THF- based El ectrol yte for Low Tenperature Performance in Primary Lithium
Batteri es BACKGROUND OF | NVENTI ON NonThi s invention relates to a nonaqueous
el ectrolyte for a primary el ectrochemi cal cell, such as a lithiunfiron
disulfide cell. Mre specifically, an electrolyte including THF is

contenpl ated. 10021Batteries are used to provide power to nmany portable

el ectronic devices. In today's consuner-driven device market, standardized
primary cell sizes (e.g., AA or AAA) and specific nom nal voltages
(typically 1.5 V) are preferred. Moreover, consuners frequently opt to use
primary batteries for their |ow cost, convenience, reliability and
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S 'ng prré?erred Iminesral form of iron disulfide for battery applications), as the electrochemically

active material of the positive electrode.

[004) As a general rule, the electrolyte in any battery must be selected to provide sufficient

electrical conductivity to meet discharge requirements over the desired temperature range. As

demonstrated by U.S. Patent No. 4,129,691 to Broussely, increasing the solute (i.e., salt)

concentration in a lithium battery electrolyte is expected to result in a corresponding increase in

the conductivity and usefulness of that electrolyte. However, other limitations—such as the

solubility of the solute in specific solvents, the formation of an appropriate passivating layer on

lithium-based electrodes and/or the compatibility of the solvent with the electrochemically

active or other materials in the cell—make the selection of an appropriate electrolyte system



10051Et hers are often desirable as lithiumbattery el ectrolyte sol vents
because of their generally | ow viscosity, good wetting capability, good | ow
tenperature di scharge perfornmance and good high rate discharge perfornmance,
al though their polarity is relatively | ow conpared to sone ot her conmon
solvents. Ethers are particularly useful in cells with pyrite because they
tend to be nore stable as conpared to higher voltage cathode materials in
et hers, where degradation of the el ectrode surface or unwanted reactions
with the solvent(s) m ght occur (e.g., polynerization). Annng the ethers

t hat havg en used in Li FeS2 c are 1 i et haoxyet hane
1, 3- di o¥ffig ‘ﬁb 4s ﬂ‘@)&“}"tmmer’?‘Lé“z)&tef’bﬁg‘tﬁ@r“dégge % E@ﬁ%l% p’ w ‘I‘ﬁgf‘%nt Nos.
S5, 514, 4AQhefraréno? hitscithicwith scﬁ%r@mama&hﬁﬂénaQa@39at8Q&&ﬁtm@k Ele&tﬁﬂ%ébber or

used |n qQl e, or art s a bIe S ents as, suggest ed U. S. Patent
NOS. lmeseaﬂ SORRAER igs 1 gr‘ @J@fﬂﬁ entes io 1B A pariculatly 2

1, 3- dl alﬂl@waéelaanﬂ‘ész cefls &Qﬁnﬁﬁ& sI&adtﬂt?%ﬂlﬁ%g liquids; sélvents and common

3- et hy I-é, oxazol,idone and DI OX and/or DME); or U S. Patent Publication No.
2008/ 00P8L9EAY se2NBBAGEHS-(use of sul fol ane and DVE). 100610t her sol vents
not spegi fi Caibe a&oaﬁealdeslﬁsle%%naﬁ bathdey EBMrofs Sl REAIsObEtheifUCh as t hose
disclosed in U. S.  Patent . 5,229,227 to Webber (use,of

3- met hy [BenErdly oW visersie. gged weﬁewamq‘bwtx»eﬁed K Emperaifetischasge Redirmanes yne) .
However an®gscdih rafe disohRESsdrfofhance/AMRABughQhaieptiisrity AreMBldly Rw édnhaR@ttent i al
effects of solutes and/or electrode naterials on t hose sol vents, ideal

el ect r.oFgPeolRen corponsPlveRts Bthers arecapticylarly upgiuldn §?!Hé¥'5bpyﬁk§?‘feﬁﬁ‘f?ﬁﬁ*€é of the
cel | ar gn@fd Wm&lefsiabe%boﬁ&rwedﬁg}kr Voi{apOLthoae imbddrials ih ehbisN@nd:be proposed
blend in a functioning el ectrochem cal cell. 10071A wi de variety of solutes
has beefdegratston pf the zodeévrfaCépé\e&waeFeytr@yqun&lrmP PRIVENtENDIER! PSHT de (Li!),
it hi umd g1 SdIpérRamdH) aAhﬁ,ﬁg' hi‘eeﬂetvsemét%masearm Lipespéalmalsern 3late"),

l'ithiumbistrifluorone Nor'Ilthlumlmde)

i t hi undjsesthoxyesh wé“?@éﬁl@d)l 3~4npmawm>§m wbﬁﬂefawgf‘éirfageéhem taugls by and

ot hers. pWipa@n@V&aCs 504, 4’91‘5‘& 602?1@&)91& B}E&obéam?hﬂéﬂ@dﬁﬁdo@tm gl Webbekdp fair
cell electrical d di'scharge characteristics, such el ectro}r{tes have

rel ati vasedin ty\hpie peitnartasp blead af ol ventsiag sugegsted st Widr BatentiNasi 11316868/t at e i s
rel ati veloykofeike far?ée%?mcﬁ’ﬁ%‘d 3 6 dafﬂoh'l%lhmgiﬂ&aﬁésb ;13)9983%9 RERFonktedly @ge 2N

alternative to l'ithiumtriftlate both reduce cost and i nprove cell

el ect ri eb}-metwl-Zongralidonegad M@K@Q@’éﬂDME)I‘PTéJ PrRaang BublicationeNe.i f i ed U. S.
Pat ent 59)8/65’?25%&}%BBQdM?@éfsamﬁneoﬁﬁchﬁEj ar brand of AA- -sized FRO6

batteries so Energi zer Ings Inc. currently uses a nonaqueous
el ectlP®sl yt e Qﬁhmotyems npipegifi eablmeemmmgu RIPXo9r DME may alsojhe p&sssidp,\ﬁem asmj xt ure

cont ai ”tthge ke n@ﬁ'ﬁb BMpaterd NELS 554 %ﬁtb%b@@r gédof|3' thth - bidbi; Its have

been us IN CO |nat|on to pI’OVI IerI’OVG | ow t enperature IS ar ge
per f or npelxalkylyene glyselrdtheesisuch as diglyme)l Hpv@:vepdecanse ¢fiitteiactians gmong .

2006/ 00405 Ly lFRRRY por AiaUREUSP BTN BieclrddEGRertl bl vl o1

et her content an as a so ute el ther the ute or i n conbination
with | i tdealelectrolytelsalvent birmgs arsithe reswlting dischhigg iperformaneti afghexeeljaraieftdnow

t emper afg o Sx}égi' {)xk'ﬁho%t L@y tgm?%tlﬁ 35 %%%]at adgléam%tigrg %Qgétfhgh%laalby t he

di schar ge. can vice ower e
cel l vmd:elll not operate Ellmnatlng Lil as a solute and making lithium

trif l[ﬁﬂ%ﬁ Lge/} %v%e%a? &g%‘%l&tﬁyhﬁ%wn us%g'kn 1EE§Q ﬁ@ec&p&f%tﬁé hrﬁ:h%? l?t}lfuﬂxg vol tage

can the 00 |1 ow r oom
t enper aidide (L:Anhthtdneulﬁmerwfetlpaewﬁbmea(ﬂe@F35§a bh‘éhtlsoﬂnenﬂqne’i)nlnthwns alt or even

as a Ccog. t he and safety
i ssues 0?)'?)( EloerXtthﬁ]g%lg P o'rrrnﬁou@dgc Pbﬁ(g’gﬁidg&fwr\n/e?%one?y {1)‘ nj' é} g?/rea(f in the
el ect r ofLyClO,), hthamin heaBugrearsenate (AseFe)k and ofthess. Méhile ewwbtyxes containing
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have relatively low electrical conductivity. Furthermore, lithium triflate is relatively expensive.
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its performance. For exanple, U S. Patent No. 5,691,083 to Bol ster

descri bes the use of a very |ow concentration of potassiumsalt additives
to achieve a desired open circuit voltage in cells with a cathode materi al
i ncluding FeS2, Mh02 or Ti S2. U.S. Publication No. 2008/ 0026290 to Jiang
di scl oses the use of an alum num additive to slow the devel opnent of a
passivation filmon the surface of the lithiumelectrode. In each of these
exanpl es, the benefit of the additive(s) selected nust be bal anced agai nst
any del eterious reactions or effects (in terns of discharge per f or mance,
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appear. cﬁhwg Y OF THE I NVENTI ON [0013] The present invention provides an

el ectrochem cal cell conprising a cylindrical
[009] Additives may be employed in the electrolyte to enhance certain aspects of a cell and/or

its performance. For example, U.S. Patent No. 5,691,083 to Bolster describes the use of a very
low concentration of potassium salt additives to achieve a desired open circuit voltage in cells
with a cathode material including FeS;, MnO; or TiS;. U.S. Publication No. 2008/0026290 to
Jiang discloses the use of an aluminum additive to slow the development of a passivation film
on the surface of the lithium electrode. In each of these examples, the benefit of the additive(s)
selected must be balanced against any deleterious reactions or effects (in terms of discharge
performance, safety and longevity of the battery).

[0010] Finally, as mentioned above, it is believed higher concentrations of solute(s) normally
improve the conductivity of the electrolyte. However, certain systems (typically in
rechargeable lithium-sulfur battery systems where non-chalcogenic polysulfides are the
preferred cathode material) utilize a “catholyte” where portions of the electrode itself dissolve
into the electrolyte solution to provide ionic conductivity. In such systems, minimal to non-
existent concentrations of lithium ions may be provided to a fully charged cell without

compromising performance as taught by U.S. Patent No. 7,189,477 to Mikhaylik. Ultimately,
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cont ai ner having an open end; a top cover sealing the open end; a jellyrol
el ectrode assenbly di sposed inside of the container, the el ectrode assenbly
conprising: an anode consisting essentially of lithiumor a |ithium based
al l oy; a cathode consisting of a m x conprising a conductor, a binder and
at least 80 w.%of iron disulfide coated onto a solid foil current
collector; and a separator disposed between the anode and the cat hode; and
an electrolyte having a solvent bl end and a solute mherein when t he

solute i the. s nd con 65 to 85 w. %
of tet raﬂ%%%nﬁ?@ lgf?'} th°8 Sgcd) ell§/8 of° f‘[Xhéblt tg‘ BrOB?nSrV pb Vld% . % of
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tetr ahydeP*‘teS!s?ﬁem@ind%org’genEfEl?Qlu‘é\&atﬁ{‘g ae pltfa%s st@éiﬁecﬁ@ﬁ?h biZekPappBirfk3- 4 W . % of

t et rahydrof uran, and 2- di net hoxyet hane; and wherein,
V\/nen t heteadhings éromﬂcglwfa@@cqr@eﬂlﬁnwﬁh%@méfean%hﬁred%m%}@rﬁwstﬁpend contains: d) 35

Qbordy 3- %Iﬂfﬁgﬂeéﬁge he?t@n Wkn%/f?fmér%hrd%@/ﬂﬁ RhitNheR RS iMicafoRf 2- met hyl
tetrahydrofuran or e) 1, 3-di oxol ane, "11.7 to 43.4 wt. % of

t et r ahy d#rpPass. &ﬂnstlautmpnlaﬂm?ssm ﬂ%ﬂ\ﬁb p%r@rt lacozmmwwwmth@ﬁ &killggotue) The cel |

or batt eéryto%{‘chqge AlediBE rdi Rl Q%ertgloﬁf B viad %f[fbileau%;l andard prinary cell
si ze AAA; standard prlrraEét Si ze AA si ze; 'TEC designation FR6; or _EEC

desi gritfizlon PREIS eVOET A Us TBES@QI ETPONngIHS FNRFENTPEIRPd {“O@igl]egnﬁ@é% ot herwi se

speci fi egl, ;a3 $8 @Q}s@&r &lcudtdze, atn@ 'Elﬁr@ n&t'l%ég t(pl?sj Qs P GerflEf thdl @dnandsdiged
t hroughout t'his disclosure as [ 0016] anbi ent (or room tenperature

- bet weefrortiving oppof aﬁ’d“é@&t@ﬁldl% @earulfrg i8 §sbegttribitpd Hehasgosieanendigg Woelkanpl es,

dat a and gg@H%aog&&bﬂgwlQh@&gﬁ&ﬁg@\M@&thhgﬁ&ged/conducted at anbi ent
tenperature 0017]anode - the negative €l ectrode; nore specifically,

wi thin the nmeaning of the invention, it consists essentially of lithiumor

an all oy @MM*‘W%@NW 1oRP% i thi um by weight as the primary

electroc emcally active material. [0018] cathode - the positive el ectrode,
mor e §%@ﬁ|f|d&bpvﬂﬂMHWhﬁwnPheuh%@Hﬂﬁ@bdﬁﬂmﬁé“MWV@mﬂﬁemaCﬂﬁﬂ%%%pr|ses iron

d' sul fi dc% ext D& rah r%’enﬂ] aet% n?gathe AChd; \é?elgl?(lglﬁéleﬁtlode aqngy W th one

nor e I’ Ogl Cc I'TEI’I and con UCtI ve a tives, coat ed onto a
net al li cdlmsqdenﬂide@ﬁ nhee:gnt@mer the electrode assembly comprising: an anode consisting

essentially of lithium or a lithium-based alloy; a cathode consisting of a mix comprising a
conductor, a binder and at least 80 wt.% of iron disulfide coated onto a solid foil current
collector; and a separator disposed between the anode and the cathode; and an electrolyte
having a solvent blend and a solute; wherein, when the solute includes lithium imide, the
solvent blend contains: a) 65 to 85 wt.% of tetrahydrofuran and 15 to 35 wt.% of 1,3-
dioxolane; b) 35 wt.% of 1,3-dioxolane, 30 wt.% of tetrahydrofuran and 35 wt.% of 2-methyl
tetrahydrofuran; or ¢) 35 to 50 wt.% of 1,3-dioxolane, 21.6 to 43.4 wt.% of tetrahydrofuran,
and 21.6 to 43.4 wt.% of 1,2-dimethoxyethane; and wherein, when the solute includes lithium
iodide, the solvent blend contains: d) 35 wt.% of 1,3-dioxolane, 30 wt.% of tetrahydrofuran and
35 wt.% of 2-methyl tetrahydrofuran; or e) 35 to 65 wt.% of 1,3-dioxolane, 11.7 to 43.4 wt.%
of tetrahydrofuran, and 11.7 to 35 wt.% of 1,2-dimethoxyethane.

[0014] The cell or battery can be of the following or equivalent: standard primary cell size

AAA,; standard primary cell size AA size; IEC designation FR6; or IEC designation FR0O3.

DETAILED DESCRIPTION OF INVENTION



100191cel |l housing - the structure that physically encl oses the

el ectrochemcally active materials, safety devices and other inert
conponents which conprise a fully functioning battery; typically consists
of a container (forned in the shape of a cup, also referred to as a "can")
and a closure (fitting over the opening of the container, typically
consists of venting and sealing nechanisns for inpeding electrolyte egress
and noi sture/ at nospheric ingress). [0020] el ectrolyte - one or nore sol utes
di ssol ved within one or nore liquid, organic solvents does not include any

el ectrochem cal systens where the cathode is ex ed t arti or
conpl d0¥fly di'dues 9@eﬁ“ﬂsec§P?féff‘edt & wsehicrsinthe ée“inE)H?t ﬁﬂ%ﬂﬁfif’ efl)?n '(’3Se he cell

(i.e., amhrcuahduihydas 10%@@?55 aslotwhose utilized in lithiumsul fur batteries)
[0021]jellyroll (or spirally wound) el ectrode assenbly - strips of anode

and cdfde, aﬁ“%h‘fﬁ‘t (A £QPPRACTERSFE R I iPETVECTHBOYEr ¢ anddeuraf Grunlest e conbi ned

into an assenbl yOtﬁé’mWe@QteﬁQallaéx%Ele§ A&k bnd ARAERARE itthiHaiSh wEe9- . around a
mandrel or central core. [0022]nom'nal - a value, specified by t he

manuf act urer, t herovided/goagnciada pabicyideraeraifiat can be expected for that

char agh@gfi sti Rk %99%&%1% eléc%@%%@@ﬂﬁca@&%hﬂ g€ meaﬂ1g§oﬂﬁé centage of the
capacity removed froma cell as a result Its intended use, but excl uding

capaci ty renpvedinisptign|ij gpapigts esserily ef 161?11}11?1?@’1’ an allgycentpining 4 lpasi P8%har ge

performed by a %@{%&H&@&a& Qe BRK Sy tehe%tr&%lmcg@j&u%lhﬁéééle for consuner
use. 100241salt - as part of the el ectro ry e an ioni zabl e conpound,
ca y,

typi cat§l i nclcadipdry- thp pesitifgcdpetrode; more specifi within the meaning of the

invention, it comprises iron disulfide as the primary electrochemically active
material, along with one or more rheological, polymeric and/or conductive
additives, coated onto a metallic current collector.

[0019] cell housing — the structure that physically encloses the electrochemically active
materials, safety devices and other inert components which comprise a fully
functioning battery; typically consists of a container (formed in the shape of a cup,
also referred to as a “can”) and a closure (fitting over the opening of the container,
typically consists of venting and sealing mechanisms for impeding electrolyte
egress and moisture/atmospheric ingress).

[0020] electrolyte — one or more solutes dissolved within one or more liquid, organic
solvents; does not include any electrochemical systems where the cathode is
expected to partially or completely dissolve in order to contribute ionic
conductivity to the cell (i.e., a “catholyte” such as those utilized in lithium-sulfur
batteries)

[0021] jellyroll (or spirally wound) electrode assembly — strips of anode and cathode, along
with an appropriate polymeric separator, are combined into an assembly by
winding along their lengths or widths, e.g., around a mandrel or central core.

[0022] nominal — a value, specified by the manufacturer, that is representative of what can be
expected for that characteristic or property.

[0023] percent discharge — the percentage of the capacity removed from a cell as a result of

its intended use, but excluding capacity removed by deliberate conditioning or



some other netal, dissolved in one or nore solutes. [00251DI OX -

1, 3-di oxol ane [0026] DVE - 1, 2-di met hoxyet hane 10027] Tl-1F - tetrahydrofuran
[ 0028] 2MeTHF - 2-met hyl tctrahydrofuran [0029] DVWP - 1, 2-di met hoxypr opane

[ 0030] PC - propyl ene carbonate [0031] EC - ethyl ene carbonate [0032[ MA -

met hyl acetate 10033]EA - ethyl acetate [0034]Li TfSi or Li imde - lithium
bi s(trifluoronethylsulfonyl) imde [0035]Figures |I through 9 contain
information related to the enbodi nents di sclosed in the Exanpl es bel ow.
Figure 10 illustrates the conponents of a Li FeS2 cell

preliminary discharge performed by a manufacturer to make the cell more suitable

for consumer use.
[0024] salt — as part of the electrolyte, an ionizable compound, typically including lithium or

some other metal, dissolved in one or more solutes.

[0025] DIOX — 1,3-dioxolane

[0026] DME - 1,2-dimethoxyethane

[0027] THF - tetrahydrofuran

[0028] 2MeTHF — 2-methyl tetrahydrofuran

[0029] DMP - 1,2-dimethoxypropane

[0030] PC - propylene carbonate

[0031] EC - ethylene carbonate

[0032] MA — methyl acetate

[0033] EA — ethyl acetate

[0034] LiTfSi or Li imide — lithium bis(trifluoromethylsulfonyl) imide
[0035] Figures 1 through 9 contain information related to the embodiments disclosed in the

Examples below. Figure 10 illustrates the components of a LiFeS; cell.

Celi Design

[0036] The invention will be better understood with reference to FIG. 10, which shows a
specific cell design that may be implemented. Cell 10 is an FR6 type cylindrical LiFeS, battery
cell, although the invention should have equal applicability to FRO3 or other cylindrical cells.
Cell 10 has a housing that includes a container in the form of 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 an anode or negative electrode 18, a
cathode or positive electrode 20 and electrolyte within the cell 10.

[0037] 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 lead (or tab) 36. The lead 36 is fastened to the anode 18, extends from the bottom of the
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Cel | Design [0036] The invention will be better understood with reference to
FIG 10, which shows a specific cell design that may be inplenented. Cel

10 is an FR6 type cylindrical LiFeS2 battery cell, although the invention
shoul d have equal applicability to FRO3 or other cylindrical cells. Cell 10
has a housing that includes a container in the formof a can 12 with a

cl osed 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 dianeter step near the top end
to support the gasket 16 and cover 14. The gasket 16 is conpressed between
the can [2 and the cover 14 to seal an anode or negative el ectrode 18, a
cat hode 9ectigasisesnydy-dt fokded agess sy bosamapder ?IBIP%H‘%SW ihseleghede apgmbly

[ 0037] ThenarRdR dkes S8R EBnEAR Wit theAnRe Rafad O th@8daw Al Sihd @hlly. waund
together into an el ectrode assean%@dThe cat hode 20 has a netal current

col | ect othe glpctragppssemily iseeradsif gimbeneld tegstheriy st instdoeheerlingdd tssenbl y and

i s connegh&hchRink Pﬁ)cés@ NS heSDabeh BEEorHatdrAB(e GO ¥&araldt oVpdiPmar MANuaS Pl i Ng 24,
The anode 18 is efectrically connected to the inner surface of the can 12

by a met3) cpehedagiened dai), bybCat Teding. eHHNSB 13PieF EEEWME -t 0 t he anode 18,
ext enggysdr OmAﬂﬁsu%tn% 050k 1§ IB@ate(ﬁJr&ﬁlH "t&qﬁnﬁﬁa‘ﬁ@ Bki¥n of e fo?'o@ﬂﬁ cRek@Rrs the

bottom and up al ong the side of the el ectrode asseneﬁg he | ead 36 nakes
pr essur et netPreyeriihe ¢ehofe prirenisqob e 2 drom Hekig ¢patagaYith G cimle ah

A ter thenglaghied aqe%%ts&ﬁr@é@é JF She\WRHBEL 201 dhd BRMolSM BEhE c4ogat PRberlkRfgr e

insertion by tooling in the manufacturing process, or the outer end of
mat er i al th Ewgrd-fokles stensinn obthesenagaies26fnd i dertasellynsyatm)bosam diss 4 ast ened

down, Dby, ReBhedSf eibBom of WL B ©F taping, for exanple. [0038] An insulating
cone 46 |s | ocat ed around the peripheral portion of the top of the

el ect 1W3Y as $eHBP hasaseparalg ppitiverierming pryget® whict it hekbinpiee bY the @ maki ng
cont act éﬁlﬁﬂadwﬂ%dg%tﬂ@canQQQn&tﬂQ%é’sﬁét 1BehyRARNE BEmbletapadas (Rl the cat hode

20 and the bottontof the can 12 prevented by the inward-fol ded extension
of the stparatlbe cael2gatrenss thg I@g@twe@amtw tqrngngl- A0 meplyineiskeidiisk ayap

posi ti ongedya léd&?4§9§§&régglﬁedtt8%e%ﬁ@ w%ﬁofﬁa@@ghgl:boe' | 10 has a separate

positive term nal cover is held in place by the |nmardhy crinped
top edWlof Dhwosdmetzenthe perinkexghiianae ofibe ferminpleovesd apgd thaselbcayent4 iaper t ur es

(not s hOa itiv {(}ﬁqlp Qxﬁjeﬁﬁ{eKF@Tgﬁdm 4@%@Edb¥£ntﬁ99 t11ﬁlcf'lrs tﬂeqfom Rbirrenfn

i nsul ating | acke as an adhesive | abel 48, Can lied to the side
wal | of under abasmve]_ezectncal conditions. Cell 10 also includes a pressure rehef Vent he cell cover

14 has an aperture comprising an inward projecting central vent well 28 with a vent hole 30 in
the bottom of the well 28. The aperture is sealed by a vent ball 32 and a thin-walled
thermoplastic bushing 34, which is compressed between the vertical wall of the vent well 28
and the periphery of the vent ball 32. When the cell internal pressure exceeds a predetermined
level, the vent ball 32, or both the ball 32 and bushing 34, is forced out of the aperture to
release pressurized gases from the cell 10. In other embodiments, the pressure relief vent can
be an aperture closed by a rupture membrane, such as disclosed in U.S. Patent Application
Publication No. 2005/0244706, herein fully incorporated by reference, or a relatively thin area
such as a coined groove, that can tear or otherwise break, to form a vent aperture in a portion of
the cell, such as a sealing plate or container wall.

[0041] The terminal portion of the electrode lead 36, disposed between the side of the electrode
assembly and the side wall of the can, may have a shape prior to insertion of the electrode
assembly into the can, preferably non-planar that enhances electrical contact with the side wall

of the can and provides a spring-like force to bias the lead against the can side wall. During
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[ 0040] D sposed between the peripheral flange of the term nal cover 40 and
the cell cover 14 is a positive tenperature coefficient (PTC) device 42
that substantially limts the flow of current under abusive el ectrical
conditions. Cell 10 also includes a pressure relief vent. The cell cover 14
has an aperture conprising an inward projecting central vent well 28 with a
vent hole 30 in the bottomof the well 28. The aperture is sealed by a vent
ball 32 and a thin-walled thernoplastic bushing 34, which is conpressed

bet ween the vertical wall of the vent well 28 and the periphery of the vent
bal | 32. Wien the cell internal pressure exceeds a predeterm ned |evel, the
vent bal dell 3Rnufgetuigothérsitahed tyatinal Bortign ef theikshd e b deformeds pe ¢ by aptihe e ¢ he

aper L Ur Gl JIElEASERILAS Habifiae 838 Hoh LATHE B, EflolvinkOrnidd 1nORa
enbodlnents e pressure re vent can be an aperture closed by a

rupt ur e Ireirrod e leadgahsraisg dﬁ@@ll}d@eldtqwﬁrclytssmt@hft@ﬁtplwpfpﬂhﬁﬁeab‘ﬂtdﬁnmB‘l i cation

No. 2005/ Q?%ﬂa%g’coﬂﬁfegs Hltc;f 8 h b€ R)rt &t thrfiYe SEALHGNGS of e @nf €l ati vely
thin area su

S a col ne oove at can tear or otherw se break, to
forma vtéﬂtbyap@mggoedphvsevalmndteleetncaifcorztwéWetbrthe,ca@uch as a sealing plate or
contai ner wall. [0041] The term nal portion of the electrode | ead 36,

di sposed between the side of the el ectrode assenbly and the side wall of

t he can,Eleaplirave a shape pri or to insertion of the el ectrode assenbly into
the c pfefe I V@ﬂé}%ﬁl bl [EAlin&oRLact with the

si de \?;\l/{aaﬁ] of At Cita?llnfa%nEb RJ)?@ sprl ngﬁﬁ éjg orge tlcl) biras the | ead

agai nst dohemgant (s gdeo wated thar&bnunﬁQO pares| per mlmmatwmfé depepelingtpgieed t er ni nal

portion of. r&@%& Sgl?ﬁgx[lét gd)lbtgs rﬁfs?éec?flﬁﬁglﬁee(ieg h8ust1r%\’§ﬁhqg bhgurdcde, Blcahifagne! ectrode

assenbl y e can, follow ng which the
t er m nalclquoplyieanthe brithy nhadliedforcianic spprsifardn @hﬁpS@qeﬂwebam@ af gnapPRICRTRE i nitially

non- pl a t a force
Lo e TRl RARE Sy Hich R05ipRARL B pbo haRRI e aRRML oRBeY o
physi calthasvihteirdcbivenaselardfache sl ytdraust apssesEprpreenriofoynigcipiio4pf A

nonaqueovlilssé?snlg%r tﬁé)fl)l% Sses &%‘C{n a@t'uf?:ganﬁ‘%eé(g 61%%3361t n@ cUEwhil® 55@1@%' ties as a

cont am nan an about arts i ght,
dependi ragpmmathés@hgepemrymmesaﬂoss theemige m@dl)m Ofitsmmmt@F P@t@htlaﬂl’o t he cell

noust 00 BN MM AL s IEGRUTE, IBE: SoPERS BIAGC FLendlEiPRL Bl Y ed 2

for ioniCPYIARS 'h o a sel ect’i on an appropriate sol vent
and sol Lﬂeetro:lguastnmusaltdr@n rbe&tlwarmilnowolanieoqa‘tat lehst porgest héovperouglh baihiegeposft t he

p 0 S S e s5 g%?rg%)tic?%)i etahqe ?/Boqvel;?uongl rP&F %e%c §§Jis aﬁﬁ ?str? h’l@&lﬁﬁlSﬁlL)eCt rolyte nust

NiSEos Ity pur poses of
manuf god3yur e digihiktg and vﬂsdmelt;r cﬁfshd olvegts eed the elmﬁrtrdlﬁe stkey lo memraméathglg

Corer acth Beptantar Py e HET oL S8 b F Bl fapRE P

about - riREbIE iasudda HE)mogEnHohheﬂmneslnﬁlhmy &l cﬁdetrrt@hgcbwnmiat thge _non r eact ive
o OOk Sh o Bl Bk SASbPRE TGRS B R B DR RGP
mechani se8yw a{uﬂ&% djSlMﬁﬁe(ﬂ fiitkly.y and viscosity of the solvents and the

el ect Eo(gélm}lt € A3d1t1ce)1¥ally, the so Ve S ancfi ﬁl H:E:tiroqgre must possess a boiling point appropriate to
the temperature range in which the battery will most likely be exposed and stored (i.e., - 40° C
to 60° C). More specifically, the solvent(s) must be sufficiently non-volatile to allow for safe
storage and operation of the battery within this stated temperature range. Similarly, the
solvents and the electrolyte must not react with the electrode materials in a manner that
degrades the electrodes or adversely affects performance of the battery upon discharge.
Suitable organic solvents that have been or may be used in LiFeS, cells have included one or

more of the following: 1,3-dioxolane; 1,3-dioxolane based ethers (e.g., alkyl- and alkoxy-
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and operational aspects of the battery. Al solvents used in the blend nust
be conpletely mscible to insure a honbgeneous solution. Simlarly, in
order to accommobdate the requirenents of high volune production, the

sol vents must possess a sufficiently |low viscosity to flow and/ or be

di spensed quickly. [0044] Additionally, the solvents and the electrolyte
must possess a boiling point appropriate to the tenperature range in which
the battery will nost likely be exposed and stored (i.e., - 40 Cto 60 O).
More specifically, the solvent(s) nust be sufficiently non-volatile to
allow for safe storage and operation of the battery within this stated

t enper at WpsitehrOX. sheh 4s Zripgihyltlfedigtlaps @“&H’dﬂﬁé‘y Beecsby b nust not
react Wi §iBetb8 Bhasl PR ABlyehha @aséd@t&rs‘@@n@fglﬁmhg@%@r adegyhbedsl ect rodes
or adversely affects performance of attery upon di scharge Sui t abl e
or gani ¢ @phueisyscthfiene chdoeaid Empyispe %I;pn% lus By Ylene qartpass; ZibitElerray e

I ncl uded,ARGa@rvi n@ &bo Jfaréemfeﬁlkr f@i’l‘flzﬁ’&y bﬁty%l&@t&?éoéuﬁﬂﬁne l@e%dr@th%xm ane based

ethers (e.g. - an koxy- substituted DI OX, such
2- met hy | N.N- @mdﬁhw%mmdew DidthIw@mdN&@mﬁelpr@tyaenyureal 12 3,3-
di met ho&x&m&@mal bgta g BL Ry %tQ Q{J:If?xo%@g n?e&ﬂﬁé@ah@@rog}rfur}q le@ky @Ryt ri gl yne,

tetraglyme, ethyl glyne, etc.); ethylene carbonate; propyl ene car bonate

1, 2- but ytendeteshbdrotvsang: THE 3r%m@@lb’]etﬂéahﬁérpﬁ‘ma?@eﬂ\?ﬁﬁ?‘lﬁéﬁém@ﬁ?fbonat e; nethyl
formate,, El{ﬂjr&%;( L:@%gug%ﬁrransgl5fﬂhﬁﬂﬁlso%ﬁk?@ﬂﬁ b 18- dlh&ehl'ogﬁgﬂﬁiahy | formam de:

N, N- di net’ cetam N- di net hy | eneurea; 1, t et ramet hyl urea;
beta am (nBMli’ohe@ﬁ 1, BeineethpryproRese basd Comﬁtuﬁ% Ean sen s P et her

g1 et Ndoagt Netgod ggﬁlghygéaﬂg Yr é’d%c{ﬁeﬁ% sAIfibIa with tHEBLIBNEd doRleh @) YA, af WiRN:
2- met hoxyt etra uran hoxyt et r ahydr of ur an;

3, 5-di rrethmanus&ymzf@bleer(t eBIACtoyistic Ao Wﬁlﬂ%&fw sigdation Or mhvPrsy effegt

1, 2-di gg%ﬂ%%ﬁ Bﬂp@@% s!ﬂ@%ﬁeﬁl Q\%@ny& (b% uged 'n ﬂ#@%t éeﬁlk';n%ﬂldpw (“1§11i1ﬁm)

[ 0045] ts's e near yor conp ete soluble with the sel ected

sol vent (iedide&dhdiCEBS O Hithivrh griftpied s i!psCélD@hhéﬂur@ pireideratconbi{@E1SéRLNt i cs above,

wi t hout d I ts that

nave bedn A EREE ELER (TS OPPARE G FORT, IGROIRM Pl b SRt 2 )

L| CF3803)15((G>Ialattdijmm tlithifuindorattile, lighian Oexaflueroplivsphaicprateshiuay at "), Li (CF3S02) 2N
“lithi i I

candl dath g%séﬂ%)g)%@sp }ﬁ%r%gmnggﬁéﬁ g%)ﬂt% lc]\}) %g%g%eef‘g??%%%m borf gd r%?%([ae Cﬁ)&hlt a%fhhfn

hexaf | uchgyploospiradt evithplot hpssngj wieth |sepding ph@stplh at wlventd and thi thesi do not

hexaf | ug ey do not

ronct wieR RS Wi itk FRBGRnEL (bRl BpdQRo MR FhnkReY 00, Pt

t hey do thotatcggridde e)cposqniraad ﬂmetiad ® apatated®. gt epetatiet, elskyicd lopddese. ). the

typi cal |, é/ C)es)s%BI%(Et e% n(l:oofr:] an onens%lurte to\ﬁ?a ﬁltﬂzé& alg%l}egtrs rllolr QxﬁeeXposed and

expected ]Eooe ateé (r ure, trical dm : is

possi et o Eﬂmmmm@ldfhamswnbﬁs&;l qatleacb@rdmgmmmemwtvmrweé@spém S of

per f or man 0046] .Et hers s abl ng to the

i nventi 6?5%\1/%?% foﬂ ‘]éltr:l R ao) qﬂ]]tafgﬁ ?abﬁ et o??%ﬁshéf%? L&%e?[%%%{ogllrt ge usabl e

l'iquid r@rge v1se<$ped8}agdoyﬂ s«rleaty]glpmperm& fqr hithiypo satts,, (4)(@)961 Icmmuvals@@@;ﬁml (3)

d I t f I dth I
arebi 11 eYPubg B PP i 35 b iR el 1R SOBERES 0T £ 00 ™
si m | ar IME and bEdX. eF1gtnIearsh<53IIIEa tabid of)lh%lvdﬂtsgmnedelreds hoivsling mediviggroots, t he
SQI Venj[ fbg%%%f)%)lg%iragéj hlécoggf \/gllrlu{)]gh rT},aol telng%sp 8 %ure}f%el deglg dPB'IE%?IthQnd

Vi SCOSi eene 0 neet the
criteri ariebaveve.

[0047] THF, 2MeTHF, and DMP were evaluated using Lil and Li imide salts. Two approaches

were used in determining the solvent ratios. Insofar as current, commercially available LiFeS;
cells utilize a 65:35 DIOX:DME blend (by volume), DIOX and/or DME was replaced with one

of the new ethers and cells were tested on low temperature performance. The second approach
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[0047] THF, 2MeTHF, and DWVP were evaluated using Lil and Li imde salts. Two
approaches were used in determning the solvent ratios. Insofar as current,
comercially available LiFeS2 cells utilize a 65:35 DI OX: DVE bl end (by

vol unme), DI OX and/or DVE was replaced with one of the new ethers and cells
were tested on | ow tenperature performance. The second approach was to add
a certain anmount of the alternative solvent into the solvent blend
65DI OX: 35DVE (v/v). This approach was good for quick screening of many
alternative solvents, although it did not offer any direct conparisons. The
particul ars of these approaches are summarized in Figure 2, and the | ot

number s Vedp eéte eoHaInaMRuBlsh hy alinative soluirhinfbe sdrent Pand RIPES OB ughout
this ap pdvm.aIin proh éls'fg%cli fde Euiél@J;cY&Hﬁmé B BRdsa e QARG @ Bivetts GRhAighates and

acetates, only Li imde salts were used because the chem cal reactions
bet ween M9t Piferay disgchemenagisonsohiearartiqulars of ghepgrappragslice aieispomgrizaddt e t hat

car bonat £5,,,83hnd ¢RI R L& ihSleRBhblY 15 @b Rl LicPHTRIFRired MRJukhdiSage in
| ow t enperature secondary lithiumion Cells, although as shown bel ow, none

wer e abl ®istapplisaténs de adequate service for primary lithiumcells. [0049] The

sal t Gprgent @l i Goifaf pRhds c@ﬁt@xﬁfm@ Qh¥biges WaPackiaes bnBl LiGmide simlwrse @bdsol ute
per liter of solvent blends at anbient tenperature. Al solvents had

rel ati veltegausoile sisnieal practions beteen hif e cabomagssayveahldbigtinsehpletiif Ohhi ch had a

Moi st ur enleMs! caffon2B0QaRLHAL QL ert Bﬁgi@ﬁl’y%@l@&éd’@a@ed&ﬁ@éiﬁusaé&% n&fore, DVP was
stored wth 4A nol ecular sieves to reduce its noisture. After storage, the

noi st ur eemper@vP segpsdarie Hiiiwetiongellso 7igwrgh 4s0b5w] tehev.Mpng Wers RRIFE BPVithe

el ectrol vt & A SRRAISGDNBS tnddtyfor all lots. Cells were pre- discharged.
Al'l other aspects of the "assenbly and construction were consistent with the

di scl 6¥ie cdhe sdltredceneatisnor IGHBTPITIse way fdked ab. Y1 Belep pf Jofusg bRy LPHA showed

subst antd,ghp b%ﬁg(:?,ecnﬁlho?e% t@ager%émﬂ SRkAY hid RRRVEAREH SRR G dhmext remel y
| ow tenperatures (i.e., -40 C) as conpared to the previously recogni zed

best | ovi5t¥ippel atcwtéoréi’MBtwléﬂylnaég,m@mm leysl af B8k K¢ thsserdeckivedni t ed St at es
Pat ent  Rybl j. Ot 8k Nowip w29 98RA45haA ANELR: sROQEORABEIA monl@B] Ahgant 1y,

t hese
storage, the moisture of DMP was reduced to 197ppm.

[0050] The fill volume of the electrolyte dispensed was 1.47ml for all lots. Cells were pre-
discharged. All other aspects of the assembly and construction were consistent with the
disclosure contained herein.

[0051] The electrolytes utilizing THF showed substantial, unexpected and dramatically
improved performance at extremely low temperatures (i.e., -40° C) as compared to the
previously recognized best low temperature electrolytes, such as those disclosed in United
States Patent Publication Nos. 20060046152 and/or 20060046154. Significantly, these
publications document the well-known problem of “sudden death” of cells at extremely low
temperature, although it will be readily appreciated that even in those publications no viable
solution was known to provide substantial service at extremely low temperature and high rate.

[0052] In contrast, the invention solves the shortcomings of the prior art by providing a battery
with substantial capacity at extremely low temperature. Moreover, the use of THF allows for
the salt to be varied, whereas the prior art indicated that blend of Lil and lithium triflate was the
best (and perhaps only) means of achieving any service at low temperature. Furthermore, the
invention maintains the salt concentration at 0.75 M, which should assist in maintaining room

temperature performance. In short, the THF allowed for more capacity and at lower
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publ i cations docunent the well-known problem of "sudden death"” of cells at
extrenely | ow tenperature, although it wll be readily appreciated that
even in those publications no viable solution was known to provide
substantial service at extrenmely |low tenperature and high rate. [0052] In
contrast, the invention solves the shortcom ngs of the prior art by
providing a battery with substantial capacity at extrenely | ow tenperature.
Moreover, the use of TI-1F allows for the salt to be varied, whereas the
prior art indicated that blend of Lil and lithiumtriflate was the best
(and perhaps only) means of achievi nP any service at | ow tenperature.

Fur t her niomgcratotee thap wenprievaushaknerai wikiletsHl pryidingrgpeieiss ¥ ap| reh sevicofors M

whi ch Smﬁtgm& ﬁltéﬁpérﬁulg‘%}amlq[[egl ng roomtenperature performance. In short,
the THF a nmore capacity and at |ower tenperatures than was
previ 6¥sily kridwn whvmihliseele;t;trplb/te lwssﬂhrbnongn%t@éq\u@taé@qsfz beftsry graprdingdd Bece for
most anbéo%ﬁ%ur&tﬁ)m%cﬁ{)w %o@er @kt&o&ﬁﬁ tﬂr&@é&@ﬁt?%%bse%@@t LdeRegh&ptrolyte is
used in confunction with a L1FeS ery according to the configuration
descr i bedmpdygviss. bxnm@n@pﬁmpys,udnpblgv@mn@@ opgapacitysan herkpattekext remel y | ow
t enper an]HB ver, tﬁ'es g'cMéahzg@%Rﬂ(%t Ee@ﬁﬁaﬁ@ rlﬁgncggﬂ%&ht y can be
expecte reover, hese I mprovenents can be realilzed w thout sacrificing
per f or nﬁnmeer@ttlreroogmneelﬁb@d disolraegegest prch pedic Amezigth Natwarlaxrtapdanddestigite such as
t he Amer Institute (ANSI) digitial still camera pul se
test. @%%IAI&EL%%%P&@ gs(554] The cell container is often a netal can
with a cl osed bottomsuch as the can in FIG 10. The can material wl|
depend i®Rak8 QMndohgeactive materials and el ectrolyte used in the cell. A
comon nat eri al fpe I's steel. For exanple, the can nay be nade of steel,

pl at edosdlt h ﬁ‘h@k@ll coptaingt is pfersd mt:thlecaomtblad@sqdﬂoogp@tse@taSttllrﬁe:aomElﬁaléo of the
can 11 OmiEQhd A8 will A6chd Rpalor Beabi/aGnf@ih Ry VRLIRA: b4 RI AV AP Aarying
degrees of corrosion resistance or to prOV| e5|re appear ance. The
type of ®mewh nyidrial tdp@l@ratdeh Fopegamplenthe h@rmyrh@emadﬁ of sigal.aiptedeiticepltehi ner i s
formed. For e ff , car bon,
al umi num k| ?thjmgﬁ@%%%&t%e:&lﬁ?lg él%cag%clg}éll OH&I&E ﬁl@qﬁglogglsalmk eelng ASTM 9
to 11 aria venndtapwdldte(yalsfmggihglbgs Oék:mngamecklsgemawwtg heopale ﬂ@(h@lredst eel s, such as
stainl ess_st eel et )€, when t he
can is in &lect rsllrhéeg ecogg gfﬁi dgl%eﬁmﬁart%gﬁﬁ r@inn&éﬁg@ghrt] e(racs?gég{ggel may be
used f orfoinngdr Byreblawesins theneel du be adiffospmmnbaled, v caltdnodemara kellect r ol yt e.

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.

[0055] The cell cover can be 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 shape, such as
the cover shown in FIG. 10. When the cover has a complex shape like that in FIG. 10, a type
304 soft annealed stainless steel with ASTM 8-9 grain size may be used, to provide the desired
corrosion resistance and ease of metal forming. Formed covers may also be plated, with nickel
for example.

[0056] The terminal cover should have good resistance to corrosion by water in the ambient

environment, good electrical conductivity and, when visible on consumer batteries, an
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[ 0055] The cell cover can be nmetal. N ckel plated steel nay be used, but a
stainless steel is often desirable, especially when the cover is in

el ectrical contact with the cathode. The conplexity of the cover shape wll
also be a factor in material selection. The cell cover may have a sinple
shape, such as a thick, flat disk, or it may have a nore conpl ex shape,
such as the cover shown in FIG 10. Wen the cover has a conplex shape |ike
that in FIG 10, a type 304 soft anneal ed stainless steel with ASTM 8-9
grain size may be used, to provide the desired corrosion resistance and
ease of netal form ng. Forned covers may al so be plated, with nickel for
exanpl e. afr@UBEIPPheancer Fmmital coiperarstfinintkdp 0w nigbelcplateckgold reHedsstech ol or r osi on

by wat ergidqfie nﬁﬁal ga d af Ff/t'hé ONIRMe foRQd VRl RCEMifA a6 RRGUELIYI ty and, when

vi si bl e on consuner an attractive appearance. Term nal covers
are of t epresyadeclicf vyntshihe kasing] eavend genstaily haye cad osmetsiholss tosfeeiitatercrlht i s ni ckel
pl at ed a\,tng)fl the covers are fornmed. Were termnals are | ocated over
pressure re ¥ ef vents, the term nal covers generally have one or nore hol es
to fadeosiit at dhe eh%etvemtatﬂquom pOOBTIbIhdenymplastc majeriph thet frpuesahgdesiied abl e

t her mopl &gﬁdg@r%}tﬁg ' lgila%ahgﬁasgle&{og\ﬁ g8t ih Bs‘n desi @r%@kroift@wﬂlgos%g PELIAAS:

Mat eri al ct'ion on the electrolyte conposition.
Exanpl esofefitabld maitriads 1ndu@rpoéu{psonyl¢e¢ mdlarplmvlym &yif;ﬂeetﬁ@aﬂussﬁgfmﬁ@w@?éhé

sul fi de, Vlfnﬁétrléfcb;g)q orl)}%u }Jléﬁglié? Va'nHXJ)rﬁlglnaﬁfo fﬂgtgl)fy 'ﬁéferréﬁoéamw yl ene

terepht halate an i mat rons i ereo erre gasket materials include
pol ypr opyhteneds ibeludy pOWR@YEAb(@@EEB@ FAZM B34 &om %¢19Pﬂlml¢fﬁl§ it n W1 nmington,

DE, USA AERNR0 f
Chevr on)gﬂﬂﬁf%‘?péﬁggﬁ%eﬁ\aﬁo% gféﬁe %‘?& %%Cj %%ELTM?(%E%S%%%%% ot her e
pol ymer sCheveinbhdligsiinghé WoodlamiscTX.i U4r Smah dmountmfgélmr eolymapoamiscingy al so
be addedn!)r ar}l{]ﬁlgé?éign%/gr% aﬁllc ng%cglggsgﬁékzﬁgd ti_:e %8;]) H&%a&% £bs tH@ asi?& coated

with a sealPant to prow ene propyl ene drene
t er poligosar ( HRD)sketsnay bsupatabww sealaalrtd proaide rth@diest spalt Edylsae p@layltne?bl e

materi al cﬁen%%@rpcg%ngs(ﬁgDM) is a suitable sealant material, but other suitable materials can be
used.

[0059] If a ball vent is used, the vent bushing is made from a thermoplastic material that is
resistant to cold flow at high temperatures (e.g., 75°C). The thermoplastic material comprises a
base resin such as ethylene-tetrafluoroethylene, polybutylene terephthlate, polyphenylene
sulfide, polyphthalamide, ethylene-chlorotrifluoroethylene, chlorotrifluoroethylene, perfluoro-
alkoxyalkane, fluorinated perfluoroethylene polypropylene and polyetherether ketone.
Ethylene-tetrafluoroethylene copolymer (ETFE), polyphenylene sulfide (PPS), polybutylene
terephthalate (PBT) and polyphthalamide are preferred. The 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. The bushing can be injection molded from the
thermoplastic material. TEFZEL® HT2004 (ETFE resin with 25 weight percent chopped glass
filler), polythlalamide (e.g., AMODEL® ET 10011 NT, from Solvay Advanced Polymers,
Houston, TX) and polyphenylene sulfide (e.g., e.g., XTEL™ XE3035 or XE5030 from
Chevron Phillips in The Woodlands, TX, USA) are preferred thermoplastic bushing materials.

[0060] The vent ball itself 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. In the event a foil vent is utilized in place of the
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[0059]If a ball vent is used, the vent bushing is nade froma thernoplastic
material that is resistant to cold flow at high tenperatures (e.g., 750C).
The thernoplastic material conprises a base resin such as

et hyl ene-tetrafl uoroethyl ene, polybutylene terephthlate, polyphenylene

sul fide, polyphthal am de, ethylene-chlorotrifluoroethyl ene,
chlorotrifluoroethyl ene, perfluoroal koxyal kane, fl uori nated

per fl uor oet hyl ene pol ypropyl ene and pol yet her et her ket one.

Et hyl ene-tetrafl uoroet hyl ene copol yner (ETFE), polyphenyl ene sulfide (PPS),
pol ybutyl ene terephthal ate (PBT) and pol yght hal am de are prefen-ed. The
rcsin carenbeallmesginplyetgsdsipedahoivats g purssanted U.St Basnt Applirgtien FPuybdeatiop Nor ovi de a
vent busiy;hg, $debBked BRlekiRd nRY dilY RV R B AGLRKdaSt i ¢S at high
t enperatures. M{FE& %‘ Cg’%g cane e %en?lect ?0}1 nol dfebgnfrgrsnthle t her nopl astic
material . TEFZEL@ HT2004 (ETFE resin with 25 weight percent chopped gl ass
filler),g ([cgt) yihl al am de (e.g., AMODELO ET 10011 NT, from Sol vay Advanced
Pol yner s, uston, TX) and poI yphenyl ene sul fide ge. ., €.0., XTELTm XE3035
or ) E3®80 fr die @iy camprihs 4 juiipsf lithiuTeetalrodicamerse eﬂr%? toygsAjhiyp éoﬂp riéterred
ther mopl At G QUM ANTRLEE VAY ShoubRRRRHTRE s Mel bR, theiphE1i{ al _made
from any ﬁ{? m%l e mat elp?la? %gst O% %ﬁmﬂgn cotnt act ev% tﬁlt?}ga%el ‘contents
and provT@éﬁhltheaId@sallpw‘{v:léwth@@a*almqwhﬁﬁalvl@mﬂlm@ repradedbe dosired ¢ell. G asses
or nmnetal e foil vent
s uti SRR B e e S o R e Y R e g

pur suantnevetheleS. beﬁaﬁxmeddqmlplallcﬁatdemne@lﬁwlhlgba(cmmﬁatm ap}ﬂ@@@?ﬂ%&ﬂ@sﬁ) thet he
above re t ed.

21 ect rode S ROBEL TR nled s Sirkcrp 6, BEREARH B dBMPRBUN! ST s

r ef er r echltrpinas féil, tritainmg 615 Iweigﬁhpermnﬂio@mnlmon awfilabladton Chpmetalldientey ar Y,

t hough f I ium the purity is always high. The lithium
can be a‘?({r% ﬁ}é]%gﬂ/%éﬁl%lﬁﬂg? IIrjr%tbal s, such as alumnum to provide the desired
cel | ¢doextri Calher plmdf: oratreinls enag be pemiblc; imgludiag eqdiwh tietegimi Zins, maANgAtmOf
l'ithium | u e a esi gned
for hi gh aﬁn%r}uﬁ} Slglyéar gsh Alngg{é M%&%]??Aa?e%%ls%?dlmh @}n%@?r a@l'ages Hltﬁ%{ﬁg? oure
lithi un)th@sekcmtof@oapmnml%ﬁtaadde Appuiad prill bﬁtmﬂmfe@}yhmmﬂblﬂltymfm al um num

foil, cont (o [ Lnum is available from Chenetall
Foote Cot' 8 e, Wlk]n]%(}jghel\%% gand/doﬁﬁ ﬁlﬁgﬂgeﬁ%&!

[0063] As in the cell in FIG. 10, a separate current collector (i.e., an electrically conductive
member, such as a metal foil, on which the anode is welded or coated OR an electrically
conductive strip running along the length of the anode) is not needed for the anode, since
lithium has a high electrical conductivity. By not utilizing such a current collector, more space
is available within the container for other components, such as active materials. Anode current
collectors may be made of copper and/or other appropriate high conductivity metals so as long
as they are stable when exposed to the other interior components of the cell (e.g., electrolyte),
and therefore also add cost.

[0064] The electrical connection must be maintained between each of the electrodes and the
opposing terminals proximate to or integrated with the housing. An electrical lead 36 can be
made from a thin metal strip connecting the anode or negative electrode to one of the cell
terminals (the can in the case of the FR6 cell shown in FIG. 10). When the anode includes such
a lead, it is oriented substantially along a longitudinal axis of the jellyroll electrode assembly
and extends partially along a width of the anode. This may be accomplished embedding an end

of the lead within a portion of the anode or by simply pressing a portion such as an end of the
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[ 0062] O her anode materials may be possible, including sodium potassium
zinc, magnesi um and al um num either as co-anodes, alloying materials or
distinct, singular anodes. Utimately, the selection of an appropriate
anode material will be influenced by the conpatibility of that anode with
Lil, the cathode and/or the ether(s) selected. 100631As in the cell in FIG
10, a separate current collector (i.e., an electrically conductive nenber
such as a netal foil, on which the anode is wel ded or coated OR an

el ectrically conductive strip running along the length of the anode) is not
needed for the anode, since lithiumhas a high electrical conductivity. By
not uti |lead anep theehifage @fuher lithiuncfeil| Eleg lghinmpps tighiwgw alkey hagadhosyq RBPEELSRi t hi n t he

cont ai nef, 4f Qﬁeréﬂnb/r}?fea %ﬁ'ﬁfl%rent%f&@ur@%r QalbMReERh feil@liSind ABQRRe GHIT T ent
col | ector's °rma copper and/ or other appropriate high conductivity

metal s swﬁ)elé@e lcompongats tdxe@wrarTéle sezabyeclodiede eplsswevides Wiler lsthaiorimt eri or
conponent.§; ﬁ%mttcb? il 68 L§gra.t10r?| ’ﬂfétléaglxﬁ/atyed)sc peRshntOE&l |k %ﬁoﬁia&%@&d cost.

[ 0064] The el éctri €al “connéction must be maintai ned between each of the
el ect (des afie el BHpoNMgingdhettadaiods praomagafiemtnickel orinipkelgiaiedetieahi t h t he

housi ng. wf%n u(lf’:fgc?e%h% cf)gx?rleswtg&g é&? ? Y e%gxiaﬁ§ leg@tgﬁl fS';rRm:Iﬂ ah?bﬂgﬁ%i}ﬁlle?ﬁﬂa{n' P

connecti ng the an ectrode to one o e cell termnals
(the cam. 5rﬂQIchﬂ irc@dea t@ﬁlld“hmffﬁﬁ%ﬁlt galster shaeuridahculle@. thidGgh thy\feadh artcﬁelvanode

i ncl udes such alead, it is ant.i al | t udi nal
s or T of v Fan o ety Bl BbSeo R pRaRt ket R SRl st Pl g

wi dt h ofExah@les bostRer sfﬁhib& rﬁgaavbeleaﬁﬂelmﬂ iateeidls Enhldel(hunge aot lewichd o, the | ead
within a portion o e anod or 7{‘}2%%/ Bressi.ng]lzﬁgortlon S as an
ond of L RBPE SRR G DA fCSP;pé’r SYRE {rPRReTiRe o TpBPeioa, of

l'i t hi um3h hiokel hdsut@HIesdiN®n N pBd: D @ S%amdngame mathl tye @llankebsig ca)ppdrl ght,
sufficient pressur

nt act be en the | ea nd el ec d wel d t he
conponeri’ Irt”&iﬁé‘flleE‘r“egTﬁ’é trRge 0% ]gf ‘ﬁ%ssrsrtﬁ a(brp%tv‘?aéesg) &d\@ﬁ a | ead
prior tcbélwéeﬂ@d) hat th@&&l@sﬂtlﬁﬂl 1s)éfaﬁle|W1th€H vhé ghld’tlﬁbblildnﬁlcal Idkintledidg may al so Ee | end
connected vi a ap ria t al. ri onpri |ng the | ea
36 is of‘l"é?ﬂuﬁ%é ‘ﬁ}ﬁtFn i‘:‘*}{‘& mﬁ'E %@Pgrﬁlryat? 83%08(?3%%\’})3?% EE:’ Bently I ow
resi st angPurts th rela@ AL mAlok ¥mb@SSaré Maminkbiyed anzand preferably | ess than

4.5mC2/ c in order to allow sufficient transfer of electrical current
t hr oudf6% he LB epthode s the form of a strip that comprises a current collector and a mixture

that includes one or more electrochemically active materials, usually in particulate form. Iron
disulfide (FeS,) is a preferred active material although the invention is applicable to most
cathode materials that are stable with Lil and have a potential vs. Li that is less than 2.8V,
possibly including CuO, CuO, and oxides of bismuth (e.g., Bi,O3, etc.). Notably, MnO, is not
suitable because these cathodes have a potential that is too high when compared to the Io/T
redox couple.

[0067] In a LiFeS; cell, the active material comprises greater than 50 weight percent FeS;. The
cathode can also contain one or more additional active materials mentioned above, depending
on the desired cell electrical and discharge characteristics. More preferably the active material
for a LiFeS, cell cathode comprises at least 95 weight percent FeS,, yet more preferably at least
99 weight percent FeS,, and most preferably FeS, is the sole active cathode material. FeS,
having a purity level of at least 95 weight percent is available from Washington Mills, North
Grafton, MA, USA; Chemetall GmbH, Vienna, Austria; and Kyanite Mining Corp., Dillwyn,
VA, USA. A more comprehensive description of the cathode, its formulation and a manner of

manufacturing the cathode is provided below.
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m ni mal or no inpact on service life of the cell. A preferred material is
304 stainless steel. Exanples of other suitable negative el ectrode |ead
materials include, but are not limted to, copper, copper alloys, for
exanpl e copper alloy 7025 (a copper, nickel alloy conprising about 3%

ni ckel , about 0.65% silicon, and about 0.15% rmagnesium w th the bal ance
bei ng copper and mnor inpurities); and copper alloy 110; and stainless
steel. Lead materials should be chosen so that the conposition is stable
within the el ectrochem cal cell including the nonaqueous el ectrol yte.
Exanpl es of netals generally to be avoided but can be gﬂesent as inpurities

in rell®psslyvel yTharernt %ﬂ%ﬁfﬁl{@aﬂ?“féh%ﬁ%“ﬁ@iﬂ orjippldeigtopqathode SEEFSRE cat hode

i's in thge AR Afix@Brehdyite chii@ orfPHMRIr BEE si@eCHTaltBR etPbifChimiAREisa M Xt ure
t hat includes one or nore el ectrochem cal I%/ active materials, usually in
epd

par t i cul erEngnbr yied masHalgiT8e pyTegecoflasmayiextend Byvapdihe gertige pf hecaikads i al

al t houghedyhghid ﬁlﬁ@&&ﬁd&@ rdiSu@P Fhis Q)?t@rllc@ngt@rtmﬁ)tf tlﬁ@ﬁﬂ&@@ol[&k@&dnﬁﬂr@w&eﬁat are
stable with L have a potential vs. is less than 2.8V, possibly

i ncl udi nepnEnient areyfyp makige wat%ylt%fhetslestﬁlﬁ%l rlaeaé éorglectefhﬁozhfiwosg‘tve t@fmm&lot abl y,
MQ2i s nets RutbRRY EeeBWné&%&%x%@thﬁ&ﬁorh&%ﬁ‘e arRt@néddlo that is too
hi gh when conpared to the T2/1- redox couE [0067]In a LiFeS2 cell, the
active naingpyrafo BekeEe Myl olfheiaicatl yriame 30 lgjlﬁﬁﬂab@rfereﬁ’?’é“’q:‘@@?“asm‘é cat hode
can al so,&ept,@ N one or nore additional active materials nentioned above,

depending on'the desired cell electrical and dischar %e characterjstics.
More [06tier affihg cathrsle dealsopicalaeanneegd tp e pasitiyHergsing of fhe celt noweM&6bfpr i ses at
| east 95,44 Zggﬂﬁed%f%@ecl:ﬁgﬁeadﬁgﬁenmf@ fEHh SRRl néAbiih 8RS Eprg, aei ght
percent FeS nost prefera is the sole actijve cat hode mat eri al .
FeS2 havihawn & BFGr 16 yﬂth’%l@]éweléﬁd %&nnwa@%ar@éswsaw bl leehie often mydeifioabl e from

Vashi ngtlﬁ&el\qgwbtls@ stalmgs s&eﬁﬁflltag&heﬂ%bom%nt rg}ﬁlﬂﬁ‘ tzé’-£ Eon@@?ﬂdn sMhﬁf\fdﬁhat Austri a;
and Kyanite M ning Ptpé\?/ onpr ehensi ve

descri ptdisstpsest lntlhlete@:ﬁ‘tﬁm)a@eml ‘fa@%ﬁ?f&l N@nl 1&3’8 8§5 rYH‘t*ﬁli‘eSPO‘Hfl PHRISIPACt uri ng
the cat hpdg., l@OVQ&Q&Iﬁ%ObQJn@WI Un{téﬁ%@ﬁésﬁkﬁ?&n{:ﬂﬁﬁlﬁgﬁon%hhl% Qi /78p¥3epe di sposed

within or | nbedded into the cathode surface, he cat hode m xture may be
coat ed omtieh daeld ppbdlisbrn osiltte Ocigherd 61 0B h?ﬁt%flw%thﬁffbconml% #eign§dsea comonl y
used matgrial &R h&EpRE RXLE0REB8Y RBELIYIS tRQKihon of the
cat hode tg%‘lﬁst@l ?er?l-gﬁglsc#@lcat e é<t J$£Wg%hl s ext endi ng [E)’OI’tI or)1( of the
current ccbidesignoay wiine pfrﬁmflt@ee %lteU@hYﬁeQﬁCé‘le @nwt%wrqumgng;W%t with the
el ectrical uJe?f"g ? 8901&69 1h&e BOSH %d %%oﬂﬁ%ﬁﬂéﬁ@ imitdn %db\‘sicéj%hraé"-g’l e to keep
the vol une o Ee ex Ing portion of the current collector to a m ninum
to make stwdard ERCoik utilirediant eafeipmedhonismdo plevenhengehy digehaige/apitieg pbhe act i ve
he. posi T ety R R o AR LSy = 1
el ectri cad aljogmdilabften in the formof a th|n metal strip or a spring, as
shown in FIG 10, although wel ded connections are al so possible. The | ead
is often made from nickel plated stainless steel. Still another enbodi nent
nay ut i |Sepgatar connection simlar to that disclosed in United States Patent
li jon | ' I RN Rlrichd er
Nove 02%0 29, §§ ﬁ%aratg?g/a ]&méﬁ? é%%t%bg%z%gﬁtlgn&&ﬁe%%ﬁ on Senrc?la>I )
11/ 787. %mondﬁmladn I sapadlepaf ibbidgily abivast sorad tlentroPeet widen the@orep 00Be  bot h of
whi ch arg. g 5*“% Y@t WD b%n%ﬁggogabgﬂ%ﬁrf&%s SthSa Pk LAl AoANd
|ncorpor Feference herein extent a cell design may
utilize eh:nelcaity inbvdsethakleetratas frore cathadter. i Batlorswﬁﬂecemrwrmraésmmsm i ting
devi ces, .the u e. current
limti né) h&e%(?m Om{s%sulcr:lﬁ"leCtrlcal g tap[ 1 &R%D%@qeml&bsttp fege %gesrﬂg “sa %%3%7130 hani sm
to pr evamgesrafﬂ&vmpardoaﬁteabgevidmmmge afget dfat adt ope elecsigide tiihauremg thes sol d by

;z;lol Elb %g(t)({e%% ¢ %hcgdg d(M%Qtl ncl)ake e{ecfrlcgl‘A bntac‘ct' evenq“ H‘l@}l; ar% lngteﬂ’eﬁ@&iyva%ine%rv%thal SO
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Separator [0070] The separator is a thin m croporous nenbrane that is

i on-perneabl e and el ectrically nonconductive. It is capable of holding at

| east some electrolyte within the pores of the separator. The separator is
di sposed between adjacent surfaces of the anode and cathode to electrically
insulate the el ectrodes fromeach other. Portions of the separator may al so
i nsul ate ot her conponents in electrical contact wwth the cell termnals to
prevent internal short circuits. Edges of the separator often extend beyond
the edges of at | east one electrode to insure that the anode and cat hode do
not make el ectrical contact even if they are not perfectly aligned with
each oth%¢h0¢ﬁvéﬁ@@Vﬂa%BK@“@E@ﬂQQMV@H@émﬁﬁﬁpﬁﬂig?Wﬁ@rﬁﬁﬁﬁ%ﬁﬂﬁvmgﬁbarator
ext endi ng.heyqnd the el ectrodes. [0071] To provide good high power discharge
per f or mance |t is desirable that the separator have the characteristics
(por ed00f1t h Fogrenideeaspd bighepwsrdisclsrecneriparanee 1 isoo5 abin b theaepastgest

di mensi o, 0Ofe QRarﬁ@érﬁtlésQ?&eéwm ARA1RS YimhsiBR bPS 1da¥: 0, @Stp%arfdadlgt%eé?f 30 to 70
percent, an area speclific resistance of from2 to 15 ohmcn2 and a
tortu05|¢ywm$%8ﬁmﬁawﬂzh8y5mm§@P65@HmPﬁWU3geﬂpﬁ?éﬁﬂ“NHOPﬁfggﬁm&ﬁﬁ i ssued
March 1, ol 88 esid fa%s#m ib 15 QﬂrHanatcn%ja BudsRy REGREE:. 5] QQTALBuIt gbl e

separat0|P material s should al so be strong enough to w thstand cell
manuf actltﬁtqnhyop?%é?ééesweﬁbl\%h IL, B94mnd dergpreinediparatpdlyy wéraker t ed on t he

separ §f,of, durSthg)lé;s%ia%atgf rﬁgtg@a{lgﬁloﬁ‘fdtaﬂg"& stk lRough B WiiSani@LeS Oor other gaps
devel oping that cou resu In an internal short circuit, To mnimze the
t ot al serparuéac@mng/mogmesmmwplhes presstre thanmay bpeeriecn Bnspr@opeuins ehin as

possi bl t f1 RL&TiE hARkYndN0 NOr e

t han 22 %?Cﬁgrfg’%%tﬁ&lt geﬁlléh@g? Wpﬁ’%’?{% Em&l&omﬂggmp&?ensﬁl e1 str esréa is

desi r abl short pirayfite Tamhiyingze thelgisd sep@tor m*hdfée prtes @Na‘lhfv‘ fepatatar skesdd bege (hiki | ogr ans
of force, LR G2 {RBork ¥IRG 206 imlcke

preferr ed ?%#Z?P%Feg%b?}gfg% tlﬁ% %t ﬁgglggské 150(5e Elg¥ef%® dﬁﬁot he magl hi tne direction
and at |ssgsis mzm@om@fumm@ high t¢riside stlresmsd@rrslée drafeekly aricasagf). Mere a FROB t ype

i rect i gl By AR bEsE (PR RS Pl SRARCLI PRI FaEiRTRe aver age
di el ect rded tltwpefeﬁ(rmd\/wnsxlmttea&gl@ at/\lﬁast 1388 kaf/crh ela§t€ 112@0@6 dig¢otion apehat éﬂaﬁr ef erably
at | east,, ﬁ& 6%10 nli the ?rngv‘g@esélregﬁﬁ %oatgl %5%3 tly?ca&g)l tgeg&gfeffgd tteﬁsﬂe-g@&lfgﬁlr ef erred

maxi mum e |ve pore srze 1s nore preferably no
great er ih Ittanna@hlﬁé)arphranﬁreesreelrramoys arh é3(BERd é@fé)d{gf/r:m S‘tﬁm@c’é}’al’@&rwyl be no

g,[ elateSg ttﬁg%gll‘%g? dln% er S %Lg Q’\Q 1 ¥e QttleésP%)%E) v31§s H;%ée r&&% gQﬁBasPr ef erably

area Speci resistance s no greater
t han 4. &Zﬁhmﬂmnd nnst@rqfcreh’;lgaialbdsw% vgitse &fthe preffdreed nzpxGnwh pifestiPe pansizaost

pr ef er abl rea than 3.5 r cribed in
greater %Ig? al%IO(g {3%’40 HEent P #egﬁi%g%rea-mﬁ%ﬁ O%%@?Oﬁ%%%g?tﬁmﬁigih i s hereby
i ncor porsatcgfit sluyfadeeafr@rveﬂdae no g@@tz&}asemnag ovorerpieferabies ldag1 Sus’ée and nhdst hi um
batteri esefg'r%gly % 1%2%?2%61/3 Prefelr)a%ll}y L 3R X speci Offic resistance is no greater than 4.3 ohm-

cm?, more preferably no greater than 4.0 ohm-cm?, and most preferably no greater than 3.5

ohm-cm?®. These properties are described in greater detail in U.S. Patent Publication No.
2005/0112462, which is hereby incorporated by reference.

[0073] Separator membranes for use in lithium batteries are often made of polypropylene,
polyethylene or ultrahigh molecular weight polyethylene, with polyethylene being preferred.
The separator can be a single layer of biaxially oriented microporous membrane, or two or
more layers can be laminated together to provide the desired tensile strengths in orthogonal
directions. A single layer is preferred to minimize the cost. Suitable single layer biaxially

oriented polyethylene microporous separator is available from Tonen Chemical Corp., available
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pol yet hyl ene or ul trahigh nol ecul ar wei ght polyethylene, with polyethylene
being preferred. The separator can be a single |layer of biaxially oriented
m croporous menbrane, or two or nore layers can be |am nated together to
provide the desired tensile strengths in orthogonal directions. A single

| ayer is preferred to mnimze the cost. Suitable single |layer biaxially
oriented pol yet hyl ene m croporous separator is available from Tonen

Chem cal Corp., available from EXXON Mobile Chem cal Co., Macedonia, NY,
USA. Setela F20DH grade separator has a 20 pm nom nal thickness, and
Setela | rade has a 16 pm nom nal thickness. Suitable separators with
simlar fm%ﬁ@X&WO@Ff‘ecm‘@l 60-aMagadrea N o Eht SclnE Hesdesepafaiianon, OR,
USA.  Cell,s $00 8 b dosihid0 hic@nshs Manytaet ierd §0rAadhes ?ﬁ%ﬁnna@‘ alidrage and
separator strips are conbined together in an el ectrode assenbly. The

el ect r odWitalls sappiaipryveigh Himilar pspricrtieh pig alge avrdlable SpgrEntek Membianss it shown i n
FIG 10,1 jmda O¥, wsQding alternating strips of cathode, separator, anode
and separator around a mandrel, which is extracted fromthe el ect r ode
assenbly when winding is conpl ete At | east one | ayer of separator and/or
at | eastcéﬁr@mg@%%n ofa whRedctical Iy insulating film(e.g., polypropylene) is
general ly wapped around the outside of the el ectrode assenbly. This serves
a nunti®74lof ghe prodesathpde dd separasiseips e camBiapiogethes feanrdscradipsimPlbe used
to adju B fo e héen Has6r A ndiigrensi on.
The out Zlﬁhﬁtgis%?tregr?ggég?lg{yh% sep a?%%lgr (;cl)l? ggféagzlrgﬁgtgsétﬁlgfslﬁnlayer may be held
down wi thy V&mﬁ)n&d@rlmm&ﬁhﬁ%fi’f\ﬁéth@@p@%fﬂtobym%@atld sepaatop grouthemaibtle can be the
outer rms&/hl@r{ 1@9}&&9%@ froﬁz.sthicg&ﬂa é%sfrﬁlﬁ%/ whh WBHmE ﬂ%oﬁ@fehio% 1&RbnR &aykne

out ernost el ectro er e ectrode can be in electrical contact with the
cel | comfaspamtor apdier 4t Fergonalaysie electd¢ally insplgtingefilee s » PREPEAYIAIES el ect r ode
and the Ogghgﬁl}y\ﬁllabpeg rc;uﬁﬁE th%(?)ﬁltsglle B?{I}le CRMLRAE a@&ﬁbl?e@‘hl‘é\/@&%s ARt & nost

el ectro t he 'same ectro Is intendéd to be in electrical
cont act pwirokest ftdelpahold igoFSMibhetogashar andimayee webwadivaiibe st adiangtaig any

sui t abl e B{e%gs%ﬁl%ly t§%meﬁfeg%ﬁﬁe§ﬁ%n MRYe b4 End &qﬁe @f)ﬁat'ap@)r dJildbhigd to,

cri npi ng, rawm’n eting and conbi nations thereof. For exanple, for
t he cel Ifilindayet @ay b.@heltadCUGa‘dlth gplf&@rqfedhemﬁe tahéorc,té[die@tfswmgt Rbe aodeeanodes and

I nsul at qf, cone. are {e&?o%%ta%qmﬁ'ﬁq rl]:%@elOg@IS( £l tlﬁ)'ag & PEGhe (ﬁﬁé@l@gle)éc&ddad udi ng

the cel |l "cover, con vent bushing) are placed in the open end
of the dgher cldvaodeadah be & @@pp@}rctoetactamﬂtthecelﬂeadtaw bet inthesalghigit elrcuithd cover

assenbl Yefien Ité ?rg)st %‘M&Wa 8%85 dﬁ%atlltol?ﬁqet?:ggtgmer-rcggbghx%%%ﬁ%hef?thet he top of

the can above I's reduce a segnented collet to hold the
gasket ancgrooveectags et yamcrlepiraicehat is lnthle:ieded be. in Afetteiral gprsadt Mathyhee i s
dlspenseg into the cell through the apertures in the vent bushing and
cover, aVent ball is inserted into the bushing to seal the aperture in the
cel |l moxser. AhEFEC cdebid descdnot saleénsingraly sicabérpregess. Pluglcpdcasstsanayhe cel | over

the cell %cl(foveguit 3%%%‘& lhml?ed tQ, F%:ned % Ozlraglel‘]n%Sgoq‘l@ %@angg%blh&mg heldof N2 Ccri npi ng

die to H askel PhEpver evice and term nal
cover anrgamgiepbrahecdlis FKeaDJ ar‘igaad)fs foiveed dpthi candtenthe eleetralananglyintuligorgasket .

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 terminal cover are placed onto the cell over the cell cover, and

the top edge of the can is bent inward with a crimping die to hold retain the gasket, cover
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[0076] Wth respect to the cathode, the cathode is coated onto a netallic
foil current collector, typically an alumnumfoil with a thickness between
18 and 20 urn, as a mxture which contains a nunber of materials that nust
be carefully selected to bal ance the processability, conductivity and
overal |l efficiency of the coating. This coating consists primarily of iron
disulfide (and its inpurities); a binder that is generally used to hold the
particul ate materials together and adhere the m xture to the current

coll ector; one or nore conductive materials such as netal, graphite and

car bon black powders added to provide inproved electrical conductivity to

t he m xt aysemblg RlGoiryise andbtermppal §0Ven AndondiFea tBe scabpet die wppand Héhegapet ri cal
conduct i My thY ket he active material and binder, the thickness of the

m xt ure on tﬁe current collector and the current collector desi gn; and

var|od@”ﬂrocé§§hﬁﬁW@Fmﬁ%%@ﬂ@§F@EK“@P@@S?W&F‘ﬁK@”H@ﬂbﬁH@ﬁpﬂﬁﬁ§ﬁmﬁﬁé coating
net hod, {BRAIBOINVEMinHE &1 @dA BckhfE bav¥dnNG NB OO, dstaSBikfure VRO ddnfhi&

follomnng are representative materials that may be utilized in the cathode
m x f or nfungebes af mggprigls Gayragst pegreafulbsolesied ©)balapesibripeesssaP iy, €OBlugE|y205- 110

from Supgfq &Eraﬁaéﬁﬁféhé}ﬁof% &)@Qr%v ﬁhhacoé’tﬂ%k@ﬁ&%fi’nafnﬁ}%ﬁlf@nm fidvesiligke, OH);

and bi nder/processing aids (styrene-ethyl ene/butyl’enes-styrene (SEBS) bl ock
copol ymefmpusfiesh aeténdg&%tlls gengrillKpsed dnhabe fhy pasisulpte tngteaipls toprthegyd agheke 6950

from Heef,e Y aEA 1o MNELNGNE 8IShr; o B hor@ BRI S e Hatetini %'lfc'htak gRtallBYaphg Natural ly
present in any of the aforenmentioned materials, although caré shoul d be

t aken t oangtcpibpy Blagkpovisiersiaddad t proyvidg IWPquéle§WG?1@énChW&Y1PYéB the ngigtuges ¢ o

mexi m Z e, e AROMASunPbs SERR 1P H%ﬁ&tup% Eﬂa'efécthbﬁ GRIBRES of QLB t is al so

desirable to use cathode nmaterials wt particlé sizes to mnimze
t he r|skm@$ﬂ%eﬁt@0¢ﬁﬁ53@h@n®épﬁ$ﬁmﬁwﬂeF@ﬂwéwaﬁbﬁébdFéﬁﬁt@%“ﬁ@@?erably

si eved t&'il@c':ﬂ%eﬁglg%gd %gﬂ fn@gesﬁﬂg orstﬁécﬁ caPBHOhS HS& lp%deﬁthﬁ)of Bra2bRMg be

mlled or processed escrib u. Pat ent Publi cation
2005/023@@@@1ﬂWMPbﬁﬁwgﬁwﬁébr@Oﬂnm@@myymi@ﬁﬁrence herein. Other cathode m x

|
conpongays s ;1719 k&lo%&cﬁé ﬁ{;&%ényau%@&%gﬁgmw Iheg, b@{ﬁh;éa\q@m &6 R

conpatlblllt reacti to avol siml particl e-size-based
mechani c@tmlﬂaldnumﬂtﬁé%ﬂ,@st 95G0m9Y Tevadusr W@Bw&m&bqu@naﬁmeneﬁ to the foil

col | ect Obra i[e'@n& H'JLHH%E l\/?&SSf ’ﬁQlcgl WEQGERS @‘Pﬁ »and B e@ﬁ?éeg'srl Ol !

reverse, conma co ting or i e coating. The netho
descr i beltyiene-gthGendattdenesApypine (3HBSO hlogk opalynio sudhias £965 13 1om Km@rt h shoul d

publi sh IQ{}ynQJ s B s‘tat;n %ﬁ NHARYK 9|5€) ﬁl%gl%ee?e?geeh sNétl%f@fl(%gr %%fﬁﬂ rgé{m{segfer ence,

coul d be e preferre maki ng es is to rol
coat a ghmnmgesmaydvcmawellmmemmlanmofdﬂiaa@rm@qneéh@terlﬁlsaalﬂhp@hloyrevo| atile

organi c s%?&l%‘fﬁ@%aﬁén;tbglﬁhze tflé ??ll\e?tr %E}hly rfpt’é]s%}lrc Q&aﬂalﬁgg(passtb% mﬂ%e ffle S heet of

al um num coa nove e sol vent er the coated
foil tozmumpaﬁﬁ%SMQaEmamﬂmgmcsMhmkthe coated foil to the desired width and

cut St[ 17898 0 gO (? sfr&ble t%tll %ﬂ?h %n%{ehglg WEtR [#1@1?%&&3& Elgé:l tJ) m{?k’%e { er}%kuse Of

volatl e soI@@%?s maxi covering suc ven S,
al t houghof punqtlmngmpﬁraom @ou tAahipkee Feft h@reﬁexabl\yemvs;l thrcmglh addthgeshdbizous- based

coboss eyl LRI G RO PR FASRYS: Mandmppriomigiove,
resul ti mMybbatioNe. 2005/0233214, which is incorporated by reference herem Other cathode mix
components should be carefully selected with eye toward chemical compatibility/reactivity and
to avoid similar particle-size-based mechanical failure issues.
[0079] The cathode mixture is applied to the foil collector using any number of suitable
processes, such as three roll reverse, comma coating or slot die coating. The methods of

coating described in U.S. Patent Application Serial No. 11/493,314, which should publish on or

after January 31, 2008 and is incorporated by reference, could be used. One preferred method
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strip is densified via ealendering or the like to further conpact the
entire positive electrode. In light of the fact that this strip will then
be spirally wound with separator and a simlarly (but not necessarily
identically) sized anode strip to forma jellyroll electrode assenbly, this
densification maxi m zes | oading of electrochem cal material in the
jellyroll electrode assenbly. However, the cathode cannot be over-densified
as sone internal cathode voids are need to allow for expansion of the iron
di sul fide during discharge and wetting of the iron disulfide by the organic
electrolyte, as well as to avoid unwanted stretching and/or de-lam nation
of the cofniking FeSxeathsides i t4 008t @slupry ofietize pawsslmyjsEdniteiiaide ahiEice with

the infoyamhi grrgarﬁco ml@e'np(%% d'%hﬁir%ﬁélej or@(pgotlgmdégh)?ﬁ Sheefol PR f0@yed down

from21 Ct The cel | 1 npedance data was recor ded by
sweepi ngthplq@atlfng wﬁ@nwtm pdYARG Sipider Be szedeffnﬂ wrcompps the cegfiiigl st i on at each

t enper at r I t ng onl
Dy O ana e (PR S GVIA b 3 B s blAG, SROMAR pauflaPle oIk DAL 00, P

sl i ght | yTheise ef Ydh@ﬂ@a@énems orxofizele effidicry Jf rrcovaDnOxuchsA eithialigpugbitient s
i ncreas %/Elgﬁ 1 & llz %yr s%!lx%ﬁ‘ﬂs 1}1(?%{14 z)ﬁueoqg lbLlS%d Eérhlggufohs 'n(%rqg Ol Shi ghtly

hi gher an cells usi ng as wel 083]I'n terns of cell ohmc
i npedancéleC@théie@amﬂ*rsotlbdd@boml ng 65:35 DI OX DIVE (al I rati os presented

herei n,@ge VOAM V\%%Eﬁr%%t tﬁﬁa@ﬁg @‘{en{oggmﬁftlﬁwgﬁé@'&dﬁeﬁ%s @ola@nhg blugad had the

| owest | mMpedance when usin 2MeTHF 1 ncreased | npedance
sl i ght | ystiif 18t¢®lfwlwtenmr@§@r theo tikeiorfexhep eerppap) tmxXeriRIPDNETe claglisio e fn

' WedanCﬁ%w@ﬁhyﬁ%&hmﬁ@sm i oY ra ot i b Ve sﬁhgﬁsi%bdé%t“g Lil

sal t ontrast, when S , many
et her sohegesstrgy tdeaticallp sived alwdﬁ ktripued formia idilyralleaso® agseenbly. 1904 and even Lil

(alt houg&n% ﬁca@lo}l %ﬁ%{)feg ?(%dg‘@)of c\-%cthOC &1 W el*l?l\% t Jéﬂﬂdlf@l&?fO&@&lsEerﬁbﬁ% primary

lithiumce POSSI ect s of 1onic association wever ,
t he car bdoagver, tl&wdthadﬁeqaalmbba@edemed@ﬂscsnega&t@als@ﬁ@dhmldﬂrﬁrgh@ﬂ ¢ npedance

t han an r i ng that
Vi SCOSI %’zi}f%gvaf{)pe%ﬁpgﬁs%% of IH%EI ﬂldisgfrf]“ ;ﬂg Hﬁfﬁm&%@ﬂa mgfzinﬂgv&tln%ﬁ?}lggro dfoégféfﬁ%[)ié : gnat r e
t est wasthe orgeuic tlecirolytt, s well hstofar@duExzmgl seetthifg deQldlﬁﬁfgnmﬁ@n@ééllel ng

coating.

Example 1

[0081] Cells were constructed in accordance with the information contained in Figures 1 and 2.
These cells were cooled down from 21° C to 0°, - 20° and — 40° C. The cell impedance data was
recorded by sweeping the frequency from 65kHz to 1Hz after 1 hour equilibration at each
temperature.

[0082] In comparison to the “control” electrolyte having only DIOX and DME, the addition of
THF, 2MeTHF, and DMP suppressed the cell OCV slightly while the addition of PC and EC
into DIOX-containing solvents increased the cell OCV significantly. Cells using Li imide had
slightly higher OCV than cells using Lil salt as well.

[0083] In terms of cell ohmic impedance, the control lot using 65:35 DIOX:DME (all ratios
presented herein are volume ratios blended at room temperature) solvent blend had the lowest
impedance when using Lil salt. THF and 2MeTHF increased impedance slightly if the solvent
blend contained both DIOX and DME. However, impedance was very large for THF-DME and
DIOX-THF-2MeTHF blends using Lil salt. In contrast, when the salt is switched from Lil to
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regi nen described therein) being continuous discharged at progressively

| ower drain rates, with standardi zed rest periods after the cutoff voltage
(for conparison's sake, both to a 1.0 and 0.9 volt cut) is attained. The
cell is then tested at the next drain rate and test is run until conplete.
However, for the initial | A discharge, a short current interrupt of 100nS
for every 1 mnute of discharge was used, during which the cell ohmc

resi stance can be observed. For all the |low tenperature tests, the test
schedul e al so has a 5 hour delay built in to allow a mninmmof 2-3 hour
dwel | tine at the specified test te erature2%%0085]Figure 3 summari zes the
servi ce bhintiffemany ghepolgents that deinghwerk el rabiLigh35QFraad Leff10f @apéeiten Lil

t emper at tﬁﬁtﬁ@ugﬁ%‘-a leéselz&:g?e@?wﬂl W& Qell M%‘ irﬁih@sa?@bltpr}’l‘@a?y ﬁﬁMM&@Q fromLil to
Li imde, they pertorned the sanme as or only slkghtly wor se than the
C

cont rol BekibEriuc fohe effdsisof jopiarssasiajion Idoweyer: He cbeér apbarPeicdiassloci at i on of
Li imdeg HES%gVEESIOHl% hﬁ%@ﬁ@ﬂhﬁ)e&aﬁ@{'&%ﬂ eln'y ofhe 'etthQbag:@d {oi@n& %fh@l?%%{?%and

acetate sol vent blends gave essentially zero service on the 1 C test.
At - 40 mide fsliqarpoihptwsceditytore plagtassignifisentyele agWelhe control (1ot 1113), did
not give any service tine. Anong the lots that did show good service, the
sol vent bl ends containing THF were the best in terns of overall A

per f or meBgampdd2 21, - 20 and - 40C. [0086] G ven these results, THF was

dent |bdsgd. ash LEIPRL PLQUARLAY AR MR Honxd i fEoligMETHE and DMVP
in ternms of solVving the sudden shut down | ssue associ ated with the 1A/ -400C
t est andregmpnovicribed theyeipbhefing qpnimeeuodisdhangshas deqesase vel nloaver digin rates, withQC,

[ 0087] Fog, Jalraflal (i Opl%ﬁl)(rls’ afteD e U6t Obica J:(fbfcoirﬂmfi&\{‘%q%l%_‘ebtﬁ%tﬁ’%ef POURIES O

1A/-40 Ctest wt t causing any negative I npact the performance both
at 20" aridt cu)Fgat@inedhEheseslviethen tottedvd Snewskiriais pltaandtiest irphurtibgpreriett-on i on
sol vatin oxpeg)éﬁ rf?rﬁﬁéclnltlglslﬁgaﬁw e,(:aastﬂor;’?%ﬁ&é?ﬁ R Jof"i@élxs {dr'ek&}ﬁf rﬂh’tﬁ I‘)io, the

| ess tendency ‘of ionic association for Li imde than for Li | salt in the
THF and JpbTigEweowsedi duiingwhich ehe cglbplneinrasistan¢c0pa 83 Trervedtoonbihe lovand

acet at e- I I j i l, . of f or mance
of Li -1 onpafhufd BE B EReatiihat FBHAKEEIL, B P A BR TR PE ot
20 C, | il gwdltent @ therpedifiedtatt icompeafurezery resi stive SET | ayers on the

Si gnalPd © edititat Saley RO LAY ) € BRAHTNE I S A IR °C
bars ar etemperhtucte 2 1k EPeandp g opPr iVéhen, thefsalt Mbs Qyitchhdfromt el to dpaigid, itey of al |
performed the same as or only slightly worse than the control solvent lot. This is mainly due to
the higher ionic dissociation of Li imide in the ether solvents than Lil. At —20° C, the
carbonate and acetate solvent blends gave essentially zero service on the 1A/-20° C test. At -
40° C, the majority of the lots, including the control (lot 1113), did not give any service time.
Among the lots that did show good service, the solvent blends containing THF were the best in
terms of overall 1A performance at 21°, - 20° and - 40° C.
[0086] Given these results, THF was identified as the most promising solvent as compared to
DME, 2MeTHF and DMP in terms of solving the sudden shutdown issues associated with the
1A/-400C test and improving its performance on low/moderate rate test at — 40°C.
[0087] For Li imide salt, the use of THF improved the performance on 1A/-40° C test without
causing any negative impact on the performance both at 20° and — 20° C. The solvent blends
using solvents with low cation ion solvating power such as 2MeTHF can perform well very,
likely due to the less tendency of ionic association for Li imide than for Lil salt in the THF and

2MeTHF-containing ether solvents.
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the electrolytes evaluated using L91-20 jellyrolls was very good except for
| ot 1114, which used 0.75M Lil dissolved in 35:30:35 Dl OX THF: 2MeTHE
solvent blend. The lowrate perfornance was very insensitive to the sol vent
used as can be seen fromthe gradual convergence of the discharged capacity
t owar ds between 2800 and 3000 mAh as the current was decreased to 10mA for
all Lil lots except for lot 1114, which may have experienced problens in
its manufacture. Al Li imde |lots showed performance equal to or slightly
better than the Lil control lot. At -20 C, none of the alternative solvents
i nproved the performance of Lil and Li imde electrolytes. However, at -40
C, sonmeossff t Hehezhibenatatind eesiothasateldsirelyas, vaiigminpioyedhth Jow Wplp@‘a@cb t he

per f or mang l. dr ai ns.
Eeamp o BopsBuT Ry PR Balp TR By R Bk B YR R ESARUER £ Lok T 1
(i ncl udi hkply e te delfomytioredi veyedese SEblegkrs drethelitjunbatode firged.i me with Li |

el ectr 6[843% es PI”I rgsql tProQﬂ‘l %stg_%%eiﬁfeg ggﬁat%%?egpq Mtf{)palplggslapklz’eg@c 0S| Lions

for erfo Mance at enper at ur es 91] The
cells i n4Q°N] Nax taqirer blaemstchdb@vvhﬂe aprEXpie Tt éde"e(heliqrate@apabﬂmfaa@ conpar ed

to previ %g’f%% Qs' erxlzgr\?/laetgf o OSI tJelgrgl[s%%Q/elgy og@gxtcg;g?orqgt leill WHI?L% 131,

2821). SI gn Expert(r)
version ﬂsedOSSMyLEBtd&'selvﬁas é5 30:A% DIGK@IF.ZI\MHIHOI\@W M@domq lpwitratg ol vent

conposition wth enphasis oving | [ mance of the
cell was %f;mganv\f "5 Brox> T V% \r}\ﬁ %9YV Sgér)\%! C%Iggg%\?\f hg‘&%%’ggﬂ Mor e
gener al | gonverpence afge disthagppll vapatitytowpdshdtwan 280hatd 30ahmadlay ehetcheent 40C

" sudden disd}eg%aﬁg PtﬂOmr]’%] or alll Eq?otls:) eI:XCc)X t‘%r 1&51 IYQ éc %%1 I)% 81: egenggd . % and

TI-1F at al ues re extrdc g6ri6s of
exper i rreptblsl;amdmatsnmnh"ecturenAHllgumée Bis s[uﬁx@@izt]eﬂ‘pmamye dQuaXe wmgs%bm ei t her

entlrelyfr e fro i I|m ed amunt s ‘%
Ter at ogeni’c%e 1 aré™al 50(5 /%og@%l“"“e }hecagelin 1eVreeSOllventsnlénpé% ep rfo ancﬁs%}cue for

Li Lil and Li imide electrolytes. However, at -40° C, some of the alternative solvent blends
significantly improved the performance of Li imide and more so of Lil electrolytes even at low

drains.

Example 3

[0090] Further tests were conducted with cells from Example 1 (including the cooling regimen
described therein) but this time with Lil electrolytes using DIOX:DME:THF solvent blend with
optimized compositions for best performance at low (-40°C) and ambient temperatures.

[0091] The cells in this example demonstrate an unexpected benefit on -40°C as compared to
previous teachings (e.g., see reference by Mastuda et al. JES, 131, 2821).

[0092] The solvent compositions were optimized using Design Expert® version 7.1.3 by Stat-
Ease, Inc. Thus, the following optimal solvent composition with emphasis on improving low
temperature performance of the cell was 57.3 wt.% DIOX, 23.8 wt.% DME and 18.9 wt.%
THF.

[0093] More generally, the range of solvent compositions that can solve the -40°C “sudden
death” problem include DIOX at 25-70 wt.%; DME at 0-67 wt.% and THF at 10-80 wt.%.
These values were extracted from a series of experiments, documented in Figure 8.

[0094] Binary DIOX-THF systems, either entirely free from or in very limited amounts of

DME (which is Teratogenic), are also possible. Since there is no sudden death issue for Li
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imde salt in D OXDVE bl ends, D OX: THF sol vent systens using Li imde and
THF in the range of 10-95 wt.% wth a nore preferred range of 35-85 wt.%
and nost preferred range of 45-75 wt.% are possi bl e. The bal ance of such
systens woul d be DI OX. Further supporting data is docunented in Figure 9.

[ 00951Features of the invention and its advantages will be further

appreci ated by those practicing the invention, particularly wth reference
to the Exanples, Figures, Tables and other information provided herein and
any patent references above necessary to better understand the invention
are incorporated herein to that extent. In the sanme manner, it will be
understoﬁﬂd@wﬁﬁmbﬁﬁxmnmEpkaﬁtDKEKﬁHESMmmEﬂﬂhmﬂtmmglihmé@w@HHﬂdehin the art

t hat various and Lovene ention

wi t hout H%%a?ﬁ.gﬁ 1&'én%% rf?g Fmg%éﬂglsc ose con?rﬁﬁc&]"e}i %ﬁ%ggcope of
protectl@ﬁ7ﬁ®f%mdﬂﬁmmsbimh&@ﬂmkﬁeﬁmnhnyﬁmhywbhébcDﬁDKEFaﬂarbwpmhagbreadth of
interpreaatj n allogede¥ llaw. CLAIMS | claim I.An electrochem cal cel
conpri si %y BEOMPINd M 8™ Cont ai ner having an open end; a top cover sealing
t he open end,; ajellyroll electrode assenbly di sposed i nsi de of
the container, the electrode assenbly conprising: an anode consi sting
essentially of lithiumor a lithium based all oy; a

cat hodenssionsiFettnreg obthe avention @adity idsamageawdoreduthen ppprecidiédigghosand at | east

80 wt. % lg)rfactlmngnhedm\?elillhon %grtl(c:u gr }?\gltﬁlré%C?en%e ?OQLA EXJITR)&&!S, lglglgf Es‘? Q’Elblgsoalnh %&tepr , and

information provided herein and any patent references above necessary to better understand the
invention are incorporated herein to that extent. In the same manner, 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
concepts. The scope of protection afforded is to be determined by the claims and by the

breadth of interpretation allowed by law.
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a separator disposed between the anode and the cathode; and an electrolyte
havi ng a solvent blend and a solute; wherein, when the solute includes
lithiumimde, the solvent blend contains: a) 65 to 85
wt. % of tetrahydrofuran and IS to 35 w. % of 1, 3-di oxol ane;

b) 35 wt.% of 1, 3-dioxolane, 30 wt.% of tetrahydrofuran and 35 wt. % of
2-met hyl tetrahydrofuran; or c) 35 to 50 wm. % of

1, 3-di oxol ane, 21.6 to 43.4 w.% of tetrahydrofuran, and 21.6 to 43.4 w.%
of 1, 2-di met hoxyet hane; and wherein, when the solute includes Iithium

i odi de, the solvent blend contains: d) 35 wt. % of

1, 3-di oxol ane, 30 wt. % of tetrahydr@diAMM$ and 35 wt. % of 2-nethyl
tetrahydrofuran; or e) 35 to 65 wt.% of 1,3-dioxolane, 11.7 to 43.4 wt. % of
t etrahydFdéioran, and 11.7 to 35 wt. % of 1, 2-di net hoxyet hane. 2. An

el ectrochem cgl .cel L, a5..6L i WRrPrikife.C! @ m 1, wherein said cell or battery is
of the follow ng or equivalent: $tandar d primary cell size AAA, standard

primary cell sizeaAfislriga coltE@rdeshgmatricondR6; or | EC designation FRO3.
P e PR R gl o 1y o5 geser bed i w i
a jellyroll electrode assembly disposed inside of the container, the electrode
assembly comprising:
an anode consisting essentially of lithium or a lithium-based alloy;
a cathode consisting of a mix comprising a conductor, a binder and at
least 80 wt.% of iron disulfide coated onto a solid foil current collector; and
a separator disposed between the anode and the cathode; and
an electrolyte having a solvent blend and a solute;
wherein, when the solute includes lithium imide, the solvent blend contains:
a) 65 to 85 wt.% of tetrahydrofuran and 15 to 35 wt.% of 1,3-dioxolane;
b) 35 wt.% of 1,3-dioxolane, 30 wt.% of tetrahydrofuran and 35 wt.% of
2-methyl tetrahydrofuran; or
c) 35 to 50 wt.% of 1,3-dioxolane, 21.6 to 43.4 wt.% of tetrahydrofuran,
and 21.6 to 43.4 wt.% of 1,2-dimethoxyethane; and
wherein, when the solute includes lithium iodide, the solvent blend contains:
d) 35 wt.% of 1,3-dioxolane, 30 wt.% of tetrahydrofuran and 35 wt.% of
2-methyl tetrahydrofuran; or €) 35 to 65 wt.% of 1,3-dioxolane, 11.7 to 43.4 wt.% of
tetrahydrofuran, and 11.7 to 35 wt.% of 1,2-dimethoxyethane.

2. An electrochemical cell as claimed in claim 1, wherein said cell or battery is of the
following or equivalent: standard primary cell size AAA; standard primary cell size AA size;

IEC designation FR6; or IEC designation FR0O3.

3. An electrical chemical cell substantially as described herein with reference to Examples

1 to 3 included in the specification as filed.
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