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LOW TEMPERATURE Li / FeS2 BATTERY BACKGROUND Thi s

invention relates to a primary nonaqueous el ectrol yte
wehesteeakhem cal battery cell, such as a |ithi BahiUsSzs/030379

disulfide cell, with good | ow tenperature performance

characteristics. Batteries are used to provide power

to many portable el ectronic devices. Comon advantages

of Iithium bdtQ¥ TEMRERAJURK 1i/FeSnBATTERY Al | i ¢

[ithiumor lithiumalloy as the el ectrochemcally

active material of the BegRGREINDect rode) i ncl ude

hi gh .ener density, good high rate.and,hi ower .

i SDE Aster Fomrabeat Ty ofp Rl Aot EReBOYRinisp! batiery
cellt Suahek atlihiant/2a08isulfidd gels Mt gdddfiewasdipéra@bd paviirgiahee

Lithium batteries are becom ng increasingly popular as
charas¢eristies.ery of choice for new devices because of

i : . . i ah
povapter at IR 1 6 R pob R RS Bl GLARorR UL Hed Ebmmon
adviaftag@yoftl RRRAT ldtidries @Roske ot kenthih hetakticdishiunpwrithinin alloy as the

Wiile [ithiumbatteries can typically operate devices .
elegifocheyiisplly éﬁp‘@rra%tawéso?ﬁmge%ﬁ %?qt@éewnfwdsﬁi@oq?grgy density,
| : ; t ' {
IS5 L g S LSRN YIRS, ik R 0 o
tenpeatag earfgsy lohg welHifei and dighf weight, Littbumdiatterdiasaays befoweng

. the best rfo nce at. | aw tenperatures. One of

incleRPE G ROBBIEE 8 6 DPTTA OF ERPIFG O BBl HEe S Dicm A REEnds  those

de ik t&Watd shBel dif ardi i sher pd@eASTHSDIIRY €6 h§e01ﬁE1§f ?’bﬁé{' dovisumer
active material of the positive electrode. Li/FeS2

devices tie fove tentpgraturg savirenneety islajsodmppsaningVhile lithinpbafteries can
Var| f I ' .

el PhtplsP e Ao nE R AR AR UGS withdBpepus clecuolytes,

cleattlfte Gy sterhs eHae piovirleythe besahifhgdoaet discladrge chmshiotdristicd, pvéroafter

neet. the cell_ discharge requirenen over_ t he desi?red

t
storagfr il angPE1ads Rg Bmeve Pt ‘N@fsrglbeo‘lhﬁi’FityquQn?aé}cStaF &y
tend ?ygt&rggrpared to sone other common sol vents, ethers are
(? ten desirabl e because of their generally |ow
vi sOuas tytpe,of dittoumvbatterynreferagoltbibelomyas aybidieS. dattery, has iron

iR P e, ReL o1 IR0 GF 8N A0S, T,
batteries have used electrolyte systems with a wide variety of solutes and organic 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 their polarity 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 higher
voltage 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 electrolyte solutes and electrodes, cell performance has been

difficult to predict based on the properties of individual solvent and solute components.
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particularly true in Li/FeS2 cells because the ethers
are nore stable than with higher voltage cathodes, so
whk@hoeeset her | evel s can be used. Anpng the etPEr/ES1005030379
have been used are 1, 2-di net hoxyet hane (DME) and
1, 3-di oxol ane (DI OX), which have been used toget her
andAi widb Ivericts ofistlintesthhebeenased wndntsS; bbﬂ/veleetrqutee;dahmm
i nt ent S

R b R e T

amtaﬁg%ﬂ{eﬁle wé{zﬁmﬂy bfa LQF@Sze&U%ﬂb@ﬁ@lmxﬁ Rifld1€ sALRARAlsbRRNt blend
i ndi vi dual "sol vent and sol ute conponent's. A wi

de
Comalrl?ﬂ& DIGK and RIVESs famdie &hS. Ratant Ne- 4.952330, ZWh!@ﬂl s hereby

SR B (T AT S G ROB i s
DIOX),38M0 @:Otvl'(bﬁﬁihe Pétcant difipdrealiphati dtlhe’rEé@ DME) and8 tohl &volume
lithiumtriflate solute in a sol vent bI end conpri si ng

perpntyrliyigne pggbopate (e gn @ranylane sarbpaate)is digslosed. ﬁqwsm, such an
68 & G ARkl R AR AR Do LSl gl g

DI OAnpthdPexampld of/mtelhwithan elentrollyterveataidhg ht}ﬂilmctnﬂath ellssolved
. (e.qg., ol e
in ¢ Sl st spppising DI oo EPgBRLES Padi fo. SPS0 444, which is

herEYVREFporatetElly AfferBh&C A Bie}ig Bf fr@ﬁ‘l I %HJ 45:5 ' DPOKF DA With an
di'scharge perfornmance at hi gh discharge rates. Another

opteorahpdselvefit (&-ge.c)-2 wisighh pemeIﬁBei:dmﬂtlybtl@omtee(lDMHgls disclosed as a

Lithium,tr di,ssol.ved ol.vent co

solgrty, TR Hiskjoped e g™ Bonle RS RoroBR M jeffperature.
Whi @hiieSelétbioBRys doneanipg fidtied thflate ehepRRiER. fai cbll elebtriehl and
from1:99 to 45:55 DIOX:DVE with an opti onal cosol vent

dlseléarge chagacteriftiey Fechydetenbytesshaye aelatively [qve sleatsisrlcopmativity, and
h
it 4 5 B Seth ety ¥lnsiv DB IORRRL AFhas thAH Mk an
altcﬁfhamerto lighiers triflateao bothgeduce kebstrmd Iimpioa'e eclt electpicalvpettiermance.
ir cell i cal, and di scharge a teristics, .
U FefentRoce SLEG0 Lo B N ebharar g et o etepps: ciefoses a cell with
lmﬁméwmghw& MiscRdpde pértdtiatd, eldd M@ sRRszhe ﬁfghrt&'nﬁéﬂaﬁﬁé YLil is

ensive. Lithiumiodide (Lil) has been used as an
theao eefohte.iand theceledtralyty mlw¢¢tfcpam98¢s(ﬁt st T e woe pe@snt ether (e.g.,

20'%o QO g()rgg y Xgﬁmlw g%?ﬂélbgerﬂé @;i | nggrangr%e t dﬁkl) as a cosotlvent)

r ef gilehas a].so @beﬂﬁséaeﬁ cémb@bfionNithiun fiftady &cthé le@btrcbl@feﬁsolute For
di schar ge performance even after storage at hig

exafrgﬂﬁ,elg St fatent No. 4,439, %lﬁewgkﬂhés Bgebit weorpaptedly reference discloses
a Lg)grﬁg}e ﬁi’lI \)éltﬁ ar?&%é’t‘?&l&te%%‘é& £ fitixédf s 8t lithfuny B4 and a lithium
halide, such as Lil. The solvent contains a blend of DIOX, DME, 3Me20x (3-methyl-2-
oxazolidinone) and DMI in a ratio of 40 / 30/ 30 / 0.2 by volume. A cell with such an
electrolyte reaches a stable OCV quickly and is resistant to the formation of a passivating
film on the lithium, thereby improving the operating voltage on pulse discharge.

It has been discovered that when Lil is used as a solute in an electrolyte containing
DME in the solvent, especially more than 40 volume percent, discharge capacity at low

temperatures, such as -20°C and below, can be very low. This is believed to be due to

formation of a DME solvate that can precipitate from the electrolyte solution at low
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20:80 to 30:70 by volume DI OX:DVE, with 0.2 vol une
percent DM as a cosolvent). Lil has al so been used in
waeombionats on lithiumtriflate as the el ectrol yP€r/Uus2005/030379

solute. For exanple, U S. Patent No. 4,450,214, which

I's hereby incorporated by reference, discloses a

Li ZFeS cell wth an el ectrolyte as _a mxed .
emfies op pieryat frateds Pracersuret bl ihefed | Hitoing g DME
contft ikithe solVe@t 641 reiént eids paiblsn, dubbdnelofthe Bhidéverlait,in high rate -

3Me20x (3-net hyl - 2- oxazol[dinqni&}and DM in a ratio
and prghqgwer digcharggperfqgmanesreglizeduth lall @g fhe spiute1ssaenficed-
Copffifie [0 ¥afent AREGTR NLAEE| (X240 BLXAGER 27, 2004, and
10/94B4 6D filed Saptetber ) R 004rpridvh arg heteby dpmerpdratad by o¢fergee,

o B e B B S St B
inchidds 1[ﬁdih%&9h§?gﬁee gﬁﬁ?? ehPlesythAR 56 vhRaTe FecehPDWIE or includes

percent, discC apacity at | ow tenperatures, such
45 ta 80 vRIDDE prnetnbBMiiand A to B velomg persgnt 3Me20x.s bel i eved

to,be due to.formatian of .sqolvate t.hat ca

or A4 PR o RSB ereR by 4 807 O R o tEeciltes hac have o
solveMW/igHTR Biphtethe? SoMentAinddliNasSesohed (EldRr theWoleBNRE af wr e

cell performance. Reducing the DVE content in the

combisiatienwithdithipmevidlate) e, onpigpiatadisdhateess Hw tmperatures, exhibit
. \V [ . p I

e B e e P SRR oo

a desie btz pedereddyehe celwill ot dpataent Elppktingl iTas alNohixefesg., by

usméﬂ{t}gﬁglgg gtgﬁafg Iéllyees%ée:a\g %tgiganz 7@9, }v%&glg ;péoaqq%péwm %ﬁesdp%?a%ing voltage

can tHHAABERSY RWEsh f_ﬁéh kSEQhE Hggﬁ’poqsie? Bis@lﬁﬁg&ﬁ' rb&nitélnié‘é}kﬁlpe.

this problemis solved DBy using an electrolyte solvent
t hdn vt ¢figche abmieuatesbjectaf themreseokinyentparie tq PloPidean¢conomical

nongy e cliierdn PRusti ol PoB e b el S i Baf st
exhi¥raSshb@oRNagy diop nasthb 8eginfliing ©0 Highe ste tahd higdhl govweb dixhdrge at

with electrolytes that have a solvent with _a high .
low gempsratytss waHe stilh graviding zeagonably gaed capaciiy onthigh g and high
[ j Lon with lithiumtriflate) can,
powgir)]h#g &%treoﬁgégg%%%%@at | ow tenperatures, exhibit a
rapid drop in voltage near the beginning of discharge.
The vol tage can drop so SIIMMARY a devi ce bei ng

powered by the cell will not operate, Elimnating Lil
as AeaBpYR bigets gre majand thepbope ﬁ?&ﬁ‘?ﬂ?ﬁ‘? @pHQr grhae

over\?gh%gggfsfﬁtg% FfroRR H&vihd'h SolRfeUBhipHking HithilRSo8RE AR bAor
more additional soluble salts.

Accordingly, one aspect of the present invention is directed to an electrochemical
battery cell having a negative electrode comprising an alkali metal, a positive electrode, a
separator disposed between the negative and positive electrodes, and an electrolyte. The
electrolyte has a solvent containing at least 80 volume percent ethers, and the ethers
include a 1,3-dioxolane based ether and a 1,2-dimethoxyethane based ether in a volume
ratio greater than 45 : 55 and less than 85 : 15. The electrolyte also has a solute containing
lithium iodide and one or more additional salts dissolved in the solvent, and the total

solute concentration is from 0.40 to 2.00 moles per liter of solvent. When the electrolyte

3
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can then be too I ow on high rate and hi gh power
di scharge at roomtenperature. In view of the above,
w@nooelop@aes of the present invention is to provPdEUSIN05/030379
econoni cal nonaqueous el ectrolyte battery cell,
particularly a primary LiZFeS2 cell that does not
corftaihé Bbin R4G1Ha.65 moles af soldteqrer liebf tdieehohe noluregoafains at least

hi gh rate and hi gh power discharge at | ow tenperature,
35 melq Rereqnt fifhiyp SR, ﬁaf\%ﬁg a?faegwrogsas 80@85%?6&{03?‘ grgatsr Hign 0.65
to %m%q)?ﬁ%lg{a%g%?% of LSICHIAT @6 sGte &ﬂgé‘iﬁsqgﬁqgeﬁ{ 34 fole percent

ve objects are net and the above
lithékirs aehident Rrgfesabby theadditionalrsali(s) cemprissvghivontiflupransdtiage
n el ectrolyte having a solute conprising lithium
sulfgigi€de and one or nore additional sol uble salts.

Accardi sl abpe@ B 1RIRECH Blerdtidd iPAREREY tol IPtRAArY @MRectrchemical
directed to an el ectrochem cal battery cell having a

batteey e¢l] haying euegativecleetngsiei containing metallg lithinsn,4 posiive electrode

asi ti el ectrod r ' h
coflggineiren driaoer oroSoRrantPhdhs M G Rl lPes and
liqUifleRtr65td. OFhetetedidbyt@hastd 3tvint CONthiaing a9 (east 80 wAsihe Borcent

vol ume percent ethers, and the ethers include a i
ethgrsgand) thy ethgrsangadeh 3 whionolang pad 4,2 dimethayryethang wravpleme ratio
hek i lcaty 451

erep3E Biip 37 3 8 1G5 WA 152 The RO b R £ Dt P Bfthe
lithhontiadide argl lithium wifluooohetbargrstlfomse,ahe towal solatkdédncentltion is

salts dissolyed ip the solvent,  and the total solute
frogondbiR 55 MFSEST Piegf TSRS REA e GO BRBLABLAL P &F e percent
litsghY&hle. Wien the el ectrol ytecontains from0.40 to

0.65 noles of solute per liter of solvent, the solute

con®athird aspect eftbe p@sentwnvengien isehrecteditop primanxi¢ldetrochemical

en e.electrolyte copprises fro r t . 0.
oad 5 St S sRVEbEe FOIoh e FREDAC ARG Al cbirode
coxﬁ@ihl-hgq? O Rpatator dBpodeld betwiiznhd Regative e pdsitivieielsttrodes, and a
iodide. Preferably the additional sal téi%aécon'pri se

liquidelgctralyie- | Fheurdectiobrtn Atk sqlyend feptaining 3P welpws pergent
. ] iy oot . _

(ISt G2 B RIERL | SR04 RCHARRTABENRL o volume et

greatee dandde 55ant dssithag 85etlal |Tihe elactrblyterals@hgasiolute eontaining

T e N TR T
from greater than 0.65 to 2.00 moles per liter of solvent and the solute contains less than
35 mole percent lithium iodide.

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.

Unless otherwise specified herein, all disclosed characteristics and ranges are as
determined at room temperature (20-25°C).

As used herein:

1. about means including normal variability due to sampling and measurement;
2. primary solute means the solute component that makes up more than 50 mole

percent of the total amount of solute in an electrolyte; and
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liquid electrolyte. The electrolyte has a sol vent
containing at |east 80 volune percent ethers, and the
weetwenzo4iificl ude 1, 3-di oxol ane and 1, 2- di net hoxRET/n82ve5/030379
in a volune ratio greater than 45 : 55 and | ess than
85 : 15. The electrolyte also has a solute containing
3. 1i t hplumes ofl sdecricdmpondnitanefer to fhewohomestdfansolveritf thasdre mixed

t t al | ut t ' iis f 0..40 0. 65
rogsihie o e BF st Sy TOEGT DEH Rt ol EBiRs b v Rt e Ae
deteRRinkd BOnMRE vl 6R10E of tHeltobd v éRelbH Bividing telrelaBS®REights of

of the present 1nvention is directed to a primar

y
each of ¢he enspbvents Ay their respagtive fensitiesian 04 (veyad. 8&kg/cm’ for DME,

LSS B E SRR, FIRS BRI sk o3RS

bet ween the negative and positive el ectrodes, and a

l'i qui d el ect rBRIEFEDESCORIETIEN OF ViHE DRREWANSS vent

contai ning at |east 80 volune percent ethers, and the

et h&t dejdsavipgs 1, 3- di oxol ane and 1, 2- di net hoxyet hane

in @ vol. i: tex. n .. 55.and | ess tha

85 ?lglg.ly%&ﬁ%&lg‘lgdéc er o&}t Cg”ilg{htsf%l ﬁél\lg wzlathsagftu et AT AT hlle?r}'&()de’ an
iroh idishlfide positive eleaedd dridhi nomadjuidobis baniraldtanbtgul f onat e,

the_total sol %e concentration is from greater than

0. 6518 ¢ 192 plyt pbrapacibeen thepapxipandslipgs on thedy-exis fagionagueous

e i A Liihi R

clefpflk R s WERRIHAEH [P odiefrdRhs ilihe cldclbtyl WA EScharged ata
coristent pureg of 1000m@At ateP0W; hhd be further understood and

appteci,at ed t hose skilled.in the art ref.erence

C " Fffe 7 PR hePPeREe o1 Theat Punand:RijoRe on e %R fddinaaucous
cleBir@Yien@Hs wilhl EFsre M L WM ERrARAS irf 1h8 ¢IRBOBdWhéll discharged at a

di scl osed characteristics and ranges are as determ ned

congtant ggrment ofpedbmdr & -4¥¢- 25C) . As used herein: 1. about
nmeans i ncluding normal variability due to sanpling and

measurenent; 2. primry I ns the solute

conponent that makes upDﬁgp_i&?EgﬁeSO nol e percent of

t he Theidlenaewill bobeteolindeestbdt with dfefehEPloYIig; 1,3 ch shows an
vol unmes, of sol vent conmponents refer to the volunes of

FRE Sxr rdindecal hafters cell havinga hogdngwaled byrimedhermepiastic sael
me]}rﬁ;ersa(g gﬁgl&? LEPL vk ;buyfﬁhéﬁ%eﬁlaltd 123 a%fougiﬁg {'ﬂa\{ MRS an.lp 2 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
the top end of the electrode assembly and is connected to the inner surface of the cover 14
with a contact spring 24. The anode 18 is electrically connected to the inner surface of the
can 12 by a metal tab (not shown). An insulating cone 46 is located around the peripheral
portion of the top of the electrode assembly to prevent the cathode current collector 22
from making contact with the can 12, and contact between the bottom edge of the cathode

20 and the bottom of the can 12 is prevented by the inward-folded extension of the
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determined fromthe weight ratios of the cosol vents by
dividing the relative weights of each of the
weowely@amnt s by their respective densities at 2BCI/{82095/030379
0.867 g/cnB for DMVE, 1.176 g/cnB for 3Me20x, 1.065
g/cnB for DIOX and 0.984 g/cnB8 for DM). BRIEF
sefaESGRIRANA@N alctriddHy DAt iNGBottomtdise 4y positivasd nFt'hg boftoinof the

nt of acllndrlcal cel | a
cath 2y 10 £0 B 1P, PO ST SOF 5540 AR5 i el place by the
inRr @G ckigfRd Wec&ewwaﬁmg P sketEl62 Clte QoY 1 8 serfvk Pas the

is a plot of capacity on the x-axis and voltage on the
negatiyg centaesternunalq daasnpse@b@wwrnﬂhy merlplmmlsﬂmgc lof theftérarimaltcover

Lil..congentr tlons ctrol dj sch e
40 ghd R BAERLEAi S Dariive Binpfisiih e Re i Rnd A YR RO AR IR
subls@anéially Rinit® theCRPASF Eutredd uﬁclh@ abusivd ae@ﬂébl\éﬁhdlﬂGf?s QUelt T®also
-axi s for nonaqueous electrolyte cells with different

incjydes a prrsae reliel yaRf. |Tr1iletchlé ceyesdt has gn @mcm@rm geigward
pro?(ihctlﬁ %Qlﬁl?‘a:l S8t Wi i?fg&th OQC %nﬁh 1% of HREl E’g- I
& Prven e Bet

i on VVI under s o Wth reference
apdrturd-isgealdd byvaiveit tilBAsandr tﬁiﬁﬁwhljmlethayﬂdplmnb bashilns4,evhich is

comRFRH DO pH g AT ) 4 o v ekl 28) hgit%o eriphercaf e vent bl
32. hmh'?ﬂe ddiBhtei Ei’%ﬁﬁe ex&eRls Q—?ros etgﬂnﬁ\e Vel g'rebs%trﬁ B4l 32, or

and an open top that 1s c cover
b0th4habédl %\2 qaislmshmgﬁm afh forearout f thesapertire 4ol redease prhssaired fluids

[ tFi step near the top end to support the gasket
%} %ver 14. The gasket 16 is conpressed between

theEceaﬁoLWes&Bﬂcéufseac@&mg td-thelifven€ioh afe ivREGhdows electrolytes. In
el ectrode (anode) 18, a positive el ectrode (cathode

otheywarss, thpy gentainyyatergnitinvern emal puantities (refecabbeo mere than
ab(ﬁﬁlgbg ﬁﬁ'tszr%r ﬂlo% | ec%?tg g§ a ggnt%n&aﬁp B élé(cwg gorEanes a

to ge e asse e Ca
solh@slisolved & arcongaeintsolvent] ceataiing at, leadtl 80 Rokutiegretksent ethens,
conne

incfing 8 TeRhBIOK  Fad oGP PAR L bs-HROIPERE G 4 DME
(e £P1, tz%g@og{mﬁaé@gagq ﬂ@irﬂe%o%@tﬁ&ﬁé 153&313& YhERNRERE BE DIOX and
DME in a volume ratio greater than about 45 : 55 and less than about 85 : 15. Preferably
the DIOX : DME volume ratio is no greater than about 75 : 25, more preferably no greater
than about 70 : 30 and most preferably no greater than about 65 : 35. Preferably the
DIOX : DME ratio is at least 50 : 50. When the ether content is too low, high rate
discharge performance suffers, especially at low temperatures. When the DIOX : DME
ratio is too low or too high, low temperature discharge capacity can be poor, and when the
ratio is too high, discharge capacity in a digital still camera at room temperature can be
poor. Preferably the total amount of DIOX and DME in the solvent is at least 80 volume
percent, more preferably at least 90 volume percent. Examples of DIOX based ethers
include alkyl- and alkoxy-substituted DIOX, such as 2-methyl-1,3-dioxolane and
4-methyl-1,3-dioxolane. Examples of DME based ethers include diglyme, triglyme,

tetraglyme and ethyl glyme.
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can 12 by a netal tab (not shown). An insulating cone

46 is located around the peripheral portion of the top
wobomlesses ect r ode assenbly to prevent the cat hpdEUS2005/030379

current collector 22 from maki ng contact with the can

12, and contact between the bottom edge of the cathode

20 :mg sc?lhslﬁg hgﬁ hksmmﬂudemeld?&nal]ﬁ)sd)l%mﬁ axaempRgd og}vhidhﬁnclude
i nwar ol ded extension o arator 26_and an
ethylepg catbeuate-\propuenearhayatsol ?g%wﬁ REccaRbrngtss P31 ikEgng garbonate,

viny[¥5e RALLRIR Gheth{iCrofidkte ly’-butg;f-adléctax{} Qﬁﬁ)leﬁlesmﬁ%gede by

ositive termnal cover s held I n
3 SEmmethyhmmlzylecNLNPdadethplpfoeﬂ:gmdcfNIMdlrwmla®tmﬂe1 he

ke 6. The c rves,.,as th ative contact
N b ronsl i uEaat o R TERE st SR ETIROs Pt BB
amifdReloBESThARbthePMBErs 4UctPdddméth t&ﬁh&d&ﬁﬁﬁ{ryﬂ&hérsmeth 1 ether,
positive tenperature coeffici ent (PTC) device 42 fhat

tetr@hbbpﬁmn, él-msrthb’l tetrakydrofaran, dunesio pdrofinamr abusi ve
|
2,553 freo Gl br AR 1 28l SRl et Eingibuncs

(1 M&hétﬁé)@}ﬁ@ﬁﬁé lafidl Bgbstitutéd1R4dimpthox g bpang). CIBMIJ’BMB/M3Me20x
well 28 with a vent haole 30 in the bottom of the well

arepgeferrpd cosobientsy partigulady DML Jyecausedhey ¢ teacs svitineil.ghe solvent
pretg%hﬂ?'ess eglg atb&l HﬂQLsﬁﬁgaﬁ § VBHI%@ vvaﬁﬁ agw%%g pfe?erably\brm dialkyl

bet ween t verti cal e vent
or@&lianairbbh@teq)erl phery of the vent ball 32. V\hen t he

ceI i nt.er nal S exceeds edeter i d l.evel
¢ b Thi MGt dreiudes TP Coarinare sdiifions St Mbibiad i e olvent.
Th@&ﬁalfam&ﬁﬂo%nutein éh@ %1@96 g(éh"s Belvizeh ﬁb&ﬁwmsawm Z66 moles
| uids fromthe cel | ectrolytes for cel

peraiciermf@plvgnt d’r@keahlhﬂ@rwiiabwhatp eomn@t@f@m at least 0 50 moles per liter
of seol\?e%'i r 9re¥er Pf tﬂe to?tl 2 lutev%%r ggﬁt {1 E/ﬁ no r@%ernthgf@% out (f%loymoles

In ver uan I'es pre era O nore

perditetidf s5BJQnQ ﬁ{dré pﬂﬂraﬂwnlolgbéht&)thmt@bf ).28$nddes per llter of solvent.
cont am_nant. The el ectro] gte congrl ses a solute

Whendhe,sahelg CPWeaﬁawwm  the slecolptesohient viggosity san bgtpo
| | . .
B e i e e

too(lewgtherelare ndn emeuplo kithatrh aore mmgtntlt,ozunpmehllghxynreﬁtaraad voltage is
basdethers W t h e, DI OX and in a volune ratio
Poofon-igh ot dischiares at aﬂél?’em%rogﬁ’ote?@grgg’trﬁan about 85 :
15. Vﬁ{e‘ﬁftﬁé abttvolifeRolalds fronPhbout 01408 aba\itio®sd HoRE of solute per
greater than about 75 : 25, nore preferablé no greater

liter lpfisplwansithe Falute coptainsct hastabonied e prafergblyct Bt 4Ghaole
per@?rﬁlttll 6\%’nhln?’t?le rg{g% ?b%%l 1§ Oté%emoles of solute per liter of solvent, the total
solute concentration is more preferably from about 0.50 to 0.60 moles per liter of solvent.
In a preferred embodiment with 0.40 to 0.65 moles of solute per liter of solvent, the mole
ratio of Lil to the additional salt(s) is from about 60 : 40 to about 99 : 1, more preferably
from about 60 : 40 to about 90 : 10, and most preferably from about 65 : 35 to about 75 :
25.

When the electrolyte contains from greater than about 0.65 to about 2.00 moles of
solute per liter of solvent, the solute contains less than 35, preferably no more than about

30, mole percent Lil. Within the range of 0.65 to 2.00 moles of solute per liter of solvent,
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DIOX : DME ratio is at |least 50 : 50. Wen the ether
content is too low, high rate discharge perfornance
wa@adoboe@ 15 especial ly at | ow tenperatures. WhenP€TreSDhENG0379
. DME ratio is too low or too high, |low tenperature
di scharge capacity can be poor, and when the ratio is
thettoral kolgte conkeathdemgis fnmmabdlttyb 70rto 4 . 2 ryolesaperdited df sobsmrr. dn a
t roo enperat.u 00 Pr ef rabl he tota
Pl S B 1S B O ROl e T afso s fiegole ratio
of L& IR JRBIHAR salt(E) 'isefr&h%iagﬁtalk@)l W0ab ab&as0 : 90 ava |n‘x’d¥@ preferably
percent. Exanples of DI OX based ethers include alkyl
frosmaboat kbx90 udbont 20t 88 Pyeloxably thetliheorrentzatiopl is at least about 0.10

metsseret 4B BFerPe ProfmB AN ey Rt R R TRAE motes

peitdr &tdeng! yme. The sol vent can al so include
addi ti onal cosol vents, exanples of which include

et hyhe additienal seluble saliesy gan implude anaermeqmbinatmnygfispltethat are
StaBrT%{ ﬁ)‘é}ﬁn@# golxﬁegltsg ﬂﬂh%ﬂnesg ?r@ g?&@f’i‘éc? Eﬁnﬁ%(és‘?ﬂ@luﬁé‘iﬁ?ﬁébe LiClO,,

one
Li@Fes 00N s Li(€F;CF, S@ghNBItJIQQZF 1SHYzaniddithiNm\bisioralato)borate.

formanm de, dj met hyl acet am de,
Ll{‘;ﬁﬁ I%Pﬁﬁrﬁm b‘l“éh 3 #frea, 1,1,3,3-tetranethylurea,
bet gp8 %65%%9 it an@k i APl QK&I é%rlﬁﬁlunfi 36k Bt ﬁoo?a*silﬁﬁﬁmetal

such as methyltetrahydrofurfuryl etherf, diethyl eth
ofterin thb yatnodfia shegt ar-fokt A corepostiydefche alkaul,l metal can vary, though

t ho t etr. r.an, .
ey RV TSRS Ristahson b alloyed with AT RSP Gsh s
almﬁ@ﬂ t@qimuadﬁ deane?d éélllf&édﬁ@éﬁy Dlvgé@&ﬂﬁﬂc@ ngl psefoigéd AlMAIR thetal is a
2-di met hoxypr opane) and 3Me20x are
hﬂp\d@frmtalemomsfemﬂ Kthiyg rn@qt@lLﬁllaw@/wmwluns@érau@esttm@yrably with
ab@ﬁrb 5{ %’1%}1 réJﬁt h ulni Vgﬁ’?ﬁé‘%ﬁg?‘é‘gﬁ% QE&IQJ }ry%%(?eg(ﬁtlﬁhlﬂﬁl, 4 separate
culpémfcerlaiwry\mﬂnﬂ th?h aiiokly is ot req,mﬂed csimcartholithives mefdldas a very high
solute includes. Lil and one or nore additi %nal alts

elegfricabgopdpctivity FOWSYET @rseparsis SUreRtrlleqieR 63 B5/used ut e
i N tike csth6dd b EoreSorRéraaeivenaidtialg. ﬁ&f&ﬁgltyaﬁ@ét@twe materials,
2.00 noles per liter of solvent. Preferably
whepcoepled with ¢t anmde dmtheseliresubigta rngoalresll @s’expelrculﬁ Yadtage of 1.5
f solvent..Preferably the. tpota t
voftg, BigtelEliaptuye GREKE RlertalSingBluR 0B Suities RO FE 4 PR, more
prefelabiion diRilLdPRES! adilally NOpattiGdhte fornh aPxahs1es oflotRét active

nol es per liter of solvent.
materials include oxides of bismuth, such as Bi,0s, as well as CuO, Cu,0O, CuS and Cu,S.

In addition to the active material, the cathode generally contains one or more electrically
conductive materials such as metal or carbon (e.g., graphite, carbon black and acetylene
black). 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 included to
enhance processing and cell performance. The particulate cathode materials can be
formed into the desired electrode shape and inserted into the cell, or they can be applied to
a current collector. For example, a coating can be applied to a thin metal foil strip for use
in a spirally wound electrode assembly, as shown in Fig. 1. Aluminum is a commonly

used material for the cathode current collector.
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When the solute concentration is too high, the
el ectrol yte solvent viscosity can be too high, |eading

W 00bos4eper at i ng vol tages at | ow t enper at ur esPCTIS2005/030379
the concentration is too |low, there are not enough
[ithiumions present to support high currents, and
vol haguitdbldsPhratt nidtérial hedyebedised. hBuligdledeparachr bﬁﬁtﬁ’mls are ion-
room tenperature. When the el ectrol yte contajns

pergisable and &bcmalé!bamcoodWVﬁo TBey & g%?ralé)écwblq qfth@}duaﬁ at least

soxﬁ@é &Rh ;\ﬂgxtlﬁ‘ﬁl ?es out eﬁgraﬁ;r GRle ?\ﬁﬁl”cﬁ?—l I%ltewlts I2r|enalso

pre era e percent
strdrgeenoagiy® wﬁhsﬁhnd@:etl mn@xuﬁﬁﬂnnigeasd pfesswk that npgrbel ixtred af them

| t he t.gt al | trat
cuie e ditohorte tfHoRblset B0 BEBS 6 BOeHBRSSEPPIng Exargples of
sulffaglevs%ﬁiratol‘ﬂnéluﬁé ﬁfl&%P&@u@ﬂf@%&dﬁ@@ nadk FonOm4(@rihl stelba

nol es of solute per Titer of solvent, the nole ratio
polypropylene, potyethydengiani olheahlsamol(esl)lar welfghbmlmbﬂﬁn@ OPrefeqgd

serafputiRagtriald o5 LS heisRhdhdd CRLUARIRT 208 Hha D50 mitRodelous

polgrpro@praué mémbranéb (frofi €Tl RE i) e{maﬂ@hawc ctosmaxméﬂdﬁrahemlcal
eater than about 0.65 to about 00 npl es of solute

Coae s Setalla F28PH grigronprous pelyséylene n@arhrmer@vml@%e freman

ExerMBE QAR O MBES D3P0 Ay B EeP ERfolyeg =

polyaier éliettﬁflyt(afor a(giel»‘pdﬂynteh elettedlgpie can lalsb be ansetbasm sephriatom. i S

fro ut Q.70 to 1.20 noles per liter of solvent. In,.
e e e AR BAE SISV BEROSOB DAL ATRGUSY can be aljusted

andSﬂaLe WESirR6F sellécie%rto %ﬁ@é e aksirdd@ll 'H%{n@lfd'cﬁlrir%bﬁérfdfhiané@and

the additional salt(s) is from about to about
stowe chatactamsticsn UeS. maeefmsNabﬁ $49.86nvethicuis heeby in@rperated by

tthe Lil,concenir.ation
rof RO, aifRlotss AL SToRL Ny it et dshOp ROLARARRR dficiBhey.
EleBtretyw @bidid e the preScnd eBRhtiG ¢be Bed ad@heAbOUs]Y hasuch a cell.
0.20, nmoles per liter of solvent. The additignal

sol &b eelseantqingr ig aﬁen neretal eabwish gp injegrahglpssdibogamethough a

L
gererdl PR3Ol @Y wI'Lﬂl(I’@T(&DEﬁZﬁGE@S? tli,e duitsi R 3TN &CGhanukside of the can

l'ithium bi oxal b t 353
froft GqHo G TP DORE PANIGSak B VLo B ity Tiplegrees o eqgrosion

resffanké Bmo%wa@me%l%d ApkAande! MMHIRYEY of steel will depend in part on
the manner in which the container is formed. For drawn cans the steel can be a diffusion
annealed, low carbon, aluminum killed, SAE 1006 or equivalent steel, with a grain size of
ASTM 9 to 11 and equiaxed to slightly elongated grain shape. Other steels, such as
stainless steels, can be used to meet special needs. For example, when the can is in
electrical contact with the cathode, a stainless steel may be used for improved resistance to
corrosion by the cathode and electrolyte.

The cell cover is typically metal. Nickel plated steel may be used, but a stainless
steel is often desirable, especially when the cover is in electrical contact with the cathode.
The complexity of the cover shape will also be a factor in material selection. The cell

cover may have a simple shape, such as a thick, flat disk, or it may have a more complex
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often in the formof a sheet or foil. The conposition

of the alkali netal can vary, though the purity is
w@baapsedns gh. The al kali nmetal can be all oyed BET/0S2005/030379

ot her nmetals, such as alum num to provide the desired

cell electrical performance. A preferred al kali netal

shapé§, sach hd fhe ¢6VverBhéwvn ifTBige 1 pMeeartadtovel hisd compret slape like that in
all oyed with al uni num nost referabl§ wth about 0.5

Figwbi tpe i sRlhanngnlosts eSS WREith g 8c9 preissigeomiy be used, to
pro?Ldgqgen@%lrl?él LoW- 0 RsRER&Y a{deeagysm foth L&ctmmx% EE‘ﬁ:@S may

e IS not required, since t rum net al
alsabe platedhwith nelkekfor exahpleonduct i vi ty However, a
sep{[agate current co ctor an be used. The cat hode

cont 45 FEmpBREcyer Ve 808 ﬁ%?‘fsé?qcﬁlt%corﬁ‘?s@’el?yaﬂflv fybe
amBieht SR ir0RmEAt 8bcth cl¥iffal %thlcﬁ‘éﬁty\’aﬁch WHeR viislel8n 'cBnédﬁ%rf

cell, result Tn a nomnal cell open circuit volt
batteri§s, wplatteactiPe effpsarapde. atenminal cavérs des oftenenddglfeom niskelgdated

colfl el b i e Btigked B s 5 con PRl Rty Siefe terminals

are F¥cabgdl Rer plesstird fllieAdnity)] th"ﬁhﬁihbﬁéoszetsrg%héidﬂy ﬁ%\l’diﬂ& d¥fmore holes
bi smut h, such as Bi 203, as well as CuQ Cu20, CuS and

to fapifigte ¢all vealingi on to the active material, the cat hode
gengpa %s)éet c%ﬂi@isgssa ﬁ'rlgé)lamrrﬁ%gljuﬁ ?ltld't 1§1%g1s%n{:ﬁr}:%%hb\¥%t high

mat er | S SucC as ne car
tenpardnaes (@ acks aruahdabete)| eremitdlycitgble @esbstmieo de@ydehmn e.g., by

. ed to hold the particul ate nmat rlals t oge
dissel g PR p1Rgking) Wl pepope igdhe el SOYFIIIEN o6t (hEisstand resistant

to tﬁg%ﬁgn%sé?&n Ye4it £4s8s ARSIhAd MESTdTRY vB&E it ﬂh@ %lelll‘dggsl&@s can be

enhance processing and cel |l perfornance.
mage froingbérmaplastic hestis. et ecelhivith@acldstolyty hrae@hg mhightether content,
i,fed el ectrode, s rted into
pref i el S5 R PO LBy TR G R FAI G e B Bty BRg Rt suftde.
Ex&yplePimlude PRTGAFAX® 6574 gaad@pabzp@@yreﬁe frot B aselIPoRfoldfinis)
strlﬁmfor use in a spirally wound el ectrode assenbly

Wlb@,mg vwRE; HSH; &TP1400ﬂ|gmﬁern9mh§1aéa®éﬁ#9m B TR &«unpany; "Winona,
S8, B SO0 G £SO S g mpa
moelfﬁea)MmrSomyeﬁtd\mh&ddrcéymmsphEGEAI;iheream,cGAl U84 andl | y
Th |1 f hol di
FORTRUNE 0 N2 rabathedy SodSifapt ehaR ]St Shywefosat Hbact

mod iR R Ticordl UG HignARPRY, AI9K. material s are also
strong enough to w thstand cell manufacturing and

pr edgumpravhghe sealyat lee @i@@fapmbe@weqrﬁéﬁg@ﬂkﬂ angl ther¢ll container and
the &g@ &h X gt%& Véﬁa%ggg%ll lgeec%r fed w181 Ell gﬁe’ltabf] rﬁatgﬁgl? A Sgll%henc
material such as ethylene propylene diene terpolymer (EPDM) can be used.

The vent bushing is a thermoplastic material fhat 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-

chlorotrifluoroethylene, chlorotrifluoroethylene, perfluoroalkoxyalkane, fluorinated

10
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sui tabl e separators include m croporous nenbranes nade

frommaterials such as pol ypropyl ene, pol yethyl ene and
wakdosakisgh nol ecul ar wei ght pol yet hyl ene. Pr ef B€T/882005/030379

separator materials for LiZFeS cells include

CELGARD(r) 2400 and 2500 m croporous pol ypropyl ene
perﬂﬁﬁf@éﬁ@%e pblypropgidng and pblyethereGiea kbtohe.eEthyiene WSAyflimhskthylene

congbimyeu R F Endobameraie T4 PR and POREAIEAREIPPD) ar

prefd?Rd FllerChray M@‘f&qgﬁhé‘mawﬁalsuw asPlds8 ey, gld%axs %"reéﬁﬁiute mica,

el ectrolyte, "a pol yner el ectrolyte or a gel-
sﬂlea, édt rod yermioite, alr sheylreayubeer gasic matardy such as cspen;s fAm example

nod at hode..and. el itions d .
of & iHRte A PR UE RO dF 2R R Fr20Rp ATt OGP 2 i
perBé? ‘éh@iﬁ;eﬂ tugasdl Gister) FEbnt Bl1l durBonfR N dnidurgand €6 AR WiBnington,
and storage characteristics. U S. Patent No.

DEgUS49 360, which is hereby i ncorporated by reference,
di sgl.
<5 AR f Bt Ay LSO 07 Pt

thepenasweil in thy eover be thiaife.ps 01096 do 8.0V A hichge anmlufactutedunt ba

cell. The cel]l container js en.a nmetfal can with an
ComprERsGH £IY appygado JOtPetsTRt VAU 5%351%% ad halie ingsfted ito the
covepi tially open at both ends may al so be used instead

of a can. The can is generally steel, plated with

ni clfh¢ v ball carebsmadé ﬁomﬁmi sditalile matepiabthiat islseabtalinsiod®act with

e e DO s b RS £ s

or MERIss HIRAGS sQAnlése stbepwdse tifed. d@e iveMhafRAGEH B8 GEzhly Bherical
type of steel wll depend in part on the manner in

andpave s smoothcsiifage fiaishivathf noy imnerfestinnsdyughas gewassi seeatches or holes

s lac 10 e R GRS ALE el 58 Qe g dgpend i
pargoihe tﬁllZﬁrﬁétepAS’BMeﬁarhplem oanadnqudmwne of 4 Di/BéS,aletl] for balls

s BOBEIRE 05 PR L i e spiEra Db Shoh B E5t e
(. mmﬁ%amﬁe phdiEr&Pdhrfase ﬁﬂlsﬁhseyhﬁérsﬁkh&qrm?gg utl)iRMS

the cathode, a stainless steel may be used
maxwpmvEdr hadls |aboletr€)c(%63tloclc6r 09w itbgiamkter,ah¢ prefkrreddaximum

ele Ver, ally nmetal . Nickel. . .
seiriets d0oBs futf GROREEIMT, A0 she Bisffrestia i soplpSe Bnisn is 2
ml@ﬁﬁleﬁbsc{es)lsoglphg RMSpeci al | y when the cover is in

el ectrical contact with the cathode.

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

inserted into the bushing to seal the aperture in the cell cover. A PTC device and a
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The conplexity of the cover shape will also be a

factor in material selection. The cell cover may have
wa@2@6pi4es shape, such as a thick, flat disk, oPCT/USI08§030379

have a nore conpl exshape, such as the cover shown in

Fig. 1. Wen the cover has a conplex shape |ike that

tenpmatccg/er are phaced gatozha celbpyer Ahmeshl coyess prd Rreder edgedithe can is
ben AM?M agcr%ngllhg ik g Ry gQ g{J S5k ag.%n‘mlf \ij"I‘tedé\hcee and

esired corros resi stance~and’ease
terthomahtavgr aﬁbto@eueolwes@lm@yf the 9pebendpdfahedan by ihla gaslekel

for __exanpl e. e nal cover shou av
r esFeiiomying af%mé’gf '&‘8§F fahbe DEgtisFharge ﬁ‘&%&%cgargmg the cell
by £5¥kl Qi%ﬁﬂtt(e gg,q‘&ﬁoﬁhg Gt taLSE abbRNTBIGh AYIOF YheAH: caphlEfY of an FR6

visible on consuner DBatteries, an attractive
typapplban@ne er mbex prilsesl covers are often nmade from ni ckel

pl ated .col d roll.ed.steel .or steel t i s ni.ckel .

01 arEfee dr PRiE ivaerdeutly R Rand HinaEe Suffifia) 1ges: cell
with henAdqealisSsle AMOBfte PARINS Prddsihire b1 vem fc§mphﬁﬁ% h@lidFndplastic

covers generally have one or nore holes to facilitate

bushiig andaignt bagl. Hmevgaék%tnve@mm@)e@l%r@ w@pﬁﬂﬂﬁp &ther gizes and
typ??&ecreﬁlglsu&tﬂgg t(lié&)él(}%ﬁ&,&)éﬁ% délﬁ 1‘1:0% %lfndﬁ}%l?c: £ lpggmfmcalcells and

eratur above
cele rvet?a stherpredsaredeliefadat designse Cglls a&ﬂ:yirdingSRﬂiW u{v@n’@din can have

acki gl) when exp sed to the |ntern% enV|ro rren} of
spifaf ot Fle Rifdgi

%tﬁuieraégq@i 1ehSuEl a3 that shoxmdpitdgsiloar yrother clectrode
cor§@afRioh ueh 8¢ ﬁ)l@édes‘%ﬁéso Et‘é&l@edvf?di’ [a?es‘c b&Bidd Ynd G like.

Gaskets’ can be made fTrom thermopl astic resins. For a
cel Theyprebent mvehtéart isaisgfublonavoidipgsshhipgivliegdémops oerrdint heginning

referred resins oI ropyl ene, . . g
of B b b B Pl e A AABR S BIREREtSE T This Phenargopds diffeent
fromnchdahal IBRErhASS the cef AfkcBirge eulRel(y.pr, 08lydpe € affliition of time on
Basel I Pol%ol efins, WImngton, DE, USA;, RTP 4000

ehtaagrd aplom fsmprEatuzes Qj@w@ﬂﬁowmn@@rnp%rﬁwre wnéh glestrolyigs that
1mﬂ‘f'§€é %&%@% %Jncﬁﬁ?r?s Ja.g(a Rllai)ff %?s%h] ?IEO ﬁer\.'\"'lk% a%légrg of sharp

wel ght per cent 1 npac i er vay
voltage draps sn cé.lls@wtlﬁélp&tﬁ)’lﬁht includfng LiSA) a BIIOXAIRERN ent whikX

R RIS T S S T LA v

of tiSthverfor AR RKEafed §n BRALISVINERKamPle! f aces between the
gasket and the cell container and the cell cover, the

gasket can be coated with a suitable seal ant materl al .
A polynmeric Example 1

FR6 type Li/FeS; cells similar to cell 10 in Fig. 1 were made to evaluate low
temperature discharge performance on discharge at various constant current rates. The
anode material was lithium metal alloyed with 0.5 weight percent aluminum (about 0.97
grams/cell average). The cathode was a strip of aluminum foil coated on both sides with
cathode mixture (about 5.0 grams/cell) containing about 92 weight percent FeS,, 1.4
weight percent acetylene black, 4 weight percent graphite, 2 weight percent binder, 0.3
weight percent micronized PTFE and 0.3 weight percent fumed silica. A 25 pm thick
polypropylene separator was used. The average amount of electrolyte was about 1.6
grams per cell. The electrolyte contained a solvent blend of DIOX, DME and DMI in a

ratio of 65 : 35 : 0.2 by volume Lil as the solute. Three lots of cells were made, each with
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mat eri al such as ethyl ene propyl ene di ene terpol yner
(EPDM) can be used. The vent bushing is a

WO b@copphastic material that is resistant to cpCTUS1005030379
at high tenperatures (e.g., 75C and above). The resin
can be fornmulated to grow de the desired seali ng

adxféqncntr@gn@mratmro@felslél e elegiralytecdioty |, ésandﬁowﬂ@s%énﬁﬁ@nd 0.75
moﬁe%:orf %gllsper 1?%' ?s&@&t % éﬁ%ﬁvél&)ﬁd{)l?%%eiﬂgwepeg}\)/@dltsc}bar%ehd following
assémbly. t he de3| red seal i ng and venting characteristi cs

at high tenperatures. Suitable polyneric base resins

i ncCaliefrempprlabthe its were discharasd cenenuoysiviab A &ais PEARD0 mA at
eac‘fllgﬁft*vene LyREI i?dr@'ﬂ.ngeﬂr q stcharge curves, showing the capacity in

orotrl uor oet
Ahanl thc piaxisfdnd eelb eblageenahe p{axfsl funrepedskmtxly‘ad dedindrom each lot, are

shayt) PR atar AletBRel B ghadral SBr BB 5 PgyiBsigesing Lil

corfé@ﬂ@étme The BdREs triRCAt VASPE i £15 ferthé ldi&r iﬁpc%}lcé}ﬁf&tlons (0.3 and

| ypht hal am de (PPA) are preféerred. Fillers may

po
0. 5|rn@1|ega¢n lrterrﬁtselvpatl),sbut witbr). Bsmgles of Lilpenliter bésdngmrthe cell

, yale a
vl R0 Gomi B 1655 e s, VatyBis L RS B ik oY om
diseHarge, Siih@ihf st fethstalle agpdcRy F &b géhetd, JWM erattites @lower
(ETFE resin with 25 wei ght percent choppe ass

theftpmperpturg thg dgweerthe oRFTPTE v URENBH D ﬁgllaﬁwlwdﬁ‘}uced cell

cap\% t@\%ﬁ fcg&fdy[?ﬁm%]ento%g %’ll ng [p\i\l*/éﬂg utpg(zlft ent err%‘%lf‘lh Loé3 sa
diffelnent phertomverbh. i n t he cover be thin (e.g., 0.006 to
ct.ur be.co sed by about

015 h f d
25 C8lI5BOBdrE artersAoh dpbeon ﬁga%ﬁan?)% ferep. gorstant Current

ratésﬁﬁﬁélhgﬁohf‘sm) b 2606 AVEAnd J8 a\tEiHe thp&airddSrdiR a8 to -40°C.
fromany suitable materi al that 'S sta e in contact

Onythe highéredischtgeaatas anvt af thlgwsr temptexurehetheied] vyathgeediopped
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minimum voltages are summanzed in Table 1, in which an asterisk (*) indicates that no

sharp voltage drop was observed, a voltage value indicates the minimum voltage observed,
and “---” indicates no cells were tested. In general, sharp voltage drops were not observed
at discharge rates of 1000 mA and below at -20°C, but at higher discharge rates sudden
drops were observed, and the higher the discharge fate the lower the voltage dropped. At
temperatures below -20°C, the lower the temperature, the lower the rate below which no
sudden voltage drop is observed and the lower the sudden voltage drop for any given

discharge rate.
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minutes off, repeated continuously at -20°C to 1.0 volt), (3) a 1250 mAv intermittent test
(1250 mA 6 minutes on, then 5 minutes off, repeated continuously at -30°C to 0.773 volt),
and (4) a 1250 mA continuous test (1250 mA continuous at -30°C to 0.773 volt).

The results are summarized in Table 2; discharge capacities are indexed to Lot 21
(100 x capacity/Lot 21 capacity); the relative capacity of Lot 21 is 100 on each test. An
asterisk (*) indicates those lots in which sudden voltage drops to below the end voltage
occurred. The results show that with a high DIOX : DME ratio of 85 : 15, capacity on the

DSC test at room temperature was less than Lot 21, particularly when a mixed Lil/LiTFS
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Example 3

FR6 cells similar to those in Example 2 were made using various electrolytes. All

electrolytes had solvents consisting of DIOX and DME, in varying ratios, as well as DMI;
the ratio of the combination of DIOX and DME to DMI was 99.8 : 0.2 by volume. All

electrolytes had solutes consisting of Lil in varying concentrations, ranging from 0.5 to 1.5

moles per liter of solvent, as shown in Table 3.
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0.2 by volume. All electrolytes had solutes consisting of Lil, LiTFS or a mixture thereof.
The DIOX : DME ratio, total solute concentration and Lil concentration for each lot are
included in Table 4.

Cells from each lot were tested on a composite discharge test at room temperature.
On this test, each cell was first discharged continuously to 1.0 V on a series of constant
current segments (2000 mA, 1500 mA, 1000 mA, 750 mA, 500 mA, 400 mA, 300 mA,
200 mA, 100 mA and 20 mA), with 2 hours rest between successive discharge segments.
The cumulative capacities after the 2000, 1000, 200 and 20 mA segments of the test,
indexed to Lot 42, are summarized in Table 4. Overall, the best performance was with Lot

42, those lots with higher Lil/LiCF3S0s3 ratios and/or higher Lil concentrations performed
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5 Cells from each lot were also tested on each of three tests: (1) the DSC test
described in Example 3, (2) a 1000 mA continuous test to 1.0 V at -20°C, and (3) the 1250
mA continuous test described in Example 2. The results, summarized in Table 5, are
indexed to Lot 42 (made like Lots 21 and 23 above), except for the 1250 mA continuous
test, on which the cells from Lot 42 gave essentially no capacity due to their rapid voltage

10  drop to less than 0.773 V; for this test the results are shown in minutes. In general, the
relationship among lots on the DSC test was similar to the relationships among lots on the

high rate portions of the composite test summarized in Table 4. However, on the 1250
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done using DESIGN EXPERT® software from Stat-Ease Inc., Minneapolis, MN, USA, to
predict the best electrolyte formulation parameters for optimizing capacity on the DSC test

at room temperature (to 1.1 V for Example 2, 1.05 V for Example 4), 2000 mA continuous

Example 5

Statistical analyses of discharge test data for cells from Examples 2 and 4 were

discharge at room temperature, 1000 mA continuous discharge at -20°C and 1250 mA

continuous discharge at -30°C. The results (best electrolyte parameters and predicted

capacities) are summarized in Table 6; predicted capacities are indexed to cells with an

electrolyte having a solvent consisting of DIOX, DME and DMI in a volume ratio of 65 :
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The surface response chart generated by the statistical analysis software was used
to select suitable ranges for electrolyte composition parameters disclosed above expected
to provide usable capacity on 1250 mA discharge at -30°C, good capacity on 1000 mA
discharge at -20°C and minimal loss in high rate capacity, compared to cells with an
electrolyte containing 0.75 moles of Lil per liter of solvent consisting of DIOX, DME and
DMI in a volume ratio of 65 : 35 : 0.2.

It will be understood by those who practice the invention and those skilled in the
art that various modifications and improvements may be made to the invention without

departing from the spirit of the disclosed concept.
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di scharge at -200C and minimal loss in high rate
capacity, conpared to cells with an electrolyte
weovbara@ing 0. 75 noles of Lil per liter of sol Re€nuUsS2005/030379
consisting of DIOX, DME and DM in a volune ratio of
65 : 35 : 0.2. It will be understood by those who
pr ath¢ frwehtiven ¢lavedtis:on and those skilled in the art
that various nodifications and inprovenents may be
1. Mad@ntefeciriehdni¥AMattery dM1tcoRiptiside paRIkandthIBhidR electrode, an
_spirit of the disclosed concept.The invention clained
iron gulfide pegitivy eleqtragehesaperatorshspossd betwpen the mpgatiyeagd apsitive
| kal i t,al . ' r , jr i de
crelikftos B HEBIVE, EhBEh BEBreePle Bhellikt con ¢ ne
negatolventabthppisiiztat eastedOerilumel parcertiRtheds, bhhd|the®thers comprising a
el.ectrolyte, wherein the electrolyte conprises: a .
1,3dipxlane tagerhether ang aqk.21dimethoxsthagr based siies dhe velumerratio greater
. i st Ng a 1, 3-di oxol ane based et her
ﬂmgﬁg'gg%nggsﬁgﬁﬁggggfﬁgﬂe based ether in a vol une
r at a solgteccatrgrisingdithiih iodks¥s and dné esmotehaiditRmal salts disaslsled in the
a solute conprising lithiumiodide and one or nore
solyeft; VASRS salts dissolved in the sol vent; wherein
t heﬂfé'e@é‘cﬁrﬁ%‘t%&tﬁﬁ@& tASofutd rRbntPAloMIST N0 20k 200 Hbles per
of fromO0.40 to 2.00 noles per liter of solvent; when
liter hEsadventt r ol yt e conprises from0.40 to 0.65 nol es of
sol ute per liter of | ven ute cantains at
o e B eloeo s Rompie M g0 o B Ml AR BC Bordher of
soledreCthé eblMteco B34t $east 3T MBleef@helithiln@bdidédand 0 2. 00
nol es of solute per liter of solvent, the solute
conWhpm the|edectrobie pomprises frompgreatsr than 0y63; ta % (0guplgs of solute per
_ : e Lai Lo :
el BF sty 0 sflle e TS i ol Rk Ep il QBT
as defined in claim1l, wherein the one or nore
2. addiThe c¢lbas definkd ircelain i Swhdreinhhelond ¢n thore addimehilaaks are lithium
sul fonate. 4. The cell defined in claim1, wherein the
sallfo| ume ratio of the 1, 3-dioxol ane based

3. The cell as defined in claim 1, wherein the one or more additional salts comprise

lithium trifluoromethane sulfonate.

4. The cell defined in claim 1, wherein the volume ratio of the 1,3-dioxolane based

ether to the 1,2-dimethoxyethane based ether is no greater than 75 : 25.

5. The cell defined in claim 4, wherein the volume ratio of the 1,3-dioxolane based

ether to the 1,2-dimethoxyethane ether is no greater than 70 : 30.

6. The cell defined in claim 5, wherein the volume ratio of the 1,3-dioxolane based

ether to the 1,2-dimethoxyethane based ether is no greater than 65 : 35.

7. The cell defined in claim 1, wherein the volume ratio of the 1,3-dioxolane based

ether to the 1,2-dimethoxyethane based ether is at least 50 : 50.
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ether to the 1, 2-dinmethoxyet hane based ether is no

greater than 75 : 25. 5. The cell defined in claim4,
wob@ee2d13 he vol unme ratio of the 1, 3-di oxol aneP@EESH05/030379

ether to the 1, 2-di met hoxyet hane ether is no greater

than 70 : 30. 6. The cell defined in claim5, wherein

8. t heTuotdINgefinet i clafm i N@hdreirttle exoOtrAREMPHASE t8tddof attleast 80
the 1, 2-di net hoxyet hane based ether is no greater than

volgme pempsnt of therh2-dimethoyxsthanecbased ether and the (yizdiexqlanerhased ether.
volunme ratio of the 1, 3-di oxol ane based ether to the

0., 218 A SRR e BBty e Ao

volaprpetcerisofahé dRadimethoal eth@gias@&Detlier andehe E,Baﬁdjbtolzm‘e Habel ether.
1, 2-di met hoxy et hane based ether and the 1, 3-di oxol ane
based ether. 9. The cell defined in cIa|n1 wherein
10t he Thosslbdafingd imelagnd, whersinghe b53- ﬁﬁque@sbasgbe%q isme
13Qﬁ§&gg{ of the 1, 2-di net hoxyet hane based ether and the
i oxol ane based ether. 10. The cell defined in
claiml1l, wherein the 1, 3-di oxol ane based ether is

11.1, 3THé esibdetnird id dlain] Newhierkin tHefl 2RdithetidxGéthari® Based ether is
wherein the 1, 2- dlnethoxyethane based ether is

lzldlwcﬂioﬁié?th@@yet hane. 12. The cell defined in claim1,
wherein the sol vent further conprises at |east one

12. add'ﬂ‘lé cggiﬂll ﬁsn%I Ve im }swhe i tﬁ? L(!)lvéjnet q ?&BﬁLe%nglr%gt one

‘wher el onar ven

ad&ﬁ@@ﬂt@dmﬁron1the group conS|st|ng of
3, 5- dinethylisoxazole 1, 2- di met hoxypr opane,
3- yl - 2- oxazol i di none, and beta an noenones. 14.
13.Th eTb@er drfimed aniclaim d Ravherain thepdditional wéerﬁeﬁjattleaéhme member

sel§d R0 i B8 Bl of TP AMEU S RERIeE t ofimetbOfyiGhne,
3-nhatbyh DodolidinOnd andbéta anifiodnohasl sol ute per liter of

solvent. 16. The cell defined in claim15, wherein the

el ectrolyte contains at |east 0.50 nples of total
14.50] m‘b@ceﬂgqief}qetl an clgfm 4 34 whstein the additional solvent comprises

3,5-dimethylisoxazole.

15. The cell defined in claim 1, wherein the electrolyte contains from 0.40 to 0.65

moles of total solute per liter of solvent.

16.  The cell defined in claim 15, wherein the electrolyte contains at least 0.50 moles of

total solute per liter of solvent.

17. The cell defined in claim 15, wherein a mole ratio of lithium iodide to the one or
more additional salts is from 60 : 40 to 90 : 10.

18. The cell defined in claim 16, wherein a mole ratio of lithium iodide to the one or

more additional salts is from 65 : 35 to 75 : 25.

19.  The cell defined in claim 1, wherein the electrolyte contains from greater than 0.65

to 2.0 moles of total solute per liter of solvent.
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17. The cell defined in claim1l5, wherein a nole ratio
of lithiumiodide to the one or nore additional salts
WO 200602160 : 40 to 90 : 10. 18. The cel |l defiPEeriusI905/030379
claim 16, wherein a nole ratio of lithiumiodide to
the one or nore additional salts is from65 : 35 to 75
25, 19. The cell defined in claim1, wherein the
20el eThé adlydefinean aliahis 19, whergihehd electidige cOnfamstnd rdor@ than 1.50
noles of total solute per liter of solvent.20. The
moles|af tefakrsofue Perditen &fispIvVEDt: wherein the el ectrol yte
contai ns no nmore than 1.50 noles of total solute per
it ' in:clai
215 e b 801 AR clofi 20, e ithe (ISRl B yE fhan 1.20
mollﬁsloé?ootﬁ)lfsolmé pér 1zed aﬂselvraﬁf liter of solvent. 22. The
cell defined in claim19, wherein a nole ratio of
[ithi um|od| de to the one or nore additional salts is
22 r oiha eell defped dn glgim 19 gwhergin appalegaliq ofgithjumeipdide te thy epe or
f. i thiumiodide to the one
mo?gadr%‘@r?cgfag |t| onﬁjlemg?ldttg 3|%s 7lfO'rom 10 : 90 to 20 : 80.
24. The cell defined in claim19, wherein the
23 €l eThe edlydineand elalis 2DOwherEiR o Male rti6f ldlwesiodide to the one or
l'ithiumiodide per liter of solvent. 25. The cell
mogeadditeenal salisjinframld : IHE20i:80t he el ectrol yte contains
at least 0.10 noles of |ithi um|od| de per liter of
2450l by N Eegmem?c Sﬁ'lﬂﬁﬁér E‘le@&oel chnta Yi{é%l% e '8 0.20
i ron"sSurtide posi e conpri ses a east ‘one
modds df¢ithiamdodidSger 1ar of Bobreat! | defl ned in claimi1,
wherein the alkali netal conprises netallic [ithium
8. The cell defined in claim1l, wherein the netallic

2
251 i t Khepell éefaxeri@yélélml%wmrelmthmlﬁctz@yteﬁoma;w least 0.10 moles of
hth%]lnﬁq Jlé?&geerqit&adfst}ﬁ’a‘nery cel | conprising negative
rode conprising netallic lithium a positive
el ectrode conprising FeS2, a separator disposed

26bet Paebelt tefined gatliaite 1 pwlerpidstht irds selifide posideselearslleomprises at

liquid_electrolyte, wherein the electrolyte conprises:
least one of FeS and FeS;.

27.  The cell defined in claim 1, wherein the alkali metal comprises metallic lithium.
28.  The cell defined in claim 1, wherein the metallic lithium is alloyed with aluminum.
29. A primary electrochemical battery cell comprising negative electrode comprising

metallic lithium, a positive electrode comprising FeS,, a separator disposed between the
negative and positive electrodes, and a liquid electrolyte, wherein the electrolyte
comprises:

a solvent comprising at least 80 volume percent ethers, and the ethers comprising
1,3-dioxolane and 1,2-dimethoxyethane in a volume ratio greater than 45 : 55 and less
than 85 : 15; and

a solute comprising lithium iodide and lithium trifluoromethane sulfonate; wherein

the electrolyte contains a total solute concentration of from 0.40 to 0.65 moles per

liter of solvent and the solute contains at least 35 mole percent lithium iodide.
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a solvent conprising at |east 80 vol une percent
ethers, and the ethers conprising 1, 3-di oxol ane and
wa 2@en2daes hoxyet hane in a vol unme rati o great erP€TYER2045030379
55 and less than 85 : 15; and a sol ute conprising
lithiumiodide and lithiumtrifluoronethane sul fonate;
wherein the electrolyte contains a total solute
30conTaatelbdefored i claim a0 Owldeinah®tobd somkesonperdtratiohéd fremh 0.50 to
sol vent and t he solute contains at |east 35 nole
0.60anlerer ¢t SPAVERdi de. 30. The cell defined in claim
29, wherein the total solute concentration is from
0.5 ¢ r
31. ol e%érgg%g%peé:gphgeﬁ% ?zﬁ ba{tér&eclell % n%ﬂgl}ﬂg rzltneégtilve efﬁc%rohg@&}{pnsmg
meedlkclithiuche, mnprweaiacgod@mhﬂ)mstng FéSi wmpafat@aﬂsﬁowbbetween the

el ectr S|ng FeS epar at or, di sposed
neg@élmé%fﬁp?%v fodg% an a%lﬁaa dscpelsar, hergpdae elegieplye
cothpgssd electrolyte wherein the electrolyte conprises:

a solvent conprising at |east 80 vol une percent

et helselyelarmmpﬁsingtah ast Sompums pergertt efreds, endtheretheancbmprising

13igiaf A LS Sokthafs s Yt Hl e fEElRR A 288 g les
thahigshilgmddodi de and lithiumtrifl uoronet hane sul fonate;

wherein the electrolyte contains a total solute
c oné éplutesronyistte lithivm igdidgtaad lithiam toflegromstimne gulifasiates wherein

e e AR A AR Bl R o
2. OOmaihsapemlRar of whleest and ttiesol @t abntaimk ise tHaarssansle peicent lithium
c[omO 70 to 1.20 noles per liter of solvent.

iodi

32. The cell defined in claim 31, wherein the total solute concentration is from 0.70 to

1.20 moles per liter of solvent.
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