CLOSURE ASSEMBLY W TH LOW VAPOR TRANSM SSI ON FOR ELECTROCHEM CAL CELL FI ELD
OF THE | NVENTI ON [ 0001] The present invention relates to a closure assenbly
for an el ectrochem cal cell including a container and an end assenbly

seal ing an open end of the container in order to mnimze nass or wei ght

|l oss of the cell due to electrolyte vapor transm ssion. The end assenbly is
provided with a vent nenber capable of venting a fluid when the pressure
within the cell exceeds a predetermined limt; a contact nenber operatively
in electrical contact with a conductive contact of the end assenbly and a
current collector of an electrode of the cell; and an insulating, polyneric

seal nmenber di spois(?gom%% L%WMWWAI*U@M%%@VM the closure

assenbly having different p EEfROCHERIGAE g ed ment, the seal
menber has a selected dinensional ratio 1n order to mnimze vapor

transm ssion of the el ectrol yf; 4ol INVENEAN Menber. BACKGROUND OF THE
| NVENTI ON [ 0002] El ect rochem cg'tLE:d;?Fs, such as those containing lithium

metal or giobﬂy a%hépres&'t %tem@&mt& | ciBSurd x&fmg%} %h ’e%f@ﬁ-@chgﬁ'nwai gap to
provi de power to vafious electronic devices. Electronic device
manuf act uineludingfat eentaihes prghan ensl assaibly sealing an apancgnd of|theceantainrein order te| | s

manuf act uin | _  pevepe ot cantineeri outer o |
a0 2 e SAEFSE AT fo R A b RO RS i TR e e o,

respect i vassgmblRisquovides witho uent membetrcapable pfcvensing 2 uifiadien the pressyre avithin
oo ¢ ) : . L
par t meng,e pfy J&?é&? P?F}éd@{ehﬁﬂecf dh)a J&ﬂ&ﬁt xH&M@B&é}atfv‘éﬁHg gﬁ?@?élﬁoﬁﬁgg‘fﬂﬂ ng

transportatlon O I um cont al ni ng e ectrochem ca n a tiron to
r egul at i ngycanductivacpntachdfithen¢ndrassemblyoand 4 enrrent ealleetar of anctlectroge ef thenelboT

regul ati o AT i thl HeTola) AT TN T I m&f" ts, for
exanpl e a i&gﬁﬁ?aﬁlﬁﬁe& gﬁmﬁcqut@#lggé t es?gg%é@gt %gg'tbﬁtgrg%?aléo cycl ierfgﬁﬁg'ge?'.&

[ 0003] Masef the closing tassembly having: differend pplaritiesal Inc @ |preferredhem enti thatseal t o
sources S:H&nbe?%as a selected dimensional ratio in order to minimize vapor transmission of the

electrolyte through the seal member.

BACKGROUND OF THE INVENTION

{0002] Electrochemical cells, such as those containing lithium metal or alloy as an
electrochemically active material, are utilized to provide power to various electronic devices.
Electronic device manufacturers often design their devices to accept electrochemical cells
having various standardized container exterior dimensions, such as "AA" or "AAA" sizes, or
according to ANSI nomenclature, R6 or R03 size containers, respectively. Regulatory bodies
such as the United Nations (UN) and Department of Transportation (DOT) have mandated
requirements regarding transportation of lithium-containing electrochemical cells. In addition
to regulating the maximum lithium content for a certain cell type, UN/DOT regulations
require that lithium-containing cells pass mass loss tests, for example a T1 altitude simulation

test and a T2 thermal cycling test.

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

member, the dimensional ratio of the sealing member, and time. The dimensional ratio can be
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di ffusion of electrolyte vapor through a sealing nmenber of the cell and

el ectrolyte | eakage at sealing interfaces, especially during tenperature
cycling. The diffusion weight |oss can be cal culated in one enbodi nent as a
product of the vapor transm ssion rate of the sealing nenber, the

di nrensional ratio of the sealing nmenber, and tine. The dinensional ratio
can be calculated by dividing the cross section area through which the

el ectrolyte vapor diffuses with the path length that the vapor travels. As
cell size decreases, the ratio of the cross section area to the path | ength
does not decrease as quickly as the volunme or the mass of the cell.
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minimizes mass loss due to vapor transmission.

[0005] A further challenge is to provide the cell with a pressure release vent member for
releasing or discharging fluid from inside the cell to limit the build-up of internal pressure
while maintaining a seal during normal discharge or storage conditions. Without a vent

member, the cell may fail, bulge, leak and/or disassemble.

[0006]  Various pressure release vent member and closure assembly configurations have

been used in electrochemical cells.

[0007]  U.S. Patent No. 3,279,953 relates to reportedly insulating seals for the metallic
casing of sealed battery cells. Specifically, it relates to the insulating seal junction between
the open end of the tubular metallic sheet casing and the metallic sheet cover enclosure which
also constitutes the two opposite-polarity terminals of sealed cells, such as reportedly used,

for example, in flashlights, although similar sealed casings have also been used in other

applications.

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

and to press such members against the closure disc.



[0007)U.S. Patent No. 3,279,953 relates to reportedly insulating seals for
the netallic casing of sealed battery cells. Specifically, it relates to
the insulating seal junction between the open end of the tubular netallic
sheet casing and the nmetallic sheet cover enclosure which also constitutes
the two opposite-polarity termnals of sealed cells, such as reportedly
used, for exanple, in flashlights, although simlar seal ed casings have

al so been used in other applications. [0008]U. S. Patent No. 3,852,117
relates to a seal for an electrochemcal cell or the |like |ocated between
the cylinder wall and closure disc at one end of a cylindrical container.
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[0011]  U.S. Patent No. 6,620,544 relates to a sealed battery which includes a can for
receiving an electric generator, a sealing member crimped on an opening of the can and
connected to one of a positive electrode and a negative electrode of the electric generator, a
gasket disposed between the can and the sealing member, a cover cap disposed on the sealing
member with an insulating member disposed between the cover cap and sealing member, a
current control member disposed between the cover cap and the sealing member to reportedly
cut-off a flow of current when a temperature of the battery is increased above an allowable
level, and a shock absorber disposed between the cover cap and current control member to

reportedly prevent shock from being directly transmitted to the current control member.

[0012] U.S. Patent No. 6,777,128 relates to a secondary battery and a fabrication method
of the secondary battery which includes a battery unit having a positive electrode plate, a
negative electrode plate and a separator interposed therebetween, a can for accommodating
the battery unit, a cap assembly having a cap cover, a safety vent and a gasket, where the end
of the safety vent is bent inwards to be filled with the gasket provided along the outer
periphery of the safety vent reportedly so that the safety vent is inserted into the gasket in a

secure manner,



[0011]U. S. Patent No. 6,620,544 relates to a sealed battery which includes
a can for receiving an electric generator, a sealing nenber crinped on an
opening of the can and connected to one of a positive electrode and a
negative el ectrode of the electric generator, a gasket disposed between the
can and the sealing nmenber, a cover cap disposed on the sealing nmenber with
an insul ati ng nenber di sposed between the cover cap and seal ing nenber, a
current control nenber di sposed between the cover cap and the sealing
menber to reportedly cut-off a flow of current when a tenperature of the
battery is increased above an allowable | evel, and a shock absorber
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leak, thereby reportedly improving safety of the battery.
[0016) U.S. Publication No. 2008/0070109 relates to a flat-shaped non-aqueous
electrolyte secondary battery that includes an electrode body formed by opposing a positive
electrode and a negative electrode while interposing a separator therebetween, an outer case
for housing the electrode body, and a sealing plate for sealing an opening of the outer case
and an end part of the sealing plate positioned inside the outer case. Also, the sealing plate
functions as a positive electrode terminal, the outer case functions as a negative electrode
terminal, and a surface layer of the sealing plate in contact with the positive electrode is

formed with a metal layer made of aluminum or aluminum alloy.

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

increase of battery resistance to impact applied.

[0018]  Japanese Publication No. 10-340714 prevents breakage of an explosion proof
valve body and reportedly develops this function by arranging the explosion proof valve body



[0015] U. S. Publication No. 2007/0015046 relates to a |ithium secondary
battery having protrusions or depressions fornmed on a surface of a gasket
whi ch nakes contact with a safety vent so that gas, which is generated
inside the battery, and an electrolyte, reportedly do not |eak, thereby
reportedly inproving safety of the battery. [0016] U.S. Publication No.
2008/ 0070109 relates to a flat-shaped non-aqueous el ectrol yte secondary
battery that includes an el ectrode body fornmed by opposing a positive

el ectrode and a negative el ectrode while interposing a separator

t her ebet ween, an outer case for housing the el ectrode body, and a sealing
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barrier properties to vapor transmission while still allowing emergency venting as necessary

via a vent member.

SUMMARY OF THE INVENTION

[0021] In view of the abbve, it is an object of the present invention to provide an
electrochemical cell having a closure assembly comprising a container with an open end

sealed by an end assembly that forms an effective barrier to electrolyte vapor transmission

and henceé, mass loss.

[0022] A further object of the invention is to provide an electrochemical cell having a
container having an open end closed by an end assembly, wherein the container imparts axial
and radial forces on the end assembly to provide leakage suppression. In a preferred
embodiment, the container is cylindrical and has a circumferential bead in the sidewall that
protrudes inwardly and upwardly towards the container opening, with the bead upper and
lower walls maintained in a spaced apart relationship to allow for the container to be axially
compressed between the upper inwardly crimped end of the container and the upper wall of
the bead with a portion of the end assembly located therebetween.

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

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



on the inside of a battery nore than a termnal cap and connecting an

el ectrode lead to the expl osion-proof valve body through a wel ding pl ate.

[ 0019] Japanese Publication No. 2007-141673 provi des a bobbin-type |ithium

primary battery whose cost can be reduced by using a nickel-plated steel

plate as the material for a positive electrode can that can be reportedly

used and preserved for a long period. [0020]In view of the disclosures

above, it would be desirable to provide an el ectrochem cal cell having a

cl osure assenbly having an end assenbly that exhibits desirable barrier

properties to vapor transm ssion while still allow ng enmergency venting as
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el ect r ochampdrautieeel | having a closure assembly conprising a container with
an open end sealed by an end assenbly that forns an effective barrier to
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having an end assembly comprising a vent member capable of venting at a predetermined

internal pressure, wherein the vent member is resistant to electrolyte vapor transmission and

can be, for example, a foil vent or a ball vent.

[0025] Yet a further object of the present invention is to provide an electrochemical cell
having a closure assembly comprising a container and an end assembly comprising a seal
member that electrically isolates the sidewall from at least electrically conductive components
of the end assembly having a polarity different than the container, wherein the end assembly
includes an internal contact member, preferably having spring-like characteristics, connected
to a pressure release vent member, with the contact member having a peripheral flange that
acts in combination with a seal member and a container sidewall to provide both axial and

radial sealing to the cell to reduce vapor transmission.

[0026]  Still another object of the present invention is to provide a cell having a closure
assembly including a contact member having a peripheral flange that includes two separated
axial segments that aid in providing radial compression between the contact member and a

container sidewall, with a seal member disposed therebetween.

[0027]  An additional object of the present invention is to provide an electrochemical cell
having a closure assembly that aids in shielding an insulating, polymeric seal member of the
closure assembly from electrolyte, wherein the closure assembly includes a contact member
electrically connected to an inner cover, and further including an insulating member located
between and in contact with an internal portion of a bead of the container and the contact
member, with the insulating member further functioning to prevent contact between a current

collector of an electrode of the cell and the container which has a different polarity than the

current collector.

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

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



cont ai ner having an open end cl osed by an end assenbly, wherein the
container inparts axial and radial forces on the end assenbly to provide

| eakage suppression. In a preferred enbodi nent, the container is
cylindrical and has a circunferential bead in the sidewall that protrudes
I nwardly and upwardly towards the container opening, with the bead upper
and lower walls nmaintained in a spaced apart relationship to allow for the
container to be axially conpressed between the upper inwardly crinped end
of the container and the upper wall of the bead with a portion of the end
assenbly | ocated therebetween. 100231A further object of the present
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between the container and a conductive contact of the end assembly, and wherein the

conductive contact is operatively electrically connected to the positive electrode or negative

electrode.

[0030] In a further aspect of the present invention, a method for forming an
electrochemical cell is disclosed, comprising the steps of providing a cylindrical container
having a closed bottom end, a sidewall and an open end, forming an initial bead in the
sidewall of the container after insertion of an electrode assembly into the container, wherein
the initial bead is located at a cell axial height above the electrode assembly, inserting an end
assembly into the container so that a peripheral portion of the end assembly is seated on an
upper wall of the initial bead, providing support to a) the bottom end of the container, b) the
initial bead with a bead support, and c) the opened end of the container and tapering the upper
wall upward towards the radial center of the cell, and crimping the open end of the container
sidewall and securing the end assembly between the crimped end and a portion of the
upwardly tapered upper wall to form a sealed cell, wherein the bead upwardly tapered upper

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



[00261Sti |l another object of the present invention is to provide a cel
havi ng a closure assenbly including a contact nenber having a peri pheral
flange that includes two separated axial segnents that aid in providing
radi al conpression between the contact nmenber and a contai ner sidewall,
with a seal nmenber disposed therebetween. [00271An additional object of the
present invention is to provide an el ectrochem cal cell having a closure
assenbly that aids in shielding an insulating, polyneric seal nenber of the
cl osure assenbly fromelectrolyte, wherein the closure assenbly includes a
contact nenber electrically connected to an inner cover, and further
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cel | is diwhloesesitained B the iofter lectrode is in operative electrical contact with the contact
assembly of the end assembly, and the end assembly comprising a seal member that
electrically isolates the sidewall from electrically conductive components of the end assembly
having the second polarity, wherein the contact assembly includes a conductive contact
member having a peripheral flange connected to a pressure release vent member, the pressure
release vent member capable of rupturing in response to internal cell pressure that is at least
as high as a predetermined release pressure thereby allowing matter to escape through the
vent member, wherein the peripheral flange includes an axial segment that extends an axial
distance substantially parallel to a segment of the sidewall adjacent thereto, wherein the
peripheral flange includes a radial segment extending from the axial segment in a
substantially radial direction and includes a portion located axially above the bead, wherein
the peripheral flange transitions from the radial segment to a second lower axial segment
extending in a substantially axial direction, and wherein the seal member is under
compression between at least (a) the sidewall and peripheral flange axial segment, (b) the
bead and the radial segment, and (c) the bead and the second lower axial segment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] 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 partial cross-sectional elevational view of one embodiment of an

electrochemical cell of the present invention;



cylindrical netal container having a closed bottomend, a sidewall and an
open end, a spirally wound el ectrode assenbly di sposed within the
container, said electrode assenbly conprising a positive electrode, a
negative el ectrode consisting essentially of lithiumor a lithiumalloy, a
separator di sposed between the positive and negative el ectrodes, and a

non- agueous vol atile electrolyte, a circunferential inward projection in
the sidewall and having an upper wall and a |lower wall connected by a
transition nmenber, the upper wall inclined upwardly towards a radial center
of the cell, and the upper wall spaced apart fromthe |l ower wall al ong

their respecti l.engt hs, and an _end assenbly closing the en_end of the
cont ai ner, thelylg“‘n& ‘égas‘é'ﬁﬁsrij“&%‘ﬁgflf‘éﬂ 'ﬁ'@fﬁav "5‘23{ °H%§B‘g?‘g%‘§%a%f§ P8I0l 4 ng at
a pr edet econtaina havihgamiavagdrpesiedtion with ao uppez mall linclinéd upgvacdly;i nt er r upt i ng
menber, and an insul ating, polyneric seal nenber |ocated between the

ConéI ai ner and FEIGE GNidUCErosssebtiin aaa&vafxﬁnmh@@Pfiaasﬁwmmthwher@m he
conductive contagt i s operativ el ectri.cal Ly copnected to the positive

el ect r odeafm é@gﬂwwg@&‘%ﬁéi‘%ﬂmﬁ“d“‘é@?%%r aspect of the present
invention, a nethod for formng an el ectrochenmical cell is disclosed,
conpri si ng t heFIGt éisa grospysestiona] plgvations)|vigyy pf @tidl another embediment\af 9lepues osed
bot t om englce Anis bEEV R ctrodHfhi AN celRT th tigverligl an initial bead in the

si dewal | %?ethz cont al ner éft%r insegﬂr?%ie%r: of lan el ectrode assenbly into the

cont ai ner, wherein thenkail ' | axial height above
Dh’f‘kiwﬂ DE§éﬁwﬁo§Qg§is'gﬁblﬁyEﬁn

the el ectrode assenbly, “insertrng an en 0 the container so
that a pefipher ortion of the end assenbly is seated on .an er wall of
the ini ti@f’ﬂjeag%he&“?ﬁ?}ltﬁf‘ r{@latgﬁ&)gﬁpuche%calt ?‘Fils’b?fféﬁﬁyeﬁ?]‘%?'"g H@P‘@'Bn?rai ner,
b) the i niithiual allopas an eldetrachemdnlls Idétjtx;arrﬁater@d]gndt)a ﬁohgqmgmetécmykle,oﬁth lae f
cont ai ner and taperi t he .upper,. upwar d. t owar ds t he.r adi center o
the cell ,“ﬁﬁg’sWiaﬁsﬁF‘ﬂg Wﬁgd‘ﬂgéﬁy%%'fmﬁﬁ@e’ébq*’f% Hepped iea‘éﬁﬁ?qﬂﬁ'rﬂ? Deuring
t he eng 3 Sepib} mlclbﬂtngafeprebéiee ﬁdléa:aaagdneminl L &ma@bp%ﬁ 'vhenng@fvgfehehumtaﬁl all y .
t aper ed upper to forma seal ed, cell, erein.the bead u r t apere
upper vvaldggﬁs'é‘e \s,‘\’lgéltee‘éf?lf i# (ﬁ‘h"ég]?‘li'\ﬁér p’ﬁ%ﬂ‘?"“ﬂpdtﬂﬁgs‘ﬁ&a(fhf’ A YSRHon ﬁﬁﬁ%&?’l .
[OP|31] I ndlﬁﬂérlstbocﬁﬂzﬁh heferenceP@Qhe aiauﬂiﬂgle,_ wlé@aﬂ II'1|IGj N ViRustrates oneddiniid@fidnk oﬁbe m cal
cell is disc|losed, conprisi a i ndri.cal .conductijve cantai aving a
cl osed eﬁ&,'“%ﬁalogwgﬁgﬁ?g&?lggo Bf/&ér?"’éﬁ'&? IDYEOHRR,| ,eﬁ;hds ﬁPE'F\T@V\gﬁ'%’Qt endi ng
bet ween tciRndicBISEMFeSH GeN dHbWEeREHs @8e unbérstad thatt dsvdesCribedoheneh, thei ng of
d the end a contact assenbly of a second

a first polarity an, senbly havin

pol ari t y IMERHN ‘é?‘&fﬂ\ﬁ%‘?’? ‘°Iﬂ§l?ﬁ"ﬁ§ﬁémes'r Wéﬁﬁ?‘a??“&f’f‘%ﬁf‘?f&' bead, an el ectrode
assenbl y con‘Eri sing a positive el ectrode, a negative el ectrode and a

separ at of0®@HE posiell 19dwne dausing:12thecineludrs continenhd & tetfor 9f w.canwigh 8i n one
of the elgeldfitem ind ah Bp&HtS 2hd. Vhhe p@lﬁdé)'eﬁalis&&a&maWeBﬁ‘ais&ﬁbl?@@tﬂ?dtner and
the other electrode is PR Operati ve elecCtrical contact with thé contact
assenbl y cedperates vethdheensa tap epd. Fhejcantaines Ad hassaseirpymierensiahinwardpiojgctior ar nenber
t hat el egLtyi ' ' I [ i
conponen? gdloﬁia}e( tﬂeef]@b géggrﬁb yccﬁ'ga?? ﬁlg{a% Isliéﬁﬂsag%:gn%&%%l gff(lh% )é?&ah& g#g%ynth?he

cont act BeakHbisygenerallyuenasidered émspparaterthe toprand bpttera pRRions af tha gontaiger 1o her al

flange c I E£RSEH gﬂmp ease
vent gneanggag}éuggf%%n% H{cﬁgﬁ‘grcig%%ﬁlkn regégﬁésg to ?gts ﬁﬁl%ﬁﬁ%&@tre t hat

is at | ef@within Wi dotters partiancefcthe container el Bhes elegirads asvemblh69 dnpludss powi ng
matter tgn@s sﬁee%l WY LEPad §L§ a\e&ﬂédermghﬁﬁve M@lﬂoﬁé 84 hldFa &gs.mb 86 aIS{,Jsh@nge

i ncl udes an axi segnent at extends an axial distance substantially

par al | el between thepeaative eléctrode 62 antbtha |ppsitivy eleatnede fheElectolytgrivalse disposed

peri pher 41 j j us%%’%h : t ks

segnent ?’kh% su ?{"g[#@ﬁg’ ﬁ’;ﬂfr%géﬁtg{nglldllfggt@?% an |nc%éﬁe§%ﬂlb§§{l|@%ha+ ocat ed
axi al | y eleatrode 6R.cpdsitive, elestrode: 64 and eepamatorpbfe ang| cath sglafivelyr thins constmetions om t he
radi al sggnent .t I r pal, se X1, emdy i antially
axi al di?@gfi%ﬁ,&gﬁnf%p%fnﬂﬁe@é%l alr.;,é er |sa§uzrildgrgﬂ)?glrlrp?g§§ on between
at least (a) the sidewall and peripheral flange axial segnment, (b) the bead
and the radial segnent, and (c) the bgad and the second | ower axi al

segnent. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0032] The invention wll be
better understood and ot her features and advantages wi |l becone apparent by
readi ng the detail ed description of the invention, taken together with the
drawi ngs, wherein:



FIG 1 is a partial cross-sectional elevational view of one enbodi nent of

an el ectrochem cal cell of the present invention; FIG 2 is a
cross-sectional elevational view of one enbodi nent of a portion of a
contai ner having an inward projection with an upper wall inclined upwardly;

FIG 3 is a cross-sectional elevational view of a further enbodi nent of a
cl osure assenbly of an electrochem cal cell of the present invention; and
FIG 4 is a cross-sectional elevational view of still another enbodi nent of
a closure assenbly of an el ectrochem cal cell of the present invention.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0033] The inventi on relates to

el ectrochem cal cells, E)ref er abl ?gldcont ai ni ng lithiumor _lithiumalloy as

an el ect r Sdasuoghemical calk 19,25 illusteiedals ayhiadricah diewisucre oRes skilled in thearecanyi t h a

cel I clos uﬁﬁe&ééaﬁbhuemdmé WRlbOdmEnts YF tHeBréeRY inGHRbR AL AIsd Meidg il aRen end
seal ed by an end assenbly including a pressure release vent nenber capable

of vent i nglegirdes efipther shapes, Jihe gpniaiagr 14 can be enie of s¢veral geometris; shapgs fer open-

pr edet er megfd &h@ﬁﬁkkf For ThEnpld) Vifthiagd amlﬂecmgumtaomram%d%&ﬁ&edmw 1103
reference to _the draw ngs, wherein Fl G il l'ustrates one enbodi nrent of a

cylindri caacmgédﬁs%némecapsuseﬁqsmwére fqi@Wﬁﬁ* -ed¥nthe sealivgiqf An. oreepdedy s g
pri mar y FEAMUN QP cAY prefeflisichailengds rERriing @it Imdlm forcds reduife® tdEreatd @Ry st 0od

t hat , escri bed herein, the invention |s pplicable to other cell types,
mat er | aI sse&hdhwn%tqsmbbbﬁe whiclp 3agRepatys Wish Hh% cantaigers 4 do 1minimize vapet udes a

cont ai ner trdrdmisBioh iexp&tidd t6 havd pasiduldt Applidability to cylindrical containers.

[0035]  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
appearance. In one embodiment the container is formed using a drawing process and can be
made from a diffusion annealed, low carbon, aluminum killed, SAE 2006 or equivalent steel,
with a gram size of ASTM 9 to 11 and equiaxed to slightly elongated grain shape. Other
metals may be used in alternative embodiments, for example, when the open circuit voltage of
the cell is designed to be greater than or about 3 volts, or the cell is rechargeable, in order to
provide relatively greater corrosion-resistance. Examples of alternative container materials

include, but are not limited, stainless steels, nickel plated stainless steels, nickel clad stainless

steel, aluminum and alloys thereof.

[0036] As illustrated in FIGS. 1 and 2, bead 16 is an inward projection preferably
extending circumferentially around the cylindrical container. Bead 16 has an upper wall 18, a
lower wall 20 and transition member 22 which connects the upper wall 18 to lower wall 20.
Upper wall 18 is inclined upwardly towards the radial center of the cell, and aids in providing
a desired axial compression between the upper wall 18 of the bead 16 and the crimped end 24
of container 14. As shown in detail in FIG. 2, upper wall 18 includes a lowermost point 27
and an uppermost point 28 located radially closer to the center of cell 10 when compared to
the lowermost point 27. In order to provide desired axial sealing forces, and aiming to
minimize weight loss due to leakage, the upper wall 18 is provided with a preferred angle of
taper. More specifically as illustrated in FIG. 2, an angle, a, exists between an imaginary
10



cl osed bottom and an open top end. The open top end is closed with an end
assenbly 30 that cooperates with the open top end. The container 14 has a
circunferential inward projection or bead 16 near the top end of the

cont ai ner that supports a portion of the end assenbly 30. Bead 16 is
generally considered to separate the top and bottom portions of the
container 14. The closure assenbly including container 14 and end assenbly
30 seals an el ectrode assenbly 60 within the bottom portion of the

contai ner 14. The el ectrode assenbly 60 includes an anode or negative

el ectrode 62, a cathode or positive electrode 64 and a separator 66

di sposed petween..t he neqgative, el ectrod . h oSt i trode 64.
El ectroly %"@gtag"éeo Yo B %"&'f"% t“hﬁ'ﬁ ﬁgd%%fl quf%’gr%f ll?’oez&%?'\égﬁg&g%nép Fher 14.
In the il wdllowemasn psinoRharidran Finégindry lindrdrawe detwieereuppecwall ohkerb@st ppios2? i ve

el ectrode 64 and arator 6 re.each re ivel y. thi ructigns which
are V\ounda‘fdo‘ﬂ’é’frh‘@?ifa\?%’eﬂmé 1%2@ w§11°§'()'s %ISQAS{n?Jaggnzer‘?'e Ve oﬁffbtoégﬁﬂtgu?oat i on.
El ect r ochebouc 30° and|prefdr@bly fom hbousst art abdut 5°sto @bout260f.i Thé actimbwenteur, of dire

skilled in the art_ca ciate that alternatjive e i f th
present i W&ﬁ?ﬁ@ﬁ"@ﬁ%%@ggﬁsﬁ“{}%ﬂe‘@ﬂ @‘“égz eﬁi %Qﬁe%%gggg{%c:{aﬁgrgrys%'a%es.
The cont afonexaniple, canbdxureder tihcas.cLikewise,ps dlivstrated indfiGip §3hd cell lowerwali2fed

containers, for.e | e rd. S i.c.and rectanqul.ar..co iners, .. provi ded
Chat the B4t iELaT B Spuily YRl mBE S ERE I RSO RMAI B Bugid @¥er
seal i ng oéf the celp eTraasidarmember2?r is padferallly Iroynded entwgveahaid reaigins malgsira ng t he

radial and axial forces r jr to cr the s y 30

whi ch 000?5’87'55 Wﬁwpfrh‘gﬁg%?@ﬁﬁvev r%ﬂﬁ?%e[nﬁensﬁﬁegb%eg}ﬁg% ‘&Pgrn‘garﬁnlsgés%g nis

expect ed the Idvaey evall R0t dllows ansemipp land admidviak of & suppyrt toudi utiized duting thervdosing

[ 00351Cont ainer 14 is preferably a netal can having an integral closed

bottom r, a netal tube that is initially open at both ends may be

used i n sone enbodi nents. Container 14 in one enbodinment is steel that is

opti onal | 93l at Beads I hesca fpiptvelyyidesp ﬁ?ﬂf‘keﬂ’mﬁ'ﬂ“‘&ta“l %?Pseph%at}bh‘f% ot o

léw ot ecéI tdiRuBKROApS r]ﬁigfétiaﬁ,ﬁh@n%b)gsflﬁviﬁg)%pﬁi f@grafidn® f'l'h@%lﬁtﬁx?i)wtegbeddmepmow de a
esired appearance. I n one epbodi nent the container is for sing, a

dr awi ng rﬁ’%?d@%‘@d"éﬁcfieé'é??l%@dﬁﬁifél'?&n&ﬁ‘?eé°d'i‘? ‘Fq?}s‘oo ez r‘i%@ﬁ’@ﬁ ,dgﬁ?'lf\ﬂﬁ’@%ﬁ“gﬁn,

al um numgdakibr&d on SERBEE dITcof@iney 34 QB iheSh@Rlontal\bi Fadial Yistinbe Bétwer0the ASTM 9

to 11 and equi axed to sli ght}# el ongated_ grain shﬁggrﬁ,ﬂher rre%gl sS.may be

used in &reatssheadially invasdyiextending extgrnaly portigi,a itiog uember 22 apd a5 ¢ age

of the cCellnt lcatel®sn Qﬂﬁ‘&hgﬁrﬁrﬁﬁne@k&%&ﬁeﬁﬁb@ﬂ{Maﬂ&l%orﬁﬂié@hdx&purﬂ&adiﬂkﬁ:fca | is

rechargeable, .in order to provide . relatively reflﬁt)%r, cor rasl Bl%re st ance.
Exanpl es ugpergidewalh26-i Lewersiewplh &9 issituated bglawib  illystrated i FiGh 1. [Thg; ¢ eq,

st ai nl es et RGréferaBlyClofthed in?ihe Cofitaiker bi@&ibalBafeR|the elettedde! assmblly Adsbdehess

steel, alum numand alloys thereof. [0036]As illustrated in FIGS. 1 and 2,

bead 16 iPlacehinithglawer partigneafthefontamst-er abl y ext ending circunferential |y
around the cylindrical container. Bead 16 has an upper wall 18, a |ower
wal | 20 40038} r afs prefasred embbdiments, thibedd depthrpweferablyria gregtse thapdl mmgfor 8 | ower

wal I 20. gleny rce%afel‘%hd.nsl.i g.ﬁlngpgq{gggwfé%hy SkANPifireh il tﬁe%thgheﬁﬁ&ta%r of

the cell, and al n provi axi al conpréssion between the
upper walldast1®2%/ fdesimblb ataldast @6%nend preferablyn3ed afrthie Zupxipung sadivg efethe xgll As

shown in T P vl .jncl udes a | owernost point 27 and
an upperfms ﬁéﬁolﬁrﬁ @8&%‘%&%%91%05%%§&%'igg'er to the center of cell 10 when
conpar ed he,l owey nost int.27. 1n order to praovide si red i al

cen . MBBak S The ARl B R difioind B oRLI08 pren BE SiiFer A REURE B
upper f V\/abclbrxldih&ivb&ojlat:aa\/tbﬂ:ﬁdal\(ljﬂzt Bptionall gfaccuret Bmlglng ofinteappting rft;&mhbr 34, a
specifica as,illustrat i,n FIG, 2, an angle, a, exists between_an

| ragi nar BFSHER [eEBTR Xt (meqber 36,08 seal apsyuber 4D, g4 peG 3PS aY FIFPEC o0 on of
Ithe cgl |defihiﬁgeb aidbp@inigh m&;alms}@aﬁbwasd oﬂtﬁmﬂ[y“rﬁﬁtudémia métainer mdclemﬂng' amgi nary
i ne drawn bet n.upper wa ower nost_ poi .27. an er pper nost
o1t 26oRFAIngn " TEE dRScfadag Poymerdnaral mombs il i disposrd SRR least RS oLt
300 and preferably from about 30 or about 50 to about 20. The act ual

contour of the upper wall surface | ocpted between | owernost point 27 and
upper nost point 28 can vary, and for exanple, can be curved or |inear.

Likewi se, as illustrated in FIG 1, the cell lower wall 20 may al so incl ude
an upwardly sl anted taper extending in a direction toward the radial center
of the cell. Transition nmenber 22 is preferably rounded or curved and

mai ntai ns a desired spaci ng between upper wall 18 and | ower wall 20. The
space between the upper wall 18 and the | ower wall 20 allows insertion and
removal of a support tool utilized during the closing process.



[ 00371Bead 16 has a relatively deep depth, providing an increased path

| ength for electrolyte vapor mgration, thereby slow ng vapor mgration.
The rel atively deep bead depth al so provides a desirable radial sealing
force to the cell 10. Bead depth as defined herein is neasured on the
exterior of container 14 as the horizontal or radial distance between the
greatest radially inwardly extending external surface portion of transition
menber 22 and a point |ocated on an inmaginary |ine extended vertically or
axially fromthe maxi numradi us of upper sidewall 26. Lower sidewall 29 is
situated bel ow bead 16 as illustrated in FIG 1. The bead Is preferably
formed in the container sidewall affer t

r,e,ctro ’ggquthas been
pl aced i n SPHEONERSOF the spd agspmbly 30rhaving aipelarity di &gntainer
enbodi ment|s that HeghbSRerwIRMdke ROMAR irdadwith Sl"hgli:ﬁ?énﬂnn'ith@br intﬁ'ru]ﬂﬂih £ fleneR6 Si ze

cell, greater than 1.1 mmfor a RO3 t cell. Stated different he bead
dept his At Wheapresensois digeased Wle&tﬂ%@& bebpenn A0 3%#1&? gt Mnslfg% he

Maxi mum r aald the poditivd QectiBlié 64 BNéIBdtIHAE askdmb9I60REThe rcom3t1€d doatacelehhinglr 320t her

cell sizes. [0039] The end assenb| 30 i,s di spqgse e t.op portign of
cont ai ner P‘.’Eﬁe Potules bove, theofidy “Ebﬂf‘aﬁ‘?g 1§ g?' 'Haﬂ f”P@ﬁt‘PU?FQB'I a

current | bﬂihfgémcicm dfitbhinéOl4 Wigh B&l’f’ﬂﬁfnb&‘ho &s@ﬁﬁsta&é&méén%aq)mmngrm mber
36, a seal er 40 and a contact spring & (g‘gnber 50 defu;h 9 an openi ng.
o d

The end a§'§%tﬂfﬂ \PORIBCL DEEWESA e WP (ROMBERADIS,y tivs, copsact terminal 52 60 Preni ng.
The insul p;tovmed wiR bid@nhdte Séhd bpdird3 8B fdl'Qllb\Smﬂ relgues offdi¢ ifweRinéiibek 865t t he

corrponent end 0 havi larity different t he

pol ari ty Bélt gF‘ﬁ'é‘Fr 'St'W@ﬁﬁ kein r‘W %‘%gﬂ'ﬁt r(?f‘g'? W@FBW"E#? The
current | gdm dldol"tﬁssoilf vbrﬂtrﬁrﬂbdp% RobréaA&Rsr rﬂﬂureﬂh@bnﬁét&ﬁﬁiﬁer 509s ﬂbeﬁzﬂﬁ@@d in an
electricalgga%ﬂ bet ween t condyctive contggh % € é?e 05|t|ve
el ect r ode®! y Epnneeted s i Geptactitgrmingl 32 gibsrdire n‘frdﬂ ! al
preferabléssﬂéﬂifh&d@ﬁﬂﬁbﬂﬁ&xﬂlhﬁn@wmtémq;@iﬂg&ieﬂneérm and is held in place by
the inwardly crinped end 24 of container 14 with seal nenber 40 di sposed

t her ebet Wpggp) a“dc&{tfcl’ﬁn@ﬁ:b%o%?%ﬁabE fHat &Bpérae; wmeam&nsé}aotaﬁ@ cSAR@nent s.

Conducti ve cont act termnal 32 can be provided with one or nore vent
aper t ur esbead 16 #and &lPPvaﬁlﬁ*R)Vﬁle?ﬁeH*sefdéﬁ tof prgyige |f?" Y dpgired g e migimize YA ched.

Ret ai ner r%s,hﬁmbﬂ. | ﬁ@ﬁﬁ@ eﬁéu@aevm%r%rec&&ﬁlaks@mw s ARBirichlyEednhéc@ii Whi ch

fluids can al so pass vent nmenb IS breachied or ruptured. Contact

nmenber 50he sor%qsémmwefrwd@c&pr u@m:qtl,v ‘@@Hﬁ’etif‘é@} F@n@ﬁénm GePreferablynt act
term nal 32 .eleldBhe Qbrsf?%'cé( twlmdanr gé,leﬁdw%ua&t%hmﬂésr&w pdsfifecur r ent

limting or |nterrupt|n 040] Cont act nenber 50 has_a _shape

t hat coopdqctredesthatiis ﬂlsgcéed atﬁhmerof ztw decassembhng0. Current collector 65 of the

positive electrode 64 is an electrically conductive substrate, for example a metal substrate, on
which the positive electrode materials are disposed, and extends beyond the positive electrode
materials and the separator 66. Current collector 65 may be made from any suitable material,
for example copper, aluminum, or other metals or alloys of the above so long as they are
substantially stable inside the cell and compatible with the materials utilized therein. Current
collector 65 can be in the form of a thin sheet, foil, a screen or expanded metal in preferred

embodiments.

[0041] Contact member 50 can be made of one or more conductive materials, preferably
having spring-like characteristics, for example, shape memory alloys or bimetallic materials,
although any component which makes and maintains a sufficient electrical contact with the

desired components can be utilized.
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bead 16 and upper sidewall 26 in order to provide for a desired seal to

m nimze vapor transm ssion. The positive electrode 64 of el ectrode
assenbly 60 is electrically connected to the contact nmenber 50 directly or
indirectly through a | ead. Contact nenber 50 preferably has at |east one
tab 51 in contact with an upper end of a current collector 65 of the
positive electrode that is disposed at the top of the el ectrode assenbly
60. Current collector 65 of the positive electrode 64 is an electrically
conductive substrate, for exanple a netal substrate, on which the positive
el ectrode materials are disposed and extends beyond the positive el ectrode

materi al s separ a rr.ent oII ar efromany
sui tabl e r@?gh al¥ 5}3 e@é glyégsi)%l?cedé'ﬁ ‘85“‘8%%?”@“&%‘1 UG 1 oys
of the abwec@t)ssqﬂgnaaai igamyt abélsmtbxsixamt inadnbgt 30 which, asnimditated Abovegis and
conpatible with the materials ut her ei rant col lector can be
in the fofiiset a&d?%’?f's&'féé‘{ l""“l"eoi axéa(g{gggﬁ:s ?taebogaﬁ & MApgning | Bgaf erred
enbodi menbeawedndfithétGhemhitre 50 aichiuedentsodllector dSe Qpeidmaliyf the tab Sdrcambe weldedmluct ive

Chape men PTG esly ) tooarre e FPareb iR 6 sl on SHARBYG

makes andnigl sttipion vire tﬁaﬂfcfm be erlded keebdth meathb Sbrahdicarrent bddlet:toe 6ﬂesWarlM

conponents_can. be ut|I| [ 0042 n the d ed into
cont ai ner SYHeHIPS S SLQ W{ﬂs)}’e PRE %W%n?s"ecéag %"a‘f I;eq%ﬁ g‘{iﬁéé’al nst
tab 51 of sterapd asd use bdditions) Minlprétsuramnnadumt‘kdnabmqmre addmtmal lassemblyand/ or
resistant to forc The characteristics of tab 51 aid in maintaining

cont act bgﬁe\%‘gﬁs"é@ﬁﬂ'&ﬂw%mer 50 and current collector 65. Optionally, the
tab 51 can be welded to the current col fﬁaé 65 or conn d V|fa

el ect ri cal®43lcondentect aember $O basch pgephera] Jflangg, qopgest s'Pr}aB hat can

be wel dedcdntplibightary! f6ethé @Hap‘élofaﬁéi aaauéehesamﬁﬁﬂrls&remn Vith a\gekndﬁdnﬁmm@t i ons
can sonetines be nore reliable, especially un erlséel at i v |y hgﬁar?cga}ndl i ng,
[

st or age aYRROLIEABSIISHEAR-t Comtact "15{5‘!’3 r0ches an axial SReRent P FAmgge f?ttat?

addi t i onadegma 8912kitnAIRE FadlallP BEtWARDEGH kB R Bin em[sti%ah@meaamamgmaﬁ 530 has a
peri pher al flg.a?e connected to tab 51 confl to the

shape of 1aliseontwardlyifeam eadial segmgat 33 tmttg“ﬁ“%“%éﬂm&? Rk lﬁféﬁ‘?ﬁ’g"’"ﬁ?apor

transm 58550 Mrhe WA A%al EBMBR52 2R tefd@Sbedtv ¥ iuppermostiPoi 28 3f GaIMNS 6f Beadtig t ab
51, a radial segnent 53 extending radially Qutvvard fro g 61(§ sﬁ'gment 52
m

and a f urtemevide,dpra desirgdeompressiondprse QEFWF%EHP&? |SEBENRE A dva

segnent  S3idl Bémehts2Sdnkdi TG iséafatéd by RGRAT Qég)heh@b@laﬁh @z@ca@‘asede:Qhﬂf@mr axi al
segnent 52 extends bel ow the uppernost point 28 o 18 of bead 16 to

provi de fradialglispnses feom eashpthes Ainl SpEend 3¢ hee&ha%#\ﬁ%?éwﬁfad@ et pead

16. The tdmaeacén%eﬁwﬂﬁd?é&oi%mﬂ%né&w qt ﬁ,e@eé ahduskténa thaGkil sepaenlese 53 and
are disposed at different radial distances fromeach other wth, a aI

segnent 50d 5dand radisd sesawntihmay netpe; qomplescly lineas apd ean have t"ﬁ'éat’ee? fn
conpar ed Jifhe Wit espee@ViEiehgting - THel ndtetl dxfal ARd bﬁmrsé%rm , hhadly 32] $4 ar&lemnt s 52

and 54 and radlal segnent” 53 may not be conplete |inear and can have

vari at i oriBayj vary eleng theisdength pm %&éﬂ?ﬂ?’@/é’“?‘&f@f?‘l’fg dingqtions At @n 2ggle 4P tang
radi al segpRI5S froRVERICH! v‘é@h resfecBRthe dxial RYmURS xn@h&ﬁamhhmm rdspegidné r om t he

respective axial or radial directions at an angle up to about 450 from
verti cal redialsegmestect to the axial segnents and horizontal with respect to
the radi al segnments. [0044] The configuration of the contact menber axi al
and radi §004dfgndhe sosfigumation ofdbe contact member axial and radial segments allows seal

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

designed to reduce the ability of electrolyte vapor to escape from the cell. The design of the
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menber 40 to be conpressed between a) the container upper sidewall 26 and
the peripheral flange axial segnent 54, b) a portion of the bead upper wall
18 and radi al segnment 53, and c) the bead 16 and axi al segnent 52. The

mul tiple radial and axial conpression areas between the container and the
contact nenber with the seal nenber disposed therebetween are designed to
reduce the ability of electrolyte vapor to escape fromthe cell. The design
of the contact nenber is one factor in allow ng the thickness of the seal
menber to be reduced, thereby mnimzing the average of cross-section area
for vapor transm ssion through the seal nenber The configuration al so
provides for a relatjvely |ong pathwa thro i ch the el ectrol yte vapor
must t r av&Pntach msmber is;ope fagtor,ia QQ'P?YI‘H& %ﬂE@?‘F V\g e 3s5h memberdonbrotedised, i des

radi al  anghefoby MinifdiZi ﬂuuraaémgetdmkiaedt@nm h’&tvap& ﬁaagih@énoraﬂ@b@x itk sesleal i ng
forces. In sone e ments, .the cont

nbo ct parti ci es in sealing the
vent menb8embern ol ‘@éﬁg‘“’ AkigRyalso E‘@VﬁF%g’F Géglaté"e long l?éﬁ*‘Wég ﬁ“B‘E&’i’eWh‘E'b% onent s
of end asgréiviyte $hpor Atk wdveEdrder @&eécaperlﬁfm fhé. cell n Tﬁaemmb AdinberYrovitldye seal
menber extends fron1be|om1the upper | =8 16 preferably at

| east fr ofAdihjpad axip! sruchisslotirensta to Wi Yaf"?d?f" forsger 1) Sope

adj acent Erﬁbcﬂﬂnén?ﬁtﬂe%bhtﬁ@nfé&m@ﬁ%ar@ﬁ até%mkeaﬁﬁg@eoahhsenﬁ»expar ates a portion of
the current collector 65 fromthe sidewall of the contai ner bel ow the bead

16, and uf})ﬂhﬂ OrS%?‘ﬁIemtbgle46; plovRfes! a%@eﬂ b%ﬂwe@rfl o&@ﬁc&n&fbﬂ% b ey gsenﬁﬂ?@@' ner

14. Bead 16 provides a seating surface for the end assenb Seal nenber

40, as i n#ndcsidexgll goptpiner hhy dn Op¢ embedipantq the sealmemahes extends é@fﬁcﬁ?
conponent go.ef wilNEB SHike Bead §Erdfeldab Bt fehf ﬁ%&%ﬁb&ﬁ or ﬂéio»a&fé tRhSiforsmehbert he

peripheral "edges of the corrponents of the end assenb 30 to prevent

cor r osi on2%and gerssdllypdiasent o an inseptjngamesaher 68 which @Qb"@ghﬁ@#@*ﬂ% pogion of e nber
40 i's si z@deogRnt MEctWﬁdnﬂlﬁﬁrsfdeﬂgll b'fe Ednesitér Belaw IRTBRLY 16,2h@up nﬁ'or‘f)gﬁt ai ner

14 and cl osing or Céhﬂ?lng the top end of the container, the seal nenber S

conpr essetfie erimpadend thedop M%@fml%ersléam% A6 erovidesia sestipgpustace for o
vel | as hgt WeeRsdudisly §6aISe5ma%er 48, mﬁd.w@d Ab'%@ 5%9%@? sémt@scﬁae@{ the he

ot her adj acent corrponents of the end assenb rﬁgﬂr ial wall thickness of
the seal 99BfHstye eemponenty; off @peqwl gsserpil figm (dhsy sontgjeert 14 gad aﬂlsengeabh@epat h

I'engt h t herigtal eﬁéks%@ﬁxe%ﬂ?%éﬁ%rgﬁthé&ﬁl as&RIBRES0 R ﬁgﬁcowablﬁk P Realdfeh €T

reduction bé the Tl osin ocess is less than 0.55 mmfor a R6 size cell
and | ess of gigptralyts betweer smpamtmesl membes 40 ds sized sq that aper insattingyhedi nent

seal nMeMbgfud ge ﬂ&eﬁe élﬁ&slu ]gljcﬂ){?n@%gl uﬁﬁ.bf&.g maoatena SR fHe Biiiner,

Cross-sectiona a upon C osure o I'S genera Yy

suf fi ci erthe seal ramlvr lis eampressad tatcregtes seal hetveen drer@hlsm@mer andicopiaingr 41t gs
conpr essiyall Wnp@hedh fHRNIEI Hember" Qd) tah& Nhe tuhé‘rfééﬁa'l |suttsce$ W7) tRE loftfdr taBjacdnP046] A

goal of the present Invention Is mnimze the surface area of the seal

menber expopengnts of thy endassemblp B+ b"% Wil ﬂg?h’eﬂls@g theiseal membersp daidiemng can be
attribut Woﬁé)ordliplglfeq%zfﬂng 5'159#' oHe Oﬁa@ﬂengﬁrﬂ?&l%&‘ ah Jn@leﬂ{bbx'ﬁ{e}it, Qéﬂ Fnember

terrperatures e Sea so nade a materi al rrp05|t|0n
t hat canayvagnthicknesrfies eedugtion dytheglesingronsss is blss tham-p% manfos aBﬁdlchelél so

and less than 0.37 mm for RO3 and R8 size cells. In a preferred embodiment, seal member 40
undergoes at least a 10% reduction in at least one cross-sectional area upon closure of the cell,
which is generally sufficient to absorb any variations in part dimensions and maintain

compression under a range of conditions the cell is subjected to.

[0046]) A goal of the present invention is to minimize the surface area of the seal member
exposed to the electrolyte as weight loss in some embodiments can be attributed to diffusion
through seal members at relatively high temperatures. The seal member 40 is also made of a

material composition that can form a compression seal with other cell components and it also
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has | ow vapor transmi ssion rates in order to mnimze, for exanple, the
entry of water into the cell and | oss of electrolyte fromthe

el ectrochem cal cell. The seal nenber 40 can include a polyneric
conposition, for exanple, a thernoplastic or thernoset polyner, the
conposition of which is based in part upon factors such as chem cal
conpatibility with the conponents of the el ectrode assenbly, nanely the
negative el ectrode 62, positive electrode 64, as well as the electrolyte,
such as a non-aqueous el ectrolyte used in the el ectrochem cal cell 10. The
seal nmenber is made from any suitable material that provides the desired
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| engt h. Af oFor%angégngpou}lé]s? seal nenber has an upper radial segnment

[0047] The seal member 40 may be coated with a sealant to further enhance sealing
properties. Ethylene propylene diene terpolymer (EPDM) is a suitable sealant material, but

other suitable materials can be used.

[0048]  As evident from FIG. 1, the contact member 50 is designed such that it seals a
relatively large percentage of surface area of the seal member 40 that otherwise would be
exposed to the electrolyte within the cell. The seal member thickness is small in order to
provide a relatively small cross-section area for vapor transmission, thereby minimizing the

same.

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

dimensions along its axial length. After closing, the seal member has an upper radial segment
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substantially extending in a radial direction, situated bel ow crinped end
24 of container 14. At least a portion of the upper radial segnent is under
axi al conpression as it is |ocated between the bead 16 and crinped end 24
which are axially conpressed during the cell closing or sealing process.
The upper radial segnent transitions into an upper axial segnent
substantially extending in an axial direction adjacent to the contai ner
upper sidewall 26. The upper axial segnent generally extends between the
crinped end 24 and the upper wall 18 of the bead 16. The peri pheral
portions of the contact termnal 32, the current Iimting or interrupting
nmenber 34 and the contact nenpber 50 are a ent the, u xi al nment ,
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Sanpl es of commercially avallable software that can be utilized to perform
di ffusion anal ysis nodeling include MSC. MARC 2005r 3 avail able from MSC.

Sof tware, Los Angel es, CA and ABAQUS gyail able from SI MJLI A, Provi dence,

RI. MSC. MARC was utilized to cal culate the dinensional ratios presented
herein. For a R6-size cell as illustrated in FIG 1, the cal cul ated

di mensional ratio is 0.279 cm (0.110 in.). For a R6 size lithiumiron

di sulfide cell constructed as disclosed in FIG 1, the dinensional ratio of
the seal nenber is generally less than 1.14 ¢cm (0.45 in.), desirably |ess
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The cross-sectional area between the contact nmenber and the bead is |ess
than 12.5 MR for a R6-size cell and less than 6.3 M2 for RO3 size cells
in preferred enbodi nents. That said, the axial segnment 52 of contact nenber
50 for a sealed R6-size cell is extended at least 0.25 nmaxially bel ow
upper wall uppernost point 28 of the bead 16 in one enbodi nent, and
preferably below the transition nenber 22 segnent of the bead. [00531In the
enbodi ment illustrated in FIG 1, the vent nenber 36 is disposed in the
openi ng defined by the peripheral flange of the contact nenber 50. Mre
specifically, the vent nenber 36 periphery is secured between axial segnent
53 and fol i f . : f n the
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[0052] In a preferred embodiment of the present invention, the closing process for
forming a finished cell reduces the seal member wall thickness in various areas. In a
preferred embodiment, the smallest cross section of the gasket is located near the base of the
gasket adjacent the inlet of the vapor path, for example, the portion of the seal member

located between axial segment 52 of contact member 50 and transition member 22 of bead 16.
17



optionally include a current limting or interrupting nenber 34 which is
di sposed in the electrical path between the current collector 65 of the
positive el ectrode 64 and the conductive contact term nal 32. The current
limting or interrupting nmenber 34 can slow or prevent the continued cel
internal heating and pressure build-up and/or prevent current flow, which
conditions can result fromelectrical abuses such as internal short
circuiting, abnormal charging and forced deep di scharging. However, if the
internal pressure builds to the predeterm ned rel ease pressure, the
pressure rel ease vent nenber 36 ruptures to relieve the internal pressure

The current limting or |nterru menber for exa ositive
t enper at udBe exgesryeptignalares ety 08 cigpembsy m&ﬁ‘ﬁﬁg‘?‘*@ 1 %go 5 & o rf
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pressure P@Fq@llybﬁé?wth?é%%ﬁmrsen%m@ae%m%f&e er assenbly including a
conductive inner cover 151 having a vent well 137 that projects downwardly
away fronf008H pobi theembediment ilusteated infi1G1 dothe jvantoperaber (3§ ig |gisposed in the
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114. At least a portion of the upper q@dlal segnent is under axi al
conpression as it is |located between the bead 116 and the crinped end which
are axially conpressed during the cell closing or sealing process. The

upper radial segnent transitions into an outer axial segnment substantially
extending in an axial direction adjacent to the container upper sidewall




126. The outer axial segnent generally extends between the crinped end and
the upper wall 118 of the bead 116. The peripheral portions of the contact
termnal 132, the current limting or interrupting nmenber 134 and the inner
cover 151 are adjacent the outer axial segnment, which is under radial
conpressi on between the sanme and the upper sidewall 126. The seal nenber
outer axial segnent transitions to a |ower radial segnent extending in a
substantially radial direction along the upper wall 118 of bead 116. The

| ower radial segnment has a portion that is also under axial conpression,
bei ng | ocated between the upper wall 118 and the crinped end of sidewall

126. The §hifle aPRERGEE WhichWilllah6ia SalstVeRtsHul o htal H'ﬁxdhﬁ)g"ﬁfd Jsaga & expo@peEnt
into an inner axial segnment that extends a distance upwa betvveen t he

i nner axi & the eghient atmasphere. Fanexampley iyamERG-whe| h#lﬁén'emlales e pmicgly
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connected to

[0056]  As indicated hereinabove, the vent member 36 can be for example, a foil vent or a

ball vent.

[0057]) A further embodiment of an electrochemical cell 100 of the present invention is
illustrated in FIG. 3. Cell 100 includes an end assembly including a pressure relief vent
member 136 and a contact member assembly including a conductive inner cover 151 having a
vent well 137 that projects downwardly away from the positive contact terminal 132, internal
to the electrochemical cell 100. In one embodiment, the inner cover is formed from a material
as described for the contact member. The vent well 137 has a vent aperture 138 formed
therein which is sealed by the vent ball 139 and vent bushing 141 when they are seated in vent
well 137 such that the bushing 141 is compressed between the vent ball 139 and the vertical
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I nner cover 251 for contact with the current collector of the positive

el ectrode. Inner cover 251 has a peripheral flange |located radially outward
fromthe portion of the inner cover 251 that forns vent well 237. The

peri pheral flange cooperates with seal nenber 240 and contai ner 214 to
provi de an electrolyte mgration barrier and adequate cell seal. Seal

menber 240 has a configuration simlar to seal nenber 40 shown in FIG 1
and descri bed herein above. The peripheral flange includes a radially
extendi ng segnent 253 and axially extendi ng segnent 252. Seal nenber 240 is
radially conpressed between a portion of axial segnment 252 and the bead

216, specifi,cally transition se nt 222 of bhead .as.well  as ween t he
ond o s aaellPRinsY ety kel SRR Rmeft fregene Sodin Y iR ndnep i, has " o

z Olnle (z)fl San}eahtemermélsgm iogmte ﬁfecﬁcﬁ)g_bmltﬁrﬁhﬂérym ; (igbexi:eudf 5® grebertmtitsd lgmlg thb!ID_ Eer

wa (0] (S an er egne 0 I QNE, oV . e
bond a1a Syt Bl 3G e Alome ek Bith Tt SRATE 141 ARGS ey BT 3L 8% HrstT iy v ng
upper wal lfroiltBe vent hpermee LB/ Gk Jeastpartiydsut bhthe vastivedll 1391tb egleasé pickariead | as

over vl MoB3tror tp ek Splar phror lLaod TR G s 3R PR O o

assenbl y atomiattivezatcontddOmehbdid 50 electrivaifyheanfected tonirher éavent . thwedr naypemst i C

o o b A v Lo Eb e S8 LA shin O
et hyl ene- 13t sfaiibstemtialéyt thy lsemeheighn) iydyUiaying aaliffeeénep bf pdnatally lasothyp 6%y amine

sul fide, po thal am de, et hyl ene-chlorotrifl uarogthyl e
chi or ot 1 PRIPHLERRE D56 pihakeB e eSSy S9pRisHong Big cen 100. The
per f | uor ostidlydegmentpdbY mnd phsk esre camtkcred| ivicthiseerstiddimenk dly om eadially extending
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includes a portion located between axial segment 154 and sidewall 126. Cell 100 further

includes a current limiting or interrupting member 134 disposed between inner rollback cover
151 and contact terminal 132. Furthermore, the cell illustrated in FIG. 3 includes an inwardly
projecting bead 116 having an upper wall 118 inclined upwardly towards the radial center of
the cell, as described hereinbelow with respect to FIG. 1, and further includes transition

segment 122 and lower wall 120.

[0058]  The seal member 140 illustrated in FIG. 3 is formed as an annulus having a “C”-
shaped vertical cross section. After closing, the seal member has an upper radial segment
substantially extending in a radial direction, situated below crimped end of upper sidewall 126
of container 114. At least a portion of the upper radial segment is under axial compression as
it is located between the bead 116 and the crimped end which are axially compressed during
the cell closing or sealing process. The upper radial segment transitions into an outer axial

segment substantially extending in an axial direction adjacent to the container upper sidewall
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is a foil-type vent, disposed between the retainer 42 and the contact
menber 50 includes at |east one |ayer of a conposition of netal, polyner,

or mxtures thereof. It is also possible that the pressure rel ease vent
menber 36 can include two or nore |layers of different materi al

conpositions. For exanple, a second | ayer having a different conposition
than a first layer may be used for purposes of bonding the pressure rel ease
vent nmenber 36 to the retainer 42 or to the contact nenber 50. |In another
exanple, a second and a third |layer having a different conposition than the
first layer may be used to bond the pressure release vent menber 36 to both
the retain 2 and th cont act 50. Als l.e ers hayj ng two
or nore ce)fé) etquzﬁqgme JrSment geRaaly o"t’“et“g?Wﬁ?dRét r Sfﬁé% ?dﬁﬁrtles,
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t he outer perl p ery comng into contact wth retainer 42 and/or spring 50),
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pressure at which the pressure rel ease
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vent nmenber 36 is intended to rupture, is a function of its physical
properties (e.g., strength), its physical dinensions (e.g., thickness) and
the area of the opening defined by the retainer 42 and the openi ng defined
by the PTC device, whichever is smaller. The greater the exposed area of
the pressure rel ease vent nenber 36, the |ower the predeterm ned rel ease
pressure will be due to the greater collective force exerted by the
internal gases of the electrochem cal battery cell 10. Consequently,
adj ustments nay be made to any of these variables in order to engi neer an
end assenbly with a vent nenber w thout departing fromthe principles of
the invention. [0068]Dependi ng upon_the exp. Eﬁg area. of the vent nenber 36
rel ative tV§ntaREUsHEH ?fg‘h%lﬁ‘fqt%é%“ﬂ&?a]t e T@F&Flﬁ groinclides a; Qyrent fEaitinger ¢ e
pressure rigkAptfg wemberMaber can be | ess than about 0.254 mm (0.010 inch),
and in sonme enbodi ments can range from about 0.0254 nm (0.001 inch) to
about 0.1 ( i . j I i j ess can
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polyphthalamide, ethylene-chlorotrifluoroethylene, chlorotrifluoroethylene, perfluoroalkoxy-
alkane, fluorinated perfluoroethylene polypropylene and polyethercther ketone. Ethylene-
tetrafluoroethylene copolymer (ETFE), polyphenylene sulfide (PPS), polybutylene
terephthalate (PBT) and polyphthalamide are preferred. The resin can be modified by adding
a thermal-stabilizing filler to provide a vent bushing with the desired sealing and venting
characteristics at high temperatures. The bushing can be injection molded from the
thermoplastic material. TEFZEL® HT2004 (ETFE resin with 25 weight percent chopped

glass filler) is a preferred thermoplastic material.

22



enbodi nents, within or on the surface of the netallic lithium As in the
cell in FIG 1, a separate current collector may not be needed, since
lithiumhas a high electrical conductivity, but a current collector may be
i ncluded, e.g., to maintain electrical continuity within the negative

el ectrode during discharge, as the lithiumis consunmed. Wen the negative
el ectrode includes a non-consunmabl e current collector, it nay be made of
copper because of its conductivity, but other conductive nmetals can be used
as long as they are stable inside the cell. [0072]In a preferred

enbodi nent, the anode or negative electrode is free of a separate current

col l ect or gﬁ)?g t h?’heo 8&11 B8 ndde R s{ﬁ?dbhe Miteridl it Pr?tdﬁfet iftlcofhet with
S

l'ithiumc il ng solel'y serve current collector due to the
rel ativel shetvelj hommm;owvldeﬁ tbﬁf desired rélt mlummi ventirig] ahasagteristis; rﬁlpﬁjesa‘l’ﬂ oy. By

not utili ;r%eag &cﬁgmmgss%%lei el ¥ usediOr € space is available within the

cont ai ner €r-conponents, such as active materials. Providing a cell
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suf fi ci emieteth, t6uM be provided as a layer of the vent member 36 in order to bond the vent member

within the end assembly.

[0065] Compositions suitable for use in the foil-type pressure release vent member 36 can
include, but are not limited to, metals such as aluminum, copper, nickel, stainless steel and
alloys thereof; and polymeric materials such as polyethylene, polypropylene, polybutylene
terephthalate (PBT), polyethylene terephthalate (PET, ethylene acrylic acid, ethylene
methacrylic acid, polyethylene methacrylic acid, and mixtures thereof. The composition of
the pressure release vent member 36 can also include polymers reinforced with metal, as well
as a single layer or a multi-layer laminate of metals or polymers or both. For example, the
single layer can be a metal foil, preferably aluminum foil, that is substantially impermeable to
water, carbon dioxide and electrolyte, or a non-metallized film of a polymer coated with a

layer of oxidized material that prevents vapor transmission, such as, for example SiOx or
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resistance in order to allow sufficient transfer of electrical current
through the | ead and have mninmal or no inpact on service |life of the
cell. The desired resistance can be achieved by increasing the wi dth and
the thickness of the tab. [00751The positive electrode is generally in the
formof a strip that conprises a current collector and a m xture that

I ncl udes one or nore electrochemcally active materials, usually in
particulate form Iron disulfide (FeS2) is a preferred active material. In
a Li/FeS2 cell the active material conprises greater than 50 wei ght percent
FeS2. The positive el ectrode can also contain one or nore additional active
mat eri al s, dependin he desired cell ctrical .and discharge

char act er A§Orcd] he B¢ %feﬁ eoieay memmbsr 3@ %&’&FW'&W P anadhesive ﬁfg'gﬂ ity be
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M xture clapdraicomsistihfof offtrited palypropylent, poiyethylene euntiarh Yoil aed 16w deaditg t he
parti cul at?ﬁqgjierl al s together and adhere the m xture to the current

col | ect orP Bf more conductive materials such as netal, graphite and
carbon bl ack powders may be added to provide inproved electrlc

conduct i V09§61t o Regardlgss ofiths comnositing, the PESESUES FRIGAST VONt Mgmber | 3§IS%B‘§$d’ecan be

dependent heRRAlY ASiAhStoSHE Ble@folith @ohiféd inl thé keIl 00 BMEC sHolidi Baveh 16 &apdit | Ve
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performance The followi ng are exan‘% es of actlve material m xture

mat eri al d frmertlpwesep%retmnswglpa,utb diRcthrqugh dhe thikness of the pressyre fplgase

TI MREX(r )mé}%w 36!@5@6%%1?} h&bl ﬁo%@é? hent gregsrueme&%t MeMbérGs, calelldake, OH,
USA. Carbon bl ack: C55 acetyl ene black from Chevron, Philli npany

LP, Houstablsast-pre awmfvavqm@meaélenw /To% Sayplernolirssis matials rifdde by

Pol ymont ,BhasitatsanFahddion,(foP EXMRIple, a8Bh ¥dRSive bi'ss an dlidtbnivyigildyablotachie0érn Har wi ck
Standard Disfribution Corp., AKron, OH, USA; non-ionic water sol uple
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[0067] The predetermined release pressure, or the pressure at which the pressure release
vent member 36 is intended to rupture, is a function of its physical properties (e.g., strength),
its physical dimensions (e.g., thickness) and the area of the opening defined by the retainer 42
and the opening defined by the PTC device, whichever is smaller. The greater the exposed
area of the pressure release vent member 36, the lower the predetermined release pressure will
be due to the greater collective force exerted by the internal gases of the electrochemical
battery cell 10. Consequently, adjustments may be made to any of these variables in order to
engineer an end assembly with a vent member without departing from the principles of the

invention.
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styrene- et hyl endbut yl enes-styrene (SEBS) bl ock copol yner from | Craton

Pol ymers, Houston, TX. Additives: FLUO HT m cronized

pol yt etrafl uoroet hyl ene (PTFE) nmanufactured by Mcro Powders Inc.,
Tarrytown, NY, USA (comrercially available from Dar-Tech Inc., C evel and,
OH, USA) and AEROCSILS . 200 grade funmed silica from Degussa Corporation

Pi gnent Group, Ridgefield, NJ. [00771The current collector nmay be di sposed
within or inbedded into the positive electrode surface, or the positive

el ectrode m xture nmay be coated onto one or both sides of a thin netal
strip. Alumnumis a commonly used material. The current collector may
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material that prevents vapor transmission (for example, SiOx or Al;Ox) and/or aluminum-

based foils are also specifically contemplated.

[0070]  The negative electrode comprises a strip of lithium metal, sometimes referred to as
lithium foil. The composition of the lithium can vary, though for battery grade lithium the
purity is alWays high. The lithium can be alloyed with other metals, such as aluminum, to
provide the desired cell electrical performance. Battery grade lithium-aluminum foil
containing 0.5 weight percent aluminum is available from Chemetall Foote Corp., Kings

Mountain, NC, USA.

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

separate current collector may not be needed, since lithium has a high electrical conductivity,
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separator have the characteristics (pores with a small est dinmension of at

| east 0.005 gmand a | argest dinension of no nore than 5 gm across, a
porosity in the range of 30 to 70 percent, an area specific resistance of
from2 to 15 ohmcnR and a tortuosity less than 2.5) disclosed in U S

Pat ent No. 5,290, 414, issued March 1, 1994, and hereby incorporated by
reference. [00811Suitable separator nmaterials should al so be strong enough
to withstand cell nmanufacturing processes as well as pressure that may be
exerted on the separator during cell discharge without tears, splits, holes
or other gaps developing that could result in an internal short circuit. To

mnimze the total separator volune in the cell, the eparator &\l BTld be as
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[0084] I n one or nore enbodi nents of the present invention, the el ectrode
assenbly is fornmed with the positive el ectrode having el ectrochem cally
active material selectively deposited thereon for inproved service and nore
efficient utilization of the electrochemcally active material of the
negative electrode. Non-limting exanples of selectively deposited
configurations of electrochemcally active material on the positive

el ectrode and further, an electrochem cal cell, including a positive
container, are set forth in U S Publication No. 2008/ 0026288, published on
Jan. 31, 2008 and U.S. Publication No. 2008/ 0026293, published on Jan. 31,

2008, bot kidithal o mﬁﬁ@w dnruéar@qrfabeme&yllr dhe desired res{sRAGbRHe s hietdiiay bei ng
spirally wound, the € asse may be formed by fol ding the

el ect r ode SFESIA% SW@f pn WFﬂﬁngﬁ éw The strips may be aligned al ong
their lengths and then folded in an accordion fashion, or the negative

el ect r ode 078 ondhe pesitivesirstrods: is iggneselly ipdhe form of & s hatGomBrises quREnt

posi tive gliRehf At ABGura MRk BRIudsd Gifel drolite ske&&hamauymaneé RfalefiRd e\&uany
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container. In the case of spirally wound el ectrode assenblﬁ whet her in
a cyl i ndr #leufongin pRq affRerE @d‘éamaéaﬁw materialsydenspding oy thedesigd qell glegtricgh r odes

are per peg fistharge cRarkdi&istiésd eTwaBAdd(tﬁ,}laloJcn&éwsosmetewcﬁ&re hatBrif il beryds, the

central core of the el ectrode assenbly is paraIIeI to Iongltudlnal axi s

of the cetuitpble pefjvgagsiiveelestiode matesiehpExamplesipclyde BigQy, IC9F Ut (GFaes 5595emat i ¢
cel l's. | ncihecemises qfecag,f MY Pib, B0, ahdl8d M phTRaMly, aRS BANE YnatdrAPfoRas endl y

is oriented so that the flat el ectrode surfaces att§£505|te ends. of the

stack of kifEeS: sellpositiyg electrode gomprisgs atleast 35 weightner pebnorpEcleaghlyai ner .

I'n these gonkd Wﬁéﬁt?&%eﬂt%Sﬁﬁﬁ@ﬁb&t)ﬁr&&aﬁlp?eszqﬁ He sBlc@RtiR pdsiive BREESde
surfaces of the ne ive electrode i's adjacent the majority qf the total

area of tmehsk oFeSsubavinges nyrity lrvelgfiat jleast 8p e‘ﬁ%‘g'ﬁdée“fem' dugreilehle GePar at or,

and the owh&idgm MIfd, IN&HES RéfdnhVA! @JlSM OPRentBRI0 GribH, f Vieffa, A @trifli d@ent to
the side wal| of the container. In this way, expansion of the el ectrode

assenbl y Kysaite Minipg Corpr, Dillaeyn, YA, MSAc orbi ned’ t hi cknesses of the negative
el ectrode and positive electrode is constrai ned by the container side
wal | (s). [0076] In addition to the active material, the positive electrode mixture contains 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
and carbon black powders may be added to provide improved electrical conductivity to the
mixture. The amount of conductive material used can be dependent upon factors such as the
electrical conductivity of the active material and binder, the thickness of the mixture on the
current collector and the current collector design. Small amounts of various additives may
also be used to enhance positive electrode manufacturing and cell performance. The
following are examples of active material mixture materials for Li/FeS, cell positive
electrodes. Graphite: KS-6 and TIMREX® MXI15 grades synthetic graphite from Timcal
America, Westlake, OH, USA. Carbon black: Grade C55 acetylene black from Chevron
Phillips Company LP, Houston, TX, USA. Binder: ethylene/propylene copolymer (PEPP)
made by Polymont Plastics Corp. (formerly Polysar, Inc.) and available from Harwick
Standard Distribution Corp., Akron, OH, USA; non-ionic water soluble polyethylene oxide
(PEO): POLYOX® from Dow Chemical Company, Midland, MI, USA; and G1651 grade
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100871A nonaqueous el ectrolyte, containing water only in very snall
quantities as a contamnant (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 nonaqueous
electrolyte suitable for use with |ithiumand active positive el ectrode
mat eri al nay be used. The el ectrolyte contains one or nore electrol yte

salts dissolved in an organic solvent. For a Li/FeS2 cell, exanples of
suitable salts include lithiumbromde, lithiumperchlorate, lithium
hexaf | uor ophosphat e, potassi um hexafl uorophosphate, |ithium

and su t abpeongalyfeneble byt it HASERBR BgBithet A5G 0GhRR Polyreg Hiten
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container bottomcan |lift upward during the process of dianeter reduction.
The di ameter reduction and bottomlifting cause extra material flowinto
the bead that is further deforned or worked radially inwardly and the bead
forns the desired upwardly inclined inwardly projecting upper wall. After
di aneter reduction, the upper end of the container is also folded i nwardly
to forma crinped end and axial forces are applied between the bead and
crinped end. In the crinping process, the container is also supported at
the bottom Radial conpression is preferably nmaintained on at |east the
upper sidewall during crinping of the upper end of the container. [0090] The
result of ce el C LNg: e 4 1 : eghat he
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[0082] Separator membranes for use in lithium 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 provide the
desired tensile strengths in orthogonal directions. A single layer is preferred to minimize the

cost. Suitable single layer biaxially oriented polyethylene microporous separator is available
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What is clainmed is: 1. An electrochem cal cell, conprising: a cylindrical
netal container having a closed bottomend, a sidewall and an open end; b5a
spirally wound el ectrode assenbly di sposed within the container, said

el ectrode assenbly conprising a positive electrode, a negative el ectrode
consisting essentially of lithiumor a lithiumalloy, a separator disposed
bet ween the positive and negative el ectrodes, and a non-aqueous volatile

el ectrolyte; a circunferential inward projection in the sidewall and having
an upper wall and a 10l ower wall connected by a transition nenber, the
upper wall inclined upwardly towards a radial center of the cell, and the

uppe | ' ' .
PPer Vel | SRRASSSCARALY hTMAE RIS XS MAbAL Bnbiekcd RS Sr¥ o9t
USA. Setela F20DHI grade separator has a 20 um nominal thickness, and Setela 16MMS

grade has a 16 pum nominal thickness.

[0083] The negative electrode, positive electrode and separator strips are combined
together in an electrode assembly. The electrode assembly may be a spirally wound design,
such as that shown in FIG. 1, made by winding alternating strips of positive electrode,
separator, negative electrode and separator around a mandrel, which is extracted from the
electrode assembly when winding is complete. At least one layer of separator and/or at least
one layer of electrically insulating film (e.g., polypropylene) is generally wrapped around the
outside of the electrode assembly. This serves a number of purposes: it helps hold the
assembly together and may be used to adjust the width or diameter of the assembly to the
desired dimension. The outermost end of the separator or other outer film layer may be held
down with a piece of adhesive tape or by heat sealing. The negative electrode can be the
outermost electrode, as shown in FIG. 1, or the positive electrode can be the outermost
electrode. Either electrode can be in electrical contact with the cell container, but internal
short 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.

[0084] 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
conﬁguratidns of electrochemically active material on the positive electrode and further, an
electrochemical cell, including a positive container, are set forth in U.S. Publication No.
2008/0026288, published on Jan. 31, 2008 and U.S. Publication No. 2008/0026293, published
on Jan. 31, 2008, both fully herein incorporated by reference.

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

lengths and then folded in an accordion fashion, or the negative electrode and one electrode
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an end assenbly closing the open end of the container, the end assenbly
conprising a vent nenber capable of venting at a predeterm ned internal
pressure, a current 15limting or interrupting nenber, and an insul ating,
pol yneric seal nenber |ocated between the container and a conductive
contact of the end assenbly, and wherein the conductive contact is
operatively electrically connected to the positive el ectrode or negative

el ectrode; and wherein the bead upper wall has a | owernost point |ocated
radially outward from an 20upper wall uppernost point, and wherein an angle
bet ween an i magi nary horizontal |ine extending through upper wall | owernost

poi nt and_an i | QA | ; L Qs per
el | upper i ateTs AR e MEu T E BogRRSlectiSlg ana BT Geendly Srin 208 WiES
appl i es: &lectfadps ahemaselntfalded oe cntiss theu pthere forthaganaliye orientedn dru bpthy easeont act

menber h?g‘g&g‘?g‘ s&%i?SfAIQF@Q@J&EW&‘&Q&U‘&Gtp%Qti@é’el&u-B&e?ﬁ?é}g.e rel ease vent

menber, ssure re
[0086] The electrode assembly is inserted into the housing container. In the case of a

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

due to an increase in the combined thicknesses of the negative electrode and positive

electrode is constrained by the container side wall(s).

[0087] A nonaqueous electrolyte, containing water only in very small quantities as a
contaminant (e.g., no more than about 500 parts per million by weight, depending on the
electrolyte salt being used), is used in the preferred electrochemical cells of the invention.
Any nonaqueous electrolyte suitable for use with lithium and active positive electrode
material may be used. The electrolyte contains one or more electrolyte salts dissolved in an
organic solvent. For a Li/FeS; cell, 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
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vent menber capable of rupturing in response to internal cell pressure that
Is at |l east as high as a predeterm ned rel ease pressure thereby all ow ng
matter to escape through the vent nenber, (ii) the peripheral flange

i ncludes an axial segnment that extends an axial distance substantially
parallel to a segnent of the sidewall adjacent thereto and a radial
segnent extends fromthe axial segnent in a substantially radial direction
and includes a portion |ocated axially above the bead so that the

peri pheral flange transitions fromthe radial segnent to a second | ower

axi al segnment in a substantially axial direct i on at |east O. 25 rrm axially
e seal
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I nner cover X|al &gqﬁpts and an up

I

II of t 15cont gi ner.
2. The el B08§locnense &aive eé‘??&'ﬂﬁi‘dlpﬁgftli'%e F'naffl e&ﬁﬁ@? ecompasitions and; 5 ¢ om

3 to 20. amounts can be adjusted to provide the desired cell manufacturing, performance and storage
characteristics, as disclosed in U.S. Patent Application No. 10/719,425, which is referenced

above.

[0089] Methods for assembly of the electrochemical cells of the present invention include
inserting the electrode assembly and preferably an insulating member into the cell container.
An initial bead is formed in the sidewall of container. The bead is formed in one embodiment
by pressing a forming wheel against the sidewall of the container in the area it is desired to
form the bead while the can is rotated around its axial axis . Electrolyte is dispensed into the
container prior to insertion of the end assembly into container, when a foil vent is utilized.
Alternatively, if a ball vent is utilized in end assembly, the electrolyte can be added prior to
internal sealing of the cell with the ball of the ball vent. The peripheral portions of the end
assembly are seated on the upper wall of the initial bead formed. In a further step, the
container is supported at the initial bead. The bead support has a protruding ledge that is
inserted into the bead. The bead support in one embodiment consists of two halves and each
extends preferably 180° around the bead so that the bead is fully supported around the
circumference of the cell and the support can be opened and closed in the process. The
container is also supported at the bottom of the container. Various seal member surfaces, both
radial and axial, i.e., perpendicular to the radial direction, are advantageously sealed against
other adjacent components of the closure assembly during the closing process. A further step
of closing the cell and forming the upwardly inclined bead involves the diameter reduction of
the upper sidewall by a redraw or collet process. In this process, the container is constrained

or supported both at the top end and the bottom. In some embodiments, the support at the
32



3. The el ectrochem cal cell according to claim1l, wherein the bead has a
depth that is 20at |east 22% of a maxi numradi us of the container. 4. The
el ectrochem cal cell according to claim3, wherein the bead depth is about
30% of the radius of the container. 255. The el ectrochem cal cell according
to claim1, wherein a conductive contact nenber is connected to the inner
cover and operatively electrically connected to a current collector of the
positive el ectrode, wherein the cell further includes an insulating nenber
that prevents contact between a portion of a positive electrode current
collector and the sidewall of the container, and wherein a portion of the

30i nsul at i | S, it i e dfmsskrand
t he cont ac%agﬁeﬁngggt.{md gad %ﬁ%?ﬁgh@ﬁ%f&c@ accrgl‘ré{ljllyéﬁgﬁlt (F)m gl alm 1r(:in
wher ei n t hredctioreanddotten lifting cadsssxtia saterielflowintocthe bead tlat is fygher defarresd ax bal |

vent asser(p(lrxed radially inwardly and the bead forms the desired upwardly inclined inwardly
projecting upper wall. After diameter reduction, the upper end of the container is also folded
inwardly to form a crimped end and axial forces are applied between the bead and crimped
end. In the crimping process, the container is also supported at the bottom. Radial

compression is preferably maintained on at least the upper sidewall during crimping of the

upper end of the container.

[0090] The result of the cell forming and closing processes are illustrated in the drawings.
Geometries of the parts and the closing processes insure that the desired interfaces between
the seal member and the container, seal member and the current limiting or interrupting
member, and the seal member and the contact member or inner cover outer diameter are all
sealed. The contact member and/or inner cover are designed such that it seals a large portion
of the seal member surface area that otherwise would be exposed to electrolyte. The gasket
thickness is minimized. The relatively deep bead depth and relatively small seal member
thickness aid in minimizing vapor transmission and increase the path length for vapor
transmission. The circumferential upwardly tapered inward bead projection provides
enhanced sealing force and further reduces the chance of electrochemical cell leakage. This is
especially true when the cell is exposed to temperature fluctuation causing expansion and
contraction of cell components, especially in the polymeric seal member. The upwardly

tapered inward bead upper wall has more tendency to spring back to its original position after

the expansion.

[0091]  The above description is particularly relevant to cylindrical Li/FeS; cells, such as
FR6 and FRO3 types, as defined in International Standards IEC 60086-1 and IEC 60086-2,
published by the International Electrotechnical Commission, Geneva, Switzerland. However,
the invention may also be adapted to other cell sizes and shapes and to cells with other
electrode assembly, housing, seal and pressure relief vent member designs. Other cell types
in which the invention can be used include primary and rechargeable nonaqueous cells, such
as lithium/manganese dioxide and lithium ion cells. The electrode assembly configuration

can also vary. For example, it can have spirally wound electrodes, as described above, folded
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7. The el ectrochem cal cell according to claim1l, wherein the positive
el ectrode 5conprises iron disulfide, and wherein the cell is a R6 size cell
and the seal nenber has a dinmensional ratio of less than 1.14 cm 8. The
el ectrochem cal cell according to claim7, wherein the dinensional ratio is
|l ess than 0.86 cm 10 9. The electrochem cal cell according to claim?7,
wherein the dinensional ratio is less than 0.51 cm 10. The el ectrochem cal
cell according to claim1, wherein the cell further includes an
15i nsul ating nmenber in contact with the sidewall of the container below the
bead and in contact with the contact nmenber so that a portion of the seal
gggger 'S € egtlrjo%gs? C(I)t' bSéC]t(Shgf gtggst e(.:gt., H&ng?a%és) t %c!e SSH!apaet éaggalsrgesga?'}%rtoaigauéehe
cylindrical and prismatic shapes, for example. Other cell chemistries such as, but not limited

to, Li/SO,, Li/AgCl, Li/V,0s, Li/MnQ,, Li/Bi,O; can be utilized. These batteries could have
a nominal voltage higher than 1.50 V such as 2.0 Vand 3.0 V.

[0092] It will be understood by those who practice the invention and those skilled in the
art that various modifications and improvements may be made to the invention without
departing from the spirit of the disclosed concepts. The scope of protection afforded is to be
determined by the claims and by the breadth of interpretation allowed by law.
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11. The el ectrochem cal cell according to claim1, wherein the contact
menber has an 20inwardly fol ded end extending fromthe axial segnent,
wherein a retainer defining an opening is present in the cell, and wherein
a portion of the retainer and a portion of the vent nenber are conpressed
bet ween Whs icoRidstismenber inwardly folded end and the radial segnment.

2512. The electrochen1cal cell according to claim1, wherein the pressure
rel ease vent nenber is a foil vent nenber and conprises at |east a first

| ayer of C iti.on c ri sing one or nore of a netal and a pol yner. 13.
The el e t%ﬂfﬁ%ﬁpﬁﬁwﬂﬁgﬁ?ﬁa S g to claim 12, wherein the pressure
rel ease vent 30nenber conprises a second | ayer conprising a conposition

sel ect ed fromdyhadrifrabuetat oosthisiet eyingf a clpaddybettbil exdea sidewylpaabyt e .end;
pol ybutyl ene, terephthal ate, polyethylene terephthalate, ethylene acrylic

acidg ethyle ' (o I h [ and
i xt i o horaBraa g e EltsecR B piec  NEIERIRGAKICF o cfecu B
assembly comprising a positive electrode, a negative electrode consisting essentially
of lithium or a lithium alloy, a separator disposed between the positive and negative

electrodes, and a non-aqueous volatile electrolyte;

a circumferential inward projection in the sidewall and having an upper wall and a
10 lower wall connected by a transition member, the upper wall inclined upwardly
towards a radial center of the cell, and the upper wall spaced apart from the lower

wall along their respective lengths;

an end assembly closing the open end of the container, the end assembly comprising a
vent member capable of venting at a predetermined internal pressure, a current

15 limiting or interrupting member, and an insulating, polymeric seal member located
between the container and a conductive contact of the end assembly, and wherein the
conductive contact is operatively electrically connected to the positive electrode or

negative electrode; and

wherein the bead upper wall has a lowermost point located radially outward from an
20 upper wall uppermost point, and wherein an angle between an imaginary horizontal
line extending through upper wall lowermost point and an imaginary line between

upper wall lowermost point and upper wall uppermost point is from 1° to 30°; and

wherein one of (a) and (b) applies:

a) (i) the contact assembly further includes a conductive contact member having a

25 peripheral flange connected to a pressure release vent member, the pressure release
vent member capable of rupturing in response to internal cell pressure that is at least
as high as a predetermined release pressure thereby allowing matter to escape through
the vent member, (ii) the peripheral flange includes an axial segment that extends an

axial distance substantially parallel to a segment of the sidewall adjacent thereto and a
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conprises a third layer, the first |ayer being disposed between the second
| ayer and the third layer, and the third | ayer conprising a conposition
selected fromthe group consisting of: polyethyl ene, polypropyl ene,

pol ybut yl ene, terephthal ate, polyethyl ene terephthal ate, ethylene acrylic

acid, ethyl eng;: . | ' - . VAN id,:
i xtur os. t hotBu panete S8l PAMEDHAANR IELORIN e fitcofgf
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according to claim1l, wherein the positive ectrode conprises FeS2. 16.
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an upper radi;al,| deeiBAt: B%LQIH Rgh bRalf m&}?@n}rﬂp@ Wil ﬁﬁﬁér@hs@ﬂoﬁﬁﬁtﬂt&n

situated bel ow a 15crinped end of the “container, where e ‘'seal nenber
uppeb radi al bsalyrehfiii) thecoameenka is vnder sempreseobbstwagparleak {2 thesedpvedit

cont ai ner si AT I RHBET SRS EaR bR egDohed 3l EE5REAL EhfEnds
bet ween the gead@RIALEBELoANToWHQxIHPB®mMN@landof the inward projection,
wherein the seal nenber includes a |ower radial segnment connected to
b) (i) the end assembly further includes a conductive inner cover in operative
electrical contact with the conductive contact and having first and second axial
10 segments, with the second axial segment located radially inwardly from the first axial
segment and having a difference in length of less than 20% in comparison to the first
axial segment, and a radial segment connecting the first and second axial segments,
and (i) the seal member is compressed between the radial segment and the upper wall

of the bead and between the inner cover axial segments and an upper sidewall of the

15 container.
2. The electrochemical cell according to claim 1, wherein the angle is from 3° to 20°.

3. The electrochemical cell according to claim 1, wherein the bead has a depth that is

20 at least 22% of a maximum radius of the container.

4. The electrochemical cell according to claim 3, wherein the bead depth is about

30% of the radius of the container.

25 5. The electrochemical cell according to claim 1, wherein a conductive contact
member is connected to the inner cover and operatively electrically connected to a
current collector of the positive electrode, wherein the cell further includes an
insulating member that prevents contact between a portion of a positive electrode
current collector and the sidewall of the container, and wherein a portion of the

30 insulating member is in contact with and disposed between the bead and the contact

member.

36



20and extendi ng substantially radially inwardly fromthe upper axi al

segnent, wherein a | ower axial segnent of the seal nenber is connected to
and extends substantially axially dowward fromthe | ower radial segnent,
wherein the seal nenber upper radial segnent and | ower radial segnment are

conpressed begt Legt e of the
cont ai ner, aﬁdﬁvﬁ glre %t?(ﬁch![e ﬁl\é@% gg%%ﬁglgr 1%;& g‘ﬁf gl\?lvé ?Vh\g%‘:ng h%ggne?fe n?é%%gd]gd(}(rgrﬁr essed
bet ween t he tse@neittwihoch foemb e pogivth fia bialvent asgengllyor cont act nenber. 17.

The el ectrochem cal cell according to claim1, wherein the seal nenber has
an upper radial segnent extending in a substantially radial direction

si tuated bel owrge 3@6kddIBRSLaeRA] Rlold: t‘éQ‘fglﬁ' ln%&rheremﬁfe$05‘1tﬁlggle§§§de menber
upper radial segnent is connected to a seal nenber upper axial segment

ext ehdi ng i n camptibsstizomtdisulfige, ard ahergin Gecelbis 2@l size cdbmchhhts seal fenttice

cont ai ner sidewal,l and the h | ange axi al segment, wherein the
seal nenber g%%%?“%%Fgwahf8@8&#£%§?3$&4 Bet ween t he crinped end and the

upper wal | of the i nward projection, wherein the seal nenber includes a
| ower radi al ment connected to and extendi ng substantially inwardly from
t he seal rremgeT wpipetrochsmigal edlaesprdingfretasmyy, M%ér%&lle dirpenséqnal wfleris leadi al
segnent is in codact with and extends a distance along the peripheral
fl ange radi al segnen

10

9. The electrochemical cell according to claim 7, wherein the dimensional ratio is less

than 0.51 cm.

10. The electrochemical cell according to claim 1, wherein the cell further includes an
15 insulating member in contact with the sidewall of the container below the bead and in
contact with the contact member so that a portion of the seal member is bounded by

the contact member, the insulating member and the bead.

11. The electrochemical cell according to claim 1, wherein the contact member has an
20 inwardly folded end extending from the axial segment, wherein a retainer defining an

opening is present in the cell, and wherein a portion of the retainer and a portion of

the vent member are compressed between the contact member inwardly folded end

and the radial segment.

25 12. The electrochemical cell according to claim 1, wherein the pressure release vent
member is a foil vent member and comprises at least a first layer of a composition

comprising one or more of a metal and a polymer.

13. The electrochemical cell according to claim 12, wherein the pressure release vent
30 member comprises a second layer comprising a composition selected from the group
consisting of: polyethylene, polypropylene, polybutylene, terephthalate, polyethylene
terephthalate, ethylene acrylic acid, ethylene methacrylic acid, polyethylene
methacrylic acid, and mixtures thereof, and wherein the pressure release vent member

37



S5wherein a | ower axial segnment of the seal nenber is connected to and

extends axially dowward fromthe seal nenber | ower radial

segnent, wherein

t he upper radial segnent and | ower radial segnent are conpressed between
t he i nward projection upper wall and crinped end of the container, and

e e e S OB IR B SRR R ERTREET AR BB

transition ne |

the contact nkesihéd.layk8. andhike &hlﬁdi}reﬁeblﬁpihﬁﬁg a CehpoAt@aDIticg
wherein the seal penber has an up radi al segnent extendi

fr@m ¢}heagrmqi
ng 1Ln

subst ant i al | yopraging ofgpqleethylgpe, §PF(E&1P&FHBQQ§W lgns, Fﬁs%@tléa%@redqolx%vlene

contai ner, - afr@@ﬂéﬂal&ﬂa eetﬁ?@ﬁ%geargg(g{cﬂ' %ﬁﬁ/gernre%%tﬁ'i

an upper gnent
axi ab di r ect inmthandid avid; and agktumdsttieredfe cont ai ner SI dewal |,

}%5 gnnected to

exten a substantial ly

wherein the

upper axial segnment extends between the crinped end and the upper wall of
the inward projection and is in contact wwth the inner cover axial segnent,

wherein the geathd@BRRIchMhIESBacRoldntab cladilal whagnBant ﬁ%@ MRE L &HpriRs and
extendi ng substantially radially 20i nwardly fromthe seal menber upper

axi al segnentlumihemei n t he seal menber |ower radial segnent

is in contact

with the radial segnent of the inner cover and conpressed between the inner

cover and the upper wall of the inward projection, wherein

t he seal nenber

uppeo radi al 1SegEsléctictheRivar @sisReoidRioWs ehirh e whead We Posijies tieeodepper wal |
and crinped end of the container, and wherein the seal nenber 25further

i ncl udes an icpmarsenticas. segnent connected to the seal nember |ower radial

16. The electrochemical cell according to claim 1, wherein the seal member has an

upper radial segment extending in a substantially radial direction situated below a

15 crimped end of the container, wherein the seal member upper radial s

egment is

connected to a seal member upper axial segment extending in a substantially axial

direction and in contact with the container sidewall, wherein the seal member upper

axial segment extends between the crimped end and the upper wall of the inward

projection, wherein the seal member includes a lower radial segment

connected to

20 and extending substantially radially inwardly from the upper axial segment, wherein a

lower axial segment of the seal member is connected to and extends substantially

axially downward from the lower radial segment, wherein the seal member upper

radial segment and lower radial segment are compressed between the

inward

projection upper wall and crimped end of the container, and wherein the seal member

25 lower axial segment is compressed between the transition member and an inner cover

or contact member.

17. The electrochemical cell according to claim 1, wherein the seal member has an

upper radial segment extending in a substantially radial direction situated below a

30 crimped end of the container, wherein the seal member upper radial s

egment is

connected to a seal member upper axial segment extending in a substantially axial

direction and in contact with the container sidewall and the peripheral flange axial

segment, wherein the seal member upper axial segment extends between the crimped
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segnent that extends substantially radially upwardly between the axi al
segnent of the inner cover and a contact nenber of the cell.

10

15

20

25

end and the upper wall of the inward projection, wherein the seal member includes a
lower radial segment connected to and extending substantially inwardly from the seal
member upper axial segment, wherein the seal member lower radial segment is in
contact with and extends a distance along the peripheral flange radial segment,
wherein a lower axial segment of the seal member is connected to and extends axially
downward from the seal member lower radial segment, wherein the upper radial
segment and lower radial segment are compressed between the inward projection
upper wall and crimped end of the container, and wherein the seal member lower
axial segment is compressed between the transition member of the inward projection

and the lower axial segment of the contact member.

18. The electrochemical cell according to claim 1, wherein the seal member has an
upper radial segment extending in a substantially radial direction situated below a
crimped end of the container, wherein the seal member upper radial segment is
connected to an upper axial segment of the seal member extending in a substantially
axial direction and in contact with the container sidewall, wherein the upper axial
segment extends between the crimped end and the upper wall of the inward projection
and is in contact with the inner cover axial segment, wherein the seal member
includes a lower radial segment connected to and extending substantially radially
inwardly from the seal member upper axial segment, wherein the seal member lower
radial segment is in contact with the radial segment of the inner cover and
compressed between the inner cover and the upper wall of the inward projection,
wherein the seal member upper radial segment is compressed between the inward
projection upper wall and crimped end of the container, and wherein the seal member
further includes an inner axial segment connected to the seal member lower radial
segment that extends substantially radially upwardly between the axial segment of the

inner cover and a contact member of the cell.
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