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. MrwoparodsseBarly, a primary |ithium containing elpettusecioemisal cell
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 PTC fromprimary axial conpression forces. A prefornmed
seal assenbly pro@LOSUREYA$ISINBL YnDRI Ehf CTROGHIMBIARCEWLS t he cover.
BACKGROUND OF THE | NVENTI ON [ 0002] El ectrochem cal cells, including but not

limted i thiumnmetal or alloy as an electrochemcal ly
active ﬁ@éﬁggﬁ%mgﬁﬁaﬁ% ze one or nore positive tenperature coefficient
("PTC'") safety devices. These devices |limt the current that can flow
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i ncreased above an actjivating tenperature, the polyner thermally expands in

a way t Rgforared seal prsanply midiserhpreipet ’tnﬁléh‘tgdh%l&%si(?t\ﬁéo%éﬁ‘ﬁq «ves di spersed
within the PTC, thereby cutting off the flow of current through the PTC

devi ce. Consequently, electrochem cal cell designs nust allow for the
t her mal Béﬁ@@ﬁ&@ﬂ?ﬂb@Fﬂhﬁi PG NEMINe. [0004] Cylindrical electrochem cal
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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



sidewal I s and then crinping the edge of the open end of the can over the
cover. Insofar as the PTC device is often connected to the cover, this

cl osure maY 20109828 t he PTC devi ce to conpressive axi al pConses oobzass
adversely affect the activation of the PTC. [0005] A common closure used in
commercially available lithiumiron disulfide cells is shown in Figure 7.

El ectrochem cal cell 1 includes a cover 2 and PTC device 4 configured at a
termnal end of the cell. Gasket 6 has an axial mddle portion with a
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5, 376, 4dericenttholpdshia nequirgam subs@ahigd récoh figeatat (aed sedbaionng siae) of the PTC
device. Gasket materials that softens at a temperature below the activation of the PTC device
have also 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.



positive tenperature coefficient resistor. In one enbodi nent, the PTC
resistor is carried on a conductive annul ar nenber so that the PTC resistor
i S spacedwoadioaloye3i nward, away from a crinping zone. | RCa/USecioneR158
enbodiment, it is disposed in the center of the lid and connected to the
seal i ng nenber by a support nmenber. In both instances, these arrangenents
necessarily require wel ding or adhesively fixing the PTC resistor to an
addi ti onal conductive sealing nenber and the PTC resistor nust have a
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cooperate in conjunction with a lead plate and the 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.



along the central axis of the cell. Here, the PTC device avoids exposure to
crinping forces by Iimting its overall dianmeter, although this limted
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of surface area in contact with the electrode. Mreover, this centra

| ocation of the PTC device prevents the inclusion of common venting
devices. Finally, as noted in the reference, sone enbodi nents of this
arrangenent permt the PTC device to be in contact with the organic
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bet ween 85C and 175C. Utimtely, the preferred activation tenperature for
the PTCwill be dictated by the design, as well as the nelting point of the
other cell materials (e.g., the gasket polyner(s)) and/or the tenperature

at whic not ed above, the surface area of the PTC
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efficient utjilization of the PTC. 0015] The cell design includes a closure
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compressive sealing forces over extended periods of time both before and after activation of
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 85°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



el ectrolyte egress and noisture ingress, but the PTC device present in the
end assenbly is partially or conpletely shielded fromprimary axi al

conpr essiwo 2hovoee3wi t hout interfering with the venti ngprogaisaniosmisdNot abl y,
t he gasket nmust be made of a material that is electrically insulating,
resistant to chem cal degradation by the electrolyte and inpervious to cold
flow or loss of its structural and nechanical integrity over |ong periods
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wal | of cankaingy 95 klesurgaseiably; o mere pedispleds dlcaaverar sldbacleenver afike plopirary zone
i's respggﬁhgye for maintaining the closure seal of the cell, and it can be
affecte y the crinp or the crinp working in conjunction with an annul ar
bead nal@@16]n t Be alemieanhé trosf settienat grapapfibe sealihg gaskenthd RTYL done ihas | ess
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al t houghonthea mimglyrahe ardesscsRety pRal(i.eh@prcodfeld fiRaking, a zone underneath
the crimp where axial compression is exerted and a zone concentrically adjacent to the second
wall of the gasket where minimal compression is exerted). The primary zone is responsible
for maintaining 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.



gasket may be simlar to an F-shape where crinping of the open end
partially or conpletely conpresses a termnal flange of the gasket in a
radi al diweabiomesI2Bn each instance, a radial protrusionproritsatied2abong t he
the axial inner side wall of the annular gasket is constructed to fit
concentrically around the PTC device. The gasket may al so have upper and

| oner flanges which protrude radially inward at the upper and | ower
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closing process of the cell itself (e.g., crinping). [0019] Utimately, a
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with nmul téé | e _axi al conpressi on zones; FIG 2 is a cross-s Cfl onal
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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 1;



cl osure assenbly with a coin vent nechani smand a gasket having nultiple
axi al conpression zones; FIG 5 is cross-sectional view of a yet another
enbodi mrenwvoabiokiogazse 3 or 4; FIG 6 is a cross-secti onalPcriuseniofo2zass urt her
enbodi ment of Figure 1; FIG 7 is a cross-sectional view of a prior art
enbodi nent; and FIG 8 is a cross-sectional view of one enbodi nent of the
invention illustrating the axial conpression force and the varying

di aneters of the gasket, which may be applicable to any of the enbodi nents
illustrated FG. Figueres- sl:etﬁ)na[Ha'v%hbﬁ[DVBES&RInE’EnG}Hl%deﬂEqd iDMVEINGhON [ 0021] As
used t rou hout . t hi speC|f|caB t he tern1"e|ect%ochgnical cell" is
afford SalPt ARhhriRgre pstem wgluaﬁxg ad0d veith UHRISI A6 FOPRBHINCT ng

el ectrigaks.current with a p03|t|ve el ectrode, a negative electrode, a
separator and an el ectrol yte, although the invention is nost applicable to
systens usi ngCnbiskuressciznetyiewioy pesemimdiyent aiithe daendomillastréing as any

tubul ar, t i

or eat orFHar e Syt v ERElnaRRR BOSERE LR BRI lo PR
"projectonen” is a horizontally-oriented feature that projects radially
i nwar d fron11§e axi al si de the sket rotrusion is

Structural | n&‘%%ﬁ%ﬁ?ﬁﬁgmﬁvmﬁpé?VﬁﬁP lﬁwﬁ?%ﬁaﬁﬁgweé &d at the top or

bot t om of thHGgass}@@misLsreétﬂﬁ@méwwa@Irtﬁéh@his@nm&mfﬂg@pr is crinped or
positioned in a radial direction or nore of an axial direction). [0022] The

i nvention rdilgt & a govtseiqabieniof aprieedr| gnbadineréradl y cont ai ni ng |it hi um
or lithium afhbox saascre-& s%.% %m&b%%&@é% odﬂﬁédt\é? @%\%ﬁh 11%}&% gl - aqueous

el ectrol yte, a cel osure asse I ncl u cont ai ner
havi ng zasnalcprepreesmzh @wland t}mwamnngmdmswmmwgaskml \Mldclnglaabpmaﬂsalbletcr el ease

vent nenber cap bl.e of \ve rhen the internal pressure of the cell is at
or abovaYR e %PSP%?Héﬁ %F&%gﬁ r€;ﬂ%eglnventlon will be better understood
with reference to the draw ngs, mhereln FIG 1 illustrates one enbodi nent
of acyllndrlcal el ectrochem cal cell 10 of the present invention. Cell 10

is a priPkbfriERE. Eﬁ&@éPEanQEHHQ%I“YENEH%NceII However, it is to be
under stgggh|t hajhs{,he tht‘&\:{%mu't Bl §p§01ﬁﬁa§fohcﬁp km ‘“Qle%&%émﬁﬁi SellbYPGRoradpd eri al s

and constructlons 002 s a housing 12 that includes a
cont ai nepadimednmg, h@ Lfdmgmnafsyaem aspahletdf psoducing electrlcal 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



cl osed bottom and an open top end into which a closure assenbly is fitted.
The mechani cal strength, closing/sealing requirenents and internal cel

desi gns aseaoicameat3wi th cylindrical cells are markedl y @cfrfusc@nn2fisom t hose
of coin or button cells, especially insofar as a cylindrical shapes posses
t he superior hoop strength and do not experience axial swelling comonly
encountered in coin and button cells. [0024] The open top end of contai ner
14 is closed with an end assenbly 30 that cooperates with the open top end.

The contyindgtal tkctiedeical dellUNfoEHRPrésht inhot@ibe. O8I0] @Bt Pinpy FReaghel6 near
the top end of the container that supports a portion of .the end assenbly
30. BeatV!mgrivad LijEerercslly lowsy igisrteqe P%d%%?%irta%téhq ¥etigp iRl Om porti ons

of the gautai es%%ﬁ1@h§mﬁh%ﬁ§ﬁ£ﬂ&§§enbly including container 14 and end
assenbly 30 fits mnt% he top portion of container 14 and seals the

el ect r o823 s s el y0 bas a/\hmhmg 12 h@tlwﬂutdgmi p@ﬁ@m@rﬂon tlterfernmgfﬂ ednneith d4. The
el ectr Ocqgse%% ﬁo aXd gl’(l) %]Zerr]lq\é\ﬁaqenhcﬁn 1ch %ciogge Xsrs(e)rlnl)p iS J Uﬁ;[ In%l ar¥ pzﬁ
e ga hoae

i ncl ude$”an "ano Ve e positive el ectrode

64 and @e&gtﬂi@.&léﬁﬁ@/seﬁﬁn@fﬂqﬁ@édle)htmuﬁﬁietr@g&ﬂlhﬁﬁlgnsﬁseooﬁu’[edmit}ﬁ tyllndritdyer s of
vent direct

separator, 66 ma | ow_i oni ¢, conduction a

of oot r i el SERET ﬁ@ﬁy Bélfewélé O’tnﬁl% S@|Oée<flp85B%tt%zeﬁ%&speewaﬁmsaﬁ%wsea is also

di sposeg,ititil @hatp@% Qé%ttﬁé 88Eridhoop h HAR10GRNE:@eA& ce hdiabakiIgy one of
several ‘geonetric shapes or open-ended containers, for exanple, prisnmatic

and r eceamyenlaeneonicedne eein apd buttodesdlls hat t he teachlngs regarding the

cl Osure@gZﬂfgerﬁa%e% té@enla%’?ecgm e ‘P‘n & RRal bt ar?%f%xel‘%grﬁﬁ??ﬁﬂ% gd cylindrical

cel | S regar radla orces required to
Create ¢da>pemealwnhtﬂhm<>;endomﬁieﬁhbyoﬁ&n%imﬂ’as Gmﬁpﬁnﬁteaﬂalvih\tvﬁrdtﬂn@ecﬂmmtoal ner 14

to mnim v transnj.ssion.is pected to hav i cul plicability
Lo Cyl i a6 4rm dhs R RGPS pogge EantaIorer Pos et pRararsEIdathet &l oan
havi ng Béhdi 186 gértal 5! 0888 &PtseFRratEWaY S ind tﬁ)tﬂaﬁ{@msm@tﬁe%htain@r ipitially
open at both ends may be used in sone enbodi nents. Container 14 in one

enmbodi i closirasassambly ingluding wptainshaf pyd gdaaseanbly 30 fitsvefiipn B QR LA ckel on
at | eas(gf ctonﬁm%}'”ifhxgieseglg tk&r cﬁ%&e 5 %@Sﬁﬂm? %fb%&n ﬁp}i’nton%f E‘%Q&)ﬁﬁ&%f from

corrosi on or to provi e5|re appe rance. exa can may be
made of 1<dlte eﬂ@trbédasmmldy 60 GR8yn hae & athgllyoall qajnaﬂrlmmmh’ that incloked ancmodd | east

Lhe o sileuto BroLsch 410, 1 e ol Le. €90 45 M Cors Rl o TuBlee! LV

appr oxi @pdtedry 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



between 7 and 10 mls for a FR6 cell, or 6 to 9 mls for a FRO3 cell. The
type of plating can be varied to provide varying degrees of corrosion
resi st ancw 20m/i988ove t he contact resistance or to provycaaseée/oenss r ed
appearance. The type of steel will depend in part on the manner in which
the container is fornmed. For drawn cans, the steel can be a diffusion
anneal ed, | ow carbon, alum numkilled, SAE 1006 or equivalent steel, with a
grain size of ASTM 9 to 11 and equiaxed to slightly el ongated grain shape.
Q her n@ipahranddRFobexaupid tHe@afBRl bs pede af col¢ fliRd a@eli(SRRN@WAN miak bt Plasedar t ; for
exanpl e, stagnless st eel % be used when the open circuit voltagﬁlof t he

c

cel | i sWiikBickroa af lsags dhegrussidedp preiem thsrousyidsir! the <pg fiom cosrosigRed YRR Yeel | i s

rechar géﬁb|c§nthr'ﬂer@%%Edrﬁ@toﬁh@ﬁfv@rﬁrdn%‘aﬁ‘hé&éei Wal BthRRh&S oFQJp"r&éﬂn%tyr esi stance.
Exanpl es of alternative container materials include, but are rnot limted,

stai nl els@éwgﬁtn&eansi 10rmidskiet @ pRacell os b &b Al edsfoge EBPS ce lhi Bledypect fadptisg ghm| ess
st eel rT%I'%Olg ? y%ésde%rggs (%OHOL(QIQI‘ZCZ!]S ance OI lll'nlerZ($Vre do;/l'tagg({:e&n hcel and 2

in partlc I nwar roj ection,
ci rcunfarte rptdvaiel tite daarsﬁudmbptehren@y ITihe dypemalsteelomlaiep@rd in p&raoh fte rﬂmseran upper

wal | 18, a | ower wal] ansition rre i ch connects the upper
val | 18"RiGh fhseaptaiisr 1s f%leg gseﬁrarcarcrnsi%ﬂeé@ﬁ bFﬁév}? RN ama%éerddfcgw t owar ds

t he radiaghonCBOMRIunPkillbh&ATe] dos J%m&d sﬂe@ Rfﬁtﬁ\élgﬁjﬁ§s&@§fﬁﬁ’$w93@ @axi al
conpr essi on bet ween the upper wal and fhe crinped end 24 of container

14. U taméﬁaerayed tsebghttvee pngated ewrdemp@ oOthel peiglsentyebearsed tanert apasiahixi al
cl osi ng, f, %&qgk%@ g §'39 Féﬁﬁnpﬁ{;‘étagﬁ@s g rf?é{}/ 6eﬂ%e&gnérﬂh%%per}cﬁmgﬂd end

assenbly et ai S on can foun t at es
Pat ent \Arhqage o:ﬂethe ocll iSdedigled Nobe di24téShai®d0abpolind ved, Gtvetteashdeddllis cat i on No.

end'n on June 11, 2 whi ch i s incor.porated b erence
Perel nFeshstsieal 0B s a0 Vet Hetl bbb RO R B amPsh Bt Tom ot

cont ai rwrenﬂaﬁv@&dnalmInrad@msanéraww@dre ROV BRited2stiaMt ek, ﬁQH@ll{ﬁétéd/e cont act
t hat serves as one of the cell's term nals, a PTC device 34 that limts or

i nt er r ujtislessugelnhicks! sladskindess teeln éluﬁ’érlqm angl 9llgys hewple pressure rel ease
vent \5@?2@'@' S M3 QiusBatB@ R SOY aﬁ@@# 1r, 34 30 % A 19\9%%9%&&%@” 50 such

as a | ead or spring that de es an’ opening as || trated in the
ar r angamefetabbf exlt'dn@mgjcrrcmnfeedrmaﬂy aroand the icplsndrigtli cogtapet. yBeadi I6 lgasrkeppedo may

be 208 e R U L BT DG SRR NS S, 1 v e

from t hadll 6. Uher santigicaebe ihélined upwardly towards the radial center of the cell. The
bead 16 provides the desired axial compression between the upper wall 18 and the crimped
end 24 of container 14. Ultimately, bead 16 is provided to help create and maintain axial
closing forces during and after the sealing of the container 14 and end assembly 30. Further
details on the bead can be found in United States Patent Application Serial No. 12/136,910
(United States Publication No. pending), filed on June 11, 2008, 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



[ 0029] The PTC device 34 is disposed in an electrical path between the
contact term nal cover 32 and the positive electrode 64 of el ectrode
assenbl y #0.20imes8923when t he PTC device is activated by @budisec@ooendsti ons,
electrical current flowing fromthe el ectrode assenbly 60 to the term nal
cover 32 is severely restricted, if not conpletely elimnated. In this
manner, the PTC protects the cell 10 from damage or di sassenbly when the
cell is exposed to abusive conditions such as over-current and/or

over - t etipevaparteatsodridi enid ansme Bue shidhythat flereneassembs), 30chas @poRtitysthexrit

circuiti gf% of .the ce abusi ve charging, reverse installation or forced

di schary “#580T6Wﬁ8£9?§@“@8ﬂ15ct termnal 32 preferably protrudes above

the endjoadocontrat per ddicadlisiddsph&lddn bl e REBES phth Hehifeeh MaLLMHaY: efmiaRed end 24
of container 14 with insulating gasket 40 di s osed t herebetween. As noted

above, €9Y&r 3% andpbelpesiiyeziectrdy %ofaﬁiﬁcapdw@mbhg 6.0t s, wireit e T Crgsvics _
perf or nﬁ%c vrét drb%/ a%gg% 9&1”@1%% %Béc?{}fafgu dr%ﬁ 1110\%19 g%gﬁheél%tﬁtdggs gl%g ﬂmer 14 1s

beaded mnt e-“end asse e en s crinped
to cr eaitoeh@bcrrailnalcx@mrﬁss s@/tere@sreskensted; ifect cabxpvaealy El00i36kd Elrethitsrmoateryi cal

cells, articu se, that includ mor.a lith ased al | oy,
my be ShbyEarest Restah vancimee omsestayy Wheh B 564" piampeldenrey

over cur matuonem‘eh)as 6okt QttelYand/Of Wdﬂ@ém;%rat@ﬁétc@ﬁdlﬁbns&ﬁ@d'eﬁ b$i fof bitdnSple,

uni nt ended cha i ng, .mal functioning or poorly designed devices and the

li ke. THiRalpirert giggpiting ofahq egllgalpagiye sharaing, revirgsongpifation og Brged dischpge devi ce
34 is arfs %H&&RE% A8 ké}ﬁu ) Pﬂ&érQQy Qedulids &fﬂpgﬁcﬁéf«ﬁoﬁtaﬁ%ﬁﬁi hd &Nt

behavi or erein t e electrica reS|s ance of the evice Increases with a

i ncreaskeld mp ambe/rtm mrwerdl}[ 0081dd dnd Zérmécprrteiﬁe"rlr%levitlemmrrg@asket #the PTC deV| ce

34 conpt.L ses avi ng .conductive IC e er.se
LT ST PG T A e I b S D g S A

conductdringp Qq)r'etfbmh@ls‘m secdlosafy dparaion of €lhiex; tliay@et&‘ae edntgatidGh Beaded Uith as
conductive netals, for exarrpl e nickel can also be utilized. Bel ow the

typi cal the Fed amemdly dhbded inplacer dap thesnd g4 isczonredfie prepg sk iaPRMBRHINHE mor e
preferredc.tizaneswt ures of between approxi mately 85-125 C (which coincides
with the desired nmaxi mum operating tenperature range for nobst consumner

el ect r o0&t caEle@@bdhsr)mcat wswd@aﬁmukaelyd10§pdwatsmdlup@hthmm esa lithiune PTC form

o LA Wt RPN, ShSFCLEAoRaL, LSRR B $ Rl ) o

functi anc. ﬁ&au@écﬂjmﬁfeatam beexidrnglBhott ciBols, Menﬂa@ehargﬂﬂg odlfunbgorgeper al

temper ago%£l$ dewgl?e% (fe\sncgsl a%dahe chebthus %TC device 34 is a key safety component in cell
10. PTC device 34 is a resettable device exhibiting positive temperature coefficient behavior
wherein the electrical resistance of the device increases with an increase in temperature.
[0031] In one preferred embodiment, the PTC device 34 comprises a polymer having
conductive particles dispersed therein. Specifically, the PTC device 34 comprises
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

10



mel ting point of cell conponents, such as the seal and el ectrochemcally
active materials. The ability of the PTC device to trip depends on

conpr essiwpo 201/w823PTC and ot her factors, including denecrysedionkmsPTC
device. [0032] If or when the tenperature of the PTC device 34 rises above
a switching tenperature (also referred to as herein as "activation"” of the
devi ce), the polyner changes phase. This phase change increases the vol une
of the polymer such that nost of the dispersed conductive particles

separ at @ mpbra@aKbNgbotin&°COWhE @Fpes tad6ethe befetd] khdlerfd@at hangp e déraraby el |y

i ncreasing the resistance of the PTC device. As the resistance increases,
the amolif mé@O@&PﬁféHtcomﬁaaen&Sawh|a§wetsra%1@a@ﬁle@whmalébe%qt%maéer&aéduced When

the ten’pﬁé@&m%f% ptﬁtede%@t@@w &geﬂcﬁ OQQB&F?%?& &Pthtsfp»q*coa%roa%ek RRidrange, the

pol ynmer recryStallizes and co tive par es nove closer In proximty to
one anomhbldmarﬁidnwe@tfdreelyft%éth@wre5| stance state of the PTC device. [0033]

A prefe PT iC 4 for d el ectrochem cal. cells conmes in

t he sha@@ggf a?l%ognm? ?he?tem{)?{atur ?r%Tégpe)\gr ?frlse?g?ovglalsﬁv\}\ﬁc}?fggfl uid to pass

t her et hieowpglaturé (algoatefetreditonds, heteheasaﬁeﬂi\tauw’ elasodeidatigspayni@ithhii@s Mechani sm
build up within the seal e

to insure t | osi ve, pressures do n
cont ai n@fase: E@?ﬂé{?@g change iictsarrs th vadirpe a@%e aplgmepich fiat pegt QicHSRE A t he

el ectri @&qhu&%@aﬁi&%'s@bapﬁe Wk@%@o%e&ﬁé&e@le@ﬂrﬁhﬁﬁtﬂéﬁ% c{r§§ét§:5!l)y e effect
of the PTC on the cel referred PTC devi ces have a di aneter

t hat i sinFiehsng Khélf%ﬁlséﬂné% ef ttb@ PTG elerisi Prathedmmenncp@sqﬂ the ethobyt afhe
contai n&frrenm t{ &n tﬂ%ﬁ/ tﬁxg%%}g ﬁ’]TB Paf%e&ekls‘geqs }eﬁuégdm\)\me%%ﬁ u{%?g%ﬁlgg {5@&8 Pll:')(-l,:C devi ces

are commer cl a avai rom NUMEr ous Sour ces. device are
sol d bydeBmemé@crdasm toolie dficvating Irzd}ge, tEé\polyASén reatydamyMnElcemdwcdm paticles Menl o
Par k, i £0034 PTC devi aﬁ h F i nt er nal resg t?E e of the

cel | . T’;T/‘BYec Py In RrAYIGILY oy ape 1o e§? ‘E?é“’%fht B loy-rrsistansElg 0 %B imtely 36
MV i n adAhef orm factor, and | ower resistance devices of approximately 18 mW

in a AA formfactor are now becom ng available. Optimally, the device wl|
limt al00tlt agé meeferipd PHC dsvice Bfos splindricgiralesiochsmienp cells comenin titpghage anet er

of the 5%} ARAHL Jih 9k (5;%&1@9 uPﬁOfg\%vQﬁQPﬂhQ%Fde[ b pds tﬁé?&hx%ﬂgh.aﬁiﬁgﬁe@u}’ara[ﬁe

di scussed in greater et al e-vent pert ure snou sized to
cooper atpertwictaacdnireodatasta vegting 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 mQ 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

11



mechanism wth a dianeter between 2.5 and 5.5 mllineters being
appropriate. Thethickness (or "axial height" as used below of the PTC
devi ce shwol2diwvesee bet ween about 0.25 and 0.50 m || i metrerassgoid/oens® ml s)
and nore preferably between 0.30 and 0.35 mllineters, depending upon the
exact configuration of elenents in the end assenbly 30. [0035] A problem
with maintaining the PTC device 34 in the end assenbly 30 is that a seal
nmust be mai ntai ned between the container 14 and the end assenbly 30 to

pr event thickaka gar “akial Hﬂﬁg}ﬁ’eéd uséd B@prth@PT@%le%b@s}ﬁ)&Rﬂ rahge Hewzéeﬁabw formed
utili zi@g pressure, generally b% ormng a conpressign s bet ween t he

cont ai nef a9 Gpdmillimeiessd ip Pynilspand morsgreerahly bsyesn Oélqd‘nggélsal di rections

of the ggl; hete?shﬁefﬁé;ngﬁffdxﬁtﬁe %c?@dﬁﬁ@@raﬁ&)@b@é}émér@s ﬁQﬁg)Jrﬁsd%éeYrﬁ)l}t gg.ces that
are necessary fo insure a reliable Seal is fornmed. However, conpr essi on of

t he PTA083i ceAaztoltiymtvnél regittaaesein IPSF C3Bvigna4 bothe aichassembapdo rrmtbet a

speci fi n RS ed end
SRSl B R RS B TRg s SLERSH S0 pMOREATRE ond,
limt eocfphmsalloerheoaﬂthet heg ﬁbyeaaisftembaliﬁfbrrﬁmdtorzmrm@suramhérengeﬁ f(ﬂfmrtghe

i nventi on are thus provi de the PTC device i he end assenbly; .t
i sol at e tHRPTSPENFEY] 8@%@? Biscopitnge 4 wdtwdtaﬁﬁénefyefﬁ% PR gle(wgb f&%&é‘diﬁﬁpacu ng
acti vat 4iRRtiefs Jrhe RMGhE @YTcRYice ammr%gsu%w tbQﬂﬂBféEa%Jfo?deﬁ'@laiﬁ% cell and

external physical contact (to prevent shorting around the active portion)
and t o ffcRispiyZe inseierielahloseal in fqrﬁ@dpﬁewaé@n eeanpgsisios ofrtlied &) davicg 3L4H)é' PTC in

a desir I

et D wnt (RO AN Wab MR, GRhok @AM b SIS SHPARTLANCAD, o)
Use of dfess ofitlg cdmnmﬂymem n’naetlegldmj/ sf thagaﬁ;utg%ﬂelmb uppet Wal t &6&the hewls

di scuss above, can. to n nted cold flo f the asket .. | eakage of
CheCar ol e 8 B expi o e ey AHE S BedSmance Jhelend O r RIS Shtipn GRe
assenbl yu3Q. prdICOEPTC deRRe FRTHE 'éh@hss%blfyh@ i9ASK Ble PIUSdeviViRIns bdritacei ent
rigidity to neet the criteria described her ei n. [0036] In order to allow

t he PTCVdleiicetectalyiedtheeghy dippaciing agtivagign ekthaRd Calsvicehamprpat paipaens | s
| ocat ed, jifjqd Q{@ ca% gxﬁ 1 S6ht R (tB%rJv%ﬁ@%‘ﬁSrﬂh aitoruﬂm%tﬁgu@er pdrRey axial

conpr essi on orces primary a conpreéssion force is defined
her ei n ad to hemgnma@tomeselnn mretbi Ui @mcalwh}de emalemgx}ml{’ﬁalrea dasged he axi s of

wol 1 2sPPien ST B 58 Botsheot A SraE b pedivata R PR R EI bl Col 1 *or
ex arrpl edesirddperBrinhddd S LRI @evidde). B YO 856 ﬁgld@@ryﬁreeaﬁtdaﬂalsf & uggBeddy axi al
i ne extending through |line A-A and the axial ression zone is bounded
by the th% Efé?re’%‘éﬁ discussed above, can lead to unwanted cold ﬂow of e gasket, leakage of the

electrolyte and generally unacceptable seal performance for end assembly 30. Moreover, the

material of the gasket must have sufficient rigidity to meet the criteria described herein.

[0036] In order to allow the PTC device 34 to achieve a desired expansion, the PTC

device 34 is located in the end assembly 30 so as to remove it from the primary axial

compression forces. The term primary axial compression force is defined herein as the

greatest or maximum axial pressure exerted along the axis of the cylindrical container during

the sealing of the end assembly 30, as well as the resulting compressive force maintained in

the sealed cell. For example, FIG. 8 illustrates a primary axial compression force on an axial

line extending 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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18 of bead 16 and the crinped end 24 of container 14, although the precise
anmount of force exerted depends, in part, on the material of the container,
t he cri npwoantvmsads and the rigidityof the material of pChaSgasloei1ss
However, it will be understood that |esser (or, as used herein,
"secondary") axial conpression is still exerted throughout the conponents
of the end assenbly. The anobunt of force will be less than the primry
conpressi on zone, thereby allow ng activation of the PTC device. [0037] As

not ed abouematahigl dTthe SRNC Blod4veraR wall ba Btttk BdodaRA $dskdt o, Busell hibretnhe out er
di aneter or periphery of the PTC device 34 |ocated concentrically within

[13

one or nEFAdAIYSE#dal Compyestion is sl exdted dhrgaghousiBe eoapriests ophstepdisi ons 46
bounded 1L i i i f: t onent s of
as%‘QHMgbflng %@%&Wf RO lés%lﬂl% (}?Qé\rﬁ%\ﬂ c?@p%%&&%@@, th&RBY

t he end assenpl are recelved, a scribed 1 n greater
det ai | d&lvong adtrvatidn of thafifedgvitche PTC is di sposed radially inward fromthe

primary ial Go ssion,f exerted on the cel | osure, assenbly, and
Phe  PTaB, ARRLRE G eI Sl S BT il 68 oS LB RIS el Les
t he conpiamemnt or fReiPheedf thy PAQY daviva 3aflodabed cosderiritally wOki@ronddr inbat digtee

radially concentric to the crinped end 24, the PTC device 34 and_the vent
mechani &t 3Eextqngmesyaligefions o pe U%@%ﬁs‘{@%ﬂﬂw%% aqd&?@h%h@avgs@g? P essur e

on the Rifehdayd &R cg’tﬂ?&ﬁﬁis%@l% eAd Qé"s%}ﬁgty A0art RALiVES 2l o WARAGONAHGE e and
i sol ates desired cell conponents of opposite polarity, and ii) formed from

a pl ast greatehdetail belgvel IngbisynavoerpthedSiChis dispesediratlially inwandifragn thegeiatae cl osur e
assenbl y. . resi: d+fl n e r i The

e her moptaa P rPiRUE Rt SRueEh s By MR R A 2y

rigi di tsecolagnasidienmexpase dhisczohdinchlts thatom@poriegspenaied b poftionted tHETC devi ce

rvar o EGRPHLE S Ao oo Ly sege Sitearient P 4 it S aiand o T

subst anghi abhinfeimendscul ar (i.e., horizontal) to the axial l|ength of the
gasket. In a preferred enbodi ment, the protrusion nmay be forned
cont i nu¥d38ly aPounigrredeonstivwdiondprdassering atiak essggordhe PYRdeees 34 esul ting in

a smal | Lane i at - I r i al
Feqt ons op UIEEEUATRIEEs; iPAqr BEBE A ATl SR FRIRABob Rt F0301 e
r ef er engmotice pdldEity &ndtiih Gorspe Ciom cplditmnidtéy wliftdy cenphsspde ta od imforrgmgket 40

can b [ULRBISSSSl el ned pber, N ange, &3, LOWRL . anop o extend

axi al i me@fopdsdewaldlto RRIH 3RS 46 lus#lso MBintain sufficient rigidity, even when
exposed to the activation temperature of the PTC device 34. Gasket 40 is formed as a hollow
cylinder or annulus having one or more inward facing radial protrusions 46, oriented in a
plane that is substantially perpendicular (i.e., horizontal) to the axial length of the gasket. In a
preferred embodiment, the protrusion may be formed continuously around the inner diameter
of the gasket, thereby resulting in a smaller inner diameter for the protrusion as compared to
the axial regions of the gasket directly above and below the protrusion.
[0039] With reference to FIG. 8, the specific diameters for each portion of gasket 40 can
be more precisely defined. Upper flange 43 and lower flange 49 extend radially inward from
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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conjunction with protrusion 46, wall portions 41, 44 define cavities 82
(shown in FIG 1 and FIG 6) into which portions of the end assenbly may be
recei ved wo 2bovays®sd axi ally and radially conpressive seaCI/uAi1al02n188 er
sidewal | 42 of the gasket 40 cooperates with containerl4 to conplete the
conpressive seal, preferably with a constant dianeter defining outer
sidewal | 42. Thus, the inner axial wall of the gasket may conprise 5

di screte dianeters, as indicated by lines IR Ir, 2R 2R 3R 3R 4R 4R and

SR-5R. 14’%0Qf0ﬂ®[etéﬁﬂe%&hﬁﬂe@%nﬁe}k@alpﬂ_x@fé}é hiaBfiXar@ Yafletes QOMIiRSSItAN, di anet er
3R-3R nmust be smaller than that of 2R-2R and 4R-4R_ Preferably, 2R-2R is

appr OXI eevellhA2%e g, thoingr sl W@WOﬁéletgésl@h@at EOMisRg dbferate diagetenssas di amet er

| t d asket 40
o seat o aiel By BREE, 2o SRE A A mlor AR e, AR PP ator ™50,
Wi || bepsmalylagial ¢dngnedsivat diafetdRBR-BR miigh be bringllemtiran lrat oﬁzm{zafaadrélémlénbodl nent
of gask t .4 ave an. E- n,cross. section. .ln the
ovent  aPBEAPIRERAHE RaPr RNy 265 S, el EREPgREE DM [ ot eac
t ake ondiameter stavmrsm‘au@maa thix FPRSIR SR toxhe exadid thad ghdret Aviewdatdd ange 43
is absent and/or cri es not extend beyond the inner dianeter of wall

por t i on"VihIn th bead 8, tB‘?]dléE“eWWR‘éé{ fefancdpyylaaghytt anll pasmalist thaghasof Hiduced
di anet eir. {04 ankb G Péeférlédtéﬁ{broafn%ta skt a6 wma&%@ S%BP%%{‘%%wE@CG‘t ed

bet ween the upper wal bead d the crinped 24 of contai ner
14. ThelnRTGs devvion.el3he eyppt vb%tdulé aofl/or flgndedi@ds harprovidedhihe gasiet mbuit t i ng

pr ot rusi on, 46, 2L, | S £C6, 85, LSIRLIS. QL) &Nl 80 GONGent il sy LI n the
pr OtrUS| on46in a zon secondary axl a Coerr SSI1 on ., an area of
conpr esgidéot cligpigtdoanndthftepd besriny tiexdinadr deOMGXEr@s$ Siald Ipoift@h@le) proﬁﬁs@rhwm | ess,

axi al S force |s exer e al ong the entire length of the PTC
devi ce ‘?gy{’ %@@stggst:ﬁg{a %PC’é‘Efb edycgd AleMeerg2 are defined by protrusion 46

and i nnpp4gyi deyrd |1 ipRdtatRMfe Gk 04”46] E(hﬁ’p(fn@x‘ﬁk ?dcat‘é@ggtkl/egi th@%f)?er%\ﬂ' fgy is

sufficient 'such that a portion of the end assenb onent situated in
t he cavéftbgad 86 srmifneéltl@aect@dtM@f@pmmmylAameIPTqurcgsBén nvitige eBiés exerted on

the cl Ot t%n%?h%rggl Xbutl %@ﬁuﬁgwgg%t%tggace Crentafhs o?%ﬁ‘i‘é’& r%(%@ﬁ]t?lc%@”r face 44

receives term nal cover I'n cav erm nal” cover res on seat 45
formed Withiprtiet prusision 466in aSeat ofmyorfdar}tdxem compiessien @p., amaeh af gr oove 86

(showmn in FIG ﬁg V}%{Ch recei ves. and coogg.rat es \gs”pth the term nal cover.
Al so ascoér%@ﬁslmp sgfhan the Primaty gxie] CHIessIog deree R g sohoVRrIfsSndlialc over 32 may be
adapt edcdngprédston WO isexEiiQON6h Bfie B RingthO MR VAT d&%&I34. r adi al

[0041] 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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conpressive force wall portion 44. Simlarly, vent nmechanism 36 fits into a
| ower cavity 82 at sidewall portion 41, thereby causing the end assenbly 30
t o surrouwo 2proovsaesi on 46 on all of its exposed edges. IHerasagaioez158 he vent
mechani sm may i nclude an inner cover 72 that termnates with a "rol | back”
portion 79. \Wen present, flange 49 may forma seat 47. Seat47 may al so
possess an annul ar groove 86 whi ch cooperates with vent 36, and nore
particularly rollback cover 79, to better perfect the fit between the end
ﬁs S ehrrbl WhBl@y and Fb%%s@ﬁ&kﬁ%ar%@oogb@@%ic;ﬁ‘kﬁfo@&h&s W]?h Qéﬂ’élzg! £l rﬂ&ghas an ﬁXi al
eight that a st matches the axja 1 ght of PTC device 34. |In the
evegt t ﬂaé“%lilrgn rOﬁE%C%WPV%th tﬁéeﬁ?r&effﬁgit%ﬁ%tweélgoegidtaﬁsgfnbaf 3¢ ¢ thrc 34,
relief ffQenqpri mary axial conpression may be realized. Mreover, the PTC

device 34 shoul d abut the protrusion 46 along its inner dianeter at

i nt erf al9485 | Notabbie protrusinetd hivzan axird heightethaiat feas enatgheathefaxiahkeigf@f [ 0043]
Current r. e t S$ fl. thro t senbly
30 byt PECREl o g i PG IRARED! e PRubiBhas SeBhEy LB A “The
posi ti velief feah padaryoaxidl egapicygoremey be ediled. durt@et, theEPib@de b 14 sholdG 1,

provided in the formof a.spring), conductive jnner vent cover 72, PTC 34
and out gh%ﬂte@mﬂmn 4é@5f5»g 1§2r.merﬁ?afrﬁfe§ ahlmeagﬁgee RIOFE i MEHE B% {Fom ¢ he
cell cagzbaretoppesrdypacti vation of the PTC 34, which nay be triggered by
the conditions descri bed above. [0044] In view of the description of FIG

1, it sH8ddld beuvegntdensrated by clsetrorgragseablab0 Gorpthensish dhe endresembhr ) xer t ed
~ t i_ncludi i nped end 24
on a stgg ‘fol%ﬂ%’ﬁ?@@%ﬁ‘h@ﬁ%@. g\g?tf:&dg%%kre%bﬁ/ség)e(vm% g%’]a%sfrﬂlg{: Qo ddoped en

of contal ner termnal” cover p rusion 46, vent
menber BFaavicelenqdpee), valtdct H8mber Fe@IFI®;1, puodideth&n tRT ©robenfiaceridd), due to its

| ocation in the cell, is t jected to the prinar xi al conpression
For ces. OB guEr Tt 290 R o FULST Ko PR Rsprer et TG BT

conpr es&ir@it B6e&dSm thOtd] QhibdBIoppably KECANMITYhAXT@B4,GRHTEH B8P bORigBERAS,
bet ween the cl gsure assenbly conponents, nanely the container 14 and the

end assBhFgorsitionidessaibetaohe seal nmenber 40. The design is adapted to
reduce gaDI |y ik OF uRlREHHAL bEFNAROS S RIPRFARR, bt Sk as vel| as

reduce the ‘ability of water 'to enter the ce to I1solate the

PTC devéaeprd4iohfowes dreeymriedan y stixk af cangropegs sf tha cloeure essemblytihdudihgsur e

assenbl é’rimped end 24 of container 14, seal member 40, terminal cover 32, protrusion 46, vent
member 36 and upper wall 18 of bead 16; and the PTC device 34, due to its location in the
cell, is not subjected to the primary axial compression forces. Thus, seal member 40 provides
for multiple radial and axial compression areas, both primary and secondary axial
compression areas, between the closure assembly components, namely the container 14 and
the end assembly 30 including the seal member 40. The design is adapted to reduce the
ability of electrolyte vapor to escape from the cell as well as reduce the ability of water to
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
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[ 0045] The seal nmenber 40 is made of a material conposition that can forma
conpression seal with other cell conponents of the closure assenbly and it
al so has wowowese23t ransm ssion rates in order to m ni mpee/USkaw/oexaspl e,
the entry of water into the cell and |loss of electrolyte fromthe
el ectrochem cal cell. The seal nenber 40 can include a polyneric
conposition, for exanple, a thernoplastic polyner, conposition of which is
based in partupon factors such as chemi cal conpatibility with the
conponeuon fadtors becheds ehetrni@deom@s@tr'rbﬂywitmtaerebrypdnhets peétatleceod Bednitdyle,

roI such as a nhon aqueous

positive el ectrode, wel]l as.th ct

el ect ro‘ll%??eé‘/@? “F%ailéﬁafﬁr‘i‘iﬁep‘éft%te G ‘Errf‘%‘é{? Esetf‘? clggjrol %ﬁe“%}é%ﬁaﬁﬁ‘g‘nb is
nmade fromeaRelcetblyalliizéPhend abcttRBEmREIQ¥! 465 Thd®afBshb&ds sadd frod and

i nsul ating properties. The seal nenber material nust maintain sufficient

rigidi twtsria@blfr maigrigldha pravidas tlﬂ@n@swcgsealimg/andfmqui?ém@mpa@w cdhepead | upon
| | t
cl osingy, x&}oérp%n&ﬁn lxﬁféqgnﬁﬂ% Clémtrg[d.l | aé[%tthel%eméﬂ faRgB%{h%EX cas 0

fail to shie evice from conpre anpl es of
sui t abl devimt(ee.) wlos closimig wd e cbllltthagasketonatd:mahhmstddcﬁ be spaliny@iahydsen&il to

ol ypro ene sul f des t et | uori deper f 1 uor oal kyl vi nyl
ehor e e sty S PR Aieb b%leé{sﬁwéaﬁmﬁsﬁ ST vet hyl ne.
pol yphtiRgliadribdeare a6t 1amyedad ol yeatyl e, Mﬁfregﬂene eﬁﬂeﬁié\ﬁﬂﬂid& uperi or

gidity, fi)referred gasket materials are B’blﬁ‘%f a am des (}& g., Anodel (r)

ET 1001teLra Yosigessilvesgaling vyt ebersglyares pe 9?%@&*1816118@6 BAY or possi bl y
pol yphet@%é%?oe% Jrfbdﬁyp( Bhalamidd, E) glh E%Jréoqngﬁgﬁg E%lf)ﬁ]p@ﬁ&‘ cs, Inc.

Shi ner, TX, USA escrl be St at es Icati on Nos.
200500 7i9gididy, @MGIM@GI@Ymm&alsar@pdimwm}amldwﬁ{gomml piyT 190 lel énoe. The seal

mor gart v b K eh SR Bl AR FR QLS Ponua SRt nelear SHBABer 40" rmmy

be coat@g., WHIHERGK® B frdrd BobddkeePlagRBANE eSIseal TRIUPARPOIH des&ibellihy| ene
propyl ene diene terp abl e seal ant material, but other

mat er i a‘ij%‘teéiagﬁatﬁsepélﬁ’é3“%[%6%F03%0%®38%4n9@09@‘)%‘?411&# AeBFEPY32 can be

provi dQQCdM)&JﬁteQ'Bg ré}*éreﬂ&r Y8R ndfel BifSosRidnt Qanadpltlgﬂ‘élfy%oﬁéﬁpreglfforf:in idif
vent nmechanhi sm 3 breached. Term nal cover 32 can be made from the sane

or si mifiltars sveh es lnatgnlaéilbt‘sc%lé/qr@I@amecpel@OlasiSbel ng appropriate for the
cont ai 6 46] f Or?ﬁg(ﬁ%n?rlqgmb 4%k a tpe co %1’(%9 w1t%|a sealgrlltltegl.irf':htf haggeﬁ%algé post

pl at ed) ni cke Fai Nl ess Stéel pl at ed

st ai nl gespstice |Eth}8erﬁrpe($p§/ﬂd’nedidnﬁ t@p@ymaﬁx@@i[)mm a sxldtabiermﬁlehtymatém but
other materials can be used.
[0047] The conductive terminal cover 32 can be provided with one or more vent apertures
33 to allow release of fluid if vent mechanism 36 is breached. Terminal cover 32 can be made
from the same or similar materials as those identified as being appropriate for the container;
for example, nickel plated cold rolled steel (pre or post plated), nickel plated stainless steel or
a nickel alloy. Nickel plated stainless steel is preferred in one embodiment. Ultimately, the
terminal cover should have good resistance to corrosion by water in the ambient environment,
include a conductive portion with good 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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term nal cover should have good resistance to corrosion by water in the
anbi ent environnent, include a conductive portion with good el ectrical
conduct i WOyo10em8v28hen vi si bl e on consuner batteries, hace/srolaneriacti ve
appear ance. Conductive portions of the term nal cover are often nmade from
ni ckel plated cold rolled steel or steel that is nickel plated after the
cover has been forned.[0048] Pressure rel ease vent nmechanism 36 i s present
so that the cell contents can be substantially contained within the

el ect ropag] calprgfiré relsdineweahaprsaisd @ﬁaf@s&ﬁdo EH2E6:8 UEIE contdifes @hassur e
rel ease vent nmechani sm 36 can be, for exanp a ball vent or a foil vent.

Gases asibsigaiimlygonigingd phthin thnelegtiacherigal qed IQWEOWWf‘éﬁlﬁt‘ﬁm“@éﬁd‘?sﬂlrﬁns such as
tenper ay !ékf]&e?sﬂx‘!:’refe%e%%ﬁttlﬁééﬂawg%@,%ﬁﬁe, NG feeéjbﬂWénp a{‘i% INRh. Qﬁ%ésat' on

t hrough em cal reactions e pr essur Int ect rochem cal

cel | i saratgeheeaed wﬁbinhhegct‘e lakie &0 mtdememtai qmadltmesl wials s qamessmr@andalrport i on of
the vent nech tures qui d or
Gas or ST RBTETRER G HEr SRR fereR tapintseblabiS R ok fd opent ng
cr eat edpietbut@ithe e dlREGDEHENEEAI 381 isEhRafaeHigh ek amaaelrnahaa&eaamﬁssufee can

vary according to the chem cal conposition of the cg\; The pr edet er m ned
pr essur &PPEiop pEihe Vel nechitive 3@ ryptwesandel g Snidain the Byiof liawidas 2089 due to

normal  handhidod uandhrUSRIER tR ceDIPORUSEhER of IR PERhEPlea@l W%Q hege. For
exanple, in a FR6-type |1thiumcontaining electrochemcal cell, the

pr edet empilaeidm 3, dds prqieessueérelfase presainplias vehecprrdwg e theghemishch t he vent

Sbout 10Tt S s BET TR St D MR S P Bt e ARG {1 O™
sone enbhadi fﬁwatvsms tHuomnabaalthaddlink dﬁ@/u@efﬁ of B)Qﬁ)sdnb% ihe apichoatatoopiterd56. 3 kg/ cm

2 (800 L bs/in2 roomt erature, out The sure at which the
pr essur EOTFER m&eﬁ% e R gpsainings qﬂr@%heea H&rﬁ?%%@aﬁefwelea%

Pressur hgidngk, ?or(é%r{qple %eq:nessﬁxj@ raPHIQQh%Mn?m@élﬁﬁfsﬁﬁrﬁd:réa&stah% pEQARE abner .
Exanpl es of a foil vent ‘design can be djn Unl/gl% St at es Pat ent

Publ i ca¢aomwlawia (UPOOED 241708 frgm@@gml@ézl(g/@mdlé@@e ) geabput Bi26 kg/cwhi ch ar e

i ncor po r t qg;%hlqp 2 in FIG
lis a {}%Wﬂ’\?}g‘f? EllS?Jligll ?nggmtbg%‘%% ntfmﬁeaég&(} 1?‘ adi-a gq{%g/éﬂ ?)or })gtﬂ%eﬁ central
vent wekg/cﬁi%t(sanmbsan%;mtoompempuamrezabman%cd ”Dl)e;aessmﬁtat tvaich thBpredderst  bushi ng
78 may b madefr ast LS mat er i simlar tofhos«? descri bed as

appr opr TFREE Y5 Ml Frovan beridcivang ﬁmSW&%a Sl Siks WOPE i ent
conpr esgd|Bbhidckited fthhe container. Examples of a foil vent design can be found in United States

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
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vertical walls of the vent well 74 and the periphery of the vent ball 76 to
mai ntain a hernetic seal under normal (i.e., non-abusive) conditions. Wen
the cel |l wotzermaBo2pr essure exceeds the predeterm ned | evelrjustée/orant bal |
76 or both ball 76 and bushing 78 are forced out of the aperture 75 to

rel ease pressurized fluid fromthe cell 10. [0050] Vent sealing portion 72
termnates at its periphery wwth a U shaped wall (also referred to as a
"rol | back cover") 79. The rollback cover 79 engages the gasket 40

asdescr jhefbRARBYe:... ThERSn QR BWIAd RRipRdrall i8] PRLidLREsRiny& blectRi@é ds i n

formng an electrolyte magration barrier and possesses spring-|ike
char act BYgrafqncharrigs andpepsesses sPringile plepraciadistes e s dspiovding refiakeal menber

40 in co eﬂ@&} .n%@te}‘\’\%eglhng%rg@erq jiﬁgﬁﬁlﬁncﬁbgg’%kﬂe a%fac%@fd@%vgﬁ%%%ogﬁ}aig 84.

el ectrochem ca I ncludes-a conductive contact ne
el ect ri thd ¢lyctoommeiciledl] tmay tidvdudee atompictianioatacG6embard Oreteceicsihecormeded |y to

h of t dj al ling . i 72 and roll k 79, As
atch, "t ROBE VRO EBHE oAt BRI POHGHIDUE OBf BT BT JPIC0NRIGE PUSOT Bon i ner
14, seahndWMBLK cdiergnd A¥eidh, IRENFIHI 61 03 theGRAPATADLE elebtridBIyNdcalliictivee

el ectrode assenbly 60 and electrolyte in the | ower portion of container 12.
[0051] FRaipent4, pil memerddpng & epfgaeehanigim 3889 orsiate ynainig Be plaptradsat i s

stabl e jRe600(BGhd Wel 1§rt9%fﬁ@!léw&@)?ﬁﬁ%‘o%c@rﬁgn&ﬁ@yi des the desired cell

seal ing and venti ng cﬁbaract eristi asses or netals, such as stainless
steel , WfAllbe (bedent Phik7& eamtbebaide fshmoahydsuiieblhingpkdripl tpthie siablalin egrdachave a

snmoot h surf.ace, finish wth .no inperfection such _as gouges...scratches or
nol es LD BEEl ey o nrihgde g ARy ey S Gulfs SAMEEEIRG {y and
sur f aceGldssds shmdapends ak fapddst stedl, dddehadd. Theas®ittar shgdb2highiat abl y, the
configuration illustrated in FIG, 2 |ocates the hei glgt of the term nal
cover r#¥hsEisa)ang bpve gemeatuiacedimgy Wit ner eSS PR RS SNEED ATRICRRS Mei ght

and cel },o/Beiigbte-unddt 19 tfﬂé%in'iﬂg%%at\{é}{iﬁ}eid&ﬁréd%pﬁé}m&&%ﬁéE&ﬁc@ﬂnkﬂ@eﬂ%ﬁ@s devi ce.
The arrangenent al so provides a relatively |onger path for vapor

t r ansmi Bgiagronghobaildlizmeted. nner surface of the seal menber by having the seal

menber r c 4 ion j . . I i r r 72 and
a seconwaggj ac g\fépabf}ﬁ grletcg?fgéhﬁ%tyg?]c@ggg%gﬁ E}F%'%ﬂg?a%%%%é{lghetr&g] tgrgrﬁ}r{r%nt of the
pr esent cavevetitive o thebedddn bidet to thinGniz3 vandiioaBtackap helglst aad velhheipiec Taisi sm 36

and is specifically a foil vent. ili.zed_ in the present invention, the
term fo’inF“"(?ézﬁf V?@F‘@’Pé"‘i‘)&“péesé@ﬁtoné@%f(f; deYito q?é\‘)‘?’?ﬁf“%ﬂba &F PRYIES f ayer s and

i ncl udegatfvely longer path for vapor transmission around the inner surface of the seal member by
having the seal member under compression in two zones, one adjacent 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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exanple, a lamnate foil vent having two or nore different |layers, with a
portion of the foil vent being rupturable in response to being subjected to
at | east wopradmsesm ned anmount of pressure. Vent nechamrcsms3@oiokiest r at ed
in FIG 3 is a lamnate type foil vent having a central area adapted to
rupture upon being subjected to a predeterm ned pressure fromw thin the
cell, nanely the conpartnent housing the el ectrode assenbly. [0054] As
illustrated in FIG 3, a electrical contact nenber 38 can be considered as

a di scredrace RFRRAEIY viePTCRRYIEEBY oNBANAN 51 t8 ChetdlRtrod SasedrBly 60 eakiey
connected to the conductivecontact termnal 32 via PTC devil ce 34 on one

si de an®PRO§itq Hige @PEiHlpstetrs)- a%@h%w thpcyact Rembpiptishas @ skangdhat gerforms
i11ust rfi‘)ttﬁg askM4T0'( leéﬁﬁcefl thé: %1 'ﬂﬁrﬁpﬁ tl§e8\i P?ﬁe aﬁ{@ﬁlpﬁ 4ot conforns

to the gasket 40 (an speC| |ca e |nne seat t he vent
mechani @nm@@ @ner 12heT he &pidewals J& dwec si3gyn iMHEG" E;ISdmvx/a;Es?erﬁéd esrﬁmpien@lhom in
FIG 3 nmenber 38 is

o1 Lot oinaE ol B SRR R ERBRI TS Rionud % A NPt AT e wan S TR oren”in

cont act theistiffack lAgza T Condett (Vith €lieePPC B& dterch\gret G h Siesid@age), Wiklic te taBert ab or
| ower | eg 3 of ge F@r 38 extends both axially.and radlaIHy into the
interi oerW(‘}f He ot BIRMAFHEY exfends Rothayiatly ppd ’é‘étaﬁbl"lt%ﬂleéll‘té%?rrq aba copttesct with

one of {hg LIGGS és@é#ﬁ%h ElenREAdbhiet wlhleorﬁ%mele‘{&trs&e%qiy@wﬁQ thERsitgxampl e, the
current collector of the positive electrode an"electrically

conduct ¢lgerogdebdior axamnple tesheuasnceploeer ofath@msutmmetﬂctr@der@rmmebmn foil or mesh,
that extieds BeY BN 6 pRRRL LMELBRL A TRLELhAL B ARty fspagnRrat o, 66

El ectroc emc Ogl Ive e ro erl a are eh coat ed
onto thez&erﬁialb&tdhdt}&; po[sﬁ@EBﬂect&ﬁ@trﬁalérlmmal&hsse@&aﬁiﬂ66 S5Bjecirfchemén]lycan be nade

of one or. nore,.conductive referably haV|ng spring-1like

char act &iVE PPREve el %‘@ﬁte%‘?@&%ﬁh%ﬁf@ dCRISTERE S and nai ntai ns a

suf fi ci possiel ecbhtasahersin 39@35ndvgot It ushie calesd hadt ARPeNabicon@Ribe utilized.
These nmenbers 38, 50 may sinp y mai ntain a pressure contact with the

el ectr o@éteaélgeﬁﬁlegabb/dlavmg spitvedy i keagharagleai stéest glshedghcamyrenrp et wWhich makesli ng,
adhesi o %ﬂg 'é\%ﬁ’% en%l&?ﬂ%ﬁ!ﬁ&gﬁ&ﬁ mltxe c@eq chi Qo%q%ely\ggé}l lgeh@ulﬁ?(? assem.jl y

30isp aced PNt 6 CONtal ner ring asse current collector is
bi ased ‘dgae membeal3 83 by doptyaohintanbpresds Wntachwltlaﬂlelelmdtro@d aeleraﬂdpve, is

resilie and/ or re |st to force. Th ch racteri stics of. b 39 aid in
e nt a1 O S5 ES TR CER A RBGAORGHHet  HEIRE SaR R T S PERE S P Rct or
Opt i onadskambly Be. t ab 39 can be welded to the current

[0056] When the end assembly 30 is placed into container 14 during assembly, the current
collector is biased against tab 39 of contact member 38 which, as indicated above, 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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collector, maintain contact via spring-force or through the use of an

i nternmedi ary conductive | ead, such as a narrow netal strip or wire that can
be wel dedwobaotmawke28he tab 39 and current coll ector. Wl ¢ed/usernmeiiso®Ns can
sonetines be nore reliable, especially under relatively harsh handling,
storage and use conditions, but pressure connections do not require

addi tional assenbly operations and equi pnent. [0057] As illustrated in FIG
3, vent nechanism 36 is disposed in the opening defined by the peripheral
flange @bl fdiRemand At mearﬁhgfn FBandVBh@cisR@Rbd: 38 34 Mo tht heuN 8NfigHiBekant sm 36
periphery is secured b e folded end of the peripheral flange of contact
menber geltactrﬁé%larerﬁ%ﬂzwéfﬁcqsmh%ﬁ@n Freternied et ae edlnesdiby&ither 38 can
be the f t in , Which
can, i reoeistos bledp AR BHICR & A m Bl biaR ST CbRA n HEHRCHS
peripheﬁahnpmnbﬁamﬂmﬁtQﬂec&snﬂ1madhaMBsﬁm36u>@mnumdahkymnamaadhéﬁhwe or

seal ant can, be [ to t ired interfacial surf 0 connect the
veat e BB R sherer Sl Rkt st Bt RS Bty SR RS aBeT o aon
Pri mar ygeastaddd duginpEasin@ dr EI@E@%Sf&@B@ﬁt@;ﬁ@dlm&lhggss@ﬁlbr}ﬂlﬂ"ﬂl& @l aed 1§ ng of

t he contalner 14 durlng assenbly of the cell are also placed on the

per i pheplatedpsiths Reipherabpaydeit of fevenbmpdidnise 3ormad coneecrenmisid®r 38. [ 0058]
FIG 5 1ob!sgist ' PlES i Jtme% Q%n}%’?’%@b@iﬁ{% find ;fl@seﬂ{ ﬁsaﬂfonlm%mc%rw th

parti cul ar "appl i cabi |ty tot use of a foil vent as the vent nmechani sm
36. Herapplicabilgy & theuscoip 88 vest agtiliel vezemecthamfsmr%x éclesfu bastsabiup 8andwi chi ng
the foil enerlcall n ven n sn136 and. cont act
menber glzec‘.ﬁ] f()gn als% éh@é‘m H% ﬁél S gta er}f“?lca fy aeSI e e %)Venhet ai ner 88
is for maécham@ﬂnmdﬂ) ang:l @nca@nldumbem ML rét@ineMds @fgages tl@b ﬁ@ﬂﬁ&ﬁ gasket @
el ectri path en _contact nepber 38 a ce 3

ret ai nefe ﬁ*&@r m@ neHIk e WA Gty © e el Bgch iy %’QT e é@ﬁtvcaﬁ %tg
Pr eSS Ur ik &nCRRkcMEGhbJTBE RAN PP (36ics BAWDd 8F ST rediihiGhdGapiat, | east one

| ayer of a conposition of nmetal, polymer, or mxtures thereof. It is also
p055|bl@amﬁéﬁwvhﬂﬁ@E&EStype pressure rel ease vent nmechani sm 36 can i ncl ude
two or | a r.

second (P05 ar nagt Ry e Ghrer B Rlea TR BRMPRIN ORI i RTRL By 2 (o
for pur@msQ&rofahnmﬁmm@anEwpﬂgﬁ$mma meﬁ&a&stMaaﬁ'mﬂebhapSﬂﬂﬂﬁmwuha
retalne{ 88 such as shown in % or.t the contaqt gﬁ%& In

anot her PUERFIITESSULg releesG YantaRes émfrﬂl Pgan Wy e AR, Prgots Iers $¥onposi ti on
than t hgakhflTbmpadEsns"EYr B&PKEE st@nd layer having a different composition than a

first layer may be used for purposes of bonding the pressure release vent mechanism 36 to a

such a

retainer 88 such as shown in FIG. 5, or to the contact member 38. In another example, a
second and a third layer having a different composition than the first layer may be used to
bond the pressure release vent mechanism 36 to both the retainer 88 and the contact member
38. Also, multiple layers having two or more compositions can be used for tailoring the
performance properties, for example, strength and flexibility, of the pressure release vent
mechanism 36. Ideally, separate layers would be provided on the basis of compatibility with
the electrolyte, ability to prevent vapor transmission and/or ability to improve the 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

20



bond the pressure rel ease vent nechanism 36 to both the retainer 88 and the

contact nenber 38. Also, nultiple layers having two or nbre conpositions

can be uswd2bovosaBl ori ng the perfornmance properties, fecTasanmplogz1sstrength

and flexibility, of the pressure release vent nmechanism 36. ldeally,

separate |l ayers would be provided on the basis of conpatibility with the

electrolyte, ability to prevent vapor transm ssion and/or ability to

i nprove the sealing characteristics of the vent mechanism 36 within the end

assenbl ¥ a [E@dr of HRNBhtEMeRBniSE 365 ¥RleAGtHoMA TR chymfhes SWthéh thekid asound and/ or

heat, such as a polyner or any other known material in the adhesive field

that i s®Rpitible with the el enents di sclosed herein, could be providedas

a | ayer ggboft Ne CYRBDsTERRRMBIT Bsd i R B8Ly SehrBARY LiBKCVERE gi thin

t he end ass]errb BfSl 060] Corrp5)5|%|lons SUI¥ mr ?‘%r usg |nrrt1€f1£ﬁ£$§flﬁ-type

pr essur eanriedledes éut\ﬂemmot rhmmﬁdm smt8Gsuwhns rlnwlinge copper, rackel, swinldss atictled t o,

rretalss n d all oys

t her eof ¢ hlays thFreOImanéj}% r’rﬁltnglp?mﬁfemgl 3%0% & pB%Fgl,lé{eHei,lp‘gfygropgoepypr opyl ene,

pol ybut ;ydmmylé@rte@bmthﬂhtat(EBTP@E[Dyethpl@heyetdpy{heme: (PETY phiylmb atgli Rid)) ,

et hyl ene ylic acid, eth ne met hacryl i c aci d, pol I ene met hacrylic

aci d, Byal W?}ﬁ@éylt%r%ew\{/ﬂ%ﬁ@nw Rivaetis gd.gnd PWétu’ﬁ?Fﬁ%W% e1h%| ease vent

”EChan' &ﬂ%&)@ltl@ﬁ‘@f ﬁla%%shﬂ@ké{'éiﬁe 9&4t%ﬁa%1§ﬁ3@$éﬂra@s%anh&édeﬁﬁéh reiftorc4@l | as a

single | %/er or a Iti-layer lam nate of nmetals or polymers or both. For

exanpl ewit h@taéuaﬁgleé ap ayiagledayer bea aulieteatr liminkte of metads erylofyredraipd batim f oi |,

that i's t [Ee];%bl i nd el ectrol yt e,
a noﬁ&%ﬁﬁ]@ Pi egg%jlh% I Ilﬁg% po %/t%rlgfrowgg a{ereag%%l?rﬁ&u fgﬁetggt ? oxi di zed

rrat er i adubtthaiallpri@peniesbl vapwatet rcmhsmﬂﬁmdeland SlHﬂi‘blﬁS,,orfanonemﬂbiad fBnOx or Al

. The re?sure re egﬁe vent 6, can furthernore contain an

adhesi v¥ 4 BEJEPCTCRZED WHRAATITE Oﬁo’ﬁg‘ﬁ? ‘E‘f‘te'ﬂ ARATREF VERIA 4&7Y SRR IEN g PUCht o

exanpl easPelr Widn@31B 818, or AL G NMBRreshIrE RFHEEy @R HeBantthnt sESANLERIYreact | vat ed
material, for exanple | ow density polyolefins. Aternatively, these or

ot her agftwéadn eadheyivalanerahat caaipis b speadidendiag sdisaiva meateyiah fp dxampieo a portion
of the py \,ﬁrﬁ&lér{% bl ﬁe%ﬁ% n‘%er ga%‘?f’lﬁ{ras%ﬁmgl acgggteé’}h%ge"r E‘ﬁ '&Qﬁg&! IGPM ng into

cont act cont act retain hanci ng t he
seal wi ddnsity pdiwol efmsl edteoratiad gghieyr otherparchémers@d sd:mlt materialsrean bonst r uct i on

T Y B EAT TR By BSLRE P B P e
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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[ 0061] Regardl ess of the conposition, the pressure rel ease vent nechani sm
36 should be chemcally resistant to the electrolyte contained in the cel
10 and shwol2diommse3a | ow vapor transm ssion rate (VIR) toTaSemio@e2188 | ow
rate of weight loss for the cell 10 over a broad range of anbient
tenperatures. For exanple, if the pressure rel ease vent nechanism 36 is
nmetal which is inpervious to vapor transm ssion, the VIR through the

t hi ckness of the pressure rel ease nechanism 36 is substantially zero.
However o dchRvPs 8SHEd Seal BLRRSEhY BREsIRENAN woll SecHafRm IHdnddBodér defast one

| ayer of vapor-perneable material, for exanple polyneric materials, as
descri bempgsentepreferadly ecntact mgebpiol, f or exanpl e, as an adhesive or as an

el ast O”E{gg'%]i 'S?nﬁgé})%gg&%ﬁ%/ refadS Fsrsﬁr% &AL %xtéssh%ﬁ’&vhﬁ{ﬁr%l%?s%t%@eﬁfe' case

vent me anot her ¢ cohpone prefer y' con menber 38.
[0062] Wne npriedenednisnechdedteapargries Snceon afitstphesiqal espurties &ig.whi ch t he
pressure rel ease,vent nmechanism 36.js intended tq rupture,.is a function of
P < piy SR PG dEnpaogs (e piskemand fearea b Genienion Srgle o o

t hi ckneg&ineand tHeh@n@tReRber 38l RRERE ROFIC. Of arRiXBOBRinddetindd iede PYCt he
contact nmenber 38 illustrated in FIG 3, and the opening defined by the PTC

devi ce, dsiceBighever & smptlpn ehe graréer iecupered prve oéfsosessrareeaserenthe pressure
rel eas em\éﬁrghis%%fé)%'lémr%ﬁe pxrgﬁ'eﬁ?ljrrgmrrefelé%% rpgés%@Rﬁﬁ B 4 é;tortﬁé GRaf Pressure

will be to the greater collective e exerted the”internal gases
of the ellectivedotvewkatd blydbd teynat ghdes a0the Sers@hamivel atteadjelidOnent s may be

d f . th i abl ' d i , d nbl ith
vent morBBFI T HOOL S TRAE PO RGBT RGRRF S BOTHE THUBR TR [ 0063

Dependi agertiplo Withneveaxipombel waitleat @dpatting foeihe FEGEARE SMhdfvehtid. t hi ckness of
the pressure release foil-type vent nenber can be |ess than about 0.254 nm

(0. 010 0968, Bspendinedipen thsryparcrsredt By epangdapisymoaths dticknes ¥ 4heym (0. 001
inch) t geabutleQsek3if- /PO Vel rﬁ%bégf&glg?ée 1e§ﬂ‘fl?ﬁ Dhoieb.294 B&l go%ﬂ@qgéh, fi$o t he

t hi ckness can range from about O. 4 mm (0.001 inch) to about 0.05 nm
(0. 002 s$ameghgmbottheentsorap osrigeifm ardt 0.02kmes@.001 inchetombesisiRé mme &be vent
mechani 3 .an det erm ne t hose of ordinary ski in rt, in
0T o of MRS ERTCLEASEELMNGE BYRRES o8 i KD AR bsa i LG0T

pr essur @ch)agubsig 0®5tnsm (§.0054kh)I MithepoBsditien dndl tkialieess of the pyepdira/eithsemenber

and m G BEhsoRT <ot Re sl TRBFE b o] Ay eirISKM AT HATEBEN TBe Lsed T of

the pregpf alstli@R%8atd @V RIBAPSEdd S mintell/ ralbasdIpRUbI EAuieRE . mer
[0064] The pressure release foil-type vent member can include at least one layer of a
composition containing metal, polymer, and mixtures thereof. A suitable three-layer laminate
that can be used for the pressure release vent member is PET/aluminum/EAA copolymer
available as LIQUIFLEX® Grade 05396 35C-501C from Curwood of Oshkosh, Wisconsin,
USA. A suitable four layer material of oriented PP/PE/aluminum/LDPE is FR-2175 from
Ludlow Coated Products of Columbus, Georgia, USA, which is a wholly-owned subsidiary of
Tyco International, Ltd. of Princeton, New Jersey, USA. A suitable five-layer laminate is
PET/PE/Aluminum/PE/LL-DPE available as BF-48 also from Ludlow Coated Products of
Columbus, Georgia, USA. However, as noted above, any combination of laminates for
polypropylene, polyethylene, non-metallized polymeric films coated with a layer of oxidized
material that prevents vapor transmission (for example, SiOy or Al,Oy) and/or aluminum-

based foils are also specifically contemplated.
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avai l abl e as LI QU FLEX(r) G ade 05396 35C-501C from Curwood of Oshkosh,
W sconsin, USA. A suitable four |ayer material of oriented

PP/ PE/ al wonom/io®RE i s FR-2175 from Ludl ow Coat ed ProdueCs/uskoi@obusdus,
Georgia, USA, which is a wholly-owned subsidiary of Tyco International,
Ltd. of Princeton, New Jersey, USA. A suitable five-layer lamnate is
PET/ PE/ Al um num PE/ LL- DPE avai |l abl e as BF-48 al so from Ludl ow Coat ed
Products of Col unbus, Georgia, USA. However, as noted above, any

conbi najgoes) of Al@melaateﬁmmay asd N@lﬁs@@)@s@ﬁkﬂvn patiges hgh@nentshtdudeet al | i zed
polynmeric films coated with | ayer of oxidized material that prevents

vapor t [eanone é@éfﬁroqf a(opmpowe@mﬁ gmcta), pRlygier o) miskyre H5epobrs 4p5HPstlinbased foil s
are al sgerém%vtlf&%é Wil ctgpé @ém'va%e?&n hQQ%Ld eerﬁ%er&ﬁgr }ﬁ%ﬁlrdes?a? hBYpRdR be
used, as slhovvn in P of a

Such vents include at ast one aye
conposi tieanr mt oat Weuhaﬂ allopf@ thermeent membgérto oupeurt e dfe, predsteduimed irtberdal
her ei nabgve n o type vent, wherein the coined vent nenber includes
athin ﬁ%uﬁ?é € 5?3?289 cut-out 37 that allows the vent menber to rupture

when t hgoopsledetaetomadadni 31 @anabo B @88,Ws8h®@in @ el 4. S&hr@ashmude[a@OGG] A
coi ned vent 37 may. al so be used, as shown in FIG_ 4. Such V. s include at
| east ol?ésqoag:/@aeroq a.LompAELT i Deiah palymst 3 mixtue (heesol. s dRicibet e t her eof , as

descri bgdefgsfck @@Q@é’ﬁ)llf-t?ﬁe the mwm IHERBiIn¥E DEnt nYMARSCE nR1uliBea B Rpfirapgnt
menber includes a thin fupturable area or cut-out 37 that allows the vent

menber #rga pum@n@wwrﬁlltowg theredemembsrrie duptyre e\ﬁlnathemr@@mneﬂeéint@m@lel | is
reached 67 Iustrates a partial cross-sectional view of a
furtherpm%%%3ﬁ304G%¥gan el ectrochem cal cell 10 of the present invention
i ncl udi [0963] PTEIGavillasradds d el ethss-adceoml biew ofwafudhdrreamodineut éffanpr ot r usi on

o St oP R EHRH n 1Rl TedufierrmuBr o aa L T oot loBi daliilng i nvar d

a step pwaRlUl6h afh@AEr6iusin 406 s8QenRIBE wittEin MR prRRBIonSIENE AGQ paft
protrusion 46 fornms the |ower surface or seat 45 (missing in the draw ng)

of uppeff waddaferynedshine afiectsalangrebar sAendit ipormedby pshingenwad gisisalat cover 32
I's | ocapad, dJJggtex! m@’é]seﬁ Eﬁﬁé‘r A F?er\%&yé%lrﬁ@e é‘f%r{x?ds%% AYoHRPHE 1709@4(5 hOf the

| ower cavity a peri pher portion ‘of 1 nner cover own here
as a roturthachr xeatv%r(mlahﬁg}m vligghdrblimgysuppbr cagttaBh @r which dipbfighreenh pbryios béped

PR TN LGN e I I
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 inner cover 72 of vent nenber 36. The PTC device 34 is | ocated
|aterally inward of the axial stack of conponents of the end assenbly 30
i ncl udi ngvorzorypesv2end 24 of contai ner 14, upper flange 28TafS2sieab215enber
40, term nal cover 32, seal nenber projection 84, inner cover 72 of vent
menber 36, |ower flange 49 and upper wall 18 of bead 16. Cooperation

bet ween the indicated conponents of the end assenbly 30 provides the cell
10 with a desirable seal to mnimze electrolyte | eakage from and ingress

of wat efpobsit 0 & d&ablvdi@ theTﬁ}ﬁner BEih] c%%ré%@mﬁ’?&cé&%é&ﬁt 1§4‘T@3&v@e Bottom
surface that rests upon the vent bushing 7 vent menb . In the event

a foil thesnd psserslySOiof theeedll 10+be PTC degreis é‘blséﬂca’mdﬁ@al h:’;’c"é@@oﬁtégt partially
or conpl&f ﬁiign Ilfbgf tﬁ?%{faf’?&%mggmewlgrg?)ayg&ﬁ BF@B%&?&UOB %ﬁ" u(afté&"edﬁ{ ovi di ng

adequat earance e vent ure 0 avoid the
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device 34 can either be in contact with the protrusion such as illustrated

in Fl Gs34 hastaguryed shagietthpt fynetiorg likegripeieg thas imitpthetforae priied en &g RTiq ust r at ed
in FIG Agperipheral portion of termnal cover 32 that contacts the PTC
devi ce 4Chas a curved shape that functions like a spring that limts the
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[ 0070] enbodi ment, a preforne sea assenbly 1s produced by insert
mol di ngeaasisedibnsrenber 40 about the peri phery of the vent nenber 36

option t he cant ch. nenber
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benefit of insert molding at least the vent member 36 within the seal member is that it is not
necessary to deform the seal member during cell assembly in order to place the vent member
36 or a subassembly such as the vent member 36 and contact member 38, or the vent member
36, contact member 38 and the retainer 88 within the vent member cavity 82. A further
advantage of insert molding is that seal members can be formed having relatively deep
features on the inner surface of the seal member. A typical insert molding method such as
rotary or stack molding can be utilized, although other methods are also available.

[0071] During molding of the seal member, 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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36 or a subassenbly such as the vent nenber 36 and contact nenber 38, or
the vent nenber 36, contact nenber 38 and the retainer 838 wthin the vent
menber cawOt29108@8928 further advantage of insert noldi ngPC3/ushan/ozHas
menbers can be forned having relatively deep features on the inner surface
of the seal nenber. A typical insert nolding nethod such as rotary or stack
nol ding can be utilized, although other nethods are al so avail able. [0071]
During nol ding of the seal nenber, at |east the vent nenber and,
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may hav onsumabl e current collector in sone enquinents, W thin or
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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.

[0075] 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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i ncl udes a non-consunmabl e current collector, it may be nmade of copper,

ni ckel or other conductive netals or alloys, so long as they are stable

i nsi de t hwoceld09s§26074] The negative el ectrode may be f Ppeg/uskoia/ozapar at e
current collector, such that only the foil serves as a current coll ector.
This is feasible in lithiumand lithiumalloys due to their relatively high
conductivity alloy. By not utilizing a current collector, nore space is
avai l able within the container for other conponents, such as active

mat er i abdnpodeay tdkegr. AnGae brewrlteb@mlbo@mwgmd negatBle@cirodts:s providatvithal | ect or
can al so reduce cell cost. [0075] An electrical Iead preferably connects
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active BBy indafticulate form. Iron disulfide (FeS,) is a preferred active material for primary

battery applications. The positive electrode may contain one or more additional active
materials, depending on the desired cell electrical and discharge characteristics. Such positive
electrode material include Bi, O, C,F, CFy, (CF),, CoS,, CuO, CuS, FeS, FeCuS,, MnO,,
Pb,Bi,Os and S. More preferably, the active material for a Li/FeS; cell positive electrode
comprises at least 95 weight percent FeS, coated onto a metal foil current collector. FeS,
having a purity level of at least 95 weight percent is available from Chemetall GmbH, Vienna,
Austria; Washington 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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usually in particulate form Iron disulfide (FeS2) is a preferred active
material for primary battery applications. The positive el ectrode nmay

cont ai n owe 20ro/ae28 additional active materials, dependipng/useomie2idesi red
cell electrical and discharge characteristics. Such positive el ectrode
material include Bi 203, C2F, CrFx, (CF)n, CoS2, CQuQ, CuS, FeS, FeCuS2, wMQ2,
Pob Bi20s and S. More preferably, the active material for a Li/FeS2 cell
positive el ectrode conprises at |east 95 weight percent FeS2 coated onto a
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wei ght percent is available from Chenetall GrbH, Vienna, Austria;
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el ectrl cal conductivity to the m xture. The amount of conductive mat eri al

used caMobe/%fepdAdidad OQIQSWbFraIé’t &9 4P, anfcHnided States Bateri o 6319.8h@adtafvi ty of
the actjNen lﬁ‘{]drﬁdrat@@g mfé}gﬁr heldie thickness of the mxture on the current
0
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i ncorporated by reference herein. [0079]  The currenﬁ collector nmay be
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metal strip. mnumis a conmonly used material. The current collector
may extwitllthseleshat lhed mn@qtaﬁo@me Rdseive desininal.eltéd dssiratdel keemthaiveluige t he
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el ect r ohyb®@al mixture materials in a solvent (e.g., trichloroethylene) onto both sides of a sheet of
aluminum foil, dry the coating to remove the solvent, calender the coated foil to compact the
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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[ 0080] A preferred nmethod of nmaking positive electrodes is to roll coat a
slurry of active material m xture materials in a solvent (e.g.

trichl or owOhyioemed23ont o bot h si des of a sheet of al um neorfuseéio/oelips t he
coating to renove the solvent, calender the coated foil to conpact the
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 mnimze the
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5,290,414, issued March 1, 1994  and hereby inco ated by reference.
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exerted on the separator during cell discharge without tears, splits, holes

or ot heprefpaahly ddeast Bi0rkglogtans of Gutadper sausre canfimaier (eflempalFos ibFRO &ipecui t . To
mnimze,t I i . I [ uld be as
Chin matHREp R GERALALOL of Red Tood Rotdf f Blemach i€ GREARRANOG: RaQL T, 0 8
mor e t he0023f/omr trhthe kanssesdidiastiaf), amihfara AR 3gpe &llthgprefeeres itdnsilst ress i s
desirable, preferably at ] east 80Q, nore fer at_ | east 1000 kil ograns
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and at |east 1200 kgf/cnR in the transverse direction, and for a FRO3 type
cel |t herefsraddestrleast 28 giojteand most preferably at least 2400 volts. The preferred

maximum effective pore size is from 0.08 pm to 0.40 um, more preferably no greater than
0.20 um. Preferably the BET specific surface area will be no greater than 40 m?/g, more
preferably at least 15 m*/g and most preferably at least 25 m*/g. Preferably the area specific
resistance is no greater than 4.3 ohm-cm?, more preferably no greater than 4.0 ohm-cm?, and
most preferably no greater than 3.5 ohm-cm?. These properties are described in greater detail
in United States Patent Publication No. 20050112462, which is also hereby incorporated by
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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strengths in the machine and transverse directions are 1300 and 1000

kgf /cnR2, respectively. Preferably the average dielectric breakdown vol tage
will be avol2essvs®2600 volts, nore preferably at | east 2P0@/vsedo2H688 nost
preferably at |east 2400 volts. The preferred maxi num effective pore size
is from0.08 mMmto 0.40 mm nore preferably no greater than 0.20 mm
Preferably the BET specific surface area will be no greater than 40 n2/g,
nore preferably at |east 15 nR/g and nost preferably at |east 25 nR/g.
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wound design, such as that shown in FIG 1, nade by w n?ig‘gd:%t ernating
strips %FSlg%%ﬁtf‘i’ vecterdearsemlly: Tdispsras 8 numbgiuipesest ddieisd@Idhel separ at or

around eﬁsmg %etehffé\mdz{?a}{ e R¥d {oaeﬁlﬁ Lﬁgthfe LAt QiaflcRE bF B %ss@ﬁl%% liiye When

t
winding Is ¢ east one’layer of separator and/or "at | east one
| ayer odeseéddimengan.| Tha mgarmastiend of fhiersergagatey: or offest ppicoiiyn kkien)maysbegebder al |y

wr apped, around t he outside of the.electrode-as | |.S S a nunber
of purp(é)os"verév:vmigjf1 PI§&Y %sadﬁfﬁwde tfl%eeorg) shéa’ﬁ%ﬁef/l"%gb?ehteﬁég aﬁérercr%j&et%ﬁgégl to adj ust
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with a PreedeokitheyRisios e %moerleoévcaﬁé%ﬁtacéévétlhit?leg‘?ewfﬁg%ﬁ]r@bgm/w&“@lect rode

can be g circuits between the outmost electrode and the side wall of the container can be avoided
when the outermost electrode is the same electrode that is intended to be in electrical contact
with the can.
[0086] In one or more embodiments of the present invention, the electrode assembly is
formed 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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outernost el ectrode, as shown in FIG 1, or the positive el ectrode can be
the outernost electrode. Either electrode can be in electrical contact with
the cell wonbevmee23 but internal short circuits betweenPChaSoubREss

el ectrode and the side wall of the container can be avoi ded when the
outernost electrode is the sane electrode that is intended to be in

el ectrical contact with the can. [0086] In one or nore enbodi nents of the
present invention, the electrode assenbly is formed with the positive

el ect r odép Rayibe Gi@papéidanhe i Gabbsitiacdédt®dimiEdnotler siedirmt siviplaid deposi t ed
thereon for Inproved service and nore efficient utilization of the

el ect r ot pEradestiicpnatedy foldedpre agpssithe pther{artheggaalixaicaiedbin BOfB C23®n- 1 i ni ti ng

exanpl o rfhe9el &8 bl Rk AERAS e dCEANIQN halHANTebaskgaLr ochem cal | y

active material on the poSitive electrode and further,” an el ectrochem cal
cel |, iW988idi ndhaclpuxide assemblyris disertad, intarthe batsingoptthingm lutha sk Gtaat es Pat ent

PuDl ' caj I1r%n¥l N%und 6% Qrog(e) gggg%g@g tg%gg %g%ﬁr%zdgl%al bot rlQm%fitliJC coXtaP R %fle ma

i ncor porat e er ence. &IRGSpirar 1%y mouﬂar t he

el ect r ogdefaasseE Itml dectrayeshe: pedpor@ituby td @k dida gzatl@?oﬁhecdirftmd& (angdhaepar at or
strips toget | pSs may be aligned ong the

fol ded V aﬁp%l&eeagﬂq%aﬁsw&r tb@ﬂﬁﬁwdea?semhb lﬁ@@rafl fd longtydie gggrﬁ’giﬁ 1% then

el ectr oﬁ&ééda&tﬂa&yaé@&niﬂ@ésqmq? leﬁwse&lwrlsmu& b@mp%thfelcu& &Iaﬁ@wo%i@n and
anot her el ectrode stri e €electrodes alternately f one across

the ot h@ideé@&m@@cmﬂmb}y olrd aspaneldy is drigntsdish theathe dlaf desiiodg S@rfe@@a@k of
al ter ”g&ddg%ghte”e%ggﬁf%@ stﬁéke&‘e @t%ﬂgdeaﬁ?eré’?%' a‘iijn\é&t & gﬁ;oél?eds‘?dés%ﬁ{e com{aﬁ-xngS] The

el ectr asse I nser ousi ng‘contai ner case of a
spirall Iy1 thesel mmf@uenﬁom)ﬁhe nas@epbf the tmdﬂeirdsaerf themajocydriangrdfclad negativer i smat i c

contaln t.he or surfaces aof th rodes are endi.cul ar to the
P e vt BTk S PSR et B s SEbF BET cre Rt PEPSEH or | The

el ect r agdectdds etk thSsepahdl, al tHeulerh@RGottitik Bthe Xk BoRf mijhesueRbds)are Fol ded
el ectrode assenblies are typlcally used in prismatic cells. In the case of

an accowdirceniite gesifleaydloafitsaeontadneant this waveepsssampithe §1G@qu§ﬁﬁ%ﬂlb§/o that the
flat el getf ofle RYLd ﬂ‘%ﬁ&ﬁm%@ﬁﬁ%&%@%ﬁ&e%% &g %Fﬁ&d& a% gliggd rode layers

are adjacent to opposite si 3 ‘cont arner hesé& configurations
t he nademmweummnheuwdbakmamﬁanmfsﬂhamhewor surfaces of the negative

el ectr @ % acent thz b@ W% of th to{al areaeﬁ th maj or surfaces
of the IJO% t|v I@P@%??%Haa?ﬂ OGP R eI PR VeR g WA AhBst porti ons
of the ®heelifiode. dBjOhosUkiabest: mq)aa@lﬁaqmmontuy wdightSdeendiad bn ©F t he
container. |In this way, expansion of the electrode assenbl y

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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due to an increase in the conbined thicknesses of the negative el ectrode
and positive electrode is constrained by the container side wall(s). [0089]
A nonaquewoO0slm@84280! yt e, containing water only in veryPsmalskoigow22158ti es as
a contam nant (e.g., no nore than about 500 parts per mllion by weight,
depending on the electrolyte salt being used), is used in the preferred

el ectrochem cal cells of the invention. Any electrolyte suitable my be
used, including al kaline solutions, nonaqueous organics and solid-state

pol yer caphiitity; @bodties terherdthie des¢RaYge pafRMIAdH Md $0bVERR rd¢ diS€Ham@nt s are used,
exanpl es of suit | e salts |nclude lithium brom de, I|th|un1perchlorate

li t hi unPH ‘&f“i“iﬁo ISHoRASHeasly thistin L4/Fedn osls becpurs tesptibreparsmeore piaklp tham

hexaf | uQIRRIESHRiRve bbdiIdiIsS highbUgr q@%ﬂ%&@@@usfeengﬁﬁbwhérs rnbruuwupdl de;
and suitable organic solvents include one or nore of e foll ow ng:

di met hy4re oat lboitestte acxdlie cthgts SGdraﬁdn%tﬂ@leﬂmaiUﬁW@t h9+dlqtla<r><tyoﬁhamee et hyl ene
car b Onacﬁ et%@@%ﬁ%ﬁw? %rlé%ggtt t’re%g;]% 1 acd{él letﬁ}qeet}gar . ggcthc ethe’r su%H% ! ?-2\ €

carbona orrat ohe’, acet oni :
3, 5-di nzﬁbhglhnestmaﬁcallrcﬁ“uran mﬂihyttetry}hydfrahfmmhde n@emldy letherslididdne. sal t/ sol vent

conbi nat i royide s icjie el ectraly nd el ectri cal.
conductfogl&ﬂy tiﬁ)' cHogt TRl I de%@ﬁ%ﬁD@%@%ﬂ&F@ RregspbinveHion dedvdeed

t enper afirng R GRctrddeRSlethbf ﬁqdqcrrsf%bg%l ihafliRg M@ﬁwﬁfas hbslrin@aneral |y
| ow viscosity, good wettingcapability, good |ow tenperature discharge

per f or ngghcentatigr. gfb@untltﬁl beadriafasmeil incthasigewpbef eontrinee e Therpdad i formed-ini cul arl y
t O
rue i nydel A ding B?prg%?ﬁ?lﬁ)éélnlgt\ﬁ’{ Qﬁa{gﬁl e EEH&Q B4R %mttz@f?é?t hIUAre'é(h

p03|t|ve el ectrodes eve s°can be use e ethers
i ncl udeif ishigsiregrte forot the bmdtw&d etthe mysfdta:tecbarbm@nsaxm Fectib)y2e dldm'eﬂmadyet hane,

1, 2- dlet oxyet hane, nmet hoxyet h eth tr| tetr me and
di et hy| D tﬁ%f:ont%{ﬂ% p&%% leseétfc’r%(’?féh%ﬂ@ﬁs%? iy 910 ¢fy E&?ﬂr When & 1g ﬁ g‘ﬁﬁjr of ur an,
2- met hyihtiltzed.r alwdseklys g @nde&lmmhqaem;@ﬂm ditRoggotrol RO 98 bR ds  f or

assenbly of the electrochem cal cells of the present invention include

i nser t i RPrinotana sealipgef te §@lhtwtb ﬂ?ﬂiﬂl”mf &feérraameyt dieipadrficsl pagioneber such
as a Cotﬁgelkdqésgexﬁlﬂ WwiEkd mﬁ?gi getl"ffg\no (ftrfe?éncpﬁfi%e' sea dt ﬁ%m J Hert\paefl

si dewal | conta ner. I'n one enb nt by pressing a
f or m ng)fwhmnaitlahg@drf@tmedhﬁeﬁ|<:hbswglolpemaf101tshﬂaa}c10cium rducingnthe i@nateaftite is

desiy 24yt LU IR AOUAT AL CAN L b 2SSO S BN e
assenbl gontaited isciyatfaidoe nwardie o Rrihai drinyRBend sndulxidl ifdreeh ardbppgichativeel y, if a
bal | Vege beI:a% ag;[:l Icllﬁnéeeddenldn I%Qdclial%grsn}e)g}g;gﬂ lstpr;eefer%‘lbglcr;[lglr?tla%teg or(1: gtnlea?s?thae%%gg

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 [EC 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
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prior to internal sealing of the cell wth the ball of the ball vent. The

peri pheral portions of the end assenbly, which may be held together by

i nt erf er eanoeofowgo2are seated on the upper wall of the i rcritaskoloeariss or med.

Cell closing operations may include reducing the dianeter of the upper

sidewal | by a redraw or collet process. After dianeter reduction, the upper

end of the container is also folded inwardly to forma crinped end and

axial forces are applied between the bead and crinped end. Radi al

conpr essiaaipld, sthpr €é@rodb byseiblyrhaien abusing studngas tnd Heerifperpradsaiewalef duri ng
i of the ont |ner [ 00 The results of sone

cri npi of the upper en 91]
ermbodi ng"ﬁ‘(‘%dBFmgﬁ CESé?%agéfﬁerﬁwaa g i ergPrﬁai ﬁrcaeéggegn ¥itaa .ngafhr ated in

the drawspgs Otl?érrcglpé}gtﬂnﬁﬁ&ecran%&%%%rf@ﬂ%blﬁ?féﬁ&e%ﬁﬁrﬁ&l%fs gfRodi ment s of
this invention are possible. The shape parts” and the cl osing

pr oces seanigplogltageds 98 Lidor tvs. Slﬂdheasde@ﬂﬂd%ﬁbﬁ%@%@v@aénﬂ%é seal menber
and the a‘%f%ﬂ%ﬁihﬂ%’i C(%rg;?o% &es”c% Jn t%nﬂthw}{? T%%j?r}{é %?éelaxﬂ%al %n £3|ia[JRTer and
an

t he ven¥ I ame ar e est I'she al ne
t hr oughleastd aﬂda)thmefnularlcha‘nasmfes tanebehailivery. [ 0092] The above description is

particu @5'16‘ ﬁhevant to c%lg ndri.cal .Li/FeS 2 ceIPj h.as FR6 and FRO3
types (HS7Uef i nBECIEHAREF b o PUreioti i, Ve FSBBEBINC. et PE® 60086 2,

publ i shggkally wohig dipdtRuBah: RalibdalB6td, A8 UM &Rl esCONIIACKS bPMripFRIE R
Swi t zer | and However, other enbodinents can be adapt ed to other cell

si zes, RlAgpedl amevhéﬁémemw@semsp@pw@ﬁm@ thopseanf agingter R idaannsyepeof shapes,
housi ngp ﬁ@g;ﬂg)g y{]%%i)?qﬁr{e&gatgé§ r%ﬁ%’thlglir?v% tllge relief vents, closing

processes an can emented I'h combination with a dual wall

gasket . {Om)cﬂer heﬁhwolﬁéwifettegmeg, apatecirodiemde! peli comrpyismg ang chrabigetainl

cylindr} thEl cells with nog na %éoltages of 1.5 or nore, such as Li/SQ2,

Li / Agal s atl‘ffelsl%@n MR 20, various |ithi um conposites common to
“l'ithiumion" syst ens, nickel netal hydride, alkalinebased and ot her

sinilar chem serieeylmdricheoniaini heetng A O3 potTime e, e side el ambaerrshy

configuration can, aal so vary. For exanple, it can have spirally wound

el ectrodes, as déScribed above, fol ded el ectrodes, or stacks of strips

(e.g., flat plat &8 klecbdessably end fifelidndd ampdssd ahamahaaﬁ@ennd@e the use of
a single PTC, any nunber of PTCs may be accommopdated according to this

i nvention. [0094]anknd gisewblyfposiendgdoridhiotheppemandepaid endesienblodpvisgp|
conpri sing any CQz@Pt'a@?etrﬂb?ﬂ 1 N8a a?’lTlCOcYé’ng, features is contenpl at ed:

e an annular 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;

e 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;

e 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;

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

e wherein the gasket has an E-shape or an F-shape;
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a cylindrical container having a closed bottomend, a sidewall and an open
end; an electrode assenbly and an el ectrol yte di sposed within the

cont ai nerwo 2ar/mget3assenbl y positioned within the open enu/ussaod2assl
assenbly having a vent assenbly, a cover and a PTC device; an annul ar
gasket di sposed 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; wherein a portion of the cover and a portion

of the vent assenphereih AHehxail BABRIGEHR PrEIrERA is Whehidr thBf tH@asieehei O 0PRROSI t €
sides of the radial protrusion; wherein the radial protrusion has an axi al

hei ght that is atPllegeMiccequal to an axial height of the PTC device and
wherein the ragi axlrhe?{imlfeurgdi@Hsr&ﬁs?once%e%ﬁg'{,cfn{tiﬁ%Js§ a?(gn%l’gi'ldof.tan?nn%;rc devi ce;
edge o e open end o e con

wherein a term nal al'ner i's crinped over
t he gasket; wherdametéihe tigagklest; has an E-shape or an F-shape; wherein the
axi al height of the protrusion is greater than the axial height of the PTC

device whereif ﬂWE”W%HWéFmﬁP8¥Wﬂ%PBH”@&%éﬁwg*éﬁﬁﬁxnuously along all of an
i nner di anet er ,of,fh&, %%Eﬁ%étwe\gﬁﬂte%a&&%%g%lb% & e%tﬁ?aldﬁ‘ﬂ@% a

€
rol | back cover; herein the se et ween the gasket an e roll back cover
exerts radi al andxaticahpreompriesss;ve forces; wherein the radial protrusion

i ncl udes an annul ar arﬂ%ve:l wher ei n th annul ar groove receives a portion
of the cover of d%§6 P fsadip! Arfersipgdpcluds @pniplar ghp¥ei n the vent assenbly

includes a retg@i N@ereid Hehnh@hitdD&Ve E&GRIsipdHic TR A JTRHRRIonEhea fOi |
vent; wherein the retainer naintains electric contact between the contact
menber vent assembly;

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

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

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

e 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

e 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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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 creawve proayse2g axi al conpression and wherein the PPCTadmsge108211S8 not
exposed to the primary axial conpression; and/or wherein the gasket is
insert nolded around the vent assenbly. [0095] An el ectrochem cal cell
conprising one or nore of the followng features is also contenplated: a
cylindrical container having a closed bottomend, a beaded sidewall and an

open end; an gl Q@&e?é?ﬁ%e%?%éﬁ&'&f 1D P i EET R L& 1Fl SRRSGHI Wbt the

container; an end assenbly positioned wthin'the open end, said end
assenbly havi ng araatas prasygabklcompressiverforaeild a PTC device; an annul ar

ket di d bet th t ai d, t d. nbl i ket
Pavi ng an' | nwatd T Al OE UL DI RasTatg 1S et T ARG A er ¢ han
portions of the grsiketromB¥RE exp&el (DO YEmMANCaxRE lcoMbilcBRorPfoadet USi on;  wher ei n

t he open end of the container 1s crinped over the gasket and cover to
create a primafy Veberdn thesnpresmblyrfurtenr cemprisgharepinct pad reingiireqshérg usi on
engages the PTC gzg%io%%fttk% \%B%?&ﬁbl%ﬁﬁd 5?&@&&&%‘8135&%@%;”9 exposed to the
primary axial conpression force, erefn the end assenbly further
conprises a repaiwiergin daicdnth@tnainiter isrepeinyjand/oa porti on of the vent
assenbly and a portion the contact nmenber; wherein the contact nmenber is a
spring; and/or® WHEFRR thegahal PsRifusionsrispAL NG RU AR SINE A hen iisUs| y al ong

all of an inner jign®der i tikg gasket. [0096] Finally, a method for
sealing a cylindrical electrochem cal cell distinguished by any conbination
of the [089¢lowi Kigaky.epecthad fovseabngé aylidricalstegirpahiemegraheathdistingpiskesd bycont ai ner

havi ng ﬁg&% Bhaflifor 8 FTRAT %R &niGinigde assendbly and an el ectrolyte
i nsi de of the container;

e providing a cylindrical container having an open end;

e disposing an electrode assembly and an electrolyte inside of the container;

¢ 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;

e 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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form ng an annul ar bead in the open end of the container; disposing a vent
assenbly having a PTC device and a cover concentrically within the gasket
havi ng a wadbalosgrdar d protrusi on di sposed al ong a si dewralriusediowbrsgasket ,
said vent assenbly and cover conpressively contacting the sidewall of the
gasket on opposing sides of the radial protrusion; seating an annul ar
gasket in the open end of the container proximte to the annul ar bead;
crinping the open end of the container over a portion the flange so that:
(i) the annulag Raadi {HRSGAIERbrENG fR& i§ B¥Efed BEbWIRORARLAPBHLQokbEat € a
primary axial conpression force and (ii) the radial protrusion cooperates
wi th the PTC deviagellbask poev erovidsd ividmythaxerilasssobi é@gﬁ)ron force from bei ng
exerted on the PTC devjce; wherein the cover s disposed 1o cr e radial
conpressi on fofce’ ﬁe‘%h’eivﬁ’?{ealsseglbgye\ﬁgﬁpo% “flﬁ‘én %ﬁlgﬁsrlfﬁ{r)ti)yclélfe%rgﬁ 31%?1%? above
the radial protrygiRnaround e eém atRMmbuent assenbly is disposed to create
radi al conpression force on the gasket and an inner sidewall of the
cylindrical container; wherein the radial conpression force is exerted

bel ow tfagofjadi flyiRHOURKILHOR BWihdse W RAG e BRVIEenBbRY F@bseitiRl M thee vent
assenbly; and/or wherein the vent assenbly is disposed within the gasket
by i nseart thapvadiongmpiécymok end immoenethentsenaydistmagis se hsliypvenfiopdithoutt wi || be
under st ood by .t hose wh acti,ce .the inv .0 e plied in the art
that | vl rauet fod e P b Ghesb P isbRents s Bpeolaiarul il Sl bd o

W t hout dedkepadedibyghd ¢loimstahé b tHerbréadaf oftilerpidtsidnasleded bynept s. The scope of
protection afforded is to be determ ned by the clains and by the breadth of
interpretation allowed by |aw. WHAT IS CLAIMED IS: 1. An el ectrochemn cal
cell, conprising: a cylindrical container having a closed bottomend, a
sidewal | and an open end; an el ectrode assenbly and an el ectrol yte di sposed
within the container; an end assenbly positioned within the open end, said
end assenbly having a vent assenbly, a cover and a PTC devi ce;
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an annul ar gasket di sposed between the container and the end assenbly, said
gasket having a radial protrusion fornmed along at | east a portion of an

i nner cirwortbswvmwee of the gasket; wherein a portion of pChaSeavee21and a
portion of the vent assenbly forma conpressive seal with the gasket on
opposite sides of the radial protrusion; and wherein the radial protrusion
has an axial height that is at |east equal to an axial height of the PTC
devi ce and wherein the radial protrusion fits concentrically around the PTC
devi ce. wZiATtvecehpatpashenm cal cell of claim1l, wherein a term nal edge of
the open end of the container is crinped over the gasket. 3. The

el ectrochem cal cell of claim?2, wherein the gasket has an E-shape or an
Fshape. 4. The elec i.cal ..claiml, wherein the axial height of
t he protrusi%n iéﬁaﬁégﬁggg?%gﬁdﬁﬁghgg%g' hei ght of the PTC device. 5. The
el ectrocheni cal eelylindsfcalcdoatamet havihges elosedtbogomaddl &l sigavedlrand ko apanandnds

conti nuously al on Il of an.inner dianeter,of the.gasket. 6. The

el ectrochem cal 8&F%m8%%éF§PH¥&?“ é?%?ﬂgﬁﬂgﬂ§@%?wg@5@ﬁﬁpymfﬁéludes a

rol I' back cover. 7.antheasstfblypositienddosthic gklopaf ercll aiidredl asudmebighavitdhe seal

bet ween t he gasket and the roll back cover exerts radial and axi al

conpr es§nyass§raRlyescover anfRd’ &Y €¥iGeocheni cal cel | of claim 1, wherein the

radi al protrusion,hAGlAdascRHisfEeY bat e MO¥staifer sl &AGppNEHAigal cel
of claim8, wherein the annular groove receives a portion of the cover or a

por t i orgasket hindng e radish pemiioy fort@d alPhe aeleast & podioe of eminnerditcumfergncgiom 1,
mhereiqhghg yent assenbly includes a retainer, said retainer receiving a
cont act n%ﬁ%er and a foil vent. 11. The el ectrochem cal cell of claim 10,
wher ei n the retaiwhereim@pstian bsthelcent ahda pativact thbetmeesenibhefocant act nmenber
and the PTC device. 12. The el ectrochem cal cel|] of claim1, wherein the
cont ai TSN EAES W&le therake P s@%nﬁ?@% quieeeragel RREUBYEA"ENd.

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.

2. The electrochemical cell of claim 1, wherein a terminal edge of the open end of

the container is crimped over the gasket.

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

shape.

4. The electrochemical cell of claim 1, wherein the axial height of the protrusion

is greater than the axial height of the PTC device.

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

continuously along all of an inner diameter of the gasket.

6. The electrochemical cell of claim 1, wherein the vent assembly includes a

rollback cover.
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13. The el ectrochem cal cell of claim12, wherein a term nal edge of the
open end of the container is crinped over the gasket. 14. The

el ect r ochwoi2oslosseBl of claim 13, wherein the gasket hagcansesishages or an
F-shape. 15. The el ectrochem cal cell of claim 13, wherein the annul ar bead
and crinped term nal edge create primary axi al conpression and wherein the
PTC device is not exposed to the prinmary axial conpression.1l6. The

el ectrochem cal cell of claim1l, wherein the gasket is insert nolded around
the vent assenbly. 17. An electrochem cal cell, conprising: a cylindrical
contai ner having a closed bottomend, a beaded sidewall and an open end; an
el ect rode askenblhregledtregheniicateallotfyelaim @i wpersiadhaweehbatwednehe gasketianér ; an end

assenbl . PRI 9&%96)(‘341%%&5%%)88%ngf%gsivesf%%c%s.end assenbl y having a vent

assenbly, a cover an evi ce; an annul ar gasket di sposed between the
container and the end assenbly, said gasket having an inward radi al
protrusion having.a smaller.inner dianmeter tha rtions .of.t asket

i medi at el yr%gbovg”‘ﬁr‘?ffcg‘é‘ihtgwmtaﬂ‘ée%p?f(fiafrﬂ ! ?‘e\mg‘? g’gﬁﬁ PW&“SB%WCE@&%# t he
cont ai ngulad gbléped over the gasket and the cover to create a prinary
axi al conpression force; and wherein the radial protrusion engages the PTC
device to prevent the PTC device from bei ng exposed to the primry axi al

conpr essi on 4 or Cthe%i%ctrgml%m%a?géllr&(\cﬁ%mﬁ%er%f?l!the %nuﬂr %}d@vé?ecei%@{ ein the

end assenbly further conprises a retainer, said retalner receiving a

por t i onpagfiort diehy ener asspmtidryofdhdvent psemblyn t he contact nenber. 19. The

el ectrochem cal cell of claim17, wherein the contact nmenber is a spring.
20. The el ectrochemi cal cell of claim1l7, wherein the radial protrusion

ext ends contipgnuousikylcdlredhgmadal cdf of@fhihNNehedinan®v@n agbmbhiengadgdkat . 2 1. A

met hod for sealing an electrochem cal cell conprising:
retainer, said retainer receiving a contact member and a foil vent.

11, The electrochemical cell of claim 10, wherein the retainer maintains electric

contact between the contact member and the PTC device.

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

bead proximate to the open end.

13.  The electrochemical cell of claim 12, wherein a terminal edge of the open end

of the container is crimped over the gasket.

14.  The electrochemical cell of claim 13, wherein the gasket has an E-shape or an

F-shape.
15. The electrochemical cell of claim 13, 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.
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providing a cylindrical container having an open end; disposing an

el ectrode assenbly and an electrolyte inside of the container; formng an
annul ar beeaoionIgdze open end of the container;di sposi ngraTwsae10assesbl y
having a PTC device and a cover concentrically within 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 annular gasket in the

open end of {he CORLAINELLRQXEARSRILA 1t Wﬁet@ﬁlﬂ% @eiskaqgglse@ﬁl‘éld% hfSRhdg the
open end of the contalner over a portion the flange so that: (i) the

annul ar thbead,assehblygasket and the cover all cooperate to create a primary
axi al conpression force and (ii) the radial protrusion cooperates with the
PTC device to prevent primary axial conpression force from being exerted on
the PTC devite. 2£hclihich@hisaictedfcoalpaibimg2l, wherein the cover is di sposed

to create radial conpreSS|on force on an jnner side af the ylLindri cal
cont ai ner above ﬁH§‘P@H@éﬁ“ﬁ?@?ﬁﬁ??&ﬁceﬁ%imﬁ%@‘%@t% a“81“8?31HP§ . wherein

the venf,aspgnbly is disposed to create radial conpression force on the
gasket and an inner sidewall of the cylindrical container. 24. The method
of claim23, \Aheraealq}ﬁ(:trhée asaeinly andapelesiolvindibprsed WithindRe eansngsel ow t he

adial protr usi on, iy 8. ob HACK ROV Sl R ARG Iy bliembEHhvigBaerd! v,

25. The method of® c I spose create radi al
conpr esséndBssk@biyea csveaand NPEC dsvickewal | of t he cyIindricaI container above
the radial protrusion in t

of .cl ai
assenbly is di spc?é‘é’ﬂnW‘E$ﬁS]ﬁetBf?@oﬁfﬁé’ﬁté‘feelbw%icﬁlgtngr tﬁhﬁréje?fsﬁeénbg et around

the venp,R&s@0HkLY¥n inward radial protrusion having a smaller inner diameter than portions of the
gasket immediately above and below the protrusion;
wherein the open end of the container is crimped over the gasket and the cover
to create a primary axial compression force; and
wherein the radial protrusion engages the PTC device to prevent the PTC

device from being exposed to the primary axial compression force.

18.  The electrochemical cell of claim 17, wherein the end assembly further
comprises a retainer, said retainer receiving a portion of the vent assembly and a portion the

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

20.  The electrochemical cell of claim 17, wherein the radial protrusion extends

continuously along all of an inner diameter of the gasket.

21. A method for sealing an electrochemical cell comprising:
providing a cylindrical container having an open end;
disposing an electrode assembly and an electrolyte inside of the container;

forming an annular bead in the open end of the container;
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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;

seating an annular gasket in the open end of the container proximate to the
annular bead; and

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.

22.  The method of claim 21, wherein the cover is disposed to create radial
compression force on an inner sidewall of the cylindrical container above the radial

protrusion.

23.  The method of claim 21, wherein the vent assembly is disposed to create radial

compression force on the gasket and an inner sidewall of the cylindrical container.

24.  The method of claim 23, wherein the radial compression force is exerted below

the radial protrusion by a rollback cover provided within the vent assembly.

25.  The method of claim 23, wherein the cover is disposed to create radial
compression force on an inner sidewall of the cylindrical container above the radial

protrusion.

26.  The method of claim 21, wherein the vent assembly is disposed within the

gasket by insert molding the gasket around the vent assembly.
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