VAPOR TRANSM SSI ON RESI STANT SEAL MEMBERS FOR NONAQUEOUS 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 ectrocheni 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

cell container wal [ a _seal_ of a vent assenbly,
nore particularly gA % Xﬁﬁ .M@E§EW Bﬁ§_§ a conposite
construction incl udi S ELEGTROGHEMKALCEI LS i er | ayers

di sposed at |east on a portion of the thernoplastic body. BACKGROUND OF THE

| NVENTI ON [ 0002] El ect r ochem ggiy 15 8IF ’PH.EVI‘F‘Q' (T nonaqueous el ectrol yte
are substantially free of water. The cell electrode materials and

el ectrol y{®0kl e dhe eprgdny impentionc talatexd to dan dchparvdd s saat edembérohatiog cel |

manuf act ug) R {.n, .t of,water.in those conponents a
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eneral |y, perfor in.a dry box or,.a dry room These neasures are
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el ectrolytes jn nonaqueous cells. Exanples of nonaqueous cells that contain

such or gaRfiediag ope o 81016, ¥4098 Fansmissiombasker lpyarnispesedat keast|os a partiomofh ot her

types of REBRAHENMSICEBAY.S, containing other materials that are highly
reactive with water, are known. [0003]Batteries containing nonaqueous cells

becom ng i ncreasi ngl g or el ectronic devices.
'?’Lgugh theygare of ten %#3%#@“@9&0@%5’2%& cfel | s, n_on?queouz
cells ca e advant s .because of the natures of materials used.
These ad &Qﬂ@gesﬁgp"ﬁtécha@mﬁf‘%ﬁs é‘??i‘fdg@g 3 BoRgapSPUs Klegolyte e sybstagtiall yokree

t enper at Wfegaterl OTHeARIIIONECtRAE ndkGRIs St clsdi@lyfie hiel GrdVISf nAnfhAaRd! g8ge of
t enperat ures. Many nonaqueous cells al so have high el’ectrode I nterfacial

surface d@asioredi i tnhaell maelachiaine etopainigin ythaedmounyi afewateorin Hthgse power
(includi angbgghtsc%r?g;ﬁgﬂ}tngm% WoreCHasit ANl HmGRal 98 p%{elgejné he general

trend in power requi or electronic devices has _ omaranhigher
and hi ghéylapdageyringSuaeesses in hwehitly peld igérndlevanymmerte aravbkmikechtaythecdpaei ty on

generally performed in a dry box or a dry room. These measures are necessary because of

Ty

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 still
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

boi l'i ng pgl nts ang, thus relatively high vapor pressures wthin the cell at
nor mal op&tERRORgT dischange 18 paisyarly unpnetant inelude phatoflagh deviggsdflashaunits and
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electrolyte as well as resist transmi sSion of electrolyte vapof or gas from
wi t hi n t hdigital assiptantleyigeseanidpartahle sordeuterhe cel | . [ 0005] A wi de variety of

cell designs have been used for nonaqueous cells. The type of design is
dependent [0084par tThen eketreolgieg ecarfiprishig aegdnic tdobrehtgper ofoleticdst uoERdang

electrolyte materials.used in the cell and _the power requirenents of the
devi ces tSOrt?@u?f’é’\?\ecrehﬁ 1, SO eerphgdfments, hayes éel‘ftf‘?’(?b}ég{"ﬁé’é?@?ngl BRIBtS Angy s
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cells (e.g., lithiumsulfur dioxide (Li/S02) and |lithiuntrthionyl chloride
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electrically insulated and to se apertures 1n oust ngs. These
types of Wohithgerlliteadocadorbeutsigpbnsele due to the materials and the

manuf act uri ng processes and equi pnent required. [0006] O her neans can be
used to sE@D5]t he Aceidk varile ofibabd@ignt heve RleAtubsdeioy nbeiu€ss eldndrigagge of

manuf act ur it.can be desirable to u t her nopl asti ¢ seal nmenbers between
rigid hou%fﬁ?élgﬁ 6%%6’%%1“%1.“ Gy O R 3P é’ﬁi& Cteﬁe‘ihﬁﬁ@eafg electrgdsadiclestolytomet
can be compeass astdifieRN sl end prved RquRbmEHI8T ME dbNiBesaB bk poRBabY S (€. J. |
a steel can) _.and the periphery of the cell cover closing tphe open top of

the can, $8r Mepgpsa thegathodefelpeiqlyte matesialsare &9 feretivei thadasignsdforlerde liwwissi ng and
to keep wat sl : 1 T Msan Jjsed to
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El ectroly i into the cell afte he .cover has bee
assenbl e lﬁggﬁse&gg%dﬁgg&zﬁ%f 8?mpe°>?§lrlr%lﬁg,t n%u?ltebe i?é“cﬁgif/l%g alg PP%FO eE:Iat erial,
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of a bushi ng. bet n th% i nner surface of the aperture and the ball. In
t hese ex a{ﬂ% s, ar{ﬁﬁge manufacturing processes and equipment required.

[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 co essive seal. Since the can and cover are

el ect ri cafeymepizstie plugrithe %’p@@l Rushigg eay rabgdantiop s 3 nrefsurg geliel vemdopasket

al so providest he necessary electrical insulation. The bushing and a vent
ball conprise a pressure relief vent for the cell. Wen the internal cel

pressure ds Fmn abnar mal ent.ball, or
t he ball ?r?ggﬁus kclf&lr%&{r%gfrafét% {'or gggd%s ns favg hée/encuggégﬁore[f@lgé? ﬁréle%ﬁernlbtgwl“hg
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the can and cov apd a p re relief vent conprjsing a bushing and vent
pl ug di spBE8d°H OSHQ%ﬁé?tf’d*ﬁ shipg scalns apapert Femdf}%ecF‘ﬂ]s &8V4n %O@ Pat .

No. 4, 32%ndfopldsas Wed rﬁ@ﬂbelsl rol'ﬂﬁza cotkbressivédeal. NQincé, tﬂégZanZ%;d tobrsugd Mar.
20, 1984), U.S. Pat. : 9,673 (issued Jul. 16, 1985), U S. Pat. No.

4,592, 970¢ %(it%%ﬁ!ﬂwoawtedso 0129%)‘: elep}rgies prithin fhs celf, the Basked alsp peayides by 22,
1990 U 6
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5,015,542 (i ssued 4, 1991), ures o

i ncor por afoe thehesllei thly theei‘r@mﬁi ccell p@@@lﬁe]eﬂwdm mrattarmlrséabnmmmﬂge théghar e al so
used in r f I u ectro e cells.such as
conmmon cgltﬁts)eg rrt%% ¥%%%al? ont oblﬁ1 g apd BSSh'rilré‘\m% fa% ‘? OXI (?h%ﬂﬁ% o opening

ni ckel - catﬁmughm(th/;ﬁels)sumnd reﬂna@é'dal Gﬂlst@hledlmduhlhdﬂl 4 ghdl(b{) betwtdnsthe c&Dddd For any

cell t t he seal ne terial .and desi nmust be such that, a suitable
ceal | 37 TV G BT rT s RO e PES e BRI Bibyond K Aarseq g 2

t enper at Wpertee il el c@nszo&dme almos@e hd ULSS Paxrmpu@@ 105 vikdubs qu 1d mmg
transportatlon stora ?e and Common ¢ aracterlstlcs 0 seal
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envi r onmmejRs) Ui SEK. Wﬁ'sbk b0 hgku&i‘fu quza@? PO D998 3 92 abo fbuch B seal ed

within or outside the celTl formation and nai ntenan a“conpl ete
seal pat R2(il1990), Uvﬁ tHat.n¥o v4)9311836$r (lqapds)hratS d460) melal.S. rﬁaerl‘ﬂ‘aciaOIS[mll] For
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nmust be su I Cle resse 0O achreve a goo |C|ent
reference.
[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 also affects the conpression of thernoplastic seal nenbers in
anot her w&SPPESH Pt tGRdt or MaYVE tQurelieve dpaintiresind Tdwnisr iéarreytodass steasent
amunt s | RlHQEHH5DId Qow BPfh@%%%?iaﬁﬁ@eﬁ%ﬁﬁﬁ@ﬁﬁteﬁﬁﬁ%&nlggé LYY Yelax HloRMEP1 €Nt

tenperature. In a cell with a thernoplastic seal ne ormng a

conpr essi Yighefe famnseatites nthatsbe teduging dhempioreeftas sgficignt @mpetssibn can bad a
metal cov d1qi I Y . and rigid conponents
bei ng seaﬁ{ea}cil’t %ﬂééd‘ex%é‘%% paglt%ca:l%sagﬁ? 88 tﬁ%&‘n ar‘%%mtrna%etge?ﬁl%glﬁaggr 5¢ lomg?&g?{ts A n

suf fi ci enangglas kwedy. c dhiffeess increralsewilt kepaleaide sdnttaenperdifferes framnges pOSSI bl e.
[ 0012] The;ersm nlsg otii C natgqr#&l s and_seal. iesi 8{1}@ sui tabl e for nonaqueous cell
seal menberk’ar & AEFEt EIF ARG VY iR BUR eRE P PEaYre. i ffet ithihe seal
nenber s mhstmdprastic deddingheer UQEHGE a RbmbRBETNRAD bétvkedn hRdrd\BEidIcofpoastRe active
materials in the @ell are very reactive therewith, and sone comon

mat er i al s(&r 589 2pd ) mefaleoveRnHdp gengralindesirable tfamihe. sanksh apdisigis cel |

seal menmbenspoRbitit béths SRS e)@pah@\ﬁf MERQY tHe’ IS Mes § Qe B SidiRh sﬁ@ﬁien? )
el ectrolyte solvents. Since the vapor transm ssion rates of thernoplastic

mat er i al s8%KY cgBAEAEON gved Bisaneneast tenperptire rangopossible. vapor pressure of the
sol vent, | ow vapor transm ssion rates are generally nore difficult to
achi eve fl@012jona@beowplastél hatevihbsandedeal Hesignst sastalslo rfbAinBnaubRis Scellr seat her

organi c sglvents or ¢ nds with | ow hoilin oi nts. The greater the
ratio of IPF]‘BE%? Pr@crf‘?@g{@?egatg?ﬁ ¥(V’Itr ﬁ@ueé’é‘?;lfzgrré‘?‘f‘h)@%“@’iﬁos ¥ Permbsrs pwshal

vol une ofhavbe Highek degrBe oM rinBAMitl A5 by atdd DeIuSE btk hBersd HEME cadrarat er
transm ssion rates. [0013] Pol ypropylene is commonly used as a material for

li t hi um CEFY reeetys, therepithu sl somte qommeenspmicgals der agyeans gelliselr memigys Rest s have
been madeopkdibRl MnabRehIRIM @8itrh&mBERY Rk a9k 2§ iiod AR OVi Ng
the ability of the na el withstand hi gh ten}%eraatél}fg@é'%&g%&vhg%%d%
pol ypr opyPethe elecoly] solvents pSinea theNcapor rag ik rdies of teosomdassie alatdriats
al kal i ne ¢ells 1 S| - ving a coated.l.ayer, of ol yam de, an
epoxy r es#n,g%a%%wgpt%e%?&g lgu%gg %gé)%g%pc‘)’ eoa{n? rgsesu%ee(s”f rtlﬁ%ﬁ(%}veéltT ?(1 V8PTa
subst i t uttedsmisgjamosted aregalemfip sadte atifficab npraeksed fhehomgieotud eclinivasdeace of
the cel |’ ver and the coated gasket of the cell thereby reportedl
pr ovi di n éfeg&gllyfﬁs 891{}?16?? egseqtilott}{eﬁ 8%51&5%89{5 or compounds with lov‘y boﬂng points. y

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

flexible r terial, such as pol yester that nay be attached to the
battery ugﬁlrérg H%Zsﬁueélc@i%}tag’ﬂt g@h%& 3%.746Tﬁ’é°1p%‘r’§earb%ﬁerﬁ Aefkgemier arthierial is
deposi t edbatery MR IJdAREa fibkiBleWabd fifh tht BovePVadEIREI:EL B %a@f%} e l%oﬁ%c’iﬂlé’”
process either before or after the base filmis attached to the battery.

[ 0016] U. Slaypefantingigslic materiahsuriypy sibiean mwidnelupinos) 9@ile 40 Aludiimmh osids an

el ect r ochggiosi I ' resi h t ai ner cel |
over  hav, s Rie TERE B 18 b ok an BRI L) 2 Baf). ThT Bl Bl
menber, whirghd pHa flexible pblyast matepiak fuclohs pdigeseekiat mapbeasathed toathé Bitteyent and

is made f terial risi,ng a thernoplastic resin and ngre than 10
wei ght pe{lsg%?hg%? agtl‘faﬁeélrﬁn%?g‘éet 218?9191?%‘?%3 1qrgqnig magegal s &{?P%&efgﬂn Herhast i ve
seal and &l etilizihg @ 1pwassperatureeC VBl depesitioDpRkesd AhEALIER R AFRE tHeChak@Nge.
[0017] U. S,., Pat nctbth?(gl i %ati on Publication No. 2005/0079413 di scl oses an

el ect roch@‘i’i‘hS taghed trhﬁ Y- with an i nproved t hernopl astic sealing nenber.
The seal nenber is nade froma thernoplastic resin conprising

pol ypht hal08k¢lde &S.i Hateat Applicatieni PublicptiemyNene2096/0079#94 Thelseal amenber
report edl i ffecti S ent a bro te rature range
and has aM?d(glrv(\)/gl‘gj'lngg%r 0 ?/l?’eée?a%gl\r{%{l r@%ﬁ%gslgi%%\é&g?@?rbfrogéfj%f?]‘%gEﬁ‘él% the

Publ i cat i aparthye.se88l BB FY Bproeldahemophsticepalingnibybat etrhiforng et gyt e

novi ng up outer surface of.the battery through the surface of a
negative %ftatﬁe éét}gs ?roessgfeerc?ﬁ?é ‘(’:engﬁ’b‘{ fs189de¢ ,mﬁyx?tfféal§8§‘lpflﬂ§g éft#eéf’,“t‘)p@?ma

magnet i ¢ rksielad mbichthbh € 0ewtighe pero#t a6t a ShérnaC asbiRfin@ TilleRStdl ploving gasket, a
positive (f%g.and th negl% ive can, W thout using any pernanent nagnetic
ring. Thelihreeplant pgel BFSTIR Telish vent e acbrpad tgmperatust wage-sol ut i on
prepared by dispersing magnetite particles which have dianmeters of 100-200
Angst r om 8% ]1ar eUSoaPaignini Applishiedne Rublidation d¥e.b005/00THilde disolosantanby use

of a noni.gnj . X 8 | ec | vt e-r.esi stant sol vent i
Qe oot s verBRUTABARRY oo fifh rf D RF BBloPifiE 3B e TheasPlet . ¢ e
t hi n | ayenengfer tihemadegfreti @ themioplasep aedie doynprising nstyphttatihede ort npabe

surface %odrit? whi ch, prevents any fluid

sket .due its, magpetic force,
from fl ow ng %u’?oq ePﬂgn%%‘ﬁg@r yfh‘:’r‘f’f’%gfnegl%f”i GaPedlearovidss B effectiyerssd
posi ti ve vemjpvanslbioh®chpgabiry fangd bnd I&sraﬂ@@refe@ﬁél _e%ﬁ&l_ ®smiskigR d. Japanese
Publ i cati on No. 60-182656 relates to an insulating filmof netal

[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

10- 150 Angstrom (silica sol) are enbedded into 100-300 Angstrom defects or
mcro pores of the insulating film Wen chromate filmis fornmed by

chem cal me siljca. sol i into chromate treatnent sol ution,
and sili cgé(glgjti ?_tlagaéle?r E‘?@@ﬁ%‘?“t é@l 38-3%@%3@8&?%{00%_1@%@;1&@@ Pf melihen
chromat e logiddeyacts hd £6minkOF cIF¥RARR] Brmédéh AR QEH.cE APhivh fsho bé‘ﬁfﬂoﬁ%a'cﬁgit{x]h' mis
subjected to heat treatment at 1502C or nore (400-6002C). By this heat

t r eat ment 22t 9f@ 2pederGap by yapas depastsionpr plansical tieptmsntiprioecss.nSifigorediosidd al kal i
resi st ant pafiBR2ANAPARSESE BYP b FRESPRnNRond r 58 1BoksBgi nat ed
body pr epgr eld by lz%)ag%igng agout aS(gOSthrﬁfnc(gﬂ@r%?f???rggﬁlggé(%gtlé{gIlg(r)leﬁg]i Im a
net al | amAngsteont dé¢feqtoon micnepbres/ofithd insgatieoiilim. 48gen throkate édinris faamed By on each
side of a t hick_ net al te,  and an about 10qg t.hick resin |ayer.
An el ect r(ES]h(f%la gérfotﬂ%aglg%&ti ﬁfsflg? tsgij 5 ﬁ?‘(&)e%amégllc Od]?qt%éfeat&?ﬂgﬁgwow fH&2bot t om
havi ng a pajticleeareremstedganbetdedaintoed enbmale)il® Wikendsede is3depBatedNFop! at e
and a gasket are fit to an gpening epd of the can body, the opening end is
caul ked, ngpgeaiiz%ﬁmgﬁoca? H&‘a&é‘é‘iﬂf‘g@% Eﬂ%ﬂ%sw@qdrf?&%bé%m%t%éﬂ@ oe

openi ng emdrea@d0-B80GAC)] BGtthidestitfeaiinent, RAicAPERICRE r&Jdetedls b%&ﬁﬁ@ﬁhsélf?blwf ma
caul ked part. The | am nated body is arranged so as to cover the caul ked
part and VRE" ¥dalkaligesistate, the | ami nated body is pushed to a hot plate to
nmelt the film and the lam nated body is fused to the portion over fromthe
openi ng elf92¢)f t Fpanese tPublichyion Mo, 198-056604 retptgs! tateelamid@:A1follzpaaeseal by

Publ i cati ) 024198019 rel.ates tpo.a small-sized Jithiumcell wth
report edlé;? | habégtcau?&cgl,w%enﬁ%%b &e%(fﬁy%&]eqq @ﬁ% ﬁégegf%ﬁ%fﬁﬁ‘a'ﬁ%al RFRBY i ty at
Imsm uf act upiting whcuhdtyi ttﬂcltk: @siagslaygmf oxﬁeagasiaﬁtofmgnébm]gmﬂiagmie%l pﬁateabﬁuleah by

am nating and. integral nol di ng a gasket made of a synthetic pol ymer
resin fil Oghgoﬁhgb“g‘gfeﬁ“\}éeél it ?lgﬁ@dﬁe%f% EaBerteh iyp ofagndidembicen 8¢t het i ¢
pol ymer rish thefbottom lﬁﬁiﬁgﬁls?_ﬁré’cﬁs@s‘%ﬂdﬂ,ﬁﬂlﬂe&hﬁ R34 pdurdda shaﬁing?‘fﬂmded as
a synthetic polyner resin film By using this tilm the dang 0

envi r onnehgaiket 35 filufo; arpoesing epd pf e icyn bpdynitheaapstingend isseutkiad, the gaskets

qui ckly dgaqrPesals Wiehadi; ded, Ther mopl astic seal
menbers, such as p%%pr opﬁ%ﬂ’g sea ?f%n@gs) erg%%daﬁpﬁ%ﬂ&s% \?gﬂjt’ %t\’/eapor
t ransmi sgipeming gnd s seled tprfom e wadked pattic The lanhieatedibedyofs drraapahisad @n of

electroly I S rough th menber is generall eater at

i gher o Soue B Gt o383l PRk i 365 o giny s BRDE B Bt ot vel y
| ow boi | inngt theifiih sand Ehelaafigite), bddy inaediolBe pEbh 8RrErdnPthBdPeniAend of

el ect roc\r;}gm' caql batﬁtb?ré.cel Wi th inproved seal characteristics, especially
wher ei n VARG BoAX R liggPBte el ectrol yte through one or more seal nenbers
is reduced. 50023] Any reference herein to known prior art does not, unless
t he cont 13l i ndizpapesedfpblication 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 admission that such prior art is comonly 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
invention provides an el ectrochem cal cell, conprising: a netal,
cylindrical container having a cl osed bottjomf enﬂ, a sidewal | and a_nt open
end; a cel] cqver disposed in the open end of the container; a positive
el ect rode?ieﬁmﬁgﬁaf"i‘f{?ép%rl 8ttt rtgrﬂggr}bd%rs%li AMPEE Hf generally esseaten af higheposed

bet ween t kgnpeasirtd ¥l #RE MREIbIMR Gh&ke 5ANGRs with PORKEAR RIS b&liRS Hhalyt e
conpri si n% aﬂr? orrgani c solvent; aand g seal rresnber gasket, di splogfgd Eet ween
[

the cont ail REF{CEhE vruhbbe desiatde torhiere g plecteashemicaldwttpryiost! mithdmprwedegpl ast i ¢
resin bod i : alok . el ting. conprises
| cast alple? cHPRE SHERRL Lt MEHRIR i ool BEASRRLL P rERTT

i nsul at i nggal nmwberaim edurederial , and ii) a netalized layer that is _

non- perneable to the electrolyte, wherein the surface coating is applied to

at |east MO23pf g réfolchemerdn td knowh privleft dSei dorGRIeaS the kEntgds kRlicalibat s in
comruni cation with, a reagti,o,n chanber defined by the container and the cell

cover and?RPSHE-ACRHEe 2R aIPEsPR thaksucheipr g copmonheiiomnby thessskillsdén t he

separ at or th8Rfl 1 HicRhRChIkivh Rolatd) g thé bridtity Qb BF tRdipfiERiohhat is not in
comuni cation with the reaction chamnber. E,0025] The "positive el ectrode can

be coated onto a current Cﬂn#ﬁ? , ' ectrode consisting
essentially of lithiumor ali %lﬁu&n?g:ﬁ{ogﬁgﬁgmﬁgﬂ)os: Iti ve el gctlrod;a, Ejhe
negati ve trode and the separator conprise a spirally wound el ectrode
asgenbl y @lbg‘gos ezﬁ?/\ﬂeﬁ‘f% I?Wgugrbﬁfoéﬂ ean %Feﬁﬁﬁ‘gfﬂﬁ‘@?§w’f%?€@né’6&i fifRan be a
met al i zedcyliaghedal coMt@h&inavinBQ chRad boMRIPELd, hSidvan asEsh BR8N, &{Plﬁ%ﬁl&nt al ner

and an internal seal plate of the cell cover; and wherein (1)

met al | i zeHSROsSFein Eigr pRe@ecdogk fhegeankaingred desitiye electode; «c acgative lgtectrode |

t her mopl [ ' 0 ' i . ' | ocat ed at
an upper - amprsg Ao E el FHRRL bARekP L M0 M he B0 LB Doy
for preve®npgugows elestolyshesmprisipgsetongsait sohent 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: i) 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.

[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
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container and internal seal plate; (ii) wherein the metallized |ayer is

present on the thernoplastic resin body extending froma base of an inner

di aneter sidewall of a |ower end of the thernoplastic resin body and

upwardl'y along an inner portion of the thernoplastic resin body and

termnating at a location bel ow an upper end of the inner diameter sidewall

so that no contact, is de Yvith a. conductive portion of a conductive
nt‘f:‘g&e?":a

termnal GPUERE &Y f fateg i Gi) YWhekraR ey mefrdlizegt layari iserreseay en the
present OmfheARoplNIR redth BOB) SlterdlifieGth la ke bHgh nh&r ME@?HH&VJIF?!’ {'ho&%gy’ and

wherein an insulating coating layer is present on a portion o _
net al | i ze@nq f ethe J@prarapiastiay rposj hody eande ppwardtyu abong oaf finrer egerticte ot cie and a

conducti v ] I t event, direct cont of the

cora Tl vodehoi A el bbAPalPlembANEL of £1 AR h Sobet Y Fohe ek 1°, |

conduct i véiametemisidavalbfo tlwe noedohtact] i0 G2adk Tieh aebaduciizeportiay ef a cohértipe esent ,
and wherein the surface

can have total .t.hickness of 1.to 25 nmjcro er

| ayer of el ecll]taff){:g 9 §F|ﬁ| %osvﬁf’aocri(ﬁa,w}i“?%lpgfh%in?t egflf‘%ﬂr,ls WA e 8- AT has a
total thi dismess sidéwdll 6fhd theffh6pl Qe r@&iBbodyOBY Hd&in AR illatiz £ BodtidY @dyer WhEN
present, can have a total .thickness of 5 to 20 mcroneters and whérein the

surface | §yEfseRl ot aeiep o theymetallizedilayeridiacens ragrasitive femraratare, copfiisienpr esent
has a t ot @dvidehhkk Beond@dtivd Qe | na5ofmgﬁr WE&)&? ‘t0 [;99\%%1 -Ek}@cteéo%ﬁitcg iogahd ¥

insulating, inorganic material can be coated on-at |east a portion of the
t her mopl a@¢ializeddayer budy the] pordidieTeeperagie rdoefficlept ideiot and ribs combrcgeni c

mat eri al &:ﬂﬂingﬁﬁ gd onto a portion of the thernoplastic resin body that
is exposed to the electrolyte within the container. [0031] The entire

i [ n i ncl ude surface
surface O[fﬂﬂé‘ﬂe tli]‘ﬁé nn?e%llﬁz?etdl l(i?iyt-‘:rr,e %vlhgn l%)(r)eds nt? %an ave a totaI rt‘ilelckness 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,



coating. [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 conmpound. [0035] The the ether
corrpound can be one or nore selected fromthe group consisting

of : 1, 2- di met hoxyet hane, 1, 2-di et hoxyet hane, di (net hoxyet hyI) et her,

trlgl yme, tetraglyne, di eth | ether, 1,3-dioxolane, tetra drofuran

2- net hyl f@ﬁglﬁm&lﬁhﬂr%fa]n%‘d@mw e ydenfaran) 3- @ﬂ%h@tralf Blamiand Bosi t i ve
el ect r ode . gggtok%hgllngggrode and separator can be a spirally wound

el ectrode as

[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



[0037] The container can be a cylindrical container, wherein the cell is a
primary cell and wherein the positive el ectrode conprises iron disulfide.
[0038] The thernopl astic resin of the thernoplastic resin body can be

pol yol efin, polyphenylene sul fide, polyphthalanide, polyarnide, _

fl uoropol yner, or a conbination thereof. [0039] The thernoplastic resin can

be pol ypropyl ene,. pol yphenyl ene sul fide, polyphthal am de, | on-6,6, or
et hyl ene- thstinanlpstis sem membshletwessot Rarden Ofttgt)ﬂ@f cpiver asidgcient leadl, Whetietnsthe at i ng,

i nor gani ¢ s iR bfehibals eE&rhab@aI@ing%?aﬁic sQthd@oathoret al | 0i d oxi de, [SOZE[ '?'lhe

nitride, or a metalloid nitride, or a conbi“hati on thereof. ( i
electrically iﬁ&yl tin I norgani c.material can be silicon.oxide, .silicon
di oxi de, siIicon‘ﬁ?f%?g%?mﬁ?ﬁﬁwauﬂg%fﬁﬁgfmﬁﬁﬁﬁ?hﬁﬁ?d%??@ﬁ@fadﬁgﬁﬁ?%%
nitride, elkcteochaniehlnadli @cluliiigneedl.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. 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 portion of a

thermoplastic body thereof; and

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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[0042] The netal lized | ayer can be alum num an alumnumalloy, nickel, a

ni ckel alloy, copper, a copper alloy, tin, or a tin 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 dra SCRI PTI ON.OF THE DRAW NGS [ 0044] The i nventi on

W T Do bet rr 6T S8 Botch At PO ek g eemplroprisaptin eellgeeeliimith ofise one
appar ent  Rptiveeadienls tdreciiatia | §ledeSfr | RbinPR Bihidnlfor, WERLIM Hiak&n
together with the draw ngs, whérein: . FIG 1 1is a cross-se tiona
eIevation&ﬂ?Wﬁ@Wﬂéﬂwﬁi@9mﬁhdﬂCanK5H@B§M@bh@wk@hkﬂd6EH0hmokuﬁwngmgd; cecond
e e e
bal | , whetsgilse aphkcableabd vanoryetler edimidribe vell sinesi foo eganple R6LRORee. coat i ng;

[0046] Referring now to the drawings, FIG. 1 illustrates a FR6 type cylindrical

electrochemical cell 10, which has a 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
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FIG 2 is a cross-sectional side elevational view of a portion of a
cylindrical electrochemcal cell including a seal nenber disposed between a
cell container and a cell cover and having a netallized surface coating on
a portion of a thernoplastic body thereof; FIG 3 is a cross-sectional
side el evational view of a further enbodi nent of a portion of a cylindrical
el ectrochem cal cell including a seal nenber di sposed between a cell

cont ai ner sepawMtoy cxtending borandahel cleetvodes dherwpsitive eleeiroslarstadpdudesat ¢umgnbn a
portion o i tional
S e ol cvat oRhrs SRAAy feu O BB Som the top of i eldyebd, Buhfly Sl 36

el ectroc heimtuedllya@hhectaddb wchmgxotasmmgl&nemtbmsuldn@msmﬁem weehnasaa calel

cont ai ner .and. a ed surface caoati n a
or'ton o oY ALy FeuiBte ARHSesR. effpose b o RS, BAE bt

Cr 0SS- Secthi @oataingi SidlevedIE16Abre @M@ lan vmtwapihoamlﬁﬁiaodrhmgat% dlectplid B4 cal
el ect rochem cal cell including a seal nenber that is conponent of a

pressure Flefiiealyropgecisdde tin ’?nervﬁ‘}gﬁ"é? o Qopkiner 17 eﬂf%feﬁplyt Pea skl be@Ber has a

netal | i Zetﬂm@v‘ﬁﬁﬁﬂ Bk bAb&TiMBA:. t’Pher ESMG fer VIBP Qv 238 199 chithQughibdie seal
menber. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0045] Seal nenbers of the

present i Qo ibeivear posiivetdlastipdg $4/andsbe¢ bottgnyof Q!llné?el‘!etf a8 ﬁ@nb@anevmd By to
provi de a8 GakafChollR xR G ABhE SRS dn a[@an@algﬁ Qe iR o0 nd
seal menb hort i

assenbly, wherein t ards in preven curtin
bet ween tpmsitvoed a@i ter baitecth oébdmta:ios.ren \MSezdhplatar%bB nyplcail)f fretad o apodhenrl ty,

and wherej,n.th nber r.uc ve a.relatively | ow vapor
transmi st oY 50114?8{1];? m?‘rtlelﬁ?lrﬂl f’ £ gtg‘gﬁb%b 7srr8‘fﬁe¥ﬁé‘%8§e\é\{. The
seal nenbedstanieskeelred i n addi ti onal errbodl ments, for exanple, as a
conponent of a vent assenbly. The invention is particularly relevant to

cel |'s corfpgds)i NICHP NG AI4E MSudh %q;rés@&rxtra%f veft. %rlﬁ{eﬁfaig&lﬁm AR the
cell is a nonaqueous primary cylindrical Li/FeS2 cell, for exanple a AA or

AAA cel | ,apprtere compasingiimipwardly pojestng eeritral mnéwelia@ veifha FROBoler289pdet i vel vy,
such as %ﬁf}ﬁl‘ fsdn %qulg qg%ﬂégﬂtsg\ﬁl&r?% rb@l%f' ﬁ{eghgﬁ%u%ﬁmhl_%\e&ver the

i nvention may al so pes o

non-cyl i r(shcpmalspalfrxwmlmxé[ﬁmhaclp)m Wessecblmltdv&n thet/érscaAMaﬂis of han vwatitagve
material s_qr,chemi yst r ex le lithiumion, nickel- taI

yclr 1 de. PRCAF PRy o0k o b2 s s el iR prsbie e

el ectrol }fﬁ&le&ﬂhﬂﬁﬂﬂ@d mrveaxmlpmormt}eman BNghdGedllnSentbel 10w ¥ordd@ SuCsTs ot her
than conprising a ball-type vent. The disclosure is also applicable to
various oRhERCTRIR fongleaseaPressyripeds gasas framp thesgelbnhy-e IntgrnakRepal plafe; 26, seal

E:OPIMSEZI IR? Exgnﬁﬂeﬁ 890,15 tr® rdIfae vell 3 ROE, ankilcGhtather 13 db3berate]S nBididRR ele¥PSie
Y assembly 50 and electrolyte in the lower portion of container 12.

[0049] The gasket seal member 30 includes a seal body 32 and a seal coating 34 of
one or more layers in contact with one or more portions of the seal body 32. Gasket seal
member 30, in a cylindrical cell such as shown in FIG. 1, is an annular member having a
sidewall with an outer surface adapted to be in contact with a sidewall 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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el ectrochem cal cell 10, which has a can or container 12 wth a cl osed
bottom end 14 and an open top 16 cl osed by an end assenbly having a cell
cover 20 conprising a conductive termnal 22, an internal seal plate 26 and
a positive tenperature coefficient (PTC) device 24 that substantially
limts the flow of current under abusive electrical conditions. A gasket

seal nenber 30 }]s dlbgﬁosed ugtween a portion of cell cover 20, generally a

per i pher afiPdss ntulptanially sonstant, if desirgd s Tha dovesr epd Péthﬁcﬁaﬁliebns t hat
ar e NoncoRcUGidnitRr BO eRieBNE Miwasdlp Fonf tHeCHitdd HeewWMNE Forkdis ﬁ%ci eCAYhad HC! udes
an el ectrl cally conductive portion such as a perineter of e conducti ve

t er mi nal npir eng ghatoextengs einverdly ecapatipl aane apBilarhssat Kot el Qﬂdtter%i sed cone
into cont | he ead o educed
di anet er ?eeﬁm%%nﬁ‘telgg a%ﬁég)tetad 8§ﬁ’ geﬂ%%%;-h%r#‘ggh%%% gllu%%artp(?ZT?o S tf’f)ﬁgr P{; seal
menber BOtmrgaslceeL%al owedrer 30 caj 8184 Bt Sesribed abkavidDan 4L6OPPrESS e?ﬂhd)eetay\een t he
cont ai ner .1 cov e el ectrode assenbl

conpri si nﬁlaénﬁg%uéﬁeiogfr HE ’ﬁtsztk}aee‘g?reﬁ?%%%ﬁveeﬁ e, iR, arB?terp‘E}ytP‘t" Pyter

el ect r odesifielyals@pahaupwardfy, extéhding! 166t ©iryih® sMdlITitie &8l medBer. ENRCIgpRAE
assenbly 50 calgp be of 83 uch as, but _not limted to, folded strips,
stacked pfddhe,gasked se éfrqn@ Qureejtend inpyardlys ad prpferablyavers srpoptean of thol | t ype
el ect r odegasseirhéy &&féf'lﬁlﬁ&ﬁ@d@@d’ édnﬁ%ﬂrv@rté‘ﬂuﬂam 27 bfa prevertPdn®dct HAWRG,

el ectrodes, as known in the art, are generally el ec?ro de strips that are
conbi ned terRisal? ae%wdyl%f coptAiapiy ateo el erfraping bushgs Keovar indilEit hsTn f or _
exarrpl e a&&u&gbcfﬁlrﬂaﬂd{hglou%r cﬁfrﬂétéraé)f &‘lgr 1 c%%glaé@t%lgl%é%eél Ql{lgere.{(fi bgiy a thin
M croporous menbr ane’ Is 1on-p d él |calli[1 nonconducti ve
that is diosposed2bet mmpechd}cadbattthcsgasﬂcatssconfprdsm posbdut 36 pefoemt sfoke 54 and

ot her - PO A LREeR s rRafAr S Rl Vo (B AL Bod @ B Rl STpe e |

el ect ri calelldemnt BRE-type tcbll t hﬁmqeéslsloh eufrthen ghsket © GUtANNdesiriBle rséaalcaﬁ Raft
circuits., Edges of fhe se(ﬁgarat or often extend beyond t he _edges of at | east

one el ectdeBEEIRE O {ag, Fempasiion; ¢othsaigal pedy palumer éféﬂea%)h éd‘BB@Haﬂ iagditigesect r ode

do not maké&einl AGkdl e%&he é&ﬁ%ﬁﬁﬁo@yﬁﬁe EdIl S BHtafer aﬂl‘aﬁg B@ES BEdblsy aligned with
each other. However, is desirable to m nimze thé anount of separ at or

extendln on tr des a
current o itct 8'?‘4‘%&%%%?%%@%@?% Pty Bl BEmalmiC TR (e

el ect rodeﬂrawealﬂb yheamdplassicehaatals thal day acapnthetoae ot moge @athakierspf tieg 62. An
i nsul atin nber 6 uc a cone or med. of _any . ble insulating

mat eri al , 9a1 RAEE %Ppgﬁ%geﬁnﬁ%i?\?&@@ﬁm@oth‘fr ‘&i PE"HHO € géﬂrﬁad‘d & e AReLtiGser

si dewal | w‘ﬂth PEspY@Nfo &R ppilRA NRker&) Odidd ﬁiahﬁaahtdesﬂ}&ﬁ sBAgat px\bgeﬁleﬁ%ﬁeade 52 is
el ectri cal I }%&r}gect ed to the I nner surface of container preferably by

a net al ot cannbeoed e Hsamples of suitable watstialp rﬁ‘éfrnollquseé'rl&/é‘élsas t he
negative mmea%httaeerﬁwﬁhu 5! B&ilolRkA ' GRd the
bottom ofI cont ai ner 12 cantebe prﬁg%%nt esg%ggectpﬂl #d%@@h g%h?([%%/enm on of
separ at osulGge.felypbthalymids, él@plfomlameps sugls & ethyleeg- @trsﬂkuCﬁdetmdslet Gopolkythei,n t he

bottom o | t p not her
el ectri c%?cfg&k gcts‘lltglleasﬁg 8?1% §0 %ﬁle}—ﬁs EL% %Vgﬂbb F rc v of?"mt’%*’é‘v such as
ni ckel phatres. sﬂ’ebfbhtaaIdHMealsnhmlablstﬁﬁh S¢1@Q48]10ebf A]lﬁhaaétao Gooedindes a

pressure ® The i nt ernal al. pl at an a ture conpri sing
an mvvard@biarﬁidj egﬁfl‘ﬁrﬁp eRtrae &gma%gsekff’g'zé nttl‘f’ %gﬂlggtwg clagare st he
bot t om offEWEEL®28. The aperture is sealed by a vent ball 72 and a

t her nopl astic bushing or (second) seal nenber 70, which is conpressed

bet ween ert I n e vent
bal |l 72. tdv‘ﬁé}é t#esqgilgl‘”\lﬁq{)r?tﬁeergfn%ﬁdﬁ%% eéé@lhjre&gf?eggﬁ? dggerrﬁo??trﬁérlh)gvel th
vent bal Foppdynenr, ¢fdhabasiyl dan lusa ova e addisivis fillZ6 oatle lﬂ@rasknlomutn thé artthe
aperture; t r r 33988, fro mth | nt er na

plate 26, gaer{o;EL %r%r)gntg gﬁﬁ& érxéglghegeﬁ(ﬁléﬁ argn'fo éé’é‘&é’*ﬁﬁf’f%{ﬁ‘a‘ cBnY fﬁﬂer 12
cooper at glatsospireries|t wood ﬂd)lﬁ‘c'Safrﬂdﬂleﬁﬁﬁeﬂﬁblﬂlylng(fll&mjst&h%tﬂ—glay.‘i; gibeRy, glass, | oner
portion §f cfolrat ai ner P?Ef ?H’h@ ga%ket .S mber 30 includes a seal
body 32 Gt "§9SR% grﬂ@éﬁei agsilith g and, Vermic t‘f a?é?‘é‘v?srﬂnél&ﬁ? DU aZi A%k one or
nore portions of the seal body 32. Gaﬁket seal nenber 30, in a cylindrical
cell such as shown in FIG 1, is an nul ar menber having a sidewall wth
an outer surface adapted to be in contact with a sidewall of container 12.
The outer sidewall dianeter or contour of seal menber 30 is preferably
substantially constant along a nmajor portion of its |ength as shown, but
can vary. In one enbodi nent, such as shown in FIG 1, the outer sidewall
di aneter of the seal nenber preferably has a curved or rounded upper
portlon t hat tran5|t|ons |nto a substantlally horlzontal top surface t hat

Y e Y b1 . I T - .



such as shown, but can be substantially constant, if desired. The | ower end
of the gasket seal nenber 30 extends inwardly fromthe outer sidewall,
formng a | edge, and has a terminal end that 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 Pe.d scribed. as having an "L"-type edge. The seal plate 26 outer,
| oner end ded ity Rlpstigizes, ﬂ"r‘i’é‘cﬁmgﬁd‘é’l%@’c%éémq FRéATAe rangipsidente rangptatidgse out er
si dewal | eskine atRVVaHh&keY: ks Nghdl RLal menber .
The upper@gﬁd og the gasks(la1 ﬁégégﬁk’n%gﬁgﬁgo&gﬁgﬁdgn?%%?ég&g% ’g‘lf’%tf erably
covers a Heredl bpdn32 isiebstantially feeordtesrof eny grawdiigitve cainpentyts. dhe sertblodyt i ve
term nal - rmnal 22 and t end. 16 of
cont ai ner 32’12 %ﬁjaq% t r@éﬁ‘é@cﬂ%@% ?t?lrr%pﬁ?%i&gnyts)s E&%ﬁggmtg%é’\r/?ﬁ@? A° Eileﬁaml %’“"fdﬁ“%‘ﬁglc% 18

enbodi nmenpreferied. Antkeowinatire ey the partibdarceb)polymee thabn mgaakel tobeakieareiber 30

and contajner, 12 are cri.nped such that the sket is coppressed by about 30
percent of “ft%r* C}ulceéﬁﬁa{’iml?tﬁfegﬁwgggorttf} "ﬂ)‘f’l{’)'\l)g'dgﬁ%l(c 5)99@“@‘3& ﬁi’vﬂésnmf’]rﬁiégéfeal body
32 i s pol stipreppisteatrapandret theefoed 4s kindwa i {88 afty P6r &Qhiple, WRBPIBISI)PSlyREr t he

gasket to obtai n@ desirabl e seal can vary depending on the conposition of

the seal FORISHRYYRIPPYAGH, Hipbls mplding fempetadies fapesiremapeit] 0% toadont as t he
confi gur adgoan. of the cell or container, anong other factors. [0050] The seal
body 32 conprises a polymer, preferably a thernoplastic polyner. Any

sui tabl e nmop ' j hat. can, accept .t one or _nore coating

| ayers of[b'? %’2; seéﬁérf:ﬂ&gts ({'Hr;é&ypp l?agﬁi)e nofogl?e(f lélgos %nﬁ(g?qaip%nonﬂ%%’&? SaME ovi de

t he desi redliffethesiuviacplayperare aslepdndénttyegiplied td chet 2l bglyl 322ahd Ry@rds) and
mai ntain desir eal i.n roperti es .when_.assenhl ed in _the cell can be used.
Exanpl es Cgﬁtl%?éga@?@nﬂlﬁgélgf’% PBPOHEALALEBLL RS Faé’erl?sﬁcqhﬁd%a,? cpRitngate not

limted taanbpapplieied bily.a RERACIANd Jurfaed HNRIDHIPRE or BR MBREAYVLENST ssul T i de,
pol ypht he*)logm de, fluoropol yners such as ethyl ene-tetrafl uoroethyl ene

copol ymerPPd¥dd pRsRatwodd G spal £oatkyg layers aws. uspe o, firara sesl egatingB4iaf abl e
comrer Ci gkl ¥ndmiBaf B Yok a6 kA hS; | € ol vay

S. A of Al pharett zg, _Ge%r gi zf ggub,&%}éﬁ%%ﬁ E@%%?SB%’P%P@Q?&%{,&%%m e from
DuPont  ofor Warerphg pertion Pé Fevearlebods 32 ERE Elportion ¢fRO6 b} Aprk previously appliedof

ordi nary [ ] ar . I [ i.e...1a polymer qr ol.ymer, of
t he body Sé%n&%atr#é L11£ e?SVar¢038é§ g%%‘l? t(iyo\ggl%l,(r%%?qsl %f‘reééacl)rm%ﬂ{é%f icﬁ’éq’ s&(k)lﬁf?\‘ibn in the
art in vardondisg anualindesignfd kddace eapprphessnissia thetigh ot sealr @embér. [Theistad t o,

ceram ¢ powders,. gl ass spheres, od floyr, sand, therno-stahil.izing
fillers scﬁ%ﬁ‘gé% lﬁg‘b’f'gggﬁegt_fqi: B’e&'g Filégﬁr‘g&,ang F@?ﬂ“%’@l"&%‘ﬁéi’?seﬁtr‘&lﬁﬁp the ceffi ca,
silica, tiel Thang s¥coangl3utddes M dilbw YRS ranSiRlsHOE of mgtaﬁﬂﬁlyﬁ_ﬁ;' elebtk ed to,
pl asticizers, lubricants, colorants, flane retardants, antioxidants,

ant i st at it 49uif 05 vaRai fAEm 49 Be transikted Sappenessidnetsthe gaefingnioabe othstiiki.ers. | n
a prefer gebgaghadi ment, the seal body 32 is substantially free or free of
any conductive conponents. The seal body 32 can be manufactured utilizing

any suit pr 0GEeSS,.: C S.i.nj ection. di whi.ch is preferred. As

known i nﬁwﬁgl ar 1?\,8 %Sﬁtejm%%r ??agl? & e@%f%agln% 4rlsrc}ﬁ(?§%vﬁ&nﬁ)ya cgetffmtslalsﬁlgndri ed in
or der t obaretioelddrelyV ot Kithinethe kelfrit Brdesitableinting @mbdhigncht @) pplyyier chosen
is nol ded at a]?lgr%pri te tenperature therefore as known in the art. For
exanpl e, ShEPRIRE (E?o@f)é\‘??f‘g oF HifpicAs BEembe %FW?%H%?‘CS‘%‘?WQB’I‘%VW di ng
t enper at Witk thange, SnerallfIRs burtR0 € thedseab HénbeB 98 Gocal AR &t BE ifdae seal

body 32 has been forned Into a desired shape, one or nore sane or different
surface PHies of Heeoniainepnaahinngr stare etitheselindate 84lin Hsdsasaof ageskeior m seal
coating glfhthpgﬂ?&g'd?ghéj&gp?ﬁeﬂlge bdd t‘Brlhé)intesrﬁ)?lof ?I%ﬁée'llnﬂ) *e‘?\}égern(tfng’ the
seal coating 34 can be applied to orily a portion o e surface of seal
body 32 tsel plate 26randventshalli Zcio thé caseaf tHequigss@@.relfionnt wshiag seab meensteal

ti . f . | 34 of . ber, th
Cecond of L ST TR o e T 2Rl us B g raP oo s TR &t ome or

mor e of thatpo shoencieduittib@reeddd, padyulaidy, beveenibs tofin®f 1D0R1 Me ARARI

previ ously applied seal coating |layers. Coating |ayer configurations of
seal nmenbers can be tailored according to cell design to reduce vapor
transm ssion through the seal nenber. The seal coating 34 is non-perneable
to the electrolyte and el ectrolyte véﬂor present within the cell 10. That
is, seal coating 34 does not allow for transm ssion of substantially any
electrolyte in liquid or vapor formto be transmtted fromone side of the
coating to the other, i.e., therethrough. [0053]As a primry goal of the
seal coating 34 is to provide a vapor transm ssion



barrier to electrolyte vapor within the cell, it is desirable in one

enbodi nent to apply the seal coating 34 to the surfaces of the seal nenber
30 exposed to the electrolyte vapor within the cell, generally the surface
of the seal nenber 30 | ocated between the inner surface of the container 12
and inner surface of the seal plate 26 in the case of a gasket, and the
surface of the seal nmenmber 70 exposed to the interior of the cell 10

bet ween t ffal Blaig|26ppramore sengradlyigtet othes|conduptiygrcanpponenis avhsh théreamsrase ofir e
relief veglRUs j&gy§eal menber 70. When seal coating 34 includes a
conductive coating, "'the seal coating 34 is applied so that no short circuit

o at o 26, (PP ol St RBPSHGT. MEcSeal FEHRE G ARBITO Lo AER CUNRHER (o
same are adncohdubeve iy Odraprising ad Q%%Hnid’l mfkeial i1 ne drhBoed@kirépat i ng
34 conprises at | east one substanti all nonconductive | ayer conprising an
i nor gani cPIFHPRsT Pfathe 2p3)I hody L Prowethst seahcaatiigdlpyad Hisr atileast ope ingsganieal body

32 or anofhgfiaiShgr SQRtoMhd AN SdditibiCotbeihE ARlctrREBy INQUMAR! GiclRER! bal | ayer
seal coating, in addition to being electrically insulating, gl electric or
nonconduciangendugli ey prpeisiep barkier prppesiies:to igesstransmigaion tand reslnes sfapsmission pduces

transm ssj t thr . . .
el ectri ca‘% J&Oﬁ&esg}fpg)? P{rﬁgd%% ntgef g%ﬁ?%dyn%f ceﬁ:hl%gll %ch? g§g,}§%1§{r?€ﬂ%ln§?%aﬂfsgﬂf aetl?l}arllsg nmet al
oxi des, na&t gdehemlly onsulteing methb loxided, r mekeBoid ooxidm) aletadi witrides,r ord @setalloid a

conbi nati on. t her eof . anpl es of. suitahle ina nic materials for the

i nor gani ¢ nater af cpg\%lrag%%h?feﬂ%)& TRME ?Seo}rlﬁlflgagréninf’%n‘tco?latengls for the

si | i con- ciaodganit imagriablapaundedes bathirésot Sinlited @) sticbal@orithihing@Bm@bends desh Of
silicon nitrjde, alum num oxjde, alum numnitride, boron nitride, and the
like. Sil3Scoirodi gudegeliren dioxrder prostliron Bitades REBYNER fxider gRmipgp gukide,

material Hodoehitrfe, ArAMRE BkdTBM1iRAN0GRNE Prdferfed'if bAS EMBINmSHTR IThe 8¥PEMAIc Of one
or nore inmpurities fromthe source material used. For exanple, the silicon

oxi de or Tastendl dayar 8felayaraynayoerchi qongin geieclatizghy imallofmerat 98 renef ort erecoat i ng

met hod i ' % it . . ' li ke
noxanet hyl e arh SRR SRRH.E fled 200ExRETG A UL |05,
sur r oundeuaybsontuirs & sthalt ambum @f 8atbaf ifale ¢oatngymaihod ixpplesmaadnhb@gd cherhidfl55] | n
anot her enbodinent. one or, nore.layers qof the seal_coating 34 _conprise a
roral || 2 QPR Eion Bt £t BB P v B rbe T ke uE i Bisoqy 32
or a pri gurtha@yEked bedy ISsuiduhdedbyarses] cordbfr I4alf ah&k@%anﬂfm@t@ﬁ&lh@enmt all'ized
| ayer, or a conbination thereof. Wen a netallized layer is utilized to

forma pqpésspn oh atanﬁel_s@Iﬁﬁod’i‘iﬁgﬂgﬁnqg&hrﬁﬁreﬁgyerscéﬂ; t?ﬁe LS too et ﬁ‘@d?nnﬁxeﬁe insur e

that no short circuit is created within the cell between conponents of
di f f er entmqsallizad layeri ¢epositedamta pertipn phe swdapgedtthe/scabbedy Feohe priorTlageref or e,

in sone ogdi i ro i to only.certain portions
of the s St frelilbedle FEAAL LESb! BUr b RpRN AEH: o atOnbirils BefbaP ] |

anot her &¥ilmdd metalljzed dyst asndtilebd yo fdrin @poréibh of dret dealin@embert 3eorsERIcateody ar e
coated with tall.ized,l ayer, and an.insulating material, such as a
nonconduc S§/§e 'igg%tro,mﬁuée tﬁ‘ﬁb‘{q Pgrtsirgyt iy reafzd ‘ﬁ‘t}ﬂg fhe CSﬁ b§tWeEh SOMRINERSS zed

| ayer tooprigfeait plahphii cchtasiUivith thd@&HEdRENeAlt mbmbslesiThadfotd)ah sop@ or nore

seal coating |ayers are to be fornmed as a netallized Igéer, eneral |l y any
sui t abl e cPBPdimeRts  mstallized ilavey is pppligd (to paly ¢estaiy BottaRs plethergal 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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sanme or different materials. Exanples of suitable netals include, but are
not limted to, alum num nickel, copper, tin and/or alloys thereof. The
preferred nmetal s are al um num and ni ckel . [0057] Vari ous confi gurations of
netallized | ayers can be utilized to reduce vapor transm ssion through the

seal body wi thout creating a short circuit within the cell. In one
embodi nent as illustrated in FIG 2, substantial’%’éﬂall of the seal body 32
i ncl udes 52eg diffsrent mgtedalsc Spmples qf swtaklermetals judiudes hurare petlclimitedsfo, ¢ wo

annul ar  r kReiSRE HiRE Bfper8in h/s eﬁfb%‘&he{fé&?. a6k Ipré(fém HetaRGhe SRALLINDNY
between the container 12 and a conducCtive portion of the celff cover 20. The

unmet al | i g&bnigkehg section 80 is | ocated on the inner diameter of the inner
si dewal | upper portion of the seal body 32. The unnetallized ring section
82 is | ocH0&@ on Vahieus pordiguditian®e b mesilliheddhyerpodart bo mtibfedt wderetipsaypoy
extending, |l ower.termnal. _end of the seal body 32. As illustrated, the
metal | i zggarfsgﬁ}séionf‘éﬁoﬂghg‘?&%lboéwf Y %%“B%@é’?%“ SirYr YittiR ﬂzﬂ‘—fce{lhén 88&| body
32 exposeembaibbg dsMll@tael iRFIGNE oBliinthBy WE QP tRORLPHIIG 321AciRAG 4 fapr nal
seal plate 26, thereby reducing vapor transm ssion through seal nenber 30.

[0058] | n €018 ShEPmertibg irfastellizrd layerexeemdartWnamutar g sgeriana$er 8T ti on of
the seal hotbhede defl PR thoiddhobyaidhe EQRlindd 23a AleofladlRbEbdrdiae gy | ayer

which generally has a first end 1ocate e base of the inner dianeter
si dewal | Hercell eeven0.t Bee wrongsalliresningrettianty isflocated og dled inbadifamdtedofithe | ayer
ext endi ng; . L e and.cant i nui n ong the

i nner di glr?g%}\g?&%%mt %e@@%ﬂf%%;ﬁ%%& Ib?‘??{a%a)'nnu g{r%msegagl Ze? or}ngsseegﬁl&p%tlse 26 and
t er mi nat i logatedt om tHediosdri damaérosidewalieportivnest e apwhrdty, exvalding fotver ienn@al

di anet er upper, end.sych,that no contact is de wit.h conducti term nal 22
in order etr@ Oi\t/}bel Sﬁgé)ﬁg%?%cﬁf s fatB@EIES‘E“B‘?IZ?‘ﬂ‘gY“ﬁ@m%FF& 692‘“5%?’(%? FO™f seal
body 32 expatieflof Gelsbd body 82 egfos@f tol the it@idr of @RCell WRtwdRa FBRhinBEI MERN
container, 12 and internal seal plate 26 is covered by seal coating 34.

P .CC
[ 0059] | n WEmaysealplpied. BrIsBYUTedaeing ¥apor frapsgrissignglrough frabmember e ent i re
i nner dianeter portion of the seal body, between the top and bottom ends,
i s provi d8858i t hinga frsthet pinbedimentyasrillussrateddin d8Gv 3par innempstivs of e sehlr ough

t he seal 3 i | ating,coating,.35,, such.as a nconducti ve
o= AR oo B Ao 9450 0108 A2 B BB ¥
provi ded end lacagdraf alxebaae paide frinet BiamPECsidéwalhpbréopof the wed eradadeed dfve

termnal 22 to.avoid.b sing the PTC 0060] Fach of the one or nore
| ayers oft esé%ﬂ? b@ﬁ&twlﬂbﬁ%ﬁ&fn‘%t‘?"ﬁ&’@pmw& Vi oy ?fr&‘ﬁd Lidyregedgeppcess
i ncl udi n@ontiingQbngd thBidmRe diaMetet bEGE 501 B5dFpRl AliaffulaCRSTof #lal Phitied,

el ectroplating, electroless plating, sputtering, vacuum deposition, vacuum
evapor at 28 lETRHBHNE &1 2 logghion aﬁ@ﬁé@ﬁ inpeyrliamgters beleyyishaignerghameier 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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[0061] I n one enbodi ment, an electroless plating step is utilized to forma
conductive nickel layer on seal body 32. The electroless plating step is
acconpl i shed without the use of electricity. The non-conductive seal body
is placed in a bath solution, in the tenperature range of about 859C to
about 95C, i ncl udi ng a reducing agent, such as 10 m /L of formal dehyde, and
t he desirf%'ﬁnetalré in ionic form such as 5 g/L of nickel sulfate.
El ect r ons 4468k ¢ Kach ofi ks Aee Qpawre Uiers P%S%ﬁ8§iltg $heameindgpendmdyobe t o t he
seal body fdred Hﬁn@ﬁﬁﬁ%@&%&ﬁdlﬁ’g bat @Jtlﬁ%ted%’%ﬁc @slyR fahﬁ' 'Eherh&?l it her
conponents such as conpl exing agents, pH no K gen fers
st abi | i zeplectraplatingrelpctfaless rdatings spustering Yatcreurprdwesaon Theuym eyassationy be
repeat ed B\ fiod: BRRdol], KaABinpl Bubl BaLG M LI pLe 1avers of deposited

ei

mat eri al . suc cdan be used to rinse the part

bet ween p and t he. seal avi n one or nmore netallized | ayers
shoul d beh@% Eﬂ P‘Eﬁm’f‘lﬁ’dﬂrﬂ%’raﬁoeﬁfé%‘iogﬁs Plﬁ ing siep is|uilizediorferm agpndustive * pri or

to metall hizedl lla@l@r ot K1 B&BI 320 0hk fRBoMEARAEHY BPSis Q&coﬂﬂﬂl@neﬁrvﬁmoﬁ%%@
pr ocesses including, but not limted to, cleaning, étchi nﬂ‘@1 neutrali zing

and act i vek elsgfricithe I@alﬂowa@dupeveplswm i#i placed magkbath soRsioprio dherent
that prevg [ f
B R X R R L LR U
a sati sf aot/brof founmalddhedacad thméemlteéosﬂtal@d imeomad¢ foret, ahchahd H\e/land nidkel seal

body, the rinse wat er ot her

sui tabl e ven@%&%6 Egrt%\}/%l/e%ﬁ?%%ltclél fgnt epgst? pe%or%& (i) m&%’g&lf PBd° gfe ¥hpl i ed

met al | i Zehzbdlyayelne p@senbe of ermMBdt fsﬁdllnasOpﬂetlrﬁllfn nmose oﬁbﬁaaisc@ﬁpdnhﬁts sédl apody

mechani ca such as;r*g_yg}%rl ndi n ba radin i f desi r@ [0062] I n a
fih

further € &‘?"r%%gemﬁ dityiga “é? FSLROH 126 BfednaY turther assishin dheat i ng
34 of an mb&ss.r PR proedds hdy & repbhics Mdgpld tifes lrf'&ﬁ@tatt)%%aﬁabxﬁﬂlﬁplquﬁrpgf appl i ed

directly to a portion of the seal body, or at |east a portion of the prior
seal coat]eRgsiied yrateria Ingsuch easepodeiosized reatersen D ased ocinse the past li?ﬁtw:ﬁnn g can

be perforgmdbtdnkingd Q41 BOY RYdea t S a
barrel pllg?l ng device, fo exz;l E%é%\g‘lbﬁ%&ag’}g&%df ?’mflg{egpeg f g’bl e from
Sterling lmcentmnofnt@tan éd}tvalOb@smlcalldellnoPsQr or natalflnztarlam i tthg Spshlabodygcaﬂew ce.

[0063] In e h bod can r avi.ded t.h a seal
coat i ng S@HQI%Q Jne | gg%&?%{}ne'?t ﬁog%glsefseé Cludzn % g%’%‘éfiu Bh S@PEh has
been w d@ltqug,seﬂutia}mngemml hatﬁzatﬁx@g plmstswl p(aiykﬁglmﬁgldéd lwith a Shdskai@l énenet al

mat eri al s i.n¢l ude ,al um nur’r%1 ni.ckel and ‘g‘kgo s t her eof, and

the |i ke CPREMSNLIAL PreyenihfepPpilpy Og’f"ég‘gggrﬁ{dﬁ%} FrAaeR ofi th& Bpdyp fera¥a®PLl urri num

i's capablringQbctink B0 e RSsts@6watin FEG.Y1. NiAdhitoadls, e thshietsaaktdfbAuRBnand
ni ckel are resistant to corrosion by non-aqueous electrolgtes used in

consuner PEfWeRmEE depesited megabmegal jallay andoybe aqakbedy. disaseplhpd3z sheld bagngsd nor e
layers Ofyiin@k dRMUnSzeABERE & otﬁ@qsmblg%f{/% sﬁdoe%ehnﬁa ﬁﬁld gggéfor%Z R}ra
portion of one or nore other layers uti g a suita di position
process, depnsited engriptie metedlivied ddyev agpobe ntemed fromronerayoess agas bf s spllasm
enhanced roc hysi cal vapor deposition

t echni queg sucﬂﬁkmx@ﬁgﬁ hlda\%g)9 nadl%gafa%rﬁ “é 566%?4 ering, utilizing suitable

i nor gani eri al co ositions and reactive gasses may al so be enployed to
deposi t g“@i/er Ige fp Q’H‘rl?io@m}?ﬁf Zlﬂfi sepl Qf?yézs‘églbeé’é%‘?ﬁler‘?gwlﬁha s9%h cPatiBE gani ¢

nat eri al 3hayeh chRRbpIGEd IR WBMERs o %ﬁﬁdat&l%%b@%aﬁ%e%ﬁpﬁ&%u&ﬁ?% 32 or
anot her |ayer is hi ghlg@dydherent to the seal body and has stretchability
and f1 exPgitiontsf the sgek hedvarm at deagst eisporgAn oif the)r@easlealnm@beg las@r @heni cal
vapor de@&lﬁbﬁlbt% thdret." q‘h@télé/c%]oyytllc t %aéanplgé) ?ﬁ%@ﬁ%tﬁ% '1t%\b18n
substrates having relativel poi nt's such as pgl yet ene and
pol ypr opyé¢deeeknopheinpthe fagy slexli Probasd piasmg llevipt,afermexampiandell scdlteharmal vapor

ow gas. S AR SRR PaRYREES SCRT ER R IS R BB PR Mg 3Bhea *romber

which is a thernoplastic material often having a relatively low nelting
point, e.g., about 165C for polypropyl ene. [0065] Thi ckness for each of the
| ayers of the seal coating applied to a portion of the
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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 ectrolyte. Thickness of each |ayer can vary, and depend on one or nore of
t he nunber of coating |layers present on the seal nenber, conposition of the
coating |l ayer and conposition of the seal body to which the coating |ayer
IS applie&li ignnglother factors. The total thickness for one or nore

er

netal i ze apphar sgbadiment dhg seabbrdynty ¢as be preyidedbwithfa seplecogdng  body,
or any ot . . f te 25

o cromererco § RRIELAAREA by SRB0GRURISERron) SATHARS Shed WIRIPORM 20 by
f r om aboumetkllizing plhstigt patkagm g fibme tSeitahle @regal onaterpdleincbida lalunziedm) aigkels havi ng
a total thick s_bel.ow the not [ es.formless effective .barrier

oy or o andpDSh ER aRe U ISRt E BRES Tk SRt S0 R BENF S i B
transm t t sidkdl hexatshraugiumOne capablensfebeng tdeperitbd e nershawhngitd hhd agss above
the indicated lfjﬁppe‘i r.%gge coul] d cause the rlr)et allized coating layer to

del ami nat 2YPFEH RS 6t ArafssIsiRk 0 CAROEYS OY RoRmauerys elgrinlBes 83eddily i ng

cell cl osédagumé&asiMn@® @ 1iiFes £28¢ as the thickness of the netallized |ayer
i ncreases. The total thickness of one or nore inorganic |layers applied to a

portion o e s , o1 ly from
bout 5 {o0aH0; S5 BRRE SAF oREM: BbiS e Bhork fR R AP R SRRIA ' Ve

m crons ithe seaddody 32 pr @vioddonaofdesi aratire odtwp dayetsrwilizimgss switablealeposition ayer .

It is i”pc%rée%s?tfotr%xnﬁte trégé 1o al thd' ckntess of the seal 1coati at, a first
| ocat i on MRER cONPAT 8t D BEEE NPT SERYYTH, p%)ﬁ?FsvsélF@asLl? RV SWaneed ckness
of an i ndihemibablapoedéposigioh dxRessOPhifical S85dr depRitionGedhnitubd &RWaS eavi@vey from
| ocation to | ocatiqn. 0,06611atAn_ el ectrochem cal cell may include other seal
menmber s i FYARIHHQN B spyitesing Uilizipg yHablepoggagis Jauera) SpReRsHons @B feartr  and
cel | covegasdel nfyGlkoWaicttplBle@ & B0Vt 8 1650} ¥ERbEaME maRRI & { saMmd.an;de a cell
can travel or mgrate therethrough and eventually | eak or escape fromthe
cel | . Acctit dosgamc materipk lapfpremhuegdts taolagerood spal eediime ean seadrhody 32wt h one
or nore | > L ¢ 14 r vapor
i grat  ort ey 4052 KRR aBRR W0k c O Bnf e LB RNEN B ¢

desi r abl evithstapd guinpgessendf the st memtier 30 Chemicalevapobdepositign #0a relitivelyone or
nore |aygLs.that reduce solvent or_.vapor, transm.ssion therethrough, The
Vent b P Rd RS S R AR RS BARY By R R B

mat eri al ak hallyqoiydariedasl polypiopglehd. v eTiRe pleferRat proves i thé Greniacemana@idur e
range. Then bushi ng .body. 74 can include materials descri bed herei nabove
with resp8BRCcE vapgs lopes B DTG 23D ISHIS LTSS 15BIPI9SIPRiPFPAYReD ploenapBEsatled by

r ef er encgow Bae al Sl 08 trdRrAhre WIHcH HeSVARIRE faSthe 888 mddad: Whidd isa Pat ent
Appl i cation Publication S. 2(505/ 0079404 and 2005/0079413, herein fully

i ncor por dtcsRroplpstice ratesigkeften lpysig) 4 ielagvely dove rmelting poisdiergerrboutt 166°Gvédrl  of t he
vent busgbg,gmggg}{e'bet ween the vent ball 72 and the vent well 28 and the
cell cover 20 has a thickness that ranges from about 0.006 inch (0.152 nm

to about 5 in¢ 0.381 and be npressed b bout 25 to out 40
per cent \;\ﬁﬂeér%}t heﬁ\}%’q‘gss ﬁéﬁﬂcﬁg}gﬁ a’Oeéﬁf’P g‘ﬁlsf’a a?%migr%’@ﬁ?‘gﬁ’  RYHor ﬂgg’@el I
cover, We&i bollg avéot ahsthdt dugtihg 143t MRY QiFfitieneoapibvitld orCeldesited 1BvdTRA- t ype
cell. The vent bushing can be manufactured utilizing any suitable process.
| nj ect i ofPSHEAPET FyVROT ZAnwnagN ef BF neangiuers: Fledropiio cdbisknayp plipa latranet er s
will var )éaﬂ’\lfa{r?, doldCiehdRiorPone G rkbrk 3 RERDHIBE 88 fng RFekRWRNE bh thB&eAT T -
[0068] The cell container is often a metal can w t% an integral closed

bot t om &lenbel gAmaosiganaef the geasingdayepand eenpasiipntad thmseabbrilydp vehighethal t ube
to provi 3 G i Mt C t I j rally
steel . pl g Y rre Ryl dndber bBCRRL M HIF FRIAGL I6E ob oBIRTETS: Y of
t he cont mietadlizefl Aayerscappliakisansealldvating en pdrtigd af the geat Bodyh er way othet lhyerpr ovi de

varying degrees of corrosion resistanc r to provigde e.desjre

appear ang‘gl.%o%rgnﬁ?ﬁgnecf?l?ystltr%lala[’wtlll tod‘Bf)‘gr‘?rg niuﬁroﬁ%elrs’(ﬁlﬁsni B’fﬁ‘Hﬂﬁfé?UtgﬁOMi ch

t he cont aioner0isiciodietss. andPrefeiaBWNiré@NBoutt LS iRAL 16 aficdetersli Dhyron

anneal ed, | ow carbon, alum numkill|ed, SAE 1006 or equivalent steel, with a

grain si Pereopetaized Byers having g tospldhiskirss betawithaprick raesdenn dass sffecive| y

el ongated grain shape. Qther steels, such as stainless steels, can be used
to nmeet special needs. For exanpl e, wWen the can is in electrical contact
with the cathode, a stainless steel may be used for inproved resistance to
corrosion by the cathode and el ectrol yte.



[ 0069] The cell cover should have good resistance to corrosion by water in
t he anbi ent environnent, include a conductive termnal such as a cap with
good el ectrical conductivity and, when visible on consunmer 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
t he caps $re.f rmed. /A no conductiveWPortion of a cell cover can be any

sui t abl e PAEFHERPSSART Candprexagiple. daglyrepin hgley thap sllowe vapeiria bsdrapemitipd ene,
and can akiffethdygh. OWe Ur HBE Lod@RP Tyt 3RS SRRk sDabSveClhe GRALL ers on
a portion thereof as Seécri beél) %%?.ealyn, ifﬁqgesicr eg. Coaetet?lﬁggf}%{;%?gﬂ)%%e

pr ef er r ed r3nge cpdd spuse thoomgtalized Feasing layer (cagrbamioatn fiven the anbstiatet wigent the ough a
portion o oy . | e cate v.e ressure
ol i of vergs el fchbrec antiebch AR el BlotposPhRhe e B PLETR o
cel | vent metplliZed (aye1 ifibreaseenThdiatal thicknesef oader hore maganiciaydrabpicdns ri al

that is s le n contact with the cell contents an ovi des _t he desired
cell seal %"2‘5‘0‘&8@&‘68 atllg?fg' 8E%f}ya°é}§‘eé§‘fy§f #hggepn,darégée§ 5?66331 rfréqnéfllé‘{“tg (@ Aboyg

st ai nl ess3@neelons a@nisherefetdl; frdfeaboaN10 bakbous PeUh©rdag iRioaddk Yo PRIEI £al and
have a snRoﬁrgwsurface fi.ni.sh with no inperfections, such as gouges,

scr at ches 9GMaplg VAROT (FaRipsion prgdsr 1aystt It dslannogaite pets thap fptal thiskneasof they
spheri ci t yeaRBshtifig af 26t flodatish wHeP 8atHSard D toPRbdcoRNMobRonP 8l val) 2 ise, -
[0071] I n one errb%di ment of lan_ FR6 Li/FeS2 cel.? aé’cpr crill ng \tlo&FlﬁG&Wis,e’the

upst andi ngickners \wApR indfvidusbcapdag layedsf theseabenatin®capdd@wiseoary(ford Xdcation) t hi ck.
The di ametqpstgh the cell cover, seal nenber and crinped can are such that
the seal nenber is conpressed by about 30 percent of its original thickness

to provid gooq seal for .a.p raopyl ene. seal. body. The seal nenber is
opti onal | @Og‘gat e%nvﬁ Ffroghcaicy! g?.lk ?{’Paé’ d@ﬁu <OtheT sgplgaalers ihpdgiion o $5abvi de
desired smahbérg3balispossd BevaaLat clihRCaR. il Ry NBrdgR PYhieh &1 SR
t er pol ymer DV i sui.tabl e seal ant material, but other suitable

EP S
mat er i al sSONYFBY AsvapisHEA inside peellisuytraveher migreieathergliviough pari aygntwallyl
t hi cknessjeiisordipage Bor tedcdliNCAORiZAE Y prifnbd fo | P S ft -type
cell. It is (():orrp?ﬁgssed byC abougt 362%?%’ 135 IE)ercent gl?b{atgs Or}saa?r%ﬁ?nd[é I ckness
in the se#ite@neer|morgdpyess of aotehlegoating ds radite crEeyeant theosgvent corcbog| y
contain . ARNr 0P L conf jqur I . eal ant. coul d. be used
bet ween f}ﬁlé?a\?lg%t dﬁ%ﬁ%leégﬁd] S{)rﬁg e%%l()ﬁﬁ%é)l?gr% mo%?c{l?artﬁ%e?br?é’ ’ gé%ld%%faglee%or
bet ween threvide seal Imestbien gvldcid ist h@entekhib@ 7D, with ohe Seah@atlayenuihd: Rauappl i ed
over the cpver. bushing and |1.to i ove the se or a_comnpi hation
t her eof . Sf)g'ﬁﬁr'lyﬁgorn‘é:eﬁ"f%’é’ngﬁ%‘éq’w&}éféngpe 3%3’858% 26 Pps #PBTRREPY Buch as a
FR6 type thalid geneaillya thérmloblablidiibieBhlathat profRilanl eftebivel 881 Vot et Roaaheet or
foil strip. The conposjition of the |lithiumcan vary, though the purity is

pr ef er abl'yRATHHIFs ARG h ThembrshingHiodin Tdaminjeclady wyletalsidesrribed dpreingbares,  such
as al um Rym re&@c%@ydl%rﬁﬂé?b&ﬁ%f el heRiESd ih orPt%El foﬁ'ieﬁ@r@ﬁf‘e e
preferred lithiumalloy is a battery grade |ithiumalumnumalloy
conpri si kyshirbean dsosbegangiciqsiegscdeneribail imUntirRateay Apblidatien PrblivaGiveNes.al |
roote ConBos/Ahydth ey MpsioRed)s, NRLH RufAhOdibithea byRpedieh the negative

1d piece o FCRP N &

el ectrode or anode 1s a so Séparate current
col | ector, -t hin_the pegative el ectrode i s general]y not used, since the
l'i thium r[r%(wg hal® aaprﬁrg}'rggﬁ‘iné?fh’é‘fﬂétc i"@i}l Of(fl&?n‘ffﬁ&%‘?sb\nﬁyPPd%%Wﬁ@rﬁhe ¥%epar at e
current oall F2ah®thecait Well 08 QA tHR RNV 8 Glthickidss BRNEAGLs AomMBHE of the
remai ni ng lithiumtowar of cell discharge. Copper is often used

d the end
because 8100p iechdB ot i phout Rt 5 drghelp-38 b mmucandibe crmpegsseddurabpet A5ded as
| ong as HhRY 485& leNS ] ' [ uch as,
but not Iim tgg fiﬁﬁg}etﬁmerr}%}slﬁﬁs%llﬁgfaﬁﬂ/%ﬁg@l &(r%i C {e:[%d }&?Oa{tﬂgéagfé’tgf’,%ggpper or
a copper thglvesibuskiag ismolypsenylene and ke cell éca FRe-&ipecelht Al¢ vine bushéng dahdel | t hi um

negative e t iner. This stri an be pressed into the
sur f ace ’g%hl'tﬁﬁ(té&%ﬁtlﬁ?%% g:‘:}i Sl?'%tnbge ST clein e%gnvxﬁlf)@é% fsoalﬁ)ﬁéarinﬂlgi ‘&fgasur face
of the cprfeaicdgrocess Mbldasrpanandiak avifliveayl witlageitisd oft e SAMeRignBsIdéD provi de
a pressur ﬁaﬁont.a&t. Because lithiumand lithiumalloy netals are typically
hi ghl'y cntGetitE® 3" separate current collector within the negative

el ectrode is often unnecessary in |i tlai umand |lithiumalloy negative
el ect r odes. 1

AO




[ 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,
mesophase and/ or anorphous carbons), transition netal oxides (e.g., those

of ni ckel, al t.,and/ or manganese), transition netal sulfides (e.g., those
of iron, r[r%@fb)dermcgéfj%rﬁ@?ergﬁatﬂ%’é‘ﬁﬁa[ﬁ)“ Wiy e glosedhottam. glihquah (e g.
those contah¢talngatsican GeTatdi@lias ohé Bhd of HaR&aINRbEEd BlovidRr Lot abity a
particul at e terials that are forned into a desired shape. Conductive

material s clo ot eth contiings i g8ty sieal BkdpYiderickRb waa tastee petsideided t o
| prove eteprbiebChb ofiSEE e VhitlineThdlfl oY 1 RS find Rhi'nd Ded
particulate materials together, especi al?y In cells largér than Ut ton

si ze. Rel Brovigds|varydngaddgregsrofienrspsioh resistainga or tooetpvidy 8 desivedaippeariecuSael t o
enhance p i I, far ce. The n tive electrode optionally
i ncl udes g%gg)r??teeggwggﬁf%g or ?’glgt:gp[}g?%fagn%{ P %ﬁﬁlghcé)flwerﬁgor@ﬁ?'r B}Hf

col | ect or drammp chaes, thetshiehcamitead diffasion ainesitd, low kEbanh, ahohigen kilad, SXBapded net al

or one or _nore s. The negqat.ive e trode.m xture (active material and
ot her i ng‘r)re%]iuévﬁygg ﬁ%eé,nw a g%‘&bﬁl?f’e?}c ‘A\%%ﬁﬁ 9ttﬂg?d’bP’Fee‘?{{‘b‘lfigff‘?réé{“g?qqlﬁ‘eﬂrﬁ?/

sui t abl e stiphtigrlongaed pigh dage. eotREetkdlg sate aLXAAREeeld, QAT # A intdey €
electrode for.a lithiumcell contains one or nore active materials, usually

in parti ciRegebneeds-mEonsyaaples ¥Bek ot is i elacisicel eentadetidy thel cathege.be used.
Exanpl es iungleskdec1Pm teod ki - :

[ 0075] The positive e%)é?%%sgg f(())Ilr hg%%ﬁ%d}eeglg%aﬁgeﬁ?%l%@%%neggetﬁ %gtg%éeg}i%]d; iron
di sul fi decle®rolydey active material. A preferred iron disulfide is a battery
grade FeS2 having a purity level of at |east 95 weight percent, available
from Amerli086H M ks @bl covercshonfd Bavedgond Neistades $€\orrbiids bGhwamet &b lthSTbH of
Vi enna, Ausl;t.ri a; Vashi ngit an MI1Ils of North afton, Massachusetts, USA;, and
Kyani te MY BEFYISE IpFipfeg condichys frrmmaljaych apa canith gopd wleciicpl ed and
si eved t condiutieits ifde WB&l redblRavhi edlusbZ Safbdds! iéautait&@ti@&dapP@ﬂB}é@. large
particles_ that could puncture the separator in the cell. The ar gest

par ti cl esSCUNBENVE DeBowsal eepinakeaps R eftemmade omavckel Platedrold seltrdaéechert er i al
on the cukdeeiat ?sollxikl%qtp@ited & TRs alysYard Mg.erﬁﬁgn&ﬁal%&i%g fHoh Sof a>cdlC
|y an- abou Of(flpm In

fe
greater than about 30 pm and nore prefera ess t
addi t i on,covéiecap b pny suitable gharmoplestisrmatartil ouieh of pappropylem and pohyethyienapr e

conducti v, i raphi te and car.bon bl ack powders.
Exanpl es a@?%?ﬁ%’@fﬂz" ?%%3)5??%%; aﬁjéft terf%}sgﬁsgmlnnc%%fec ér-‘%?aé'ﬁﬁ 9 RIPRERY ) MK15
grades symirérdt dscdegeriteti lieeeif,r ibrdediratic alCodlivey iagers alre YWagértaakig, thORicairol A, and
grade C55 Rcst | ene bl ack from(i] vron Phillips_Conpany LP of Houston,
Texas, USAY e‘i %rl NERSF GRByPH HATLREe ﬁ“ﬂ‘%ﬂq‘datﬂ?é“‘ﬁ’af’f ithe, fep@naieaRy i Wihgre

t oget her terfdidyd £8a6@itePY e PeesSRd NeIREnts AEE I?émﬁi?ﬂ%e@éfalﬁph%n?ﬁt orfh@Rt i €S

Corp. of Ai%on Ghio, USA, and Gl651 grade styrene-ethyl ene
but yl enehg F‘bf;‘ié‘hfaﬁ@@)veb‘ll%k copol ymer from Kraton Pol yners of Houston,
Texas, USA, are suitable for use as a binder. Small anmounts of various

addi ti ves0Y alBe vsat badlechntbe rendvalinae apy cuiebii matesddhatel ktaplerif epimadce.

Exanpl es j.ac P X(r), a.nonjonic ter sol uble pal yeihyl ene oxide
from Dowvd(‘%eér}#gglll C%‘%e%(ﬁ;‘}& Sfovﬁ@eé ﬂgﬁg?m#ﬁ%ﬁgﬁ%ngﬁg V%EP%C T8I oni zed
pol yt et r Slldssesr arehéylseneh (a(E"El%E)lemmef, laﬁﬁ %Qdfd)ﬁf% ?éﬁl 20 CETA Hﬁnlﬁigh@f f
Tarryt own,, New Yor USA (cqmmercially avail able from Dar-Tech Inc. o

d evel antP he@ﬁ%&,o?n%ug%e, a a?ﬂﬁ’oa(EﬂC%“fE ( 411}13/}2 0uthy pe JaPeipRbignS | Juch st gMBEDegassa
Cor por at s@tclRisgsrensleGvRilk @hddR (08HeS! HagntMtidS" SEY. addPbu hRRER) AnROSi ti ve

el ectrode for a |lithiumion cell contains one or nore |ithium
surface finish depends in part on the ball diameter. .

[0071] In one embodiment of an FR6 Li/FeS; cell according to FIG. 1, the upstanding
sidewall of the seal body is about 0.0205 inch (0.521 mm) thick. The diameters of the

20



intercalated or lithiumintercal able active materials, usually in
particulate form Any suitable active lithiumintercal ated or

ntercal able material may be used, alone or in conbination with
ot hers. Exanpl es include netal oxides (e.g. those of vanadi um and

[ithiumi

tungsten), lithiated transition netal oxides (e.g., those includi pg ni ckel,
cobal t and/ nese), lithiated netal sulfides (e.g., those of iron,
mol ybdenufif! € %’ﬁbégﬁé’ﬂfﬂnqq PRhFRAPed638 arg $ush Shab thecssplypenaber ipeommressedibiyi t i on

to the achbot® 30PeREMAIS itsDrighil thickged!ts Mv?&ea %&{d Rall fot B Igwpgﬁip%ghé Féa‘t'm i on

cell often contains one or nore conduc ive

graphite

erials su
body- cBiclye#l mheralsr ipenttpanlly coatadi wither saatant, lsachusserh argarhio bedlanh o

Par Ll ApRvIRIELIA Sl AORLIRR s RBR LML FRGE S B dflnc ARt O

si ze.

anounts o ous a Ives ma use

pr oc e55| N(ERDM) ©ad $uitpble fsoalas meerial, (07 Bt]hér mmb]blmaereilesﬁch aslasphult rca_nbelz
|1 u S, a erial.
i xtur e oPEme et Ve diatind Gl Biekiest i At DRATY drd 0352 B St can be

coat ed Onérﬁbddihﬁexﬁldﬂmmnﬂyf)@tdll Us isn@mpressdt

coating p ces follq V\% by evaporatlon }?mthe sol vent. The coated
feggel

al um num

eseaWhews

al so be déppi‘&brﬁfeﬂyoéonrﬁ%m‘éa Qeal HA3AR1. TR& QMM BEIH b%%édqgetﬁ@é?l e ORGSR

conductive netal with

A

bButB0S B3 percEHCHT iR%riidap! |
Hendlsraf ofer pirescandenagricens cerrdghigsmiin ehd can

| ow resistivity, such as nickel plated stal n{ess

steel, th#nd thecelbeayeicenintprmat sl plageror haeen e vent sishiat: 2t hervontlatit or 4 ¢
s%?laﬂﬁigﬁll%?gdap%ﬁﬁ %gerc&@r lergu?ﬁ *‘%S‘mfl %aﬁft%rﬂﬁlré’vet he sl yig ing, force

shoul d al
const ant

st be suf i cren he sprirng to apply At

| east a

m ni mum agembmatiof tfepgof.e agai nst the positive el ectrode current col l ector,
contact nmenber, or other cell conponents. The spring can be affixed to the
[9672] pl Zhe négatiod ¥leStiddeady aloaarw%r lithfvd e, | ductiras RtERG t,g)@%é
electrical contact. For exanple, the contact spring can be wel to a

| over sur9eaRIsdithippemetal &tnically o She form(of ashept ipkyoihptepi dieicomapsition ef
resi st anGge lithium can vary, though the purity is preferably always high. The lithium can be

i nt er nal

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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[ 0080] Any suitable separator material may be used. Suitable separator
materials are ion-perneable and el ectrically nonconductive. The separator
materials are generally capable of holding at | east some electrolyte within
the pores of the separator. Suitable separator materials are al so strong
enough to withstand cell manufacturing and pressure that may be exerted on
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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

t hernopl asti c pol ypropyl ene filmhaving a thickness of 76.2 mcroneters (3
m|s) wasfromi Cheyeon Rullins Eomppmyl LP af Hepsion, rlexns, iUSA. wAsbindss dnaysbearedsanpl e of
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| pr ovengpgAr) MY bRdBH %o HR Achfe HAMGRE 1 YdsiE BRMYode for a lithium o 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 étidfapwr ailbpe quifisisaetor hea spsmg te EPly o4 lqabtve marithuregaeuny of dpreet r odes;

a nonaque%ﬁns? kh%(i)togimfé/ El@ct?o%%ﬁ}réﬂt lel&ﬂ)r,oéog@am ﬁxeﬁgér\,/gp(gtherac@ﬂ 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 oformaeidgayidest thatThF sali/spleaninenmbpipationowillvprovidg suéinient slecuplaiiber
defined by,d kR CRA 4Gk o rog eCfle! ceHOYRER gfeﬁﬁﬂ%;ﬁ rﬁé H\%r e%%ﬁ%:&l ve

el ectrode, the negative el the separ and
1) an outearpesamré aanget Ndiilel the akecmcai oondnmmyzatrblativdy hightdompmdao same

chanber. 2.The el ect cal c acc n aiml ereln .t he
ool e SMELEPENE ILREBaThG e Runplerietfot Pefed ety R gRE Pk

el ectrode g@cﬁln\sd:tﬁhg BpaBisite Bbodldwy tefipedatuird digtRabie fRrfotrhdtict Ah@kbsyhigh ehté he
positive el ectrode, the ng@gtlve electrode and the separator conprise a

spiral |y SSThaEEcreEormanse. adusrprayticaiashy JeueqinfiftieSn C%lkebe&awséh%éﬁherssmrhe

el ect r ochgLadbl€ Blah wAGMAO) BAhddRs, Gb Righed eth¥NEY antHRGsSH T S@EBICRRIE NY IS a
metal i zed |ayer; wherein the seal menber is di sposed between the container

and an i ninelidel baleare pohtlimigd theacrdid ethstrestchans WAdimethoxyethanhel,2-
tall t
metal | i Ze&!i h@ﬁ&haﬁg rc{)@%&h%&%&l@&h&ﬁtﬂﬁeﬁ gétg[ %ﬂ%ﬂ%ﬁ{&é@ﬁ@ec er; anx% cyclic

thernnplastlc resin xcepti
ethers such as 1,3- dloxolane tetra-hydrofuran, 2-methyl tetrahydrofuran and 3-methy1 2-

oxazolidinone.

[0082] Specific negative electrode, positive electrode and electrolyte compositions and
amounts can be adjusted to provide the desired cell manufacturing performance and
storage characteristics, as disclosed, for example, in U.S. Patent Publication No.

2005/0112462 A1, which is incorporated herein by reference.

[0083] The cell can be closed and sealed using any suitable process. Such processes
may include, but are not limited to, crimping, redrawing, colleting and combinations
thereof. For example, for the cell illustrated in FIG. 1, a lead is formed in the can after the
electrodes and insulating cone are inserted, and a gasket seal member and internal seal
plate are placed on the open end of the container. The 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 Al and 2005/0233214 Al, which are incorporated herein by reference.
However, the invention may also be adapted to other cell sizes (e.g., FR0O3 and FR8D425).
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| ocated at an upper and | ower inner dianeter portion of the thernoplastic
resin body for preventing direct shorting between the container and
internal seal plate; (ii) wherein the netallized layer is present on the

t hernopl astic resin body extending froma base of an inner dianeter
sidewal | of a |ower end of the thernoplastic resin body and upwardly al ong
an i nner rtion of the thernoplastic resin body and termnating at a

| ocati on B@ISGIN akxgppér end of the inner diameter sidewall so that no
contact is made with a conductive portion of a conductive term nal of the
cel | covela08sy (ih'n pidemtoeitlestrate the imﬁstaila] i@ﬁdablilayeuf theSprasreﬁsfﬁnéntimn, @dpot Nner

di ameter sidewall af t etherm) stic resi e an _.
i nsul at i ngXEBaPPRYUFLPeraHes d?‘g § V6P ?Stﬁ%ruﬂ i ‘gﬁa/‘ﬁ‘f Loy ﬂ’e\éﬂ‘ﬁ BPSEBOLIF ayer
adj acent aeQ@sytk sMatidrEIRREdaa thdiiligaEhfdne ieRBbdidRYI SRth@ Rl efidiO nmmmétvz@e

termnal of the cell cover to grevent direct contact of the netallized
| ayer wi t Ret FPOpJ¥ISr vEIOPSHe OhtWE ecRBBPHIY cieh mefevilciorasral tprnbesnduct i ve

termnal gffdpasGelp blypm@yleﬁbﬁlﬁlﬁ%g%mg@%Ifdi nfroftl %@W{slmy%@' n the

nmetal lized | ayer, wh fesent, has a total ckness o
m cr omet eutsllzaﬁdls weheangioh tAhealgullliméilmaVy@Sr ussfl as| anc examqdd oy ai bremdraliayerg,

Imng; gﬁg!{ g rﬂ@&h@@ )ﬁirlﬁetw ?o;agiggﬁ&ﬁ: ?%a&lil Fh%l%ess ot?ba %?%’Eérogl teir?s (t()%hrm(?)
tallize er...when ent, otal thi ckness of
oot IO S WHERGH o T Sy BBS Pialobacy bl ea%rpwwf%é dfai ey,
I nor gani Cop¥hin@lih &ltern¥BAnd¥Er2 8RR contBMngd- P bRb. 75D nfokdl € BiselQhrokfe inCy 23-
mcrometers. 6. The electrochemical cell according to claim1, wherein the

el ect ri calip¥olines@IQX) gad 1idimsthoxrethanedPME) sobveabhlcad were nsed|as4be test por t i on
of the t h@hf&%’fo@%l&tbﬁmhﬁg e &a@%ﬂce of-thé pe@ oG HbiERA G Tk 'traﬁﬁlukmgrf Cpfdi ng to

claim®6, wherein the electrically insulating, 1 norganic nateri I's coated
onto a pmatni) ohDPX1th dNMEdpntplsalyeitdlendsivas GLTH0.6 hatwdighteXpmskd disos ohe

el ectrol Y cgﬁtrtom“ st @%lrﬁ)?orp&% Cind exger%mefnﬁal ?}lmg t(all?r%l %gc!h v%l%ln Idlaran(e:: ) ding to

claim1l, erei ace
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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t hernopl astic resin body includes the surface coating. 9. The

el ectrochem cal cell according to claim1l, wherein the seal nenber is a
vent bushing. 10. The el ectrochem cal cell according to claim9, wherein
the entire surface of the vent bushing includes the netalized |ayer. 11.
The el ectrochem cal cell according to claiml1, wherein the electrol yte
conprises at |east one ether conpound. 12. The el ectrochem cal cel

accor di ngderariéngdfrem the snigiferf dhndislesed cprgep oRisoteApe Phprofeetion affasties isép ect ed
fromthe g f xyet hane,
dl(nethoxye§%§P§9et ehéa%P&de#g%“qg%$@h9%¥éhnﬁletzﬁoamghgﬁﬂpl 3- di oxol ane,
t et rahydr of uran, 2-nethyl tetrahydrofuran and 3- nethyl 2- oxazol i di none. 13.
The primary el ectrochem cal cell according to claim1, 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 claim1, wherein the
container is a cylindrical container, wherein the cell is a primary cel

and wherein the positive electrode conprises iron disulfide.
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15. The el ectrochem cal cell according to claimany of the previous clains,
wherein the thernoplastic resin of the thernoplastic resin body is

pol yol ef i n, pol yphenyl ene sul fide, polyphthal am de, pol yam de,

fl uoropol yner, or a conbination thereof. 16. The el ectrochem cal cel
according to claimany of the previous clains, wherein the thernoplastic
resin is polypropyl ene, polyphenyl ene sul fide, polyphthal am de, Nyl on-6, 6,
or et hyl eNGHASIISLHLABMBBISY| ene copol yner. 17. The el ectrochenical cell
according to claimany of the previous clains, wherein the electrically

i nsul ating, i nAngkoirechemicaldell] cansprizinget al oxi de, a netal |l oid oxide, a netal
nitride, or a netalloid nitride, or a conbination thereof. 18. The

el ect r ocheni cad meel, lcylatkioslon@ineOhHlidgd Mdladey boftorh lbed, Arseiewall and hibpen, wher ei n
the electrically insulating, inorganic material is silicon oxide, silicon
di oxi de, €%icon nitride, aluminum oxide, aluminumnitride, or boron
nitride, or a conbinatjon thereof. 19. The el ectrochem cal cell according
to claimany of clifevedspPraddn theApss endpfdhestaingg: met al | i zed | ayer is

al umi num an alum num al |l oy, nickel, a nickel alloy, copper, a copper
alloy, tin, or2RPsttiviekeiede: or a conbination thereof. 20. An

el ectrochem cal cell substantially as herein described with reference to

t he acconpanyi Wga@\g:vﬁquggde 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
1) 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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