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LOW TEMPERATURE Li / FeS2BATTERY BACKGROUND Thi s

invention relates to a primary nonaqueous el ectrol yte
web@eeasheni cal battery cell, such as a |ithipoT/UsING/029803

disulfide cell, with good | ow tenperature performance

characteristics. Batteries are used to provide power

to many portable el ectronic devices. Conmmopn advant ages

of |ithium bai0w TEMPERATURPALI/FeSnBATITIPRYal | i C

[ithiumor lithiumalloy as the electrochemcally

active material of theggoRrGR@Ubect rode) include

hi gh energy density, good high rate and hi gh power

di sEiiamyenipesn fetaterdneapringoy dopapueovdewtol e electrothenzical battery

t enper atur.e r.an l.on hel.f lif.e and |ight i ght .
cell, et R B WASe Bl St gpac 1 dAEPH RS pefiiitinees
chatdeeeridaéd ery of choice for new devi ces because of

trends in those devices toward smaller size and higher

powBatterieh areaispd fq grovislewswenioghaptgtablonedrsic daese ommon

sl S EATRET P o, PR QR TEL b S SR b lloy s the
eled@dfochemietlly adthbemdteri ol ilareghivd dedterlenncludaigtosirrgy density,

el ectrolytes, electrolyte systens that, provide the

goagdhigh Ffepndduale PowPisdipdigge REFQFREICEr $oAd RestonmgRAF Q¥et @ proad,
r i . i T3 . i

e 80RO A LT 1 A BlOE LR

incilehgihgly popualat & the batdre of elbitofon abwwensenbddanseedirends in those

doviges KO LR A PG e ety BBy T e gh Pes bt nsumer
devR@k LETveR nIpRMBuE SR Fir S B&H S Blalo8mPY bR EVML higthmﬁ%g@eﬁes can

variety of “solutes and organic solvents. T
typisally ppeshteslsvicenatlpwer temperagiresthar baiterics vithogugeus electrolytes,

utficient electro i d.,electrical caonductivity 1o
cleqibiyi SyiPten b Bio it fef Bsno Bt b ERoe UPREH A el atr
stofafe R Neddipe@iodangtime\Wid hét dlWeysediecthe ibegpesfondaedeiay ldw

is relatively | ow conpared to sone other common
tempgraiiiet-s, ethers are often desirabl e because of their

gen i y

v PElapt of A 3608, JererQ Al 4101 FRAR Bl bRl
disulfitie aglihs eleatrgeheparcdlbr avtive enatetal of ths ppsitive eleb@modey LirHeS,

i | | FeS2, cel | s because the ethers ar re stabl e,
batteﬁesl-ﬁave 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 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 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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than with MnQ2 cat hodes, so higher ether |evels can be
used. Anong the ethers that have been used are

waQa 2@en26r83 hoxyet hane (DMVE) and 1, 3-di oxol ane (BCTK$2005/029803
whi ch have been used together and in blends with other
cosol vents. However, because of interactions anong

sol ¥ GRiSvarRsy ¥8dolut@Shabi o @RGH THIPEBS DRy 189 dithium
el ectrodes, cell performance has been difficult to

trlﬂml@medtanb‘a%@@af@ alsteorpreplyefeseedde as Hihiwn diate eplifdiPOs) is

SO' 7°"F \%ﬁj Gt aarh 8 flax® lfﬁt%%n RaSivent blend
h el e FTIR

conipﬂsfd tmmnaﬁmm w ﬁ)ﬁmdatrﬁU(Sa ﬂ)atént:Nmm%%}(Efvﬂﬁcﬂﬂd herby
as I|th| umtriflate or LjCF3

incqsReasddygelezence z#eﬂsﬁve@ébhenq\p? 0 %o ﬁ Yﬁmp@mem cycHc ether (e.g.,

OIS % 40y PuSatity B PO AS og DAIDADA A e

perdeﬁlﬁ gikpenatatoimte (ecd. epxepylﬁne darboat@)ris distlesal. dlowévet,sublBan
VOl une er t cyc t

elec\f/r@mﬁﬁalg@ﬁ%ﬂ% P felisGh gt isprer Tk o R

8 tQn, gﬂt ?Fe 6 CRRbitRhK Mb@tﬂﬁy&%ﬁ&ﬂﬁﬁg liftfurd triflate dissolved
propyl ene carbonate) is discloséed. However, such an

in asbbenht mnypresm@EI@XStud tDME mﬁmndceu S. cHaéﬁnthOgé,Z% 414, which is

er.f h t
herdJ inSerBp ey et o farg PEERHES) 1 T PIRRIIIR ith an
optﬁ)hhﬁdo@&l%ﬁc' (§ 29 |0‘Q£‘Qe1'gﬁ F}?eré@itg@ﬂﬂmfeﬂmsbﬁdzﬁﬁ (DINDY) Bnfisclosed as a
is found in tent No. 5,290,414, which is

sol\haat eBle dln@garqdoaeathé@ layy impedenemErdlowmgstarsge afhigh imperasyre.

2&}\% 8%%&):3(? @gﬁgﬂfeg ggedo ?%oﬁg@gggsg%?éﬁ’o?%%ﬁ (e?p&lally for use in
L1/FB$ ckios i3 -astiey]- Dodraeolidindite(3MMe20x) sehich éd dfidnaded asa cosolvent
alomBiih GHhes 69V RAHEOEIRE Tk SRR -5 A A 214, which i
her%ﬁﬁ&%@k%%e%%}ya%g#@%e aéhgé’loﬁégra LLiﬁPeSE Eell—%ﬁ%ﬁ’%lééﬁbiy%e thhﬁmcludes

i hone X) , I's oftén used
lithsn &riftzos ad the prinmiosedt andta‘140yt fﬁblf 3G00.2 é)ﬂtvohwmbim@ho%DIOX DME,

U. S. Paten 4.450,.21 ich is
MR a3 PRG HOrSiend g DS e vt ) pes
cel Wete!bc%ly@és%hfaﬁhﬁg BtHifatriflae e gfovidet fhir ¢all electrlcal and
triflate as the primary salt and a 40/ 30/ 30/ 0.2

dlsct}ylrgﬁcﬂhamtdyiS’em susth efyeolytenEveIRieily daw clorricallqondyeivity, and
hi S e 0
gl e sl ARG RANERARETIID TSR e g apttomative
to lftBiuin €Hlate ©ItRE fidaed coaﬂshcnlilmbaar @l dlbwriedt penfomtanes U.S. Patent
such el ectrolytes have relatively low glectric l
Nochatid?]. vrhich isdgeeby incorporated by reference, discloses a cell with improved
high rate discharge performance, even after storage at high temperature. Lil is the sole
solute, and the electrolyte solvent comprises at least 97 volume percent ether (e.g., 20:80
to 30:70 by volume DIOX:DME, with 0.2 volume percent DMI as a cosolvent).
However, it has been discovered that when Lil is used as the 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 temperatures or otherwise degrade low temperature cell performance.
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lithiumtriflate is relatively expensive. Lithium
iodide (Lil) has been used as an alternative to
wo 2aokiogazsi ri fl ate to both reduce cost and i nprPUEUSHENN$/029803
el ectrical performance. U S. Patent No. 5,514,491,
whi ch is hereby incorporated by reference, discloses a

Sing#Y kedutink théerDMIV echtént g teabbreti cmhae gt figs probleat) ¢>at some of the
even after, itorage at high tenperature. Lil js th
impgey@nens iy high rafg and Righgoper diseharee B Qréwp%@ﬁ%%qu\@%h Edl as the

e aslacAfcyp! une percent ether (e.g., 20:80 to 30:70 by
SOvo ur?tg %C OX:DVE, with 0.2 volune percent DM as a

coshi Wewto)‘:” theHdwew,em, objdct hfalhe pessentdieaniveiet prbvitle amenaqueous
L|| sth an el ectraol yte contajnin
oot piRg Ry A S edlh ytich 5 SR IR PG b €034
dlsaﬁfgeeaﬂaracferﬁﬁ&aétgsorﬁ ramr@baﬂuemaﬂgraa%gu Me%d }ﬁg'l? Power
as -20C and bel ow, can be very low. This is believed

diseharge wdile atso previdimeivsefubsapacilVe: lewltemperatubest can
precipitate fromthe electrolyte solution at |ow

tenperatures or otherw SSHW{‘?@?%\)EOW tenperature cell
per formance. Si nply reduc content in the

sol YehibRR RbRCBEOmet M Bthe EBMeedI},adQ%taéé%"& i pr‘icﬂeart are
i mprovenent 1n high rate and high power discharge

ovepenmiobyrasiog an elsbirolyte having Lil as aprlmha' soblitaprd psolvent with a high

a I n.,view of..the,.a obj ec
tevB R BBhE A b b7 HREY SpofBr Sok BTy g iptiinone.
cel Accdiainkly; bh@hdpécttofitheZfreseat Gilehtionyi ditcied t@ &0 BlRBk Schkbmical
to produce and hassgood di scharge characteristics at

battesheslt keving anegative plgeirodatommrisingrnrlkali mgleb agegitive glectrode, a
r |

sopff oS U iEen 1 by A BOAKVEPIBE RS dh SUMRRLIYG. The

elearulyte tiecladms\asotlits eshipuiding gieatef tHahS0prdight perdentlithium iodide and

ove b; i ng an el ect roI e ha Li | a
a S TR OB Lo o6 SRR L SHmE DA NG 9Bf 5 g9 25 volume
per&&g%gﬁyﬁ@&gm%n@s wel | as a Ilmted amount of

hyl = 2- oxazol 1 di none. Accordingly, one aspect of
t h eAmee@elrﬁspcq’mé titei pwsenslndcrrt@mtle dlrt:@ieda‘m an electrochemical battery

ek T N A NN TR —

negdti®s hiPpitive ei&fﬂl@ﬁéé Qhd eh sleessigteb ettharen i Hprimasadelly the
and positive el ectrodes, and an el ectrolyte. The

negafive @lﬁgﬂrqdeeconmmwb@l@l talithe posiive elpetepdgicentams af least one of
e P O o A, BB i S8
pertént Zithiuml ivdide and a solvent comprising from more than 50 to 80 volume percent
1,2-dimethoxyethane and 5 to 20 volume percent 3-methyl-2-oxazolidinone, and the
concentration of solute is 0.5 to 2 moles per liter of solvent.

A third aspect of the invention is directed to an electrolyte for use in a primary
lithium battery cell. The electrolyte comprises 0.5 to 2 moles of solute per liter of a
solvent, the solute comprises greater than 50 weight percent lithium iodide, and the solvent
comprises 45 to 80 volume percent 1,2-dimethoxyethane and 5 to 25 volume percent 3-

methyl-2-oxazolidinone.
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percent 3-nethyl -2-oxazolidi none. A second aspect of
the present invention is directed to an

web@eeasheni cal battery cell having a negati vVRCT/US2005/029803
el ectrode, a positive electrode, a separator disposed
between the negative and positive electrodes, and an

el q@LicOntidRher FORUGS ddvhifiagesRhll BBjelts @ lthe pﬁeibﬁt Reaidnveill be
el ectrode contains a lithiumnetal, the positive

furtlelr endersided ewhapiresiatad by dhwse slilied by thrar bé(ﬁlfep@sz to thgdollowing

ectrol te c Sg Itne conprisin reater than
Spe%’!é“%flg% ggﬁ?eq ?f%?dﬂ%? odi de gﬁd a sgl 8ent
CONPYIdsS |oﬂﬁr\fvfs@ i@l lidiein, ADdikclofd chataoterisihesrandmanges are as
1, 2- di et hoxyet hane and 5 to 20 vol unme percent
detegmined Y 1oom sRpeEtWgi(#&Re Cland t he concentration of
soluteseaﬁ 5t02rmles per liter of solvent. Athird
aspAéS He invention is directed to an el ectrol yte
. T orpriagey bolu meansiey/solutt bomporeat thet yaked bp m@egthan S0 weight

el ectrol te co s 0.5 to 2. noles of solute per
perqept ‘?efrth‘%)?o n‘gﬂé solytg dn abelgeP S G ses greater than

2. 90 Jigh 61111305%@ Reboditievolands b€osoRled@Akat are mixed

conprlses ume percent 1, 2-di net hoxyet hane
togealig toniake AHs smbtenh’fpr;aaletﬁeholy& vnhmwnatlgs obcozolveafp ﬁ@hb.e

These, and ot he f eat 0
detweﬂrf%%ﬂle Weie W?l%gﬁ;ﬁﬁ? FOSBE ygtg}’ldﬂfggﬂel F s‘ltlag(? Eihts of
eacl‘?QPEh@ %bﬂ@éﬁgpcyy &@H&@sp‘ékﬁw}d c?ﬂsmﬂs &tlfBEP@r(E .2hy. 86€fg$¢1ﬁ%’lfbed ; DME,

win eci fjcation, claims and nde
1. 11&g{m @831\41972!();33 Qé @éme&m GLIBhe/em) iﬁorplﬁl}/ﬁl)
di scl osed characteristics and ranges are as determ ned
at room t enpeyatur - hg,:[ﬁ' o1
primary sol ub&f Jﬁ%ééﬁ%%§§%U?€%¥§§§%%%n Fﬁat makes
up RhEdERAMEsP0 wei ght percent of the total ampunt of
solute in an electrolyte; and 2. vo

unes of solveq
co nﬁlgnbrsta@ enatfodimens of Beyliasirisabeclioyith aglélply@megate ecfiode, an
. et her ctrol yte;
“OI{;%‘!S@ %eselgétpog ggg \e}tenﬁ %qilgé% (g% et lee?%oﬁclteeg fromthe
wei ght ratl os of the cosolvents by dividing the
relati ve wei ghts of eachpgCRIPEONSOI vents by their

respective densities at 20C (e.g., 0.867 qg/cn8 for
DVEThelinyargio willgef it eBW@@"%’"%G?%‘FE?ﬁ%tOf i DEehpgws an
FR(? ty%%déyﬁncﬁr?%l Beﬁ{er%l 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
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

4
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BRI EF DESCRI PTI ON OF THE DRAW NGS I n t he draw ngs:
Fig. 1 is an enbodi nent of a cylindrical cell with a
wo 2aokioghzsegat i ve el ectrode, an iron disul fi deP@DER100Y@29803
el ectrode and a nonaqueous organic el ectrol yte.
DESCRI PTI ON The invention will be better understood

ﬁoﬁé\% ﬁoﬁfa@f‘%ﬁh&ﬁ’e Endi2, dnd YAHEER bSRRWE tiRMbIEHBR éd@%%f the cathode

cal battery cell having a housi ng seal ed
20 Etnddhd; bestarw pf tetche 123 &pren@mﬁebssth(e an\gaslkfetdeé gteasion nf the

has ncl udes
sepion 20 b8 ARuBHIE SRR Al 33 poRobeEh: i 5tbrt S e
canah0%RM 10iHab a demrhth posivios tehhiraNeover gaskEich 16held ieplaédiby the
12 has a bead or reduced di aneter step near the top

inwaryedy ermpeshiopedee piethg gan &2 andthepaskebder Tha carrhesqyyesastthe

neef e P RLRE AR ORISR LS ofhhoR] ablie SN Flphi cover
40 gidahé el ver M 1yads)sitAQ tamgeratveetoedlisiest (RICCH dewbehez dalt I
s e s R

o R 5 R

pro;estmg)mn&al *emht mlltﬂRmﬂbm gentwoid Heia thé botiven oﬁtherwdlm&m Tle

speflpfhRe i Do T A3 o TR ReeEH hmopEing biypeas, whichis

conﬂﬁ&@éd B&Qfeér[‘ﬂ‘k v%ﬂi%‘é![“)vall éﬂt}ie%ﬁﬂ wéll DY 2k PR ;ﬁ]:ﬁph&y of the vent ball
I"'ocat ed around the peripheral portion of the top of

32. t WhertheseH Manalsls@mquzexcgecbraemwem@ecﬂamoa@ Vet lveélrﬁZ or

o S-S FEH R SR RS, Bl o

froth ige &Mt toom of the can 12 is prevented by the
i nwar d-f ol ded extensi gn of the separator 26 and an
el deleptraluies foricgHepepordipe Buthe dveatiarag Aopaglicoppelgeiralytes. In

oth%{}gcl)x?g ttflmo%ftalﬁ Bt %ﬂlg]l% V8$%A#alﬂﬁ1£ﬁﬁﬁ é?gf%gil‘ﬁ) moxbe than

i’ve"term nal cov l'ace
aboth£00 panspet sniltioh try exkiglapasadgmtahintiite Tdmrelel:ﬁo@rnel cd)rhpnses a

sket, 1 The can 12 se es .as the ne ont ac
sol i Aispetaed ICpER Y S hodHe SHAISFORIFBHES AL Firfgangy solute but

cantifQudE6d8 BFhort QM&itiofS BRMIL ks, Csﬁl:lll asC91 aSé4 1i€16,, hat

positive tenperature coefflicient evice 42t
Li(CEs5hui, LalARyCFiS9)aN ,tIh&R3S@n\)36fand htln@ntblft(nm:itOME ve

Pre%'réﬁg ﬁ}egg{ab%@g&ﬁ@gﬁ?ﬁteﬂﬁﬁh%%lp&ojm & b ?j 2 é]gglg%per liter of solvent.

In sBRRIMHORIMEHIPLIISS tHe s8Ik sonue@r d

The solvent comprises 45 to 80 volume percent (preferably at least 50 volume

percent) DME and 5 to 25 volume percent (preferably no more than 20 volume percent)
3Me20x. If the solvent contains too little DME, electrical performance at room
temperature can suffer, and if it contains too much DME, electrical performance at low
temperature can suffer. It has been discovered that including about 5 to 25 percent
3Me20x in the solvent can improve low temperature electrical performance in cells with
electrolytes containing Lil as the primary solute and 45 to 80 volume percent DME. It is
believed that the 3Me20x prevents the formation of detrimental soluble and insoluble

DME solvates of the Lil. If the solvent contains too little 3Me20x, the desired effects
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projecting central vent well 28 with a vent hole 30 in
the bottomof the well 28. The aperture is sealed by a
wQeb/0baBd 32 and a thin-wall ed thernopl asti c PCENB2995/029803
34, which is conpressed between the vertical wall of
the vent well 28 and the periphery of the vent ball
gw&ﬁe\te'aeaﬁﬁ'f'thé SR BdntHH S EPUNECHERIERUS, the amount of DME
pre etermned | evel, the vent ball 32, or both the
mllﬂ»alléssmnadﬁ;slrftmshl ng 34, are forced out of the aperture
Sur | h
b d0 GG BB RS bR ol bt Rt Yieh ipelnde
ethﬂ@fédﬂﬂ)@ﬁé‘t% ﬁbpﬂbﬁ@ba}tb@@te |1[12-Bﬁﬂthe wabdsate, )@ putydarcanrbonate,
water only in very small quantities (preferably n
vinydeneecattieanteametiyl ﬁo@aﬁ‘af/tbél%@nactﬁmslslﬂéﬁlaﬁﬁﬁ a\ﬁ%tPﬁ’r'ﬂ%(}F ié a
g N [
dlm‘a §§§1%£ggll\rlfNa§ﬁ%)er g}gnl ¢80 \fen ‘Ztﬁzlgéﬁ?lgidgofﬁr}plﬁl ses
dunbﬂh&lp@épyﬂélﬁumj Tiy3y3-sedatitethyburea, @ad othrec bihdes sunleani,2ror e

R A e e e
ethér't%ﬁ‘éltyﬁ}@:%%?% 2 A DR fulBh ei-ﬁfeamxytehaﬁyareﬁﬁan 2,5-

ute in the'electrolyte is 0.5 to 2 nofes
dimpthoxytietrahydodfusn) W,érdlmethmxspmpar@rhae@ﬂ enmmpoamgs (1,25 t he

e sol ut t 4 0
e S I S TR SR
conﬂﬁ%@s {13-divxVIhe /R RBLGRRI ((PaRKEIaE).y no more than 20

vol une percent) 3Me2Ox. |f the solvent contains tog

| i tDIGX bed comperndse aﬂms@ﬂﬂmlﬁa@i@é‘ﬂa@e ead M sporrategicd
coslienty PR ybhihled TR A0 My suppied DIOX.

such bs Dasetivgarns -ﬂioS(@llme nad 4thehyl- DE-Iduﬂdot@eab’élnﬁn the E«)ivaﬁ mcludes a
ercent 3Me20Ox in the solvent can.i rove | .ow

DIQ% ppiedpospluent) e splvent prpls spRpRIIses RO maorg thagddyyolume percent
DI(?ge?}erfg%gﬁﬁﬁe LRRIADNIRSo blb}@ﬁas{:@ @o%[ﬁeﬁ?fs%r@f@}a%l}eat%t l1to1,

per cent DVE. 1s believed that
mo&l‘;bé‘@abmﬁ\leastzm hand momapne&mbdw alptett Bitodnt al  sol ubI e

and_i nsol ubl e | v f Lil, If t I
conBSPRE Bebe Rrmrebs Wi L gE sp g P BT gy TRb o ol
of 108§ (RG] S¥1Gfhe p%ﬁ%nt fanH Beors e‘f&ﬁﬁlg @ NdidikRBarddosycliv @ﬁrbonatesl

3Me20x, the anount | ess than desired.
TheTloinodn tcom;tams angacahrmt@ld guch@d adithinen, sediuw) of Prtagsium metal,

Oﬂeﬁlrlag% E’?ﬁ‘é‘ é gv\g%% Iéoﬂ:l JIlge %o%% r}fé écﬁ)g%g gl?e{)%ﬁzg?ﬁl%tal can vary, thoug#

the Pustydld bth8 Righa ritenak4i metal can be alloyed with other metals, such as

aluminum, to provide the desired cell electrical performance. A preferred alkali metal is a

lithium metal, more preferably alloyed with aluminum, most preferable with about 0.5
weight percent aluminum. When the anode is a solid piece of lithium, a separate current
collector within the anode is not required, since the lithium metal has a very high electrical
conductivity. However, when a separate current collector is used, the current collector can
be made from a coppet or copper alloy metal.

The cathode contains one or more active materials. Preferably the active materials,
when coupled with the anode in the cell, result in a nominal cell open circuit voltage of 1.5

volts. Preferred active cathode materials include iron sulfides (e.g., FeS and FeS;), more



10

15

20

25

30

vi nyl ene carbonate, nethyl formate, g-butyrol actone,

sul fol ane, acetonitrile, 3,5- dinethylisoxazole,
wORddem2ares hyl formam de, N5N -di net hyl acet am deCT/NS2405/029803

di met hyl pr opyl eneurea, 1,1, 3, 3-tetranethylurea, and

ot her ethers such as 1, 2- diethoxyethane, diglyne,

prefe"r lﬂti&ﬁﬁ dlshﬁid"ef(ﬁé%'yﬁlsuﬁ'@} Vet @dul a8 Y&{rpfl@bfafmﬂlé@ oﬁitﬂi@‘ractlve
ether, tetr ah%/dr of uran, 2-neth

mateaalsamq}@deomd@mf bsnpi ,mﬁlyﬂ%Bh@hy@rWﬁldeEﬂO X®0, CuS and CusS.

o AT E L e, OB PR Bt
conliuéivl rﬁ:ﬁélhzﬂs( h‘lﬁUhQi@ an@)l dirdrbbnle.di, @raphascabtameslack and acetylene

conpounds (1, 3-di oxol ane. and substit uted
blagk)3 Adbiades! U&%‘?e uasrl@xhalalstb@p@&ﬁ‘&é@ﬁa%tenﬂafq&egﬁraz;ﬁp«gmally for
bl QSPGB0 B AR MR b e o
en}ﬁhé’a)%&yeesmhg Tancﬂ Uélbﬁerﬂlr@)énces UEH[B mtlatlaletchmbde materials can be
1, i QX nd 4- 1, 3-di,oxol ane th .
forieq i fhe e S TEp Ao EHPA RIS S G0 o STl R R applied to

a CIEH' ehiakt 8, d\QaflRE Bard phed YO IR nRed ¥6i birip for use
oFOpPSna

Pre € rati o of to Dl OX based
in a:s;mrally svound slepnmieeasa@hlylyaas shewstin Fig. d. Alumiruan is a commonly

ref et St nd nost preferably about 3
useﬁénafenagggﬁhgga ‘I’f’&ﬁ ‘F%ﬂeﬁﬁﬁ ecipitates wt hyLI |, the
sol ¥@pkuibibs @?éﬂa{d{r rﬁﬁéﬁaﬂ'nﬁh%l e ised aBuidbld %ﬁra&&aﬁaténals are ion-

volune percen and nore preferably no, dialkyl and
perwgblp and alebiorallBonconguciveddhen meciereraliy capdble of helding at least

sorB SRR Doy St SEEMIBRL B R ks

strcﬁig@bhgmt\ﬂlkhmﬂ ceH myanulfiveuriig dnﬁ@rmunetthatlrﬁaydtemﬂed on them
high. The al kal.i netal can b al l gyed wi t h ot her

duripg %llsdlsc@ar@% vgthogt teatsn srHts: the PBQ&’&%%H? eyglepingq Exgpples of

|
sulﬁa.:bt h| érﬁt%ks 1BF1E1&9HIB%B&O}}1H i ﬁfe Frga fE‘Fltaﬁr, sutiSad

m netal, nore ya al um num
polypwpylene fpetyeiiiydensi ankd udtbaimgh Mokcular g}htghppmlgyeihylene Preferred

L BRI, BRI S, CeT DR 08 kb B
pol&?ﬁbﬁ?feﬁé’ mefibRsRs (6m! CdISird TRt RrloR8SNE, USAY afid TBnen Chemical

rical conductivity. However, when a separ at e
ComisiSetrladB0DED majeraperavs galyetityéene worehrane Givedahlo frogan

EX’é%{MatEg ére%}mgﬁi n(g @ﬁ cegom%,gl?g pgg#?' lL\ClX e{}%tf%l Pha- |ejl(:éctroly‘[e a

polPhRf eleatddlytclon @ gat-pblyheRBleeidlgteScan also be used as a separator.

Specific anode, cathode and electrolyte compositions and amounts can be adjusted
and the separator selected to provide the desired cell manufacturing, performance and
storage characteristics. U.S. Patent Publication No. US 2003/0228518 Al, published on
December 11, 2003 and which is hereby incorporated by reference, discloses a Li/FeS;
cell with high energy density and discharge efficiency. Electrolyte according to the
present invention can be used advantageously in such a cell.

The cell container is often a metal can with an integral closed bottom, though a
metal tube that is initially open at both ends may also be used instead of a can. The can is

generally steel, plated with nickel on at least the outside to protect the outside of the can
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when coupled with the anode in the cell, result in a
nom nal cell open circuit voltage of 1.5 volts.
wee@be26283l active cathode materials include irpeT/US2005/029803
sulfides (e.g., FeS and FeS2), norepreferably iron
disul fide (FeS2), usually in particulate form
frone YRGS Te tﬁﬁé‘@f pBlaﬁﬁ&&z@l W8t 3 provitie! wagEin@degess dffcorrosion
bismuth, such as Bi 208, as well as CuQ Cu O CuS and
resias or knpreyifietthodesingd gapeasancey dherdineaf steel wHkdepspdieart on
eneral |l y. t ai F ' ' :
the g0 1B E TS 8o 1B Sl e Bl lecRAPHER bision
axm@aﬂécgq)dw bdﬁalﬁﬂé a&it[rdh inneekiylb&rSA D I 60kt eqhivaland steelymythimezrain size of
used to ho the particul ate terials together
ASBMfie1 1d1 angl efiaxedsior dightly 5’@?1%%"2& Bray 3%8@& %}eé.stesﬁawch as
i et Y F& SQnipfe, wheh YEledhntio;
T e R R T
elegndddl conthatvathcthe batiedeyatstrinladssstach malydefusedried improyed basistance to
desired el ectyod ha and inserted into the cell, or
corqowgybgé]pp%h%%ap & cfrgle}%&current col | ector. For

exafpl @11 cBv&q8typilganetRe NiBR iphded fed nhd}i Bt wHeE,Hut b Giainless
strip for use i'n a Spirally wound el ectrode assenbly,
steedss offenwdesirablésiegpecially Avheni theipoves isinedeetningl gonjae gvith the cathode.

mat eri al f.ar the cathod unre col | ect ar,.
el S dhiotes PR R AP Ty per tuBoi el The cell
coveERay BARS a RS shabs satiad DM, feedikle o ittng) kepiera madelcpmplex
nonconductive. They are general |y capabl e of hol di ngi; )
shape, shefzastthe eoner shasgt ioFigt B WheRithe eqver pasyaseorpplex phape fike that in

._separ at o, | | t\QFrhales
Figg ERANEE ShroBir B rAERaL ey AN 8% Bl Bxcflay be used,to
propide sisd desirédedrrosivn fesistney drgiccasnofl tetal fhumingy Hoenked covers may

di scharge without .tears, splits, holes or other gaps
alsqfbs/plpisgi wigh nickeldor eamies i t abl e separators i ncl ude

m CERPRh i) Wél@%%%d@%%oﬁ FQIRARE 88 b GsiIS WARr in the
pol ypropyl'ene, polyethyl ene and ul trahi gh nolecul ar
ambientggnyirparhgre; goddeslectrieyl ebrductivity eph vateo visiple enicansiiesr

bat%/rigg gﬁ %ﬁ%ﬁve}ﬁéﬁ%ﬁaﬁ&ﬁ%?% :‘%Y%g gge (?‘Pa?l 61%5(%%{09% pigkel plated

coldl BSlled st3R6T Rddl that NanickePplat@nsttel @eddveRent tainelo WherSterminals
Setella F20DH m croporous pol yet hyl ene nenbrane

are (leoatad| ciot pressupmoaliek ventb e termomahsavars geperali Bagopiie,er more holes
L USAY.  Allayer of a solid electrolyte, a pol ymer

to fgl%g&a#ér%%k/‘feémﬁg' a gel -polyner electrolyte can also be

us egh@gasketS @RI RO thebpesladticanatadal ahatdatdsizthat tnebld flow at high

el ectrol yt |t d t be adj d
(eSS (S BB by, S EA NS (6T ‘8 deFPRH P e bY
dism% A Efé&lhﬂg) whéd éﬂo%%@ﬂl@emﬂ environment of the cell and resistant

to the transmission of air gases into and electrolyte vapors from the cell. Gaskets can be

made from thermoplastic resins. For a cell with an electrolyte having a high ether content,
preferred resins comprise polypropylene, polyphthalamide and polyphenylene sulfide.
Examples include PRO-FAX® 6524 grade polypropylene from Basell Polyolefins,
Wilmington, DE, USA; RTP 4000 grade polyphthalamide from RTP Company, Winona,
MN, USA; AMODEL® ET 1001 L (polyphthalamide with 5-40 weight percent impact
modifier) from Solvay Advanced Polymers, LLC, Alpharetta, GA, USA; and
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storage characteristics. U S. Patent Publication No.

US 2003/ 0228518 A, published on Decenber 11, 2003 and
wWoR006/026233 her eby i ncor porated by reference, di BCT/USH95/629803

Li/FeS2 cell with high energy density and discharge

efficiency. Electrolyte according to the present

FOW @ DKCRD (PElyHEGH 160 LB SR MDOMt | Nwelphbpécetlimpact
e cell containér isS often a netal can with an

modifire foal Ticonps W8, BammitaNJt HSAgh a net al tube that is

| | d
of T iigrovetRE Seal bt B8 il afAS pliec kbt dfif the Ui Bhiner and
the HIICd6SEr, B @kkdtRas be thRedWith Ia(iﬁltzﬂﬂe poabdre eiatdringd Aupodyrderic

of the canfrom corrosion. The type_of platlng can be
materigl isach asetiylend prepylansdigee @ampluee GPDM} ¢asdh ed'h

Si st ane r esired appearance The
em'%"?ﬂ%en %a‘;} ﬁaﬁ r%m@f‘félgpep?gﬁaggﬁelgar t on the manner in
WhiTH viehiebushitipds Betiermdplasticmaaterifidhatds assistays s cald glow at high
steel can be a dlfoS on. anneal e

temppaRFaRd el DT a1 ek OBk gt O APEHUAER Bupiovige e desired
sealﬂ{gajvéhtl?lgéﬁd? focsth ﬁ% &:&Jrﬂlstl@@ dF(ﬁ‘%&hﬁiSﬁ:d tHe®asé tedii davt be

aln s er steels, such as stainless
modaﬁedabﬁ addmgla ﬁmrmabstablhzmg @ﬂlestmaupwﬂe aefgutsbush:mg with the desired

SRS 20 R SBEEDAGpott bk e

1nclh3@£tﬁyl%ﬂe-fe%§ﬂ§5ﬁ>€ﬁﬁflén@ SN pHRaYIeRe BIfild) q)omﬁawmaa,cbthylene-
electrolyte. The céll cover is ty |caIIy netal . N cke

chlqrb’atﬂ@dr(@ﬂg@nendglomlﬂlgggethﬂgne peeflugronlleasyalkepe [flqoginated
perfrasfipy e bamPreERE A Bty fnd MBS i huorosfhylene
copblyenet QVEFE)5 Palyghaylléneaullle (EPS) a‘_tﬁlqiowyphthialamide I(PBA) are

sel ection. The cell cover .may have IF 5,
e, EHISES 1AY bR JOcKEaNG WRGRASLYIOh £ By, KU FelTSha, graphite, mica,
5111%12 EQ%C %i/&e\?e?ﬁpc%htes ug ﬁle &yflﬁ: cﬁgé.’f Eﬁ&‘i’% suBh Eé garbéns %?ékample

asaco e that in |g.
of d 3itebl3 wemoprasmmml ie ﬂ‘E§ZEL® HB323064 @éﬂFEmesm msm sfeght

grain si use vide the |red
pergest FhasPef, elas e e il 3 Nefet i RGy. Miigton.
DECOYArs may also be plated, with ni ckel for exanpl e.

The term nal cover shoul d have good resistance

c Io r it assgemarably prefewed that theevadlngfithavens hyshiog hefheen é@d@m ball and
el ectr cond I
e ek 6 S MG . D00 DR B e
coxﬁlgxgseseél bﬁ BbORAS th U0 Pefteik®henth bashigOhitl a0l dre thssttedintothe

is nickel plated after the covers are
covieor med. V%ere term nal s

The vent ball can be made from any suitable material that is stable in contact with
the cell contents and provides the desired cell sealing and venting characteristic. Glasses
or metals, such as stainless steel, can be used. The vent ball should be highly spherical
and have a smooth surface finish with no imperfections, such as gouges, scratches or holes
visible under 10 times magnification. The desired sphericity and surface finish depend in
part on the ball diameter. For example, in one embodiment of a Li/FeS, cell, for balls
about 0.090 inch (2.286 mm) in diameter the preferred maximum sphericity is 0.0001 inch
(0.00254 mm) and the preferred surface finish is 3 microinches (0.0762 um) RMS
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are |l ocated over pressure relief vents, the term na
covers generally have one or nore holes to facilitate
w@edob/0¥@Bt i nNg. The gasket conprises a ther nopl BST/182005/029803
material that is resistant to cold flow at high
tenperatures (e.g., 750C and above), chemcally stable
ma)(1¥rgn§rt< smrﬂaus SbslR9rovd qﬁé}f)@ 1608 18m) ifVYiasle s Qhé’bféﬁer%d maximum

i ng) when ex&ose to the internal envifronnment of
spheteityde 0|00892P inel |( 06013 Stramj, liad thegprefeirredinmaximfimagugface finish is 2

troI yte vapors fromthe cell.
mlc?%&?j?%@@g%?%‘@) from t hernopl astic resins. For a
cel theidellltanbe @ld36d i yardRditigi@ly SuifdIO pRIcBR! SuERpRItEsses may
preferred resins conprise polyproeélene

inclyde.yphetgarobhmdled ihripwing redigviagecdisting vingeadgpaginations

I 5
therghf R Exipler G e oot 7 A e B BRI RE AT e clectrodes
andinswaabit dvak an nheerfe“do andRER ghskepamy/covef me@blyl\@hchbiﬁﬂg the cell
L e b i L 5 e
supg%é/ e p%g%%ﬁ%l R0 84, cg’e\tsrhega %ﬁﬁﬂ%ﬁw%gamst

ene Su 15 wel ght
the peadc €fite diapetet oftheitdp ﬁthe émmhoi?e &mrimadﬁs re&ucmh with Aldggmented

USA. i h i Lo f t .
collg il At RS SR P BREEP G Tt 8 P et 1A U TS
dlsﬁ%ﬁh‘c&tﬁe cBie t150aeMe Whirhirds lﬁlﬂlé aéﬂt %uéiﬁﬁé Al oot %Weﬁ{ pall is

A polyneric material such as ethyl ene ri%/ ene di ene

inserted jutoythebushizronysealthe amrmgeem thfanéhQQY@r mé C dpviee and a

ni.c el eetr soI t hi
terrigdihySs S pfce abloing phiY 8 tellafl 6L b BB el e canis
ben@invitird ithe genhgihg disio (reta@ the gakeBover ka@seﬁibly,m d&sédand
can be fornulated to provide the desired sealin

teryigak govgr andropRietedhg %ﬁf@h%@ﬁta@ 0891 eiq Qfghe e b§é§b§ rﬁ%l@t
| herAEaf SRR b PR DES N 8 s st o cal

by awrhiill hinewistes.igt, eeine@a iamcga]aafchbamlﬁorrgAhhﬁrt]mxeélrdapadltyS)f an FR6
h t enperatu Sui t abl e pol yneric base resins

bl e
typg fielh) n@t"l’i%"éﬁ@“#@%rafl uor oet hyl ene, pol yphenyl ene

sul ThelshovP Qbsepiptiba iAphr@ilarly relevant to FR6 type cylindrical Li/FeS, cells
et hyl enechl orotri fl uor oet hyl ene,

witle hbmq@wusfdlwomcmddn epresg@c fr¢1ua£ rvg@tls komytibikg adhermoplastic

| uori.nat perfl uar ne ene, a

bl P e et e Bt L8 B YArBRELPRhes siges amd

typSHTelEBacK &Tton dend )ﬂ@ﬁ%@ﬂhcﬁﬂﬁl ed.f brikendtiRySelisid cells with

poI ypht hal am de (PPA) are
other pressure relief vent designs. Cells according to the invention can have spiral wound
electrode assemblies, such as that shown in Fig. 1, or another electrode configuration, such
as folded strips, stacked flat plates, bobbins and the like.

The invention and its features and advantages are further illustrated in the

following examples.

Example 1
Comparative FR6 type Li/FeS; cells were made similar to cell 10 in Fig. 1 and the
description thereof above. Each cell had an anode made from about 0.97 grams of lithium

metal, alloyed with 0.5 weight percent aluminum. Each cell had a cathode with total of

10
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preferred. Fillers may be inorganic materials, such as

gl ass, clay, feldspar, graphite, mca, silica, talc
war@ewa2ad cul ite, or they may be organi c nmat er PEl/ESEO®RIS03

as carbons. An exanple of a suitable thernoplastic

resin is TEFZEL(r) HT2004 (ETFE resin with 25 wei ght

f

aboﬁgg Sgr I a(g%n%orrpahy, fod ciﬂnl%oﬁlg Elggg o ;&nbé)f gHmFﬁﬁBl 98 The
coafignesmihgd prcet 82 mmght parcentieSyyall.4 W@fghlt pacwmceivhmh bl@gk 4

weiglt RO EEDRLS, St negvet S s il S? heieht hepe pronized
PT% grth@B {t%ﬁ%ﬂt fihealith. 2523 AndiBidkeIosRRb PR EehdiBtor was

Ing and are inserted into the cover. The vent
usebaFEhchcentl was mwewﬁh abouamyb yains @b Flecielytes Waichtaeatained about 1

cont.act .wi.th th e
mofigd ToCESRuPoE U oL i B bR S 2 BB P ing o
DIGK 2$RE / OMIeélahe ,ra@@@ﬂwzwssfc ®2.niras selft wak aswatbldieas described
used. The vent ball should be highly spherlcal and
abovaved then peshssheized aThoseiars IITRRI L1 e tabls bdeny,
such as gouges, scratches or holes VISIb|e under 10
ti mes magnification. The e5|ﬁ§g sphericity and
surface finish depend in the ball dianeter.
For cempamtife FRO c@l'[bew@@mleﬁﬁ l‘lie s@fnea:nzhnﬂei:&ﬁllo&eﬂnl Lot fAofExample
bal I s about 0.090 inch (2.2 nm in diamete

1) qxcesitdor e chagitplytmecpnsition; Wi)ld@oe’fawéﬁ ﬁw%lﬁlee‘ @eld@%‘af Lil

mseg";_l 8%&%11?3 R ﬁgrcgl}f}%arﬁé ldg gﬁa b acf s ag%tht% t%?lgggﬁ)wng ﬁ h((38

1.600 mm in dianeter, the preferred maxi mum
sphericity is O. 000025 | NEdanffle 800635 nm), and the
preferred maxi num surface finish is 2 m cr0| nches
( 0. OsmiromLatns, antiewere) dischargef ond 1plsnItigAtdisearaadest
(c f{ﬁllélp)gla gyé/l%sz#f 3 &E’&ﬁﬁiﬁ@@é%%? n{gﬁllﬁ)cﬁ.% fclf}g to \%VIO gé),lt) some
at r601|n| tehpargturglsoime @t T am:bsdmermt-ﬂm T]lmareeldts ar@summanzed in the
anpl e, for the cell

ad is f
tabfe R Pk SO eEies disobies camait Asapgicsnabs hERE pidtage
dlsbtﬂa'f‘g{: %a?ﬁclgg@%&t% a3R8katmpadngover assenbly (including

contact spring and vent bushing) are
pl aSelstitutingtal frd ACEsfDGh thehedeatepdyte Terulted in a {13 percent increase:in

bR eSSBSy A P
at l‘ébﬁ‘ﬂsﬁlﬁéraﬁfre tsiBsthtRl9lowdahstthe 2ppacRytdTE obBadl 0PS. At -20°C,

reduced with a segnment ed
cells from Lot B provided almost no useful capacity.

]

Example 4
FR6 cells according to the invention were made in the same manner as those in Lot
A (Example 1) except for the electrolyte composition. The electrolyte consisted of 0.75
moles of Lil per liter of solvent, and the solvent consisted of DIOX, DME, DMI and
3Me20x in a volume ratio of 25 /75 /0.2 / 10 (about 9 volume percent 3Me20x). These
cells are designated Lot C in the table below.

11
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collet to hold the gasket and cover assenbly in place

inthe cell. After electrolyte is dispensed into the
W@ edob/02d28DUgh the apertures in the vent bushi nBCENS2005/029803
cover, a vent ball is inserted into the bushing to

seal the aperture in the cell cover. A PTC device and
a termnal cover are placegnfits the cell over the
cell cover, and the top edge of the can is bent inward
wi t Gelds omdmithg whre dischargadeemthe lsame seskesed ip Gyample 3. The
senbl RPTC deyi n erm nal cover and conplete
]BSﬁﬁﬁngé dz%zgﬁﬁ%%ﬁhgﬁﬂaﬁd of the can by the gasket.
Fol Thvbdilti@s6EINIEIOL hukkel in mas tiee pfoatiokiharegadin capdity at
as by discharging the cell by a small amount (e.g., .
0°G @qmwefthanté?gam onlypsmell IB%JCH% upgapaidy gdppmdgigpeatuge (still
[1) in one or nore pul ses. The above
8p 8%%??&5?%%¥£§t%§rticu|ar|y rel evant to FR6 type
cylindrical LiZTeS cells with nonaqueous el ectrol ytes
and to pressure relief veBtséngiedpri sing a
t hernopl asti c_bushi ng and vent ball. However, the
i nveampaigtivaRAIcsls wareqardstia dhe GmsREmes py besad-qtypecept for
the HecHBUNS sl P48 Bp BDortib 3t APy ihe Bt Y HLLASUTE! e feffyim Lot C
(witeditieDOsiaddsl). Thkdecels arerddsiggated LohD ih theembliedelovan
have spiral wound el ectrode assenblies, such as that
shown in Fig. 1, or another electrode configuration,
such as folded strips, stB&Ref|at plates, bobbins

and . , . , o

v SepE bl ot P er MRk RO O sl oF el ol s, The
reseltedarp semmakixadinl the fableosgbawat | ve FR6 type Li/FeS2 cells

wer g. made .sinj o.cell 10 in Figq. nd th . .

e S8 fiish o sfab 45 Bl bicalfe Guor S el srspuay no
inchda@MrAdlBitityCat 8ol i @AFerflird doltfawid @RI IA bl Syt kdduction in

0.5 wei ght "percent al um num "Each cell had a cat hode
capacithat twttla 0°© frad A0 Cocamppredhio both bondandiLet Ceoat ed on

both sides of a strip of alumnumfoil. The coating

cont ai ned about 92 wei ght n%r& ent FeS2, 1.4 weight
percent acetyl ene bl ack, 4 Yht percent graphite, 2

wei ght pérjcent SEBS b1 nder, [0. 3 wWahigdHar Bit
mi crgni zed PT¥EU&nd (05818t dht vpeyre nj Sy qi}nbc;a. A
25 mm bt ckpotypro y:;: ORGP at or Twas -used.  Each
cel | was fiWZﬁIV#etrh éﬁ 1.%}} Fams  ofo°€l ect r aloyCe,
whi ch_cant ai 4 oyt Ingluded cmp.
1.0
A LiCF;S0s no 100 86 25
0.75
B Lil no 112 8 <1
0.75
C Lil yes 108 36 1
D 1.0 yes 100 | 23 13
LiCF5S03

The above examples illustrate advantages of the present invention. With the
addition of a relatively small amount of 3Me20x to an electrolyte solvent containing a
high level of DME, Lil can be used as a replacement for LiCF3SO3, reducing the cost of

the electrolyte and increasing high rate discharge capacity at room temperature, while

12



nol e OFLi CF3SO per liter of solvent, and the sol vent

was a solvent blend containing a DIOX / DVE / DM
woodoames28ati o of 25 / 75 / 0.2. The cel|ls wer ePCT/US2005/029803

assenbl ed as descri bed above and then predi scharged.

These are designated Lot Ain the table below Exanple

. RRGEadi SR ATBRGE

$m§? tHgseaﬁﬁﬂfgggﬁé%%ﬁg%6%§E§) exgg%?fggﬁNthe ' When
LiCGH;804 1saisyd es thesplots, thesamewhinge inshactiohdelsdlyers daes ned provide an

ncBSke g s e 0 LSRG G54l Gmacy

at 16w eshp&htared. and B were discharged on a intermttent
dischar%e test (continuous cycles of 2 mnutes at 1000

ni Alt avll bs uadersioed by gose wihp auactice thelingentisintand thesawskilied in the
art {;h%g gﬁo%g?r%’d%&rtigns ﬁm%ggip?élve?%%é&[}ggf ggg‘leaﬁg to g %ve%ng% gn\;\gshout

s are sunmari z ow, “whi c

depamiipdEEn giessplharh (g'eh&di@(aﬁéeﬂyboﬁ?epa Ph¢ seipk ag praddctivh@fforded is to

aver age di scharge capacity of Lot A at room ’
be detorpanasd lmél.e c wqa ‘gx ﬁﬁ@rﬁdih elintarpretationallpyed by law.

el ectrolyte resulted in a 12 percent increase in

capacity at roomtenperature, but at OC the capacity

of Lot B was only 8 percent of Lot A at room

tenperature, substantially |lower than the capacity of

Lot A at 00C. At -20C, cells from Lot B provided

al nrost no useful capacity. Exanple 4 FR6 cells

according to the invention were made in the sane

manner as those in Lot A (Exanple 1) except for the

el ectrol yte conposition. The electrol yte consi sted of

0.75 noles of Lil per liter of solvent, and the

sol vent consisted of DIOX, DM, DM and 3Me2Ox in a

volunme ratio of 25/ 75/ 0.2 / 10 (about 9 vol une

percent 3Me20Ox). These cells are designated Lot Cin

the table bel ow. Exanple 5 Cells fromLots C were

di scharged on the sane test used in Exanple 3. The

results are summari zed in the table below The

addi tion of 3Me20Ox resulted in nore than a fourfold

i ncrease in capacity at
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00C conpared to Lot B, with only a snmall reduction in
capacity at roomtenperature (still 8 percent better

wo baa/0ka283 A) . Exanpl e 6 Conparative FR6 cel | s meT/@S10ase29803
in the sane manner as those in Lot A except for the
el ectrol yte sol vent conposition, which was the sanme as

t hatpdgQehtd@rcldibedeel Is in Lot C (with 3Me20x added).
These cells are designated Lot D in the table bel ow

Exanmpl . I i sch . )
1 TRl 00 L RS SRR AR a
metljAppsitize dlacttodd) e stizdvhtor dispayed bdteeeaditd ddgativeodnd3pdrioe

to the electrolyte ysed for Lot A resulted in
ele%g%l@mamg |aw{eﬁ60¥>§f& Wg‘é’éeé“ the eleghabite gomprisesom

te t [ErTe T AR .
e eNofp PRI Atk et ) wheRtborder® 19 80 and
t o bsdlientcomprising 45 &t SCvolliatel perckne 1 Abdimethoxaethoresand 5 to 25
1i || ustrat‘%e a&l\ﬁat g(%eslgﬁf t he present invention. Wth
voliing PEFARL BT BT~ et y smal | anount of 3Me20X to
an el ectrolyte solvent containing a high | evel of DM,
2. Li | TR PESE th @finf 1 [GRir %mlvérﬁ'ﬁxlﬂﬁeg%éé@ses at least one
reduci ng the cost of the electrolyte and I ncreasing
additigytal cespbvedi. schar ge capacity at room tenperature,
whi | esubstantially reducing the undesirable effects on
capaci t t. | ow tenperatures en Li CF3SOB i.s used as
3. ¢ holbopdlt defingin daimbZowhsge thas V%?%h%@mg{w@n%gdwxolane
basH@ESoRht Provi de an increase in the high rate
di scharge capacity at roomtenperature but reduces the
capacity at |low tenperatures. It will be understood by
4. t hoSke wdibdgfinad int cleint Bewheremrthe solvan domipaises upktb [45alume percent
thg aéit that various nodifications and inprovenents
of 3335 oxelare based FSONSPENt i on wi t hout departing from
the spirit of the disclosed concept. The scope of
or o : ¢ . : th .
5. Dt g b P el B ke b eBng GOBRIE B p Y 2 (b fane o
thellaBadibRelane based icosvlvdnaismat deasts] to L. An el ectrocheni cal
battery cell having a negative el ectrode conprising an
al kal i neéﬁ}l , .a positive el ectraode, a_sesar at or
6. di spoeedd! drdingd anclaie S Hubereinbe yplymsdatie pf, b2-dimethoxyethane to

the 1,3-dioxolane based cosolvent is at least 2 to 1.

7. The cell defined in claim 6, wherein the volume ratio of 1,2-dimethoxyethane to

the 1,3-dioxolane based cosolvent is 3 to 1.

8. The cell defined in claim 3, wherein the 1,3-dioxolane based cosolvent is 1,3-

dioxolane.

9. The cell defined in claim 2, wherein the solvent further comprises 3,5-

dimethylisoxazole.

10.  The cell defined in claim 1, wherein the solvent comprises a total of less than 5

weight percent of dialkyl carbonates and cyclic carbonates.
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el ectrodes, and an el ectrolyte, wherein the
el ectrolyte conprises: a solute conprising greater
wo b@a/0323%ei ght percent |ithiumiodi de; and a BOI/vESIM05/029803
conprising 45 to 80 vol une percent 1, 2-dinethoxyet hane
and 5 to 25 vol une percent 3-nethyl-2-oxazolidi none.
11.2- ”Fl{i]l,ﬁce@ledehng@fd a&h !l?‘, WihetiltHe soMIaf Bl feeldTRiARY MG onates and
further conprises at I['east one additional cosol vent.
cycHe caihenated.| defined in claim 2, wherein the sol vent
further conprises a 1, 3-di oxol ane based cosol vent. 4.
The_ cel | fined in c¢clamg3, erein the sol vept
12. o o eislefiped B i, b Geip bt SRtairte cESRs (ro bR s of
: . 5. The cell defined in claim3,
mﬂ@ﬁ??ﬂ?ﬁpﬁﬁtmﬁgﬁune rati o of 1, 2-di nmethoxyethane to the
1, 3-di oxol ane based cosolvent is at least 1 to 1. 6.
13. TheThketdll dbfihed adclaim €) wherein, thevsoduteifarthdreomplisesdithiaim o
..of 1,2-dine&hoxgethane to the 1, 3-di oxol ane based
triflugeamperhane spgone.| east 2 to 1. 7. The cell defined in
claim6, wherein the volune ratio of

e L e R A

iodisleerein the 1, 3-di oxol ane based cosolvent is 1, 3-
di oxol ane. 9. The cell defined in claim?2, wherein the

sol vent further conprises 3, 5- dinethXLisoxazoIe. 10.
15.TheTheeqll dpfinpd anclpim &) wherpin thevalkpls metdl freatdenst epg metal selected

| . - L €8Sy .ght percent of
frof BPEIRBIofis el 1iub SRR B, POT Ce OF
defined in claim10, wherein the solvent is free of

16.di aThy/telcdutined af €lainahs| wiystinchealkilbmatad sompidses Bhiuel Inetal.
defined in claim1, wherein the electrolyte conprises

0.5 to 2 noles of solute per liter of solvent. 13. The
17.cel Thejesl} dpfimed in elpian ko, Tvherpiartes Hithivwe metal gomprisgsiaelloy-
conprises lithium

18.  The cell defined in claim 17, wherein the alloy comprises aluminum.

19.  The cell defined in claim 1, wherein the positive electrode comprises at least one

member selected from the group consisting of FeS and FeS,.

20.  The cell defined in claim 19, wherein the positive electrode comprises a mixture of

FeS, and carbon.

21.  The cell defined in claim 1, wherein the positive electrode comprises a coating of a

mixture on a metal current collector, and the mixture comprises a binder.

22.  The cell defined in claim 1, wherein the cell is a primary cell.
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trifluoronethane sulfonate. 14. The cell defined in
claim1l, wherein the solute consists essentially of
wo 2daoeiozsrss odi de. 15. The cell defined in clai nPAT/US2005/029803
wherein the alkali netal is at |east one netal
selected fromthe group consisting of lithium sodium

23.an dAB‘He%%éﬁéﬁhcé]l antta—ﬁ%eﬁ ehlind@fepathe dlectodbM Jaiitive electrode, a

wherein the alkali metal conprises a |'ithiumneta
sepaiator Fhgposssl betwécfn the degativelani positye elaetrasien, andanlelactiols,

hnetal conprises an alloy. 18. The cell defined in
WhEPH m 17, wherein the alloy conprises al uninum 109.

Theﬂﬁqkﬂ1§&$mﬂuy§ddn claim1, wherein the positive

el ectrode conprises at | east one nenber sel ected from

t hethgmeggivesiasirode penpriscsadithing well. 20. The cel |

def 1 ectrode

e sts HeBie e chmpUEE 8 1ec B ORGSR 0T Ce

def th&eﬂiectralyo:é eirfiprises wiselued @rmﬂmr;gogeatewmm 5@ otei ghd @ercent
con‘prlses a atln of .a m xture on current

lithygp pedidepnd vk EOAPSiFiBg BORGRBK té@s?%t%é%féwne@zme%le%

mary
cirfBicy SRR § 20 At pelt b D9 SRSy B
negtteiconcentration ofiwluta ipdSite 2 weoled wer fitaydd solaetepar at or

di sposed bet vveen the negative and positive el ectrodes,

and an el ectrol yte, wherei the cell a primary
24cel elgsEoldy T U§R It A gé ’é‘&h%egégefa@ef%’il ‘um

e §légﬁlylg §drhlbrY s 9'5%@Ir 1‘&9 s 6P§0te n%»%ls Lk of g@&ﬁ;erﬁne

el ectro yte conprises a solute
c o m:hel ssluu@ccgnmmee grdatw the®C Oweeightt pepesnt Bihiurh iedide; rnd

BT o AT P s o
volﬁﬁie%?ceﬁﬁ?ﬁ%ﬂ{ 12-8BEBNdingn0Xxazol i di none; and the

concentration of solute is 0.5 to 2 noles per liter of
solvent. 24. An electrolyte for use in a primary

25. i t Hheetettadlyterdefined in claihe24iwherdin ghesdobent Hirtheecomprises at least

oné%{@ti' SF, ssohgén%. to 2 noles of solute per liter of a

26. The electrolyte defined in claim 25, wherein the solvent further comprises 1,3-

dioxolane.

27.  The electrolyte defined in claim 26, wherein the solvent comprises up to 45

volume percent 1,3-dioxolane.

28.  The electrolyte defined in claim 26, wherein the volume ratio of 1,2~

dimethoxyethane to 1,3-dioxolane is at least 1 to 1.

29.  The electrolyte defined in claim 28, wherein the volume ratio of 1,2~

dimethoxyethane to 1,3-dioxolane is at least 2 to 1.

30.  The electrolyte defined in claim 29, wherein the volume ratio of 1,2-

dimethoxyethane to 1,3-dioxolane is 3 to 1.

16



the solute conprises greater than 50 wei ght percent
[ithiumiodide; and the solvent conprises 45 to 80

wo oboaes2per cent 1, 2- di net hoxyet hane and 5 to 2BCT/OB2008029803
percent 3-nethyl - 2-oxazolidi none. 25. The electrol yte
defined in claim?24, wherein the solvent further

o . | DTN . ]
3127 ept S ARk A Raifr ol wiBRA (RSoKERL furlr oHitives 35
dinfatinytiisexazolenpri ses 1, 3- di oxol ane. 27. The electrolyte

defined in claim26, wherein the solvent conprises up
to 4 percent 1,3-dioxol ane. 2

5 I . Th
32.¢| &by %lggfﬁeyfa Sefipediin glaigy 3t yhseen Wﬁ’eﬁog‘ieﬁt asmPriss aal of less
f ] f i: 1., =30l | i t
thaf 3 o petogir of AR ONGRRARA Lot AR, 207 ai mn 58,

wherein the volunme ratio of 1,2- dinethoxyethane to
1,3-dioxolane is at least 2 to 1. 30. The electrol yte
defined in claim?29, wherein the volune ratio of 1, 2-
di met hoxyet hane to 1, 3-di oxolane is 3 to 1.31. The

el ectrolyte defined in claim 24, wherein the sol vent
further conprises 3,5- dinethylisoxazole. 32. The

el ectrolyte defined in claim24, wherein the sol vent
conprises a total of less than 5 wei ght percent of

di al kyl carbonates and cyclic carbonates.
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