. Vent bushing
76 ey b TR S vhrHpILSr e Aanar Pt e i Bie frarn S0k edEiss bed as
appr opri ag e<|> AIRkv &iﬁ@segﬁﬂk'ﬂtif 'iéHﬁOM?Glhaﬂ_il@r? memredmsihimlg?iw oalfér@%ﬁsw hidei ﬁnt f
conpressibility the vertical, walls of the vent well 74 and the periphery o
the vent ) e e S%iamnaﬁeﬁalaa%%?%@%negg%%%ﬁeﬁﬁa%&rom@ﬁq@rt cogaier

non- abusifyekak@BdidkeONsed WD §(Lr|£: of pUsEfInad), HEies pMice sextaedse bhe
predeterm ned | evel, the vent ball 76 or both bal| 76 and bushing 78 are
forced odtidst! Alpe Miskelpined stnless sice) ivplerpt BL8EPR2RUMPI U THEN The cel |

10.  1005Q4-MeRAt covBiadhbing nPRI dob® Fesiétndab BhRRIRDy Matdr {SthP EhbRACKYirdMniddL, &
U-shaped wal|l (also referred to as a "rollback cover") 79. The roll back
cover 79 1@“@9@@@11@%%@)3&@&%@@03@ electrical conductivity, and when visible on consumer

batteries, have an attractive appearance. Conductive portions of the terminal cover are often
made from nickel plated cold rolled steel or steel that is nickel plated after the cover has been

formed.
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descri bed above.. The configuration of the peripheral wall 79 aids in
formng an electrolyte mgration barrier and possesses spring-I|ike
characteristics and aids in providing radial conpression with seal nenber
40 in conjunction with the adjacent sidewall or container 14. The

el ectrochem cal cell may includes a conductive contact nenber 50
electrically connected to the vent nechanism 36, and nore specifically to
one or both of the radial sealing portion 72 and roll back cover 79. As
such, these portions of the vent must be electrically conductive. Container
14, seal WB#Her Dressamdelcaspventrpchzmnissro3spresoipertiat el praniqrtsaian be he

el ect rodesu%érﬁﬂE% ﬁ&%ﬁ%wﬁ{)@g% %%%e‘?ni@:é]‘célhﬁ) BB rg&&&én%dgfesﬁ@éﬁt ai ner 12.

100511The vent can e fromany sui tabl e material that is
st abl e i nTheomesagt rapasdvenhmeahehibm 36 nandret Hr axvepls ovalbieest errcfodagity Bdsegel |

seal i ng Ot lﬁﬂﬂ LiSLIS - SperStifhas, st ai nl ess
st eel, cgﬁgﬁﬁﬁﬁ%%ggt eg%gﬁﬁegg%bﬁgﬁgﬁﬁﬂéégﬁﬁﬁéﬂgg%g%hg?icgﬁmaha have a
snmoot h s ueeftaipénstanpissgenwiiatel dwing nopeslfoperpiiarbroughmbhmize! rgentigess, Whartht ches or
hol es vi sj bl e unger ' . j i L QN 1T ' iclt ¥, and
surface f?%%@ﬁ“@g%g%%§e$%€%%ygﬁgﬂl?ﬁ@@%gﬁﬁﬂ%vgﬁgﬁg?%&f%%@%F%%@%%%%? t he
conf i gur aa pation dflthestenrhedtianism B6 Gpti2es and alless fiui irhtgé & obfiqeifer gasond nal

cover relative.to.the. bead in order t i pim vari at i k up hei ght
and cel | REYRESTHEE REAR D ok trhahitl GRuKEL AN BUELAES B Gent ce.
The ar r angeatrenitm a6.shayrraicictebedra@bairbssatk yarl ongecorgag o thechanapadr

transm ssi on ar.ou the inner .surface of the seal i .ng:t he sea
nenber UHEEPO%Q%SnggFﬁn&F%P? @ggﬁ%g#*%ﬁysg&fﬁ%@%?%9€§5?%%g$%ﬁgggw 72 and
a second adjddelententshie teatoinfidlandidigend B32ge rRApB]A té the aimbieneatinoghherent of t he
present invention.set forth in FIG. 3 ich i.ncl s a vent. nmechani sm 36
and is s é%ﬁ???é&ﬂ@agR%B?th@%??o nﬂgfﬁggggmﬁﬁﬁfﬁgﬁgﬁgggﬁInwﬁvggi%on, t he
ter Im LOi | pr?&ﬁlﬁl’é, fbeéx@ilfnqslettl@e ;l&i;eéé@ﬂht 106 _th:’eblreﬂtin&ﬁfkl]dﬁ&_kﬂ TCLr@Ins a0 r()pdfmfga(fjdr ?ger s and
includes, for exanple, a |lamnate foi n Ne r i fherent

| ayers, wieRPS %%%f“&ﬁg’ﬁ“ taee rB‘i“Ia{’Q)Eﬁ?'g %&@Wgﬁﬁh@gﬂ? ﬁgﬂ & Ol‘ltgﬂﬁsk}%@ﬁl se to

bei Rg subyji g@en 1_e|gilnf)canaﬁn slog@?einbg(liigfeﬂg,eﬁcﬁxﬁ ﬁBo:ﬂeﬁl_ . Elgient (204 1b5¥ﬁré)|smba1t Slr@]’.é nt
mechani sm illustrated in i.S o ate type fojl. vent having a
central dﬁéﬁﬁé&EHP%H)ﬁ6“PUHF@P%“%Bbﬂ“B€?%ghEHB?B¥P%d§?%” M5 PEFeter ni ned
pressur e fEavhitbicRanide3CRbluresRa®d JetdritBre BYPRIUNENS 2 BOUSIENthréipd ael ectr ode

22?[;2' Z Opgggt]éég é_xlgtlhlg_lélgr;[tarir?‘gr?%x;rgplelzsl o%a fgﬂ ve%t gelsﬁg(r:xtcglll t():ea tlom%) Qltt?n?}ed ggpe? er 38
Patent Publication Nos. 20050244706, 20060228620 and 20080213651, all of which are
incorporated by reference.

[0049] The vent mechanism 36 illustrated in FIG. 1 is a ball vent. Ball vent 70 includes a
radial sealing portion, a central vent well 74 and a vent aperture 75 sealed by a vent ball 76.
Vent bushing 78 may be made from a thermoplastic material similar to those described as
appropriate for the gasket above. The vent bushing 78 allows sufficient compressibility the
vertical walls of the vent well 74 and the periphery of the vent ball 76 to maintain a hermetic
seal under normal (i.e., non-abusive) conditions. When the cell internal pressure exceeds the
predetermined level, the vent ball 76 or both ball 76 and bushing 78 are forced out of the
aperture 75 to release pressurized fluid from the cell 10.

[0050] Vent sealing portion 72 terminates at its periphery with a U-shaped wall (also

referred to as a “rollback cover”) 79. The rollback cover 79 engages the gasket 40 as

17



di screte conponent of the vent nmechanism 36 that is electrically connected
to the conductive contact termnal 32 via PTC device 34 on one side and to
the el ectrode assenbly 60 on the opposite side (not illustrated).
Utimately, the contact nenber 38 has a shape that conforns to the gasket
40 (and specifically the inner wall and seat), the vent nechani sm 36 and
the term nal cover 32. The "sideways J" shape shown in FIG 3 is one
preferred enbodi nent, where the top end of the nenber 38 is oriented al ong
a substantially radlal pl ane to nmaxim ze the surface area in contact with

t he PTC Sdﬁsmbhéﬁ@by Fecdwolipgaticasil §randiicral whil Teaidhie feratingm diesielytcl eg 39 of

menber L%Hgﬁ“ngl%na %Es@és %‘ g%ﬁké‘(qugllagtb I%IC E[llltd%l(fs r{)ﬁhﬁ%'rﬁﬂa Of the

cont ai ner I n or O est ectri ca cont ac one of the
el ectr ode@n(pugﬁpmwlth yeal mbebgrdSiit ¢onginetieoritigtiejdjacrgsidewalipl entainhiel 4c ur r ent

|l ect l BRI !
COl| et O NG ARKE 1§ REILOAE B TR B AEl B LIL R Voopagct i ve

substrate, such as cop um num or
ext ends b@ybndnmh@mposnﬁévmdebenmmoﬂ@lmaxﬁwbahghaﬁﬁemhélS@b@ng@mVBG

ont o 1 hi srRpterL e OB, Kot R e oy RGBT B O, O e
of one orCmmlmdé),rsdajmtamber 4tedne viedt nsechamisef B @bpeyath Bvnaigtamphd ﬂgstﬂodéke

characteristi h a nt kes and nmi ntains a
suf fici ent™% llﬁc?9?€§megﬁ? % ‘%% I%Ono §P§£ﬁpﬁ%nponents can be utilized.
These nenf9esly 38TheS@ntrtalt 76 bmiieymanmfmheany saeitapleessariabthetonstalde inviobtactt he

el ectrode_asse 60, O e a fixed, co tiQ iLa wel di ng,
adhesion'%al%?E%i%?§@§aQ§Wﬂvg%§E§é?g & sgﬁngfﬁﬁgﬁ? gmm%ﬁgﬂgnd assenbly 30
i s pl acedGlastOorandilgisindras 3dinthiss itexg, cas sembd.yThetvest el sheind becmgmgct or is

bi ased aga nst. t 39 of cont renher 38 i ch, as indicat bove,
resilient’P W&Fl&“g?%‘é&aﬁ‘}?ﬁf Ha J‘W(%E‘.W@H’é’ "ORY eﬁ%‘fnéﬁu?} o ) stcé%‘%ﬁi)oral d | n
mai nt ai Ni figes SR @GIdeDEL MR Mngaificatdn. magbeieBhatity and suefate ikt @ptals .
CptionaII% t he t b 9 can be welded to the current collector, maintain
contact V QmES?Wﬁg { §FBECHr t hrough the use of an |nterned|ary conducti ve

| ead, suciposy a N@EHIRKIBRhALurSldhiiPushteMn @G hRtateahe mgmame@brmabot h the
tab 39 and current collector, Wl ded connectloE ﬁ sonet .nore
ip g

rel i abl e, SO¥FEANEI (e braildn opdsr mipEmize WERYG Yag tagd 8‘?@&@& Yise

condi ti onginititds vRAQRE UK EonGRERRE bh RPTENRRE. Tl%ﬂﬂaﬁ@rr&ddzl 1§ @Babesassenmbl y
operations and equi pment. [0057] As illustrated in Fl ent chani sm 36
0 thsﬁe@ﬁ BT

i s di sposeldtiyehy longsr aib MrgPUdRNHEE B\Are g thrdpRch REfasE & cont act
nmenber 38, MpiR SR Gk C@dbYoontph&sive httwiRERA NS AYjdRnt the inner cover 72 and

a second adjacent the terminal cover 32.

[0053] A further embodiment of the present invention set forth in FIG. 3, which includes
a vent mechanism 36 and is specifically a foil vent. As utilized in the present invention, the
term foil vent refers to a vent construction having one or more layers and includes, for
example, a laminate foil vent having two or more different layers, with a portion of the foil
vent being rupturable in response to being subjected to at least a predetermined amount of
pressure. Vent mechanism 36 illustrated in FIG. 3 is a laminate type foil vent having a central
area adapted to rupture upon being subjected to a predetermined pressure from within the cell,
namely the compartment housing the electrode assembly.

[0054] As illustrated in FIG. 3, a electrical contact member 38 can be considered as a

discrete component of the vent mechanism 36 that is electrically connected to the conductive
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periphery is secured by the folded end of the peripheral flange of contact
menber 38. The seal between the vent nechanism 36 and contact nenber 38
can be the result of tight pressure contact at the interfacial surfaces,
whi ch can, in sone enbodi nents, be enhanced by axial conpression of the
peri pheral portion of the vent nmechanism 36. Optionally, an adhesive or
seal ant can be applied to the desired interfacial surfaces to connect the
vent mechanism 36 to contact nenber 38 and thereby form a desired seal
Primary axi al conpression forces generated during crinping or closing of

t he cont afaiEEt temighl B We PASslenise 94 ot onelsisle @ to thredechpdepsprimbbied arihe he

per i pher aby,oBotide thop fiudrf &L UIREAM i (AhHEOTHACH SIBEREE coffymk 0058] FI G
5 illustrates a fgrkhgrmgﬁgodlne%?mgﬁﬂ%ﬁgcpresentl?nvé%?ion %ﬁthmparticular
appl i cabi ithogaskst 4h@ndispeciffally thoinheryweHndseat) Hee veahmegrpcbhadd ond 86. Here, a
retainer gun, 88 J.554ty.ic $ eph) AdWw G hi e foil vent
(genericalﬁyn%e%fgggfg% §§QV%§€ %%@%gﬁ?gﬁ?§§§g§ﬁﬁe?%%?ac%ghgg %?’38. Thus,
retai ner 8grethggesd phibe memberfS3 infriayted kiong 4 eubsiResiadly mahial 8Bn¢ © Maximigel

i ncl udi ng;a ti il i ' ' - : ical path
bet ween oot Sare HEHBEGAER (REREherdy SURRRE R b RIEVEIATE Ty

si npl i fy lnaendéat afmientpepsbotssekoth pOOSHNT haslidlgiidto the peenprr o farcentsie¢rease vent
mechani sm L0 Fl 3 i - ; f - osition
of ot al \np e s flish beb IR oR o RABRS (BB, e S Tre

f oi | -t ypelptredsuFe exghgaske aertt cvBatani Smpddtcatecirod] (4deaythemnor nore | ayers
of differ .materi,al. conpositions. For examl e, I r ving a

ai 11 er ent CBRLEPNEN T ATRCSL PR gl e EHETRLE oy R HEERA o Gl wlFy

- bondi ng tdxengyiegsulrtke paltvaskectueiatmaneiehand ©as@6ratoo 66 Elettaichenic88 such as
shown in Fl.G 5. or, to.the c act. menhe 8.1 n anot her exanple, a second
and a thf?ng%§@yeﬂ%%?ﬂ%mgmagg$8$éW?C8%%%%§f@ﬁ3ﬁm$ﬁ§h the first |ayer may
be used t[o043pnd Qdnecppn@sisuy 38 4ndl50 S esedaiah bermedadfioasroi3bort ookinttivet he ret ai ner
88 and the contac er 38. Al.so, nmulti.ple |ayers having t or, nore
composi ¢ ITHE B B HOR e PTG iAUHE BEPEr Tt EL e e By ST oy
exanpl e, 5t rRRGLD sanflicidnextdaidal tontacoWith the dpuires sani@néet @ate wilmld. mechani sm
36. ldeall]y, separate_|ayers ul.d be provided on. the basis of

conpat i bi Mﬂﬁnvﬁeﬁeﬁa%ghéd BReUEP |19%1%tﬁlnémrﬁsmfwn&%b%}%/@ﬁFf%&%?&%rasstewswsm ssi on
and/ or alyol érttyeytoghyl ake @\Red B@ins@dh | igwelbiakath&ionSk bhsrvate, Wik theent nmechani sm

36 within the end assenbly. For exanple, an adhesive activated by pressure,
ul t r asourdeEAW/Sr heat, such as a pol ymer or any other known material in

the adhegposg) f i alibntthadndiaSsem@IPALIL Plagedhth Bordthigerak @iy Ssahitsg kieseeeher ei n,
could be provided as a la f e vent nmechani sm 36 order to bond the

vent nentsefedir ishigsed ﬁg@ir@w@%’gé g)ge)q%%aﬁt_ member 38 which, as mdicatedlagove, is resilient

and/or resistant to force. The characteristics of tab 39 aid in maintaining contact between
contact member 38 and current collector. Optionally, the tab 39 can be welded to the current
collector, maintain contact via spring-force or through the use of an intermediary conductive
lead, such as a narrow metal strip or wire that can be welded to both the tab 39 and current
collector, Welded connections can sometimes be more reliable, especially under relatively
harsh handling, storage and use conditions, but pressure connections do not require additional
assembly operations and equipment,

[0057] As illustrated in FIG. 3, vent mechanism 36 is disposed in the opening defined by
the peripheral flange of the contact member 38. More specifically, the vent mechanism 36

periphery is secured by the folded end of the peripheral flange of contact member 38. The
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[ 0060] Conmpositions suitable for use in the foil-type pressure rel ease vent
mechani sm 36 can include, but are not limted to, nmetals such as al um num
copper, nickel, stainless steel and alloys thereof; and polyneric materials
such as pol yet hyl ene, pol ypropyl ene, pol ybutyl ene terephthal ate (PBT),

pol yet hyl ene terephthal ate (PET), ethylene acrylic acid, ethylene

nmet hacrylic acid, polyethylene nethacrylic acid, and m xtures thereof, The
conposition of the pressure rel ease vent nechani sm 36 can al so include
polymers reinforced with netal, as well as a single layer or a nulti-|ayer

| ami nat e ©h! beptean Ele(ypntmwlclyaméms36cﬁndbomthpt mepberd¥sapbathe tdselt off tighl edseiger can
be a neta I

i nper maab(}on ?t alt the?r(tgrfa% a??%ééc%d&%“)%ﬂ?!a‘é&‘ gl%éxlne F&l@c%m%n%s §é’@r§xramﬁ Ibgg)hér(ret alli zed
fil mof acopgphepsien ofczhm;beeldhmltmrtamIoﬁywerVemfmeohandmz%d Ompmﬂwadn adhatvepr event s
vapor transm SSI u ure

rel ease V& %? g iopl edct%h ecdae’%11 ntﬁgrﬁaecgpn%urltéa\cseég%fong Ctﬁ)!(agl(grclithmeﬁ vesl?lf g@%r t hat
cont ai ns @ntaotn’h@ﬁitef Bﬁ)ﬂdltlﬂ@el@dbelsh\iﬁlramiee]r iPaiimaryf axial excaprpds e)nrﬁ@‘peysur et hane, or

a heat, pressure and/.or.ultrasoni act ted mat I [ npl e | ow
densi ty peTarerrie riRppbehaoroerGRe rohulEt o} BbFR e il et an
mat er i al splgathobehe pefyeat pdryjoagpil ueedn&o(haﬂsmm and(mmacft rmdmeaep]SEessur e rel ease

Feber aa00s 7o, LR egH Bt KRDS e AR bttt Rk A kbl Pl 2

col I ect orap@ﬁ@enrb,l {p theAispbd Rnrlrvea ak ammﬂrmmmmﬁsncmﬂarmtrmmenmpnB&hshave f our

and | ow daerty i yebyrais P oug i eyay ar BT ERs & n. the

pressure heheasesy)ant corehmens o 136 mhwwtedndaes engra@ammeedehm7roégmuanm to the

el ectrolyte con al ed | e cell 10 and have a | ow,vapo

transm sshEHNS §% W)mctl‘é]ﬁ%?ﬂna‘émé{e Wﬁwlgﬁé‘f%éc}’df d%qsﬁ(ﬁP t]ileoeé%C%%SLpafkhe cel |

10 over achiRadodia08emedr 3 eMT dABPRY. alsdbesich Fedtaittamglseupliff the pressure
rel ease vent mechanism 36 is netal which is inpervious to vapor

transm ssToN ac’t“ﬁégl?}‘PF?sﬁqiirough the thickness of the pressure rel ease

mechani sny@d)i s Jebsi- ant babkduye BRER veliONRNSlism 3d o @SBIW. 8 incelieas eavent
mechani sm 36 can include at | east one |ayer of va or-p ermaa}gk ]F%?f&e“ al ,

for exanpine layey §fgspmposine mgtad, Polygney s Elﬁﬁt‘ﬂféﬁth% vl 1s R poss i on,

exanpl e, 8§ 2R ,ALNESicHGscQenBfichifth 36 EANRIL G th@¥EMorelleRUTIdEREnA desi VEd
seal between the pressure rel ease vent nechani sm 36 and anot her cell
conmponentmatgiaanrasitigns: divt exam e AbrPndBYer a0EDa JiFEreaT CHPOEHM Wake r el ease
pressure, %faﬁhﬁaysee&%m& a;;poy@a'oﬁbontdh@ thﬁ@s%ME?eléa@é%5@16Mﬁﬂffsmr§6(€@@m sm 36
i's i ntended to rupture. i & function of |tsgq{5|ca Ero perties (e.g.,
strengt h)retamtils8SLSICISJB@S(,SQ(DWIHIHriﬂﬁsﬁ,@méO the cqpiact PR A&s &) angHidr ¢REPKr 2a of t he
openi ng, AR b (NETRGkyeRBal bt bl iat ed in
FIG 3, asﬁgjrnd%e op kerﬁlﬁa%%hg %gff gnttcﬁrgp(%il%%kg%wtce vvhylec g\y/er is smaller.
The gr eattend tﬂqere@mtf;édseafiee@n@ﬂlamﬁe3@?%@%&@@@%&%é“‘i/@ﬁ?oqﬁ@éﬁléﬁp%lm 36, the
| over thepr ?s%eﬁqgftx quﬂ }%lv%g%go Bf ﬁ&%%&ﬁpé@tt]ohs bg bglt!x?edtfgl LhgiQgrgat er

col | ective rée exered he I'nternal gases of the el ectrochem cal
battery getfbrnidce @optstﬁq%ntﬁampliadrqmsﬁwed\ﬂsxwﬁhy pleherprgesutegelgssy Vot t hese
variabl es i ord nali r el &L t hout
departi ng rom ﬁé’ Ideal% i rgt% 168%& vﬁdggdl% ent| g)rg)nwf%%%%f%ggﬁepﬁg?ng ulgon t he
exposed ahedeanbl ytehebdx‘end) pme@hamas re3Byisstonend/hi abidiie ssimpfovelifee sealing

characteristics of the vent mechanism 36 within the end assembly. For example, an adhesive
activated by pressure, ultrasound and/or heat, such as a polymer or any other known material

in the adhesive field that is compatible with the elements disclosed herein, could be provided
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pressure release foil-type vent nenber can be | ess than about 0.254 mn
(0.010 inch), and in sone enbodi nents can range from about 0.0254 mm (0. 001
inch) to about 0.127 mm (0.005 inch), and in yet other enbodi nents the

t hi ckness can range from about 0.0254 mm (0. 001 inch) to about 0.05 mm
(0.002 inch). The conposition and thickness of the pressure rel ease vent
mechani sm 36 can be determ ned by those of ordinary skill in the art, in
view of the vapor transm ssion rate (VIR) and predeterm ned rel ease
pressure requi rements. [00641The pressure release foil-type vent nenber can
i ncl ude ats 3'®%5ef Bneent myeanism 34 ivoidprde pendshe wahpambar mgthivetatnd pol ymer, and
m xtures iheqeef A suitable three-layer lamnate that can be used for the
pressure rel ease vent nmenber is PET/al umi numl FAA copol yner avail abl e as

LI QUI FI . EREDD G aerosissuesuigt: Bo 1 if theaviCiypoprseutsirelcrsh ke mechaniseoifsi n,  USA.
A sui tabl g,f I ‘ J Lent : P, 9| ; .5 FR-2175
From Ludl o eharen B sduarsiap ‘B ChboE A And el bR

whol | y- owilédlleistisirailang pelymPiie materialesushes raheethylene.polypfopPiensacet on, New
Jersey, [ i i I [ it . PE/ LL- DPE
avai | abl ;M;sbu@@g eﬁ%Pglgla{er(ggnT%gbdﬁ?%t\l}\} 1%&%}?&%}%%@5& e%%ﬁ%u%@ Georgi a,
USA. Howedlgricne axthaotyBeacad oobyethalaye meshdsiiataridrand fmiktares Hatees Fror

POl Y Pr 0PV BN RN 80 Rt OV A LA 3 BONROLE: LlTR: GORLEG i LN 2

| ayer of oxrdized materia t Rat prevents vapor transm'ssion or exanpl e,
Si Ox or AvZOpjtalaprdi@lrasalsinglerayer baswultiflayel Bmarage dlnstelspawiyiiecalr byth.

cont enpl 0 I V. . - , .shown in FIG 5.
Such ven'?i()$lg%ac %edgggldéleg%’se? ?%nbeeea{}g%;%}mg? )@ge@%:bzyﬁ%g@n;d %ﬁﬂ’otﬁzﬁéss nmetal , pol yner
or m xt urssbstingrlgoimpemsable s whtbe darher @oxiddrnd eletiorlyte e afnonimetajired Gint |
wherein t I ned vent. nber.includes a thin r rable ar r, cut - out
37 that alFSBERebENi e pr POS ST hiele S BB afRRuEt M er nal
pr essur e offoaexemble SiQ, sredghe dhe pHE] tdlcaw ivagdheckanisnB36 cmyurdlesorbe used, as
shown in FIG one l%Ye?iBl 9f a cqerrposi tion of

contain 2 d Seuf:h YEha ci r'tciI Udeon?e;[ -bé %Stad esiye r eXam
a netal, BOFREAUSVRIAE u&% PHEPEFoTagh d‘gégr S REFERh KB SVE RSt he
foi |l -typeokenthanwoen atan prdseure ahdiadiliventicaite plipated natovde for axdnidlalonupt ur abl e
oo AR e TLARIR SR IR L LRLIL S, 050 P
separately applied to a portion of the pressure release vent member (e.g., the outer periphery
coming into contact with contact member 38, a retainer 88, or both for enhancing the seal
within the collector assembly. A preferred laminar vent construction would have four layers
consisting of oriented polypropylene, polyethylene, aluminum foil and low density
polyethylene. ‘
[0061] Regardless of the composition, the pressure release vent mechanism 36 should be
chemically resistant to the electrolyte contained in the cell 10 and should have a low vapor
transmission rate (VTR) to provide a low rate of weight loss for the cell 10 over a broad range
of ambient temperatures. For example, if the pressure release vent mechanism 36 is metal
which is impervious to vapor transmission, the VTR through the thickness of the pressure
release mechanism 36 is substantially zero. However, the pressure release vent mechanism 36
can include at least one layer of vapor-permeable material, for example polymeric materials,

as described above, that can function, for example, as an adhesive or as an elastomeric layer
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[0067]FIG 6 illustrates a partial cross-sectional view of a further

enbodi nent of an el ectrochem cal cell 10 of the present invention including
a PTC device 34 located laterally inward from annul ar protrusion 46 of seal
menber 40, wherein the protrusion 46 is not a part of un-defornmed shape of
the seal nenber 40 and it is fornmed by pushing inward a step at outer

di aneter of the seal nenber 40. An upper surface of protrusion 46 forns the
| ower surface or seat 45 (mssing in the drawing) of upper cavity 82 in

whi ch a peripheral portion of the termnal cover 32 is |ocated. The | ower
surface ofo aphioterasssitsd sed bétpeersthapresspisaticasai ¢nt ofeclianism| 3Gvoad ardivar e8! 82 in
which a p . cover 72 (shown here as a roll back
cover, algﬁéBmﬁﬁ3&m&%ﬂ§k&?mgg§§p%§§ or differently shaped cover may be
pOSSi bl e) [0862] venTherpeerdb@rmrB@d fefasequesturel or s piesunsat wdiidbdhe pressuprd¢aset i on
engages b e of, ,vent menber

36, The PR bR I By 1Ty, Rhhhotfn bV B Bop oo al 0t ke of
conponentgmoﬁhxhememdadssanhhy@&ﬁthmbudmm@h@mﬁmwhma@wdeAbnﬂamQMBalner 14,

upper fla 3 0] r ) |
oo ect | o™ B PP RLERS 38 e o R el SRR B v upper
wal | 18 odcvtae,azdudtﬁver@mpﬂeatﬂxargrdaet uoeexpotsdfdareartdnlceair@sdurcmmm\mts of the end

assenbly 3 rov el | t.h 8 desi rabl. imze

o ect rof yre LR bR i SRarerdgrlet RpERLIAUE S FRo LB U™ The 1 nner
end of PTIl d&weﬁﬁmﬁﬁc@ﬁﬁ»ﬁh@m&maMg&uﬁﬁmﬁemﬁhaﬂmmaﬁﬂmﬁmpanuﬁhe vent bushi ng
78 of veq& (g event a foi hvent gs S%Rf (}WF%Qaath PTC
devi ce 34 %fﬂ“ﬁnt Ing ‘ésgaenrt%‘??y?) PP Y Ogrt ROP PR ThE TERELED “Nenber 38

and/ or t hasenbint with & ednt mebtr it cﬂalpmgn@daqtﬂ&tpemclbkeab%emvémront he vent to

rupture). 0681l n gorder to avoi SSIO forces
present i[ﬂoé}?c 3%‘??? n&YPos#hG RO @eﬁggtg%q“ymgﬁ agxlsm 3I§ gg“l "7 OPTthﬁe PTC
devi ce 34préssurk @&@E@ﬂ)l [lgeareal hymbanvear i 1ak tHah@bgut 0REISIOM.046 ineh), titeins eal

nmenber 40, whereb ortion of the 84 |s,su ted tao.the
primary a%ema|emé% s o FO@@?OU&%@SE (Ejde@ﬂ aehylp 3@8&@ 177 g 05
contact Wi, atnb@njQ:E%El@rﬁ%ﬂln%ﬂ%hh@tﬁwkﬁdsu&hI’rﬁig@@ofdhb&ht@ﬁﬁﬂninO(OB)O(Dr vmth
m ni mal contact wth pr ot rusj on

% as il| UStrngEl %@ ,1 Ee“ pher al
porti on ofcly & #hondl-05eBReP-08incha tThe 63ERASTSN prifthis @eﬁﬂmﬁﬁ 58 curved
shape t hafenf HOGLIi@RS6 bdnkR RieSRMENGy thb@lof bidiakyssktihg thedrg ¢ Appbi@ed on the PTC
device 34. [0069] Each caV|%g 82 can have a radius that is substantially
const ant , VaBYcrngaissien get(VARe and piedeteapinedielegseriredBya [SIMIGRE D r nore secti ons
along it 3[0@8&'] al Th%;ﬂ%sﬁrre Rfakd ﬂoHQ&ﬂe%ﬁ%énﬁ‘beHa@ Kb ude@t Ra¢ bncag® ohpwever, the
m ni mrum di aneter of each cavity 1n the deforned or final state is stil

great er tdERotien @hamEtserctlheolgnet ?ﬂﬁéﬁlléwfeé@ere?ﬁe‘?*é‘ﬁl&blﬁ thiepréayedaBiipligs of

the i ”Ve’}fxét%h B 2‘&%@& £ 919 p%s?\ﬁ@%&e wht &Bﬁbf?@ﬁ%hrﬁﬁm%&&@oﬁwymapt ed to

vari ous el ectrochem ca constructions. [0070]In one enbodi nent, a

pr ef or mecdwveitsle aaéé@dﬁ]l#X@Gmdeawdﬁﬁ;ﬁoﬂ%@mcwp@ﬁ HPshkebalViss@iter 40
about th%@@m%%%@ éﬂ? ‘é%ﬂ& H@rﬁéd ﬁﬁmrr/ﬁmﬁﬁrpaﬂﬁhbm it eBntact menber
38 such as shown Ifl

op I ona X he retainer 88, such as
shown i n LEdEW Goatetl Pm@cwefswagfumbnsé}ffprgmUéAng igh is|aemlxdlytovecd apsidigphtfer 36

wi thin t B@cg?&&n%%eﬁd@ﬁra%toﬁ kVSJGIQ U%QC% aylerfgc-@a%"&qﬁmnta@@s seal

menber during ce assel I'n Order ‘pl'ace the vent rnenber 36 or a
subass enmal“/lélimhxrramlrm/HE/MeﬁPE retblle aSBFd&a se famdedlovehensgd Ra'@ducb“ oft he vent

member 3 ILK‘IO?US,I_ cﬁ)eg';a nl§l§wg/%p p&ec{aﬁ)to% Q%CO%IMIBHbFIaBl%t F?(Qt member

cavity 8 age of Insert Ao iIs that seal nenbers can
be for rred)oryawml@ner eb aethylelhey noieelptaf ezad poiwser to;rﬁhtnheoateqin@th slayfratexidized he seal

m | di
e ot 11 20t PR gRE St P Rl R PR G gl ) oSS 01 € 10 20

based foils are also specifically contemplated.
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[0071] During nolding of the seal nenber, at |east the vent nenber and,
optionally, the periphery of the contact nenber and/or retainer, are
encapsul ated by a portion of the seal nenber that is fornmed around the
peri phery of the vent nmenber and optionally the contact nenber. During the
insert nolding process, the insert (in this case, at |east the preforned
vent nenber and the optional the contact nenber(s) and/or retainer) are
placed in the nold prior to introduction of the nolding material utilized
to formthe seal nenber. A portion of the seal nenber is then nol ded

ar ound th#mﬁﬂserﬁedmpéV@ﬁ3%u@hab@b¢m@dweﬁm“mémﬁﬁiSaﬁdﬁoﬁnv@nmmnehber

compos ¢ &8l 09rk D SARLASH, AEAPEG,nIE iG3HIJ00 Ruodisly TS the

pref ormed sea risin e’ sea fvent ne conposite
conpr|S|ngmtméxwaﬁbﬂnédhgeawmﬂembﬂmn@ndmvghmnWBﬂb@rpmahdsm@nmoﬂa%bw t he

cont act ”Fljg?gxrcup ut%l:)?l?a?glg tv%ctkei ﬂ%@%’ébeﬁ% ruh{\;ﬂf qutll ;bg c{ete&rﬂm&ﬁ"'n%exrﬁr rangenent,

the insert nust eratures
required pospreaferctlyismaicked he pl astic gasket [ 0072] The negatlve el ectrode

62 conpri a str ctroch act.| referred
enbodi rrenfdﬁg?]l t hi u%%ﬁif'e"l%?g]oﬁgltw ﬁ%‘ése ?eroyvéldn Fl?)} glsatsfmht\ﬁms mc% aP IS used.
The conpokmﬁmmnhpﬁofmamhmﬁhmunfmaamwp@ymmuh@ughwﬁbmaﬁaﬁwemybgwade lithium

the purity is . .a m can ot her tal s,
such as. alGHTHONT T Bregr Ebpado Ty talh P iR Brasy Fiud DurfiEe
Battery gmaada dut blhl3(2llﬂhaahllmsnhmefr10ﬂnbmb:@mxaxpllilrd”kghdﬂ e pyedegirhinpéinceemtit al um num
is avail able f ernet% Foote Corp., Kings Muuntain, NC USA
AddltlonapeﬁPmé1?§? 5934%degati ve el ectrode materials are possible,

i ncl udi ng[(mm]t uaFﬂCyéathrhtlezeﬂSz@ﬁdlalkblsﬁsebmdnhl wéw 6banfuathe efthodiorepagiah i ons, whi ch

are typic coated onto. a current coll|l .or nner., |mI

processesqﬁé QFWBgﬁcﬂk fF@?ﬁ@%?‘?%mF%H“§Q¥W%ﬁETﬂ§?@?1 Od ﬁfmﬁb073]The
negative phegtfoegniRy plavgou@Res aRpbERd @hatih rueerﬁmmldnaetlmot b parsONE
enbodi nen ic Lithium Wen the

t thin or on the surface of. 1
negative i cseied 143ET elclbeseal RERE Stk %‘H@"ﬁmwm&wa&ﬁaﬁﬁp %t may be
made of copgeFamcf 6k@k s&l n@ﬁlhwocmdmgérlsmacmr@loﬁruMnzadﬁ)ﬁygsthe B@vet ONg as
they are stable inside the cell. [0074] The neg&tlv Iectrog?portl be free

of a sepalUiiPer Y FatdnfmisHng Bdbedrawiaghef Uppeicaiy7 in which a periphe n of

the terminal cover 32 is located. The lower surface of protrusion 46 forms an upper wall of
the lower cavity 82 in which a peripheral portion of inner cover 72 (shown here as a rollback
cover, although the use of retainer or differently shaped cover may be possible) of vent
member 36 is located. As illustrated, the projection engages both the terminal cover 32 and
the inner cover 72 of vent member 36, The PTC device 34 is located laterally inward of the
axial stack of components of the end assembly 30 including crimped end 24 of container 14,
upper flange 43 of seal member 40, terminal cover 32, seal member projection 84, inner cover
72 of vent member 36, lower flange 49 and upper wall 18 of bead 16. Cooperation between
the indicated components of the end assembly 30 provides the cell 10 with a desirable seal to
minimize electrolyte leakage from and ingress of water into the cell 10. The inner end of PTC
device 34 has a bottom surface that rests upon the vent bushing 78 of vent member 36. In the
event a foil vent is substituted, the PTC device 34 would instead rest partially or completely
the contact member 38 and/or the vent itself (but providing adequate clearance for the vent to

rupture).
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the foil serves as a current collector. This is feasible in Iithium and
lithiumalloys due to their relatively high conductivity alloy. By not
utilizing a current collector, nore space is available within the container
for other conponents, such as active materials. Providing a cell wthout a
negative el ectrode current collector can also reduce cell cost. [0075] An
electrical |ead preferably connects the anode or negative electrode to the
cell container. This nmay be acconplished enbeddi ng an end of the | ead
within a portion of the negative electrode or by sinply pressing a portion
such as aW0é81d oln ordee td ayvad tbmplmarlwexislwpn‘na@@icmﬁfomhiaplIBSietlthih irCfdevike 34Tde
l'ithiumo r at least a
sl i ght, {h le({:almem&ﬂrde@%}ﬁ{%ﬁo@d%gm‘ ?\9{?0591% focg?%%ﬁd GaJ)tlt ectrode will
wel d the promurqmrﬂémf ﬁletse@etelmsber 40, whanley qa;roetli(emfeld: pecjbaich Mn;tspbjbched taegati ve

el ectrode hle %Ilfgdl axxa c%mwI e}ssmn d)rgeg'dTlper}h% dey ce\% can eﬂ%ex bntqu coahtéc? tl¥t roll
configuratron. exaﬁb urTng production, r|S|ng ‘at | east

one negat pmmsejnesowaadmso@uasnsHIGSgl of5 @ withtakihiansl emtdci Winh pumladubro% ass provi ded
at a | ead. o sta er.eat e 0 surface of
t he eIect#B%ggg g A 3&3?8¥g f%h“*?ﬁ@mﬁgﬁﬁ‘%ﬂ§?é8$?%%% iagdﬂgequently

processedymmsbhaWaiﬂ@pdmaﬁhm&omawmedpnmmhﬂaﬁnmﬁdibmaamﬂﬂebnﬂ@P@hape t he
free end f.t?g | ead not connected to the el ectrode. Subsequently, the
negative ‘'ode is conbined with the renmaining desired conponents of the
el ectr ode[oa@sqenmayh c@my 132 @sn hidve a paisstihay & sebsemtislod@nand, s&élp@l’lalﬁsﬂﬁt,ed and wound
into a jellﬁgroll uration. Pref@rablé(qfte% thﬁ 8 n% ration has
been perfBF‘ &OFY%@' H% TEGHET SFELs ang By idl dpgthepid Trdraied i HES- dPocessed,
by bendi ngch %@;g@ﬁ@@ thlreeadnmﬂf dlhigrtiétaﬁdf@ﬁbhl@&h@hn i@ defos@ed dl)rCﬂhal éﬂzg@ls}sﬁ]@dC? I
cont ai ner. e electrica conductive negative electrode |lead has a
suffici erﬁrf%}erlt‘&wﬂieedé%‘r%“ftﬁﬁ GPrPU gae%zrq SR e RN er of

el ectricak a@dﬂﬁ% FlRdentcht GUBIPThEeviRad cmsb daaped 15 vaiismlelRfrodhemicaagt  on
service |i the cell. The desired resistance can be achieved by

i ncr easi fG"HAEIWEdt h and the thi ckness of the tab. [0077] The positive

el ectrodefr)i s 198RCERDIdYMEM o S0 lRIREDhssBmBIy id PodiRad bERERT hSi8Hga current
collector and a m xture that includes one or_ nore electrochenlcally active

mat er i al ssealuaer 40 3bquighe periphiera o8 the ypihmenbeind Gl PRI Y Ehe(cpaiag nembery

pref err ecsgagty 4&ndwt irrrél. M%@&gd&%g Raetaley s @RI 6 @ dvang F1d e ADOS' tive
el ectrode may contain one or nore additional active mat eri al s, gendlng on

the desi rastelt ef insest elding@alcas the venigesihen witkin Aersedinsimbesis 1BEE i 9bsi t i ve

el ect r ode, NRL %ﬂo@efdrr’ﬂ%é’s@% rﬁén?&sdurg’% Q:emél%) ordASRlac i OverhembEie S,
FeCuS2, Mh02, 2Bi 205 and E e erab the active material for a

Li / FeS2 c¥lar apdssseinhly sec}e@stthmr@t @ i36 @nd %ﬁntaCblagmb@éfSWéﬂ@wmpé%@ht FeS2
coated o 500\?\11te gﬁﬁé’%befr @k Enc?tlﬂE Ee‘?ﬂﬁer%? ultﬁﬁttg vent I%Q%bg}%av%Za APMFth& y I evel of

at | east ercent Is avai rom Chene enna,
Austri a; am@mgngf msprtl\xhblldslg iNbattshal Greafbers gan haxfornugiaving del N;Nahucteeo M ni ng

Cor p. e! \!u\é\é/&f the @her%%ﬁhce’%f ttheersgﬂ%e%%ley A %%aﬂ”gﬁ%o El)lfng MRIGE s@hSs conpat i bl e

W th secon ary sy
rotary or stack molding can be utilized, although other methods are also available.

[0071] During molding of the seal membet, at least the vent member and, optionally, the
periphery of the contact member and/or retainer, are encapsulated by a portion of the seal
member that is formed around the periphery of the vent member and optionally the contact
member. During the insert molding process, the insert (in this case, at least the preformed
vent member and the optional the contact member(s) and/or retainer) are placed in the mold

prior to introduction of the molding material utilized to form the seal member. A portion of
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[0078] Typically, the positive and/or negative el ectrode m xtures may
contain other materials, A binder is generally used to hold the particul ate
mat eri al s together and adhere the mixture to the current collector. One or
nore conductive materials such as netal, graphite and carbon bl ack powders
may be added to provide inproved electrical conductivity to the m xture,
The anpbunt of conductive material used can be dependent upon factors such
as the electrical conductivity of the active material and binder, the

t hi ckness of the m xture on the current collector and the current collector
desi gn. Sitaktal mppbetisthef melded agnddbidinsareé parmaychab o vbe nipsedr and/cemérdnce
positive . i I : cat hode
Formil a1 oot s ey Eo Ly B A ARniEl 1R PR PRG Ry A ER R LR

Appl i cat i srengdy ¢aprivgg te2ed 58nHe6yenf mkmber spmEsito benpribihg IROOBbinaheealni t ed
States P . 60, ' ] r t r.ef erence
her ei n. %g@%ﬂ%%veg h?l;é@lﬁ% %glollag(%: gfthﬁégﬁt%cg mg@%ooggl C\Egmg{aﬁinﬁe%é)?y?nﬁggéedded into
t he posi tictagnee| lochis admgsuent abeinscormishiee ghbstiotwithgtamd the pblded niekt ur e may be

coat ed O%Q‘Q%%EFE%QQQ&&O?{O%%?X ﬁé@?%%vﬁ&n@cg%w strip. Alumnumis a conmonly

used materi e ‘curre y extend beyond the portion of the
posi tive BDE4t r oie negativaickeitrigle theomposicd 4 stép ef datroddmicallx bative mafEhikls
ext endi ngln%orrtfi on, of the cg{hrent col | n onveni ent area

R N e R S R A e

for maki ng contact w et
t er m nal . cohtposiSoroeshe lthlum dan virgahough dorbalterpgradt lithhven tx pedtdiisggwper ti on of

the current | Lector to m ni. to ke as ch of the.internal, vol une
of the ot asiun e b Mot il e Gy S RaRaely i 5w e EBEsA

pr ef er r ecceifeletyeidal @brioraiah g Faasiytoiade ligh@Chiumees fofl cbaih@dkl0.soeaghta sl urry of
active material mxture erials in solvent (e.g ., trighl et hyl ene)
onto bot I‘Peéoleﬂt%”nb‘fmﬁ‘%Wé@seﬁo%pﬁ?ﬁlﬁﬂﬁm%q C,’rp'd}(%‘gf E@%@Qtﬁﬁg&fg' renove the
sol vent, aaliwnder alibifatbeatgdvé aedtroiomeenpask pbLdlE orRludng,virglaily atyhe coat ed
foil to the desired width and cut. strips.of the slit positive el ectrode
mat eri al ‘PtSmf“ﬁé‘eﬁi ‘i“i"é%l‘t"f“&‘ﬁéffl’i’.mst“"i"%“gé"éiaFeaikﬁlP‘&alfyc?"ﬂ% OUJEFYTPE el ectrode

mat eri al soWctdt asimRhér spAildr kClhe pok&es deQriBtd Wit Z6pckts thel citho® mpigt uri ng the
separator. 100811The separator 66 is a thin mcroporous nenbrane that is

i on- per Me and
[0073] The negative electrode may have a non-consumable current collector in some

embodiments, within or on the surface of the metallic lithium. When the negative electrode
includes a non-consumable current collector, it may be made of copper, nickel or other -
conductive metals or alloys, so long as they are stable inside the cell.

[0074] The negative electrode may be free of a separate current collector, such that only
the foil serves as a current collector. This is feasible in lithium and lithium alloys due to their
relatively high conductivity alloy. By not utilizing a current collector, more space is available
within the container for other components, such as active materials. Providing a cell without
a negative electrode current collector can also reduce cell cost.

[06075] An electrical lead preferably connects the anode or negative electrode to the cell
container. This may be accomplished embedding an end of the lead within a portion of the
negative electrode or by simply pressing a portion such as an end of the lead onto the surface
of the lithium foil. The lithium or lithium alloy has adhesive properties and generally at least

a slight, sufficient pressure or contact between the lead and electrode will weld the
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el ectrically nonconductive. It is capable of holding at |east sone
electrolyte within the pores of the separator. The separator is disposed
bet ween adj acent surfaces of the negative el ectrode and positive el ectrode
to electrically insulate the el ectrodes fromeach other. Portions of the
separator may al so insul ate other conponents in electrical contact with the
cell termnals to prevent internal short circuits. Edges of the separator
often extend beyond the edges of at |east one electrode to insure that the
negative el ectrode and positive electrode do not nmake el ectrical contact
even if tWEPORE tﬁ@@hepeﬁfc)éemefﬂrrad Pbrsimentithe regetivestcaeede iHwededvitia i s

desi rabl e R WhdiRg h@@aﬁﬂ?%tcoﬁﬁ lﬁ?ﬁR)‘?xr @BIOJXEl ecﬁlqih grot‘}l?()f Rd fhe

el ectrodes. [0082] To provide good %1 power ar per orrrance it is
desi r abl ecofREting Hdcaseqgnamagadive plaside ﬁéls@mcé@tl léwrs i ibiu(podiop s prptideda

smal | est aqlar@ﬁ@\%rﬁ)i@ctﬁ)& séﬁlor{ @ﬁé&atglegg)% MC%%Q%OQ%A s%lffg@es%f tigzlen&ﬁgdeo aOf no nore
than 5 um across, porosity he range o 70 percent, an area
specific dfeélseidé@céﬁ@e Bfetéhbedwlgctmde BBukshmetherrasrdsed s¢ thet thokid i chiesd it han 2. 5)
di scl osedjelifdYn Jrde f?ots% e thPfrees gg?v d1dq tsc%}rlr?egtea/?ortﬁplleotljo%gd' and her eby

i ncorporated by re ere T 00 U|ta e separator naterials should al so
be st rongubsraugiiyithe mgah‘@teéamwﬁels Formumedfveitht the remginprzocesdesmasenwsbf as
pressure r rge wthout
Pears.  opl o BB S EE e Bk A PR s T I o

i nt er nal rgllhgfmn‘lgmlah@wﬁwfer'ﬁblymﬁmtm wmdmgep@aﬂfmlhasb@arpartf@medohmﬁm in the cell,
the separg I 0, as f er abl gsS than 25 um

t hi ck, gé%?egé%%d eelrgg 'I%§ls hm)*?mce g)fnd”ﬁ%nﬁ esnesucc? %matfﬁp it or 16
um A h| ghlrls@nm llnE)thd:CfélS@ntlamexdeSI r abl e preferably at |east 800, nore

prefer abI rce r r I met er
(kgf/cmZ)yO@Lr an- Iﬁé“fa O%(Pug Wetrﬁ’é B’FS@%WCISE%P@%S gecé?'ﬁéis is at |east
1500 kgf /resianbanintolnder tmﬁhwrmffdidhEt@etanaﬂoEHMtr&b dueaxsttthraaﬁg}ﬁhkgﬁd afithal) t he
transverse di recti.on, ~and f RC3 type cell r ef sile

St r ongt nar el fdvodBie A St 1F ahls rk PG Bt i &h Paot ki 000
kgf/cmz ifcegpieg the wadltyl andPhe tiaclkablswf thoeabaver age di el ectric breakdown vol t age
Wil | ast., 2000 vo r.e era | east 2200 volts and nost
ot ef er abTy7al T dHEPOSG BN aBe Rl e ary Bem HakT R ORPREE e por e o e
is ;romb:aur@@la tomettor ﬁxdthm]lcxmre tﬁ@tﬁfﬁch}ﬁfeeﬁﬁ@%dﬁ? ﬂ@cg@&l@e:’ﬁﬁl&ﬂlytabtm nﬁhﬁ&& lskm /
Prefera e BET specific sur e ea W e no reatrt_an40rr2g,
mor e prefléPhlﬁl’XPagfcufgeaéfm 1 B “dfa Gl e Pﬁerf%‘feéjraﬁﬁ‘f Herigl S5 SFimeY npy g,

Pr ef er ablpyttrh@pacdns pﬁfélphslaver@@:Ju@a@m}ecdnsalm&m% @@&@Jddtufaaa adivd ohm cng,
nore pref erably no greater than 4 ohmern2, and nost preferably no

great er {HERS EPKechphe dﬂ%léeéiéseBFE&@F%I.aé%dlaqfelgaéwqt%é C§ ﬁtler%tt\ef? det ai |
in Uni teele&o@wm&at@aud&m%; cat icp) (&¥9),, EAN50II, 248 2FeIMECIY, i Nn@), SO her eby

i ncorporated by referenc eparator nembranes for use in |ithium

primary amdibkseethdaMy ’W?@@Liye%lea‘fté/eﬁfafeéﬁl 961 ity eclbrsbivaelsseodgade of

pol ypr Opwr@;ﬂ%es é?@éayte%w&@ﬁﬁel%nt F!:gzrc@aécg&ltw llﬁﬁpfo%rcuw@dtggﬂecf&gl y&t hyl ene,
wi t h pol yethyl ene bei n? preferred he separator can be a single |ayer of

bi axi al | 2véne amrisolersle @tﬁwbiﬁswmﬁraﬁ”é is gypilabigoiresp Chepetall gidHs Vieams. be
| am nat egu&@ﬂ%&ﬁfng{o‘ﬂ Mills, North Grafton, MA, USA; and Kyanite Mining Corp., Dillwyn,

VA, USA. Alternatively, any number of materials compatible with secondary systems may
also be used.

[0078] Typically, the positive and/or negative electrode mixtures may contain other
materials. A binder is generally used to hold the particulate materials together and adhere the

mixture to the current collector. One or more conductive materials such as metal, graphite
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provide the desired tensile strengths in orthogonal directions. A single

| ayer is preferred to mnimze the cost. Suitable single |ayer biaxially
ori ented pol yet hyl ene m croporous separator is available from Tonen

Chem cal Corp., available from EXXON Mobile Chem cal Co., Macedonia, NY,
USA. Setel a F20D141 grade separator has a 20 pm nom nal thickness, and
Setela | 6MVB grade has a 16 pm nom nal thickness. [0085] The negative

el ectrode, positive el ectrode and separator strips are comnmbi ned together in
an el ectrode assenbly. The el ectrode assenbly may be a spirally wound

desi gn, swngivarzen bkt postdowmayype Fdded talprovidelenmyvediclaeierh cerlduetiviiitd g strips of

positive @ xﬁﬁ' rﬂ%eamoﬁﬁt%?[ceéﬂgtivc% bl \}/s @n%%&@&qgeng%msfﬁ@(% alfhs fEound a

mandr el IS extrac romt ect rode asse when winding is
conpl ete.e Mndab@gtluoaméy d)fa!y@acctlw mstetpdraed bindesrttig dickaedss pidagmixdyre ob typer of

el ectri Caéuu%nt c@ﬁ% oqta%:cpt?xﬁ cur éo?l‘e@c depglll y%%lpél %cﬁﬁg)of '\/ﬁl(ﬂ?%tﬂjeg %aw apped

around t he outsi ectro IS serves a nunb
pur poses: alabehieédds chivhek Itoh@vaslscewbd: ylamtd@eurheranémﬂl nwefwn@ecms%drefe@eéd j ust t he

wi dth or diane %o?mwgtlonts h& Ltaie%?gems¥ar;[ be, l]rﬁwed 1ﬁ%§1'it£c?§{atg§ %%&Egﬁghcég%ﬁse\%% ﬁr gDSt

end of the Separa ayer
pi ece of Iadhé@ﬂ/élét,ﬁmé m@cbmem@atoweahlmcd Eﬁaes ﬁegaﬂ\iové,&éﬂ,%;@t balkef can be
the outernp 1, or the positive electrode can

be the othVhel?rr% fncce)rlpgragg 3@3&??\1\%@“& ectrode can be in electrical contact
with the [©&19] coriteabneat colkeator mlajzeermadossh@utftm ci imbedded irbethapesitivehe out nost

electrodeadthes de, wal t ai ner

Ut or e GR s PEad g Rt kst e BT R s S e PR A B SE o

el ectri cahinaoundl a@fp \Aa lirRintidh €s a:caummdnm&&] nateqifie Tbe cmhecoéadmdnayeaxtesd of t he
present inv

t e ectro Ltive
el ect rodebeﬁ?i{;” egpoéﬁ‘%‘c FWCW?@'IW% F‘ftﬂf %&Otnlt%‘é $r§f’ g?ﬁlté\ie B£W{ rf”\)félf  deposi t ed
t Iher eon L dilfenﬂﬂ@lb@’ﬂ&doﬁtﬁé Mir@et @ﬁlébtm?ﬁpxﬁwdb @ lcarvtemeﬁtmkaamtmmm gafontatte
el ectrochem e mateyi of, the negati.ve el .ectrode n-limting
exanpl es V?S‘;p 15 18%%1 ?Eﬁgc‘ﬂ‘éﬁ‘iﬁﬁ?gﬁ ROSH¥S TﬁU’i”ﬁ% &M%geé bi? @&e?pot@ﬁ NEIRRY,
active mafefcicRlen@ig boiGoPORthd ¢LM1%nﬁJoﬁé‘dtd’rQ61@ maRlghufnls take as rachelf eetiftaakieni cal
cell, includin a positive container, set forth in United States Patent

Publ i cat i'GH' thexglhgrroiolo &8 aghd %@@5@? 5648t h fully herein

i ncor por ghesd; by A ﬁlfe%'il@ﬂl%thoﬁ QP8 dliapdieive tRarbdeeis igrosiRbiw@lslyrywdusite t he
el ectrode assenbl y be formed by foldi n t he_ el eg % nd seﬁgr at or
1k Sgs e

strips t d@aé%rh‘é?“mqfﬁé“a ials b2 FRAVENDE: ga i RIEE }éﬂ THYOT R Y8R t hen
fol ded i ny@nndf &9r, dhyaRe RBR BRem&Ve hd\R1VREIBIIENE: B entddTsieanthpaiecel ect rode

coating, slit the coated foil to the desired width and cut strips of the slit positive electrode
material to the desired length. It is desirable to use positive electrode materials with small
particle sizes to minimize the risk of puncturing the separator.

[0081] The separator 66 is a thin microporous membrane that is ion-permeable and
electrically nonconductive. It is capable of holding at least some electrolyte within the pores
of the separator, The separator is disposed between adjacent surfaces of the negative
electrode and positive electrode to electrically insulate the electrodes 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
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strip may be laid perpendicular to the positive el ectrode and anot her

el ectrode strip and the electrodes alternately fol ded one across the other
(orthogonally oriented), in both cases formng a stack of alternating
negative el ectrode and positive electrode |ayers. [0088]The el ectrode
assenbly is inserted into the housing container. In the case of a spirally
wound el ectrode assenbly, whether in a cylindrical or prismatic container,
the maj or surfaces of the el ectrodes are perpendicular to the side wall(s)
of the container (in other words, the central core of the el ectrode
assenbl y 7% mgle elpqtieqal eantagt dvomii theydiermek paferdy dienecheiticeich ptherdlcdederel ect r ode
assenbl i eg qafign (b ¥Phhdh LY ¥3eg se of an
accordi on- fonded O%ectlro as%detIa %@ér&ﬂgﬁéegtée}l‘d@gn% (mdlltﬂs% el(i)e:all(}eér;;3 ‘ed so that the
flat el ectp¥de smmravé@gcaﬁ heghposet d@scbards paformimee stlsartﬂ&lrfcbﬂe tbitelot r ode | ayers
are adj acgpt.a,ohQ L [ h nfigurations
the maj or] F&ra a ﬁ@@%o%rg tégsﬁgsz‘(p%% &/tﬂ?a %ngﬂ%g dgl%rn 10!1 @f &t le?agtf%&)g ﬁte %}%l Ve

el ect rode’aligsSt édvpfaelemof rtOheorﬁﬁ]amSlpirryacmss tamexd%mjz mltheartaea g B0 tCh"é) pwqeotr asur f aces
of the pog r he: st
portions o%a S:P% HCII% glgceggﬁ?r&ﬁ%??g%r% a%eg doa?t gﬁoﬁ‘t)él e?sntgar% 0 Osedm; wal | of

t he cont aV.Aelfatent Wot 5299, Mﬂylssue(kManhﬂolWéianﬁherem mcdirp@elted axssa&m'dmlcy due to an

i ncrease he 88865, of t.he ne atl tr.ode and positive
el ectrode[bélggs cons(shﬁ)(ggzilé %@% {)ph’t%%lelaé(s)r?tuéjlansé)rbegﬁr(ﬂq@ ? tﬁ%’&é@ A nonaqueous
el ectrol yn@lufacmnn@pmwsgpswwaﬂ asgmbsyurk thaveny beserattéd cquhmepﬁmtesdtamgaen

contamn an about 50 arts |
dependi naOnStChg{rg%‘grth uP{% ' ﬁpﬁs SAIt tg%llgﬁ‘&s %é’giaﬁmg tﬁgg‘deﬁuh N ?ﬂa‘ P}Fr@* erred
el ectr oc hém daluitc &b hﬂnlmﬁzettﬂfhetolahséﬁa{rbﬂoﬂm urfin ted @t thekeptuatos sHoualdeas may be

used, ud| kal eous o ics and sglid-state
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exat | uoP g Gt AT b F S PES PO Tt R b Oy & Ankien E RO odi de;
and suit aéll ae@fegamacensm smemlgatilmd ude k@m&ﬁ tHMa@m@é ditdrgod aldl HWatg:
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3, 5-di mﬁ’&fﬁgréﬁ? azole, n,n-dineth formam de and et hers e salt/sol vent

conbi nat fhe gy Fageqielea l?rﬁqké?ﬁm ¥1wee Ml Bt &?a%tﬁe%wé@{m?ré al

conduct i VietdfatllPatN®BT 2200 Qol€hb nfbiSHERLEIS af REUDI®NRNE STIRVBEfeklie desi red
t enperature ran% Et hers are often desirabl e because of their generally

| ow vi scBERMPM ghsdvamsre sisrgs remPlsinm o0 4GyyBdnere Rrefarperagige thischar ge

per f or manoe ;AN dr&eQasly MAPET §e6ifid sGERARGE WREHS R JTBRG han HOInF/d froRAT ticul arly
true in Li/FeS2 cell$S because the ethers are nore stable than with M02

posi ti vePEfcEdly Bdwst 540 /hingerst pefeebly ableapiSamfe. Faclorgbly thedusarsaedile et her s

i ncl ude, Butnar e t.hoxyet hane,
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assenbly of the el ectrochem ca he present I on include
reference,

[0084] Separator membranes for use in lithium primary and secondary batteries 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
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inserting the el ectrode assenbly and preferably an insul ating nenber such
as a cone into the cell container, An initial bead is fornmed in the
sidewal | of container, The bead is forned in one enbodi nent by pressing a
form ng wheel against the sidewall of the container in the area it is
desired to formthe bead while the can is rotated around its axis .

El ectrolyte is dispensed into the container prior to insertion of the end
assenbly into container, when a foil vent is utilized. Alternatively, if a
ball vent is utilized in end assenbly, the electrolyte can be added prior
t o i nt er nabviseht ilagedkndlhetragihs invrthogdrabdilsatidnsofs singls et |s pyaderted tThe

peri pheral. portjions. of .t he end. as , lnget her by

i nterference fi ,eCCéSF'eglusltggﬁF & ngglayflﬁbggﬁ%%&l%fﬁlwﬁgn?ﬁ%)&lé{ﬁ bead f orned.
Cel | cl osiepgatopienatibidagomapnémCiende! Ceghyeivailgble fremdiXahe édobaf Chéreicapper

si dewal | redra old e r ss.. After di ! t he upper
end of th(g&{’é\gﬁ%eg?%ae&ﬁ? S%I' ségteiaoﬁggg?ﬁlﬁ\?\%sre %lyg/to gas? gr% %gnotr:nﬁigér{rg%g&gsﬁd and

axi al foraesetakdon pedk et weem ohendbdadnessd cri nped end. Radi al
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Cr i ng 0153 e Hper B ledpar B it At on b W PRE R L "some

enbodi menbgetief indeleedde b@miynghaedciedde assagblymoyds aepiraly evouhd destgnat ed i n

t he draw ngs, although er processes consistent wt.h ot enbodi ment s of
s | oventh i e s bilemebiS SRAFE S e B o ol N Ao eF oot ng

pr ocessesesdia, fedatiedl @trbitdnd karateatduad a mbaelf abiels isketryweelfrichéieseal nmenber
and t he cont ai ner; gyea%ﬁ menher. and t he PTC devLace; fandrantlgn S,aalt Ieng%nber and
the vent SHSHEASHIDE WeanAHRYIRS IsgPmpigte) ALLPLNPT SRd QT AR R Y ihed

t hr oughoue tyer drertwikallyiif &0k g Filve (datdogmyopy [AO924Tel phayecdiesoditpt i on is
particularly relevant to C%Igi ndrical Li/ F%g_z fcel | s .sglc[% gsl I§R6 and FRO3
types (aubdeiondi clerradsPachabs Jhs SCRp RTS8 G086 s Ahd FEc 60086- 2,

publ i shed,s@nbhgpdint afdvaky @Nakd &laafkrtd @RINGGam L BTIhS aisanbly Gemev a,
Swi t zerl and). 'However, other enbodi nents can be adag{.led to ot heégﬁgll
ly

si zes, shiptsd dipePsiORe s Best opdp! theseRATBIoaor Yt SPeRiTBLIEYY JEY RS
shapes, hQUSING SHdH6F MheSve t@;!i%r%?%@a[méailiﬁg,Tl{Hr@@@cwéeleEtﬁideeﬁn veht s, cl osing
processes and the |ike can be inplenented in conbi naéeitgn with a dual wall

gasket . Quissnosseleptrogheriskayn i8d1Gan oF he PRRdbreslertibeyF@bpe e eHarysanl e

C.yl i ndri ce?éctr&ﬁ:l. lE@th;W- é&tr@&@aﬁ‘@é inv@éctrfkgﬁc%nﬁtt wWithth®&el MB3ARineS _ld@thntaﬁlal _
Li/S02,1,1/AgCl, Li/V205, Li/MO02, Li/Bi203, various lithium corgﬁg@ tes

common t chort Pirdviteativer thagugmesislectde ked thasidarahgUpe eRutaizg" k3] By ed and
other sinjla 'ihecorﬁ?e%?stt Lo &S0 dE AN P&t dctrd®dnat [ORR3dTNE b&lnegdctrRicoagsendl y

configuration can also vary. For exanple, it can have spirally wound
el ect r odeth thascadescri bed above, fol ded el ectrodes, or stacks of strips

(9,0, g 2455k Aoyl e e o, iehedsearae e uze o
i nvent i orformed with the positive electrode having electrochemically active material selectively

deposited thereon for improved service and more efficient utilization of the electrochemically

active material of the negative electrode. Non-limiting examples of selectively deposited

configurations of electrochemically active material on the positive electrode and further, an

electrochemical cell, including a positive container, are set forth in United States Patent

Publication Nos. 20080026288 and 20080026293, both fully herein incorporated by reference.

[0087] 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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[0094] I n view of the foregoing, an el ectrochem cal cell conprising any
conbi nation of the followng features is contenplated: a cylindrica
cont ai ner having a closed bottomend, a sidewall and an open end; an

el ectrode assenbly and an el ectrol yte disposed within the container; an
end assenbly positioned within the open end, said end assenbly having a
vent assenbly, a cover and a PTC device; an annul ar gasket disposed
between the container and the end assenbly, said gasket having a radial
protrusion forned along at |east a portion of an inner circunference of the
gasket; Shfemay bp laldm@rp?ﬂcbwl@ﬁo thhposiioeeteciaond aad pother dectiofle stipandthe assenbl y

forma Coémlfrgée%'a}fﬁnﬁg he d ¢ Jg E{}gssg}?esﬁﬁetr (&mo%agf@#{g%&?ﬁ A otl%ah tshe radi al

protrusion; wherein rotrusion that is at
| east equfatmlﬂg)a smclqﬁlahftlnﬁmggbﬁatlm elediodPAC pdetivedecand: bives.ei n t he radi al

pr ot rusi O[ﬂoé ts ﬁq%%%@t’?é({e aﬁs%}nk%/nf‘fn?éﬁég I&Q%e'ﬁg%ngg&‘n%m ek %e%f? term nal

edge of pen en alner 1s cri over the gaske
spual y wound electrode assembly, whether in a cylmdrlcal or prismatic container, the major

surfaces of the electrodes are perpendicular to the side wall(s) of the container (in other
words, the central core of the electrode assembly is parallel to a longitudinal axis of the cell).
Folded electrode assemblies are typically used in prismatic cells. In the case of an accordion-
folded electrode assembly, the assembly is oriented so that the flat electrode surfaces at
opposite ends of the stack of electrode layers are adjacent to opposite sides of the container.
In these configurations the majority of the total arca of the major surfaces of the negative
electrode is adjacent the majority of the total area of the major surfaces of the positive
electrode through the separator, and the outermost portions of the electrode major surfaces are
adjacent to the side wall of the container. In this way, expansion of the electrode assembly
due to an increase in the combined thicknesses of the negative electrode and positive
electrode is constrained by the container side wall(s).

[0089] A nonaqueous electrolyte, containing water only in very small quantities as a
contaminant (e.g., no more than about 500 parts per million by weight, depending on the
electrolyte salt being used), is used in the preferred electrochemical cells of the invention.
Any electrolyte suitable may be used, including alkaline solutions, nonaqueous organics and
solid-state polymer electrolytes. In the event an organic solvent or solvents are used,
examples of suitable salts include lithium bromide, lithium perchlorate, lithium
hexafluorophosphate, potassium hexafluorophosphate, lithium hexafluoroarsenate, lithium
trifluoromethanesulfonate and lithium iodide; and suitable 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 generally low viscosity, good wetting
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wherein the gasket has an E-shape or an F-shape; wherein the axial height
of the protrusion is greater than the axial height of the PIC device
wherein the radial protrusion extends continuously along all of an inner

di anmeter of the gasket; wherein the vent assenbly includes a roll back
cover; wherein the seal between the gasket and the roll back cover exerts
radi al and axial conpressive forces; wherein the radial protrusion

i ncl udes an annul ar groove; wherein the annular groove receives a portion

of the cover or a rtlon of the vent assenbly; wherein the vent assenbly
i ncl udes SPPRAYTY; 408 ! “é‘ﬁ’?“ﬂer Rt sTB3 8g Ié%@rf%“ﬁf@a@ goerhhigh fat%@%‘éﬁge and a foil
vent ; performance. ThlS is particularly true in Li/FeS, cells because the ethers are more stable than

with MnO positive electrodes, so higher ether levels can be used. Suitable ethers include, but
are not limited to acyclic ethers such as 1,2-dimethoxyethane, 1,2-diethoxyethane,
di(methoxyethyl) ether, triglyme, tetraglyme and diethyl ether; and cyclic ethers such as 1,3-
dioxolane, tetrahydrofuran, 2-methyl tetrahydrofuran and 3-methyl-2-oxazolidinone.

[0090] Methods for assembly of the electrochemical cells of the present invention include
inserting the electrode assembly and preferably an insulating member such as a cone into the
cell container. An initial bead is formed in the sidewall of container, The bead is formed in
one embodiment by pressing a forming wheel against the sidewall of the container in the area
it is desired to form the bead while the can is rotated around its axis . Electrolyte is dispensed
into the container prior to insertion of the end assembly into container, when a foil vent is
utilized. Alternatively, if a ball vent is utilized in end assembly, the electrolyte can be added
prior to internal sealing of the cell with the ball of the ball vent. The peripheral portions of
the end assembly, which may be held together by interference fit, are seated on the upper wall
of the initial bead formed. Cell closing operations may include reducing the diameter of the
upper sidewall by a redraw or collet process. After diameter reduction, the upper end of the
container is also folded inwardly to form a crimped end and axial forces are applied between
the bead and crimped end. Radial compression is preferably maintained on at least the upper
sidewall during crimping of the upper end of the container.

[0091] The results of some embodiments of the cell forming and closing processes are
illustrated in the drawings, although other processes consistent with other embodiments of this
invention are possible. The shape of the parts and the closing processes should insure that the
desired interfaces between the seal member and the container; seal member and the PTC
device; and the seal member and the vent member outer diameter are all established and
maintained throughout the useful life of the battery.

[0092] The above description is particularly relevant to cylindrical Li/FeS; cells, such as
FR6 and FRO3 types (as defined in International Standards IEC 60086-1 and IEC 60086-2,
published by the International Electrotechnical Commission, Geneva, Switzerland).

However, other embodiments can be adapted to other cell sizes, shapes and chemistries. For

31



wherein the retainer maintains electric contact between the contact nenber
and the PTC device; wherein the container includes an annul ar bead

proxi mate to the open end; wherein the annular bead and crinped term nal
edge create primary axial conpression and wherein the PTC device is not
exposed to the primary axial conpression; and/or wherein the gasket is

I nsert nol ded around the vent assenbly. [0095] An el ectrochem cal cel
conprising one or nore of the follow ng features is also contenplated: a
cylindrical container having a closed bottomend, a beaded sidewall and an
open end: exaEilceptbe elesdricassmhly shangadonsingstiaeiicplepd esseimtdiso Peusuif ©heh t he

cont ai nNeryentsaflo r@c%%yg{d%%@@ &b 0 é%e‘hl&grh &ﬂﬁ)lrgiggrpwﬁﬁ'g dusd@lf end
assenbl y haV|n8 a vent asse a co a PTC devi ce;
gasket, Other cell chemistries can mclude primary or rechargeable cylindrical "cells with

nominal voltages of 1.5 or more, such as Li/SO,, Li/AgCl, Li/V,0s, Li/MnO,, Li/Bi;0s3,
various lithium composites common to “lithium-ion” systems, nickel metal hydride, alkaline-
based and other similar chemistries can be utilized.

[0093] The electrode assembly configuration can also vary. For example, it can have
spirally wound electrodes, as described above, folded electrodes, or stacks of strips (e.g., flat
plates). Also, while the embodiments above describe the use of a single PTC, any number of
PTCs may be accommodated according to this invention.

[0094] In view of the foregoing, an electrochemical cell comprising any combination of

the following features is contemplated:

e acylindrical container having a closed bottom end, a sidewall and an open
end;

o an electrode assembly and an electrolyte disposed within the container;

e an end assembly positioned within the open end, said end assembly having a
vent assembly, a cover and a PTC device;

e anannular gasket disposed between the container and the end assembly, said
gasket having a radial protrusion formed along at least a portion of an inner
circumference of the gasket;

¢ wherein a portion of the cover and a portion of the vent assembly form a
compressive seal with the gasket on opposite sides of the radial protrusion;

o wherein the radial protrusion has an axial height that is at least equal to an
axial height of the PTC device and wherein the radial protrusion fits
concentrically around the PTC device;

o wherein a terminal edge of the open end of the container is crimped over the
gasket;

» wherein the gasket has an E-shape or an F-shape;
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an annul ar gasket di sposed between the container and the end assenbly, said
gasket having an inward radial protrusion having a smaller inner dianeter
than portions of the gasket imedi ately above and bel ow t he protrusion;

wherein the open end of the container is crinped over the gasket and cover
to create a primary axial conpression force; wherein the radial protrusion
engages the PTC device to prevent the PTC device from being exposed to the
primary axial conpression force; wherein the end assenbly further
conprises a retainer, said retainer receiving a portion of the vent
assenbly and a pbr theainthreaxied heighiof the pisdiusion wgeetsr hag e agightcit offbhber is a
spring; and/or whefeigp,ithe radial protrusion extends continuously along
all of an inner dianeter of the gasket. [0096] Finally, a method for sealing
a cylindrical el®ecwhoeheh redikl rehusiodiestendygoitshedynjorgmjl of emsingrat i on of t he

fol low ng steps s GonLEImhALEL:

» wherein the vent assembly includes a rollback cover;

e wherein the seal between the gasket and the rollback cover exerts radial and
axial compressive forces;

o wherein the radial protrusion includes an annular groove;

e wherein the annular groove receives a portion of the cover or a portion of the
vent assembly;

e wherein the vent assembly includes a retainer, said retainer receiving a contact
member and a foil vent;

o wherein the retainer maintains electric contact between the contact member
and the PTC device;

» wherein the container includes an annular bead proximate to the open end;

o wherein the annular bead and crimped terminal edge create primary axial
compression and wherein the PTC device is not exposed to the primary axial
compression; and/or

o wherein the gasket is insert molded around the vent assembly.

[0095] An electrochemical cell comprising one or more of the following features is also
contemplated:

e acylindrical container having a closed bottom end, a beaded sidewall and an
open end;

e an electrode assembly and an electrolyte disposed within the container;

e an end assembly positioned within the open end, said end assembly having a
vent assembly, a cover and a PTC device;

e an annular gasket disposed between the container and the end assembly, said
gasket having an inward radial protrusion having a smaller inner diameter than

portions of the gasket immediately above and below the protrusion;
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providing a cylindrical container having an open end; disposing an
el ectrode assenbly and an el ectrolyte inside of the container; formng an
annul ar bead in the open end of the container; disposing a vent assenbly
havi ng a PTC device and a cover concentrically wthin the gasket having a
radi al inward protrusion disposed along a sidewall of the gasket, said vent
assenbly and cover conpressively contacting the sidewall of the gasket on
opposi ng sides of the radial protrusion; seating an annul ar gasket in the
open end of the container proximate to the annul ar bead; crinping the open
end of the cont at neherewehe qpepardtdfore coheintd iamgepedo veriad gaskdt pnd doeergnnul ar
bead, the gasket aggagheﬂcgyegmﬁ&J cag e%g£e to create a primry axi al
conpression force an fPiT e AGIPA g? fusi on cooperates with the PTC
device to prevent phértmthe rakhlakot@QpeaRgésahe P ¢&iknopichat thg Pexerted on the
PTC devi ce; mherein.t&é cover i S isFosed to.create raqial_conpression
force on an inner SS#ENEM PG FRBCLIP PARIFPERPIYSATRICHL '98ve the radi al
protrusion; wher ejyhertil hc\eBB hssBB IO MRHHEr dotn s &SRAGEHed ShidfeBRlc rdcadingh
conpression force on the gasket and an inner sidewall of the cylindrical
cont ai ner; portion of the vent assembly and a portion the contact member;
e wherein the contact member is a spring; and/or
e wherein the radial protrusion extends continuously along all of an inner
diameter of the gasket.
[06096] Finally, a method for sealing a cylindrical electrochemical cell distinguished by
any combination of the following steps is contemplated:
» providing a cylindrical container having an open end;
o disposing an electrode assembly and an electrolyte inside of the container;
o forming an annular bead in the open end of the container;
o disposing a vent assembly having a PTC device and a cover concentrically
within the gasket having a radial inward protrusion disposed along a sidewall
of the gasket, said vent assembly and cover compressively contacting the
sidewall of the gasket on opposing sides of the radial protrusion;
e seating an annular gasket in the open end of the container proximate to the
annular bead;
¢ crimping the open end of the container over a portion the flange so that: (i) the
annular bead, the gasket and the cover all cooperate to create a primary axial
compression force and (ii) the radial protrusion cooperates with the PTC
device to prevent primary axial compression force from being exerted on the
PTC device;
e wherein the cover is disposed to create radial compression force on an inner
sidewall of the cylindrical container above the radial protrusion;
e wherein the vent assembly is disposed to create radial compression force on

the gasket and an inner sidewall of the cylindrical container;
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wherein the radial conpression force is exerted bel ow the radial protrusion
by a rol |l back cover provided within the vent assenbly; and/or wherein the
vent assenbly is disposed within the gasket by insert nolding the gasket
around the vent assenbly. [0097]1It wi Il be understood by those who practice
the invention and those skilled in the art that various nodifications and

i nprovenents nay be made to the invention wthout departing fromthe spirit
of the disclosed concepts. The scope of protection afforded is to be
determ ned by the clainms and by the breadth of interpretation allowed by
law. WWhat is cleai whdeih ghe radial cAmpebstoitivoe hertredbelowlths radiehprisiondy a
cylindrical contaiggﬁmg %%Q% av%kgsqgnggttqu%n%i_gmﬁédcmall and an open
end; an el ectrode assenbly RSVERC &f btfﬁﬁy&e |§bose& wi thin the

contai ner; an end assentcweiasictibdredispdsédivithii the gaqrerbyanstrt nsadidg end
assenbly having a vent ass @blg, a cover and a PTC device; an annul ar
gasket concentrica%?Vﬁawgﬁﬁ BYCHABHBRY t he container and the end assenbly,
sai d gasket having a radial protrusion that is: i) forned along at |east a
portion of an inner circunference of the gasket, ii) extended radially

i nward allBNyla rhyilhe v %ﬂ%xHﬁHhWFW¢°65?V%@HS%yﬂﬁﬁn%ﬁﬁﬁ@ﬁﬁ@ﬁ“ﬁ?é ter al ong
a m ddl e JpandtiveibuenotiitRatdAs ket inpPlveh&REhhEE HiR t6 adiidlenttinafigioutvher ei n t he

i nnernost dianeter is smaller. than an outer dianmeter forned when a term nal
edge of tdseadpeirrefy spifit eliibe deriessd rraeents Teistpeql Pragruan {}Igr%\%ta byver the
gasket; WRRMRIE B ROEHLIRMAN®Dy 1hE8ra@Y BF inttiitledti R bivedbPlawt he vent assembly
Fortin a conpressive seal wth the gasket on opposite sides of the radi al
protrusion; and wherein the radial protrusion has an axial height that is
at |l east equal to an axial height of the PTC device; and wherein the PTC
has a dianeter that is less than or equal to the innernost dianeter and is
aligned proximate to the radial protrusion in the radial plane so that the
radial protrusion fits around the PTC device. 2. The el ectrocheni cal cel
of claim1l, wherein the gasket has an E-shape or an F-shape after the
termnal edge is crinped. 3. The electrochem cal cell of claim1, wherein
the axial height of the protrusion is greater than the axial height of the
PTC devi ce.
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4. The el ectrochem cal cell of claiml, wherein the radial protrusion
extends continuously along all of an inner dianeter of the gasket. 5. The
el ectrochem cal cell of claiml1l, wherein the vent assenbly includes a
rol |l back cover. 6. The electrochem cal cell of claimb5, wherein the seal
bet ween Whe ;gasikel i@and the roll back cover exerts radial and axi al
conpressive forces. 7. The electrochemcal cell of claiml, wherein the
radi al protrusion includes an annular groove. S. The el ectrocheni cal cel
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contact nenber and a foil vent. 10. The el ectrochem cal cell of claim?9,
wher ei n cPHaINERERRHGRSSHRD IV RAsHipNed aethin the opan et sdidendbericmbly hagimgactenrenber
and the agg—gﬁ%b%\éicg%r and a PTC device; an annular gasket concentrically disposed between the

container and the end assembly, said gasket having a radial protrusion that is: i) formed along

at least a portion of an inner circumference of the gasket, ii) extended radially inward along a

radial plane and iii) defined by an innermost diameter along a middle portion of the gasket

intersecting the radial plane; wherein the innermost diameter is smaller than an outer

diameter formed when a terminal edge of the open end of the container is crimped radially

inward over the gasket; wherein a portion of the cover and a portion of the vent assembly

form a compressive seal with the gasket on opposite sides of the radial protrusion; and

wherein the radial protrusion has an axial height that is at least equal to an axial height of the

PTC device; and wherein the PTC has a diameter that is less than or equal to the innermost

diameter and is aligned proximate to the radial protrusion in the radial plane so that the radial

protrusion fits around the PTC device.

2. The electrochemical cell of claim 1, wherein the gasket has an E-shape or an F-shape after

the terminal edge is crimped.

3. The electrochemical cell of claim 1, wherein the axial height of the protrusion is greater

than the axial height of the PTC device.

4. The electrochemical cell of claim 1, wherein the radial protrusion extends continuously

along all of an inner diameter of the gasket.
5. The electrochemical cell of claim 1, wherein the vent assembly includes a rollback cover.

6. The electrochemical cell of claim 5, wherein the seal between the gasket and the rollback

cover exerts radial and axial compressive forces.

7. The electrochemical cell of claim 1, wherein the radial protrusion includes an annular
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1. The el ectrochemcal cell of claim11, wherein the container includes an
annul ar bead proximate to the open end. 12. The el ectrochem cal cell of
claim1l, wherein the gasket has an E-shape or an F-shape after the
termnal edge is crinped. 13. The el ectrochem cal cell of claim 11,
wher ei ngtda@eannul ar bead and crinped ternminal edge create prinary axial
conpression and wherein the PTC device is not exposed to the prinmary axial
conpression. 14. The el ectrochem cal cell of claim1l1l, wherein the gasket
An el ect.rocheni.cal .cel |,

is inseptol,ded aroun h ent, assenbly. 1
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si dewal bowndr apo@panfeentksémBEt r ode assenbly and an el ectrol yte di sposed
wi thin the container; an end assenbly positioned within the open end,

said end assenbly having a vent assenbly, a cover and a PTC devi ce;
9. The electrochemical cell of claim 1, wherein the vent assembly includes a retainer, said

retainer receiving a contact member and a foil vent.

10. The electrochemical cell of claim 9, wherein the retainer maintains electric contact

between the contact member and the PTC device.

1. The electrochemical cell of claim 1, wherein the container includes an annular bead

proximate to the open end.

12. The electrochemical cell of claim 11, wherein the gasket has an E-shape or an F-shape

after the terminal edge is crimped.

13. The electrochemical cell of claim 11, wherein the annular bead and crimped terminal
edge create primary axial compression and wherein the PTC device is not exposed to the

primary axial compression.

14. The electrochemical cell of claim 1, wherein the gasket is insert molded around the vent

assembly.

15. An electrochemical cell, comprising:

a cylindrical container having a closed bottom end, a beaded sidewall and an open

end;
an electrode assembly and an electrolyte disposed within the container;

an end assembly positioned within the open end, said end assembly having a vent

assembly, a cover and a PTC device;
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an annul ar gasket di sposed between the container and the end assenbly, said
gasket having an integrally formed inward radial protrusion defining a

smal l er inner dianmeter in conparison to portions of the gasket imediately
above and bel ow t he protrusion; wherein the open end of the container

i's crinped o¥ghndifig g&%l@éf%Isp@%&%eﬁ%&éan@n&raﬁ@ﬁ?e &d%ie{ﬁiﬁ}aﬁl%’, 58?(? gga%kcithe

conpression force; an erein an Innernost termn
radi al prong asinsegrabufosmad inoveré ratioed pratesivnnklinedgenodlet hecRli@ndevirce t o

‘prevent the FTC devi.ce from bei exposed. to t rimary axi.al conpression
force cF¥RPEHOB° BYINDS %féﬁagﬁ%ﬁﬁ?m‘fcﬁ%’a@b8¥e T‘ﬁg’e@b‘?‘nf |H\%8‘ims6%r a portion
of the end assenbly. 16. The el ectrochem cal cell of claim15, wherein the

end assenbl ywherrctththe openprd sfebe eontaihei inerimpsdo ekr et gdsherand dleeioneng a
portion of the. vent a serrbI%/.arQ ra ortion the contact nenber. 17. The

el ect r oEBYAdRIMPEAFIALFORPET M BCHA¥t ei n the contact menber is a spring.
18. The el ectrochem cal cell of claim15, wherein the radial protrusion

ext ends cont whaeeirsdryinatangt @ithinaf edye off frandidi goetdon abutt heogasksat .
terminal edge of the PTC device to prevent the PTC device from being exposed to the
primary axial compression force created by crimping a terminal edge of the container over a

portion of the end assembly.

16. The electrochemical cell of claim 15, wherein the end assembly further comprises a
retainer, said retainer receiving a portion of the vent assembly and a portion the contact
member.

17. The electrochemical cell of claim 15, wherein the contact member is a spring.

18. The electrochemical cell of claim 15, wherein the radial protrusion extends continuously

along all of an inner diameter of the gasket.
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