CLOSURE VENT SEAL AND ASSEMBLY BACKGROUND 100011The present invention
relates to closure assenblies for electrochemcal cells and particularly to
a rupturable vent seal and apparatus adapted for use in non-aqueous

el ectrochem cal cells. 100021Batteries used as power sources for electronic
equi pnment need to store |arge amobunts of energy. Such batteries may contain
one or nore electrochemcal cells. Pressure inside each cell nmay increase
due to changes in internal tenperature, an increase in internal volune of

el ectrodes during di scharge and/ or gases generated during cell charging (in
the case of secondary batteries) and/or discharge of the cell. Thus,
batteries typically include a nmechanismfor rel easing or discharging gas
away fromthe cell to limt the buildup of internal pressure. 100031Sone

el ectrochem cal battery cell designs have an open-ended container and a
col l ector assenbly di sposed at the open end of the container to close the
el ectrochem cal battery cell. In such cases, the collector assenbly (al so
sonetinmes referred to as a header assenbly) usually includes a safety
pressure rel ease vent nmech@lORURMTENTEERMSABDEXSSENBLA pressure.

100041Pri mary and secondary el ectrochem cal cells having nonagueous

el ectrolytes, such as cells with electrodes containing lithiumnetal and
lithiumintercalation materials, tyBAHGEROUNRE col |l ector assenblies with
thin-valdied pl asg l: SEEh, ?Qgg and
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desi gns hav®
of electrodes during discharge and/or gases generated during cell charging (in the case of
secondary batteries) and/or discharge of the cell. Thus, batteries typically include a
mechanism for releasing or discharging gas away from the cell to limit the buildup of internal
pressure.

[0003] Some electrochemical battery cell designs have an open-ended container and a
collector assembly disposed at the open end of the container to close the electrochemical
battery ceil. In such cases, the collector assembly {(also sometimes referred to as a header
assembly) usually includes a safety pressure release vent mechanism that releases excessive
pressure.

|6004) Primary and secondary electrochemical cells having nonaqueous electrolytes, such as
cells with electrodes containing lithium metal and lithium intercalation materials, typicaily
have collector assemblies with thin-walled plastic sealing members to minimize vapor
transmission and pressure relief vents that are able to very quickly reduce internal pressure,
While issues associated with the caustic agueous electrolyte solutions are relatively well
documented, the variety, volatility and reactivity of the various non-aqueous electrolytes and
salts required by the specific chemistries used in such cells pose a unique set of challenges for

cell designers, in terms of materials, design specifications and the like.
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el ectrochem cal cells. For exanple, reseal able pressure relief vents can be
found in rechargeabl e aqueous el ectrolyte cells, such as nickel -cadm um and
ni ckel -nmetal hydride cells. Primary (nonrechargeabl e) aqueous cells, such
as al kaline zinc-manganese di oxide cells, have used coll ector assenblies
with relatively large surface area plastic seals containing a weak section
that can rupture when the internal pressure exceeds a predetermned |limt.
100061FI G 1 shows a cross-sectional view of the top portion of a typical

el ectrochem cal battery cell 100 of the prior art. The el ectrochem cal
battery cell 100 includes a housing 102 that includes a container 104
havi ng a bead 107 that separates the top and bottom portions of the
cont ai ner 104, and an open end that is closed b oIIector asse Iy 106.
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containers sized to standardi zed di nensions (e.g., a "AA" size or,
according to ANSI nonenclature, a R6 size container), the ability to
volunetrically maxim ze el ectrochemcally reactive materials within a cell
is of the utnost inportance, particularly with respect to nany of the

smal | er standardi zed sizes (e.g., "AAA" size or, according to ANSI

nonmencl ature, a R3 size container). Mreover, volunetric issues are of
particul ar concern in electrochem cal systenms incorporating a |ithium

el ectrode, because many lithium based systens (and especially those adapted
to a 1.5V platforn) tend to expand during discharge. 100101Notw t hst andi ng
the desire to nmaxi mze volunetric capacity by reducing the volune of the
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decreases more significantly than the surface area through which vapor may be transmitted
(i.e., the header assembly) as the volume capacity decreases in standard cell sizes.
jeo11) Cell closure systems must also allow for emergency venting of volatile fluids during

discharge so as to prevent catastrophic failures of the cell. Absent a vent mechanism, the cell

may bulge, leak or disassemble during discharge.
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portions along that periphery. 100141l n another enbodi ment, a method for
maki ng and sealing an el ectrochemcal cell is contenplated. Here, a
rupturabl e vent menber with protruding peripheral portions, inner header
ring and cell container are provided. A cell closure is then formed by
crinping the protruding portions of the vent menber along the inner header
ring without winkling the vent nenber and then the cell closure is coupled
and sealed to a cell container to create an electrical contact between the
contai ner and one of the cell electrodes, thereby forming an

el ectrochem cal cell. 100151Still another embodi ment involves a nethod for
maki ng and sealing an el ectrochem cal cell where a header assembly
(preferably having two pieces) and a rupturable vent which has the sane
shape as the header assenbly, excepting for a nunber of protruding Page 4

portions which extend radiall Yg nge Ve nVERdRGr | phery of the

vent / header assenbly, are provi re agaln, the protrudi ng ;portions are
cri npesizgar ound (e dbdeuwsithe inventipadsitorpre denerllclesyreassembly that PPEEHESr e s0
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felurez[‘regcﬁg%‘}ggf}ﬁ&hte& NithStdnQirdzed €M sigds @aw simptified masgswndring prosedums by
eliminating parts or reducing manufacturing steps, particularly with respect to certain
laminate foils and/or heat activated sealing materials/processes. The invention is expected to
have particular applicability for electrochemical cell systems capable of operating over a wide
temperature range, especially with respect to non-aqueous cells and particularly primary non-
aqueous cells such as lithium-iron disulfide based systems. However, it should be noted that
the aforementioned objects are merely exemplary, and those skilled in the art will readily
appreciate the numerous advantages and alternatives that can be incorporated according to the
following description of embodiments and all the various derivatives and equivalents thereof,
all of which are expressly contemplated as part of this disclosure.

[0013] In a first embodiment, a vent closure seal for an electrochemical cell container is
provided. The closure includes a planar member which is formed in a manner that allows it to
serve as a rupturable seal for the cell. The member also has one or more protruding portions
formed along its periphery, where the protrusions extend radially beyond the non-protruding
portions along that periphery.

10014] in another embodiment, a method for making and sealing an electrochemical cell is
contemplated. Here, a rupturable vent member with protruding peripheral portions, inner
header ring and cell container are provided. A cell closure is then formed by crimping the
protruding portions of the vent member along the inner header ring without wrinkling the vent
member and then the cell closure is coupled and sealed to a cell container to create an
electrical contact between the container and one of the cell electrodes, thereby forming an
electrochemical cell.

10015] Still another embodiment involves a method for making and sealing an
electrochemical cell where a header assembly (preferably having two pieces) and a rupturable

vent which has the same shape as the header assembly, excepting for a number of protruding
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cell container having a closure cup, an electrical contact nmechani sm havi ng
a defined peripheral shape and a rupturable vent with a peripheral shape
differing fromthat of the closure cup. Notably, the vent is fixed between
the closure cup and the electrical contact nmechanism and the dianeter of

t he peripheral shape of the vent nust be equal to or, in at |east one

I nstance, greater than the correspondi ng dianmeter of the electrical contact
mechani sm al ong a gi ven planar axis which intersects a conmon center point
of the electrical contact nmechanism | oonYet another enbodi nent

contenpl ates a vent closure seal for an el ectrochem cal cell container

whi ch includes a circular disc constructed froma material that wll

sel ectively rupture upon exposure to a predeterm ned pressure of

el ect r ochei.eal WisaGidda SifRbeyditahdbsier piripherh @t thetvehttmader asembhopesct i on

integrated along the circunferepce and extendi rg%i Wakgkef rom t he
circul ar diredded3riqre aggin g ey @"Wﬁ'\ﬁgn?e@%r | r?gb%tﬁ’\?%{hi on can be

under st 00d,sWittly tEfofth @6 closurt bethboidnewt thy pdeteudinggrortionh eveBRFSRERIAL i n t he

drawi ngs are naot necessarily, to scal ' li@WoBt@micdl ki€ (e.g.,
ref erence %Wfia‘l‘r@ tﬁ"eélf’%l%he ours?cgfs%ﬁgﬂ&ﬁgn%%ﬂ)é#}%}gggﬁ oughout the sever al

Vi ews. | n gnaté,icathbag, elet®ay@) Witlin the eellgoptamss - sect i onal vi ew of the top
portion of an el ec I b Verfi @ldsur@R6hl a8 BB foF arpelsersbhamiol t he
pri orw&'r‘si); 1002’%%‘5}%98%%&%@*t oR P Yot Elosui3ice ¥

I's a cross-sectional view of a,ﬁr; el ect rochem cal
battery cetdl capminedhndng volomee enppeelrRrical sertegi@echapism Tae a9t ri G 3 is

a cr 0ss- SeLiABAl shibEM rupfifabitoasewitas pentHeyal siupe diffanige fomethat dfdhe
closure cup. Notably, the vent is fixed between the closure cup and the electrical contact
mechanism, and the diameter of the peripheral shape of the vent must be equal to or, in at
least one instance, greater than the corresponding diameter of the electrical contact
mechanism along a given planar axis which intersects a common center point of the electrical
contact mechanism.

10017} Yet another embodiment contemplates a vent closure seal for an electrochemical cell
container which includes a circular disc constructed from a material that will selectively
rupture upon exposure to a predetermined pressure of electrochemical reaction gases. The

disc also has at least one projection integrated along the circumference and extending radially

outward from the circular dise.

BRIEF DESCRIPTION OF DRAWINGS
[0018) The invention can be understood with reference to the following drawings. The
components in the drawings are not necessarily to scale. Also, in the drawings, like reference
numerals designate corresponding parts throughout the several views. In particular:
16019} FIG.1 is a cross-sectional view of the top portion of an electrochemical battery cell

and collector assembly of the prior art;
(0020} FIG. 2 is a cross-sectional view of an electrochemicat battery cell according to one

embodiment of the invention;

[e021) FIG. 3 is a cross-sectional view of the header assembly according to another

embodiment of the invention;
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enbodi mrent of the invention; Page 5 100221P10.4 is a cross- [ [

of a the header assenbly according to a third enbodi ment of tﬁgcfhegﬁlighgw
100231FIG 5 is a cross-sectional view of a test membrane used in the vapbr
Transm ssion Rate (VIR) test; 100241FIG 6 is a top view of the vent nmenber
according to one enbodi nent of the invention; and DETAI LED DESCRI PTI ON
100251FI G 2 shows a cylindrical electrochem cal battery cell 200 according
to an embodi ment of the present invention. Electrochemnical battery cell 200
of the present invention has a housing 202 that includes a container 204
and a collector assenbly 206. The container 204 has a cl osed bottom and an
open top end that is closed by the collector

10022} FIG. 4 is a cross-sectionat view of a the header assembly according to a third

embodiment of the invention;

10023]' FIG. 5 is a cross-sectional view of a test membrane used in the Vapor Transmission
Rate (VTR) test;
[e024] FIG. 6 is a top view of the vent member according to one embodiment of the

invention; and

DETAILED DESCRIPTION

[0025] FIG. 2 shows a cylindrical electrochemical battery cell 200 according to an
embodiment of the present invention. Electrochemical battery cell 200 of the present
invention has a housing 202 that includes a container 204 and a collector assembly 206. The
container 204 has a closed bottom and an open top end that is closed by the collector
assembly 206. The container 204 also has a bead 207 that separates the top and bottom
portions of the container 204. Disposed within the bottom portion of the container 204 is an
electrode assembly 208 that includes a negative electrode or anode 210, a positive electrode or
cathode 212, and a separator 214 disposed between the anode 210 and the cathode 212. In the
example embodiment shown in FIG. 2, the anode 210, cathode 212 and separator 214 are each
thin sheets which are wound together in a spiral, also known as a “jelly roll” design.
Electrochemical battery cell 200 is cylindrical, however, one skilled in the art can appreciate
that alternative embodiments of the present invention can also include cells and electrodes of
other shapes. The container 204 can be one of several geometric shapes for open-ended
containers (for example, prismatic and rectangular), provided that the teachings regarding the
shape of the vent member relative to the open end of these containers are followed.
Nevertheless, insofar as sealing of an open-ended cylindrical ceil presents unique chalienges
regarding the radial and axial forces required to create that seal, collector assembly 206 which
incorporates vent member 220 is expected to have particular applicability to cylindrical
containers. '

[0026] If electrochemical battery cell is a lithium electrochemical battery cell, the anode 210
contains lithium metal or alloyed lithium metal, which can be in the form of a sheet or foil. A

cathode 212 for a lithium cell can contain one or more active materials, usually in particulate
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assenbly 206. The container 204 al so has a bead 207

and bottom portions of the container 204. Disposed m;Pﬁ}nSSEgrggffoL?e top
portion of the container 204 is an electrode assenbly 208 that includes a
negative el ectrode or anode 210, a positive electrode or cathode 212, and a
separator 214 disposed between the anode 210 and the cathode 212 In’the
exanpl e enbodi nent shown in FIG 2, the anode 210, cathode 212 ahd
separator 214 are each thin sheets which are wound together in a spiral

al so known as a "jelly roll" design. Electrochenical battery cell 200 i s
cylindrical, however, one skilled in the art can appreciate that
alternative enbodi nents of the present invention can also include cells and
el ectrodes of other shapes. The container 204 can be one of several
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found in U.S. Patent Nos. 5,290,414; 5,514,491; and 6,849,360, all of which are incorporated
by reference herein.

10027] The container 204 can be a metal can with an integral closed bottom, however, a metal
tube that is initially open at both ends may also be used. The cell container 204 can be a steel
that is optionally plated, for example, with nickel, on at least the outside to protect the outside
of the container 204 from corrosion or to provide a desired appearance. Also, the type of steel
can depend in part on the manner in which the container 204 is formed. For example,
containers which are made using a drawing process can be made of a diffusion annealed, low
carbon, aluminum killed, SAE 2006 or equivalent steel, witha grain size of ASTM 9to t1]
and equiaxed to slightly elongated grain shape. Other metals may be used to meet particular
needs. For example, for an electrochemical battery cell 200 in which the container 204 is in
electrical contact with the cathode 212, the open circuit voltage of the cell is about 3 volts or
more, or the cell is rechargeable, a more corrosion-resistant container material than steel may
be desired. Such materials include but are not limited to stainless steels, nickel plated
stainless steels, nickel clad or nickel plated stainless steels, aluminum and alloys thereof.

0028] The collector assembly 206 which is disposed in the top portion of the housing 202
can include a positive contact terminal 216, a retainer 218 which defines an opening, a
pressure release vent member 220, a contact spring 222 which defines an opening, and a
gasket 224 which is positicned between these components and the container 204. The
collector assembly 206 can optionally include a positive temperature coefficient (PTC) device

226, which defines an opening, disposed between the retainer 218 and the positive contact
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form Any suitable active cathode material may be used, and can incl ude,
for exanple, FeS2, M02, CF., and (CF)n. Suitable separator materials are
el ectrically non-conductive but are ion-perneable to electrolyte.

El ectrolytes that are used in a lithiumelectrochem cal battery cel
typically conprise organic solvents, which tend to be nore corrosive and
i nconpatible with many materials comonly used in al kaline or agueous
cells, as well as corresponding salts and/or co-solvents. Further details
regarding the material conpositions used for the anode 210, cathode 212,
separator 214 and electrolyte of lithiumas well as various other

el ectrochem cal battery cells are described bel ow, although additional
information can also be found in U S Patent Nos. 5,290,414; 5,514,491; and
6, 849, 360, te@hihal @fi 6 MIh € Postive doﬁmartaﬁﬁma! el blich pfendexcabone theicantaingofifrie

A
metal T ubdhelinp s o7 ik PaPRLy GRBpetitr 'y 2o BLERE Bomih (oA A sl MELEE,
cont ajosey 204 CEhe chithode 2120efithe ﬁaqtrquas;gnblmﬂaﬁ Fs)ﬂlwt%&ﬂéucomt?ﬁteé%hﬁ’?ﬁl e, with

ni ckel , Onco%cth.eaag{mmg%o@u} Shfife L1200 CPhe LdiacOUrid02 Ohn ki@ solRB% Anarer 204

fromcorrosio desired appear ance, e of, steel
can dependtab A34that is (brﬂs?mam&h‘ﬁé MPREH 4R q{ﬁq%geetcm{laqt?fe?% 62’61181 '§ %F SBPSFe 3§ For
exanpl e, CABLGH dTehScliioab aREAbIaNSs. whé agreatmlaumﬂgamsmetesmcaly doedurtie of a
di ffusion anneal ed, |ow carbon,  alum nu

| | 1 e SAE. 2 ent
steel , wi tHbaraeferexample apctrlsiRfG s 8“ r%“ gﬁ’." LV rgg%ﬁ?‘ﬁ!s g ’%l[ongat ed
grain s hap@itex@é Beyondelicxdashoda ynaeeialssad theaepremor P tTihe ghment ﬁeldmt@r 2 may
exanpl e, I ectrochem ¢ 1sGQ igger 204
isin el ec%ﬁ"&@ﬁ LB SPRET %%’P'E"ﬁ%l a cgﬁ oofe?@“m%ggw)fl aé‘@e'ﬁﬁ%{ﬁagﬁ; mn?taa e of
the cell ithepbmustabl insitle thewe!l pusteompgtible pithdhs matesialp plaged thergisr Ih ﬁ“'ﬁ%ﬂ’te

corrosi on- Ecﬂ&btﬁ 3y a?;%t:ﬁktﬁ%nﬁ@i%lrﬁdhe&r@ﬁﬂ% afdenR¥ximdelembtaR dCheSuch
rraterlalsmcludeb are not limted to st‘?lnless&

t ed
st ai nl ess gendast @f"‘rﬂli’@[%éﬁﬂ bt W90t W CKBPIG AP 6“’%P’é‘eﬁf’%é’g‘%??ée]@ﬁ’gvm%?g rﬁi‘ um
and al | OysI:R@ﬁfa%fenstl&QﬁﬁkH}ﬁplﬁ@hh&&hﬂﬁor&&ﬂmﬁir}mﬂﬁﬂhma@nalﬂs altheygbser in

the to ortion of t usi n 2 can u i m nal
216, apr gt Srpjempens pd ??\H?‘g?f ﬁ’ﬁ@ga B op ecrllmt el%gmg%r%glz%‘]&r%&rtggg&e@g{e\%ﬁ

nmenber 220wilasuffied. act spring 222 which defines an opening, and a gasket 224
R At O o SAGH SREIONERH: dLGRA SR BREN! S AN iLe 26 BirtigHBlertd theThe

col I ed? assenbl'y 6 can opt i nc e a positive tenperature
coef fi ci entufTQ)ledtw Qé@c@ZBJSh ﬂgﬁ"@ﬁﬁﬂ’&éﬁ‘i Faof the copent REPE At P d2HBt ween

the retai ngp. 2l&iANHatidRsMes b korfe. COY Rllfs enkid@ Borfact between the tab 234 and the
current collector 236. The contact spring 222 can have more than one tab 234 for contacting
the current collector 236. In some embodiments electrical contact between the tab 234 and
the current collector is maintained by the spring-like force applied by the tab 234 against the
current collector 236. In other embodiments the tab 234 can be welded to the current
collector 236. In yet other embodiments the tab 234 is connected to the current collector 236
with an electrically conductive lead, such as a narrow metal strip or wire welded to both the
tab 234 and the current collector 236. Welded connections can sometimes be more reliable,
especially under extreme handling, storage and use conditions, but pressure connectiong do
not require additional assembly operations and equipment.

10031] The anode 210 is electrically connected to the inner surface of the container 204 bya

metal anode lead (not shown), and the electrode éssembly 208 is otherwise physically

separated from the container 204 by an outer wrap of the separator 214 and an insulator 238
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term nal 216. The positive contact termnal 216 which protrudes above the
container 204 is held in place by the inwardly crinped top edge 228 of the
cont ai ner 204 and the gasket 224. 100291The cat hode 212 of the el ectrode
assenbly 208 is electrically connected to the collector assenbly 206 by
contact spring 222. The contact spring 222 can have at |east one tab 234
that is biased against the upper edge of the current collector 236 which is
di sposed at the top of the el ectrode assenbly 208. The current collector
236 is an electrically conductive substrate, for exanple a netal substrate,
on which the cathode materials are disposed, that extends beyond the
cathode materials and the separator 214. The current collector 236 nay be
made from copper, copper alloy, alum num alumnumalloy, and other netals
as | ong aswhigRYs i3éddr@ltlidand ;Sl&ipderat ;Isrenmedsﬂthemd of trpicirbicassimlly Lh%to

mat eri al s Iace t herein rren formof a
t hi n sheet Pre¥enf el°“"%f“§8{1§é‘ﬁ%8 xpan %f%{ ﬁ'{m%ﬁ% Oggnn]tegg‘t}4 gﬁ)ﬁ%ﬁt can

be made of b@weerthe baoem edpecittei oaéwdaﬂei’rﬂnéltbe tiemeafaltn onERar 1 k“rﬂ“?"ﬁ@ﬁe ke
characteri ﬁ{/h’l%?ﬂVf‘Jrg rfolﬁéi\?é?’?érﬁmn%?%%eﬁ@m 143k QY SlebkicAllymbdatingboraheliscal s)

al t hough a enment es and mai nt a| ns a sufficient electrical
contact wi (rot sﬂwnéewﬂqmﬂmfrhamﬂ%’Pfth§l&'f"f‘?'€%" 20#00301When the col | ect or

assentyyy, 206 'SDE’:'n?ng%#mhm&ra@iGnbﬁth@%rec&&éeﬂwm RteRS@HIEODyan dévericelidavisst
collector 236 can_push agai nst

t he S ich
has a conp&t shaym) eepmakecontagy ‘I"iﬂéﬁi" PP 8“?’%?%’%“ e glﬁﬂ%%?&éa ndgg’?dg&c%%?nbbv\h
bet ween t hepd atond 34d, andthichegaive cembct cayvirgt etahe Ql@@d = 1) ef coiriegr 204 ppi ng 222

can have I bR anE shal zé%h%fﬂ?t&g&ttﬁ@ﬁéggtgnét@ﬁmﬁ&l&fr%ﬂﬁt&ﬁ@t’i(ﬂcﬂhﬂfug336 In

sone embod P HERELVCRRRE Uz S4TSR et ween ‘19&)1 the cur rent
col | ector it amadalesd, lliardugwht dlectensieiaprgmb] 1A8f Hreugh Hisvrrent e‘f“i’f@ 259334

agai nst th C&hgcﬁ&tas&%ﬂlfﬁé@ rﬂ\%%ﬁrrerlat'ba@ntthn%[lglem@Qdﬂldﬁ‘,ﬁﬁfa&ehﬁ@ I(Iﬁbs f3shighan be
wel ded to the current coll ector In_yet o

234
i s connect ék el 234ef thypangast snswm%&%@%% 'W‘P?fh"gﬁ %P‘é'b'ft F & eﬁum rggeﬁé 3% ve
| ead, such @snt: I, bRV¢olTRS snaxercbmaartemmaezml Tedetnebdtthcantve nnadb ope® and

the current collector, 236. | ded connegt | StelREEF
reliable, &SFO SONFYCYRerials jug ﬁ’andﬁ’f ng Q@Be{g}e andﬂﬁggp‘cgjndl tions,

but press ure&a:ﬁﬂﬂ NBEickaimns 20 candie o mefai sueh wdpitql plated stesk pieksehplaspbitaitledns and
equi prent . sé[eﬁ %ﬁ' < ad%&%ij %6%&1 lédsstﬁklgé\stswepﬁd!ldf aﬁ)ﬁa&ﬂﬁﬁhﬁﬂmtd? steBIg sthif ReE

surface of tal anode | ead (not shown), and the
el ectrode asskotpper, %anmmrﬁ-@i mdséloiﬁh%ieeél |y separated fromthe container

204 by out er Bsid éohﬁcﬁ%%ﬁﬁtﬂﬁ sitokdd Rive gabd ie@'ﬁt&lhé&t@ﬁ:oﬂaﬁon BagateBin

whi ch |s ‘ocate a oun per1 pher al ortlon of, t rode
assenbl y 20ke @@brmt@oymnmqﬂi&a&:\mﬂ%ﬁ%%\e ?‘&P“%B“%’Fﬁ"rﬂs e % ‘b‘a‘%g"’nrﬁ‘"%? Wi th

the contai nAk 2Pde m%@ﬁ% cbﬁddbﬁ%lmhﬂéﬁalbﬂi‘ch as pidke pbited dvdd caled sidel, W@l and

the bottomaof the.c ent ensi on
of the sepati@edsoldmp, l ﬁtﬁ‘ sﬁtFét tF% y“?" %L‘?Xtteé %er'g@%‘%m dfglsﬁg#1 rslg%%t shown)

posi tioned fofméd)gluliriungRopfer hikthe dike.aTirematedal used can also depend upon the

complexity of the shape of the positive contact terminal 216. 1f the positive contact terminal
216 has a complex shape, then for example, a type 304 soft annealed stainless steel with
ASTM 8 to 9 grain size may be used to provide the desired corrosion resistance in ease of
metal forming. Once formed, the positive contact terminal 216 may also be plated or clad
with various metals, such as nickel, aluminum, copper, alloys and the like.

10034] The gasket 224 provides a seal for the collector assembly 206 against the top portion
of container 204, The gasket 224 can extend from the insulator 238, which physicaily

separates the current collector 236 from the lower portion of container 204 below the bead
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100321During normal operation of the electrochem cal battery cell 200, an
el ectrical device (not shown) can nake contact with the positive contact
termnal 216 of the collector assenbly 206 at one end, and the negative
contact term nal at the closed end of container 204. A conductive path is
t hus established between the negative term nal or container 204, through

t he anode | ead, through the el ectrode assenbly 208, through the current
col l ector 236, and to the collector assenbly 206. The current path through
the collector assenmbly 206 is through the tab 234 of the contact spring
222, across the retainer 218, around the pressure rel ease vent nenber 220,
and to the positive contact termnal 216. The retainer 218 can be nade of
one or nore conductive materials, such as nmetal, binetal, and tr|-IaéWr

| ami nat ed ymt &y dhdbdae ﬁemfﬂkaﬁﬂ)bcmmrt bEcongirar M The@owianr Yehatorppalonsits as

i okel Pl ol e sk S5 g MKk bRk MTbRBl A5 ShERl i oh@iroohadoirkee!

ni ckel cl SPPERr nati on of steel tainl ess
steel , copgeemblal206i Gamqet Waghhwsicallydepirptey de PW&“@%‘F componeSpahe elieey

contact t ers”é:ﬂ@l& 264 ?roﬁhﬂé’{og \@?trd% ST Bfeb LAIGR alsd s6dl5 ﬁx@%bﬁ]ﬁhew edgesef in

the ambi ent  @nvf ronment ood el ectrical .cond ctlv%ye] n%i%l ve
cont act t ethgicpmporRt® of the %@WSW ¥ 96 aRYSRYGorasing prd ledlaee o Al

ni ckel pl a{,&d,eg,pdhgsero%.lpeﬁlensst eiaie,gagueem 1spx|zaia&dhﬂmbd1 instrtinglotthaiollestos st eel |
a steel that is nicke er the co [

al umi num evppRY Z(Qﬁepttamp@qugler % and GrimpIng the, gﬁhgainasa i‘&g%%%%’r? t he
conpl exi t ygket 178, b apekent24tineompsesstd toeoreatent mt bett*émth%aSM@24 prd e

posi tive contact jermn QDo SaREIe HiRed TR o, 2 type
304 soft aﬂ?fg%‘f‘%rc?to -0l nﬁeséglglfie}gﬁ %&h ASTM & to O grain size may be used

to provi dectnporgdesiof g cobeatersisesmbiedfst ance in ease of metal forming. Once

formed,,,4he pos 'rLé %z%k&%h%& bd @.5&@ 51 mAdl eBMpaitRa tha cpl Rinac compaissidn wi t h
varil ous r]ret al S,

as ni ckel aumnumc S
100341The g@éﬂ@@fhﬂwsod?aé@‘l'%&%?ré‘@ﬁ?m*%?“ ’Laﬁgggg‘ﬁf %rfj%r(r)txér}s@e eltng%g gai nst
the top powat@mtethec‘damaaa u\enoszeﬁcleaimyzgasmhe aawosamealmmmcplémq he

| at 238, which t 36 f
he | ower SRt oA" o BN R8P oD REP B 1 oh. e Sh i saRgegiiio 25, | Ctuge

228 of thetﬁaﬂaompbimar,ufe mrpmnnmpf@amh rsﬂa@edoonm@am ﬂ@f“*‘?’ﬁé’alt‘i?ﬂ“’ﬁ%l?‘{’?ydﬁ of

j c f
t2 0 f gpt f“h ée(r: asfods ld"%lltggfe?ni%@ﬁd gggﬁol@héﬁhh% ARV aab&esi& bagesur f ace

sket 224 physi cal tes the
conducti ve Emmp@neﬁmsteuﬁismcwa§é@ By geslet At "20‘8"‘?9%‘?%? ?Fglpf‘t? aB8rtion of
the contai R, g4 is ﬁn%ﬁ&us%iuae Bhtear@ﬁdtlifﬁhﬁaed pﬁlﬂ'gﬁ@y!&ﬁe,tpb@pbmyboaent s of
the coll eCtsglrﬁd?:stzt?aﬂuonde—perﬂuoroglrk(;}/\%ggl e%%? rcg-;siél?fr%eia gdlyl)uty{éﬁgEaréf)%th?ila?ec(t?bql),yt €
ethylene tetrafluoroethylene, polyphthalamide, and blends thereof. A suitable prolypsopylene
that can be used is PRO-FAX ® 6524 from Basell Polyolephins, of Wilmington, Delaware,
USA. A suitable polyphenylene sulfide is available as TECHTRON® PPS from Boedeker
Plastics, Inc. of Shiner, Texas, USA. A suitable polyphthalamide is available as Amodel® ET
1001 L from Solvay Advanced Polymers of Alpharetta, Georgia. The polymers can also
contain reinforcing inorganic fillers and organic compounds in addition to the base resin, such
as glass fibers and the like.
{00361 A pressure release channel 242 of electrochemical battery cell 200 is defined by the
opening of the retainer 218 and the opening of the contact spring 222. The closing of the
electrochemical battery cell 200 and the pressure release channel 242 is completed by the

pressure release vent member 220 disposed across the openings in the retainer 218 and the
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bet ween these conponents. The gasket 224 is sized so that upon inserting of
the collector assenbly 206 into the contai ner 204 and crinping the top edge
228 of the container 204 and gasket 224, the gasket 224 is conpressed to
create a seal between the gasket 224 and the container 204 as well as

bet ween the gasket 224 and interfacial surfaces of the other conponents of
the collector assenbly 206. 100351The gasket 224 can be nade of a materi al
conposition that can forma conpression seal and that also has a | ow vapor
transm ssion rate (VIR) in order to mnimze the entry of water into the
cell and the loss of electrolyte fromthe el ectrochem cal battery cell 200.
Gasket 224 can be made of a polymeric conposition, for exanple, a

t her mopl astic or thernoset polyner, the conposition of %Mn ch is b sed in
part on t heontdeespriogl222 0 Al ib fdrined bespeqrfe periRlisrab pertiop g e Bepssyfo el

electrolytg n't'%%glbé%%deall ?e%t%ﬁ@@ﬁﬁb eeadmmtm Qﬁd/th@@bﬁta&@ﬁrnnﬁealmhfs&wf

materials {hat can be used in a gasket, 224 f u such as
a |ithium ean tejamsuliafitight pressure ‘ioﬂ'(‘;‘f’tli’ﬁg‘eb'ﬂf?rf%ﬁ‘@ SH%?CEPSP r?’?’qflc(ﬁ"d‘!'ri'?l bl%es bhae

pol ypr opyl g,ggodlﬁ@,l,tyM%MMB@b tdriipreiontof thegfetipioaraidertjperd? Ithfm'f@a'lllhy'ﬂcaw nyl

et her co- pol yrrer p but e terepht hal PRI

t et raf | uor SEHMASE (2) (i; &?f%ﬁ'ﬁﬁ‘él aﬁfl ve st Scfgt’)iﬁ éﬂﬂ aﬁ%}?ggg%!h%z&ggﬁﬁgbl

prol ypr opyk;mﬂee(rsh as dmﬂbhbbalmedfh@eﬁmrﬂmrtﬁﬁmf af leathomgiche regines gt %B’h?hﬁs

of Wlmngto p&ﬁm( SMEe éﬁf&élh@x&ﬁﬁ”ame
as TECHTROKP qﬁ‘ ‘ﬁ*ﬁé‘ ez lajé‘éle‘f< ngaés%i?é erifincd | G prutshiteiGle

astics, Inc. Tex

Shi
sui t abl e poleppblat 224 againgiethp seaém&im‘ﬂfﬂc@' sy Tape(Bh s (" F%“ltl??a’i'ﬁ’(rffr‘fs P@‘Eﬁ% °§§ﬁ% ay
Advanced PgL WIS Qb pAlipAkISblRns S08E Bihar cobfpon@n Yitke solleaor adsernblg@A6 ai n

rei nforcing 1nor an| c fillers and_ o ounds jn addition to the base
resin, schVhﬁﬁﬂlj R edae; af heccogizet ?1%49%@5‘%%?3{ pPeed;sure rel ease channel
242 of je@dhect roc DaRhE abriid bp@honaflelec@@Bemiablisficnect PO greesgpreanagtedt t he
ret ai ner 218 an eni of. th 0 t is Ldr@sdré&8edf the
el ect r ocherfitft &Bﬁ{’lf g\ré])"%?ecﬁ%%ldeaa%agst%tda'%rcgit%h#%%néggsn-egﬁgehar: @é %%l s
conpl et ed liye thenvirpnressair@ndicibrssweh wwv%&%%ﬂw*ﬂ%@ﬁ@%ﬂ"&é? it

openi ngs in,t Qg%t{?gg&a.@gr%a&g Aod, hﬁceﬁgﬁts%&susam@qp c&ishOwRRA theA seal s

formed bet ween portion of the pressure r%@a‘ge velg} r’rpnber
220 and at dl@usfeheomal éﬁtetfheenr%lodﬂi)’rﬂéﬁ'Pr?%Bfedﬁ'GascerYémc‘B?fP%‘?f F RS 'P59% Thi s
seal can b%r@ssﬁ:@%uilés R plesaid m%&&%ﬂd’rﬂe:ﬁ@é‘n‘@aﬁna@wefdﬁm bovernd, aginbl
surface(s), which can, in some enbodi e

anced of
the peri phesorprassre foaee Brertedh by e saueipy 238 |°Bé‘éee°c\/‘5 Pr HETD t]%' 2%%9 dgﬂ’%m ly,
an adhesi vepgle, efpdaand th@ Preshife Afakd @t emblre220nteaih achstntighly adas¢ ), as

descri bed bel ow. The her al rtion r i ner 218
or the contRBYeNEEPHT 2 glcggco AVA tﬂpu@%fﬂgio%@é}:gé’g@}e% egragﬁ; ﬁ{gftl on of

t he pressurgnipedssian ef ﬂfembilmriaeﬁen@w()ég’atwsthew!mﬂswmmbbﬁ?fwi papnat
surface(s) gs, Breliéin W prgsul%xrlal@ise Lot G SRt 35EH oA rdePfg inwardly so far as to form

an opening in the pressure release channel 242 between the opening of retainer 218 and the
opening of contact spring 222 when the cell pressure is less than the predetermined release
pressure.

{0038) However, when the pressure within the electrochemical battery cell 200 is at least as
high as a predetermined release pressure, the pressure release vent member 220 ruptures and
allows matter, in the form of gas or liquid or both, within the cell to escape through the
opening of the retainer 218. The matter within the cell can escape through the one or more
vent holes 230 in the positive contact terminal 216. The predetermined release pressure can

vary according to the chemical type and the integrity of the electrochemical battery cell 200 in
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gasket 224 and peripheral portions of the other conponents of the collector
assenbly 206 when the top edge of the container 204 and gasket 224 are
crinped. 10037)During nornal operation of electrochem cal battery cell 200,
gases are generated within the cell through chem cal reactions and, in
certain instances, generated or increased due to environnental conditions
such as tenperature. As the internal pressure builds within the

el ectrochem cal battery cell 200, the contents are substantially contained
within the electrochem cal battery cell 200 by the pressure rel ease vent
menber 220. As the internal pressure builds the pressure rel ease vent
menber 220 may deform however, axial conpressive force exerted by the
cont ai ner 204 on the collector assenbly 206, as described above, can cause
the pressuyRwdkasany eniraneriel reg@emreatsawith thesefamed laweylimf bgingde o
prevent esCaEs%ﬁ?\févh,g}bwgé‘éo‘??fa?s’é@]p&?hbe &%&ﬁ&l%ﬁn&m@w%&m :@ﬂerammnof

ret ai ner 2RS ression ot the collector assepbl e
el ect r ocheaivi@hmbsitand the m’detre@@l@eéhﬁ“é?le?"%‘h%‘itmﬁ?"é‘@é‘ﬁ?s‘%’ﬁéy&fi& '}@aéregl ease
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term nal Zlﬁtenﬁhed by B@éﬁu@?mﬁé’ﬂuﬂ% choughp E%'&Hi'"éct‘ﬂf‘i% F{Oate8i ding to the
cheni ﬁd type an rﬁéﬁﬁohéat&gw%&éct&mnﬁmem@&smmwaﬂan bptiarelly inshide 2200 i n
Page i ew of safety and _environnen SRl efeer red
| ower |ini tPT&¢W@e&26Fé’é‘§kﬂe§“Wﬁ“d‘r?eW$ @%\,840%?’2@%@%‘? \gé‘%‘ﬂgtitlg nor mal
handl i Ng orp8iivé Bt iefminaE2 BTIDeing nenwl ppermiort ofahefelediechireipalbakeY GPber

limt sel ect ed as tp av i.s l oBekhe @xﬁi&ﬁlal Cer
materi al s a7d PRV &uggfhcﬁ%g%% G}éeggt H?ﬁ%&&hkm&@é&dm titieh

eader asse g%é,
exanpl e, i rbatBryAAll 20T eattics bt abnopaslchigh levplethe clegiicaligsisanpe ol fhedd er"'é°§s ure,

i.e. the pr ure at r Gic 18 calResr prdnceetiat es an
openi ng, oﬁsﬁgﬁ%Fs to\,\?f%uggsrthgggﬁnﬁgéwcggé?Jgé%g ?rom ‘;:baut e /cmZ (150

| bs/ i n2) toccmbmxn'd idte@abhdating a2l (rassers bpdyp reatingfeom glegtindl 8 éﬂ%al fents, from
about 14. 1 §Q4fillnéreQfbulili) asa%}mmQhagmgranm&dl«waﬁcxam | BewéveR)if at room
e

t enper at ur e pressure at whic ssure r.elea arel
rupt ures cainteesl QESBFQFAREAVEIO BRI (RS B #éerg“ Tpieasg i su\{fgﬁéeo %a ol e

punct ured i fenk RRmBENIIriRGres IDREOEABe meumitdl presshrabove, the el ect rochem cal

bat ter %04%?' | 200Thceapr1]'esgl.r\)re rglggsle lv tl£c%b%g§2@dlsposed between the retainer 218 and the

contact spring 222, includes at least one layer of a composition of metal, polymer, or mixtures
thereof. It is also possible that the pressure release vent member 220 can include two or more
layers of different material compositions. For example, a second layer having a different
composition than a first layer may be used for purposes of bonding the pressure release vent
member 220 to the retainer 218 or to the contact spring 222. . In another example, a second
and a third layer having a different composition than the first layer, may be used to bond the
pressure release vent member 220 to both the retainer 218 and the contact spring 222. Also,
multiple layers having two or more compositions can be used for tailoring the performance

properties, for example, strength and flexibility, of the pressure release vent member 220,
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PTC devi ce 226 which defines an opening and is di sposed between the
retainer 218 and the positive contact termnal 216. During normal operation
of the electrochem cal battery cell 200, current flows through the PTC
device 226. If the tenperature of the el ectrochem cal battery cell 200
reaches an abnormally high level, the electrical resistance of the PTC
device 226 increases to reduces the current flow The PTC device 226 can

sl ow or prevent cell continued internal heating and pressure buil dup
resulting fromelectrical abuses such as external short circuiting,

abnormal chargi ng and forced deep di schargi ng. However, if internal
pressure continues to build to the predeterm ned rel ease pressure, the
pressure rel ease vent nenber 220 ruptures to relieve the internal pressure.
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pol yet hyl ene, alum numfoil and | ow density polyethylene 100421Regar dl ess
of the conposition, the pressure rel ease vent nenber 220 should be
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chemcally resistant to the electrolyte contained in the cell 200 and
shoul d have a | ow vapor transmssion rate (VIR) to provide a | ow rate of
wei ght loss for the cell 200 over a broad range of anbi ent tenperatures.
For exanple, if the pressure rel ease vent nenber 220 is netal Page 13
which is inpervious to vapor transm ssion, the VIR through the thickness of
the pressure rel ease nenber 220 is substantially zero. However, the
pressure rel ease vent nmenber 220 can include at |east one | ayer of
vapor - perneabl e material, for exanple polyneric materials, as described
above, that can function, for exanple, as an adhesive or as an el astoneric
| ayer to achieve a seal between the pressure rel ease vent menber 220 and at
| east one of the retainer 218 and the contact spri ) %88431The VTR
measur ed awhigh® iofperviduayevanst trarEissions bg Vd & rish éhf‘gb‘ﬁ faf PEsyre
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t he exposed a ) 0 pidiRicH SbraV IR
Lo llq_)[fecca]bog en Suc cﬁ é}%é?h ts‘%’:hgllsr \gtltlﬁf?‘&% dl\éﬁggd lﬂﬁ@)%hlm P e

218 and th ower w | predeterm ned rel ease
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i nvention. gr calculating the VTR are described in more detail below.
10044] The predetermined release pressure, or the pressure at which the pressure release vent

member 220 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 218
and the opening defined by the PTC device 226, whichever is smaller. The greater the
exposed area of the pressure release vent member 220 by the retainer 218 and the PTC device
996, the lower will be the predetermined release pressure due to the greater collective force

exerted by the internal gases of the electrochemical battery cell 200. Consequently,
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100451Dependi ng upon the exposed area of the vent nmenmber 220 relative to

t he openi ng defined by retainer 218, the thickness of the pressure rel ease
vent menber 220 can be | ess than about 0.254 nm (0.010 inch), and in sone
enbodi ments can range from about 0.0254 mm (0.001 inch) to about 0.127 nm
(0.005 inch), and in yet other enbodi nents the thickness can range from
about 0.0254 mm (0.001 inch) to about 0.05 mm (0.002 inch). The conposition
and thickness of the pressure rel ease vent nenber 220 can be determ ned by
those of ordinary skill in the art, in view of the vapor transm ssion rate
(VTR) and predeterm ned rel ease pressure requirenments. 100461The pressure
rel ease vent nenber can include at | east one | ayer of a conposition
containing nmetal, polymer, and m xtures thereof. A suitable three-Iayer
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100491Not ably, the VIR may be cal cul ated at any tenperature according to

t he nmet hod above. Preferably, the selected tenperature wll optim ze the
accuracy and reliability of the VIR cal culation without significantly

bi asi ng or negatively inpacting the materials utilized in the cell and/or
in the test nethod. (00501The el ectrochem cal battery cells 200 can be
assenbl ed by any suitable process. For exanple, the el ectrochem cal battery
cell 200 of FIG 2 can be made by inserting the el ectrode assenbly 208 and
the insulator 238 into the cell container 204 and then di spensing
electrolyte into the contai ner 204. The gasket 224, the contact spring 222,
the retainer 218, the pressure rel ease vent nenber 220, and, optionally,

t he PTC device 226 are then placed in the open end of the gon@gbger12tﬁ.
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into the container 204. The gasket 224, the contact spring 222, the retainer 218, the pressure
release vent member 220, and, optionally, the PTC device 226 are then placed in the open end
of the container 204. The container 204 is supported at the bead 207 while the collector
assembly 206 including gasket 224 anci positive contact terminal 216 are pushed downward
against the seating portion 240 of the bead 207 and the crimped top edge 228 of the container

204 is bent inward so that the crimped top edge of container 204 is mechanicaily compressed
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100531A sim | ar subassenbly can be fornmed for use in el ectrochem cal
battery cell 400 (FIG 4). Were the contact springs 322 and 422 include
fol ded edges 332 and 432, respectively, the peripheral flanges of the
contact springs 322 and 422 are shaped to formone of nmany possible
geonetries, such as an annulus or polygon, with one of many possible
profiles, such as a V-groove or fol ded edge, before the contact springs are
used to formthe subassenblies. Notably, throughout Figures 2-4, care has
been taken to utilize the last two digits of the Page 17 reference
nunerals so as to have these figures correspond to one another (whereas the
first digit of the reference nunerals for Figures 2-4 corresponds to the
figure nunber itself). 100541The vent nenber 220 nust provide a conplete
vapor barr ek 26l 054 ¥P8ImyIetk @RsRal0fRaIHel op2d 2nd Jighe heusingt ey spivde vent

w [l be mechani cally conpressed, it is.i t he a¥smhingaber 220
be sized setRgmaybepsgivse ﬁ%ﬁﬁﬁ%ﬂ“"ﬁ*ﬁ‘%%g% rfl g%/lv]sidebg%)ulfgh exce.s"s1 éogarface to

al | ow for gaaginsemlivyrivipiny, sweinm ot sdowine Vis & agfldt Reothen PREPHRC 58RI y
206. However, -t %F%ané‘e%éj{ e%riilb%?o IS dURshd}R ©F UBnt Whdntbet 820 Alows@brded, as
n

such wri nkiAS$Xg ow I'or unwant éd | eakage of electrolyte out of
the cell. ROpEITNEchanivel stengthiehtththaradiel a8 sxRhY e} 9% or di ngly. "I n one

enbodi t part il:ﬁé” Al atiSEL65hi ke, G¥ bidadid Gilascaint mesben@20ican Be bpnded tot he

vent er 620 has an essentially round or disc-sh | a
series of phaotetainsr aHsbBEE o arare s vaTah AgHefR s P&%H?’gg'ggl?l F%ﬁ’%}éaé?@ghdgrdgﬁéf t he

body 660. NotabiopiicichGebRhdHesidy ofSPanysosbimetor of theremetipyndAndesiribrle si ze

of the presSure relief channel, as.ingdi r a1t B aliRfy, a laminate

Al t er nat i vebess thTEessyp rejease Vorl MsEICeh %E’ggsg?sﬁg%}%!%gth%n as. the body
shape and yrekeer hbnGaﬁMomer@Sqodn¢u¢lmaﬁ¢a&@ﬁ%@ed?leﬁsmﬂﬁﬁé%béﬁ G Phe
can, while the overall . | b alen Goriar iaattRelcdnyainen 204
prot r usi onsbogg?ﬂﬁgrée rg{a(q’l%??reér]l’eon R’Eﬁ%‘g%ss\rég{ggﬁe t 1taroken #6‘ ne 864 (keeping
in mnd thablivhingtiergesist apardthe pentach sping#iddt At ?E 195VigT $70A 0N Reoet ri ¢
shape) . Proftusi 0nS 13k of8 fédpiacdiatle@pen aul dfalicsdnadirer A0 forsgalithe mass
producti on of vent menber 22

essent i al | yeleagipghemienl b&“%ﬁ@g%?{grﬁgﬁé%é’a&g gg%é%’g%m%!ﬁ{&ﬁgﬁ A ﬁg%g?ndﬁg y be
par ti cul ar | i geaehbbontdD ORMERRaRY R steinbd 318¢fy dnhef thelmethqsis describtdaheva 62
Wil b{%ﬂsaztl | east TiPeaerx.tarima)llele}/nch(l)ilm%gg otb eﬁlé:cg‘o%%icai battery cell 300 (FIG. 3) inciudes a
crimped retainer 318 that is formed by placing the pressure release vent member 320 onto the
retainer 318, placing the contact spring 322 onto the pressure release vent member 320, and
then bending the edge 319 of the retainer 318 so that it contacts the folded edge 332 of contact
spring 310 to form a subassembly. Given the protrusions (discussed below) on the vent .
member 220, the vent member 220 is mechanically compressed both axially and radially
between retainer 318 and spring 322. The pressure release vent member 320 can be
optionally bonded to the retainer 318 or to the contact spring 322 or both the retainer and the
contact spring.
{0053 A similar subassembiy can be formed for use in electrochemical battery celi 400 (FI1G.
4), Where the contact springs 322 and 422 include folded edges 332 and 432, respectively,
the peripheral flanges of the contact springs 322 and 422 are shaped to form one of many
possible geometries, such as an annulus or polygon, with one of many possible profiles, such
as a V-groove or folded edge, before the contact springs are used to form the subassemblies.

Notably, throughout Figures 2-4, care has been taken to utilize the last two digits of the
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conpressively held between the gasket and the collector assenbly. Mre
specifically, the protrusions 662 can be crinped or otherw se conpressed
bet ween: the spring 122 and the retainer 118 (as shown in Fig. 2); the
spring peripheral folded edge 332 and the retainer 318 (as shown in Fig. 3)
and the spring peripheral folded edge 432 and the retainer 418 (as shown in
Fig. 4). In each instance, the crinp is acconplished w thout creating
wrinkles or folds in the vent nenber 620. Preferably, the crinp will result
in the vent nenber making contact with the spring in at |east two distinct
spatial planes and preferably in planes that are parallel to the radial and
axi al di nensions of the container, although other configurations are
possi bl e. Page 18 100571Retai ner 218, 318, 418 can be shape nner
header ri ngfeséeedumerafsisb ai tigliadethgse ﬁﬁpfé‘mﬂé'iesmdd‘é?mrqnﬁ@e'bw FF@S 3‘53“!{5 nd of
cell 200, g gQ of ﬂ':g%feémﬁ{m&y R ¥'1gu'i‘é}£2a’¥ @@x{‘esgérﬁls té”t'hg ﬁgﬂé&uﬁﬂﬂr m&;;haped

like a cl oS aperture forned In et}ag tom so ”ege%e | ow
gas twessl ow t heTl@thbmgmberﬂﬁO elsHEPvids acgmplete "laﬁ%r A PHEY 88 Erates with
the vent nyERel 2807 BR KRAE MEk vefit WA 58 rﬁedh@hrbaim @aprasadhit dimrortantdhet e t ed

toth d of th |1 [
| nsi de. ¢ hevars pimber 220 ProERar 1ot § e Siente 27 S leb s R FAREBEREEE O U

to furtheragsh &ncgeod BRlicHWHK erparecdroprisisg te cbikmioc aﬁswbiy éleH WEYE> {8 nt
menber within t ect Qr. r L2000 cieMlovwRsFber
620 have avﬁgﬁﬁqg’& g% hlist not t%%&ﬁé*%%k\e&%?ﬁﬁ%éﬁ QL SIS vARR eS8 0RR ¢ o

T el r outernost edge. This shape
may be theusumﬂedbakagaeﬁelemmwa?lﬂmﬁilr usion (as shown in Fig. 6), or the

protr 3%5? ns nayTnl?sV&e%ﬁtfrﬁédlﬁbgnﬁ:@%esﬁape%lﬂcétﬁbinglys hﬁmmmimﬁe phivularde not
limt o the tri angu aés&or saw t got ﬂ%ov%llgfm ?’:ﬁgﬁh Sawpi? mEhéJorG a

concave papuitsslfar cylindrgel estls shgvyhig e squar e,
pent agonal d;seisﬁa d bbio} 640l Mth & efies bagnetrofionsts?2 forated lal_nnems: qingym qmawi a

(r;]?nsﬁ;;)gg l %g"‘lg}?@éﬁ%‘g{’@y 88 gﬁg\é A cltrcgqm%r 840ss s(30Y tooctonggb%ﬂﬁ vaith RO sat i on

e ven nmenber oes not becone
wri nkl ed due prgsstileaelics shanbbly agindicased by bOBEOHMHES4 ddremnativedesigns 597 vepe

protrusions qu &b ég&,b@& g@roqhagmte%h?@hdﬁ@ %ﬁ@&@ﬁé}dﬁﬂweheagégpoﬁd totthe axn al

sidewal | s &1°% header ring xl,b &
cup/ header shamg:fwheldpehalvfeofdh%‘raae\ﬂh'llq thmob’?faﬁﬁmﬂ? ?f‘h%‘é‘?“éﬁ’F h céga

protrusion fiddica! dhpdrYRRNE tdBrokarnineioss (Gegink on mmmtmce
that is mé?éérg?%éng%&ﬁ%e 1h Ief p axi al hel%t of this si d wal.l . eAs used

her ei n, t hdemeshape F&!?E’I”“P@?'ﬁﬁaﬁyf’tﬁe{ﬂé SEPPSHEF P ABBac A S) %he fmmm”‘
wi dth) of veptedTBWhRREerARAuring e eass padxduaich of eéemsentber 22i1esng1baets|pmtrlpioaﬁe

arallel to the thickness, gf ven r S
1I‘O or the prdYheReEHE ﬂ%FSS?'ﬁ@HQ?éﬁaren%rr?b exa%{}rnglz%g 8?\-@&5&3 &%E m@%ﬁ,}ﬁ{b Ay 28

particularly useful.
[0056} During assembly of the cell, protrusions 662 will be at least partially folded back and

compressively held between the gasket and the collector assembly. More specifically, the
protrusions 662 can be crimped or otherwise compressed between: the spring 122 and the
retainer 18 (as shown in Fig. 2); the spring peripheral folded edge 332 and the retainer 318
(as shown in Fig. 3) and the spring peripheral folded edge 432 and the retainer 418 (as shown
in Fig. 4). In each instance, the crimp is accomplished without creating wrinkles or folds in
the vent member 620. Preferably, the crimp will result in the vent member making contact
with the spring in at least two distinct spatial planes and preferably in planes that are parallel

to the radial and axial dimensions of the container, although other configurations are possible.
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above, a key feature of the vent is its ability to avoid winkles or folds
during the closure process. Essentially, this neans that the protrusions
are spaced al ong the periphery of the vent nenber so that none of the
protrusions overlap or cone into physical contact when the protrusions are
at least partially fol ded back towards a common center point on the vent.
100611The col | ector assenbly 206 shown in FIG 2 consunes |ess vertical

hei ght, or shoul der height, than the collector assenbly 106 of the prior
art of FIG 1, thereby allowing for greater Page 19 volune in the top
portion of the container 204 in electrochem cal battery cell 200 to
accommodate active electrode materials. The pressure rel ease vent nenber
220 (FIG 2), being substantially flat, consunes |ess vertical ace than
the cghdn cover ﬁé{éhné}men:gsyerstcawbbbhabsd)as(ﬁralerjn)eademnwliﬂ@stelfﬁ msl‘ﬁpﬁé’ fepp

ortonofaconet 2 o 18 bAst £ |
D00 has o eteieaF Hresoie ore: S sl et 3 3687 A?f&)‘%%‘r%mgmsereg: The.

top porti ogandfe sﬁd}aeﬂllike alcldsiie wnp, FaSanaipeture Suefircthe bofm ?%asafﬂ R &1 8

oo Tt 5% AR FRSH gL AR Rl e indoke about

Gegs. such grea e in hea qgg E l gr hei ght
al | ows f or sprimgdo &MM@@W’C@WW‘SMW‘@ ioBF" 18 B FESPFRE™T 1 t he
cell, ther %&ﬁlj AR QR REIY inSiBe efr&ambﬁbnaﬂﬁbﬁ ér®oth sides oﬁtbﬂelsmmaaasl%hﬂbl y

206 (FIG as fewer parts than th et o i ¢
Che U1, e cmenciptapa vip e baTos R BRI LRV )

and manuf agfeWbllfgor dsfepit#Ry reduci ng costs 100621As used throughout this

Spect g 0 BlogBRghd Gl unde { Qéngtther r et ai ner
and spt®Hg is r FogrpisIgns %3 on veat i rﬁ%eggggrm &elﬁﬁed:%hwéh%b ngtt r

cal |l ector asgpén? %’h
header assentahyost Bdget Mbismbeaes, maydret the sp b%ﬁchﬁﬂ“s‘ Y PROUSIPR (RS 3PT mn%% not

necessari | §) ?ﬂtﬁ' ﬂ’r&rﬁs g{a?thh%lﬁ'énﬂgsﬁaﬁdcs Sﬁmﬁﬂz‘é @abessmmdtg:uoareabemhmd: al
cont act, th a sinple

nterior retainer 3:9 sone ot h %ﬁ%gl
part (e.g. to theariapgar ﬁia%?wb"é‘ﬁhﬁﬁlﬁg%atf"é‘raﬁﬁ]i‘qvﬂh‘“ g h%“??é‘%cfep ass
W thout de abbid Dy b hRIm-basd Wl&élﬁ'(@%@sq@fe, bémsgomivmv i BntablactosieHpa gf S’"e this

el enent ma e referred to generical | t n
00Ga Nl eosralruston ey CHPATL B Hererr e P aroge PR bmiG 838 Aﬁ%ff’haﬂe -

el ectrol yt @ohibiralién of shapes is acceptable so long as the vent member 620 does not become
wrinkled during the assembly process.

(0059) The radial length of the protrusions may be sized according to the corresponding
length of the axial sidewalls of the closure cup or inner header ring. ldeally, the closure
cup/header ring will have a sidewall with an axial height, whereas the protrusion 662 will
extend radially beyond broken line 664 for a distance that is most preferably one half the axial
height of this sidewall. As used herein, the term “radial” refers to the primary spatial plane
(i.e., the width) of vent member 620, whereas “axial” refers to the spatial plane parallel to the
thickness of vent member 620.

. {0060] Other configurations for the protrusions of the vent member are possible. As noted
above, a key feature of the vent is its ability to avoid wrinkles or folds during the closure
process. Essentially, this means that the protrusions are spaced along the periphery of the
vent member so that none of the protrusions overlap or come into physical contact when the
protrusions are at least partially folded back towards a common center point on the vent.

|0061] The collector assembly 206 shown in FIG. 2 consumes less vertical height, or shoulder

height, than the collector assembly 106 of the prior art of FIG. 1, thereby allowing for greater
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enbodi nents of the present invention, including but not limted to the
exanpl e enbodi nents descri bed above, include any of the foll ow ng:
100641The anode in a lithiumel ectrochem cal battery cell contains lithium
metal, often in the formof a sheet or foil. The conposition of the lithium
can vary, though the purity is always high. The lithiumcould be alloyed
with other nmetals such as alum num to provide the desired cell electrica
performance. The anode for a lithiumion cell includes one or nore
lithiumintercal able materials. By intercalable nmaterials it is neant that
the material is capable of insertion and de-insertion of lithiumions into
their crystalline structure. Exanples of suitable materials include, but
are not limted to, carbons such as graphitic, nesophase and/or anorphic
carbons; t {anfiklin M8 wRioationoodl thkesonsainsh 264 inrrileskeshemiesh nttery iel! #A%1Ganese; Page

20 transition tal sul fi f or. eX has e Vent rh&@hber 720 yHIGERIM
copper andaT‘i"frﬁ‘ﬂ(ﬁﬁW}“‘é"ﬁf I%qn%§%wgﬁéa]§e?a tg%(siu;ge, to p e ¥

) or exam:ilgI those .. .u
cont ai ni ngbsink sahsmetiallydlaticonsumes dess wertied! seace thap thegel &pysrI 14 hayips ¥ e
! ﬁ.” al's }l?@éﬂa 7). fAQrdved, fHeQop B&i&?éﬁﬁ@dv@iﬁapaeAﬂaaﬁﬁﬁmlxmmode for a
i thiumce ontalns one or nore acgtive m { cul ate
form Any slecredhemicabhatior HlfBhes ?T%‘PB‘FF‘&F‘%’E@ %%a‘ﬁjﬁgg?dwa?\% QQ%E%E?’ude for
exanpl e FeS$perdi3 topfortich sk A LBe litium/aeSadietrbdremacall Rohinam sxampleel |
cont ai ns one_or, nor '

) e lithiumintercal at | & D i &8 (o.
material s, eB®agimept fsheRIPIePEIVEITen 8 %avg%fgér%{!éé?gfg@lu%ﬁe&g%? a@oxi, ; é{,}s such
as vanadi unncdr lessn Gatiemdedrédsé irceaderassamblyt Hedght alaves foww&e‘é?cnpe}?eﬂg%iwm e,

ni ckel , cobal.t and.nanga o oY Einvi@IifE OIn faivp) thet hose of
i ron, nol yﬁﬁéé%eu"rhgeréaggopgeﬁgg%%dt"{l %htgﬁlaﬁ?nﬁ&%%%?hvﬁw ted car bt()):ln h@fjaal % the
choi ce of  catlénatassertbly 208 (FiF12) hpnfeaerparts dhan RecodectBh2FHE 839‘? '

el ectrol yt gy @@&r@mi Ao biiSwOfor RAMEH Sk arDRGXGIiihiih hdsymblydind wenafabturing, |
performance, such that the header assenbly nust be specifically engineered

to the mat h¢ralhsredwdingcqo8: 100661Sui t abl e separator materials are

i on- pepsrepbl € angd wbeidughalthis nmificet, it shaukd bEaivrskand tht the gombiaton of

separators incl ude M o 0Bl QUSRI PRANGR MBS bIcOMRABH Sichib Porstifchacts
assembly. Furthermore, certain embodiments of the invention may not necessarily require
integration or use of an actual spring or electrical contact, so that a simple interior retainer
ring c;r some other integral part (€.g., the PTC) may be used in formation of the header
assembly without departing from the principles of this invention; accordingty, this element
may be referred to generically as a contact mechanism.

10063] Materials that can be used for the electrode assembly and the electrolyte in the
embodiments of the present invention, including but not limited to the example embodiments
described above, include any of the following:

[0064] The anode in a lithium electrochemical battery cell contains lithium metal, often in the
form of a sheet or foil, The composition of the lithium can vary, though the purity is always
high. The lithium could be alloyed with other metals such as aluminum, to provide the
desired cell electrical performance. The anode for a lithium ion cell includes one or more
lithium-intercalable materials. By intercalable materials it is meant that the material is
capable of insertion and de-insertion of lithium ions into their crystalline structure. Examples
of suitable materials include, but are not limited to, carbons such as graphitic, mesophase

and/or amorphic carbons; transition metal oxides such as nickel, cobalt and manganese;
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pol ypr opyl ene, polyethylene and ultra high nol ecul ar wei ght pol yethyl ene. A
suitabl e separator material for Li/FeS2 cells is avail able as CELGARD(r)
2400 m croporous pol ypropyl ene nenbrane from Celgard Inc., of Charlotte,
North Carolina, \uSA, and Setella F20DH m croporous pol yet hyl ene nenbrane
avai | abl e from Exxon Mobil Chem cal Conpany of Mcedonia, New York, USA. A
| ayer of a solid electrolyte or a polyner electrolyte can also be used as a
separator. 100671El ectrolytes for lithiumand lithiumion cells are

non- aqueous el ectrol ytes and contain water only in very small quantities,
for exanple, |less than about 500 parts per mllion by weight, as a

contam nant. Suitable non-aqueous el ectrolytes contain one or nore

el ectrolyte salts dissolved in an organic solvent. Any suitable salt nay be
used depengikion Ianguh SulBd&fr akdnilativsd of &ob,invdyiten, apprergAd itRmy 889 r e

cel |l perfornmance. les_inclu t RS pefefills afet e,

l'i t hi um he3arPiRis g;gﬁlﬁ‘tfgr X5 gagtg?gi?m hgﬂ}a ﬁgaroggﬁ%ds%ige i thium
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(Dl OX) teteB%ﬂé’QEcP{o%@ﬁateﬁalm&Yéd tetrahydrofuran and
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ni ckel / met adepdiyr inderiall fhal iFes2 cllslisavailais as CEHEARDI® 240) ICEPR WSy e al kal i ne
el ectrol ytes w %pyl%%' Y 88 Q@tlﬂéséf‘ﬂ‘ﬂahmé Ot aralivej USA mpdrSescilde and

m xtures t 786 re?erred rrater|a1s IIe ly in
such cases Ié?:@@HIdmsmpptloumolb%blr‘?ﬁez‘éﬂ“‘?ran‘? ’h" ?@e gﬂ@ 2P c(heinq}l %E'I?&p

conpat i bi | 'éé’ gﬂ%&r%&dynm RewORsk USA. hdays odf soldwlarebbid arlapolyPer exanpl e,
use of nylo ets gl n plface of the materials nentioned above) woul d

yield suf fi Q!Pfém‘yfﬁ)éﬁmf ﬁ’é‘é“ 2532 SEBHBHat i on wi th aqueous el ectrol ytes.

Q her ntial slbedjtbitfor Dmamaid lithienaiop aelbrre ten-adveaws algetrplyisg aphoNRinar t |
] 896%?})05&3’*& S i o S0 e Tl QA3 118 Bk 85 IS0 Bibnd o RIGR ©F 2 i
changes andweigtli, ki & adritonisanta§uitedlpraacadneas Slfetrplyies PW‘B OBp e 1BPret e@“%’%ended
chaims. For exaiRliGed f?ila}\ oY eg}éﬁia sBNQmS RERshitsAd bdimdiase wies ﬁe’peb(ﬁdg pu ibwanodey

l'ithium and®*3TERTUM |nvent|on an als cel l
types. Al soanmthceielaﬁe'eemﬂﬁ@@isr%ﬁtt@ Qfé’é@‘r?eﬂ)‘éﬁ IBERNE g%'?qq? mc] deolitnﬁrn

pressure re k)leo%&a\f%ﬂ&m %@ﬁ&t@ﬁ&ﬂ&h %Eﬁﬂlu\dfdpho@hﬂe,ﬁidtasmenﬁ'@mfhmtoﬂhewti‘?a|
that is Congsh(itt"g he;a%ugrograsgna?e (lalthmm trifluoromethanesulfonate and lithium iodide. Suitable
organic solvents include one or more of the following: dimethyl carbonate; diethyl carbonate;

dipropy) carbonate; methylethyl carbonate; ethylene carbonate; propylene carbonate; 1,2-
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di scharge, the sane rel ease nechani smcoul d be enpl oyed at a negative cel
termnal. Therefore, the present enbodi nents are to be considered as
illustrative and not restrictive, and the invention is not to be limted to
the details given herein, but may be nodified, and is limted only by the
scope of the appended clainms. Page 22 CLAIMS What is clained is: 1. A vent
cl osure seal assenbly for an electrochem cal cell container, said assenbly
conprising: a closure cup having an aperture to allow el ectrochem cal
reaction gas to flow therethrough; a contact nenber having a defined

peri pheral shape; a rupturable vent fixed between the closure cup and
the contact nenber to selectively control the flow el ectrochem cal reaction
gas through the assenbly, said rupturable vent having a perighgrqé)shape
that, is nwitylehecasimmetead,3ttueylersfoarboniate dpgtisfenmate: epmpa-bypyrelpgons, iyt olgne:

memnber ; ceton"mf‘ef§isgbix%eih%/fiﬂ(a%ﬂlé}fﬁﬁhﬁﬁqefh&lf&hﬁnﬁumm ahbe. Thetalisndsojyent to a
cor r espondf5g Tirst di anet er of . t '

'"he defined peripheral .s nt act
menber  al opynkingtionshould prayidesmficignt gsgtelytic an e{e\%ﬁ@%@f’ dué’a‘s' c%ﬁ%ee}jplgnog?er of
t he rupt ur gRlig3eaBiuilemedf:RREEhe Hied fnperanes pogdi Whes ebondradisathittB? of the
defined peripheral shape of the cantact ne - e pamRrP! anar
axi's; solyigi they R S‘ﬁ"f"‘?{ly E’ﬁ’ﬁ"‘gcé’élg"n&o%dg&n’rs%ﬂg Lﬁﬁ%?\_‘é‘?y’ gg‘gd;@ﬁlnt?@ Psect at a
center poi QiscidhrgeSrrbaiteand highmoedischargs performanghePuitapletetiers iapids, Sutrse

rectangul ar jn e and I ity r | DMsthakwtHanéegr at ed
g ‘leB'?%ﬁ N a&ﬁ% 1c0e$h‘{%ﬂwcﬁ ajab E,grdghftm»@@ﬁmné)(mﬁ}ial SthekytH g

al ong a peff eru e vent. 2. An assenhl cordi ng
to claiml digmethekyetylethsr;drighymsy totreghynodny disth e’é‘ﬁ%gl’céﬁtefafﬁfsl{;gl%seﬁg’ane si ze
and shape, 4he16l 858, GHBnjRShMHESRhS] deuRidrofiat hnd3-detliyieebxaeigironand
the planar protrusions extend radially beyond non-protruding portions of

t he rupt ur #b¢ Bixreses thegiof.a di stance of no nore than one-hal f of the defined
| engt hogfy t he SiAlBYER this idvenfion RIseRriite taoconrglicngs ¢els.oitler picftraghepichh t he

rupturable b\étef\grg' cclelfs ortll%r%'ne:/n\li EE 1iurr}1 z;[ng "?ith(ixlug ot &enk Hidy Y aﬁﬁfé&ﬁ@.i g@dmﬂmlﬁ?&ﬁi on.
both primary and rechargeable cells with aqueous electrolytes, such as zinc/MnQOs,
zinc/NiOOH, nickel/cadmium and nickel/metal hydride alkaline cells. These types of cells
can have alkaline electrolytes with solutes such as potassium hydroxide, sodium hydroxide

and mixtures thereof. The preferred materials for the collector assembly in such cases should

still be optimized to insure adequate chemical compatibility and to minimize costs in terms of
raw materials. For example, use of nylon gaskets (in place of the materials mentioned above)
would yield sufficient performance in combination with aqueous electrolytes. Other potential
substitutions will be apparent to those skilled in the art.

16069 Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. For example, although the specification
has described primarily lithium and lithium ion cells, the invention can also apply to other cell
types. Also, while the embodiments described above have illustrated a pressure release vent
member associated with a positive contact terminal that is connected to a cathode on
discharge, the same release mechanism couid be employed at a negative cell terminal.
Therefore, the present embodiments are to be considered as illustrative and not restrictive, and
the invention is not to be limited to the details given herein, but may be modified, and is

limited only by the scope of the appended claims.
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Page 23 4. An assenbly according to claim3 wherein the nechani cal
conpression conprises a peripheral crinp causing the rupturable vent to
create a sealed contact with the contact nenber in at |east two separate
spatial planes. 5. An assenbly according to claiml wherein the rupturable
vent is adhesively held within the closure cup. 6. An assenbly according
to claim5 wherein the rupturable vent is also held within the closure cup
by nechani cal conpression. 7. An assenbly according to claim®6 wherein the
mechani cal conpression conprises a pésilpteral crinp causing the rupturable
vent to create a sealed contact with the contact nenber in at |east two
spatial planes. 8. An assenbly according to claim1l wherein the rupturable
vent i s aWhatismdtmed iscl uding a netal foil, an adhesive and pol yneric
material. 9. An assenbly according to claim8 wherein the |ayers are
arranged so that the polyneric material is proximate to the contact nenber

and the metabeft@tdsulescdlispaagdrdeh erRefodhbRiRPENINBRA hBERIAs@mpnd t he
adhesive. 10, _An assenbly according to claim1 wherein the rupturable vent

conpri sesCHMRIHIHGmelosye Cuphayag anprejiuge gHey sFctrechemasahrercigiesasih t he
rupt urabl g,y enkcGRNPE Ses an adhesive. 12. An assenbly according to claim
1 wherein the rupturable vent conprises a polyner. 13. An assenbly
accordi ng to c# eintact nfembehlavimonefinsd neripeegdsiept; positi oned proximate to
the contact rreaml%{m'able vent fixed between the closure cup and the contact member (o
selectively control the flow electrochemical reaction gas through the assembly, said
rupturable vent having a peripheral shape that, is not the same as the defined peripheral
shape of the contact member;

wherein a first diameter of the rupturable vent is equal to a corresponding first
diameter of the defined peripheral shape of the contact member along a first common
planar axis;

wherein a second diameter of the rupturable vent is greater than a corresponding
second diameter of the defined peripheral shape of the contact member along a second
common planar axis;

wherein the first and second comnion planar axes intersect at a center point of
said contact member; and

wherein the vent is not rectangular in shape and a plurality of planar protrusions

are integrated along a peripheral edge of the rupturable vent.

2. An assembly according to claim 1 wherein the planar protrusions have substantially the
same size and shape, the closure cup includes a sidewall with a defined length and the
planar protrusions extend radially beyond non-protruding portions of the rupturable vent

for a distance of no more than one-half of the defined length of the sidewall.

3. An assembly according to claim I wherein the rupturable vent is held within the

closure cup by mechanical compression.
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4. An assembly according to claim 3 wherein the mechanical compression comprises a
peripheral crimp causing the rupturable vent to create a sealed contact with the contact

member in at least two separate spatial planes,

5. An assembly according to claim 1 wherein the rupturable vent is adhesively held

within the closure cup.

6. An assembly according to claim 5 wherein the rupturable vent is also held within the

closure cup by mechanical compression.
7. An assembly according to claim 6 wherein the mechanical compression comprises a
peripheral crimp causing the rupturable vent to create a sealed contact with the contact

member in at least two spatial planes.

8. An assembly according to claim 1 wherein the rupturable vent is a laminate including a

metal foil, an adhesive and polymeric material.

9. An assembly according to claim 8 wherein the layers are arranged so that the
polymeric material is proximate to the contact member and the metal foil is disposed
between the polymeric material and the adhesive.

10. An assembly according to claim 1 wherein the rupturable vent comprises aluminum.
11. An assembly according to claim 1 wherein the rupturable vent comprises an adhesive.

12. An assembly according to claim 1 wherein the rupturable vent comprises a polymer.

13. An assembly according to claim I further comprising a gasket positioned proximate

to the contact member.
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