VAPOR TRANSM SSI ON RESI STANT SEAL MEMBERS FOR NONAQUEQUS ELECTROCHEM CAL
CELLS FI ELD OF THE I NVENTI ON [ 0001] The present invention relates to an
i nproved seal nenber having a thernoplastic body for an el ectrochemn cal
cell containing a nonagueous organic solvent electrolyte. In particular,
the seal nenber is preferably one or nore of (a) a seal |ocated between a
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types of MEBRAHGAMSIcHBy).S, containing other materials that are highly
reactive with water, are known. [0003]Batteries containing nonaqueous cells

are becom ng i ncreasi ngl B £ or el ectronic devices.
Though they are often m#‘é@g‘g*{f’yﬁngMS cell s, nonagqueous
cells ca e advant ages because of the natures of materials used.
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generally performed in a dry box or a dry room. These measures are necessary because of

the high reactivity of one or more of the cell ingredients with water. Organic solvents or
solutions are often used as electrolytes in nonaqueous cells. Examples of nonaqueous
cells that contain such organic solvents include lithium and lithium ion cells, although
other types of nonaqueous cells, containing other materials that are highly reactive with

water, are known.

[0003] Batteries containing nonaqueous cells are becoming increasingly popular as
power sources for electronic devices. Though they are often more costly than common
aqueous cells, nonaqueous cells can have many advantages because of the natures of
materials used. These advantages include high energy density, high capacity at low
temperatures, low weight and excellent shelf life over a broad range of temperatures.
Many nonaqueous cells also have high electrode interfacial surface area designs that make
them especially well suited for high power (including high current and low resistance)
discharge, and the general trend in power requirements for electronic devices has been

toward higher and higher power. Some of the types of devices for which high capacity on



hi gh power discharge is particularly inportant include photoflash devices
(flash units and caneras with internal flash capability), digital stil
canmeras, video caneras, personal digital assistant devices and portable
conputers. [0004] The el ectrol ytes conprising organic solvents or solutions
utilized in nonaqueous cells in sone enbodi nents have relatively | ow
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[0006] Other means can be used to seal the cells. Because of the relatively low cost
and ease of manufacture, it can be desirable to use thermoplastic seal members between
rigid housing components. For example, a thermoplastic gasket or grommet can be
compressed between the inside top edge of the cell container (e.g., a steel can) and the

periphery of the cell cover closing the open top of the can, forming a seal to keep the

electrolyte within the cell housing and to keep water out.

[0007] A thermoplastic seal member can also be used to seal an aperture in the cell
housing. For example, the thermoplastic seal member may be in the form of a plug
sealing a small hole in the cell cover. Electrolyte may be dispensed into the cell after the
cover has been assembled to the can. In another example, the plug may be a rigid
material, such as a glass or metal ball, with a thermoplastic seal member in the form of a

bushing between the inner surface of the aperture and the ball. In these examples, the



t hermopl astic plug or the ball and bushing may al so function as a pressure

relief vent for the cell. [0008]Cylindrical lithiumcell designs have been

used for Li/FeS2 and other lithium cell types that include two

t her nopl astic seal nenbers--a gasket sealing a cover in the open end of the
can and a bushing sealing an aperture in the cell cover. Both thernoplastic
seal nenb rs provide a conpressive seal. Since the can and cover are
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[0009] Thermoplastic seal members are also used in other types of cells, including
aqueous electrolyte cells such as common consumer type aqueous zinc-manganese dioxide

(Zn/MnQy), nickel-cadmium (Ni/Cd) and nickel-metal hydride (NiMH) cells.

[0010] For any cell type, the seal member material and design must be such that a
suitable seal is maintained for an acceptable period of time and under the temperature
conditions that the cell is expected to withstand during transportation, storage and use.
Common characteristics of a good seal member include stability of the material in the
internal cell and external environments, impermeability to the liquids and gases that are to
be sealed within or outside the cell, and the formation and maintenance of a complete seal

path (i.e., with no voids or gaps) at each seal interface.

[0011] For thermoplastic seal members which form a compressive seal, the seal
member must be sufficiently compressed to achieve a good seal, and sufficient

compression must be maintained for the desired time. Thermoplastic materials under
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conpressi on nust be maintained for the desired tinme. Thernoplastic

mat eri al s under conpressive stress tend to nove to relieve that stress.
This is referred to as stress relaxation or cold flow of the material .
Thernopl astic materials tend to stress relax nore at higher tenperatures,
thereby reducing the tinme that sufficient conpression can be maintai ned.
Tenperature al so affects the conpression of thernoplastic seal nenbers in
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The greater the ratio of the effective area of the seal member exposed to the internal

volume of the cell, the more important the electrolyte solvent and water transmission rates.

[0013] Polypropylene is commonly used as a material for lithium cell (e.g., Li/MnO,
and Li/FeS;) gasket seal members. Gaskets have been made with other thermoplastic
materials for the purpose of improving the ability of the cell to withstand high

temperatures than with polypropylene.

[0014] U.S. Patent No. 4,282,293 discloses a seal for alkaline cells comprising a
gasket having a coated layer of a polyamide, an epoxy resin, asphalt or a cured epoxy-
polyamide resin and a film of a substituted organosilane disposed and compressed
between the interface of the cell's cover and the coated gasket of the cell thereby

reportedly providing a fluid-tight seal therebetween.



[ 0015] Rei ssued U.S. Patent No. RE 35, 746 di scl oses a battery package for a
thin battery including a flexible base filmthat covers and encl oses the
battery and a flexible layer of an inorganic material such as silicon
nitride, alum numnitride or alum num oxi de deposited on the base filmto
reportedly encapsul ate and seal the battery. The base filmis fornmed of a
fl exible r jaterial such as polyester that nay be attached to the
battery ugﬁ*érg I]i@éftsueélc_ﬁisvgla@_at g&h%@} %%746T%°1P§§é‘rb%‘fer)f pekgemier athierial is
deposi t edb@tery BR1UdAREa fibdiBleWabd fifh Bifht BovePVadERESsAL tHE %a%%{? A8 QO@B&MQ”

process either before or after the base filmis attached to the battery.
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[0018] Japanese Publication No. 58-087755 relates to reportedly preventing electrolyte
moving up to the outer surface of the battery through the surface of a negative can due to
electric capillarity, by the sealing effect of a magnetic field, with the entire contact
surfaces of an insulating gasket, a positive can and the negative can, without using any
permanent magnetic ring. The magnetic fluid used in the example is a colloidal solution
prepared by dispersing magnetite particles which have diameters of 100-200 Angstrom
and are coated with oleic acid in carbon fluoride solvent by use of a nonionic surfactant;
here, an electrolyte-resistant solvent is selectively used. Since the insulating gasket also
serves as a magnet, the thin layer of the magnetic fluid reportedly intensely adheres to the
surface of the gasket due to its magnetic force, which prevents any fluid from flowing out
of the battery. Thus, a liquid sealing between the positive cap and the negative can is

reportedly enabled.



oxi de, such as alum na or chromate, forned on the surface, which is to be
in contact with a gasket of an anode can by vapor deposition or chem cal
treatment process. Silicon dioxide particles having a particle size of
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resin fil34%n “ag‘b‘gsﬁeflf’\}é’eél &Yt ¢lEEHEOdReIRHP is dawTtethiip @fdipdiingbran B hetl c
pol ynmer neigh the fooltém h@ﬁﬂgﬁ's?ﬂa!ré’ crdssARENoA, BY Eleétl'(ﬁ?g ® n%)(fu'ré(fna géﬁln ?)ﬁ?{mndEd as

a synthetic polyner resin By using t ang
envi r onmengagket §& ﬁfdpla@r?PP@ng epbef eicyn @dwmawednb@n@wmﬂkhé the paskets

qui ckly %GQﬁ@&%ﬁgg Pﬁp RNl ftg%ége%%e%ee%ngé r% engt'ie l !:rhda%/ngio l qiec 15“8‘#)?%' ¢ seal

menbers, such as po ropyl e seal solve &apor
t r ansmi ssipering anéss, seiled tpifoll ewadked patucThe letnhﬂatédibed}ofs eﬁ‘faag‘ﬁr@cﬁé?d on of

el ectroly I S ough t IS al | eater at

hi gher te%’rgeertfa g lekgda)%% \/\ﬁti p’ﬁ Fr%tng p@%ﬁ’ Zﬁqa]:agnweé@?ﬂ% 155&“8%‘[1 }%/ﬂtg’[‘?ter@l atively
| ow boi | inedt thefifh, SandTliEeIaﬁﬁIQtIt@I body isnRkddkole pREbK 8% ErohPthB dYéhiRdlend of

el ectrochen c bat cel vm th inproved seal characteristics, especially
wherein &%Fp‘é’f&l"fl iBHPBEE- el ect r ol yte through one or nore seal menbers
i s reduced. 50023] Any reference herein to known prior art does not, unless
t he cont {¥2}]i ndireagesedublication No. 2002-198019 relates to a small-sized lithium cell with

reportedly high accuracy, excellent air tightness, and good workability at manufacture,
without slippage of a gasket when mounting is obtained by laminating and integrally
molding a gasket made of a synthetic polymer resin film and a positive electrode metal
case. A biodegradable synthetic polymer resin film, especially a polyvinyl alcohol film, is
recommended as a synthetic polymer resin film. By using this film, the danger of
environmental pollution is reportedly eliminated because the film is quickly decomposed

when discarded as a used cell.

[0022] Thermoplastic seal members, such as polypropylene seal members can have

high solvent vapor transmission rates. The problem of reducing the rate of transmission of



appears, constitute an adm ssion that such prior art is conmmonly known by
those skilled in the art to which the invention relates, at the priority
date of this application. SUVWARY OF THE | NVENTI ON [ 0024] The present

i nvention provides an el ectrochem cal cell, conprising: a netal,
cylindrical container having a closed bottomend, a sidewall and an open
end; a celf cqver disposed in the open end of the container; a positive

el ect r ode® e NEGaVIPPE Y| &2% rﬂHBEg}bé}Fﬁ)rsP@l A§MDbER H (eperally egseatert ok haghsposed
bet ween t henRAwirkd %R1 FF iROIbIME &ta@ﬁé gcﬁé&e with RARAINERNS bé&ilif RE LRI @

conpri si n% an organi c solvent; and a seal menber gasket, dispo et ween
t he cont ai h@?foéﬂaéi woulsbbe desinatié totHtaae eleblbctmh@mcaldmﬁwlcsﬂ Mghamptwedrmal astic
resin body, t ating conprises
1 cast BRI AT RGBS MBS, drdRespihl e R B R Ty

i nsul at i nsgal mpobgamreduraderial, and ii) a nmetalized layer that is

non- perneable to the el ectrol yte wherein the surface coating is applied to

at | east moe3f e réfelch@MeRdn td Rnod pridh et 84 HoR&R1eSd tht BEntBdp kklcatiiat s in
conmmuni cation with_a reaction chanber defined by the contai ner and the cell

cover and®RPEHE-HORTLHEfe anadpissipp fhpbsush peipr &7tiis commenfdgemingy theseskilledén t he
separ at or thgif 1§ WRicBHRGhVki¥h Folatéd) tlr}%?én&ﬂ Qbtb %f ﬁé"e&%ﬁ&ﬁmﬁhat Is not in
ro10025] The

conmmuni cation with the reactl on c ositive el ectrode can
be coated onto a current i ectrode consi sting
essentially of lithiumor rﬁ)glﬁwﬁgﬁgwﬁgﬁ)om tive el ectrode, the
negati ve b tro and the se arator conprise a.s |raIIy wound el ectrode
assenbl y @ose GPEERTT, 1R YFBUXNY Rfoxidgs an e%@%‘]e‘ﬂ‘fé‘ selbropwrisigg: ¢ mgtdlan be a
met al i zedcyliayedal coMiBh&inavinb @ cRRad béfﬁﬁp@rtd held@wa@%@&h B REY, téteco%ﬁt ai ner

and an |nt ernal seal plate of the cell cover; and wherein (1) t
met al | i zeHsAossrein er onsBecndoalt thqgcqnéalrmr,eg cnoBitiye electode c aegafive nb:ctrode

ther oDl agifishE3AROG einly BYRS0H bARCLOuE YR ANCH I ARS! LNRdLaeat o at

an upper and | ower 1 nner anet portion resin body

for pr evemlaqvgoeh Qi@@plmmnmglgtwtm‘m stohent ewhd sdahmemberdgzasket aligpakeds eal

plate; (i @Feﬁe contt he a | i.zed [rl resent on the thernopl] astic
X

resin bo v extendrng EFro‘c"r?t & pytign 8fct 5 n‘f‘?é’ &PQR’&?E’F APFBRRIFUDIESR | ower

end of thxedy hevindpbagick codtidg] wn&eﬂynanﬁfau@mndg Yoraprag aclBast BAeEeld@ydt | on of
ic resin body and term nating at a |location bel ow an upper

t he ther st
end of t Egpni‘ ?h?e%roﬂi’ SPRssing GfqB ey gletdcally dpsulaging o osgapic maierale 204 i) 2

conduct i \ietfIRed l8Rr eat & REHIPAHRIAMIE td e TEBRoIRE, WA eifiGhd s&@ééercoa%{ i ' i )
wherein the nmetallized |ayer is present on an inner dianeter si eg

t he t her RBRliedsto] & leassjone bzfdye fellvingieribian inmeri susfageaot thy gasketi thet isaxyler | s
present QpmhyR ?t;térp%tﬁ’f rgmoﬁ%héhtge&eﬂnéaa fEheac%?ﬁl%pEn(ii %2 t'¥eer an

terrper ature coefficient evi ce and a cond Ive term na e celdl cover
t 0 pr evewentginmgahe ponitivectlecobde, llee mehavd ¢leaebde,aliesepaiatdr anb mepﬂ&itﬁoiy«e

tenperat yre ilfe(tjnec];ufte':rcstlr Qcte tﬁia \1Is| ot i Qo%trl]rgca %H%‘tﬁltthé’ reéact:t%rn c Qr% er?f the cell.
[0025] The positive electrode can be coated onto a current collector, the negative
electrode consisting essentially of lithium or a lithium alloy and the positive electrode, the

negative electrode and the separator comprise a spirally wound electrode assembly

disposed within the container.

[0026] The surface coating can be a metalized layer; wherein the seal member is
disposed between the container and an internal seal plate of the cell cover; and wherein (i)
the metallized layer surface coating is present on a surface of the thermoplastic resin body
with exception to two annular sections located at an upper and lower inner diameter

portion of the thermoplastic resin body for preventing direct shorting between the

7



[0027] The netal |lized layer, when present, can have a total thickness of 1
to 25 mcroneters and wherein the surface |layer of electrically insulating,
i norganic material, when present, has a total thickness of 5 to 30
m cronmeters. [0028] The netallized | ayer, when present, can have a total
thickness of 5 to 20 microneters and wherein the surface |ayer of
electrically insulating, inor gani c material, when present, has a total
t hi ckness °gfaing prgd mterplcseghplas (1) Moo thee mefadlized; layar| iy nressol anithg, _
i nor gani C (ERh&glhdk &R by SQAHIRE P8 %tbakgaisén AnPOsilh OB Q&e&z{ﬁeoﬁg]ﬁ)mpl astic
resin body. [0030] The el éctrical’ly insulating, Inorganic material can be
coat ed onew#l #f pibe t thenmaplasti eesih drodp pands tpwardlys hhngoqjyindeatr}omm»]?athﬁd to
t he el ect .t Qi tainer. [0031] The entire surface. of e
t her mopl ag@b}c{&? aesg:C tﬁ%@ﬁ{’/&f%ﬁd)gﬁ#ﬁ@@ %thae%s?%lhnac%o% $4¢4PRY. end of the inner

diameter sidewall so that no contact is made with a conductive portion of a conductive

terminal of the cell cover; or (iii) wherein the metallized layer is present on an inner
diameter sidewall of the thermoplastic resin body, and wherein an insulating coating layer
is present on a portion of the metallized layer adjacent a positive temperature coefficient
device and a conductive terminal of the cell cover to prevent direct contact of the

metallized layer with the positive temperature coefficient device and the conductive

terminal of the cell.

[0027] The metallized layer, when present, can have a total thickness of 1 to 25
micrometers and wherein the surface layer of electrically insulating, inorganic material,

when present, has a total thickness of 5 to 30 micrometers.

[0028] The metallized layer, when present, can have a total thickness of 5 to 20
micrometers and wherein the surface layer of electrically insulating, inorganic material,

when present, has a total thickness of 10 to 25 micrometers.

[0029] The electrically insulating, inorganic material can be coated on at least a

portion of the thermoplastic resin body.

[0030] The electrically insulating, inorganic material can be coated onto a portion of

the thermoplastic resin body that is exposed to the electrolyte within the container.

[0031] The entire surface of the thermoplastic resin body can include the surface

coating.

[0032] The seal member can be a vent bushing.

[0033] The entire surface of the vent bushing can include the metalized layer.
[0034] The electrolyte can comprise at least one ether compound.

[0035] The the ether compound can be one or more selected from the group consisting

of: 1,2-dimethoxyethane, 1,2-diethoxyethane, di(methoxyethyl) ether, triglyme,



[ 0032] The seal nenber can be a vent bushing. [0033] The entire surface of
the vent bushing can include the netalized | ayer. [0034] The el ectrolyte can
conprise at | east one ether conpound. [0035] The the ether conpound can be
one or nore selected fromthe group consisting of:1, 2-di net hoxyet hane,

1, 2-di et hoxyet hane, di (nethoxyethyl) ether, triglyme, tetraglynme, diethyl
et her, 1, 3-dioxol ane, tetra-hydrofuran, 2-methyl tetrahydrofuran and 3-

net hy 1- 2- BXagipme dlietbrether.ooBdloxplang drifathydeofeanct-medsl tefialtydrdfuran enddt r ode

and separg&m»bgggmgﬁd@o§piraIIy wound el ectrode assenbly. [0037] The
cont ai ner can be a cylindrical container, wherein the cell is a primary

cel | [0036] The positive electrode, negative electrode and separator can be a spirally

wound electrode assembly.

[0037] The container can be a cylindrical container, wherein the cell is a primary cell

and wherein the positive electrode comprises iron disulfide.

[0038] The thermoplastic resin of the thermoplastic resin body can be polyolefin,
polyphenylene sulfide, polyphthalamide, polyamide, fluoropolymer, or a combination

thereof.

[0039] The thermoplastic resin can be polypropylene, polyphenylene sulfide,
polyphthalamide, Nylon-6,6, or ethylene-tetrafluoroethylene copolymer.

[0040] The electrically insulating, inorganic material can be a metal oxide, a metalloid

oxide, a metal nitride, or a metalloid nitride, or a combination thereof.

[0041] The electrically insulating, inorganic material can be silicon oxide, silicon
dioxide, silicon nitride, aluminum oxide, aluminum nitride, or boron nitride, or a

combination thereof.

[0042] The metallized layer can be aluminum, an aluminum alloy, nickel, a nickel

alloy, copper, a copper alloy, tin, or a tin alloy, or a combination thereof.

[0043] These and other features, advantages and objects of the present invention will
be further understood and appreciated by those skilled in the art by reference to the

following specification, claims and appended drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0044] The invention will be better understood and other features and advantages will
become apparent by reading the detailed description of the invention, taken together with

the drawings, wherein:

FIG. 1 is a cross-sectional elevational view of a cylindrical electrochemical cell

including a thermoplastic seal member between the container and cell cover and a second



and wherein the positive electrode conprises iron disulfide.

[ 0038] The

t hernopl astic resin of the thernoplastic resin body can be polyol efin,
pol yphenyl ene sul fide, pol yphthal am de, polyani de, fluoropolyner, or a
conmbi nation thereof. [0039] The thernoplastic resin can be pol ypropyl ene,

pol yphenyl ene sul fide, pol yphthal am de, Nylon-6,6, or

et hyl ene- tetrafluoroethylene copol yner. [0040] The el ectrically insulating,
i nor gani ¢ teEmeRlaste seak membenbatiuean a Roriieneof the erbk eovercing agsenichall, whereinghe

nitride, gdy ﬁlefﬁ%&@le!i&'ﬂvgbﬂ fbfiGnicQirfiteCOMRY NAL | ON thereof .
el ectrically insul atlng, I norganic material” can be silicon

[ 0041] The
oxi de, silicon

di oxide, silic um, 0x lum num nitride
nitride, or a lglg}ng na | % Stsﬁcglrogaf sidg 6%2@1 Ae Vivdt &1 PiEPEPY ﬁglércy&‘aﬁ%“ﬁg
al um num elactrazhemicaluselBintiofting Aised @hembRr BispdsBll between a cell container and a cell

cover and having a metallized surface coating on a portion of a thermoplastic body

thereof;

FIG. 3 is a cross-sectional side elevational view of a further embodiment of a

portion of a cylindrical electrochemical cell including a seal member disposed between a

cell container and a cell cover and having a metallized surface coating on a portion of a

thermoplastic body thereof;

FIG. 4 is a cross-sectional side elevational view of a further embodiment of a

cylindrical electrochemical cell including a seal member disposed between a cell

container and a cell cover and having a metallized surface coating on a

thermoplastic body thereof; and

portion of a

FIG. 5 is a cross-sectional side elevational view of an embodiment of a cylindrical

electrochemical cell including a seal member that is a component of a pressure relief vent

assembly, wherein the surface of the seal member has a metallized coating in order to

reduce vapor transmission through the seal member.

DETAILED DESCRIPTION OF THE INVENTION

[0045] Seal members of the present invention are particularly useful in

electrochemical cells to provide a seal between a container of the cell and a cell cover or

end assembly, wherein the seal member aids in preventing short circuiting between the

container and cell cover which can be of different polarity, and wherein the seal member is

constructed to have a relatively low vapor transmission rate and to minimize electrolyte

leakage from the cell. The seal members are formed in additional embodiments, for

example, as a component of a vent assembly. The invention is particularly relevant to

cells containing nonaqueous electrolytes. In a preferred embodiment, the cell is a

nonaqueous primary cylindrical Li/FeS; cell, for example a AA or AAA cell, ie.,

according to IEC nomenclature, FR6 and FRO3, respectively, such as

described in

connection with the drawings hereinbelow. However, the invention may also be adapted
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al oy, copper, a copper alloy, tin, or atin alloy, or a conbination
thereof. [0043] These and other features, advantages and objects of the
present invention will be further understood and appreciated by those
skilled in the art by reference to the follow ng specification, clains and
appended drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [0044]Th¢|:ngent|on

w Il be better understood and other features and advantages w | econe
appar ent B Otggé&?eﬁ of ‘Efﬂl_é’ ek af ‘P‘é’dcya'ég’é‘fail’ﬁf”i Fampte rris@atincalise GeBn with akhen
together wedve fh@risls M ehicai§&&hs): for examgﬁl fithiuh-ioh %i&'ép]?étafs ‘ﬁg&ﬁ&?al

el evational view of a cylindrical electrochemcal cell including a

t her nopl adithiwn/geggangeadiexide dtiGEe sto;elle with sithee cleamal yesblventsyvfer exmapla second
t her nopl ag,) Wee portion of the cell coyer and a vent

bal | whor e TREVLTEIR Sl S RG Rty w58 ol P XL B0 Fr

FIG 2 isisalorapplcableco vantals ofiedeylmtisivatelbsiads, for exingfle R6RO3, ken of a
cylindrical electrochem cal cell including a seal nmember disposed between a
cel | cont piod6y ameferifehbwCOVae @aRIRaVFIEY B iMBkdles| Z eReSypE aGRn&RA1 T g on

i on of a thernoplastic body thereof:
a portio elgctrochemical cell 10, which has g can or container 12 with a closed bottom end 14 and

an open top 16 closed by an end assembly having a cell cover 20 comprising a conductive
terminal 22, an internal seal plate 26 and a positive temperature coefficient (PTC) device
24 that substantially limits the flow of current under abusive electrical conditions. A
gasket seal member 30 is disposed between a portion of cell cover 20, generally a
peripheral portion, and container 12 and includes one or more portions that are
nonconductive to prevent short circuiting when the cell cover includes an electrically
conductive portion such as a perimeter of the conductive terminal 22, PTC 24, or internal
seal plate 26 that would otherwise come into contact with the container 12. The container
12 has a bead or reduced diameter step 18 near the top end 16 of the container 12 to

support seal member 30 and cell cover 20.

[0047] Seal member 30 is compressed between the container 12 and cell cover 20 to
seal the electrode assembly 50 comprising an anode or negative electrode 52, a cathode or
positive electrode 54, separator 56, and electrolyte within cell 10. Electrode assembly 50
can be of a type such as, but not limited to, folded strips, stacked plates and spirally
wound, with a spirally wound or jelly-roll type electrode assembly preferred as illustrated
in FIG. 1. Spiral-wound electrodes, as known in the art, are generally electrode strips that
are combined into an assembly by winding along their lengths or widths, for example
around a mandrel or central core. Separator 56 is preferably a thin microporous membrane
that is ion-permeable and electrically nonconductive that is disposed between adjacent
surfaces of the positive electrode 54 and negative electrode 52 to electrically insulate the
electrodes from each other. Portions of the separator may also insulate other components
in electrical contact with the cell terminals to prevent internal short circuits. Edges of the
separator often extend beyond the edges of at least one electrode to insure that the negative
electrode and positive electrode do not make electrical contact even if they are not

perfectly aligned with each other. However, it is desirable to minimize the amount of

11



FIG 3 is a cross-sectional side elevational view of a further enbodi nent

of a portion of a cylindrical electrochem cal cell including a seal nenber
di sposed between a cell container and a cell cover and having a netallized
surface coating on a portion of a thernopl astic body thereof; FIG 4
is a cross-sectional side elevational view of a further enbodi nent of a
cylindrical electrochemcal cell including a seal nenber disposed between a
cel | cont sapA@for £Rignding beyondghe elegiratleh aThe gositiveeelggtiade 8¢ iselndesecuwstsat i ng on

a portion

o b3s- sect ey SERLTRMITSIAN, RAUHICHER helpl the clockbdl aterklyBnd sy
el ectroc hémtueallywhhectaddb uchongciasmgmrmhbmlsulam member Gfblsmhmmt cak, a
pressure f vent senbl in the.surf of the seal nber has a
netal | i zeff coa?fl 9 Smr%aabg‘? a&y ag{% P % a\l}a{)ﬁoq“pf’?eéﬂ?ﬁ?'e&|°8?|ta?tﬁp’8%ﬁff“ﬁ€ seal
nenber . D¢ AbhtReDEGSRIIPD! §204 6ak ar lifktedn NVERNE| (@Nuit.0 %h5 [nSg:alve rekstlods 5Dhs t he

pr esent é]ventalnon are particularly useful in electrochemcal cells to

provi de a®'&¥4f %é‘f’%ﬁﬁé" Qripasriurfacss ofiqqataper 2. 41eferablyhy a msiab tabgnoengd
assembl y, sh‘ﬁﬁlﬂ)’ &l Bnd BAbSEAEntMETREEonBIALY 12NsePfe8 48 Thd H&aﬁb@'&&nt&dt reGiihdi NG

bet ween the contai ner and cell cover which can be of different polarity,
and wher efontadhbetsieen pepitiMgeteciradehandrthe bettpm of doalaines 12 etmbe prevaptdddw vapor
transms €l f I The
seal by SR SpARS dfaof I &Pl S ot BRAREL' LR o i,
conponentpasitioned, entheawiomb bfy coanrmerl 1 eStalgrate §6pmrtypxcallyaniegal foe Iaemhett to

ol 1 i s aeRall cATRBRATRTR S hobt bl PR BTt SgeLalrEL an or

AAA cel | andsmnlesaeteeirdl ng to I EC norrencl ature, FR6 and FRO3, respectively,
such as described in connection with the draw ngs herei nbel ow. However, the
i nventi ooz al c&1 be aBIARIRH:s a k@@t haler W¥RESTIRin®Rlal Seal FUELARas an
non-cylindrical, for exanple prismatic cells, cells with other active

mat eri al SPOHUTE KENPEENE ayiwardly progacting egntiabvant wisll @& widra vent bile|29 e thel

hydri de, dkbhi g i

el ectrol ytoégsodf\%% %@ggﬁ%@g@é sgﬁ%}%};e%nt %%1‘17 72 flﬁ%il h%{rﬁéé}%ﬁg Bgsglérll Ms ot her

t han cor‘rﬁschnd‘)giea rtmhber ﬂQpehlvlerstcom‘prsterdh lmwmuheeveracal“&ﬁs af)pént cahl28 to

{50461 R s PHBIRFY ¥ eGP g2 B T, SR restupesicgie o

cyl i ndri paddeteahied tevel emiveat batiel2) orbeth bl M and@a8al aneddtier 00 afe(fBicall B@fof12 Wi th
and an open top 16 cl gsed by an end assenbly having

a cl osedé@gttom end }1;;

a cell PP OSIRs PGS SETeshefsessi et crlh B ddiernghscahplatendtt. sedlal pl ate
26 and a nR@gek BY, %rés@tmé‘ ?é’lﬁ? Wi a&8RbEy dali %Gﬁtaﬁlg 1) cogﬁéfht‘é@o Atink@Electrode
substanti al | limts the flow of current under abusive el ectrical

condi t i ossemhlyy¥sdudelestalyteria tedpwarpdrdongiisenigimgr bkt ween a portion of cell
cover 20, generally a peripheral portion, and container 12 and includes one
or nore }ﬁﬂﬁ@ionsﬂtemtskealsml mmndmnducimdlwc&stacseﬁirlmdgrﬁz aldar geal toativg Bing when
the cell cover c udes agi eﬁtri cal | conduczl ve Ellot%{dl %2 s(ijcg%{as a

per i matelpn%f’r?“ﬂ 3%‘3%{?0‘%0?’ 6t vE ﬁf"ﬁgﬂmﬁ  POBiRAs o} the e ¥rralCaskeysedl| at e 26
t hat woulh@nbeh80,h 8 &yBadial HIGuEl B ﬁ@bvn%uilcthqs a® Bl A@hendblr hdV1Bg gONt ai ner
12 has a bead or reduced dj aneter step .18 near the top end 16 of the

cont ai nefldgwall il A9 qr sudage 3Aanisd to @9 “aﬁﬁmécél"}’lﬂb@)\?’@?w% of container 12.

The outer sidewall diameter or contour of seal member 30 is preferably substantially

constant along a major portion of its length as shown, but can vary. In one embodiment,
such as shown in FIG. 1, the outer sidewall diameter of the seal member preferably has a
curved or rounded upper portion that transitions into a substantially horizontal top surface
that conforms to a desired shape of the crimped container top end to facilitate sealing
between the container and seal member. The inner sidewall diameter or contour

preferably varies along its length to aid in securing the cell cover 20 within the container
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[ 0047] Seal nenber 30 is conpressed between the container 12 and cell cover
20 to seal the electrode assenbly 50 conprising an anode or negative

el ectrode 52, a cathode or positive electrode 54, separator 56, and

el ectrolyte within cell 10. El ectrode assenbly 50 can be of a type such as,
but not Iinited to, folded strips stacked plates and spirally wound, wth

a spirall g? I e el ectrode assenbly preferred as
i |lustrat ‘d‘ %%l'i’er%ﬂl $ éicg?sé%‘tt ripgesired. ghﬂfﬂ%ﬁ@‘i‘t"fﬂi’é gasket are

gener al | y s@l @it 80 Sichs irivadly o %mt&esddéwatlof@fﬂn@ﬁ%@e afyndd fndi ng
along their |engths or w dths, ¥or exanpl e around a mandrel” or central

core. Sepirmingl eng thal exiendsruywaydly qr?ﬁtlﬁg nAtc pRpbarosest rierrisead rdate At ands

i on- per mreghks S el n

adj acent gurf%‘%gga‘ghft%féép%géé’% ve e eg#r?%%eﬁgﬁ&ahl gtftaetgdat ?@%E’g‘i ec %ge 52 to
el ect ri catheygables s¢admenttioe 3@ cac tlso e sleoribed eabdving htel‘L" -pe edgensTief sdahe

separ at or Y5 nsul a t ents in electrj.cal act with the
cell tern l%l séac%ugé%biroev\?re% &15 Sﬁ z?fc"la?n gﬁng?‘{zgercb f‘% P {e inper tiameger ‘tfﬁhe 8B4y at or
of t en ext sidevdiieandnte npeaxedgmenafngabwéxetaﬁmnar@deifem fealemBer. MEHENHpbhat t he
negative el ecftrode and posi tlw el e rode_do not mneke electrical contact

even if t Ahee2askst seal megber &F‘F’Q W@ﬁdﬂ%a@dﬁﬁfe@("%@veﬁé\ﬂ@v&“ ofjthe j g

desi r abl eodt@ dHARtEH EDetifiRrAREIGT RhdudeP @Jrﬁﬁrﬁ[ 22X BRIl &ﬁyaemettvtt&l
el ectrodes. The positive electrode 54 includes a current collector 58

pr ef er abl i6rinpl A2 and o end,d6end gentpingid % arf@r ederimping such|ag shavorie FGsbnbl y and
is elect rérﬁaédlwodﬁﬁane&t%&%ﬁn&an& R LR %aﬁte@%o%fﬁoer 60,
such as a cone, forned sul tabl e 1 nsul ati ngg can be di sposed
bet ween cesntineSt 12 mré nlgmﬁezi awlj thattehe:gmkau llseqompredmddi}t altotut [30 @e&mﬁt ahits nt er nal

short cir ve el ec e cal ect to the
i nner sur crgict)ﬁ‘[%g%ﬁgl%&ée’rl gOopre ‘?lé%’l fﬁf?g (??é ja’ls‘ Ro r‘(fﬁ' ‘gﬂ)’ﬁ in one
enbodi nentll 1§'IaeFRﬂ9typachkhr Cb&l;ﬁ@si%ﬁs)f abe piRetNOOGHLAIN @ CRIMAEE kedl Qﬁﬂiﬂva?l

i 54 and the bottom of container 12 can be

Cont act bgtween posjitive electrode

pr event edJe B%A}l%tr}*?egﬁ‘ ﬁéﬁa?‘dn?‘dftd’édo e&‘? 6ali Bfyopolwasrarnd ey sddiiens) gddigipes

el ect ri cahdryin] RSkdIBdsithdcottifliraBdn GRS EdIIREntaidet, BRORObHOMOEsCONt @i ner 12
Seal plate 26 is typically netal or another el ectrically conductive

mat eri al a | ted steel and
st ai nl essmsstbzel snf%%%%?%&l %2 %ﬁlgﬁss?%)gl %Ogﬁﬁeg&g&%lggds@?@oﬁ’ Hc Olemef The
i nt er nal Anyasuitphletheréplistis neateriatyrbattaan eceepnthe ioae ngman: doathmg Iib@rs pf theect i ng

central vent holg 29.in t f well 28, The
apert ur e\é?e{s? sxef{{g %)%ﬁf/ﬂé’ at\}el‘:r’fts Bé’f)'ftm‘?éﬁ?iﬁ(g Bmtvﬁg tpr%gtsérgtr‘n DSty roRF s
(second) vathakesprmber thé0apphiail Claydres) COAP rRESAA db@ir&tﬁ%@alin@epr‘bgéx’tlh&alrheﬁ/a' I's of
vent wel | E@E’Hd t he gerl phery of the vent ball 72. Wen the cell internal

pressur e 2 dn theye henishdd Exagales of puitablerpatgrigls fornagpqusepsneadls| | 72
and seal ingaeebut’ Aredh&t fiRi6® do,OpdlySteidsne e rized
gasses frlom t heucel I 101 Itnt e(r) ngéysea ° S%?gqlggﬁ&ﬂeﬁ)ﬁ&len‘g’éﬁlpg%@?prgessure
relief véWfidageobphibelagid, élewpaolﬁelﬁrsmdc@ﬁo%bylmeetetr@ﬂmath)ém @b@gmﬁode
assenbly al.y; h 0 ney 0049] The
gasket sglglp p%@%ﬁ%% §§M}| Ar?cltI fé? ’6té ggg@@ﬁﬁs e, !u%%l éo@gglfcghgaf of one
or nore bayesss Polyphthalamidewist availaige diromtﬁcévqgoStA oafs Adphatdue, mafgubetdy 32.

annutar - AORBET e Rgors s il 1 bl o o Pttt e n

cont act KKEFZEB®S|dewaII of container 12. The outer sidewall dianeter or
contour of seal nmenber 30 is preferably substantially constant along a

maj or pofgosen Ofa '1&16 hepehd @&dﬁxﬁgﬂmnﬁ% n e gent,  such
as shovvn[| npllgl G ’ 1, tNhe out er sid di %gngt(é}r‘ﬂ’g’mek@@%aa%ﬁ%éﬁ

pr ef er abfgpolyarer.ofdhg Rasly car inchida d@douﬁpdéltlvmfltlcm or thedike s kmsitt indhsat nt 0 a
subst ant t Q h nf a_desired shape of
the cri fnaéddr% Satg{é‘."ﬁfgg th cl)u'JT eg%l% P %E C?ucf ? {“t %rgsne’glltnﬁtedqgt WEER iy d(S?Bgnt ai ner
and seal glmrﬂpbq:rcs Thed fﬂmer smﬂdemﬁd stdlmaﬂiﬁgefﬂlefsr suchrak GUplagy; bersapihy, vari es

along it th to aid in se [ e ce gy 20 within the container
such as (gl??'o\emgsndﬂtgr%p e,brglcgu.g Ff’??ﬁ’l“ryer@b leYeSdE%lPﬁleed’Ut FEAf ower end
of the gasket seal nenber 30 extends inwardly fromthe outer sidewall,
formng a | edge, and has a term nal ehd t hat extends upwardly creating an
annul ar seat for seal plate 26 and preferably having a shape conpl enentary
thereto, such as illustrated. The | ower end of the gasket seal nenber 30
can al so be described as having an "L"-type edge. The seal plate 26 outer,

| ower end is situated on the | edge between the inner dianmeter of the outer
sidewal | and the upwardly extending |ower termi nal end of the seal nenber.
The upper end of t he gasket seal menber 30 extends |nwar dI y and pr ef er abI y

o o Y b1 . -



[ 0050] The seal body 32 conprises a polynmer, preferably a thernoplastic

pol ymer. Any suitable thernoplastic materials that can accept the one or
nore coating |ayers of the seal coating applied to at | east a portion
thereof, provide the desired adhesive properties with respect to the
applied layer(s) and maintain desired sealing properties when assenbled in
the cell H‘Etefie used. . Exanpl es of suitable materials for nonagueous cells

i ncl ude, 1% Platticizensi l‘@&c%‘tﬁs Gokrsnss, dame rﬁ‘é@é@éﬁ anfigxigaity pndipgtiesne,
pol ypheny@b&si afdsdﬁnol&oéuifﬁlagslaﬁtg az{HdCiﬁlpaétrg f} Xﬁ"é g?efétlfg eﬁﬁocﬁy 6. 6.

et hyl ene-tetrafl'uoroet hyl ene copol yner S suc
Pol yol ef i %6 seal body,/ 33 IsabbseanediWTﬁ¢mra€tele3pf ﬁmsomndmtyesompmeasts Ak yeh bodyt ani de

Fi uor opol et o N ienoy SSRIAE Bob b R APl teftn el btn e

TEFZEL(r) prefeﬁﬁﬁl]AAkndX\Womhe artahe pmflcﬂﬂrdbﬂ)@bl)ynﬁktﬁdsen fhay A€edabbe dried in

(co) pol yne Qr co f e body can incl ude
various ad % %’\5%45'":6 hell?(@?tgreﬁ eﬁﬂ’éorltf’l{’g‘ﬂgigg klr%‘?/\% X”FFéC pseniyymolded at,
anounts. dppkdpeiateaxap@hi@s thétlothR knBwh irth8 aROFor dxinpRd, wh@n the ‘%‘&%Blﬁn&o"‘der S
gl ass spheres, wood flour, sand, therno-stabilizin fillers such

E- gl ass, qoniEises PolypsaRyleng| Hyjtable @!"é@b&?ﬁmpﬁﬁ&ﬁ?ﬁ fapge réab(“!illﬁpt,(éto €tballtc and
verni cul idggec Addi tives include, but are not limted to, plasticizers,
| ubricants, colorants, flane retar dant s ant i oxi dant s anti st ati Ccs,

[ ds, f d
o octss) 0SS, ARGPNE BRSNS PO o TR L ol B o7

conduct i v diferponanice la?he as«aﬁideﬂmdyntI&Za@aéd ke thaesaulf BuellyUB2eghdUforti sghing  any
sui tabl e roce%e such as injection noldi which is preferred. As known in
the art, t PRRTPLPE Rey %‘SIC)‘?W@P“E% M“%@Mﬁr@ e sepl ceing34or der t o

reduce t han 6O bpplied €0 by @lpoRidnQf thedsuraksbiN@al bbaS 3¢ 6P IHR QU A rfaOSEBall S
nol ded at ap%roprl ate tenperature therefore as known in the art. For

exanpl e, BRABAZt HEbGCHP IS pore sedl sapingslaxery ateysed oy fosmer seglicaating 34 mbladi ng
t enper at YEQndntHag §hd §695Hd8(;?%ﬂ§ Slgb%%%l%}g @?Q@Iaygrqgtg Qnde[pgf?&%hgfctoﬁ{actt Jh% seal

body 32 has been fornmed into” a one
di f f er entor §19r¢ alce pottipe p§ tfarseallbwdyzﬁé mjé latploytloam:ﬁ lone dr tord previeesdy apygidd 32 and

form seal_. o i on of sea 0

| ayer (s) Seatq h(g‘)ta{s1 I%If:égsa{}(%)%ﬂgélq%y nﬁ%l rﬁﬁmné i)rﬂlvn%?r?)(f??lb(?n a@f’re he
surface @fcosding td:)m]ilydesignmds retdhee edpor trens&ﬁgsimﬁromgh gRadealraghiber2 ThYREN two or
nore seal coat, ngaonoﬁ/ers tglsed t forma seal coating 34 of a seal

menber, tREESES 08 Glaer Ytﬁa%ﬁllei’té‘aytf?é(%‘?rpéﬁﬁm Yifue ferrglnt | vy,

cont act Q0£TR4t id]0éL c@éftlng 3@@6&§1ﬂiﬁaﬂ5w H}Qraﬁﬁﬁilsmmgﬁ’suggtalﬁﬁﬁ %nf’@l'éé&d?ﬂem one
or nore previ ously appl1ed seal coating |ayers. Coating P’ er

confi gur &t HeHd opfvaradp m#réfhbeﬁren%@ﬁe%éromameml%ofa@e@p@tmggmtt ekt, idesi gn to
reduce vapelinbhg)sm ssion through the seal nmenber. The seal coating 34 is
non- per neabl e to the eI ectrolyte and el ectrol yte vapor present within the
cel |l coat 34 dpes .no w for transm ssion of
substant[-ﬂlg?t/ ahy e Frryo@a! 89“}? 1969 8“6?4\}3;5%?9"6‘{ VBPBAFRIERT ¢ t ed
from Onebarneietowﬂectrbbrtd:v}@br Withinatht Bell, 6f 8 @lEsirable€in ont BRbEHIReALGpplyHS3] As a
primary at| 34js to provi de a vapor transm ssion

t
barrier %8?8? r3gl gt ¢ \§ FS i §52k mempen 0 e?ﬁos?"stod@éleﬂeéﬁp@q ¥Dohe

enbodi NeRithinGtha s, y%eﬁlgi@llﬁeliﬂ sutfRd ioPGhe3ékal theliBEr 50! ﬁéc%fé@sbe%e&)nﬁe [ menber
30 exposed to the electrolyte vapor within the cell, generally the surface

of the s®4fa ‘?@f’r@ércogfeln?bé%%mﬁ@t wekaee phedeispa olate 26 imte wse ofh:egzsbctt ai ner 12
and i nnefngsHt k@eRe %ff tﬂ%apﬁ%b é?ed' 8 thd e §%f e & lgl%sg%?wé gpd the
ex posg t % cel1 ™o

surface of the seal ne ot eln erior o
bet ween sehkplate 26 apH aewt tRE 72nid thecrse bhthe p‘téSsmm rélief vexaslmsmﬁg tschae nmreﬁs ure

| f t h t 34 |
(r:gnldﬁct @‘2 vggglflséﬁggoat%ﬁggé é’éclﬁm(%f)ﬁtcfnﬁ%lvgﬁe ?(’é‘%ﬁ%ﬁ 1 %‘g‘“{lﬁélﬁ Tﬁi@ug‘ﬁ‘zﬁ circuit
i's provittledyo gt dicultds pyovided! pateulidg beewealtﬁtelsoxﬁaan@m hlethe Nh@frap!
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seal plate 26, or, nore generally, two other conductive conponents, when
the sanme are of different polarity. [0054]1In one enbodi nent, the seal
coating 34 conprises at |east one substantially nonconductive |ayer
conprising an inorganic nmaterial applied to one or nore desired portions of
the seal body 32 or another seal coating |ayer. The at |east one inorganic
material |ayer seal coating, in addition to being electrically insulating,
di el ect ri te2abplasPe ot ipEe gepetalliyy tipj atles cpaduciivg cqmpeperts.iveentthe spane are of
transnissh@@“ﬁpgﬂ&ﬂ?pces transm ssion of electrolyte vapor through the seal
body 32. The electrically insulating inorganic materials are generally
insul atin t al L oxi des tall.oid oxides, nmetal. nitrides, or netalloid
nitrides, Eb(())rgﬂa CM?%&?P%%%QF@Q%‘E? E3PLAS P LOBWPriSTi 4Bk Of‘?‘lﬁ?tﬁ&‘ﬁP@&y

mat er i al sndmeondubgvd RYEQesThsrisiiR! &1 irdrganay SiatekiRlC hpplied t&Whne Ar@nétetdekiréd ted to,
silicon-containgqg conpounds such as silicon oxide_ silicon dioxide, or
silicon nPYHPReot e $FAl MoAY o%i dernother siah gratingt lRyde, Thsortdeashione inpsganind t he
like. Siling@Radia9%i 681 icoattige iR dafiioh NoOREGnE TReFIcHRN insulife | BRIIRRI &
material |ayer or layers nmay each contain a relatively sn%l anount of one
or nore iRTRIGPIdUFE. Piogides huTierqupeastigde gry nsméssign ambredaseatphemissioreosi | i con
oxi de or gLoxi i I .carbon .if the coating
Tot hod | s egney Rt Bl Q21 Gl B, YR el o BB UL el T o
hexanet hydreli geiné¢rabtya nmsulaiing. mdtal bkides, ratteldoid hexidens inteeal snitrfdas; eorofnegaiaid body 32
surrounde a seal coating 34 .of_an inorganjc material |ayer. 055] I'n
anot her engw%@ b nBnt ,Co%lﬁgla{g?n §reot) Jamplest o ﬁ‘ﬂlagga’lnof?&glﬁ lﬂﬁteégs d i se a
et al | i zedorgayie mateti@Dlagdrtiedudeibw aROdt liafite@ o, dilBol-tatAnE chMosR8kudnody 32
or a prior layer such as an jnorganic nmaterial |ayer or another netallized
| ayer, or®SSIORARE slrPn %@?"éﬁff or HeM RithAs: Aluminwh qxidee plunynymnitideg t o
forma pajokdriufe, indehSRRl STRBARKoxRR i9 pref@redGRbA: dhtIdiént! GKEhotnicNSur e
that no short circuit is created within the cell between conponents of

di f f er entm¥efidrlpxey arayesh iyt eagh tdentaine a rrelapealy iswell sameguntrofitsae . or Thereef or e,
in sone i L y I L ed. ; certain. portions
of the SZ@P%%?@@‘%#@@%%H ageﬁ%??éegi ?‘éﬂ%t S é(gtﬂl\l/sesglrlléog’e %05 ﬁ%‘é"}@n‘%& I n

anot her emdyonteena smalliysowm of edrbon ifikhe watieg nethod isi phasenacdhadved skahicdlody ar e

d wi Lal i zed | d [ at i L.al h
monconauc ey QePa R s xRy PTnG e ROt TR ufend el oo

nonconduc

| ayer t o spifsseaiteallbsdyB2 surotigdetl by a[sO26d0M6ea of tan iferghafd haeridl hgler.one or nore
seal coating layers are to be fornmed as a netallized |ayer, generally any

3 ui tabl e (a5 AARANOBeUhbddiRsht, (M?:t(ﬁ'lrh(i)r%qg&sayfecﬁé _s@a@@oﬁﬁlgtﬁecomf@g‘i or
ifferent materials. Exanples of suitable netals include,” but are not
limited mstalligeddpyenrdeppsicion a pospereef a sirface o ther seal baslys32t ¢rer pradr. lagine
preferr eguéﬂeés%%n&%&lé‘h}é@nﬁf’ﬁ&é}“& aﬂb&xléxe 1lneta11ized layer, or a combination thereof.
When a metallized layer is utilized to form a portion of the seal member 30 or 70, care
must be taken to insure that no short circuit is created within the cell between components
of different polarity in contact with the respective seal member. Therefore, in some
embodiments a metallized layer is applied to only certain portions of the seal body to
prevent short circuits between cell components. In another embodiment, substantially all
or all portions of the seal body are coated with a metallized layer and an insulating

material, such as a nonconductive layer, is applied over all or a portion of the metallized

layer to prevent a short circuit.

[0056] When it is desired that one or more seal coating layers are to be formed as a

metallized layer, generally any suitable metal can be utilized. Metallized layers can be the
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[ 0057] Vari ous configurations of netallized |layers can be utilized to reduce
vapor transm ssion through the seal body without creating a short circuit
within the cell. In one enbodinent as illustrated in FIG 2, substantially
all of the seal body 32 includes a seal coating 34 conprising a netallized
| ayer except for two annular ring sections 80, 82 to prevent the cell from
direct shorti N9, tween the contajner 12 and a conductive portion of the
cel | covefaBRor differephmatedpls; Faampien gt swtablegnetals includeo byt asel nefnlimited fopner

di anet er glundidign,i BERT, ShsteV@l hnd:‘&ﬂﬁfog@ﬁfe?éo@.n'lﬁé p%e'?@i‘re?lerﬁétafg%gé'alﬁgugmme

unnetal lized ring section 82 is |ocated on the inner dianeter sidewall

portion ofmcifﬁél@tpwardl y extending lower termnal end of the seal body 32.
As illustrated, the netallized |layer form ng seal coating 34 covers a
portion of006Tk s&atiotrodynfigAracinpose thetalizetidayert ean b udfizddh® ©ahde RHbeen

container 12 and internal seal plate 26, thereby reducing vapor

transni ssfr%rhg_nfmﬁfog uglégﬁe Sﬁagra?ﬁgfw OV EEERE Fﬁh%\'y?‘tr.ﬁufth‘?élrthl Ht?cf&_}lné%f’n“a;

i |l ustrat etbddimédtGs iBustrad i) FEG. DRubstAMMaRY afl RE tReRhI bJIYDRY Buiis Piayi ded
with a seal coating 34 of a netallized | ayer which genérally has a first

end | ocat E§UBE St (fepHERE 4rmetpflizedniagsr crpentdeetwosimalparingpeetions 80082 the | ower
term nal geekndineldal roaalird2Pshoriel Bk s th‘ﬁé’&fiaiﬁéftl@gﬂa Q%H&‘é’(ﬁ#éj{)%i&?oiand over

the "L"-type edge and continuing along the inner anet er e seal body
past the Bagel eeves 2t Theoynmeasallized ringse@®naiids {asateil oa thaignetdiandtaadithoon al ong
the inner;,gi i - [ r1 fl er r.end such that no contact
i's made V\}int‘lhr con ucl%é%\g/%i?(\é}lglbﬁr}l%rf]é%n%fl |g£r)1 orderrrhtggﬁgl\%aﬁgegr{mgl LR %glls bypass
of the PTiGratél omjherinpardidnomercidesvad | polriralyof3Be eppatBcexténdingcovet @frhi@al of t he

cell reaction..chamnber t container 12 and internal_ seal plate 26 is

cover ed beﬁlds0 g e SS%E’P i 853&‘? ﬁ%ﬁ%@i ?}H’ W@?lﬁée‘f]ﬁ?’etr HiRg #5kFIRERS g‘éﬁo""’rs

i | ust r atepbriion &1 e séal bbie3BBlgok& fotheintéHo BB HRIceD Vetweh cOftainbe1 Saal  body,
omends, is provided with a netallized |layer to

bet ween t.he taffe ﬂé}d EOt% 2d

reduce vapmat reahRlae<8; Berebnicgugne vaner dasmissipmthropeh saabimamberddul at i ng
coating 35, such as a nonconductive |ayer, for exanple an inorganic

mat eri al [P938dr a8 abwher pubodimendias, illisgtraped GuiFIEd3.0m mnsupdrice ofitieaednt t he

PTC 24 a rti . j, ! erm nal..22.to ayoid b i ng. the PTC.
[ 0060] Eachibp P kbl i TR ELANE 32 SE Tb28 s RRY BB s diinaient .
be for medndsicagdat phieomss sf tha dinaddiagetebsitiewedl pdriidh éfatle tover edr@adal ddyst S

plating, .,chem cal pl.ating electroplating, elecfroless plating, sputtering,
vacuum dé%eog‘?r% |(i’8ﬂy W&chﬁglﬁ%ﬁfaﬁi‘&?ﬂ&lﬁgdmw ‘ﬂérﬁncétf 9&‘30@% &t ¢dgs andr o
conbi nat icomtiduity #6fg tht HA6AJibMeRN6r BEHQU bHB ast BB aRhBSIER B5SaPhIREI289 Step

i's utilizeglto.fqrma conductive ) )
and terminating at a location along the inner diameter, below the inner diameter upper end

such that no contact is made with conductive terminal 22 in order to avoid an electrical
bypass of the PTC. A major portion of seal body 32 exposed to the interior of the cell
reaction chamber between container 12 and internal seal plate 26 is covered by seal

coating 34.

[0059] In yet a further embodiment as illustrated in FIG. 4, the entire inner diameter
portion of the seal body, between the top and bottom ends, is provided with a metallized
layer to reduce vapor transmission through the seal body 32, and an insulating coating 35,
such as a nonconductive layer, for example an inorganic material layer as described
herein, is provided on a surface adjacent the PTC 24 and a portion of conductive terminal

22 to avoid bypassing the PTC.
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ni ckel | ayer on seal body 32. The el ectroless plating step is acconplished
W thout the use of electricity. The non-conductive seal body is placed in a
bath solution, in the tenperature range of about 852C to about 95C

i ncluding a reduci ng agent, such as 10 m /L of fornal dehyde, and the
desired netal (s) inionic form such as 5 g/L of nickel sulfate. Electrons
fromthe B@gﬁﬁing?%gent work to deposit the netal ions on to the seal body
in the pr e &fclh of dheyppes or mase Jayges ol sqal SoMngLR4 oot iBdependeaipbhent s
such as cmb@ﬁgiﬂ?aﬁ%@stssmclmiqgmdé fox 'liﬂﬂteagﬁ,@feébr(#gé‘lg Eﬁ{iﬁg, cﬁérﬂi@%ll plé&feS. €tc.
may further assist in the process. The process y be repeated nu ?lple
times in eeeeplatigeceleeiralesmulatingl eputiaying, svashund efspesitiend vaatuen ieshpordtionsuch

cases, deh%%éﬁg?}?/éﬁh%‘mﬁ%ﬁ’ &%c‘dﬁl%ﬂlakiaﬂhﬂe&% the part between platings, and

t he seal g one or nore ne I'zed | ayers should be dried prior to
i ncor por aj into an el ectrochenmcal cell. Prior to tallization, the
seal bodyfdggﬂl un&fé?‘b"o‘?ngtf?g‘%‘?m’r?ﬂr ecb‘f’{ﬁgsr @é‘l‘?‘p"eﬁ?p lﬁﬁﬁ‘i‘é‘“égtgg?n‘i‘ ﬁ(?P'EfH’iCHIj? but
not |im t gidkdl Qaye€biesal Bly 32t Cifhe RbctrBIRSL flattdeZidpds ARG e atittad: thd g Seal
body is provided with a mask in _one enbodi ment that prevents deposition of

metal on ¥ BESFFEY aflen ner-comlactsgyeal fhady eigaplpred i agbatiegelugias, 80 thind 82 as
shown i n EhGerats b o le¥ o i ] t t he
deposi ted neggrgl /r e?reﬁﬁgalz bgﬁil;%t %n%kfﬁ%dﬁiggﬁj’ggﬁ%h%ghggiugg% %8@3 Slgﬁo%g? be
rinsed wi mHLtd doredldahyde dindidhe desived andtalfs) swiianab Farms hicheat § 2L o€ hivieln

mat eri al Sig] i i.e |11 zed. | ayer can be
r enoved fér#lg%@b néééégﬁﬁ%@éldtgl?g%% El?jlg ag%rgqgééiélm g%pg)gﬁ ?rheecﬁlgtﬁ i 03 9,“’ cﬁ‘?glas by
gri ndi ng wdyditizdprespncé bf alestalyetd sudh0B6A3tinuna Us¢ bhethercodosbne®Btsuckt ie seal

body 32 can be.provided,wth a seal coating. .34 of an el ectroplated | ayer,
whi ch as 2% exi"%tﬂggétf’é’ 5‘88%3?55 E%Wtsbgufiﬁsbw?a‘?alzaﬁsr ety %‘H‘ﬁ%r "ng‘ttli‘g}’? of the
seal bodyprogss. alhd Ra&dss thap @ répeite®@multife BkOn SBA to CRAt MBItipRYSfers G 2
conbi nati on t hgreof .. The electrolytic plating can be perforned ‘utilizing

any sui t d5Pestige wmatesiak nBitich sasepedeinized Watar ca ba ubgsh toginsp [her patigbetiesance, f or
exanpl e idials shalke Rar b | ' - fSt.
Charl es, 619I Itl ??\01 s,t_ or a ﬁyb@g?%%e g}’g{%ﬁg@%&%&%gﬂyﬁkﬁ%%g%?%g{llg{lﬁ%@

enmbodi nerRcorpdigiioneito jsp dijecgRchearicabecePr obfigtetd wictallizatigathe cealt bady G4 of a

metalliz b i.re ratiof i ch has heen w dely used
for net aﬁ%ﬁé‘%?ngl %fslglb% gltgg{%é?%{gﬁ r% ?ﬁ%gr)relcsgf %%El?#%\l,@t r?é’% élllmtr%gttgr f’igfngn‘?’ncl ude
al um numetchingk akytradiaimgeand sdtivatirpnd Tak | seylsbddyeis epbyideh avithhe rhdsken doe

preferred materials are al um num and njckel, hecause al um pumis capabl e of
e g dogBLP BBl Bbeofh dRonHP: SEiathoR R dam i At JhCIe Rl Xae

resi st antringGeadk 80ia0d 8DYas RAGWRAGIBIGIS]. e ABEHLAIN! BSinvE8d JaRsRabSUBRE Li / Mh02
and Li/F%SZ cells, [0064] Seal coating 34 of one or nore | ayers of inorganic

mat er i al PERYFCR PO Blrtalimetal ploxsarl the s bady, e sgalfhory setildbe Bmedor mmor e
ot her | aygihSthbtdeldnZdel GvAerSat SR &idQPASivEARY bgfv%ﬁﬁﬁatetfiﬂ&legﬁs%%s.e R

chem cal vapor deposition process such as plasma enhance em cal vapor
deposi t i gppositestesappligthstallzzed Jayeo eandespegiovedfromenia ror quigs asas bf the sedact i ve
evapor at i J j kel Zi it e. | porgani c materi al

conposi t:bg sﬁg‘%&ﬁ@gﬁ é?ﬁqd\l}e%gggg@elélhérgg%ﬁdé}ég’%tte)&eélrrr%'oyed to deposit a |layer of
i nor gani eri;al .as a seal. coating 34. An inogrgani¢c material |ayer

appl i ed gosdgg} | ayBf fﬁh%ég‘l 0‘598’&?? s ssal tlﬂﬁiys?’gé’la“ gﬁ% _VS‘%dlet}h%B‘iahé‘Pa.“P&ygr is

hi ghl'y adher afiteldcQoplited $584, Washy ailsh Nkcafelil Bbed) 2Rk bbb taypiiacuifee@y kil ity to
w t hst and conpression of the seal nenber 30. Chenical vapor deposition is a
rel ati vePSripB Ot nBatsedr brdys or Ahdeashis pepoRsiof the pPsighsedlatoaingidasiengor @l at i vel y
| ow el t ;s hiRgidat =h : : e erred
process i s _tlhe pl %g%gper’{%gnegée%w@%gﬂ%g% %gg%efﬁé@ﬁ%{é‘g?ﬁt@%ﬂﬁr%gesé‘ggbgé this
process @vats lewvwnhia the edusichown aobared atating slewte, | fonexpasplandals sealeabarel

ot mop HefEr vl E Rl SedAY SIHEHF RS Cpb S iRl oW EPREp i Ree. o, g

about 165C for pol ypropyl ene. [0065] Thi ckness for each of the layers of the
seal coating applied to a portion of the seal body and/or another coating

| ayer are sufficient to provide for a desired |evel of resistance to vapor
transm ssion of the nonaqueous el ectrglyte. Thickness of each | ayer can
vary, and depend on one or nore of t Hé nunmber of coating | ayers present on
t he seal nenber, conposition of the coating |ayer and conposition of the
seal body to which the coating layer is applied, anong other factors. The
total thickness for one or nore netallized | ayers applied as a seal coating
to a portion of the seal body, or any other |ayer thereon, ranges generally
fromabout 1 to about 25 microneters, desirably fromabout 5 to about 20

m croneters, and preferably fromabout 10 to about 15 mcroneters. One or

o rr

. s o o .. o .



barrier layers and can, for exanple, include pin holes that allow vapor to
be transm tted therethrough. One or nore coating |ayers having thickness
above the indicated upper range could cause the netallized coating |ayer to
del ami nate fromthe substrate when the seal nenber is conpressed during
cell closing. Costs also increase as the thickness of the netallized | ayer

i ncreases TRE total thickness of one or nore inorganic |ayers applied to a
portion of00Pfle sImanqiksswmbgdiment thy sal bodyy A2 canthermspyided Hﬁbésse@}é‘rﬁ’éﬁi% I y from
about 5 toy apguﬁetéﬁzem IR AR ba%uﬂheefv%&mo\ﬁ Wh R0 BEin nghgigpu

mcrons in order to providé a desirable vapor transm ssion rrier ayer

It is inpoewbiing Pasictrackaging ﬁbInSaISUItﬂthl@Inw@ésmmnaﬂmmcwéalalmmaumnglcml a first
| ocation e a W se ckness
of an i ndm\}?%u CO&@H)IXE ﬂfeg%/OZr&%ntﬂ :lfgg's teIlg? rﬁ(r:e(ggxféh %Qtéé%ls :EI %Wménélm g%dy from

| ocat i on tickdl dreaausaralurflﬁﬁﬁmsAmmblec&fr bmir@mbp@itectat lveryaytighnekaidad dother seal
menber s ir] addi ti on ?(ﬁ eal . renber 30 .di ??gosed bet ween a_cont ai ner and

cel | cove? " PHHBL AR WHGkeh at Bsistapy 19 EOUBTIQ BY SNBradVensy deqtrolyies HEdd® a cel |

can travedonOimdrlgMM@, dnbgriftsyeugh and eventual ly | eak or escape fromthe
cell. Accordingly, it is preferred to provide other seal nenbers with one
or more | @gediS OSed oSk 38 ORbANS h e IHUHGR iR X ERal! Qr?bégé VS Y Vapor
m gration. For exanple, "in sonme e I‘ment s, Bs indicated a

desi r abl ethe geabbody d2 os eglortinendfeone qmmrh otter ayemsnttilizingtd suitalo, depwsutlmnone or

nor e Iay Va rapsm ssi qQn th rethr h., The
vent bushi ﬁcéegi;géoﬁgggg ua:%%m&g%)l gz[)}) 01?49% ?%Slti 5 roﬁ%srslesru ar 13 y a%e?@ﬁg? gstl C
mat er i al dbhmicapvaper dg®sidion pfofcem |Ph9mc3aﬂzahporﬂelbosmtﬁrtecﬂhntqmesastch asrpAt@teur e

range. Then b shlng e mat eri al s_descri_bed herei nabove
with respd8Rd ISpr%‘Bg’r“t ’53‘? Sﬁ’éa orgapic el camposiiqns apd paftieed by

refer enC%ass-EhﬁlaFu&BIbﬁgn@ﬁi}'e&ch 6)b§it £ Qiyet dSMﬁb ghidsaEteRCad Dol tdatikk 4. Pat ent
Application Publication Nos / 007 404 a 2005/ 0079413, herein fully

i ncor por dMenwgANicemateEAk layer apbied 2 2alapsretloseab goasins idi oreseal bodk 330 of t he
vent bushing@ebRoy %ﬁgg@}em&% YEME sellolly 48d & d the
cell cover 28 hgs 1a t cknesstt hat S?ané’eg ro%g%éggxﬁg‘g%ﬁﬁ@hémﬁﬁt(ygﬂawz mm
to about vOthetesd corpregstorgeithengal amilbbe3@oﬁp¢lm§sle@pb5/d@bsluon B tetatizblyut 40
per cent d rted lnto the cell
cover . m"f@ﬁ ri'xte%]t ?c\)/ceens?gxbdb&é% g(gslta&l) ul\f)gtre{;tesbkﬁlvmﬁe el%tl\aeq¥ Oé’V (r:néa} }ng pomts -type
cell. Thes \myetlbﬂmxhl agl p@lypﬂopylawmuf’ﬂet prreﬁdredtprbcﬂ'ss rg then)plasmat aihhﬁceﬂr ocess.
I nj ecti on in an. .exanpl e of _a referr ocess. araneters
w1 & var g Vet SoBeGR s, Pa RSP e SERHlOf SRS B 1

[ 0068] Th@ov@ ghd alkD§lirAkd Rimpetati@td, @hich A8taalantRs Yérithe 841 in¥hBF dhichlioged
bottom although a netal plate can be fastened to one end of a netal tube

to provi ETRORBTICamatsrial piten having aselatiydy 1oy mattieg peiRL sign@boitd 69&ntaral | y
steel , phalyprdp ?‘eﬁ@ nickel on at |east the outside to protect the outside of
t he cont ai ner rom corrosion. The type of plating can be vari ed to provide

varyi ng corrosio S|stanc or t O rOVId he d
appear anf‘m ﬁ' wkélesgf ok eeIOf?h llayeé asi’% CB e a@ﬁle‘ct‘% %dﬁl?ewhl ch

t he cont agahéody and/or amdherF@mmg duyer aﬁr@fﬁmm tstevide a6t zbﬁes’iredllf:‘fdll&ifon
anneal ed, | ow carbon, alum numkilled, SAErﬁJ[OOG or ﬁi‘é val ent teel with a

grain si SSSEACARTIAPST {rgnsyission ofnhe IRRAHPOHSRICCHRl S q s pheachilgyer| v

el ongat egargvay,ndRp&d A RN orShéte oS theSHGibeAST EdaBhPIKeS p2dseR oh the@Bh1be used
to neet special needs. For exanple, when the can is’in electrical contact

with t heMeHbRpgRMPesitanpfiihe seating dasier Ardcasepasision of dhe SeﬁbfPQﬁYéG whidh he ance to
corr 01 Oboalihe lBfRr GR1AIBAS AbnE! ALY Blithe - ORI iRlafeld 'roCBYEGr ! d have

good resi st ance to C%PI’OSI on Dby water In
metallized layers applied as a seal coating to a portion of the seal body, or any other layer

thereon, ranges generally from about 1 to about 25 micrometers, desirably from about 5 to
about 20 micrometers, and preferably from about 10 to about 15 micrometers. One or

more metallized layers having a total thickness below the noted ranges form less effective
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anbi ent environnent, include a conductive term nal such as a cap with good
el ectrical conductivity and, when visible on consuner batteries, an
attractive appearance. Conductive portions of term nal caps are often nade
fromnickel plated cold rolled steel or steel that is nickel plated after
the caps are fornmed. A nonconductive portion of a ceII cover can be any

sui tabl e ther | astic material, such as %P@yprop ene and pol yet hyl ene,

and can aP&EhLVESGad o fﬁb?’@mpéepé‘?"hiqedﬂ% & theh allsy varar te batiahgnittader s on
a porti oneher8esh. a@n@%ﬁ%&r@%aﬂﬂ@ fay s HalingQRicKRES am@tthggncil é}g[%
preferred if the electrolyte solvent or vapor can be transmtted rough a
portion ofangpeoyld caspalie wmeapllizitheating éayar Waﬁleéﬁrmn@e fovathe dulsirere yheasher e

relief ve I ahl re hoe to facilitate
cell vent Fér?g {I\ggrf%]'e'ﬁlﬂlgﬁ\%%gﬁ@% ‘faelu CXOS“% rlg%eaasﬁf}s &g 1318181 & ?C‘Flabeéri al
that is stmbllied mycointmates.Wiidtotahthickakds otﬁOliEt mhaeanﬁgmmyde@;ﬂlh&tcﬁeesi red
cell seal | 0 Olzlinl(dthventlt3 char a(}cf_lhe 'i' st cs. d asses or taI S, gﬂ

st ai nl essP¥ & AT BT S Orffd Vgﬁ‘t“erﬁaﬂm’éﬁ%ﬁ?rﬁr% “bﬁt?%'/‘t Utal and
have a smB@ificrond haLH prefiably Mbinhabdet 1OTRE BBRE 5 Afigsons WE Brds tQ) BHERR a
scratches or holes visihbhle under 10 tinmes magnification. The desired

spheri ci t §SHARIC YRROF HRRsmipsipnsharRs darea sit Psﬂ“ﬁ’ﬁftﬁnté‘hn‘?tﬁéhabélltﬁ}l thitkenes afithe |

[0071] I n @apcARked mpsrt 1&&@{1 REPcdrhp &S £&bnPRER] q' F the
upst andi n Cdev\g else‘g % P4|s about i 02050 I nc a?% L%fw}n% t hi ck.
The di ame esgfof Eﬂh@lee@al C@@v&}ayers@ahe mhm&n&m likewispadrydzom &rcetiguch t hat
the seal pBIDGELI S conpressed by about 30 percent of its original thickness
to provide a good seal for a polypropyl ene seal body. The seal menmber is

desi roa SR, *Rarecnthatich Bl mavchuBonet Ry atebon GoyfBine winckel

t er pol erErhelﬁEd?DM dl@o@dswtw&l Q SRMiIRA andBEST caber BdugRtPRED %wctra@tee
mat eri al s ?uch as asphalt can be used. The initial vent bushing wa

t hi ckness®® V§“‘§t§6uﬁapﬁfscfm insiflera gl oagotrag) of migaie thersamughand sverugte- t ype
cell. 1t ks 6OSBERISEH Y cePO [ ckness
in the seal ed celﬁlé CeItI scegf ﬁcﬁggngtsl?zlgg %ﬁgeﬁgﬁaos@%ﬁ@%?g%g S%(I:@gelrm&tetrygl y
cont ai n akithhgpe eprmere dayerc ohki sgalr eaitisgdd redisber . préveste deastlveno wr d/aper used

bet ween t t I ver el nal e

bet ween t yéﬁ't %dﬁls%%{ri}gleénd {”ﬂg e\f;%n{hngg as gr}dlca?esea At é%tﬁlFPr % t8pp| i ed
over t he prowide seabushibag velhich xad bedtbuklipg GO,ewithe)nS @almorelayarsCihabictadel ON

t her eof . Q72] The negative anode of |th umcell, such as a
FR6 type %R'F?t dr V@B?Ftté @lslsﬁoflﬁé‘iﬁ?‘ﬁ’%glél %‘? y?ﬂtg’ pige ?%L't‘sn% F#0E By f3sheet or
foil strithat lgg@eﬁumqmﬁnoﬁmsw mht@Rall thitproviisan e¥REe sellQkaovelg bR LY 1S
preferably always hi e |lithiumcan be alloyed with other netals, such

as al umi ff ef%%rep%&ﬁ dEhembpnshiwg body 7 eqan iaglede mpigpls ﬁémbﬁdrhﬁe@abwe
pr ef er r edyih feliebithakdl Qﬁ/enib%r Bodyi2t &%&H%@&d Antdhhw};s&% Vhe
conprising about 0.5 weight pércent alum num aval r om Chenetal |
Foot e Combpgshigs caq algpsbevesumsirestas, asNtssartbedanr Bl S. rPatenUSAphdMgn Publzatieydbs.ve
el ectr OdQ 95/0(2‘7@%9?#@2@5&)@%&32%&&? ﬁﬁ 1né rpératnh bglreﬁ‘e xgral‘(geat € curr e_nt

collector wt negative e 1s gener not used, since the
l'ithium h el ec conductl Vit However, a separate
current E@@Lct 0 ﬁFBédﬁ%‘ ?)d“E“Smp&’G a@é’féhe Yot bushing gy betwegngheyent of t he
remai ni ngall 72 hhdl ﬂiet\QﬂﬁWQI bRan@d Rfi c6edrl20da8 GHRICRRss ﬁ:ﬁpﬂtﬁées' forRhb& used
because of its conductivit but other conductive netals can be used as

long as P8§inchd0dp2mm tp akow &-01Adnche D381 mmegine e comeressedly abewti23 tauch as,
but not Lpdw4e gexjéalt W'-heﬁ Bl gﬁtt ﬁdsﬂingfan@ll&xlf Bhn ar@'n‘r‘s‘éﬁéd o) datthgg 1%0%%1 h%ﬁ’ pper or
a copper alloy, can be use e el ectrical contact fween the it hi um
negat i vethg|verthushing mlmmy@mtaad thercell T$vi ERG&type peld:amhdaeenpbmsgoban lbt: o the

f t t d to th f
of 1 ho conpainduel’ SRy By syliof plecrf, TReckfn) R ut ARaRE I8 pr ovi de

a_ pr essupefaeitpaskss. Baomlitpepariridiés Widvaryl withibenys) dfqyatei@tl%bﬁlgaﬁ&décb/ pically
hi ghly co ductl Vg}f‘( separate current collector within the negative

el ectr od® alﬁtnnecessary inlithiumand lithiumalloy negative

el ectrodes.

19



[ 0073] A negative electrode for a lithiumion cell includes one or nore
lithium intercalable materials (capable of insertion and deinsertion of
lithiumions into their crystalline structure). Exanples of suitable
materials include, but are not |limted to, carbons (e.g., graphitic,
nmesophase and/ or anor phous carbons), transition nmetal oxides (e.g., those

of iron: HRRRCCrIRC=l SR dnnen 4 ankl A M Re GRS ROT. g (o g

t hose contandthlngats ichh 6 Tastdh@dd @6 ohé Bd ofl BE8RaIMBEE N AloSidB ACcABMERYE WiltYa
particulate materials that are forned into a desired shape. Conductive

mat eri al s “O8RIPAeMyelhg confgingp iy geaeraty steely Blotedbyithonicked wa et leastile sidelded t o
i mprove el@gbiebCt o&GaE BEML i

particul at eﬁbrrgt eri gl s togeth ertxmeelg%(;ehg?%ﬁswrﬁget#quyrﬁag%f%ét;b%r? ?on

si ze. Rel thVlﬂGIVyrymelgreamﬁmsmh resdgtianoel st Bjuoviiley te desiredalppardnee.uShel t 0
enhance p l. for fance. The t| ve el ectrode. optionally
i ncl udes gg’?r%{eeg ﬁ?p%ﬁ o Bgt](’t:opper magneg 130%%1% E o ELer ﬁé’ %

col | ect or dramy ches, dletstuehcalrfﬂiealdlﬂ‘fﬁmcbn ahesdtd, 6w oRbal, aheKifen kilRd, szxpa()@ked met al

or one or _nore The ne tiv e tro m xture (active material and
ot her i ng?fee@.“ié’ﬁwgg Sef‘%%n a g %%ﬁﬁ 9ttﬂg?&‘h?fr‘eefﬁ’ﬂ bodynené ardequiaxed iy

sui t abl e stiphngelongned piath sage. cODRASEAY saEiLaLA AR Cseeld @A B GseBAS infdelv ©
electrode for a lithiumcell contains one or nore active materials, usually

in parti cihegpkngeds-mFonsyamples whete thsomntis v elackisal @fd’éacﬁrﬁ‘tl@r thalcathage. e used.
Exanpl es {iaifletidgieel t

[ 0075] The positi veblgaye?%?losg(g f(())I]r irﬁ@a%ﬁéﬂldk%s aﬁger??oFI‘-:%%{]?&?o e ce concgeal ns iron

di sul fi decleggrolyd;y active material. A preferred iron d| sulfide is a battery
grade FeS2 having a purity level of at |east 95 weight percent, available
from Amer(006891 M Tier atls colercshoald Rartgind MNestades S€\orrbiSih bﬂwﬁf@ﬁ & ltheGTbH of
Vi enna, Austria; Washi nq gn MIls of North Gafton, l\/assachusetts USA;, and
Kyani te NMHHY cByironmegt. pglpde,a condyctiyg rrminal jgych apibcapewsh gaad sleciicrl ed and

si eved t coadivioie idde WRS&I edbleabh i &drBubibr Saflirid! 'aQUtattféBn@e”da P&a%h%@ I arge
particles that could puncture the seRarator in the cel ar gest

parti cl eCUNBEHVE PRI AT tegpinglraps arp eftehmadriem aiskel pigted)f:oldacnlhdd@ehm eri al
on the cutdefilat &OMiLIES f V. er el S Rno
great er t han af)outl tpgdrrtﬁd %fne? e Sparréehg.rrn@% A gnsdgﬁetilhcggé ggﬁfoﬁ 5§ Ce% I n
addi ti on,covdi€anbe any snetablb élmrmoplestmrmataudhmieh @s‘ pcdyprop)ylerm and polyeth@renm)r e

conduct i net al raphite and c on bl ack powders.
Exanpl es\ég?rgg{ljl% S"q@e D% o dord e, wtislston el oﬁé] tayiy o FVPRIR(r) mx15
gr ades syhnrénétascdegcramhuneeenﬁ r i rdedirgi aCoARY lagérs Qe YWesdrteaki€ ,thdBleBrolldeA, and

grade C55 tylene bl a from gl\]/_ron Phillips CorrPany LP of Houston,

c
Texas, %l%e i NPEF AR ebgaqug Pralg2 (ROgigea Pt ithey Feaminahgare i Wihere

t oget her terfolidayd %Qé@iéﬂp(\’vleﬁ PRsGRO AR ENS, Hﬁg?érnﬁ%@%eﬁ&algohéé%tor%&%t I CS
Corp. of Akron, Chio, USA, and G651 grade styrené- et hyl ene/

but yl eneheke@%ﬁaglltamg)vemwck copol ynmer from Kraton Pol yners of Houston,
Texas, USA, are suitable for use as a binder. Small anmounts of various
addi t i veﬂ"ﬂﬁ!/ allde Vbet badlecintbe eatvdinoe apy odebki mgexaaﬂdhatei; ktablerifi osnvadICe.

Exarrpl es MG X(r iC ol ubl.e e | ene oxi de

om Dow &edr}lyggl Q[ (‘ma &% I\ﬁp Iryé%gesuﬁﬁ\%ﬁﬁ§8?ﬁmg CED}%) itlﬁ‘%/ FSISHCS ¢ oni zed
poI ytetr Eﬁﬂdssusrarehhylb esmeh (aE"EEtE)les@&wdf agh be efed)y THE %xﬁ BAAVH6i1a Heighlpf
Tarrytownhfl\#e#/Y(B1 USA ( c rC|aIIy avai | abl e from Dar-Tech I nc. of
Cl evel an o LE%F aémﬂ’o PQE@CE( F‘)IShZO‘Gtth‘éd@PFﬁf‘f"Pé‘Bn%l%uF]&&‘ng%lﬁﬁﬂDegassa
Cor por at s@#tcis JsFeRdlesGiRIbR AhddRl (0 Ghes fhgnNRWIAET SBY de%&?él ,iLﬂ%QlZ ) AnfoSi ti ve
electrode for a lithiumion cell contai ns one or nore I ntercal at ed
or |ithi thifacafisisk denspdseinpertiopshenballediaragter, .usual Iy in partl culate form Any
suitable active lithiumintercalated or lithiumintercal able material may
be used, [08Vbine &r onerercimxivhergbf mnFR'ﬁt[JiVszh&ﬂ&cccEdmgmb BIG.i InGeugetand@hgl oxi des
(e.qg. those of nadl m, and .t un ), Liphiat tlon nmet al _ oxi des
(e.g., t%@%"‘éa?ll ﬁﬁ?allué fly ®dbout @@%‘gﬁn%‘“’léﬁ@ggr mﬁﬁr’fb‘é esﬁ)‘e dipmeisrsatiehe net al
sul fi des (e.qg., those of iron, nolybdenum copper and titanium and
l'ithiated carbons. 20



[0077] In addition to the active material, a positive electrode for a _
lithiumor lithiumion cell often contains one or nore conductive nmaterials
such as netal, graphite and carbon bl ack powders. A binder may be used to
hold the particulate materials together, especially for cells larger than
button size. Small anpbunts of various additives may al so be used to enhance

rocessi ng nd cel erfor nce [ 0078] A positive el ectrode current
Eol | ect or §PV8% S?aéd’?ﬁnfbéﬁa PRSI BT %ucﬁéhaéﬁl?c?ﬁ#dmf?beﬁése@nmﬁsé?q BY. A

m xt ur e ohbduf 80 Pekti of 8ts Vi@l BEKn&Ys 16 BLRARS FRIIGL ELSA leygroﬁgieH@EEal can be

coated onto the alum numfoil using a Suitablé process, a roll
coating pPeeskhe sy membey lmpt@v@lbm(atqdcm&m Setahi@t suthvasran, orgnéc mbm&do

al um num g0 de%ﬁréd%ﬂlr%eoe%%é 4951?%% sfaded! %Wéne %&)yie%r dggﬁa oely161?:‘rn g can

also be dried prior to e contact “spring’can
conduct i vEERRMAls anuithble goalant siasdrial; |lmypthslum1taals niterioaty suph as esj:hslt aambess

steel, th | h t.abl e .1 he cell nt. It

shoul d al g%,thl\"/h% %{)pggvgnt?ﬁushm%ﬁvﬁl tgkck?‘?s&lﬁ glou @rog it‘%l{(} ém"s}‘ M A% f or ce

const ant er(ﬂsddn’hémeﬁa)FR@I-tblj)e ael SuifsfcofipfRtedityrabbite30stp 3 perded GERRloYightl | east a
t he positive el ectrode current coIIector

m ni mrum agount of force a

con!t act n%‘ff%@?ss llb}hegfbﬁgﬁ} ‘g]: qg‘ﬁ]ééﬁﬁgﬁéﬁ?%s anghcansmetions acepfdmalyAopiatedn t o t he
i nternal gpadprigtedt @nkiBurdi ¥ea$ tlehtel. €A KBANAR cotll Bk uédd lget\V@énr}B@{/éht ggﬂ‘@n

el ectrical contact. For exanple, the contact spring can %

| ower suriddbe esl qoner grintemahseakplate op beftveemihg Vﬁ’éﬁbuphlogl ﬂ@tbthle dmtrballnforer naI
resi st ancs%alaﬁtogxﬁ@(l ARYa ngﬂécf 30d:Ene RILA AR biE vl tgal%lpb(?veualgdseals%lrt abl e

separ ator nmaterials a
comabination thereof.

[0072] The negative electrode or anode of a lithium cell, such as a FR6 type cell,
contains lithium metal, typically in the form of a sheet or foil strip. The composition of
the lithium can vary, though the purity is preferably always high. The lithium can be
alloyed with other metals, such as aluminum, to provide the desired cell electrical
performance. A preferred lithium alloy is a battery grade lithium-aluminum alloy
comprising about 0.5 weight percent aluminum, available from Chemetall Foote Corp. of
Kings Mountain, North Carolina, USA. When the negative electrode or anode is a solid
piece of lithium, a separate current collector within the negative electrode is generally not
used, since the lithium metal has a very high electrical conductivity. However, a separate
current collector can be used to provide electrical contact to more of the remaining lithium
toward the end of cell discharge. Copper is often used because of its conductivity, but
other conductive metals can be used as long as they are stable inside the cell. A
conductive metal strip such as, but not limited to, a thin strip of nickel, nickel plated steel,
copper or a copper alloy, can be used to make electrical contact between the lithium
negative electrode and the container. This strip can be pressed into the surface of the
lithium foil. The strip can be welded to the inside surface of the container, or it can be
held firmly against the container to provide a pressure contact. Because lithium and
lithium alloy metals are typically highly conductive, a separate current collector within the

negative electrode is often unnecessary in lithium and lithium alloy negative electrodes.
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i on-perneabl e and el ectrically nonconductive. The separator materials are
general ly capabl e of holding at | east sone electrolyte within the pores of
the separator. Suitable separator nmaterials are also strong enough to

wi t hstand cell manufacturing and pressure that nmay be exerted on them
during cell discharge without tears, splits, holes or other gaps
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[ 0084] Exanpl e [0085]In order to illustrate the industrial applicability of
the present invention, vapor barrier properties of various naterials were
tested inrelation to an all-ether based Lil electrolyte solution that can
be utilized in one enbodi nent of the invention. To illustrate the vapor
barrier properties of one cormmonly used material for seal nenbers, a
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| pr ovengggA] MayinAdiEBA %o e dehe ANGAL 'a%sM‘vé BREode for a lithium or lithium

ion cell often contains one or more conductive materials such as metal, graphite and

carbon black powders. A binder may be used to hold the particulate materials together,
especially for cells larger than button size. Small amounts of various additives may also

be used to enhance processing and cell performance.

[0078] A positive electrode current collector may be required. Aluminum foil is a
commonly used material. A mixture of the positive electrode or cathode materials in a
solvent can be coated onto the aluminum foil using a suitable process, such as a roll
coating process, followed by evaporation of the solvent. The coated aluminum foil can

then be densified, by calendering, for example, and can also be dried prior to use.

[0079] The contact spring can be made of a conductive metal with low resistivity, such
as nickel plated stainless steel, that is chemically stable in the cell internal environment. It

should also have good spring characteristics. Preferably the spring force constant
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departing fromthe spirit of the disclosed concept. The scope of protection
afforded is to be determ ned by the clains and by the breadth of
interpretation allowed by law. WHAT IS CLAIMED I'S: 1. An el ectrochem cal
cell, conprising: a netal, cylindrical container having a closed bottom
end, a sidewall and an open end; a cell cover disposed in the open end of
the container; a positive electrode, a negative el ectrode conprising
lithium §&tisfapsl #ilbpe guifisissetir ta spews to lipply as laaptva mirithunegmeuny of érect r odes;

a nonaquegils,¢ lh%cptogiﬂkfey El@ctf:o(?i%ﬁliralt ’&911@&%9&%@% &ex‘ﬁ%r‘,’gp(gtheracgﬂ components.
The spring can be affixed to the internal seal plate in any suitable manner that will
maintain good electrical contact. For example, the contact spring can be welded to a lower

surface of the internal seal plate and may provide lower internal resistance.

[0080] Any suitable separator material may be used. Suitable separator materials are
ion-permeable and electrically nonconductive. The separator materials are generally
capable of holding at least some electrolyte within the pores of the separator. Suitable
separator materials are also strong enough to withstand cell manufacturing and pressure
that may be exerted on them during cell discharge without tears, splits, holes or other gaps
developing. Examples of suitable separators include microporous membranes made from
materials such as polypropylene, polyethylene and ultrahigh molecular weight
polyethylene. Preferred separator materials for Li/FeS, cells include CELGARD® 2400
microporous polypropylene membrane from Celgard Inc. of Charlotte, North Carolina,
USA, and Tonen Chemical Corp.'s Setella F20DHI microporous polyethylene membrane,
available from Exxon Mobil Chemical Co. of Macedonia, New York, USA. A layer of

solid electrolyte or a polymer electrolyte can also be used as a separator.

[0081] Electrolytes for lithium and lithium ion cells are nonaqueous electrolytes. In
other words, they contain water only in very small quantities (e.g., no more than about 500
parts per million by weight, depending on the electrolyte salt being used) as a
contaminant. Suitable nonaqueous electrolytes contain one or more electrolyte salts
dissolved in an organic solvent or solution. The nonaqueous electrolytes are volatile and
have vapor pressures under normal conditions, i.e., a temperature between about 0°C to
about 40°C, that allow a portion of the electrolyte to vaporize and enter the ambient
atmosphere i.e., of the reaction chamber. Any suitable salt may be used, depending on the
negative and positive electrode active materials and the desired cell performance.
Examples include lithium bromide, lithium perchlorate, lithium hexafluorophosphate,
potassium  hexafluoro-phosphate, lithium hexafluoroarsenate, lithium trifluoro-
methanesulfonate and lithium iodide. 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-butyro-lactone, sulfolane, acetonitrile, 3,5-dimethylisoxazole, n,n-dimethyl
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a seal menber gasket, disposed between the container and a portion of the
cell cover, conprising a thernoplastic resin body having a surface coati ng;
wherein the surface coating conprises at | east one selected fromthe group
consisting of: i) an electrically insulating, inorganic material, and ii) a
netalized |layer that is non-perneable to the electrolyte, wherein the
surface coating is applied to at |east one of the following: i) an inner
surface oformawidgadaitharyy oiThe sali/splvesisombisatinowillvpronidg suficiant shecaolstiber

defined bynd BRCERA AABLHVAR ol RECRE! cHO¥EL dreﬂﬁﬁ%ﬁ‘{%rﬁs!é et fe @egr;r%&i ve

el ectrode, the negative el éctrode, the separdtor "an el ectro e, and
ii) an outeswewmtnré sange.t Nétileithe elettrical conduetinitycitrelotivaly hightcompaed ¢d same

chanber . T | ect rochem cal .cell .a rdin claim1, wherein the
oot ve gy PRGE ARG 8R0S BB P L Br E el 1R G RE PG
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positive el ectrode, the negatjve el FCt rode, an‘&ﬁ%he f?epar ator conprise a
spirally e LOIPHE: Ishagticglaghy Jeedn fiftispn celliPecatie shanethers age The

el ect r oc hgBteCstdblethh with ARG EWhddes, &b RighblethEVeR dhntHRQs&lr §REBICRREd NY IS a
nmetalized | ayer; wherein the seal nenber is disposed between the container

and an i nioghfal bweare pradimited theacedic ethewrerichapyl Iwhdmesthoxyethandsel 2-
met al | i zeglethg¥Rinad! r(%@%?lﬁ?h&lﬁ@hér,stﬁ%f i ?ggtg[aggnl% and rdfiéi‘ﬂ}q cfert cyclic

t her mopl astic resin excepti annul ar “secti’ons [ocat ed
at an uppdheraperhl asvie-dionolene, ditariptderfupor 2-methyb tetiahpdrofueannmm hsiethyl-2esi n
body for prey ioingg direct shorting between the container and internal seal
plate; (il erein the netallized |ayer is present on the thernoplastic
resin bo tendi ng. from a base_ of an inner diameter_ sidewal]| of a | ower
end of t&ﬁoﬁier Wgﬁlﬂcgﬁqegaq"é B POsitYF dgitaftias elecHRl P IRATEioNy#Ik i on of

the ther ropuast &6 beSljisL@dY Jﬂ&d?é RHTHERed NN AharffAQGH POTRRLAY Ay upper
ewa

end of the inner dianeter si | so that no contact is nade with a

conduct i VTS Ch¥acteristigs.canhdlisclased fasr pammlle, oft {the Patent RyblieationrNoi i i)
wher ei n ti@@s/@?iz%b'Aé?gvhlcggsg@cérg%xg{eﬂ%@féﬁn efiledcgner diameter sidewall of

the thernoplastic resin whereln an 1nsul ating coating | ayer is

pr esent port.i on.of the netalliz | ayer adj acent a pqgsitive

t enper at ﬁp(éﬁéoef |ec‘fegn(iang’8\ﬂoc§8é 31}%%3%361[%1&1%&{1?%&%39 PRORGSF SHCR HRSE&ES cover
to prevenhaydinchat, bwrdraaiot dimiteldeto/retimbinio7 elirdvadgr coietifl tah@ cPRSiralivg
tenperature coefficient device and the conductive termnpal of the cell. 4.
The el ectt#;%?fﬁe %Pﬁ%ﬁamé’éq’ fordhe callaillwstraicd ip EF@; In aderd intorapd indbeicanaafis thenhen
present, e@fodes il ahsuldling BES reOthsektell OartPa Ih&EOHE] Rlefhbah Q'nd%%érﬁ\;ﬁ Nefihe

surface layer of electrically insulating, inorganic nmaterial, en present,
has a t otPite amgiptaepd ar thefopsn erd gthaicentainet eFhs. cell is supported at the bead while

the gasket seal member and internal seal plate are pushed downward against the bead. The
diameter of the top of the container above the bead is reduced with a segmented collar to
hold the gasket seal member and internal seal plate assembly in place in a cell. After
electrolyte is dispensed into the cell through the apertures in the vent bushing and internal
seal plate, a vent ball is inserted into the bushing to seal the aperture in the internal seal
plate. A PTC device and terminal cover are placed onto the cell and over the internal seal
plate and the top edge of the container is bent inward with a crimping guide to retain the
gasket seal member, cell cover, PTC device and terminal cap and complete the sealing of
the open container. The above description is particularly relevant to FR6 type cells,
examples of which are disclosed in further detail in U.S. Patent Publication Nos.
2005/0079413 A1l and 2005/0233214 Al, which are incorporated herein by reference.
However, the invention may also be adapted to other cell sizes (e.g., FRO3 and FR8D425).
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5. The el
present,

surface |
has a tot

ectrochem cal cell of claim1l1, wherein the netallized | ayer,
has a total thickness of 5 to 20 mcroneters and wherein the

when

ayer of electrically insulating, inorganic nmaterial, when present,

al thickness of 10 to 25 mcroneters. 6. The el ectrocheni cal

according to claim1, wherein the electrically insulating, inorganic
Is coated on at |least a portion of the thernoplastic resin body.

HO8#bchérraple cel | accor di ng to claim®6, wherein the electrically
insul ating, inorganic material is coated onto a portion of the
t her mopl aHIOB&] reiri nrdbotzbyilltlshate the ixebuptdabapplioauilhg oéltl&qiresahty'tneenﬂohhirapot he

mat eri al
7. The el
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@ g g)z( gk’&gﬁlﬁgn‘l tIrn?fg rglrrnOfglléltgsa\rrllalszeg:%t Im(lmgt gr} Elgpl%%;n%]‘:ellly %2 Sand
opening in internal diameter, each containing 8-ml of 0.752 molal Lil electrolyte in a 1,3-
dioxolane (DIOX) and 1,2 dimethoxyethane (DME) solvent blend were used as the test
vehicle for determining the resistance of the selected material to vapor transmission. The
ratio of DIOX to DME for the solvent blend was 69.5:30.5 by weight. Circular discs of
the control films (polypropylene) and experimental films (aluminum) each with diameters
of 19.5 mm were punched out using a die set. Their thicknesses were measured (0.1 mil
discrimination) using a thickness gage (Federal model 20P-10). A piece of such cut film
was then placed against the seal surface of the glass vial. To ensure a good seal between
the sample film and vial seal surface, a small amount of Dow Corning vacuum grease was
applied evenly onto the vial seal surface before placing the sample film. A molded
polypropylene gasket was then placed on the top of the film and crimp-sealed using an 11-
mm aluminum seal by hand (Wheaton hand crimper). The weights of the sealed glass
vials were measured after assembly at room temperature. The sealed glass vials were then

placed in a Thermotron® oven set at 75°C for storage. The weight loss of the solvent was

determined by measuring the sealed glass vials at the indicated storage time.

[0087] The test results indicated that the control films had an average weight loss of
5.2398 grams (0.0396 std.) after 9 days at 75°C and the example metallized coating layer
had an average weight loss of 0.0298 grams (0.0094 std.) after 9 days at 75°C. The
experiment shows the effectiveness of using a metallized coating layer in order to provide

a desired level of resistance to vapor transmission.

[0088] 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
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13. The primary el ectrochem cal cell according to claim1l, wherein the
positive el ectrode, negative el ectrode and separator are a spirally wound
el ectrode assenbly. 14. The el ectrochem cal cell according to claiml,
wherein the container is a cylindrical container, wherein the cell is a
primary cell and wherein the positive electrode conprises iron disulfide.
15. The el ectrocheni cal cell according to claimany of the previous clains,

wher ei n t AePaFtg TP hestpirdt of dhg disglpsed ﬁénqeﬁkrMCaBQ pleprpigsiion HEnged is to

pol yol ef i |@%
fIuoropolgﬁgﬁahﬁgﬂqﬂﬁgﬁ%?ﬁEF#EEQ ereoyp&ﬁng 1@8%?2 Zgﬁlcal cel
according to claimany of the previous clains, wherein the thernoplastic
resin is polypropyl ene, polyphenyl ene sul fide, polyphthal am de, Nylon-6,6,
or ethyl ene-tetrafluoroethyl ene copolynmer. 17. The el ectrochem cal cel
according to claimany of the previous clains, wherein the electrically
insulating, inorganic material is a nmetal oxide, a netalloid oxide, a netal
nitride, or a netalloid nitride, or a conbination thereof.
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18. The el ectrochem cal cell according to claimany of the previous clains,
wherein the electrically insulating, inorganic material is silicon oxide,
silicon dioxide, silicon nitride, alum num oxide, alumnumnitride, or
boron nitride, or a conbination thereof. 19. The el ectrochem cal cel
according to claimany of the previous clains, wherein the netallized |ayer
S aluninuqh an alum num all oy, nickel, a nickel alloy, copper, a copper

al l oy, ti \VHATIS CEAIMEDRS: or a combination thereof.  20. An

el ectrochem cal cell substantially as herein described with reference to
t he acconpanyi Ag ebicavdhagial cell, comprising:

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

a cell cover disposed in the open end of the container;

a positive electrode;

a negative electrode comprising lithium;

a separator disposed between the positive and negative electrodes;

a nonaqueous electrolyte comprising an organic solvent; and

a seal member gasket, disposed between the container and a portion of the cell

cover, comprising a thermoplastic resin body having a surface coating;

wherein the surface coating comprises at least one selected from the group

consisting of:
1) an electrically insulating, inorganic material, and
ii) a metalized layer that is non-permeable to the electrolyte,

wherein the surface coating is applied to at least one of the following: i) an inner
surface of the gasket that is in communication with a reaction chamber defined by the
container and the cell cover and containing the positive electrode, the negative electrode,

the separator and the electrolyte, and ii) an outer surface that is not in communication with

the reaction chamber.

2. The electrochemical cell according to claim 1, wherein the positive electrode is
coated onto a current collector, the negative electrode consisting essentially of lithium or a
lithium alloy and the positive electrode, the negative electrode and the separator comprise

a spirally wound electrode assembly disposed within the container.

3. The electrochemical cell according to claim 1, wherein the surface coating is a
metalized layer; wherein the seal member is disposed between the container and an
internal seal plate of the cell cover; and wherein (i) the metallized layer surface coating is

present on a surface of the thermoplastic resin body with exception to two annular sections
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located at an upper and lower inner diameter portion of the thermoplastic resin body for
preventing direct shorting between the container and internal seal plate; (ii) wherein the
metallized layer is present on the thermoplastic resin body extending from a base of an
inner diameter sidewall of a lower end of the thermoplastic resin body and upwardly along
an inner portion of the thermoplastic resin body and terminating at a location below an
upper end of the inner diameter sidewall so that no contact is made with a conductive
portion of a conductive terminal of the cell cover; or (iii) wherein the metallized layer is
present on an inner diameter sidewall of the thermoplastic resin body, and wherein an
insulating coating layer is present on a portion of the metallized layer adjacent a positive
temperature coefficient device and a conductive terminal of the cell cover to prevent direct
contact of the metallized layer with the positive temperature coefficient device and the
conductive terminal of the cell.

4. The electrochemical cell of claim 1, wherein the metallized layer, when present,

has a total thickness of 1 to 25 micrometers and wherein the surface layer of electrically

insulating, inorganic material, when present, has a total thickness of 5 to 30 micrometers.

5. The electrochemical cell of claim 1, wherein the metallized layer, when present,
has a total thickness of 5 to 20 micrometers and wherein the surface layer of electrically

insulating, inorganic material, when present, has a total thickness of 10 to 25 micrometers.

6. The electrochemical cell according to claim 1, wherein the electrically insulating,

inorganic material is coated on at least a portion of the thermoplastic resin body.

7. The electrochemical cell according to claim 6, wherein the electrically insulating,
inorganic material is coated onto a portion of the thermoplastic resin body that is exposed

to the electrolyte within the container.

8. The electrochemical cell according to claim 1, wherein the entire surface of the

thermoplastic resin body includes the surface coating.

9. The electrochemical cell according to claim 1, wherein the seal member is a vent
bushing.
10.  The electrochemical cell according to claim 9, wherein the entire surface of the

vent bushing includes the metalized layer.
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11.  The electrochemical cell according to claim 1, wherein the electrolyte comprises at

least one ether compound.

12. The electrochemical cell according to claim 11, wherein the ether compound is one
or more selected from the group consisting of: 1,2-dimethoxyethane, 1,2-diethoxyethane,
di(methoxyethyl) ether, triglyme, tetraglyme, diethyl ether, 1,3-dioxolane, tetra-
hydrofuran, 2-methyl tetrahydrofuran and 3-methyl-2-oxazolidinone.

13.  The primary electrochemical cell according to claim 1, wherein the positive

electrode, negative electrode and separator are a spirally wound electrode assembly.

14.  The electrochemical cell according to claim 1, wherein the container is a

cylindrical container, wherein the cell is a primary cell and wherein the positive electrode

comprises iron disulfide.

15.  The electrochemical cell according to claim any of the previous claims, wherein
the thermoplastic resin of the thermoplastic resin body is polyolefin, polyphenylene

sulfide, polyphthalamide, polyamide, fluoropolymer, or a combination thereof.

16.  The electrochemical cell according to claim any of the previous claims, wherein
the thermoplastic resin is polypropylene, polyphenylene sulfide, polyphthalamide, Nylon-

6,6, or ethylene-tetrafluoroethylene copolymer.
17.  The electrochemical cell according to claim any of the previous claims, wherein

the electrically insulating, inorganic material is a metal oxide, a metalloid oxide, a metal

nitride, or a metalloid nitride, or a combination thereof.

18.  The electrochemical cell according to claim any of the previous claims, wherein
the electrically insulating, inorganic material is silicon oxide, silicon dioxide, silicon

nitride, aluminum oxide, aluminum nitride, or boron nitride, or a combination thereof.

19.  The electrochemical cell according to claim any of the previous claims, wherein
the metallized layer is aluminum, an aluminum alloy, nickel, a nickel alloy, copper, a

copper alloy, tin, or a tin alloy, or a combination thereof.

20.  Anelectrochemical cell substantially as herein described with reference to the

accompanying drawings.
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