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LOMEMPERATURELI ZFeS2 BATTERY BACKGROUND Thi s

invention relates to a primary nonaqueous el ectrol yte
web@ste@shem cal battery cell, such as a [|it hipoT/UsZING/029804

di sul fide, with good | ow tenperature performnce

characteristics. Batteries are used to provide power

to many portable el ectronic devices. Conmmopn advant ages

of 1ithium bW TEMEERAFWRB dti/FeSnBATTIERYal | i C

[ithiumor lithiumalloy as the electrochemcally

active material of thep¥oRGRMNghbectrode) include

hi gh energy density, good high rate and high power

di sEhaiyenien febtepedn Aringp dopaguEorsRaetElEe sleciogheprep! battery

t ratur.e r. hel f,.if ' i ght .
cel FER S A LRl r O e B o b B POt o
chatapeerisadéd ery of choice for new devices because of

trends in those devices toward smaller size and higher

poviéatterteh areised BrPRYGR PRBRETC ByNRATEblCRIGI R deyigesy Common

r . ir i Xolct r .
oS A R B RAE Sk S AR T PR SO 20 the
elecitochemienlly active madtenia of theareghiitd dedteale)intiudadighoerergy density,

lLectrol ytes, electrolyte systens that, provide the
oo g1 R ARATE R PO BTk FEHRIHEN ey §00 HeEOmRy e ot & proad
tem?&%ﬁﬁ'g BanoB10h O ME1PBE A ?ilgHtf whishe  Lifud Phttéiddays b&lovfing

he best “performance at [ow tenperatures. One type of
increasingly popelet s the batidry of eltbicafop sbwwerisesnbdcalifead trends in those

batter has iron di,sul fi de as.the el.ectrochemcally., .
deviggs Fepik sihasr o dghen pTes v EieiRe S Bt Fhidie! devices
in 1Rk éBpdreBrd @NErolsents 8 8166 b&onlifs Hivsd €BmYh! WidletitHRim batteries

vari ety of solutes and organic solvents. The

cangypieqllorneesie dedensiat awaicmpergeresdhanbatisripy with @gueous
elec?%)iy?t?se 'teﬁeg{rglgjﬁes%}a{egls%ét r@\ﬂge ﬁ!e%%gtr Hig@boﬁw%@éf%gg}ﬁra% ristics,

charge requirenents: over e

eveh afipestatapé forlampeeriodiof emehdo adtedwiysaave the bestqiekforhynce at low
is relatively | ow conpared to sone other common
tempgiafliet s, ethers are often desirabl e because of their

DR o A S50RYL Kt UL 1L RS
disulfideasihs eleatrgehepacdllyraviime mateTial of the ppsitivé elettavdey Liffigs,
battieHesLlila{vE%§ezd glgclzt!roiyt% %39&81%‘3 wtit ea V?/ltdlg %reuslet?/ro% scr)tl%{e% a%a %?éa%ic solvents.
The salt/solvent combination is selected to provide sufficient electrolytic and electrical
conductivity to meet the cell discharge requirements over the desired temperature range.
While the electrical conductivity is relatively low compared to some other common
solvents, ethers are often desirable because of their generally low viscosity, good wetting
capability, good low temperature discharge performance and good high rate discharge
performance. This is particularly true in Li/FeS; cells because the ethers are more stable
than with MnO; cathodes, so higher ether levels can be used. Among the ethers that have
been used are 1,2-dimethoxyethane (DME) and 1,3-dioxolane (DIOX), which have been
used together and in blends with other cosolvents. However, because of interactions
among solvents, as well as with the electrolyte solutes, cell performance has been difficult

to predict based on the properties of individual solvent and solute components.
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than with MnQ2 cat hodes, so higher ether |evels can be
used. Anong the ethers that have been used are

wa demeéret hoxy et hane (DVME) and 1, 3-di oxol ane PO/O%3005/029804
whi ch have been used together and in blends with other
cosol vents. However, because of interactions anong

sol N enRESvarRsy Seolut@shaditln b0 i &8 PLall eI ES Sithium
cell performance has been difficult to predict based

tnﬂuwom@aﬁp%@@m‘rﬁ &dspeommeanlyi rgfeated o by bihiur féflae puEECE:S0;) is
aqul%glﬁ_g%z ﬁ‘]ledo% a\'ﬂfﬁe%té}écl? wit & lﬁ}rﬁ&n Qﬂﬁt@&?ﬁe W& golkfent blend

ectro

conipﬁsfdgtmmneﬁmam {3l fbmﬁtahﬁj(sal)st@nmmm%m 305 fmmcrkﬁd htaﬁ:by
asllthlumtrlflate or % i S anong
incpensisldygeterenee. zAsglvent blewl 954% 3% mlwwmcpma&*/@hc ether (e.g.,

DICP), ¥5 % 10y Pufi R PIGEP fiRED Ut Wy DRSS g rume

perdentalkplenataboaye (eed. girepdene @arls@iaw) g distleswd. dlovddyet,uiBan

cl h . , DI OX),, .. 40
cleconEehEr Pt RuLfisdia g e ishert Bk giochapigpiesn
8 t&l&ﬁerve%ﬁm JT8/6R %tMME&f&ﬁy& %mﬁﬂgeh&lﬁnﬂ triflate dissolved

propyl ene carbonate) 1s disclosed. However, such an
in asbbent Qﬂnmrslngdhl()}ésmﬂ DM ipfoond greUlS. d’iaMthpg%Z% 414, which is

b B R oA oA Ve 10 DI Vith an

o ubhalfdoaéleeldl & ob\?zadel ré&at ggrumfé Ebxiz0I8 (DIVDY) B/dkclosed as a
P is four(ldgl n U ng at ent ﬂg}]ﬁo 414, (\Nhl ch is

solwat ebie dipelesed @pléh@tblowlmmden@f@&owmgmt@ﬁae Yrhigh temperajge.

J
L0 0 S U B AL SHBPICBI p Pofic n
dlsdia@égchmdte?ﬂ?ola smh‘eR:atroldes&lade ﬁelﬁtﬁﬁ%dlo&eélbctheal cbﬁ&\xhctllvlty, and

egance 10 OWIn storaeat f t
lithigfra ettty W%lét“@@h?@eﬁ?lﬂ@ % @HW.?B (TR g %rﬁ‘?edo‘%ﬁ admproved
perfoﬁhgnc%%h 1@&%%5& #ARna80g tfhﬁlﬁhﬁﬁ@ﬁaﬁs h@rqa%%t 1%' £814,491,

such electrolytes avere ativel ow el ectrical
whicl nchect¢tinvintorporated blyl refwamﬁ,t chscﬂcbm @ celd withl intpiranesidyhigh rate

discafiE AT B P ADE SHASK SED sfRReraiicn LA ool olute, and
the E]eEtli‘bly'fé‘ dolveht @nfpriskh & 132D RbILND prcdat dihdPle. g. U @mtd 30:70 by

here % i ncorporated by reference, discloses a cel

volmz:t: PIOXpPMFe ovithi G velame nﬂr@@hm\@easmosdmﬁhc e, ev e n
2O|t1-§ \gé\yeg,n ggqshb%%% Flsg etr e W o‘? VEII 1§‘u4ed a§ tﬁe s%hﬁ? ifan

ent” conprises a

eled¥rb1yte bmlla@mm mﬁh&ﬁﬂvc&@ @Feclﬂ@ I&Brettﬁalﬁ@() ¥Olubi¢ percent,
volume DIOX:DME, with 0.2 vo ercent DM

dischazgs|cppanity 2t lasyeperatynes.iish Bew®diasd Belepe gan beaverwhn, This is
belibldd toHetRE b Rimbfin 5P BEE 5QvAR that can precipitate from the electrolyte

solution at low temperatures or otherwise degrade low temperature cell performance.

Simply reducing the DME content in the solvent can prevent this problem, but some of the
improvement in high rate and high power discharge performance realized with Lil as the
solute is sacrificed.

In view of the above, an object of the present invention is to provide a primary

nonaqueous electrolyte battery with good discharge characteristics at low temperatures.
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el ectrolyte containing DME in the solvent, especially

nore than 40 vol une percent, discharge capacity at | ow
WO eovpee@sur es, such as -20C and bel ow, can be RET/¥S1005029804

This is believed to be due to formation of a DMVE

solvate that can precipitate fromthe electrol yte

SOl A oBlect RUG bRIRERS ALUBESS cBll walhNSLUl e e 89306 d @Wharge
tenperature cell performance. Sinply reducing the DVE

chargetatistivs, inaluding hgh 1aémandchish pewerdischatgescapraityl, ever adupad

sone of the inpr nt in high rate and hi gh power
tem%?rgtgﬁ%%ge,dg@%y%oﬁﬁeﬁpggﬁﬁ%d wth Lil as t hepsol ute
i s safhdriobfrtlof the tiveutied istih provide/Lcel PiRatdb eesionsitalttd Broduce
resent invention is to provide a prinmry nonagueous
and ga?e@tqeﬂpr;tteéecs"a&a% ehayacheristios derén Heying storage and use at low
teristics at |ow tenperatures. Anot her object is
tem?%@%?e%\./i de a Li/FeS2 cell with excellent electrical
and eliancthar gigedt béthedhemitioh i<®, providé adi e lhprihatyaiodagquedus
hi gh power_ di scharge capacity, over br oad i
elecfr@%ﬁ%?%} Witk ar%g%l,talmslaefﬁ&rrﬁ%w 2R v tenssaturg plgohagal
peerHhﬁch. of the invention is to provide a cell that is
econom cal to produce and has excellent electrica
characteristics during and follow ng storage and use
at | ow tenperatures. YetSIGWMMMARY obj ect of the
invention is to provid .5 volt pri mar% nonaqueous

el ddieralprys ebiees aleypetiang the #hovs Aisadvantages ptbe poey p are

oV e PSR POl sint £ b o BE bRl TR Rred in 2 solvent
blendi watpraimgagk 2-dahethbeyprepane based sehenbver cone by usi ng

an glectralyte conprising a l.ithium.iqdide solute

o Kesotnelyy ok SOr o Hedfetal bsisies ffedss 8% ptiary
electrodnhiTRITAGYN VA MA0ER ¢ RaRRHNn S DR BircuiO6E1RIEE o Bl5Wolte (Be.,

aspect of the present invention is directed to a

suitgle ame jubstibige fos oRwml Sayoltellitapss, sushias Ra¥ePomand ZyMne) cells)

Ci it .vol . | (i.e., i | .
wna OEBFE B A A0R L by B bbbyt Bl AGR £ o8
eleckibd&;eS2pantdr dispdbedDetpdenthe Aettico BNt pHithg dediodsd, agd an
ekmgggﬁtlve el ectrode caonprising an al kalj nmetal, a

#i Ve dreilyiggempEssaaiue and o Qisasisdo g olie
comPEIN iR i RO B sb¥enBlofi 865 0rtGe¥hers, the one or more ethers

comprise a 1,2-dimethoxypropane based solvent component, and, when the ethers

comprise 1,2-dimethoxyethane, the ethers comprise less than 30 percent by volume 1,2-
dimethoxyethane.

A second aspect of the present invention is directed to a primary electrochemical
battery cell comprising a housing, a negative electrode comprising metallic lithium, a
positive electrode comprising an iron sulfide, a separator disposed between the negative
and positive electrodes, and an electrolyte. The electrolyte comprises a solute including
lithium iodide and an organic solvent including one or more ethers, at least one of which is
a 1,2~-dimethoxypropane based solvent component. When the ethers also include 1,2-
dimethoxyethane, the ethers contain less than 30 volume percent of the 1,2-

dimethoxyethane.
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el ectrolyte. The electrolyte conprises a solute and an
organi ¢ solvent, the solute conprises lithiumi odide,

WO b@edzd28£nt conpri ses one or nore ethers, thePONESING/029804
nore ethers conprise a 1, 2-di net hoxypropane based
sol vent conponent, and, when the ethers conprise
1, % gliamkhax peiRaRENtbAS: BiekTo QQFREArS e1eh@§c§1ehh@ﬂ baery cell
percent by volume 1,2- dinmethoxyethane. A second

compygiog & hopsinger lpﬂg@%m@lecptmdé FPIPASIng neRtallie lihdumea positive

elecﬁg%%?%%pr?sn?%%ng% ] \S/ueq}itg ??ﬁrgt%f Xlsﬁ_p redé)lgﬁ;gé%{ll }?é lllfu%agve and

posilité Blettpades, msantdlmog}tecdmpx@bing:@ sgltieshelgdiag Ol 02 moles lithium
sul fide, a separator disposed between_the negatlve and
iodideypertlitereof @ osganigizalvenk pepiaining Kkio 9 Xplwne pereent 1,
[ithium
aim @ G Sl S 0 00 S thPL SO e’ or “or e
et hefarthakpdot af thedmeentibn whdicdetedso an electrolyte for use in a primary

1, 2-di net hoxypr based. sol vent c onent
lithiginafiehiodo TRAIGHSIVE SOTTHr Ao AT AR OT s sl il b6 Solute
comgﬂﬁgSQLHmh{aﬁ)ﬁldehﬂl@ sgﬁeﬂtcﬂoﬁ{ﬁs&e&ﬂé%itm&% ctass, ;heone or more ethers

I met hoxyet hané. A'third aspect of the invention is
comprisea:ﬂ,@eﬂlmﬂwxppnopaquba@ecbmlvm hempozdnt bad, tvdrep thetthers

compRRe | PR Bry a5 ST G et aati S SoeralPhyOhf 12-
dnnah Pkl de, a separator disposed between the

ive and positive el ectrodes, and an electrolg
?ﬁ@pa‘s%arwgothersfgatute@, gdventagrsgd @bBcisel thepreest venfiomvill be

ﬁlrt}# ? ge & alull %@re&g o ?y gl{o%g Qf(l?lteﬁ %1 ‘Bﬁ@ ko f‘e?ér%le ?cgthgeqollowmg

rcen rop e an
spe&ﬂcmehmrr&amde@perﬂdeadﬁhvﬁngd ane. A fourth aspect of
the invention is directed an ele%é{olytefor use in

a prieroharvisgisner: Bed heriy, @gﬁlnsclow agterisiigsAng ranges are as
deteﬁﬂlﬂ%ﬁ'a?f‘o%nf e%eq@@glgm)or gani ¢ solvent, the solute
It

I ses um i odi the solvent conprises one or
nore ethers, the one or nore ethers conprise a
1, 2- di mret hoxBRIBP DESCRPEIONN €HE DRAYWNNGE and, when
the e&ggrs,conprise 1, 2- di met hoxyet hane, the ethers
aVHES: t han 30 percent by vol unme 1, 2-

%fl%xﬁteﬁmal SR 688 cARRMNGN Wigeh Hﬁﬁ@m REMAREALESde, an

bj ects of t e present i1nvention wll be further
irondnsizéﬁéet oitiveralechpde end aneqhqpyoushogmicklettragtei n t he art
by reference to the follow ng

DESCRIPTION

The invention will be better understood with reference to Fig. 1, which shows an
FR6 type cylindrical battery cell having a housing sealed by two thermoplastic seal
members (a gasket and a vent bushing). Cell 10 has a housing that includes a can 12 with
a closed bottom and an open top end that is closed with a cell cover 14 and a gasket 16.
The can 12 has a bead or reduced diameter step near the top end to support the gasket 16
and cover 14. The gasket 16 is compressed between the can 12 and the cover 14 to seal a
negative electrode (anode) 18, a positive electrode (cathode) 20 and electrolyte within the
cell 10. The anode 18, cathode 20 and a separator 26 are spirally wound together into an

electrode assembly. The cathode 20 has a metal current collector 22, which extends from
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speci fication, clains and appended draw ngs. Unl ess
ot herwi se specified herein, all disclosed
web@caed2es i stics and ranges are as determ ned BECT/USING/029804
tenperature (20-25C). BRI EF DESCRI PTI ON OF THE
DRAWNGS In the drawings: Fig. 1 is an enbodi nent of a

the fop énﬁd;frﬂf@éle&ﬁidls addchiblRatd fskRbiiBcRAG the/Bnl REtEOSBhe BBVer 14
i ron disulfide EOSI tive electrode and a nonaqueous
'P

witlya gt sprieg 24.0llhe anodeH§dReleTirionlyrermiceigé ta thgrnngr [sirfins of the

te Q h,refe 0 C
candp gt mHAERR G oWl ab BN S 2ad odareted APl og peripherat
porhi@tisf the tpest thel eleytré dask el bpp@s tiiths &ahoderitibRhscdlRctor 22
gasket and a vent bushing). Cell 10 has a housing that

from megkingesontack withbe gan 12, an F%@:—“ﬂ bpiytacs thedritornedgse thegpthode
20 @@qhérﬁ@o(% Ef%%%agzgé%eg or ¥thgql\{\%grdéf%l&ﬁ%x{ﬂen&%ﬁ%ﬂhe

educed di aneter ste
sepaile’@r 26 land to pleetridall pirsulaiing bottdm dl}aslltiqiosmﬁnahﬂl thebeﬂtom of the

canilfre GO aa%ﬁtes%aalrg@éa%sé% SR GOV D ¥ Bigh 1 Bld e iaagy the
1nw§rd?3ﬁ§1‘1ﬁ1?%@to gé bPAR chf 3b QR&*&% I%Eke%ﬁ@ gheehd 92 ¥ es as the
W thin e cel

The anode cat hode 20 an
negaié\caaroataut tepiBirei. eDsqposeail Heyweenuhelpergget 4 dlanganotithe nermmal cover
e _as The cat hode 20_.has al. c ent
40 igifin o35 T i doriduiaRBL RPE AEcER BT UBriof A 1A
subShREAIFyARRItPHS TIoR} of Aitkni SndeP ARGIQediical BEndifie! Cell 10 also
surface of the cover 14 with a contact spring 24. The

inclydescepressurasrelicbvant Ehe rell eayieh b hasoan aperthee qompaising an inward

prox%gtrng e?ltrgf Vénte %Vefl% ngi%h P erft h%get ?d in tﬁ? b§tﬂ(§H‘1 of th% éll ZI?AnThe

cone ocated around

apefiafetis mlalfb}t deerit Gall efz abhbe tlﬁh@@dlteddl@erﬁﬁ)pb@ﬁd: busihting 34 whlch is
prevent t he cat hode curreg}tez collector 22 fromna

congpessed betiyeeth theryerticah we of theyenbwelh ¢ apd fhmvéﬁphﬁa ‘S vent bait

2 R385 ) M OSN3, or
both the lﬁtﬁ@aramﬁduuslﬁﬁg 3Adara fore¢cemtt oif theel dpgrtiredo irelcasegrézotr aeh gases

& di SCCéFilLI-]éPOSiti oned in the bottomof the can 12. Cell
ong e, separate positive terminal cover 40, which is

hel gledtholPled 6 deMs B.&)%I‘dlﬁ%@ b ¥nvehii SPRE doﬁ@q&@ﬁ@el@étrdlﬂ%s In

can 12 and the gasket The can 12 serves as
othererprts, teescenmtain watas oplyralveryDinsg beesatifes Qve@fﬁrabh'eno more than

abolif’s dOO 1;] s pler mlﬁog %y%veléhqfast £ (r:oql]t lgfnaﬁtovl%e electrolyte comprises a Lil
solute dissolved in an organic solvent. The solute can comprise one or more additional
soluble salts. An example is LiCF3S0s3. Other examples include LiClO4, Li(CF3SO,),N,
Li(CF3CF2S0;),N, Li(CF3S0;);C and lithium bis(oxalato)borate. Preferably the total

amount of solute in the electrolyte is 0.5 to 2 moles per liter of solvent. When the solute

includes other components, the Lil preferably comprises at least 25 weight percent of the
total solute.

The solvent comprises one or more ethers, preferably with a total of greater than 50
volume percent, and more preferably with a total of at least 90 volume percent, ether in the
solvent. However, the solvent contains little (less than 30 volume percent) or no DME.

Instead, a 1,2-dimethoxypropane (DMP) based solvent component (1,2-dimethoxypropane
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40 and the cell cover 14 is a positive tenperature
coefficient (PTC) device 42 that substantially limts

w0 b@olbass of current under abusive el ectrical PCT/US2005/029804
conditions. Cell 10 also includes a pressure relief
vent. The cell cover 14 has an aperture conprising an

or a éﬂﬂﬁftﬁte@ﬁ@-d&ﬁie’t ty?l%ﬁﬁ lrep1 6% amhit adforilbrt bf e YMIE. Examples

hol'e 30 in the boftom of the well 28. The aperture is

of aswhitisete®IPMP inohdeizdkyl- 3 @lh@iyasubﬁﬁlwiﬁ\ﬂdm@d such as 1 2—

a5 JRPR RS SRSl i o SETBRSAORE <BELAERR raioor
DMPesasgthenypodbnt to MBI phfdrbbig At levktentot Inendaable ﬂr@feﬁibnaét least 5
pressure exceeds a predeterm ned | evel, the vent ball

to 13 Moss presesehlythesalugnt comprsrs noUaMiE J1 the musheDME tsauessn cell
perféigp%xﬁ:% @m%f fgg{ r%r cﬁh ?@ps%lg {ﬁ@éfé fﬂeﬁ&gald@t@%@ Stul F]cpme ination

according to
of sbhib&driisolubie DM a«siuaesj of thk éidiinmlsyiteThe DMBiblmﬂ contpdaent

provigremERab e A iniiees PHEMEABU oL 50 BRFATdo ferm piiFirmsAtl
sowaye \)Oﬁh al%tm Qﬁ&@ S@?ﬁaa B @Mhe sbliRn ﬁkr@fe&m& ﬁ{cﬁl&gq@&a 56 Sind

Li'l solute ' |n an organl ¢ sol vent.
mo:sqirefbmbbfaw to@Pprolemeqeecent ofithe DN based@nhzlenfsmmpmlnent

Saléf%f iArc]ep xang%%l%fs{rhlé{? %goe. heé"ﬁﬁx?%gs i,ncl udre1 _—
DIGK @aéeutsblv@ﬁe dnffoRsa (2{300i895 a4 or FHudk@uRal 1¥3-Hfb§‘<olaﬁ§)ﬁl|s a

amount of solute in the electrolyte is 0.5t nol es
prei@eﬁd ethee rIngfprefsrred smboimeant thesobsnigamprise| 1@@@ QO dolvee percent

o CRBERRRSomhiat BTGRP S oy

sub@tﬁmaﬂ IDIEX, eiich 432-ARiley]-a{3ndibselaty &ides-atethyl i 3-Hiokolafé.aWhen the
greater_than 50 vol une percent, and nore preferably
solwnt molidesp RIO¥sbaged gompanenip thedpive wﬂwﬁxpon@%t H%mor%preferably
I t
ot AL R verk 1uRE, MEDORATL Bty e IOK pased
conipoﬂeﬂusmcb hoxe/thian fa percebivi?)thd s o obmhesefidoleatrponent

di titut o
st BRRb Ao B E paf S BompSteal examplsr of whichnciude
eth}‘l@ﬁé dMonateXpipyRAe @Erbﬁna?té' qsﬁ-bﬁt‘jrle%@ c%nht@ 3, 9aRtyédedarbonate,

and al koxy-subsStituted DVMP, such as

vinylemeeatnnats, mettey] forghate, Zm‘tﬁp}a@wpp,raubﬁgh@e Joroniriles 3,5-

uded a
g DR Pl By GRS R
dim@Ehy&rop Bémsuadal ¥,18 3%@@&1&@1&@ B-mbﬂgl-zmxaﬁ@{cﬁ;bdm anB&thers
sol vent conprises no If too _nmuch DVE is present
such as {,2-dimethoxyethane, 1,2- dlethoxyethane diglyme, triglyme, tetraglyme,
methyltetrahydrofurfuryl-ether, diethyl ether, tetrahydrofuran, 2-methyl tetrahydrofuran,

2-methoxytetrahydrofuran and 2,5-dimethoxytetrahydrofuran. 3,5-Dimethylisoxazole is a

preferred additional solvent component. Preferably the solvent contains less than 50, more
preferably less than 10, volume percent of non-ether solvent components. Preferably the
solvent contains no dialkyl or cyclic carbonates.

The anode contains an alkali metal, such as a lithium, sodium or potassium metal,
often in the form of a sheet or foil. The composition of the alkali metal can vary, though

the purity is always high. The alkali metal can be alloyed with other metals, such as
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performance at | ow tenperature can be poor. This is
believed to be due to the formati on of sol uble or

w0 n@eloed2Be DVE sol vates of the lithiumsalt. Ther/DhM05/029804
based conmponent provides many of the advantages of DME
but does not appear to forma detrinmental solvate wth

almﬁIB%nLtd pra{qdle % deeff&%at HEQSecal PRFosRANceNA Oﬁ%?efn%ﬁ%lﬁia}’l metal is a

i ncl udes 0, and nore preferably 4
lithivupl matel. p‘é?heleﬂle a@bdq e ONRpirss eﬁllﬁmlmewepmm colipigtor

sol.vent can N ude ot her_e
it eznodt R AR AR Satingk BEiEiE gRi et B3 et foctica
condudetiFitél] H&ﬁzle%i?wﬁén 8 s§pHpat chdiB @oﬂeo&ards Qe ﬁféa&:)lrﬂeﬁt @llector can
preferred ether. In a preferred enbodi ment the sol vent

ber@wqmécwetf@rgep%am@ns@lcent of a DI OX based
RS Abae EXAL 55 B malDAGLL HEEshaRNRoh AR Bl Mith the

KOXY'S
anod?e ﬂiEthé‘l ydit tesdltsdh @tondns cell dpédn ﬂiﬁctdﬁtWolﬂagéeﬂl SxoltanBreferred

actiyy s RIS TonS T Hisoe (oo P 2] BSah g Grétasgoly iron
dlslﬂ’ﬁ(ﬁefc@%ggg sutatf i d?%ﬁ&gﬁt@lf tE)‘(é?ﬁnﬂ@c)f ARG BV Ematerials 1nclude

pre ase conpo i's no nore than
oxides rocfbmnudf stdheastBib@4, as mellrm GO, €ubOe@uS afith€usS| O&m actlve

can al sq incl ddi t
matgiils Fon eq eset 1y Piins D il Bl MRy iid VoUS pbhadition to
the doteidti£N8e eﬁh@&mgén%ran% camiaﬁisWns BE oA BBy conductive

vi nyl ene carbonate, nethyl formate, Ibiwkutyrolactone

mateuidlé suchrae meialor caiboni(¢.g., g@pblie ¢arhon sod agelykene black). A

N- di, et h
s BT 8 Tl M G SR R el e
tharSbutRinlt¥de: &Mﬂiﬂduﬂﬂd songioanaidtives ﬁﬁa}salsdﬁbeaﬁlcluded to enhance
1, 2- di nret hoxyet hane, 1, 2-di et hoxyet hane,

Progessigg Wﬁscelk rerfosgpyaee Themeriouiase ?aéh%rmtemla P% b%fqawd into the
des?écfélg«%ﬂ Qﬁ{ ’anh%%s{eﬁgéf tS’Eﬁéfé%ﬁ ﬁ%ﬁ@?%ﬁyﬁe pghgd to a current

oxytetra ur an
collgctbr. dﬁom:khmplpt mcasaaimgcihambel appiled30 Eﬁtlﬁinnma:thiwoﬂsmmﬁm luge ins
.a_preferred di ti qnal | vent coErp ent . Preferablr}i
spirgYitowoBnd elegtrads Assany s SEOVR AHF ol AR & cpyonly used

matbBAFof h8Rathfde MRtNIBoIRREGENT Of non-ether sol vent
conponents. Preferably the solvent contains no dialkyl

or Aychiiebleacpuatat ewterithmaghoysed Switableseparaigr ktdrials are ion-
pefB il n P P B PBBTE g s
sonffelddi@1ya¢ Kathin e bales 68 the\dpatator. NSuigible 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 and 2500 microporous
polypropylene membranes (from Celgard Inc., Charlotte, NC, USA) and Tonen Chemical
Corp.’s Setella F20DHI microporous polyethylene membrane (available from
ExxonMobile Chemical Co, Macedonia, NY, USA). A layer of a solid electrolyte, a

polymer electrolyte or a gel-polymer electrolyte can also be used as a separator.
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the purity is always high. The al kali netal can be
alloyed with other netals, such asalum num to provide
wo b@edees4 ed cell el ectrical performance. A predBUSEAS/029804
alkali metal is alithiumnetal. Wen the anode is a
solid piece of lithium a separate current coll ector

Wit fik RBo @) estBod SardIMtRIY cARboIRR and iaBfRntsiEn be adjusted
lithiumnmetal has a very high electrical conductivity.

and Hewepaetor wtlesiedtogupuida the dasredpgll wehufactitng,ipsriosmance and

crbgEB i ASELEl MO AP EOEES) o
DecagibbVEl, Xe0RsndalvBicivi ledtebyiresrpo g Bbreférbite] HisclonBde. S,

the cell results in_a nomnal cell open circuit_
cell yath higle ergrgy densify ppd disehasgeelfisiengyt Flgetrelatersgerding to the

presTRL iR dito cgﬂg% pea Adn&gﬁgﬁpglpggé%@gas i, FeS and FeS ),

nore pretrerably 1ron , usually in
parthecell @betainer ofien anpdtalscan fwitit dreintegedl iclosedrbottorm ahsugh a

i ncl ude oxi.des of bi th,, such_as Bi 203, as well )
metghfepe at i mipelly aped AEhod enéﬁﬁwaésequeﬁmqaaaf %ca%?f‘he can is
gené%h@o 3tg§1f gﬁﬁeﬁ'wi%nibk’él Qnd$ letaE‘tﬁch@ 8ikiaRko HRJrdct ‘t’l'fé: &tﬁ%ﬁ% bfthe can

I'n addltl.ontot e active materi al, .
front edrinasiien. gErestype dfpletrg canris: vanied ¢o provide valydog degra¢d of corrosion

resig RS (DO LGB RUBHEE oL Y BB o5 FREAY ! SePET fgpart on
the fBYnd?en Whad thecdiRbiderib okt FoH ARG JiBS Biel stde$ can be a diffusion
together, especially for cells |larger than button

anneglede lovgaabpn,atoinys: Jglleds A Le0Gerdiquivialost stagl, with@ gsain size of

' uded t.0 e . ' n
A 435 0 FPRBT B BHAS PR B0, GRbL PRGFRTRTG o
staif1Bes stetd, eatbehsea té odet spoeaipbneddsl Forsaingie, whien thd@n is in

cell, or they can be applied to_a current _ collector.,
electrigal eqnians Math the edhedena seamlesssteahpry 8 usel far impRVRETegistance to
corrb@bh b9 lhd Euldde ald GickHlofre2Pi f @l Ly wound el ectr ode

assenbly, as shown 1n Fig. 1. Alumnumis a comonly

us ékheretlepverlis fypicatlhemeatalt MNiclee] platadesitel omlylbeatsed, bufagtainless

ui tabl e separator material may. he used. . Suit abl.
stoc iR SrirablE srhesiely S B ST isdB etec il @At Fithahe garbode.
The't8 FithEoovENGp KA1l 9RO Bk althotorCiaRadibPal QEleBd i THE cell
at l'easf sone electrolyte within the pores of the

coverapay bavsra sigpletshapee surbpsradhisk, faitdisk, ar ¥ mayehaxe ganore complex

stron ough 1,0 Wi i n el nuf.acturin . :
shae SR RIRCHSE: ML 3R (W ineTRH ol e e te thar
Fig.di, a6\ et soiftdnactled faintess StBEliwith ABTMES-9qfraidtshermgpsused, to

devel opi ng. Exanpl es of suitable separators_include
provifle thesissistikcomosiopapiganssfad eassraimagtel fprpings Fepmed covers may

also be plated, with nickel for example.

The terminal cover should have good resistance to corrosion by water in the
ambient environment, good electrical conductivity and, when visible on consumer
batteries, an attractive appearance. Terminal covers are often made from nickel plated
cold rolled steel or steel that is nickel plated after the covers are formed. Where terminals
are located over pressure relief vents, the terminal covers generally have one or more holes

to facilitate cell venting.
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pol ypr opyl ene, pol yethyl ene and ul trahi gh nol ecul ar

wei ght pol yet hyl ene. Preferred separator nmaterials for
wapdobeB23cel | s i ncl ude CELGARD(r) 2400 and 250BCT/US2005/029804

m cr opor ous pol ypropyl ene nmenbranes (from Cel gard

Inc., Charlotte, NC, USA) and Tonen Chem cal Corp. 's

Set”ﬁlel Fasite? QQanéEsCartH&%{(ﬁ%%u@ A ayian iﬂa@ DereRARY t@ R61d flow at high
(avai l abI e from ExxonMobi | e Chem cal Co, Macedoni a,

tempratuSAp g /YSF@;%@& almveb chemiaglly|stable @W@t tcadwa@ewen, e.g., by

dlSSSL irggt érm egg g\&}a P P§%§ ééf ﬂ? cmgeﬁ% Z%ﬁ\g{: eng 8P tgﬁ l&%ﬁ’ am? resistant

to 18] tefisiridsionfofRaTRIeS ihioamd cddthodN®umids fam the célllj Gadket can be
and t he separ ator, selected to provide the desired cell

madefFarn shargiePlagic 1§ains-oF oreeneed! Wiy 28 elseliglate having a high ether content,

pret R R b i ol NPy B 0 b e RE o p B oms gt

ExayﬂjilgshntladMER@bE/AX@c@ﬁ%(gmdeqmblmopﬂém ﬁmazeBaselljl Qolyohae‘m a

Wllﬁ)};%gﬁg]géfﬁl}h S)gii ]gg? plgi%;gé‘ g%@g&‘ﬁé’n} é g %Té?g y, Winona,

MN %an Aplq@mre@ Be 4REL @@B@)ﬂhﬁ%ﬁﬁé bttt 9246 %{ghgﬁafeéﬂt impact

The C contalner 1Is nanetal can with
modifie roat Selvag Advinsed Bolyndrs IdHC,A lpbaratta, Gk Annd s

roi PN MO RE By B ek i TRt Pt pact

modlfiéd FonPMicdha U2 Shminll€ NOUUSiAde to protect the outside
of the can from corrosion. The t ype of plating can be

varfetnprove e veal at t}wrlyterfgcqgé)gtvm the gasketrapdithmcell container and
the {Seégééosvtgf, rﬂget‘e %aéifcet vﬁ%]" I% %Xétgc? g}lt%ed Qﬁ}tﬁ le%%a@ﬁc%aﬂéﬁﬁc A Po-rwl%enc

epen manner

mateéfialGch h\ﬁethﬁeﬁ@pmpﬂene dilene t‘erpblylﬁef (ERDM castsusel én
steel can_be a diffusion anneal ed, | ow carbon,
embgdipen{e Hitkian csganioglectradys splverlyui val ent steel, with a

ar le ﬁ 11ER t |
o SRR ot ), L o
walbofthe gaskxe‘als 0206 sech (tOdZﬂHmln) ﬁpelcasahamdwsredFﬂ‘he dlameters of the

n the can|S|]{l1 eI ctri cont act

collHEeT Bk e oan atcerigh U Bimgpstidin Glipripa BY bout 30

erdeﬁpépi‘(se&'l% ﬁﬁ'tﬁhﬁ%@t& o6k aQb@ReAY Thb ?aﬂ@f iﬁ%@'@feﬁBEr coated
el ectrol he cel |l cover 1s typical nmetal . Ni ckel

withph aQaéa;lt §t1<é1e48 Efﬁ%Mbbumhfa sumhle aeaéané mﬁtm asndeluspd The initial

venpl}c) dx%%? {hécgmgsS 1? 6%61‘?% ﬂ}ch éO JjeIt Jclsg OB r?ﬁ%?cg Q flbout f30 to
35 ﬂdﬁ@n@ e¥#d orsgiagiehickhdss &l the sbﬁecﬁcéIBCA@éalmﬁ counldedeiudbd between the
sel ection. The cell cover may have a si nEI e shape

ventprshingsang thepelkcover et begivesa the wentibushipie pad theyepb ball, or a sealant
coufd)ﬁ.gjép%ﬁed over the cover, bushing and ball to improve the seal, but preferably no

sealant is used.

The vent bushing is a thermoplastic material that is resistant to cold flow at high
temperatures (e.g., 75°C and above). The resin can be formulated to provide the desired
sealing, venting and processing characteristics. For example, the base resin can be
modified by adding a thermal-stabilizing filler to provide a vent bushing with the desired
sealing and venting characteristics at high temperatures. Suitable polymeric base resins

include ethylene-tetrafluoroethylene, polyphenylene sulfide, polyphthalamide, ethylene-
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shape, such as the cover shown in Fig. 1. Wen the

cover has a conplex shape like that in Fig. 1, a type
weebomndf284 anneal ed stainl ess steel with ASTM S8rPOI/USANF029804

size may be used, to provide the desired corrosion

resi stance and ease of netal form ng. Formed covers

chidiBYi bR ferR] @i&diriMotdbtRy16KE beif&brﬁnmélﬁ?%émmnawd

term nal cover shoul d have good resistance
perfboreatisylene totymepdend andiedyeidseibot ketona. rishytent-tetigflooroethylene

copglyiet (1. SAVIEVIl SR8 R tbbilafieRle GEESLAE
preféi&d. OFilleR m@dse inbahitimielialp) sateds gass]chg)] fefldpst 8@bhidd, mica,

__steel that is _nickel plated after the covers are
silicpoialeesnd vigpaicaliiceprihpnmay he orgasiematgrialshclppscanshpns. An example

of afitele (bt Y TRZRL O PIGARTRET oo WA OftEne
percefingiopp&bglass filtsr eI, ida Foat &6 NehouisaindiGoniesiys Waliington,

to cold flow at high tenperatures (e.g., 75C and
€), chemcally stable (resistant to degradation,

€. Gt i rgg%{elgi;}]% ﬁféféﬁéaqh&rt?&{xfaﬁ@fgﬁvem&hﬁwged el ball and

i nter ronment of the c and resistant to t
the verdmeiiiis sheorovef beaihin @ass.e300Mtod). Alfdineh esmantfactarad) pod be

fromthe cel kets can be made fr hernopl astj ¢
compERHLD Gt 35 LR D IR B I8 DL AT o ke the
cov&l her content, preferred resins conprise

pol ypropyl ene, pol ypht hal am de and pol yphenyl ene )
sulHhieckent Badbeapl b@snac{f)vcﬁqm @PR@@WWH@%E& ig stablls in contact with

S TR P I R P
or mdtd19kach Mtaibfoss stV danlberysed TTAOOdnt ball Bldwid bé hizthandpierical

with 5-40 wei ght _percent inpact npodifier) from Sol vay
and have é@goﬂlépﬁfﬁr@mhﬂ@ na|ipREHeatIoFs, sagh aq gonges, geratches or holes

s GTERN h8 ABE YRLSR ST B 8 A B
partSurthe ball 8iimetdBAFoffexampbe, ar en¢ brabsdialentof ¢ hidFéSatcell ffacballs
nd the cell. caontai.ner and .t.he.

bet ween e_gasket, ell . .
aboiich 855 ek &F 4 8ERED e Amstet s Pesderiad e g s 00001 inch
(0.0986 A) ABURL prdferred sRThEBUiLICis B REbiAbhed Y6.076B um) RMS

et hyl ene propyl ene diene terpolyner (EPDM can bée used
maximuen it ibanaound 063 rhdil $8A num pinedismetes; tlee proferrsd maximum
sph%]cg’qyel%%ﬂh@}%gl? g(h@(?br?ggﬁ gl?lggar':ﬁ %‘126 ;%g%e&'reg (r:ﬁ:a%nq{nlﬁ%ult'tgce finish is 2
microinches (0.0508 pm) RMS.

The cell can be closed and sealed using any suitable process. Such processes may

include, but are not limited to, crimping, redrawing, colleting, gluing and combinations
thereof. For example, for the cell in Fig. 1, a bead is formed in the can after the electrodes
and insulator cone are inserted, and the gasket and cover assembly (including the cell
cover, contact spring and vent bushing) are placed in the open end of the can. The cell is
supported at the bead while the gasket and cover assembly are pushed downward against
the bead. The diameter of the top of the can above the bead is reduced with a segmented
collet to hold the gasket and cover assembly in place in the cell. After electrolyte is

dispensed into the cell through the apertures in the vent bushing and cover, a vent ball is

10
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wal | of the gasket is 0.0205 inch (0.521 nm thick as

manuf actured. The di aneters of the cell cover, gasket
war@eoed2zaped can are such that the gasket is cPOPUSES®029I804

by about 30 percent of its original thickness to

provi de a good seal. The gasket is preferably coated

inseiell tﬂnta HISEEH B 16 Y& tHRSapBRERd in Bk cePlt dd9Er. SAIPt@DAS ice and a

sealant materials can be used. The initial vent
terninsliomer akablacechok Haeseelli ayeptbe el Sovercand the dapedag)of thecan is

vl G235 BOPH KR BB L Mgl P i

ternbiBallpO6r HdicoBpieté the seslitlg b b{@ andcbftiecanedyl the gumet or
bet ween the vent bushlng and t vent ball,  or

s eal herAbo¥ fesgriplonsis priticglaglyaploy s to E%ﬁw%%éwﬂﬁgaléﬁ@ eS; cells
wm?ﬁ&gqhg%dsrgpefc @gégggd%@ﬁ}essﬁyg 11%[—“%&% BhYridife 8 B-ABblakt

e ven Ing 1s a erm)p terial
bushiﬁgtand Seﬁtéﬁlls Hawteven thedhderftionunait alko hadaptedao ather gpes of cells,

suck i Bitn i TOBSTRBUIEL -6 nTITHEI CAG Brep BUb i g essure
reh&h\%hf&ésggd SFbP%?aﬁrF ¢, (R AR arddfelRBRGreliSSIdAt EATbBeated in a

by ad a thermal -stabilizing filler to
cellpowet at¢hacontaiterb lwﬂs agpomhng ta the inheantior gas baei spiyalawound

ctocfEt G BAL SSher! ) 658k, BLOY LOIRARHESSao QHEEBRS:, such
as fEId@&E § &&ké@hhﬂ&ﬁt@@%ﬁbﬁ@ﬁm pellkeheny! ene sul fide,
pol ypht hal ami de, et hyl enechl orotrifl uoroethyl ene,

¢ hl Breginvérttionand éfs Higatias andhadveniasesoue kasea likistrated in the

fluorina per f |l uor oet hyl ene pol ypropyl ene and
3b”8%’§% g&‘%her ket one. Ethyl ene-tetrafl uoroethyl ene

copol ymer (ETFE), pol yphenyl ene sul fide (PPS) and

pol ypht hal am de (PPA) ar ggphfflerred. Fillers may be

i norganic materials, such as glass clay, feldspar,

gr ARG twe LifFeSy, cellssimaidar to gelk 10 iuliget Mesgmpde, Fosreaghes)l a 0.95

sl T TR A TSROy 5 By ome
lots]g ﬁl'ﬂ{ﬁﬁtdd&;mﬂdw \ﬂllzé {ithﬁgn vvgtajl{‘wag pdithiant altdyamg&ﬁci:gigg assweight percent
iller rom u_.Pont de rs.an , :
alup . ni}h%wt hade copjajred |atm11><§1ra eh3r gt piSRY BRTGPRIGFop 17 weight
per&ﬁlg %@lkné%lﬁﬂ‘ 9 Mhdig ?fn\ﬁ@ er @v@i%hf’lgé?éerﬁ %{Hyle%@)d

|nthecver hin (e.g .
proﬁyl@ﬂfécopmd:;lmasand@rﬁjfmghﬂwd@enapdydhybwrpx@sS!e@tdiy’f é@d g of the

ml)s;tw‘gézgetsézaatlp ﬁrpﬁte{hﬁ)gl Eg th a0. BQJSSAI-h mnP(O q m. thlck str1p of aluminum

foil. The cells were assembled as described above, using an average of about 1.5 to 2

milliliters of electrolyte per cell. A different electrolyte was used in each lot of cells, as
described in Table 1. After assembly the cells were predischarged (removing about 180
mAbh of the cell capacity). Lots A through G are comparative cells. Lot His an

embodiment of the invention.
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The vent ball can be nade fromany suitable materi al
that is stable in contact with the cell contents and
w@e@sioekes4 t he desired cell sealing and venti ngPCT/US2005/029804
characteristic. dasses or netals, such as stainless
steel, can be used. The vent ball should be highly
spherical and have a snootjy,gif face finish with no
i mperfections, such as gouges, scratches or holes
vi silbl e ind@iute0 |t i mSolveayGpmipoadnt Grolumpgatidsi r ¢d
spheri ci ty—ant—st i i t he
bal I| Betamet er. Fo ent ol Adioy
Li ZFeS2 ¢el FYPS or pD)ES mré i
di aneter | the pref s 0.0001
inch (0. 0026E:S%) 2 fini shes 9
3 mlcroinches (0. ball-s—abedy
0.063 B n¢ @%d ferred 1O
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nches
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i ncl cf npi ng, | r edr aw'§fy,
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Theogal |

e _process

proce
not 49t
ang =zomnt
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nOM
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ur@.ac
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o

ude, | BieFQs
col lret oTrTsﬁtn FOT ™ o
a be fornmed I’ n
s 23nd| i T&U cone | ame
nd-covier as

F{nchudin
i Rg and ve

exanple,
the [cap afterilt hg el ectsr od
i nserted! and the gasket a

the |céll {coved, clont &% sp Ehifhg) X%
pl aced— 1 theopenend—of the cam. Tt S
supported at the bead while the gasket and cover
assenbly are pushed downvEwaghpdgai nst the bead. The

T

di ameter of the top of the can above the bead js
r eduelisdrom Exempledgyeictdissharget at a 3 ohen gkt fraisiagee- ok tests
G 285 ioa hEee. in the cell. After electrolyte
> andi sé"g{sspense Al?zﬁté the cell through the apertures in
t he vent bushing and cover, a vent ball isinserted
into the bushing to seal theblaperture in the cell
over—A PTC device-and-aterm-nal—cover—areplaced
ont of t he c®lpteover tlhe3-2& Comtotped75 ¥nd 8RS tIdp-/daydfe Ut V
I he ean—sSs—bent—inwara—wth etHHptag—tre—toretarn
 hg; pasket, cové¥®agsenbly, RTC device and tern nal
covef apg,conpiieles’tihe ROSEI i ig ofgdche opeBhd of biger
can by the gashter of TheTéBpve (descri ptijon Fesp. |
articularly |rselenfint to FR6 |t ype cyli|ndrical Li/FeS2
CeAl $ IICE{SOojonaqueoys2ei7aghhgl ytes and 287Pmesslingds mAh
elief vents lconprising a therpoplastic bushingtand |
/et | BaCFaSQaonedet , [t he i nvert 288 mAY lal so be agdptimAh
CO TICE; O3> 6759 2400 mAh 1526 mAh
D Lil 0.75 84 mAh
E | LiCF5S0; 1.0 2452 mAh | 1782 mAh | 2408 mAh | 1892 mAh
F | LiCFsSO; | 0.75 | 2448 mAh | 1651 mAh
G Lil 0.75 13 mAh
H Lil 0.75 | 2374 mAh | 1940 mAh
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such as button cells, non-cylindrical (e.g.,
prismatic) cells and cells with other pressure relief
WO 00b/02k234 gns. For exanpl e, the aperture and pPEFEN2085/029804
relief vent can be located in a cell cover or the
cont ai ner. Cells according to the invention can have
S p'fff’gé 'dlfm % 65 [Rde ﬁ%ﬁlet@&%éﬁﬁue fdknadl. thdacHROWRre close
1, or anot her el ectrode configuration, such as
to 24@1) mea veitl alpef the telecirelytd ¢ampqsitione on bp ithe tesis@t Faem

nvent i s featu e nd advant ages
tem%ﬁr%m?eu Tﬁﬁecra ?ﬁlﬁl?fsat n%\(?g;doarieﬁ'] W%é’nfbg %V\t/? ng exanpl es.
EX améneul wakeutsyipged for FeSR, 9B ih shesd1edttotyte usedialTlot T(sedLot D)
were made, For each cell a 0.95 gram _15.24 nmm

and @ot E@@e iLot ©5)+the discharee pansritics a0 Weregxtikaely oy Hawever, in
Lot 5 R TR S AP SRR RRDA f D & 6050
conf@ioue Biscledrgeitapasity Fhe0t@ivas debstantitlly ingtovedyitocs lavel atfleast as

92. 75 wei ght percent. Fe ercent
gOOéé%WhéhF‘ecoéTeﬁE‘P@dl% %@Fvvgpg Fl’lzec%‘élﬂ?é%?* bFaphite, 2.0

wei ght percent ethylene/ propyl ene copolyner and 0. 05

wei e n
o P RGPl BB el Plod: Hyn
art tﬁﬁﬂ vaBo@hodifichtidrisi sl isprdvemehts alhayrhermaﬂa‘tolthe inVhetianewitisout
were assenbl ed as descri bed abov usi ng. an. aver ﬁ%hﬁglsu>

deparbipg from the gpjrib offhe|disolqsed congeps| Hicscops R LPTRISFIIILR
I

b &y el By B ] S b AR P e
predi scharged (renovi ng about 180 mAh ofthe cel
capacity). Lots A through G are conparative cells. Lot
His an enbodi nent of the invention.Table 1 Exanple 2
Cells from Exanpl e 1were discharged at a 3.9 ohm
constant resistance. The tests and results are
sunmmari zed in Table 2. Table 2The differences anong
lots at roomtenperature were small. Capacities were
close to 2400 mAh with all of the electrolyte
conmpositions on both of the tests at roomtenperature.
The capacities at -20C are | ower on both tests.
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When Lil was substituted for LiCF3SO3 in the

el ectrolyte used in Lot C (see Lot D) and Lot F (see
waewe@Eshe di scharge capacities at -200C wer ePCT/US2005/029804

extremely | ow. However, in Lot H, where DWVP was

substituted for the DVE in the electrolyte in Lot G

t herd. iBvéltioh cRRieduouUs di scharge capacity at -200C was
substantially inproved, to a |l evel at |east as good as

it . . . L
L 1% SphRRpE R AEROAE St PALMREFRE A ool vBltago of 1.5
voltis A& Bémprisiagna hbisisg asicchtivectlédrotib eormptisinfah alkaliingatsl, a positive

nodi fications, and jnmprovepents nay pe nade to the
elegtrege it SCBH 2N CHBatedRebRran fggn?gaaﬁ? PRI YS gleipodep,gnd an

i .concept. The scope of protection afforded is

elec?ﬂgﬁg% eteelfl'm' ned by the clains and by the breadth of

i ntthe pleetrayicmongirisexvesblistg ahdan drganicreebyeni;on cl ai med

i S: 1.1A%prinar¥ e ectrgﬁ em cal battery cell having a

norPh Sq1UG SeRPEs %ﬁ%?“%51 ge of 1.5 volts and

COMNRE sV cBmPAYSH did ordndi€ebisye el ectrode conpri sing

an alkali netal, a positive electrode, a separator

di sheseeiotyuoieesatiers pempasse 1.J-dimploxmyppangdastdesol vedties,
o and an_e ectrolyte, wherein: the electrolyte conprises

RO ¥ and an organi ¢ sol vent; the solute conprises

| i twihdithe ethefisonipiite 3 B-¥aithox9ethsne df @Ras o6mphseiess than 30

ethers; the one or nore ethers conprise a
percenpby|volsmeddrgineihoreyelisded sol vent conponent; and when

the ethers conprise 1, 2-di nethoxyethane, the ethers

CONnpri s S h 3 I
2. OB GRS T AR PR E Bl Aart Bl e st e gt sclected
fronatiied @olip thBistinkalf lithiwhadodien atd p&tassiurane net al

sel ected fromthe group consisting of lithium sodium

and potassium 3. The cell defined in claim2, wherein
3. t helle dedlidefined i claiphprvhesen the Hkalhmetpl cqmpriges [1ithium.

defined in claim1 wherein the positive el ectrode

conpri ses. ane, or .nor nbers selected fromthe grou
4. onthee igTind it LaViel gt posig cTesipods Chspitsgs g1ie Br more
mereb&4 selected from the group consisting of FeS, FeS,, Bi03, Cu0, Cu,0, CuS and

CU.Sz.

5. The cell defined in claim 1, wherein the positive electrode comprises at least one of
FeS and FeS,.
6. A primary electrochemical battery cell comprising a housing, a negative electrode

comprising metallic lithium, a positive electrode comprising an iron sulfide, a separator
disposed between the negative and positive electrodes, and an electrolyte, wherein:

the electrolyte comprises a solute and an organic solvent;

the solute comprises lithium iodide;

the solvent comprises one or more ethers;

the one or more ethers comprise a 1,2-dimethoxypropane based solvent

component; and
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5. The cell defined in claim1, wherein the positive

el ectrode conprises at |east one of FeS and FeS2. 6. A
w@eioamed23€l ect rochem cal battery cell conpri si POI/ES2005/029804

housi ng, a negative el ectrode conprising netallic

l[ithium a positive electrode conprising an iron

sul {hdehe StheARMIAIRE 1 DL GRRERAyBBLNE et dihas 08aatie/ Bssahsh 30

positive el ectrodes, and an electrolyte, wherein: the
peresneby veluped . &dipethersstianeol ut e and an organi c sol vent;

the solute conprises lithiumiodide; the sol vent

conpri ses, ane. or .nor thers, the one.o re ethers
7. Gonpi S0 UsTDedREIBY o BB D 5 AL Bl e methexySihane and
the GORRRNAIS of MBdVhaindthskyptdpansbaedR6mPEnent to the 1,2-

1, 2-di net hoxyet hane, the ethers conprise |ess than 30

dimethogpethansyis bleagtd t@ 12- di met hoxyet hane. 7. The cel |
defined in claim®6, wherein the solvent includes

1, 2-di net haxyet hgne and the vol uyne rati o..0of .t.h
. 1 St AT R AR G O e 12" methoxypropane
baséd EthieHEloNBe € 2l Emdthok fBineds hOledst 580 1The cel |
defined in claim7, wherein the volune ratio of the
1, 2- di met hoxypr opane based conponent to the
9. 1, 2Tt quiitdedinpe ihclaien 6,svhereindlassolent & fiee & 1,2Fdanethéxyethane.
defined in claim®6, wherein the solvent is free of

1, 2- di net yet hgne. 10. The cel|l defined in claimb®,
10. a7 %ﬁt%%g@ I/ 608 das Sodvn ComPass 0o 8@ vplue percent
1,2 el AR HRNE BESRAREPBAGRI conponent. 11. The cel |
““defined in claim10, wherein the solvent conprises 40

to 80 volune percent 1, 2-di met hoxypropane based
11. conPlonetitdefib2d inTd¢lainc &0, wlshedin tiedsol vent Canpnies 40te 8@ volume

th , 2-di.met hoxypr.opape based conponent is
perqqnglérqﬁwhwmg%%{t@secﬂ@mwnw | defined in claims§,

wherein total ether content is at |east 90 vol une

her P Qb8 wheldn HdE2ShbitEe DA she! Yaséd @nBonent i
L2 e R YT e O PRSP e g nfBonenti
1,2 dohetirexypropane.

13. The cell defined in claim 6, wherein total ether content is at least 90 volume

percent of the solvent.

14.  The cell defined in claim 6, wherein the solvent further comprises 10 to 90 volume

percent of a 1,3-dioxolane based component.

15. The cell defined in claim 14, wherein the 1,3-dioxolane based component is no

greater than 75 percent of the total volume of the solvent.

16.  The cell defined in claim 14, wherein the 1,3-dioxolane based component is at least

20 percent of the total volume of the solvent.

17. The cell defined in claim 14, wherein the 1,3-dioxolane based component is 20 to

75 percent of the total volume of the solvent.
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percent of a 1, 3-di oxol ane based conponent. 15. The

cell defined in claim 14, wherein the 1, 3-di oxol ane
whamed2@enponent is no greater than 75 percentPOf/US10685/029804

total volunme of the solvent. 16. The cell defined in

claim 14, wherein the 1, 3-dioxol ane based conponent is
18. at q*h%%%n dgﬁnélﬁ1hc&e[iﬁ1l gf Whbfit Bleal 3-URIH B BhsciRBmponent is 1,3-

solvent. 17 he ce defined in claimi14, wherein the
dioxbl@wedi oxol ane based conponent is 20 to 75 percent of

the total volune of the solvent.18. The cel |l defined

in_claimal4, ein t - di oxol ane based. cogponent

1 o Thegellge e et Whepsi el o8t Rier Someiogs e
dnn@@@ﬁ&kﬁmhge sol vent further conprises 3, 5-

di et hyl i soxazol e. 20. The cell defined in claim 6,

wherein the solvent is free of dial kyl carbonates and

20. cycf]rh'ecceﬁ aebioebinagdaimX, whEhen ded dolbaf isrfed dfdiadkydicarbepates and
wherein the electrolyte conprises 0.5 to 2 noles of

CYCUOFUPWARS |iter of solvent. 22. The cell defined in

claim6, wherein the solute is a nulti-conponent

sol [ j
21. 53 iR AR Sitat 6, Wit 0 Ry compics PR Bles of
sohmmyﬁﬂnseﬁébhehhun1tr|fluoronethane sul fonate as a

second conponent 24. The cell defined in cIain123

wher ei n sol ute conpri ses at | east ent
22. i t¥hesst .dsgn n cjaym 6y yheERin Fheosgh}tﬁésoamﬁtﬁ%% ht'sofuie

corrfﬁ@{r}@'lﬁhhﬁﬁoﬂﬁ%%'a'fﬁst cgﬁ?bﬂé'ﬁtconpr' ses an all oy of

I fum 26. The cell ined in claim25, wherein the
all oy conprises alum num 27. The cell defined in

23. c| aire o8]l defimecinrcldie22) odietdi thessbrt¢ cadprissilifiiiinnes a
m xture of jron disulfide and carbon 28. The cel

triflperomsthing suifenaieasasccoibuRPIERe ni xture conpri ses a
bi nder and the

24.  The cell defined in claim 23, wherein the solute comprises at least 5 weight percent

lithium iodide.

25.  The cell defined in claim 6, wherein the metallic lithium comprises an alloy of

lithium.
26.  The cell defined in claim 25, wherein the alloy comprises aluminum.

27.  The cell defined in claim 6, wherein the positive electrode comprises a mixture of

iron disulfide and carbon.

28.  The cell defined in claim 27, wherein the mixture comprises a binder and the

positive electrode comprises a coating of the mixture on a metal current collector.

29.  The cell defined in claim 28, wherein the mixture comprises at least 20 weight

percent iron disulfide.
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positive el ectrode conprises a coating of the m xture
on a netal current collector. 29. The cell defined in

W@ b@b/0e28 wherein the m xture conprises at | eBST/UIN05/029804
wei ght percent iron disulfide.30. A primary
el ectrochem cal battery cell conprising a housing, a

30. neg@%)hﬁl%r}eélg&f'cfcﬁgtﬁlc%%efﬁbé]gcdﬁ%r%ﬁﬂg &h&dsﬁr@ H'%g:ﬁlve electrode
posi tive ‘el ectrode conpri'sing an iron sul

conwapmlgamialhd |11§lp@mealp¢»seiuwe@cpttdde cregesing @nami Splfsiet & separator

d d t.
e e S e e R
solut®ardl ADdr88&ni0@kolvedthivHerein@di de per liter of solvent; and
the solvent conprises 10 to 90 vol une percent

1, theisatuiciserppsesihhto Amolestaf rhéhlu@dp@léﬁp%létﬁb@M‘fenéﬁad
10
sol tb/eés %Q%H\cg ?r% one ne{ﬁro%? %#1’ gﬁl’ef(%&g‘lt ? n e @ﬁ&?gﬁ'%%s a first

solvehidchpgbneicanddione 90 volinid gecait 1,B-dogoland m(geebinamyent
di al kyl carbonates and cyclic carbonates. 32. The cel

compepeHed in clai m 30, wherein the solvent further
conprises a third solvent conponent, and the third

1. SO BN SRAROI A aikiSag, SER AR, S clfPls IR P L EMctfryethane,

vent intlarm
<hmmﬁ&mﬁkmawbeu&o%ﬂemhmoﬁﬂmmlses at | east one conponent
sel ected fromthe group consisting of
3- net hyl - 2- oxazol i di none and 3, 5- di et hyl i soxazol e

32. 34 Thprgelldisfinediaralaieg 0, Whern theo! venh@r@mncqué‘l%ﬁ thigd solvent
com%%ﬂ?rﬁé%%lstgg élﬁlgf%i\%&? Q%crﬁlgﬁpﬁﬁ%g . ec T 1 P et%@ﬁtj of the total

solveatrponent conprises lithiumtrifl uoromnet hanesul fonat e.
36. An electrolyte for use in a primary lithium
battery cell, wherein the electrolyte conprises a
33. 5ol Theeceliletined Brekaim 3L, séeteinthe sohysnteamuprises aiigast §a& component

selet: E*Ho‘ﬁ‘i”u{ réblgﬁcongﬂﬁ 81“ 3’ gﬁ%ﬁzﬁﬁ&ln%@aﬂ 3,50re

e or re ethers conprise a
dlmﬂ:th&hsbmblboxypr opane based sol vent conponent and, when
the ethers conprise 1, 2-di net hoxyet hane, the ethers

34.  The cell defined in claim 30, wherein the solute comprises a second solute

component.

35.  The cell defined in claim 34, wherein the second solute component comprises

lithium trifluoromethanesulfonate.

36.  An electrolyte for use in a primary lithium battery cell, wherein the electrolyte
comprises a solute and an organic solvent, the solute comprises lithium iodide, the solvent
comprises one or more ethers, the one or more ethers comprise a 1,2-dimethoxypropane
based solvent component and, when the ethers comprise 1,2-dimethoxyethane, the ethers

comprise less than 30 percent by volume 1,2-dimethoxyethane.

37.  The electrolyte defined in claim 36, wherein the solvent is free of 1,2-

dimethoxyethane.
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conprise | ess than 30 percent by vol une

1, 2-di net hoxyet hane. 37. The electrolyte defined in
wa@ba@cned84 wherein the solvent is free of 1, 2-PCT/US2005/029804

di met hoxyet hane. 38. The el ectrolyte defined in claim

36, wherein the solvent further conprises 1, 3-

38.di o 280138 delitd iBleREAI38] Wheredefhk rgsﬁgﬁtgmﬁhai dBhifises 1,3-

~wherein the solvent further conprises 3, 5-
dioxplamst hyl i soxazol e. 40. The electrolyte defined in
claim 36, wherein the solvent is free of dialkyl

car.honat es.an l.ic. carhonates. .4 1. T | ectro] yt
39.4 efﬁ??eegeq%??lﬁ? gFfﬁ%%é? cwfgé& WhpRH g |SE1&1tV8ntgﬁﬁE?fi ot 5,5-
dimeRHB5skaselUt € conponent. 42. The el ectrol yte defined

in“claim41l, wherein the second sol ute conponent

conprises lithiumtrifl uoronethanesul fonate.
40.  The electrolyte defined in claim 36, wherein the solvent is free of dialkyl

carbonates and cyclic carbonates.

41.  The electrolyte defined in claim 36, wherein the solute comprises a second solute

component.

42.  The electrolyte defined in claim 41, wherein the second solute component

comprises lithium trifluoromethanesulfonate.
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